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~~Telrom ... .... - .. -. ~ = ~ 

T Semiconductor, Inc. 

TelCom Semiconductor serves a broad market spectrum of customers with a focus on analog components for 
commercial, high volume, standard product applications. Our product direction includes proprietary and 
commodity integrated circuits in high performance mixed-signal, power management and smart sensor devices. 

TelCom's core business is in mixed-signal products. This family consists of multiple precision signal processing 
products including: display and system AID converters, V/F and FN converters, precision Op-Amps and voltage 
references. Characteristics of this family are low power, cost effectiveness, precision, and high noise rejectionl 
reduction. 

TelCom's growth and flagship product line is power management integrated circuits. Included in this family are 
DC-to-DC converters, voltage detectors, low dropout voltage regulators and power MOSFET motor and PIN 
drivers. These devices interface to a wide range of voltage levels to directly drive motors, power MOSFETs, 
IGBTs, bipolar transistors and inductive loads. 

TelCom's emerging smart sensor family includes solid-state thermal management and battery charger control 
ICs. Our solid-state temperature sensors protect sensitive components such as microprocessors, power 
supplies, motor drives, and laser diodes from thermal runaway, and control temperature in process control 
applications. TelCom's battery charger controllCs are designed for fast charging of one to ten NiCad or NIMH 
batteries. 

TelCom Semiconductor is committed to delivering products which meet or exceed the quality and reliability 
expectations of our customers. TelCom Semiconductor's product assurance programs ensure compliance to 
customer driven quality requirements and provide for continuous improvement. 
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ORDERING INFORMATION 

1. Order Entry 
Orders for products contained herein should be directed to the appropriate TelCom representative or distributor. 
Please contact TelCom Semiconductor, 1300 Terra Bella Avenue, Mountain View, California 94039, phone: 
1-800-888-9966 for a referral. 

2. Ordering Information 
Each Item must be ordered using the complete part number exactly as listed on the data sheet. 

3. Part Number Explanation 
For all TelCom Semiconductor voltage detectors, regulators and non-charge pump DC/DC converters: 

ORDERING INFORMATION 

PART CODE TTC rXX rXX JXX XX X X X XXX 
TelCom Semiconductor Device ------------------' 

Product Part Number ----------------

Variation I Option -----------------

Output Voltage, or Detect Voltage (if applicable) -------

Extra feature Code and/or Tolerance 

Operating Temperature Range: 
E: Extended Range (- 40°C to +85°C) 

Package Type (see listing page 1-9 and specific data sheet) 

Number of package pins (see listing page 1-9 and specific data sheet) 

Taping Direction: 
713: Right Taping, 723: Left Taping, No Suffix: TO-92 Bulk 

For all other TelCom Semiconductor devices: 

ORDERING INFORMATION 

PART CODE TC XXXXXX X X X X XXX 
TelCom Semiconductor Device _________________ T-l I 
Product Part Number (2 to 6 characters, see specific data sheet) ------------' 

Electrical Performance 
Grade Option (if applicable) 

~~ } Test selection criteria, see specific data sheet 

R: Reverse pin layout 

Operating Temperature Range: 
C: Commercial Range (O°C to +70°C) 
E: Extended Range (- 40°C to +85°C) 
I: Industrial Range (- 25°C to +85°C) 
M: Military Range (- 55°C to +125°C) 

Package Type (see listing page 1-9 and specific data sheet) 

Number of Package Pins (see listing page 1-9 and specific data sheet) 

Taping Direction: ----------------------------------' 
713: Right Taping, 723: Left Taping, No Suffix: TO-92 Bulk 
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ORDERING INFORMATION 

Package Type Number of Package Pins 

A TO-220 A 8 
B Plastic Flat Pack B 3 
C SOT-23 C 3 (Pin 2 connected to case) 
D SOT-223 D 14 
F Gullwing DIP E 16 
G TO-18 G 24 
H Side-Brazed CerDIP H 6 
J CerDIP I 28 
K Plastic Gullwing Quad Flat Package L 40 
L Plastic Leaded Chip Carrier (PLCC) M 2 
M SOT-89 N 18 
0 Plastic 'SO' Surface Mount p 20 
P Plastic DIP Q 60 
R TO-52 S 68 
Y Dice T 5 
Z TO-92 U 64 

W 44 

Z 80 
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¥'¥'Telrom .. .. - --- - ---- - -~ Semiconductor, Inc. 

3-1/2 DIGIT AID CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 
FEATURES TYPICAL APPLICATIONS 

• Differential Reference Input 
• Display Hold Function 
• Fast Over-Range Recovery, Guaranteed Next 

Reading Accuracy 

• Thermometry 
• Digital Meters 

- Voltage/Current/Power 
- pH Measurement 

• Low Temperature Drift Internal Reference - Capacitance/Inductance 
35 ppm/DC (Typ) - Fluid Flow RatelViscosity 

• Guaranteed Zero Reading With Zero Input 
• Low Noise .................................................... 15 ~Vp-p 
• High Resolution (0.05%) and Wide Dynamic 

Range (72 dB) 

-Humidity 
-Position 

• Panel Meters 
• LVDT Indicators 

• High Impedance Differential Input • Portable Instrumentation 
• Low Input Leakage Current ...................... 1 pA Typ • Digital Scales 

10 pA Max • Process Monitors 
• Direct LCD Drive-No External Components • Gaussometers 
• Precision Null Detection with True Polarity at Zero • Photometers 
• Crystal Clock Oscillator 
• Available in DIP, Compact Flat Package or PLCC 
• Convenient 9V Battery Operation with 

Low Power Dissipation (600~ Typical, 1 mW 
Maximum) 

FUNCTIONAL BLOCK DIAGRAM 

V 
TCBll 

I INT 26 

.. ---------------- v~--------------: 
I 

TYPfCAL SEGMENT OUTPUT 
--...... --If' 

:' •• 40 _____ l' 
OSC1 22Mn 

32kH. 
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3-1/2 DIGIT AID CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 

TC811 

GENERAL DESCRIPTION 

The TC811 is a low power, 3-1/2 digit, LCD display 
analog-to-digital converter. This device incorporates both a 
display hold feature and differential reference inputs. A 
crystal oscillator, which only requires two pins, permits 
added features while retaining a 40-pin package. An addi
tional feature is an "Integrator Output Zero" phase which 
guarantees rapid input overrange recovery. 

The TC811 display hold (HLDR) function can be used to 
"freeze" the LCD display. The displayed reading will remain 
indefinitely as long as HLDR is held high. Conversions 
continue but the output data display latches are not updated. 
The TC811 also includes a differential reference for easy 
ratiometric measurements. Circuits which use the 
7106/26/36 can easily be upgraded to include the hold 
function with the TC811. 

The TC811 has an improved internal zener reference 
voltage circuit which maintains the Analog Common tem
perature drift to 35ppm/oC (typical) and 75ppm/°C (maxi
mum). This represents an improvement of two to four times 
over similar 3-1/2 digit converters, eliminating the need for 
a costly, space consuming external reference source. 

The TC811 limits linearity error to less than one count on 
both the 200mV and the 2.00V full-scale ranges. Rollover 

ORDERING INFORMATION 

Part No. Package 

TC811CPL 40-Pin Plastic 
TC811 RCPL' 40-Pin Plastic 
TC811CKW 44-Pin Flat 
NOTES: 1. Reversed pin-out 

2-6 

error-the difference in readings for equal magnitude but 
opposite polarity input signals-is below ±1 count. High 
impedance differential inputs offer 1 pA leakage currents 
and a 10120 input impedance. The 15(.Np•p noise perfor
mance guarantees a "rock solid" reading. The Auto Zero 
cycle guarantees a zero display readout for a zero volt input. 

The single chip CMOS TC811 incorporates all the active 
devices for a 3-1 /2 digit analog to digital converter to directly 
drive an LCD display. Onboard oscillator, precision voltage 
reference and display segment and backplane drivers sim
plify system integration, reduce board space requirements 
and lower total cost. A low cost, high resolution (0.05%) 
indicating meter requires only a TC811, an LCD display, five 
resistors, six capacitors, a crystal, and a 9V battery. Com
pact, hand held multimeter designs benefit from the TelCom 
Semiconductor small footprint package option. 

The TC811 uses a dual slope conversion technique 
which will reject interference signals if the converters inte
gration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50, 60 and 400Hz line frequency sig
nals are present. 

Temperature Range VREFTempCo 

0° to 70°C 75 ppm/°C Max 
0° to 70°C 75 ppm/°C Max 

0° to +70°C 75 ppm/°C Max 
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3-1/2 DIGIT AID CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 

PIN CONFIGURATIONS 

NC 

HLOR 

I 0, 

C, 

B, 

,'. A, 

F1 

G1 

E, 

V 
B2 TC811CPL 

10's TC811CJL 

~ 
A2 

F2 

E2 

03 

B3 
1 OD's 

L F3 

E3 

1000'5_ AB4 

POL 
(MINUS SIGN) 

v 
TC8"CKW 

(FLAT PACKAGE) 

OSC, 

OSC2 

V+ 

TEST 

VREF+ 

CREF+ 

CREF-

VREF-

ANALOG 
COMMON 
VIN+ 

V IN-

CAZ 

VBUFF 

VINT 

V-

G2 '-10's 

C31 
A3 1oo's 

G3 -.J 
BP 

OSC, 

OSC2 

G2 

I C3 
1oo's A3 

L G3 

BP 
(BACKPLANE) (BACKPLANE) 

NC = NO INTERNAL CONNECTION 

TC811 

HLDR 

0, 

l C1 

B1 

A1 1's 

F1 

G1 

E1 

02 

C2 

B2 
10's 

A2 

~ 
F2 

E2 

03 

B3 

F3 
100'5 

J E3 

AB4 '-1000'. 

POL 
(MINUS SIGN) 

434Slll F02 
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TC811 

3-1/2 DIGIT AID CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 

ABSOLUTE MAXIMUM RATINGS* Operating Temperature Range 

Supply Voltage (V+ to V-) .......................................... 15V 
Commercial Package (C) ...................... O°C to +70°C 
Industrial Package (I) ....................... - 25°C to +85°C 

Analog Input voltage (Either Input)! ................... V+ to V- Storage Temperature Range ................ - 65°C to +150°C 
Reference Input Voltage ...................................... V+ to V- Lead Temperature (soldering, 60 sec) ................. +300°C 
Clock Input ..................................................... TEST to V+ 
Power Dissipation2 

CerDIP Package (J) .................................... 1000 mW 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Plastic Package (P, K) .................................. 800 mW 
Plastic Leaded Chip Carrier (L) ..................... 800 mW 

ELECTRICAL CHARACTERISTICS: VSupply = 9V, fcLOCK = 32.768kHz, and TA = 25°C, unless otherwise noted. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 
- Zero Input Reading VIN =OV -000.0 ±OOO.O +000.0 Digital 

VFS =200mV Reading 

- Zero Reading Drift VIN = OV, O°C ,,;TA"; 70°C - 0.2 1 I!V/oC 

- Ratiometric Reading VIN = VREF, VREF = 100mV 999 999/1000 1000 Digital 
Reading 

NL Linearity Error VFS = 200mV or 2.000V -1 ±O.2 +1 Counts 

ER Roll Over Error VIN- = VIN+ ~ 200mV -1 ±O.2 +1 Counts 

eN Noise VIN = OV, VFS = 200mV - 15 - I!Vp_p 

IL Input Leakage Current VIN=OV - 1 10 pA 

CMRR Common-Mode Rejection VCM = ±1V, VIN = OV, - 50 - I!VN 
VFS = 200mV 

TCSF Scale Factor Temperature VIN = 199mV, O°C,,; TA"; 70°C - 1 5 ppm/oC 
Coefficient (ext. VREF tc = Oppm) 

Analog Common Section 
VCTC Analog Common 250Kn from V+ to Analog Common 

Temperature Coefficient O°C,,; TA"; 70°C 
"C" Commercial - 35 75 ppmrC 
"I" Industrial - 35 100 ppm/oC 

Vc Analog Common Voltage 250Kn from V+ to Analog Common 2.7 3.05 3.35 Volts 

Hold Pin Input Section 
Input Resistance Pin 1 to Pin 37 - 70 - kO 

VIL Input Low Voltage Pin 1 - - Test +1.5 V 

VIH Input High Voltage Pin 1 V+ -1.5 - - V 

LCD Drive Section3 

VSD LCD Segment Drive Voltage V+toV-=9V 4 5 6 Vp.p 

VSD LCD Backplane Drive Voltage V+toV-=9V 4 5 6 Vp.p 

Power Supply 
Isup Power Supply Current VIN = OV, V+ to V- = 9V 

fosc= 16kHz - 70 100 I!A 
fosc = 48kHz - 90 125 I!A . . 

NOTES: 1. Input voltages may exceed supply voltages when Input current IS limited tol00I!A . 
2. Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 
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3. Backplane drive is in phase with the segment drive for "segment off" 180° out of phase for "segment on." Frequency is 20 times the 
conversion rate. Average DC component is less than 50mV. 
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PIN DESCRIPTION 

40-Pin DIP Name Function 

HLDR Hold pin, logic 1 holds present display reading 

2 D1 Activates the D section of the units display 

3 C1 Activates the C section of the units display 

4 B1 Activates the B section of the units display 

5 A1 Activates the A section of the units display 

6 F1 Activates the F section of the units display 

7 G1 Activates the G section of the units display 

8 E1 Activates the E section of the units display 

9 D2 Activates the D section of the tens display 

10 C2 Activates the C section of the tens display 

11 B2 Activates the B section of the tens display 

12 A2 Activates the A section of the tens display 

13 F2 Activates the F section of the tens display 

14 E2 Activates the E section of the tens display 

15 D3 Activates the D section of the hundreds display 

16 B3 Activates the B section of the hundreds display 

17 F3 Activates the F section of the hundreds display 

18 E3 Activates the E section of the hundreds display 

19 AB4 Activates both halves of the 1 in the thousands display 

20 POL Activates the negative polarity display 

21 BP Backplane drive output 

22 G3 Activates the G section of the hundreds display 

23 ~ Activates the A section of the hundreds display 

24 C3 Activates the C section of the hundreds display 

25 G2 Activates the G section of the tens display 

26 V- Negative power supply voltage 

27 VINT Integrator output, connection for CINT 

28 VBUFF Buffer output, connection for RINT 

29 CAZ Integrator input, connection for CAZ 

30 VIN- Analog input low 

31 VIN+ Analog input high 

32 COM Analog Common: Internal zero reference 

33 VRE~ Reference input low 

34 CREF- Negative connection for reference capacitor 

35 CREF+ Positive connection for reference capacitor 

36 VREF+ Reference input high 

37 TEST All LCD segment test when pulled high (V+) 

38 V+ Positive power supply voltage 

39 OSC2 Crystal oscillator output 

40 OSC1 Crystal oscillator input 

V TELCOM SEMICONDUCTOR, INC. 
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Figure 1 Typical Operating Circuit 

GENERAL THEORY OF OPERATION 

Dual-Slope Conversion Principles 

4348 ILL F03 

(All Pin Designations Refer to 40-Pin DIP Package) 
The TC811 is a dual slope, integrating analog-to-digital 

converter. An understanding of the dual slope conversion 
technique will aid the user in following the detailed TC811 
theory of operation following this section. A conventional 
dual slope converter measurement cycle has two distinct 
phases: 

1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 
Referring to Fig 2, the unknown input signal to be 

converted is integrated from zero for a fixed time period 
(TINT), measured by counting clock pulses. A constant 
reference voltage of the opposite polarity is then integrated 
until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (T DEINT) is then 
directly proportional to the unknown input voltage (VIN). 

In a simple dual slope converter, a complete conversion 
requires the integrator output to "ramp-up" from zero and 
"ramp-down" back to zero. A simple mathematical equation 
relates the input signal, reference voltage and integration 
time: 

1 J tiNT VREF tDEINT 
R C VIN(t) dt = -::==-':=:C='-'-

INT INT 0 RINT CINT 

where: 
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VREF = Reference voltage 
tiNT = Integration Time 
tDEINT = Deintegration Time 

30 

o 

REF 
VOLTAGE 

Figure 2 Basic Dual Slope Converter 
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Figure 3 Normal-Mode Rejection of 

Dual Slope Converter 
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For a constant VINT: 
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Accuracy in a dual slope converter is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual slope technique is noise immunity. Noise spikes are 
integrated or averaged to zero during the integration peri
ods, making integration ADCs immune to the large conver
sion errors that plague successive approximation convert
ers in high noise environments. Interfering signals, with 
frequency components at multiples of the averaging (inte
grating) period, will be attenuated. (see Fig 3). Integrating 
ADCs commonly operate with the signal integration period 
set to a multiple of the 50/60Hz power line period. 

THEORY OF OPERATION 

Analog Section 

In addition to the basic integrate and deintegrate dual
slope cycles discussed above, the TC811 design incorpo
rates an "Integrator Output Zero" cycle and an "Auto Zero" 
cycle. These additional cycles ensure the integrator starts 
at OV (even after a severe over-range conversion) and that 
all offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true digital 
zero reading is assured without any external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Integrator Output Zero Cycle 

(2) Auto Zero Cycle 
(3) Signal Integrate Cycle 

(4) Reference Deintegrate Cycle 

Integrator Output Zero Cycle 

This phase guarantees that the integrator output is at 
zero volts before the system zero phase is entered, ensuring 
that the true system offset voltages will be compensated for 
even after an over-range conversion. The duration of this 
phase is variable, being a function of the number of counts 
(clock cycles) required for deintegration. 

The Integrator Output Zero cycle will last from 11 to 140 
counts for non-over-range conversions and from 31 to 640 
counts for over-range conversions. 

Auto Zero Cycle 

During the Auto Zero cycle, the differential input signal 
is disconnected from the measurement circuit by opening 
internal analog switches and the internal nodes are shorted 
to Analog Common (OV ref.) to establish a zero input 
condition. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
CAZ then compensates for internal device offset voltages 

V TELCOM SEMICONDUCTOR, INC. 
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Figure 4a Conversion Timing During Normal Operation 
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Figure 4b Conversion Timing During Overrange Operation 

during the measurement cycle. The Auto Zero cycle re
sidual is typically 10 to 15!lV. 

The Auto Zero duration is from 910 to 2,900 counts for 
non-over-range conversions and from 300 to 91 0 counts for 
over-range conversions. 

Signal Integration Cycle 

Upon completion of the Auto Zero cycle, the Auto Zero 
loop is opened and the internal differential inputs connect to 
VIN+ and VIN-. The differential input signal is then integrated 
for a fixed time period which, in the TC811 is 1000 counts 
(4000 clock periods). The externally set clock frequency is 
divided by four before clocking the internal counters. The 
integration time period is: 

TINT = 4000 
fose 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). 
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TC811 

If the converter and measured system do not share the same 
power supply common, as in battery powered applications, 
VIN- should be tied to Analog Common. 

Polarity is determined at the end of signal integration 
phase. The sign bit is a "true polarity" indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection which is limited only by device 
noise and Auto Zero residual offsets. 

Reference Integrate (Deintegrate) Cycle 

The reference capacitor, which was charged during the 
Auto Zero cycle, is connected to the input of the integrating 
amplifier. The internal sign logic insures that the polarity of 
the reference voltage is always connected in the phase 
which is opposite to that ofthe input voltage. This causes the 
integrator to ramp back to zero at a constant rate which is 
determined by the reference potential. 

The amount of time required (T DEINT) for the integrating 
amplifier to reach zero is directly proportional to the ampli
tude of the voltage that was put on the integrating capacitor 
(VINT) during the integration cycle: 

T RINT CINT VINT 
DEINT= VREF 

The digital reading displayed Is: 

VIN+-VIN-
Digital Count = 1000 V 

REF 

The oscillator frequency is divided by 4 prior to clocking 
the internal decade counters. The four phase measurement 
cycle takes a total of 4000 counts or 16000 clock pulses. The 
4000 count cycle is independent of input signal magnitude 
or polarity. 

Each phase of the measurement cycle has the following 
length: 

1) Auto Zero: 300 to 2900 Counts 

2) Signal Integrate: 1000 Counts 

This time period is fixed. The integration period is: 

4000 

fose 
= 1000 Counts 

Where fosc is the crystal oscillator frequency. 

3) Reference Integrate: 0 to 2000 Counts 
4) Integrator Output Zero: 11 to 640 Counts 

The TC811 can replace the ICL7106/26/36 in circuits 
which require both the hold function and a differential 
reference. The TC811 offers a greatly improved intemal 
reference temperature coefficient, which can often eliminate 
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the need for an external reference. Some minor component 
changes are required to upgrade existing designs, reduce 
power disSipation, and improve the overall performance. 
(see Oscillator Components) 

Digital Section 

The TC811 contains all the segment drivers necessary 
to directly drive a 3-1/2 digit liquid crystal display (LCD). An 
LCD backplane driver is included. The backplane frequency 
is the external clock frequency divided by 800. For three 
conversions/second the backplane frequency is 60Hz with 
a 5V nominal amplitude. When a segment driver is in phase 
with the backplane signal the segment of ·OFF". An out of 
phase segment drive signal causes the segment to be "ON" 
or visible. This AC drive configuration results in negligible 
DC voltage across each LCD segment. This insures long 
LCD display life. The polarity segment driver is "ON" for 
negative analog inputs. If VIN+ and VIN"" are reversed then 
this indicator would reverse. 

TEST Function (TEST) 

On the TC811, when TEST is pulled to a logical "HIGH", 
all segments are turned "ON". The display will read" -1888". 
During this mode the LCD segments have a constant DC 
voltage impressed. Do not leave the display in this mode for 
more than several minutes. LCD displays may be destroyed 
if operated with DC levels for extended periods. 

The display FONT and segment drive assignment are 
shown in Figure 5. 

DISPLAY FONT 

0123"155789 

r1ooo'sT100'sT10'sT1'sl 

1-- I 8 8 81 
4348 ILL FOB 

Figure 5 Display FONT and Segment Assignment 

HOLD Reading Input (HLDR) 

When HLDR is at a logic "HI" the latch will not be 
updated. Conversions will continue but will not be updated 
until HLDR is returned to "LOW". To continuously update the 
display, connect HLDR to ground or leave it open. This input 
is CMOS compatible and has an internal resistance of 70Kn 
(typical) tied to TEST. 
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COMPONENT VALUE SELECTION 

Auto Zero Capacitor - CAZ 

The value of the Auto Zero capacitor (CAZ) has some 
influence on system noise. A 0.47/lF capacitor is recom
mended for 200mV full-scale applications where 1 LSB is 
100/lV. A O.lO/lF capacitor should be used for 2.0V full
scale applications. A capacitor with low dielectric absorption 
(Mylar) is required. 

Reference Voltage Capacitor -CREF 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
cycle is stored on CREF. A O.l/lF capacitor is typical. If the 
application requires a sensitivity of 200mV full-scale, in
crease CREF to 1.0/lF. Rollover error will be held to less than 
1/2 count. A good quality, low leakage capacitor, such as 
Mylar, should be used. 

Integrating Capacitor - CINT 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer
ence. For this case a ±2V integrator output swing is 
optimum when the analog input is near full-scale. For 2 or 
2.5 reading/second (fose = 32kHz or 40kHz) and VFS = 
200mV, a .06B/lF value is suggested. If a different oscillator 
frequency is used, CINT must be changed in inverse propor
tion to maintain the nominal ±2V integrator swing. An exact 
expression for CINT is : 

4000 VFS 
CINT= 

VINT RINT fose 

where: 
fose = Clock frequency at Pin 39 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor -RINT 

The input buffer amplifier and integrator are designed 
with class A output stages which have idling currents of 6/lA. 
The integrator and buffer can supply l/lA drive currents with 
negligible linearity errors. RINT is chosen to remain in the 
output stage linear drive region but not so large that printed 
circuit board leakage currents induce errors. For a 200mV 
full-scale, RINT should be about lBOkQ. A 2.0V full-scale 
requires abut 1.BMQ. 

V TELCOM SEMICONDUCTOR, INC. 
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Oscillator Components 

The internal oscillator has been designed to operate 
with a quartz crystal, such as the Statek CX-1 V series. Such 
crystals are very small and are available in a variety of 
standard frequencies. Note that fose is divided by four to 
generate the TCBll internal control clock. The backplane 
drive signal is derived by dividing fose by BOO. 

To achieve maximum rejection of ac-line noise pickup, 
a 40kHz crystal should be used. This frequency will yield an 
integration period of 100ms and will reject both 50Hz and 
60Hz noise. For prototyping or cost-sensitive applications a 
32.76BkHz watch crystal can be used, and will produce 
about 25dB of line-noise rejection. Other crystal frequen
cies, from 16kHz to 4BkHz, can also be used. 

Pins 39 and 40 make up the oscillator section of the 
TCBll. Figures 6a and 6b show some typical conversion 
rate component values. 

The LCD backplane frequency is derived by dividing the 
oscillator frequency by BOO. Capacitive loading of the LCD 
may compromise display performance if the oscillator is run 
much over 4BKHz. 

Reference Voltage (VREF) 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

In some applications a scale factor other than unity may 
exist, such as between a transducer output voltage and the 
required digital reading. Assume, for example, a pressure 
transducer output is 400mV for 20001blin2. Rather than 
dividing the input voltage by two, the reference voltage 
should be set to 200mV. This permits the transducer input 
to be used directly. 

v 

OSC1 OSC2 V+ 
40 

22MQ 
39 38 

9V 

1...-----__ ---<1_-:-1+ III 
4348 ILL F09 

Figure 6a TC811 Oscillator 
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TC811 

Oscillator Full-Scale Voltage (VFS) 
Freq. (kHz) 200mV 2.0V 

RINT CINT RINT CINT 

32.768 180k 0.0681LF 1.8M 0.0681LF 
40 150k 0.0681LF 1.5M 0.0681LF 

Figure6b 

DEVICE PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs (VIN+ (Pin 31), 
VIN- (Pin 30» 

The TC811 is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (VCM). The typical range is V+ - 1.0 to V- + 
1.5V. Common-mode voltages are removed from the sys
tem when the TC811 operates from a battery or floating 
power source (isolated from measured system) and VI~ is 
connected to Analog Common. (see Fig 8) 

In systems where common-mode voltages exist, the 
86dS common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator out
put level. A worse case condition exists if a large positive 
VCM exists in conjunction with a fu"-scale negative differen
tial signal. The negative signal drives the integrator output 
positive along with V CM (Figure 8). For such applications the 
integrator output swing can be reduced below the recom
mended 2.0V full-scale swing. The integrator output will 
swing within 0.3V of V+ or V- without increased linearity 
error. 

Reference (VREF+ (Pin 36), VREr (Pin 33» 

Unlike the ICL7116, the TC811 has a differential refer
ence as we" as the "hold" function. The differential refer-

MEASURED 
SYSTEM 

VBUF 
... --..... V+ 

ence inputs permit ratiometric measurements and simplify 
interfacing with sensors such as load cells and temperature 
sensors. The TC811 is ideally suited to applications in hand
held multimeters, panel meters, and portable instrumenta
tion. The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent rollover type errors from being induced by 
large common-mode voltages, CREF should be large com
pared to stray node capacitance. A 0.1 J.l.F capacitor is a 
typical value. 

The TC811 offers a significantly improved Analog Com
mon temperature coefficient. This provides a very stable 
voltage suitable for use as a voltage reference. The tem
perature coefficient of Analog Common is typically 35ppml 
cC. 

V 
TC811 

VCM 

I 
J, 

VI = ~I [VCM -VIN] 
Where: I 

4000 
TI = INTEGRATION TIME = fosc 

CI = INTEGRATION CAPACITOR 
RI = INTEGRATION RESISTOR 

43481LL F11 

Figure 8 Common-Mode Voltage Reduces Available 
Integrator Swing. (VCOM '" VIN) 

9V 

10pF 
~--~----~-;~V+ 

20MQ D 40 KHZ 

20pF 
~---+~~~~~V+ 

470k 

434BILL F10 

Figure 7 Common-Mode Voltage Removed In Battery Operation With VIN"" = Analog Common 
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Analog Common (Pin 32) 

The Analog Common pin is set at a voltage potential 
approximately 3.0V below V+. This potential is guaranteed 
to be between 2.70Vand 3.35V below V+. Analog common 
is tied internally to an N channel FET capable of sinking 
1001JA. This FET will hold the common line at 3.0V below 
V+ should an external load attempt to pull the common line 
toward V+. Analog common source current is limited to 11JA. 
Analog common is therefore easily pulled to a more negative 
voltage (Le. below V+ - 3.0V). 

The TC811 connects the internal VIN+ and VIN- inputs 
to Analog Common during the Auto Zero cycle. During the 
reference integrate phase VIN- is connected to Analog 
Common. If VIN- is not externally connected to Analog 
Common, a common-mode voltage exists. This is rejected 
by the converter's 86dS common-mode rejection ratio. In 
battery powered applications, Analog Common and VIN
are usually connected, removing common-mode voltage 
concerns. In systems where VIN- is connected to the power 
supply ground orto a given voltage, Analog Common should 
be connected to VI~. 

The Analog Common pin serves to set the analog 
section reference or common pOint. The TC811 is specifi
cally designed to operate from a battery or in any measure
ment system where input signals are not referenced (float) 
with respect to the TC811 power source. The Analog 
Common potential of V+ - 3.0V gives a 7V end of battery life 
voltage. The analog common potential has a voltage 
coefficient of 0.001 %1%. 

With a sufficiently high total supply voltage (V+ - V- > 
7.0V), Analog Common is a very stable potential with 
excellent temperature stability (typically 35ppm/°C). This 
potential can be used to generate the TC811 reference 
voltage. An external voltage reference will be unnecessary 
in most cases because of the 35ppm/oC temperature coef
ficient. See TC811 Internal Voltage Reference discussion. 

TEST (Pin 37) 

The TEST pin potential is 5V less the V+. TEST may be 
used as the negative power supply connection when inter
facing the TC811 to external CMOS logic. The TEST pin is 
tied to the internally generated negative logic supply through 
a 500n resistor. The TEST pin may be used to sink up to 
1 mAo See the applications section for additional information 
on using TEST as a negative digital logic supply. 

If TEST is pulled "HIGH" (V+), all segments plus the 
minus sign will be activated. Do not operate in this mode for 
more than several minutes, because when TEST is pulled to 
V+, the LCD Segments are impressed with a DC voltage 
which may cause damage to the LCD. 
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APPLICATIONS INFORMATION 

Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally generated fJ 
digital logic supply ground through a 500n resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD display annunciators for 
decimal points, low battery indication, or function indication 
may be added without adding an additional supply. No more 
than 1 mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below V+. 

Internal Voltage Reference 

The TC811 Analog Common voltage temperature sta
bility has been significantly improved. This improved device 
can be used to upgrade old systems and design new 
systems without external voltage references. External R 
and C values do not need to be changed, however, noise 
performance will be improved by increasing CAZ (See Auto 
Zero Capacitor section). Fig 10 shows Analog Common 
supplying the necessary voltage reference for the' TC811. 

y+ 

v 
TC811 

y+ 

4049 I 

BPI--_._---'--t 
TOlCD 
DECIMAL 
POINT 

TESTI---+-------' 
TOlCD 

L.------oBACK
PLANE 

y+ 

y+ BP!----_-+-\ 

V 
TC811 

HDlR 

DE;~~~l 
SELECT 

TEST 
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Figure 9 Display Annunciator Drivers 
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Liquid Crystal Display Sources 

Several LCD manufactures supply standard LCD dis
plays to interface with the TC811 3-1/2 digit analog-to-digital 
converter. 

Manufacturer AddresslPhone 
Representativ~ 
Part Numbers 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135,SX440 

216-655-2429 

AND 770 Airport Blvd., FE 0801, 
Burlingame, CA 94010 FE 0203 
415-347-9916 

EPSON 3415 Kashikawa St., LD-B709BZ 
Torrence, CA 90505 LD-H7992AZ 
212-534-0360 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414-648-2361 

'NOTE: Contact LCD manufacturer for full product listing/specifica
tions. 

Oscillator Crystal Source 

Manufacturer Address/Phone 

STATEK 512 N-Main 
Orange, CA 92668 
714-639-7810 

Representative 
Part Numbers 

CX-1V 40.0 

Ratiometric Resistance Measurements 

The TC811 true differential input and differential refer
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current is passed through the pair (Figure 
11). The voltage developed across the unknown is applied 
to the input and the voltage across the known resistor 
applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 1000. The displayed reading can 
be determined from the following expression: 

Displayed reading = RUNKNOWN x 1000 
RSTANDARD 

The display will overrange for RUNKNOWN ;::: 2 X 
RSTANDARD. 
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Figure 10 TC811 Internal Voltage Reference Connection 
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Figure 11 Low Parts Count Ratio Metric Resistance Measurement 
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Figure 12 Temperature Sensor 
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"i" Semicooductor, Inc. TC818A 
TC818D* 

AUTO-RANGING ANALOG-TO-DIGITAL CONVERTER 
WITH 3-1/2 DIGIT AND BAR-GRAPH DISPLAYS 

• CONTACT FACTORY 
FOR AVAILABILITY 

FEATURES 
• 3-1/2 Digit Numeric Plus 40-Segment Bar-Graph 

LCD Drivers 
• Annunciator Outputs Permit Customizing of LCD 
• 2-Chip Set, Surface-Mounted 

- 64-Pin Flat Package 
- 20-Pin Small Outline (SO) 

• Auto-Range Operation for AC and DC Voltage 
and Resistance Measurements 

• Two User-Selected ACIDC 
Current Ranges ........•................ 20 mA and 200 mA 

• 22 Operating Ranges 
- 9 DCIAC Voltage 
- 4 ACIDC Current 
- 9 Resistance and Low-Power Ohms 

FUNCTIONAL BLOCK DIAGRAM 

IF LCD BlAS CONNECTED TO DIGITAL 
GROUND, PEAK DRIVE SIGNAL .. 5V. 

V TELCOM SEMICONDUCTOR, INC. 

• Display Hold Function 
• 3-1/2 Digit Resolution in Auto-Range Mode 1/2000 
• Extended Resolution in Manual 

Range Mode ....•......•.•......•..•..••.•.•.•.••..•..•...••.••. 1/3000 
• Memory Mode for Relative 

Measurements •....•.•••..•..•..•........•.•..••.••..•..•.. ::!::5% F.S. 
• Internal AC-to-DC Conversion Op Amp 
• Triplex LCD Drive for Decimal Points, Digits, 

Bar-Graphs, and Annunciators 
• Continuity Detection and Piezoelectric Trans

ducer 
Driver 

• Low-Drift Internal Reference .....•.••...•.•.•.• 75 ppmf'C 
• 9V Battery Operation ..................................... 10 mW 
• Low Battery Detection and LCD Annunciator 

HOLD 

¥ 

co 
~O.01fJF 

V01SP 

DATA L~ND V 

1290820 

LCD 
BIAS 

TOVce 

vssF--......I 

DIGITAlGND,!,5=.8 __ --+. 

R18124 kO: 
+-""-,.".. ....... """-t)llcc 

R1915kO: 
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TC818A 
TC818D* 

GENERAL DESCRIPTION 

The TC818 is a 2-chip integrating analog-to-digital con
verter (ADC) with 3-1/2 digit numeric and 40-segment bar
graph LCD drivers, automatic ranging, and single 9V battery 
operation. The TC818 chip set (consisting of the TC818A 
and TC818D), combines the precision of a numeric display 
with the quick recognition of a bar-graph. The numeric 
display is driven by the TC818A, which also includes the 
ADC. The bar-graph display is driven by the TC818D. 

The 40-segment bar-graph display provides "quick
look" perception of amplitude. Recognizing trends is also 
easier with a bar-graph, making TC818 based instruments 
valuable in nulling, tuning, calibration, and similar applica
tions. On the other hand, the numeric display provides 
0.05% resolution and a full set of annunciators that spell out 
the TC818's many operating modes. 

Automatic range selection is provided for both voltage 
(DC and AC) and ohms (high and low power) measure
ments. Expensive and bulky mechanical range switches are 
not required. Five full-scale ranges are available, with auto
matic selection of external volt/ohm attenuators over a 1 to 
10,000 range. Two current ranges, 20 mA and 200 mA, can 
be manually selected. The auto-range feature can be by
passed, allowing input attenuator selection through a single 
line input. 

During manual mode operation, resolution is extended 
to 3000 counts full-scale. Extended resolution is also avail
able during 2000 kQ and 2000V full-scale auto-range opera
tion. The extended range operation is indicated by a flashing 
1 MSD and by the fully-extended bar-graph. 

The TC818 includes an AC-to-DC converter for AC 
voltage and current measurements. Only external diodes/ 
resistors/capacitors are required. Other features include a 
memory mode, low-battery detection, display HOLD input, 
and continuity buzzer driver. 

The 3-1/2 digit numeric display includes a full set of 
annunciators. Decimal points are adjusted as automatic or 
manual range changes occur, and voltage, current, and 
ohms operating modes are displayed. Additional annuncia
tors are activated for manual, auto, memory, HOLD, AC, 
low-power ohms, and low-battery conditions. 

The TC818 is available in a surface-mounted chip set, 
with the TC818A in a 64-pin flat package and the TC818D in 
a 20-pin small outline (SO) package. Combining numeric 
and bar-graph display drivers, single 9V battery operation, 
internal range switching, and compact surface mounting, 
the TC818 is ideal for advanced portable instruments. 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

ORDERING INFORMATION 

Part No. 

TC818ACBU 

TC818ADCOP' 

Package 

64-Pin Plastic 
Quad Flat Package 

20-Pin SO 
• CONTACT FACTORY FOR AVAILABILITY 

PIN CONFIGURATIONS 

~a- I'" a9:IE 10 '" 0 
~,_n~~g 

V 
TC818A 

:=1-----'--LCD SEGMENT DRIVES 
LOellA 1 

Temperature 
Range 

~ ~ ~ 
'" II: II: 0" (J 

II: 

ACVL 

" v, 
VR4 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 

Both Devices 

TC818A 
TC818D* 

ABSOLUTE MAXIMUM RATINGS * 
TC818A Operating Temperature Range .................... O°C to +70°C 

Supply Voltage ......................................................... +15V Storage Temperature Range ................. -65°C to + 150°C 

Analog Input Voltage ....................................... Vee to Vss Lead Temperature (Soldering, 60 sec) ................. +300°C 

Reference Input Voltage .................................. Vee to Vss 
Voltage at Pin 43 ...................................... Common ±0.7V 
Power Dissipation ................................................ 800 mW 

TC818D 
Supply Voltage ........................................................... +6V 
Digital Input Voltage ...................................... Vee to GND 
Power Dissipation ................................................ 500 mW 

• Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: VS = 9V, TA = +25°C, Figure 1 Test Circuit 

TC818A 
Symbol Parameter Test Conditions Min Typ Max Unit 

Zero Input Reading 200 mV Range Without 10 Mn Resistor -0000 0000 +0000 Digital 
200 mV Range With 10 Mn Resistor -0001 - +0001 Reading 
20 rnA and 200 rnA Range -0000 0000 +0000 

RE Roll-Over Error 200 mV Range Without 10 Mn Resistor - - ±1 Counts 
200 mV Range With 10 Mn Resistor - - ±3 
20 rnA and 200 rnA Range - - ±1 

NL Linearity Error Best Case Straight Line - - ±1 Count 

liN Input Leakage Current - - 10 pA 

eN Input Noise BW = 0.1 to 10 Hz - 20 - ILVp-p 
AC Frequency Response ±1% Error - 40 to 500 - Hz 

±5% Error - 40 to 2000 -
Open Circuit Voltage for Excludes 200n Range - 570 660 mV 
Ohm Measurements 

Open Circuit Voltage for Excludes 200n Range - 285 350 mV 
LO Ohm Measurements 

VCOM Analog Common Voltage (VCC-VCOM) 2.8 3 3.3 V 

VCTC Common Voltage - - 50 ppm/oC 
Temperature Coefficient 

Display Multiplex Rate - 100 - Hz 

VIL Low Logic Input 20mA, AC, I, [00, HOLD Range, -MEM, - - 1 V 
Ohms (Relative to DIGITAL GND, Pin 55) 

Logic 1 Pull-Up 20 rnA, AC, I, [00, HOLD Range, -MEM, - 25 - ILA 
Ohms (Relative to DIGITAL GND, Pin 55) 

VOL Low Logic Output AN NUNC, DEINT; IL = 100 ILA - DGND+0.1 - V 

VOH High Logic Output ANNUNC, DEINT; IL = 100 !LA - Vec-O.1 - V 

Buzzer Driver Frequency - 4 - kHz 

Low Battery Flag Voltage Vce to Vss 6.3 6.6 7 V 

Operating Supply Current - 0.8 1.5 rnA 

ELECTRICAL CHARACTERISTICS: Vee = 5V, GND = OV, TA = +25°C 

TC818D 
Symbol Parameter Test Conditions Min Typ Max Unit 

VIH High Logic Input 2.5 - - V 

VIL Low Logic Input - - 1 V 

IlL Logic Input Current VCC ;;.. VIN ;;.. GND - 0.01 10 nA 

Display Multiplex Rate - 100 - Hz 

Operating Supply Current - 40 100 !LA 
V TELCOM SEMICONDUCTOR, INC_ 2-21 



TC818A 
TC818D* 

AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

TC818A PIN DESCRIPTION 

Pin No. 
(Plastic Quad 
Flat Package) Symbol 

2 OHM 

3 NfiTiA 
4 BUZ 

5 XTAL1 

6 XTAL2 

7 VOISP 

8 BP1 

9 BP2 

10 BP3 

11 LOntA 

12 ntV 
13 kim/HOLD 

14 BCPO 
(Ones Digit) 

15 ADGO 

16 FEO 

18 BCP1 

19 ADG1 

20 FE1 

21 BCP2 

22 ADG2 

23 FE2 

24 BCP3 

25 AC/-/AUTO 

26 -MEM/BATT 

27 ANNUNC 

28 Vee 
29 COM 

30 DEINT 

31 RMREFL 

32 CREFL 
33 CREFH 
34 REFHI 

35 OR1 

36 OR2 

37 OR3 

38 OR4 
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Description 

Logic input. '0' (digital ground) for resistance measurement. 

Logic Input. "0" (digital ground) for 20 mA full·scale current measurement. 

Buzzer. Audio frequency, 4 kHz, output for continuity indication during resistance measurement. 
A noncontinuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

32.768 kHz crystal connection and clock output to drive TC818D. 

32.768 kHz crystal connection. 

Sets peak LCD drive signal: Vp = Vce = VOISP. VOISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

LCD backplane #1. 

LCD backplane #2. 

LCD backplane #3. 

LCD annunciator segment drive for low ohms resistance measurement and current 
measurement. 

LCD annunciator segment drive for resistance measurement and voltage measurement. 

LCD annunciator segment drive for k ("kilo-Ohms"), m ("milli-Amps" and "milli-Volts") and 
HOLD mode. 

LCD segment drive for "b," "c" segments and decimal pOint of least significant digit (LSD). 

LCD segment drive for "a," "g," "d" segments of LSD. 

LCD segment drive for "f" and "e" segments of LSD. 

LCD segment drive for 'b," "c" segments and decimal point of second LSD. 

LCD segment drive for 'a," 'g,' 'd" segments of second LSD. 

LCD segment drive for 'f" and "e" segments of second LSD. 

LCD segment drive for 'b," 'c" segments and decimal point of third LSD (hundreds digit). 

LCD segment drive for 'a," "g," 'd" segments of third LSD. 

LCD segment drive for 'f" and "e" segments of third LSD. 

LCD segment drive for "b," "c" segments and decimal point of MSD (thousands digit). 

LCD annunciator segment drive for AC measurements, polarity, and auto-range operation. 

LCD annunciator segment drive for low-battery indication and memory (relative measurement). 

Square-wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used to 
control display annunciators. Connecting an LCD segment to ANNUNC turns it on; connecting it 
to its backplane turns it off. ANNUNC is also used to synchronize the TC818A and TC818D 
backplanes. 

Positive battery supply connection. 

Analog circuit ground reference point. Nominally 3V below Vee. 

Deintegrate output. Transmits the AID conversion result to the bar-graph LCD driver. (See text.) 

Ratiometric (resistance measurement) reference low Voltage. 

Reference capaCitor negative terminal, CREF = 0.1 /LF. 

Reference capacitor positive terminal, CREF = 0.1 /LF. 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

Standard resistor connection for 2000 full-scale. 

Standard resistor connection for 20000 full-scale. 

Standard resistor connection for 20 kO full-scale. 

Standard resistor connection for 200 kO full-scale. 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS TC818A 

TC818D* 

TC818A PIN DESCRIPTION (Cant.) 

Pin No. 
(Plastic Quad 
Flat Package) Symbol 

39 QR5 

40 VR3 

41 VR2 

42 VR5 

43 VR4 

44 V, 

45 I, 

46 ACVL 

47 C, 

49 CAZ 

50 Rx 
51 CFI 

52 ADI 

53 ADO 

54 RQBUF 

55 RVIBUF 

56 ACVH 

57 Vss 

58 DGND 

59 RANGE 

60 HOLD 

Description 

Standard resistor connection for 2000 kQ full-scale. 

Voltage measurement + 100 attenuator. 

Voltage measurement + 10 attenuator. 

Voltage measurement + 10,000 attenuator. 

Voltage measurement +1000 attenuator. 

Unknown voltage input + attenuator. 

Unknown current input. 

Low output of AC-to-DC converter. 

Integrator capacitor connection. Nominally 0.1 !1F. (Must have low dielectric absorption. 
Polypropylene dielectric suggested.) 

Auto-zero capacitor connection. Nominally 0.1 !1F. 

Unknown resistance input. 

Input filter connection. 

Negative input of internal AC-to-DC operational amplifier. 

Output of internal AC-to-DC operational amplifier. 

Active buffer output for resistance measurement. Integration resistor connection. 
Nominally 220 kQ. 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Nominally 150 kQ. 

Positive output of AC-to-DC converter. 

Negative supply connection. Connect to negative terminal of 9V battery. 

Internal logic digital ground. Ground connection for the TC818D, and the logic "0" level. 
Nominally 4.7V below Vee. 

Input to set manual operation and change ranges. 

Input to hold display. Connect to DGND to "freeze" display. 

61 -MEM Input to enter memory measurement mode for relative measurements. The two LSDs are stored 
and subtracted from future measurements. 

62 DC (Q)/ 
AC(LOQ) 

63 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

Input to select measurement. Connect to logic "0" (digital ground) for current measurement. 

* NOTE: Pins 1, 7, 48, 64 = No Connection 
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TC818A 
TC818D* 

TC818D PIN DESCRIPTION 

Pin No. 
(20-Pin SO) Symbol Description 

18,19,20 Segments 18, 19,20 of LCD. 

2 15, 16, 17 Segments 15, 16, 17 of LCD. 

3 12, 13, 14 Segments 12, 13, 14 of LCD. 

4 9, 10, 11 Segments 9, 10, 11 ofLCD. 

5 6,7,8 Segments 6, 7, 8 of LCD. 

6 3,4,5 Segments 3, 4, 5 of LCD. 

7 0,1,2 Segments 0, 1, 2 of LCD. 

AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

8 VOISP Sets peak LCD voltage drive level. Connect to VOISP of TC818A, or to GND of TC818D. 

9 CLK Clock input. Connect to XTAL 1 output of TC818A. 

10 GND Digital ground. Connect to DGND of TC818A. 

11 SYNC Display SYNC input. Synchronizes backplanes of the TC818A and TC818D. Connect to 
ANNUNC output of TC818A. 

12 DATA Data input. Pulses at the CLK input are counted while DATA is logic HIGH. Connect to DEINT 
output of TC818A. 

13 39,40,OR Segments 39, 40 and overrange of LCD. 

14 36,37,38 Segments 36, 37, 38 of LCD. 

15 33,34,35 Segments 33, 34, 35 of LCD. 

16 30,31,32 Segments 30, 31, 32 of LCD. 

17 27,28,29 Segments 27, 28, 29 of LCD. 

18 24,25,26 Segments 24, 25, 26 of LCD: 

19 21,22,23 Segments 21, 22, 23 of LCD. 

20 Vee Power supply input. Connect to Vee of TC818A. 

THEORY OF OPERATION 

(All Pin Designations Refer to 64-Pin Plastic Quad Flat 
Package) 

The TC818 consists of two CMOS integrated circuits. 
The TC818A incorporates an auto-ranging ADC and drivers 
for a 3-1/2 digit LCD, while the TC818D provides data 
formatting and drivers for a 40-segment bar-graph display. 
Both integrated circuits are required to form a complete 
measurement system. 

During each AID conversion cycle, data is transferred 
from the TC818A to the TC818D. Therefore, the bar-graph 
display will track the numeric (3-1/2 digit) display. The exact 
relationship between numeric display counts and bar-graph 
segments displayed is shown in Table I. Both displays are 
updated at the same rate. When the TC818A is in its 
extended resolution mode (3000 counts, maximum), the 
bar-graph will display all 40 bars continuously. 

Analog-to-Digital Converter (ADC) 

The TC818A includes an integrating ADC with auto
ranging resolution of 2000 counts and manual range reso
lution of 3000 counts. Figure 1 shows a simplified schematic 
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of the analog section. In auto-ranging mode, internal logic 
will adjust the input voltage or ohms attenuators so that 
measurements will always be made in the appropriate 
range. Measurement ranges, logic control inputs, 3-1/2 digit 
LCD formatting, and other features are identical to the 
TC815 auto-ranging AID converter. However, the TC818A 
is not pin-compatible with, and is not a replacement for, the 
TC815. 

A display annunciator output (ANNUNC) can be used to 
customize the LCD. ANNUNC is a square wave at the 
backplane frequency. Connecting an annunciator segment 
to the ANNUNC driver turns the segment on; connecting the 
segment to its backplane turns it off. 

Bar-Graph Driver 

The TC818D includes a counter and data latch, clock 
divider, and triplex LCD bar-graph formatting and display 
functions. A block diagram of the TC818D and connections 
between the TC818A and TC818D is shown in Figure 2. The 
TC818D does not require a separate power supply, since it 
is powered from Vee and digital ground of the TC818A. 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS TC818A 

TC818D* 

..L""---O-.l-~F-III---' ~------------------------------------------
V R7/100kn S12V·l/1 

y 
OHMS 

TC818A 
INPUT R8I220n R6/100 kn RM REFL 31 S21 DE.n 

(PTC) 
R5Il.638 Mn nR539 S24n·l/10k 

ll· 
S251/1k 

n· +-_'V'",, ___ n_R-,3<.;307~ ___ ....,._+_+<y (:>-=,S2::6,.1I1OO 

11 45 

D4 

VOLTAGE 
INPUT Rl419.9 Mfl VI 44 

'NOT REQUIRED 
WHEN RESISTOR 
NETWORK IS USED. 

R131500 kn* 

Rl211.11 Mfl VR241 

Rll/101 kfl VR3 40 
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Figure 1 TC818A Analog Section 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

r1c LOAD I 
ONE-5HOTI I 

Lfc CLEAR rr. LOAD 
ONE-5HOT CLEAR 

BAR~RAPH - DISPLAY 
COUNTER LATCH 

COUNT 

r- CLOCK 

I--
fl-oBARS DIVIDER 

r--- 0,1,2 
BACKPLANE r--- · PHASE TRIPLEX · · GENERATOR DRIVERS 

~BARS 
39,40,OR 

V 
TC818D 

VCC GND VDISP 

20 10 8 

Figure 2 Interface Between TC818A and TC818D 

When the TC818D DATA input goes to a logic high, 
pulses are counted at the ClK input. A clock divider scales 
clock pulses so thatthe number of LCD bar-graph segments 
is proportional to the numeric display (see Table I). 

When the DATA input goes low, the counter contents 
are transferred to a display latch. Then the bar-graph counter 
is reset to zero in preparation for the next AID conversion 
cycle. 

The ClK input is also divided to produce the triplex LCD 
drivers. The backplane and segment driver waveforms are 
the same voltage levels as the TC818A. However, the 
TC818D segment driver waveforms are less complicated 
than those of the TC818A, because adjacent bar-graph 
segments are either on or off. 

The SYNC input permits synchronizing display back
planes. By connecting the ANNUNC output of the TC818A 
to the SYNC input of the TC818D, the two sets of LCD 
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drivers will be synchronized. This feature permits the use of 
an LCD with only one set of backplane drivers and saves 
three pin connections to the display. 

LCD backplane and segment drive voltages are set by 
the voltage between Vee and VOISP pins. In most cases, 
VDISP will be connected to GND and the LCD drive voltage 
will be about 5V. If V OISP is not connected to GND, then VOISP 

of the TC818D must be connected to VOISP of the TC818A. 

Data Transfer 

Analog conversion results are transferred from the 
TC818A to the TC818D via two pins, DEINT and XTAL1. 
DEINT is a TC818A output with a pulse width proportional to 
the analog voltage being measured. DEINT goes to a logic 
HIGH atthe beginning ofthe TC818A deintegrate cycle, and 
goes lOW at the comparator zero-crossing (end of 
conversion). 

V TELCOM SEMICONDUCTOR, INC. 



AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 

Timing of the DEINT pulse width is derived from the 
TC818A's XTAL 1 output, which provides a 32.768 kHz 
clock. The number of clock pulses occurring while DEINT is 
high determines the number of bar-graph segments dis
played. The relationship between numeric display counts 
and bar-graph segments is shown in Table I. 

Resistance, Voltage, Current 
Measurement Selection 

The TC818 is designed to measure voltage, current, 
and resistance. Auto-ranging is available for resistance and 
voltage measurements. The OHM (pin 2) and T (pin 63) input 
controls are normally pulled internally to Vee. 

By tying these pins to DGND (pin 58), the TC818 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table II. 

Table I. TC818A Numeric Display vs TC818D 
Bar-Graph Segments 

Numeric Reading Bar-Graph Segments 

0-24 0 

25-74 1 

75-124 2 

• • 
• • 
• • 

((50"N)-25) to ((50"N)+24) N 
(where 1 ,0::; N ,0::; 40) 

• • 
• • 
• • 

1975-2024" 40 

>2024" OVR 

"Readings> 1999 will only occur in manual or expanded resolution 
modes. 

Table II. TC818 Measurement Selection Logic 

Function Select Pin 
OHM (Pin 2) T (Pin 63) Selected Measurement 

o o Voltage 

o Resistance 

o Current 

Voltage 

0= Digital Ground 1 = Floating or Tied to Vee 

NOTES: 1. OHM andl are normally pulled internally high to Vee 
(pin 28). This is considered a logic "1 '. 

2. Logic "0' is the potential at digital ground (pin 58). 
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TC818A 
TC818D* 

Resistance Measurements - Ohms 
and Low Power Ohms 

The TC818 can be configured to reliably measure in- fJ 
circuit resistances shunted by semiconductor junctions. The 
TC818 low-power ohms measurement mode limits the probe 
open circuit voltage. This prevents semiconductor junctions 
in the measured system from turning on. 

In the resistance measurement mode, the ntLOn (pin 
62) input selects the low-power ohms measurement mode. 
For low-power ohms measurements, ntLOn (pin 62) is 
momentarily brought LOW to digital ground potential. The 
TC818 sets up for a low-power ohms measurement with a 
maximum open circuit probe voltage of O.35V above analog 
common. In the low-power ohms mode, an LCD annuncia
tor, LOn, will be activated. On power-up, the low-power 
ohms mode is not active. 

If the manual operating mode has been selected, toggling 
ntLOn resets the TC818 back to auto-range mode. In 
manual mode, the decision to make a normal or low-power 
ohms measurement should be made before selecting the 
desired range. 

The low-power ohms measurement is not available on 
the 200n full-scale range. Open-circuit voltage on this range 
is below 2.8V. 

The standard resistance values are listed in Table III. 

Table III. Ohms Range Ladder Network 

Full-Scale Standard Low-Power 
Range Resistance Ohms Mode 

200'1 163.85'1 (R1) No 

2000'1 1638.5'1 (R2) Yes 

20kn 16,385'1 (R3) Yes 

200kn 163,850'1 (R4) Yes 

2000kn 1,638,500'1 (R5) Yes 

R8, a positive temperature coefficient resistor, and the 
6.2V zener, Z1, provide input voltage protection during 
ohms measurement. 

Ratiometric Resistance Measurements 

The TC818 measures resistance ratiometrically. Accu
racy is set by the external standard resistors connected to 
pins 35 through 39. A low-power ohms mode may be 
selected on all but the 200n full-scale range. The low-power 
ohms mode limits the voltage applied to the measured 
system. This allows accurate "in-circuit" measurements 
when a resistor is shunted by semiconductor junctions. 

Full auto-ranging is provided. External precision stan
dard resistors are automatically switched to provide the 
proper range. 
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AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

Figure 3 is a detailed block diagram of the TC818 
configured for ratiometric resistance measurements. During 
the signal integrate phase the reference capacitor charges 
to a voltage inversely proportional to the measured resistance, 
Rx. Figure 4 shows that the conversion accuracy relies only 
on the accuracy of the external standard resistors. 

Table IV. Reference Resistors 

Normally, the required accuracy of the standard resis
tances will be dictated by the accuracy specifications of the 
user's end product. Table IV gives the equivalent ohms per 
count for various full-scale ranges to allow users to judge the 
required resistor accuracy. 

R8 
2200 
(PTC) 

R5I16385000 

R4I163850Q 

R3I163850 

39 S29 

38 S30 

37 S31 

33 

Full-Scale 
Range(n) 

200 
2k 

20k 
200k 

2M 

~ __ ~~~~~S~18~ DE ~ 

Reference 
Resistor 

163.85 

1638.5 

16385 
163,850 
1,638,500 

10 kO 

VCC-2.6V ... gODr'o-~" 
S21 DE-O 

'--'V'''''--t--+-...:;;~).... BUFFER TC818A 

R7NOOkO 50 
>----.----, ~ --{>-{> 

INTEGRATOR COMPARATOR 

S34 0 

ROBUF 54 

Figure 3 Ratlometric Resistance Measurement Functional Diagram 
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Example: 200 kQ Full-Scale Measurement 

o VA -I O.64V FOR OHMS I 
- O.32V FOR LO OHMS 

(a) VR = 163.85 kQ x 0.64 
163.85 + 220 + Rx 

163"~ + ! VA 

Rx 
(b) Vx = 163.85 kQ + 220Q + Rx x 0.64 

(c) "Ramp-Up Voltage" = "Ramp-Down Voltage" 

UNKNOWN 

t----...... VX 

TO ANALOG 
BUFFER 

where: 
R, = Integrating Resistor, t, = Integrate Time 
C, = Integrating Capacitor, tDE = Deintegrate Time 

(d) Rx = 163.85 ( t~,E) 
Independent of R" C, or internal voltage reference. 

Figure 4 Resistance Measurement Accuracy Set by External Standard Resistor 

Voltage Measurement 

Resistive dividers are automatically changed to provide 
in-range readings for 200 mV to 2000V full-scale readings 
(Figure 1). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider 
leg resistors give a 200 mV signal at V, (pin 44) for full-scale 
voltages from 200 mV to 2000V. 

For applications that do not require a 10 Mn input 
impedance, the divider network impedances may be low
ered. This will reduce voltage offset errors induced by switch 
leakage currents. 

Current Measurement 

The TC818 measures current only under manual range 
operation. The two user-selectable, full-scale ranges are 
20 rnA and 20..Q rnA. Select the current measurement mode 
by holding the I input (pin 63) LOW at digital ground potential. 
The OHM input (pin 2) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 200 mA full-scale range 
is selected by connecting the 20 mA input (pin 3) to digital 
ground. If left floating, the 200 mA full-scale range is selected. 

External current-to-voltage conversion resistors are used 

V TELCOM SEMICONDUCTOR, INC. 

at the current input (II, pin 45). For 20 mA measurements, a 
10n resistor is used. The 200 mA range requires a 1 n 
resistor. Full scale is 200 mV 

Printed circuit board trace resistance between analog 
common and R16 must be minimized. In the 200 mA range, 
for example, a 0.05n trace resistance causes a 5% current
to-voltage conversion error at I, (pin 45). 

The extended resolution measurement option operates 
during current measurements. 

To minimize roll-over error, the potential difference 
between ANALOG COM (pin 29) and system common must 
be minimized. 

AC-to-DC Measurements 
In voltage and current measurements, the TC818 can 

be configured for AC measurements. An on-chip operational 
amplifier and external rectifier components perform the AC
to-DC conversion. 

When power is first applied, the TC818 enters the DC 
measurement mode. For AC measurements (current or 
voltage), AC/DC (pin 62) is momentarily brought LOW to 
digital ground potential; the TC818 sets-up for AC measure
ments and the AC liquid crystal display annunciator acti
vates. Toggling AC/DC to LOW again returns the TC818 to 
DC operation. 
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If manual operating mode has been selected, toggling 
AC/DC resets the TC818 back to auto-range mode. In 
manual mode operation, AC or DC should be selected first, 
then the desired range. 

The minimum AC full-scale voltage range is 2V. The DC 
full-scale minimum voltage is 200 mV. 

AC current measurements are available on the 20 mA 
and 200 mA full-scale ranges. 

Conversion Timing 

The TC818 uses the conventional dual-slope integrat
ing conversion technique with an added phase that auto
matically eliminates zero offset errors. The TC818 gives a 
zero reading with a OV input. 

This device is designed to operate with a low-cost, 
readily-available 32.768 kHz crystal. It serves as a time
base oscillator crystal in many digital clocks. (See external 
crystal sources, page 18.) 

The external clock is divided by two. The internal clock 
frequency is 16.348 kHz, giving a clock period of 61.04 !!S. 
The total conversion - auto-zero phase, signal integrate, 
and reference deintegrate - requires 8000 clock periods (or 
488.3 ms). There are approximately two complete conver
sions per second. 

The integration time is fixed at 1638.5 clock periods (or 
100 ms), giving a rejection of 50/60 Hz AC line noise. 

V 
TC818 

SIGNAL REF 
INT DEINT 
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CONVERTER WITH 3-1/2 DIGIT AND 

BAR-GRAPH DISPLAYS 

The maximum reference deintegrate time, representing 
a full-scale analog input, is 3000 clock periods (or 183.1 ms) 
during manual extended resolution operation. The 3000 
counts are available in manual mode, extended resolution 
operation only. In auto-ranging mode, the maximum deinte
grate time is 2000 clock periods. The 1000 clock periods are 
added to the auto-zero phase. An auto-ranging or manual 
conversion takes 8000 clock periods. After a zero crossing 
is detected in the reference deintegrate mode, the auto-zero 
phase is entered. 

Figure 5 shows the basic TC818 timing relationships. 

Manual Range Selection 

The TC818's voltage and resistance auto-ranging fea
ture can be disabled by momentarily bringing RANGE (pin 
59) to digital ground potential (pin 58). When the change 
from auto to manual ranging occurs, the first manual range 
selected is the last range in the auto-ranging mode. 

The TC818's power-up circuit initially selects auto
range operation. Once the manual-range option is entered, 
range changes are made by momentarily grounding the 
RANGE control input. The TC818 remains in the manual
range mode until the measurement function (voltage or 
resistance) or measurement option (AC/OC, n/LOn) 
changes, causing the TC818 to return to auto-ranging 
operation. 

External Crystal = 32.768 kHz 

Internal Clock Period = tp = 2/32.768 = 61.04 !!S 

PHASE PHASE 
• AUTO-ZERO ... --..- NEXT CONVERSION 

PHASE AUTO-ZERO CYCLE 

Total Conversion Time = teoNv = 8000 (tp) 

= 488.3 ms '" 2 conv/sec 

2-30 

ocTO 
INPUT 

SIGNAL 
~-- tCONV= 8000 tp --~ 

* IN AUTO-RANGE OPERATION, 
MAXIMUM IS 2000 tpAND 
MINIMUM AUTO-ZERO TIME 
IS 4361.5 tp. 

EXTENDED 
RESOLUTION 
ZERO 

/CROSSING 

Integration Time = tl = 1638.5 (tp) = 100 ms 

Maximum Reference Deintegrate Time 

= tOE = 3000 (tp) = 183.1 ms (manual, 
extended resolution) 

= 2000 (tp) = 122.1 ms (auto-range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) 
(tp) = 205.1 ms (manual, 

extended resolution) 

= (8000-2000-1638.5) 
(tp) = 266.2 ms (auto-range) 

Figure 5 Basic TC818 Conversion Timing 
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The "Auto" LCD annunciator driver is active only in the 
auto-range mode. 

Figure 6 shows typical operation where the manual 
range selection option is used. Also shown is the extended 
resolution display format. 

Extended Resolution Manual Operation 

When operated in the manual-range mode, the TC818 
extends resolution by 50% for current, voltage, and resis
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only in the 2000 kQ and 2000V ranges during auto-range 
operation. 

In the extended resolution operating mode, readings 
above 1999 are displayed with a blinking" 1 " most significant 
digit. The blinking "1" should be interpreted as the digit 2. 
The three least significant digits display data normally. The 
bar-graph LCD will be fully extended. 

An input overrange condition causes the most signifi
cant digit (MSD) to blink and sets the three least significant 
digits (LSDs) to display "000." The buzzer output is enabled 
for input voltage and current signals with readings greater 
than 2000 counts in both manual- and auto-range opera
tions. 

• MODE ALSO OPERATES WHEN AUTO-RANGING 
OPERATION IS SELECTED AND 2 Mg < RX < 2.999 Mg. 

Figure 6 Manual Range Selection; Resistance Measurement 

V TELCOM SEMICONDUCTOR, INC. 

TC818A 
TC818D* 

Figure 7 Manual Range Selection; Current Measurement 

V 
TC8l8 

OUTPUT NON
.--_ ......... CONTINUOUS 

4 kHz AUDIO 
FREQUENCY 

OVERRANGE 
INDICATOR 

Figure 8 Manual Range SelectIon; Voltage Measurement 
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For resistance measurements, the buzzer signal does 
not indicate an overrange condition. The buzzer is used to 
indicate continuity. Continuity is defined as a resistance 
reading less than 19 counts. 

-MEM Operating Mode 

Bringing -MEM (Pin 61) momentarily LOW configures 
the "-MEM" operating mode. The -MEM LCD annunciator 
becomes active. In this operating mode subsequent mea
surements are made relative to the last two digits (:::; 99) 
displayed at the time MEM is LOW. This represents 5% of 
full-scale. The last two significant digits are stored and 
subtracted from all the following input conversions. 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

RI (N) = 18.21 kll (20 kO Range);:: Display 18.21 kll 
MEM ;:: Store 0.21 kll 

RI (N + 1) = 19.87 kll (20 kO Range) 
;:: Display 19.87 - 0.21 = 19.66 kll 

RI (N + 2) = 22.65 kll (200 kll Range) 
;:: Display 22.7 kll and MEM Disappears 

Example 2: In Fixed Range 200D Full Scale 

RI (N) = 18.20 ;:: Display 18.20 
MEM ;:: Store 8.20 

RI (N + 1) = 36.70 
;:: Display 36.7 - 8.2 = 28.50 

RI (N + 2) = 5.80 
;:: Display 5.8 - 8.2 = -2.40* 

'WiII display minus resistance If following input is less than offset stored 
at fixed range. 

Example 3: In Fixed Range 20V Full Scale 

VI (N) = 0.51V;:: Display 0.51V 
MEM ;:: Store 0.51V 

VI (N + 1) = 3.68V 
;:: Display 3.68 - 0.51 = 3.17V 

VI (N + 2) = 0.23V 
;:: Display 0.23 - 0.51 = -0.28V 

VI (N + 3) = -5.21V 
;:: Display -5.21 - 0.51 = -5.72V 

On power-up the, -MEM mode is not active. Once the
MEM is entered, bringing MEM to LOW again returns the 
TC818 to normal operation. 
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The -MEM mode is also cancelled whenever the mea
surement type (resistance, voltage, current, AC/DC, 
ntLOO) or range is changed. The LCD -MEM annunciator 
will be OFF in normal operation. 

In auto-range operation, if the following input signal 
cannot be converted on the same range as the stored value, 
the -MEM mode is cancelled. The LCD annunciator is 
turned OFF. 

The -MEM operating mode can be very useful in resis
tance measurements where lead length resistance would 
cause measurement errors. 

Automatic Range Selection Operation 

When power is first applied, the TC818 enters the auto
range operating state. The auto-range mode may be en
tered from manual mode by changing the measurement 
function (resistance or voltage) or by changing the measure
ment option (AC/DC, ntLOO). 

The automatic voltage range selection begins on the 
most sensitive scale first: 200 mV for DC or 2V for AC 
measurements. The voltage range selection flow chart is 
given in Figure 9. 

Internal input protection diodes to Vcc (pin 28) and Vss 
(pin 57) clamp the input voltage. The external 10 MO input 
resistance (see R14 and R13, Functional Diagram) limits 
current safely in an overrange condition. 

The voltage range selection is designed to maximize 
resolution. For input signals less than 9% offull scale (count 
reading <180), the next most sensitive range is selected. 

An overrange voltage input condition is flagged, when
ever the internal count exceeds 2000, by activating the 
buzzer output (pin 4). This 4 kHz signal can directly drive a 
piezoelectric acoustic transducer. An out-of-range input 
signal causes the 4 kHz signal to be on for 122 ms, off for 122 
ms, on for 122 ms, and off for 610 ms (see Figure 15). 

During voltage auto-range operation, the extended reso
lution feature operates on the 2000V range only. (See 
extended resolution operating mode discussion.) 

The resistance auto-range selection procedure is shown 
in Figure 10. The 2000 range is the first range selected 
unless the low ohms resistance measurement option is 
selected. In low ohms operation, the first full-scale range 
tried is 2 kll. 

The resistance range selected maximizes sensitivity. If 
the conversion results in a reading less than 180, the next 
most sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation, 
a continuous 4 kHz Signal is output at BUZ (pin 4). An 
overrange input does not activate the buzzer. 
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V 
TC818 

N = 0; 200 mV FULL-SCALE 
RANGE 

.... _-,.-_ .. N = UA~ci~LL-SCALE 

r---'--., N = NK 
(REMAIN IN RANGE 
SELECTED 
DURING THE Kth 

.... _-,.-_ .. CONVERSION) 

START: POWER ON, FUNCTION OR 
MEASUREMENT OPTION CHANGE 

, Figure 9 Auto-Range Operation; Voltage Measurement 
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"--~-.... 
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VTC818 

N = 0; 200!l FULL-SCALE RANGE 
N = 1; 2 k!l FULL-SCALE RANGE 

(REMAIN IN RANGE 
SELECTED DURING 
THE Kth CONVERSION) 

START: POWER ON. FUNTION OR MEASUREMENT OPTION CHANGE 

Figure 10 Auto-Range Operation; Resistance Measurement 

Out-of-range input conditions are displayed by a blink
ing MSD with the three LSDs set to "000," and by the fully 
extended bar-graph. 

The extended resolution feature operates only on the 
200 kQ and 2000V full-scale ranges during auto-range 
operation. A blinking "1" most significant digit is interpreted 
as the digit 2. The three LSDs display data normally. 
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Low-Battery Detection Circuit 

The TC818 contains a low-battery detector. When the 
9V battery supply has been depleted to a 7V nominal value, 
the LCD low-battery annunciator is activated. 

The low-battery detector is shown in Figure 11. The low
battery annunciator is guaranteed to remain OFF with the 
battery supply greater than 7V. The annunciator is guaran
teed to be ON before the supply battery has reached 6.3V. 

Triplex Liquid Crystal Display (LCD) Drive 

The TC818 directly drives a triplexed LCD using 113 bias 
drive. All numeric data, decimal point, polarity, and function 
annunciator drive signals are developed by the TC818A. 
The bar-graph data are sent to the TC818D. A direct 
connection to a triplex LCD is possible without external drive 
electronics. Standard and custom LCDs are readily avail
able from LCD manufacturers. 

The LCDs must be driven with an AC signal having a 
zero DC component, for long display life. The liquid crystal 
polarization is a function of the RMS voltage appearing 
across the backplane and segment driver. The peak drive 
signal applied to the LCD is: 

Vee- VOISP 

For example, if VOISP is set at a potential3V below Vee, 
the peak drive signal is: 

Vp = Vec - VOISP = 3V 

VCCD-+---..., lOW-BATTERY OETECTOR 
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t 
lOW-BATTERY ANNUNCIATOR DISPLAYED FORVS' 7V. 

Figure 11 low-Battery Detector 
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An ·OFF" LCD segment has an RMS voltage of Vp/3 
across itor 1 V. An "ON" segment has a 0.63 Vp signal across 
it or 1.92V for Vee - VOISP = 3V. 

Since the VOISP pin is available, the user may adjust the 
"ON" and "OFF" LCD levels for various manufacturer's 
displays by changing Vp signal across it or 1.92V for Vee
VOISP = 3V. 

"OFF" segments may become visible at high LCD 
operating temperatures. A voltage with a -5 to -20 mVloC 
temperature coefficient can be applied to VOISP to accom
modate the liquid crystal temperature operating character
istics, if necessary. 

The TC818A and TC818D internally generate two inter
mediate LCD drive potentials (VH and VLl from resistive 
dividers (Figure 12) between Vee and VOISP. The ladder 
impedance is approximately 150 kQ. This drive method is 
commonly known as 1/3 bias. With VDISP connected to 
digital ground, VP'" 5V. 

The intermediate levels are needed so that drive signals 
giving RMS "ON" and "OFF" levels can be generated. Figure 
13 shows a typical drive signal and the resulting waveforms 
for "ON" and "OFF" RMS voltage levels across a selected 
numeric LCD element. 

VCC 
<; 

--N 
< 

ror 
~50k 

TRIPLEX > 
SEGMENT ~50k 

DRIVE ""i 
lOGIC VL 

> SETVDISP 

V ~50k FOR PROPER Vp 
WITH RESISTIVE 

TC818A ""i DIVIDER 

TC818D ~ VOISP 

--(\) 

Vp = VCC - VDISP 

"OFF" = Vpl3 RMS 

"ON" = ~ Vp RMS 
3 3 

Figure 12 113 Bias lCO Drive 
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SEGMENTS 
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FIgure 13 TrIplex LCD Drive Waveforms 
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Liquid Crystal Displays (LCDs) 

Most users design their own custom LCD. However, for 
prototyping purposes, a standard display is available from 
Varitronix, Ltd. The prototype display configuration is shown 
in Figure 14. 

• Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
Telex: 36643 VTRAX HX 
FAX: 852-3-439555 

Part No. VIM-328-0P 

• USA Office: 
VL Electronics Inc. 
3171 Los Feliz Blvd, #303 
Los Angeles, CA 0039 
Tel: (213) 738-8700 

External Crystal 

The TC818 is designed to operate with a 32,768 Hz 
crystal. This frequency is internally divided by two to give a 
61.04 I-ls clock period. One conversion takes 8000 clock 
periods or 488.3 ms (",2 conversions/second). Integration 
time is 1638.5 clock periods or 100 ms. 

,------------------------------------, : .M§f~' 1- +1 .:t.1I.1 I'.M 
I 

! M;. 1 8 0 8 kQ ! .,lii.1 I. . o. mVA 
: 0 5 10 15 20 

L~g~~Dp~~D_DpQQ~~~gQI!DP~QQ~I!D~_ 
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The 32 kHz quartz crystal is readily available and 
inexpensive. The 32 kHz crystal is commonly used in digital 
clocks and counters. 

Several crystal sources exist. A partial listing is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
Telex: 67-8394 

• Oaiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

• International Piezo LTD 
24-26 Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XT AL HZ 
Tel: 3-3501151 

Contact manufacturer for full specifications. 

PAD BP1 BP2 BP3 PAD BP1 BP2 BP3 

1 - - SCALE 19 - - BP3 
2 XO X1 X2 20 - BP2 -
3 X5 X4 X3 21 BP1 - -
4 X6 X7 X8 22 - Lon A 
5 X11 X10 X9 23 - n v 
6 X12 X13 X14 24 HOLD k m 
7 X17 X16 X15 25 4B 4C -
8 X18 X19 X20 26 4A 4G 40 
9 X23 X22 X21 27 4F 4E -
10 X24 X25 X26 28 3B 3C 3P 
11 X29 X28 X27 29 3A 3G 3D 
12 X30 X31 X32 30 3F 3E -
13 X35 X34 X33 31 2B 2C 2P 
14 X36 X37 X38 32 2A 2G 20 
15 - X40 X39 33 2A 2G 20 
16 BP1 - - 34 1B 1C 1P 
17 - BP2 - 35 Z -MEM -
18 - - BP3 36 AC Y AUTO 

Figure 14 Typical LCD Configuration, TC818 Triplex 
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"Buzzer" Drive Signal 

The BUZ output (pin 4) will drive a piezoelectric audio 
transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

BUZ output is active for any reading over 2000 counts in both 
manual and auto-range operation. The buzzer is activated 
during an extended resolution measurement. 2 

The BUZ signal swings from Vee (~in 28) to DGND (pin 
58). The signal is at Vee when not active. 

During a resistance measurement, a reading less than 
19 on any full-scale range causes a continuous 4 kHz signal 
to be output. This is used as a continuity indication. 

A voltage or current input measurement overrange is 
indicated by a noncontinuous 4 kHz signal at the BUZ 
output. The LCD most significant digit also flashes and the 
three least significant digits are set to display zero. The 
buzzer drive signal for overrange is shown in Figure 15. The 

The BUZ output is also activated for 15 ms whenever a 
range change is made in auto-range or manual operation. 
Changing the type of measurement (voltage, current, or 
resistance), or measurement option (AC/DC, Q/LOQ), also 
activates the buzzer output for 15 ms. A range change 
during a current measurement will not activate the buzzer 
output. 

POWER UP 

122 ms 122 ms 610 ms I 122 ms I 122 ms I 122 ms 

I.. ·1.. ·1.. ·1.. ·1 .. ·1.. ·1 

'-..--' 

4 kHz SIGNAL 
NONCONTINUOUS BUZZER SIGNAL INDICATES INPUT OVERRANGE 

l VIN= 250 mV 

4000 8000 12000 

, t~ ~ t 
CHANGE 
RANGE 

t 
CHANGE 
RANGE 

t 
CHANGE 
RANGE 

t 
CHANGE INPUT 

VIN =3.2V 

t , , , 
, , 1000 CLOCK, , , , , , , 'PULSES' , 
I : n : liNT : 

n n n , n I rL...: '"-_ ...... - , , , , 
INTEGRATE : 

TSC818A DEINT ,1-_ .... '":'-;:::1 
SIGNALS , 

n n n n rt..: ~~~2~50~IC=p=-~~25~0~C~P~~--~25~00CP~--~2~5~0~C=P--~--~3000CP, , AZ---., 
I I I I 
I I I I 
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BUZZER ACTIVATED DUE CHANGE 122 ms ACTIVATED 
TO POWER UP BUZZER ACTIVATED DUE TO DUE TO 

PREVIOUS CONVERSION OVERRANGE PREVIOUS 
CONVERSION 
OVERANGE 

Figure 15 TC818 Timing Waveform for Buzzer Output 
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Vendors for piezoelectric audio transducers are: 

• Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical PINs: 102-95NS, 101-FB-00 

• Taiyo Yuden (USA) Inc. 
Arlington Center 
714 West Algonquin Road 
Arlington Heights, illinois 60005 

Typical PINs: CB27BB, CB20BB, CB355BB 

Display Decimal Point Selection 

The TC818 provides a decimal point LCD drive signal. 
The decimal point position is a function of the selected full
scale range, as shown in Table V. 

Table V. Decimal Point Selection 

1 * 9 * 9 * 9 
Full-Scale Range DP3 DP2 DP1 

2000V, 2000 kn OFF OFF OFF 

200V, 200 kn OFF OFF ON 

20V,20 kn OFF ON OFF 

2V, 2 kn ON OFF OFF 

200V, 2000 OFF OFF ON 

200rnV, 2000 OFF OFF ON 

20 rnA OFF ON OFF 

200 rnA OFF OFF ON 

AC-to-DC Converter Operational Amplifier 

The TC818 contains an on-chip operational amplifier 
that may be connected as a rectifier for AC-to-DC voltage 
and current measurements. Typical operational amplifier 
characteristics are: 

• Slew Rate: 1 V//ls 
• Unity-Gain Bandwidth: 0.4 MHz 
• Open-Loop Gain: 44 dB 
• Output Voltage Swing (Load = 10 kn) ±1.5V 

(Referenced to Analog Common) 

When the AC meas.urement option is selected, the input 
buffer receives an input signal through switch S14 rather 
than switch S11 (see Figure 1). With external circuits, the AC 
operating mode can be used to perform other types of 
functions within the constraints of the internal operational 
amplifier. External circuits that perform true RMS conver
sion or a peak hold function are typical examples. 
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Component Selection 

Integration Resistor Selection 
The TC818 automatically selects one of two external 

integration resistors. RVIBUF (pin 55) is selected for voltage 
and current measurement. ROBUF (pin 54) is selected for 
resistance measurements. 

RVIBUF Selection (Pin 55) 
In auto-range operation, the TC818 operates with a 200 

mV maximum full-scale potential at VI (pin 44). Resistive 
dividers at VR2 (pin 41), VR3 (pin 40), VR4 (pin 43), and VR5 
(pin 42) are automatically switched to maintain the 200 mV 
full-scale potential. 

In manual mode, the extended operating mode is acti
vated giving a 300 mV full-scale potential at VI (pin 44). 

The integrator output swing should be maximized, but 
saturations must be avoided. The integrator will swing within 
0.45V of Vcc (pin 28) and 0.5V of Vss (pin 57) without 
saturating. A±2V swing is suggested. The value of RVIBUF 
is easily calculated, assuming a worst-case extended reso
lution input Signal: 

where: 

VINT = Integrator swing = ±2V 
tl = Integration time = 100 ms 
CI = Integration capacitor = 0.1 /IF 
VMAX= Maximum input at VI = 300 mV 

RWBUF Selection (Pin 51) 
In ratiometric resistance measurements, the signal at 

Rx (pin 50) is always positive with respect to analog com
mon. The integrator swings negative. 

The worst-case integrator swing is for the 2000 range 
with the manual, extended resolution option. 

The input voltage, Vx (pin 50) is easily calculated 
(Figure 16): 

RQBUF = (Vcc - VANCOM) Rx = 0.63V 
(Rx + Rs + R1 + Rs) 

where: 

V ANCOM = Potential at analog common", 2.7V 
Rs =2200 
RI = 163.850 
Rx =300Q 
Rs = Internal switch 33 resistance", 600Q 
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For a 3.1V integrator swing, the value of ROSUF is 
easily calculated: 

ROSUF = (Vx Max) (tl) ~ 220 kO 
CI (VI NT) 

where: 

VINT = Integrator swing = 3.1 V 
tl = Integration time = 100 ms 
CI = Integration capacitor = 0.1 I1F 
Rx Max = 3000 
Vx Max = 700 mV 

With a low battery voltage of 6.6V, analog common will 
be approximately 3.6V above the negative supply terminal. 
With the integrator swinging down from analog common 
toward the negative supply, a 3.1 V swing will set the integra
tor output to 0.5V above the negative supply. 

Capacitors - CINT, CAZ and CREF 
The integration capacitor, CINT, must have low dielectric 

absorption. A 0.1 I1F polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

VCC=9V 

SW3~ RS =6000 

R1 163.850 

3000 

ANALOG COMMON = VCC - 3V 

Figure 16 ROBUF Calculation (2000 Manual Operation) 
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Reference Voltage Adjustment 

TC818A 
TC818D* 

The TC818 contains a low temperature drift internal 
voltage reference. The analog common potential (pin 29) is fJ 
established by this reference. Maximum drift is a low 75 
ppmrC. Analog common is designed to be approximately 
2.6V below Vee (pin 28). A resistive divider (R18/R19, 
Functional Diagram) sets the TC818 reference input voltage 
(REFHI, pin 34) to approximately 163.85 mY. 

With an input voltage near full scale on the 200 mV 
range, R19 is adjusted for the proper reading. 

Display Hold Feature 
The LCD will not be updated when HOLD (pin 60) is 

connected to GND (pin 58). Conversions are made, but the 
display is not updated. A HOLD mode LCD annunciator is 
activated when HOLD is low. 

The LCD HOLD annunciator is activated through the 
triplex LCD driver signal at pin 13. 

Flat Package Socket 
Sockets suitable for prototype work are available. A 

USA source is: 

• Nepenthe Distribution 
2471 East Sayshore, Suite 520 
Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 

"CSQ" Socket, Part No. IC51-064-042 

Resistive Ladder Networks 
Resistor attenuator networks for voltage and resistance 

measurements are available from: 

• Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
Tel: (714) 788-1700 
TWX: 910-332-6108 

Attenuator Attenuator 
Accuracy Type 

0.1% Voltage 

0.25% Voltage 

0.25% Resistance 

Caddock 
Part Number 

1776-C441 

1776-C44 

T1794-204-1 
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T Semic~ductor, Inc. (3-3/4 DIGIT) TC820 
(3-1/2 DIGIT) TC821 

DISPLAY AID CONVERTERS WITH FREQUENCY 
COUNTER AND LOGIC PROBE 

FEATURES 
• Multiple-Function Measurement System 

- Analog-to-Digital Converter 
- Frequency Counter 
- Logic Probe 

• Frequency Counter 
- Measures Input Frequency to 4 MHz 
- Auto-Ranging Over Four-Decade Range 

• Logic Probe Inputs 
- Two LCD Annunciators 
- Buzzer Drive 

• Peak Reading Hold With LCD Annunciator 
• 3-3/4 Digit (3999 Maximum) Resolution (TC820) 
• 3-1/2 Digit (1999 Maximum) Resolution (TC821) 
• Low Noise AID Converter 

- Differential Inputs, 1 pA Bias Current 
- Differential Reference for Ratiometric Ohms 
- On-Chip Voltage Reference, 50 ppm/DC Drift 

SIMPLIFIED BLOCK DIAGRAM 

• No External LCD Drivers Required 
- Full 3-3/4 Digit Display 
- Displays "OL" for Input Overrange 
- Three Decimal Point and Polarity Drivers 
- LCD Annunciator Drive 
- Adjustable LCD Drive Voltage 

• Low Battery Detect With LCD Annunciator 
• On-Chip Buzzer Driver and Control Input 
• Control Input Changes Full Scale Range by 10:1 
• Data Hold Input 
• Underrange and Overrange Outputs 
• Multiple Package Options 

-40-Pin DIP 
- 44-Pin Flat Package or PLCC 

TRIPLEX LCD 

I LOGIC HIGH I 

I LOGIC LOW I 

I OVERRANGE I IPKHOLDI ~ 

EOC O:~~====Pl UNDER RANGE 0 
OVER RANGE O----1~=;;r... __ I.....1....."'I 

ANALOG 1--_--''' 
INPUT 

FREQUENCY 
INPUT 

LOGIC 0-+-11--1 
PROBE 

INPUT 

*TC821 IS 3-1/2 DIGITS. 
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TO LCD 
AND BUZZER 

~OOt' -'--'--'-=' 

PEAK 
HOLD 

+ -=- 9V 

r:~=:;-l-I-----o,,- DECIMAL 
t+----O POINT 

L...::.::.:.::::::...Jt----o SELECT 

BUZZER L...---t-----o CONTROL 

VOLTS 0 
FREQUENCY "- FUNCTION 

t+-:-:-:'---o SELECT 

L---..J-f==---O 
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TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 

GENERAL DESCRIPTION 

The TC820 is a 3-3/4 digit measurement system com
bining an integrating analog-to-digital converter, frequency 
counter, and logic level tester in a single package. The 
TC820 supersedes the TC71 06 in new designs by improv
ing performance and reducing system cost. The TC820 
adds features that are difficult, expensive, or impossible to 
provide with older AID converters (see the competitive 
evaluation). The high level of integration permits TC820-
based instruments to deliver higher performance and more 
features, while actually reducing parts count. 

Fabricated in low-power CMOS, the TC820 directly 
drives a 3-3/4 digit (3999 maximum) LCD. The TC821 
includes all features of the TC820, but with a resolution of 3-
1/2 digits (1999 maximum). 

With a maximum range of 3999 counts, the TC820 
provides 10 times greater resolution in the 200 mV to 400 mV 
range than traditional 3-1/2 digit meters. An auto-zero cycle 
guarantees a zero reading with a OV input. CMOS process
ing reduces analog input bias current to only 1 pA. Rollover 
error, the difference in readings for equal magnitude but 
opposite polarity input signals, is less than ±1 count. Differ
ential reference inputs permit ratiometric measurements for 
ohms or bridge transducer applications. 

The TC820's frequency counter option simplifies design 
of an instrument well-suited to both analog and digital 
troubleshooting: voltage, current, and resistance measure
ments, plus precise frequency measurements to 4 MHz 
(higher frequencies can be measured with an external 
prescaler), and a simple logic probe. The frequency counter 
will automatically adjust its range to match the input fre
quency, over a four-decade range. 

Two logic level measurement inputs permit a TC820-
based meter to function as a logic probe. When combined 
with external level shifters, the TC820 will display logic levels 
on the LCD and also turn on a piezoelectric buzzer when the 
measured logic level is low. 

Other TC 820 features simplify instrument design and 
reduce parts count. On-chip decimal point drivers are in
cluded, as is a low battery detection annunciator. A piezo
electric buzzer can be controlled with an external switch or 
by the logic probe inputs. Two oscillator options are pro
vided: A crystal can be used if high accuracy frequency 
measurements are desired, or a simple RC option can be 
used for low-end instruments. 
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A "peak reading hold" input allows the TC820 to retain 
the highest AID or frequency reading. This feature is useful 
in measuring motor starting current, maximum temperature, 
and similar applications. 

A family of instruments can be created with the TC821 
and TC820. No additional design effort is required to create 
instruments with 3-1/2 and 3-3/4 digit resolution. The TC821 
can also reduce parts count in existing high-end 71 06-type 
designs. 

The TC820 and TC821 operate from a single 9V battery, 
with typical power of 10 mW. Packages include a 40-pin DIP, 
44-pin plastic flat package, and 44-pin PLCC. 

COMPETITIVE EVALUATION 

Features Comparison TC820 7106 

3-3/4 Digit Resolution Yes No 
Auto-Ranging Frequency Counter Yes No 
Logic Probe Yes No 
Decimal Point Drive Yes No 
Peak Reading Hold Yes No 
(Frequency or Voltage) 
Display Hold Yes No 
Simple 10:1 Range Change Yes No 
Buzzer Drive Yes No 
Low Battery Detection Yes No 
With Annunciator 
Overrange Detection Yes No 
With Annunciator 
Low Drift Reference Yes No 
Underrange/Overrange Yes No 
Logic Output 
Input Overload Display "OL" 11111 

LCD Annunciator Driver Yes No 
LCD Drive Type Triplexed Direct 
LCD Pin Connections 15 24 
LCD Elements 36 23 
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PIN CONFIGURATIONS 

SEGMENTS L·E4 Vs 

SEGMENTS AGD4 OSC3 

SEGMENTS BC4P3 3 OSC2 

SEGMENTS HFE3 OSC1 

SEGMENTS AGD3 VINT 

SEGMENTS BC3P2 CAZ 

SEGMENTS OFE2 VBUFF 

SEGMENTS AGD2 YiN 
YiN SEGMENTS BCP1 

SEGMENTS PKFE1 10 V VREF 

SEGMENTS AG01 11 TC820CPL VAEF TC821CPL 
CREF SEGMENTS BC1 BT 

CAEF 

COM 

BP1 Vs 

PKHOLO 

FREQ/VOLTS 

BUZIN 

RANGElFREQ BUZOUT 

OP1JHI 
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ABSOLUTE MAXIMUM RATINGS (Note 3) 

DISPLAY AID CONVERTERS 
WITH FREQUENCY COUNTER 

AND LOGIC PROBE 

Supply Voltage (Vs+ to GND) ..................................... 15V 
Analog Input Voltage (Either Input) (Note 1) .... Vs+ to Vs-
Reference Input Voltage (Either Input) ............. Vs+ to Vs-
Digital Inputs ................................................ Vs+ to DGND 

NOTES: 1. Input voltages may exceed the supply voltages provided 
that input current is limited to ±1 00 1lA. Current above this 
value may result in invalid display readings but will not 
destroy the device if limited to ±1 rnA. 

VDISP .................................................. Vs+ to DGND -O.3V 
Power Dissipation, Plastic Package (Note 2) ...... 800 mW 
Operating Temperature Range 

"C" Devices ............................................ O°C to +70°C 
"E" Devices ....................................... - 40°C to +85°C 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................... 300°C 

Static-sensitive devices. Unused devices should be stored in conductive 
material to protect against static discharge and static fields 

ELECTRICAL CHARACTERISTICS: VS = 9V, T A = 25°C 

Symbol Parameter Test Conditions 

Zero Input Reading VIN =OV 
Full Scale = 200 mV 
(VFS = 200 mV for TC821) 

RE Roll-Over Error VIN =±390 mV 
Full-Scale = 400 mV 
(VIN = ±190 mV, 
VFS = 200 mV for TC821) 

NL Nonlinearity (Maximum Full-Scale = 400 mV 
Deviation From Best (VFS = 200 mV for TC821) 
Straight Line Fit) 

Ratiometric Reading VIN = VREF, TC820 
VIN = VREF, TC821 

CMRR Common-Mode Rejection VeM = ±1V, VIN = OV 
Ratio Full-Scale = 400 mV 

(VFS = 200 mV for TC820) 

VCMR Common-Mode Voltage Input High, Input Low 
Range 

eN Noise (P-P Value Not VIN =OV 
Exceeded 95% of Time) Full-Scale = 400 mV 

(VFS = 200 mV for TC820) 

liN Input Leakage Current VIN =OV 
TA = 25°C 
O°C ~TA ~ +70°C 
- 40°C ~ T A ~ +85°C 

2. Dissipation ratings assume device is mounted with all leads 
soldered to printed circuit board. 

3. Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of the specifications is 
not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Min Typ Max Units 

-000 ±ODD +000 Digital 
Reading 

-1 ±0.2 +1 Counts 

-1 ±0.2 +1 Count 

1999 1999/2000 2000 Digital 
999 999/1000 1000 Reading 

- 50 - !LVN 

Vs + 1.5 - Vs+-1 V 

- 15 - !LV 

- 1 10 pA 
- 20 -
- 100 -

VeoM Analog Common Voltage 25 kn Between Common and Vs+ 
(Vs+ - VeoM) 3.15 3.3 3.45 V 

VeTe Common Voltage 25 kQ Between Common and Vs+ 
Temperature Coefficient O°C ~ TA ~ +70°C - 35 50 ppm/oC 

- 40°C ~ T A ~ +85°C - 50 -
TCzs Zero Reading Drift VIN =OV 

O°C ~ TA ~ +70°C - 0.2 - !LV/oC 
- 40°C ~ T A ~ +85°C 1 

TCFS Scale Factor VIN =399mV 
Temperature Coefficient (VIN = 199 mV for TC821) 

O°C ~ TA ~ +70°C - 1 5 ppm/oC 
-40°C ~ TA ~ +85°C - 5 -
Ext Ref = 0 ppm/oC 
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DISPLAY AID CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE TC820 (3-3/4 DIGIT) 

TC821 (3-1/2 DIGIT) 

ELECTRICAL CHARACTERISTICS (Cont.) 

Symbol Parameter 

Is Supply Current 

Peak-to-Peak Backplane 
Drive Voltage 

Buzzer Frequency 

Counter Timebase Period 

Low Battery Flag Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage, 
UR, OR Outputs 

VOL Output High Voltage, 
UR, OR Outputs 

Control Pin 
Pull-Down Current 

PIN DESCRIPTION 

Pin No. Pin No. 
(40-Pln (44-Pin Flat 

Package) Package) Symbol 

40 L-E4 

2 41 AGD4 

3 42 BC4P3 

4 43 HFE3 

5 44 AGD3 

6 BC3P2 

7 2 OFE2 

8 3 AGD2 

9 4 BC2P1 

10 5 PKFE1 

11 6 AGD1 

12 7 BC1BT 

13 8 BP3 

14 9 BP2 

15 10 BP1 

11 VDISP 

16 12 DGND 

17 13 ANNUNC 

Test Conditions Min Typ Max 

VIN=OV - 1 1.5 

Vs=9V 4.5 4.7 5.3 
VDISP= DGND 

fosc = 40 kHz - 5 -
fose = 40 kHz - 1 -
Vs+to Vs- 6.7 7 7.3 

- - DGND+ 1.5 

Vs+-1.5 - -
IL=50~ - - DGND + 0.4 

IL=50~ Vs+-1.5 - -

VIN = Vs+ - 5 -

Description 

LCD segment driver for L ("logic LOW"), polarity, and "e" segment of most 
significant digit (MSO). 

LCD segment drive for "a," "g," and "d" segments of MSD. 

LCD segment drive for "b" and "c" segments of MSD and decimal point 3. 

Units 

mA 

V 

kHz 

Second 

V 

V 

V 

V 

V 

~ 

LCD segment drive for H ("logic HIGH"), and "f" and "e" segments of third LSD. 

LCD segment drive for "a," "g," and "d" segments of third LSD. 

LCD segment drive for "b" and "c" segments of third LSD and decimal point 2. 

LCD segment drive for "overrange," and "f" and "e" segments of second LSD. 

LCD segment drive for "a," "g," and "d" segments of second LSD. 

LCD segment drive for "b " and "c" segments of second LSD and decimal point 1. 

LCD segment drive for 'hold peak reading," and "f" and "e" segments of LSD. 

LCD segment drive for "a," "g," and "d" segments of LSD. 

LCD segment drive for "b" and "c" segments of LSD and "low battery." 

LCD backplane #3. 

LCD backplane #2. 

LCD backplane #1. 

Sets peak LCD drive signal: VPEAK = (Vs+) -VDISP. VDISP may also be used to 
compensate for temperature variation of LCD crystal threshold voltage. 

Internal logic digital ground, the logic "0" level. Nominally 4.7V below Vs+. 

Square-wave output at the backplane frequency, synchronized to BP1. ANNUNC 
can be used to control display annunciators. Connecting an LCD segment to 
ANNUNC turns it on; connecting it to its backplane turns it off. 
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TC821 (3-1/2 DIGIT) 

PIN DESCRIPTION (Cont.) 

Pin No. 
(4o-Pin 

Package) 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

2·46 

Pin No. 
(44-Pln Flat 
Package) 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Symbol 

LOGIC 

RANGEl 
FREQ 

DPO/LO 

DP1/HI 

BUZOUT 

BUZIN 

FREQ/ 
VOLTS 

PKHOLD 

UR 

OR 

Vs-

COM 

CREF+ 

CREF-

VREF+ 

VREF 
VIN-

Description 

DISPLAY AID CONVERTERS 
WITH FREQUENCY COUNTER 

AND LOGIC PROBE 

Logic mode control input. When connected to Vs+, the converter is in logic mode. 
The LCD displays "OL" and the decimal point inputs control the HIGH and LOW 
annunciators. When the "low" annunciator is on, the buzzer will also be on. When 
unconnected or connected to DGND, the TC820 is in the voltage/frequency 
measurement mode. This pin has a 5 ~ internal pull-down to DGND. 

Dual·purpose input. In range mode, when connected to Vs+, the integration time 
will be 200 counts instead of 2000 counts (100 instead of 1000 counts for TC821), 
and the LCD will display the analog input divided by 10. (See text for limitation with 
TC820.) In frequency mode, this pin is the frequency input. A digital signal applied 
to this pin will be measured with a 1-second time base. There is an internal 
5 ~ pull-down to DGND. 

Dual-purpose input. Decimal point select input for voltage measurements. In logic 
mode, connecting this pin to Vs+ will turn on the "low" LCD segment. There is an 
internal 5 ~ pull-down to DGND in volts mode only. Decimal point logic: 

DP1 QEQ Decimal Point Selected 

0 0 None 
0 1 DP1 
1 0 DP2 

1 DP3 

Dual·purpose input. Decimal point select input for voltage measurements. In logic 
mode, connecting this pin to Vs+ will turn on the "high" LCD segment. There is an 
internal 5 ~ pull-down to DGND in volts mode only. 

Buzzer output Audio frequency, 5 kHz, output which drives a piezoelectric buzzer. 

Buzzer control input. Connecting BUZIN to Vs+ turns the buzzer on. BUZIN is 
logically ORed (internally) with the "logic level low" input. There is an internal 5 ~ 
pull-down to DGND. 

Voltage or frequency measurement select input. When unconnected, or connected 
to DGND, the AID converter function is active. When connected to Vs+, the 
frequency counter function is active. This pin has an internal 5 ~ pull-down 
to DGND. 

Peak hold input. When connected to Vs+, the converter will only update the display 
if a new conversion value is greater than the preceding value. Thus, the peak 
reading will be stored and held indefinitely. When unconnected, or connected to 
DGND, the converter will operate normally. This pin has an internal 5 ~ pull-down 
toDGND. 

Underrange output. This output will be HIGH when the digital reading is 380 counts 
or less (:5:180 counts for TC821). 

Overrange output. This output will be HIGH when the analog signal input is greater 
than full scale. The LCD will display "OL" when the input is overranged. 

Negative supply connection. Connect to negative terminal of 9V battery. 

Analog circuit ground reference pOint. Nominally 3.3V below Vs+. 

Positive connection for reference capaCitor. 

Negative connection for reference capacitor. 

High differential reference input connection. 

Low differential reference input connection. 

Low analog input signal connection. 

V TELCOM SEMICONDUCTOR, INC. 



DISPLAY AID CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE TC820 (3-3/4 DIGIT) 

TC821 (3-1/2 DIGIT) 

PIN DESCRIPTION (Cont.) 

Pin No. Pin No. 
(40-Pin (44-Pin Flat 

Package) Package) Symbol 

33 31 VIN+ 

34 32 VBUFF 
35 33 CAZ 

36 34 VINT 

35 EOCI 
HOLD 

37 36 OSC1 

38 37 OSC2 

39 38 OSC3 

40 39 vs+ 

ORDERING INFORMATION 

Surface-Mount Devices 

Part No. Resolution Package 

TC820CKW 3-3/4 Digits 44-Pin Plastic 
Flat Package 

TC820CLW 3-3/4 Digits 44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

TC820EKW 3-3/4 Digits 44-Pin Plastic 
Flat Package 

TC820ELW 3-3/4 Digits 44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

TC821CKW 3-1/2 Digits 44-Pin Plastic 
Flat Package 

TC821CLW 3-1/2 Digits 44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

TC821EKW 3-112 Digits 44-Pin Plastic 
Flat Package 

TC821ELW 3-1/2 Digits 44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 
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Description 

High analog input signal connection. 

Buffer output. Connect to integration resistor. 

Auto-zero capacitor connection. 

Integrator output. Connect to integration capacitor. 

Bidirectional pin. Pulses low (I.e., from Vs+ to DGND) at the end of each 
conversion. If connected to Vs+, conversions will continue, but the display is not 
updated. 

Crystal oscillator (input) connection. 

Crystal oscillator (output) connection. 

RC oscillator connection. 

Positive power supply connection, typically 9V. 

40-Pin DIPs 

Temperature Part No. Resolution Temperature Range 
Range 

TC820CPL 3-3/4 Digits O°C to +70°C 
O°C to +70°C TC820EPL 3-3/4 Digits -40°C to +85°C 

TC821CPL 3-1/2 Digits O°C to +70°C 
O°Cto +70°C TC821EPL 3-1/2 Digits -40°C to +85°C 

-40°C to +85°C TC820fTC821 Comparison 

-40°C to +85°C Device 

O°C to +70°C 

O°Cto +70°C 

-40°C to +85°C 

-40°C to +85°C 

Feature 

Resolution 

All Other Features 
(Counter, Logic, etc.) 

TC820 TC821 

3-3/4 Digits 3-112 Digits 

Yes Yes 
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Figure 1. Typical Operating Circuit 

FEATURES 

The TC820 and TC821 combine the features of an 
analog-to-digital converter (ADC), frequency counter, and 
logic probe, in a single CMOS-integrated. circuit. All ~f the 
TC820 features are shown graphically In the functional 
diagram. With on-Chip voltage reference and LCD drive 
circuitry, the TC820 simplifies the design of multi-mode 
measurement instruments. 

The TC820 has a resolution of 3-3/4 digits (3999 maxi
mum), while the TC821 hasa resolution of 3-1/2 digits (1999 
maximum). The features of both converters are the same, so 
that both 3-3/4 digit and 3-112 digit designs can be produced 
with only one PC board design. The differences between the 
TC820 and the TC821 primarily affect system timing, and 
are noted in the appropriate sections of the data sheet. 
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GENERAL THEORY OF OPERATION 

Dual-Slope conversion Principles 

The TC820 analog-to-digital converter operates on the 
principle of dual-slope integration. An understanding of ~he 
dual-slope conversion technique will aid the user in following 
the detailed TC820 theory of operation following this sec
tion. A conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input Signal Integration 
(2) Reference Voltage Integration (Deintegration) 

Referring to Figure 2, the unknown input signal to be 
converted is integrated from zero for a fixed time period 
(t INT), measured by counting clock pulses. A constant 
reference voltage of the opposite polarity is then integrated 
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REF 
VOLTAGE 

POLARITY CONTROL 

Figure 2. Basic Dual-Slope Converter 

until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (T OEINT) is then 
directly proportional to the unknown input voltage (VIN). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" from zero and 
"ramp-down" back to zero. A simple mathematical equation 
relates the input signal, reference voltage, and integration 
time: 

1 VIN (t) dt = VREF tOEINT i tiNT 

RINT CINT 0 RINT CINT 

where: VREF = Reference voltage 
tiNT = Integration time 
tOEINT = Deintegration time 

For a constant tiNT: 

Accuracy in a dual-slope converter is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual-slope technique is noise immunity. Noise spikes 
are integrated or averaged to zero during the integration 
periods, making integrating ADCs immune to the large 
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conversion errors that plague successive approximation 
converters in high-noise environments. Interfering Signals, 
with frequency components at multiples of the averaging 
(integrating) period, will be attenuated (Figure 3). Integrating 
ADCs commonly operate with the signal integration period 
set to a multiple of the 50/60 Hz power line period. 
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Figure 3. Normal-Mode Rejection of Dual-Slope Converter 

TC820 THEORY OF OPERATION 

Analog Section 

In addition to the basic integrate and deintegrate dual
slope phases discussed above, the TC820 design incorpo
rates a "zero integrator output" phase and an "auto-zero" 
phase. These additional phases ensure that the integrator 
starts at OV (even after a severe overrange conversion), and 
that all offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true digital 
zero reading is assured without any external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Zero Integrator Output 
(2) Auto-Zero 
(3) Signal Integrate 
(4) Reference Deintegrate 

Zero Integrator Output Phase 
This phase guarantees that the integrator output is at OV 

before the system zero phase is entered, ensuring that the 
true system offset voltages will be compensated for even 
after an overrange conversion. The duration of this phase is 
500 counts plus the unused deintegrate counts, for both the 
TC820 and TC821. 
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Auto-Zero Phase 
During the auto-zero phase, the differential input signal 

is disconnected from the measurement circuit by opening 
internal analog switches, and the internal nodes are shorted 
to Analog Common (OV ref) to establish a zero input condi
tion. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
CAZ then compensates for internal device offset voltages 
during the measurement cycle. The auto-zero phase re
sidual is typically 10 IJ.V to 151J.V. The auto-zero duration is 
1500 counts (750 counts for TC821). 

Signal Integration Phase 
Upon completion of the auto-zero phase, the auto-zero 

loop is opened and the internal differential inputs connect to 
VIN+ and VIN-. The differential input signal is then integrated 
for a fixed time period, which is 2000 counts (4000 clock 
periods) in the TC820, and 1000 counts (4000 clock periods) 
in the TC821. The externally-set clock frequency is divided 
by two (TC820) or four (TC821) before clocking the internal 
counters. The integration time period is: 

4000 
tiNT = fosc 

Note that for the same clock frequency, the TC820 and 
TC821 have the same signal integration time. Therefore, the 
noise rejection performance of the two converters will be the 
same. 

The differential input voltage must be within the device's 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, as in battery-powered applications, 
VIN- should be tied to analog common. 

Polarity is determined at the end of signal integration 
phase. The sign bit is a "true polarity" indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection that is limited only by device 
noise and auto-zero residual offsets. 

Reference Integrate (Deintegrate) Phase 
The reference capacitor, which was charged during the 

auto-zero phase, is connected to the input of the integrating 
amplifier. The internal sign logic ensures the polarity of the 
reference voltage is always connected in the phase opposite 
to that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate determined by the 
reference potential. 

The amount of time required (T DEINT) for the integrating 
amplifier to reach zero is directly proportional to the ampli
tude of the voltage that was put on the integrating capacitor 
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TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 

(VINT) during the integration phase: 

The digital reading displayed by the TC820 is: 

VIN+-VIN-
Digital Count = 2000 V 

REF 

For the TC821 , the digital reading displayed is: 

VIN+-VIN
Digital Count = 1000 --,-,----

VREF 

System Timing 
The oscillator frequency is divided by 2 (4 for TC821) 

prior to clocking the internal decade counters. The four
phase measurement cycle takes a total of 8000 (4000) 
counts or 16000 (16000) clock pulses. The 8000 (4000) 
count phase is independent of input signal magnitude or 
polarity. 

Each phase of the measurement cycle has the following 
length: 

Conversion Phase TC820 TC821 Units 

1) Auto-Zero: 1500 500 Counts 
2) Signallntegrate:1.2 2000 1000 Counts 
3) Reference Integrate: 1 to 4001 1 to 2001 Counts 
4) Integrator Output Zero: 499 to 4499 499 to 2499 Counts 

NOTES: 1. This time period is fixed. The integration period for the 
TC820is: 

tiNT (TCB20) = 4000 = 2000 counts 
fosc 

For the TC821 , the integration period is: 

tiNT (TCS21) = 4000 = 1000 counts 
fosc 

where fosc is the clock oscillator frequency. 

2. Times shown are the RANGE/FREO at logic low (normal 
operation). When RANGE/FREO is logic high, signal 
integrate times are 200 counts for TC820 and 100 counts 
for TC821. See "10:1 Range Change" section. 

Input Overrange 
When the analog input is greater than full scale, the LCD 

will display "OL" and the "OVERRANGE" LCD annunciator 
will be on. 

Peak Reading Hold 
The TC820 provides the capability of holding the highest 

(or peak) reading. Connecting the PK HOLD input to Vs+ 
enables the peak hold feature. At the end of each 
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conversion the contents of the TC820 counter is compared 
to the contents of the display register. If the new reading is 
higher than the reading being displayed, the higher reading 
is transferred to the display register. A "higher" reading is 
defined as the reading with the higher absolute value. 

The peak reading is held in the display register so the 
reading will not "droop" or slowly decay with time. The held 
reading will be retained until a higher reading occurs, the PK 
HOLD input is disconnected from Vs+, or power is removed. 

The peak signal to be measured must be present during 
the TC820 signal integrate period. The TC820 does not 
perform transient peak detection of the analog input signal. 
However, in many cases, such as measuring temperature or 
electric motor starting current, the TC820 "acquisition time" 
will not be a limitation. If true peak detection is required, a 
simple circuit will suffice. See the applications section for 
details. 

The peak reading function is also available when the 
TC820 is in the frequency counter mode. The counter auto
ranging feature is disabled when peak reading hold is 
selected. 

10:1 Range Change 
The analog input full-scale range can be changed with 

the RANGE/FREQ input. Normally, RANGE/FREQ is held 
low by an internal pulldown. Connecting this pin to Vs+ will 
increase the full-scale voltage by a factor of 10. No external 
component changes are required. 

The RANGE/FREQ input operates by changing the 
integrate period. When RANGE/FREQ is connected to Vs+, 
the signal integration phase of the conversion is reduced by 
a factor of 10 (Le., from 2000 counts to 200 counts). 

For the TC821 (3-112 digit) ADC, the RANGE/FREQ 
input can be used to select between 200 mV and 2V full 
scale. For the TC820, however, the 10:1 range change will 
result in ±4V full scale. This full-scale range will exceed the 
common-mode range of the input buffer when operating 
from a 9V battery. If range changing is required for the 
TC820, a higher supply voltage can be provided or the input 
voltage can be divided by 2 externally. 

Frequency Counter 

In addition to serving as an analog-to-digital converter, 
the TC820 internal counter can also function as a frequency 
counter (Figure 4). In the counter mode, pulses at the 
RANGE/FREQ input will be counted and displayed. 

The frequency counter derives its time base from the 
clock oscillator. The counter time base is: 
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fosc 
tCOUNT = 40000 

Thus, the counter will operate with a 1-second time base 
when a 40 kHz oscillator is used. The frequency counter 
accuracy is determined by the oscillator accuracy. For 
accurate frequency measurements, a crystal oscillator is 
recommended. 

The frequency counter will automatically select the 
proper range. Auto-range operation extends over four 
decades, from 3.999 kHz to 3.999 MHz (1.999 kHz to 1.999 
MHz forTC821). Decimal points are set automatically in the 
frequency mode (Figure 5). 

The logic switching levels of the RANGE/FREQ input 
are CMOS levels. For best counter operation, an external 
buffer is recommended. See the applications section for 
details. 

Logic Probe 

The TC820 can also function as a simple logic probe 
(Figure 6). This mode is selected when the LOGIC input is 
high. Two dual-purpose pins, which normally control the 
decimal points, are used as logic inputs. Connecting either 
input to a logic high level will turn on the corresponding LCD 
annunciator. When the "Iow" annunciator is on the buzzer 
will be on. As with the frequency counter input, external level 
shifters/buffers are recommended forthe logic probe inputs. 

When the logic probe function is selected while FREQI 
VOLTS is low (AID mode), the ADC will remain in the auto
zero mode. The LCD will read "OL" and all decimal points will 
be off (Figure 7). 

If the logic probe is active while FREQIVOL TS is high 
(counter mode), the frequency counter will continue to 
operate. The display will read "OL" but the decimal points will 
be visible. If the logic probe input is also connected to the 
RANGE/FREQ input, bringing the LOGIC input low will 
immediately display the frequency at the logic probe input. 

Analog Pin Functional Description 

Differential Signal Inputs (VIN+), (VIN-) 
The TC820 is designed with true differential inputs, and 

accepts input signals within the input stage common-mode 
voltage (VCM) range. The typical range is Vs+ -1V to Vs
+ 1 .5V. Common-mode voltages are removed from the sys
tem when the TC820 operates from a battery or floating 
power source (isolated from measured system) and Vs- is 
connected to analog common. (See Figure 8.) 
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vs Frequency Counter Input 
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In systems where common-mode voltages exist, the 86 
dB common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator out
put level. A worst-case condition exists if a large, positive 
VCM exists in conjunction with a full-scale, negative differen
tial signal. The negative signal drives the integrator output 
positive along with VCM (Figure 9). For such applications, the 
integrator output swing can be reduced below the recom
mended 2V full-scale swing. The integrator output will swing 
within O.3V of Vs+ or Vs- without increased linearity error. 

Reference (Vs+, Vs-) 
The TC820 reference, like the analog signal input, has 

true differential inputs. In addition, the reference voltage can 
be generated anywhere within the power supply voltage of 
the converter. The differential reference inputs permit 
ratiometric measurements and simplify interfacing with sen
sors, such as load cells and temperature sensors. 
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Figure 6. Logic Probe Simplified Schematic 
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Figure 7. LCD During Logic Probe Operation 

To prevent rOIl-over-type errors from being induced by 
large common-mode voltages, CREF should be large com
pared to stray node capacitance. A 0.1 I1F capacitor is 
typical. 

The TC820 offers a significantly improved analog 
common temperature coefficient, providing a very stable 
voltage suitable for use as a voltage reference. The 
temperature coefficient of analog common is typically 
35 ppm/oC. 
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Analog Common 
The analog common pin is set at a voltage potential 

approximately 3.3V below Vs+. This potential is guaranteed 
to be between 3.15V and 3.45V below V s +. Analog common 
is tied internally to an N-channel FET capable of sinking 3 
mAo This FET will hold the common line at 3.3V below Vs+ 
should be an external load attempt to pull the common line 
toward Vs+. Analog common source current is limited to 12 
!lA, and is therefore easily pulled to a more negative voltage 
(Le., below Vs+ -3.3V). 

The TC820 connects the internal VIN+ and VIN- inputs to 
analog common during the auto-zero cycle. During the 
reference integrate phase, VIN- is connected to analog 
common. If VIN- is not externally connected to analog 
common, a common-mode voltage exists. This is rejected 
by the converter's 86 dB common-mode rejection ratio. In 
battery-powered applications, analog common and VIN- are 
usually connected, removing common-mode voltage 
concerns. In systems where VIN- is connected to the power 
supply ground or to a given voltage, analog common should 
be connected to VIN-. 

The analog common pin serves to set the analog section 
reference or common pOint. The TC820 is specifically 
designed to operate from a battery or in any measurement 
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R I = Integration Resistor 

Figure 9. Common-Mode Voltage Reduces Available 
Integrator Swing (VCOM * VIN) 

system where input signals are not referenced (float) with 
respect to the TC820 power source. The analog common 
potential of Vs+ -3.3V gives a 7V end-of-battery-life voltage. 
The analog common potential has a voltage coefficient of 
0.001%1%. 

With a sufficiently high total supply voltage (Vs+ - Vs
> 7V), analog common is a very stable potential with excell~nt 
temperature stability (typically 35 ppmrC). This potential 
can be used to generate the TC820 reference voltage. An 
external voltage reference will be unnecessary in most 
cases, because of the 35 ppm/oC temperature coefficient. 
See the applications section for details. 

Function Control Input Pin 
Functional Description 

The TC820 operating modes are selected with the 
function control inputs. The control input truth table is shown 
in Table I. The high logic threshold is ;;;. V s+ -1.5V and the low 
logic level is a DGND +1.5V. 
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Table I. TCB20 Control Input Truth Table 

Logic Input 

FREQ/ RANGEl TCB20/B21 
VOLTS FREQ LOGIC Function 

X X Logic Probe 
0 0 0 AID Converter, 

VFULL SCALE = 2 X VREF 

0 0 AID Converter, 
VFULL SCALE = 20 X VREF 

Frequency 0 Frequency Counter 
Counter Input 

NOTES: 1. Logic "0" = DGND 
2. Logic "1" = Vs+ 

FREQNOLTS 
This input determines whether the TC820 is in the 

analog-to-digital conversion mode or in the frequency counter 
mode. When FREONOL TS is connected to Vs+, the TC820 
will measure frequency at the RANGEIFREQ input. When 
unconnected, or connected to DGND, the TC820 will oper
ate as an analog-to-digital converter. This input has an 
internal 5 ~ pull-down to DGND. 

LOGIC 
The LOGIC input is used to activate the logic probe 

function. When connected to Vs+, the TC820 will enter the 
logic probe mode. The LCD will show "OL" and all decimal 
points will be off. The decimal point inputs directly contr?1 
"high" and "low" display annunciators. When LOGIC IS 

unconnected, or connected to DGND, the TC820 will per
form analog-to-digital or frequency measurements as se
lected by the FREQIVOL TS input. The LOGIC input has an 
internal 5 IlA pull-down to DGND. 
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RANGElFREQ 
The function of this dual-purpose pin is determined by 

the FREQNOL TS input. When FREQNOL TS is connected 
to Vs+, RANGE/FREQ is the input for the frequency counter 
function. Pulses at this input are counted with a time base 
equal to fosc/40,000. Since this input has CMOS input levels 
(V s + -1.5V and DGND +1 .5V), an external buffer is recom
mended. 

When the TC820 analog-to-digital converter function is 
selected, connecting RANGEIFREQ to Vs+ will divide the 
integration time by 10. Therefore, the RANGE/FREQ input 
can be used to perform a 10:1 range change without 
changing external components. 

DPO/LO, DP11H1 
The function of these dual-purpose pins is determined 

by the LOGIC input. When the TC820 is in the analog-to
digital converter mode, these inputs control the LCD decimal 
points. The decimal point truth table is shown in Table II. 
These inputs have internal 511A pull-downs to DGND when 
the voltage/frequency measurement mode is active. 

Table II. TC820 Decimal Point Truth Table 

Decimal Point Inputs 
DP1 DPO LCD 

0 0 3999 
0 399.9 
1 0 39.99 

3.999 

Connecting the LOGIC input to Vs+ places the TC820 in 
the logic probe mode. In this mode, the DPO/LO and DP1/HI 
inputs control the LCD "low" and "high" annunciators di
rectly. When DP1/HI is connected to Vs+, the "high" annun
ciator will turn on. When DPO/LO is connected to Vs+, the 
"low" annunciator and the buzzer will turn on. The internal 
pull-downs on these pins are disabled when the logic probe 
function is selected. 

These inputs have CMOS logic switching thresholds. 
For optimum performance as a logic probe, external level 
shifters are recommended. See the applications section for 
details. 

BUZIN 
This input controls the TC820 on-chip buzzer driver. 

Connecting BUZ IN to Vs+ will turn the buzzer on. There is 
an external pull-down to DGND. BUZ IN can be used with 
external circuitry to provide additional functions, such as a 
fast, audible continuity indication. 
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Additional Features 

The TC820 and TC821 are available in 40-pin and 44-
pin packages. Several additional features are available in 
the 44-pin package. 

EOC/HOLD 
EOC/HOLD is a dual-purpose, bidirectional pin. As an 

output, this pin goes low for 1 0 clock cycles at the end of each 
conversion. This pulse latches the conversion data into the 
display driver section of the TC820. 

EOC/HOLD can be used to hold (or "freeze") the dis
play. Connecting this pin to Vs+ inhibits the display update 
process. Conversions will continue, but the display will not 
change. EOC/HOLD will hold the display reading for either 
analog-to-digital or frequency measurements. 

The inpuVoutput structure of the EOC/HOLD pin is 
shown in Figure 10. The output drive current is only a few 
microamps, so EOC/HOLD can easily be overdriven by an 
open-collector logic gate, as well as a FET, bipolar transis
tor, or mechanical switch. When used as an output, EOC/ 
HOLD will have a slow rise and fall time due to the limited 
output current drive. A CMOS Schmitt trigger buffer is 
recommended. 

EOC/HOLD 
4 

VL--_< 
TC820 
TC821 

Figure 10. EOC/HOLD Pin Schematic 

Overrange (OR), Underrange (UR) 

DISPLAY 
UPDATE 

EOC 

The OR output will be high when the analog input signal 
is greater than full scale (3999 counts for TC820 and 1999 
counts for TC821). The UR output will be high when the 
display reading is 380 counts or less (il 180 counts for 
TC821). 

The OR and UR outputs can be used to provide an auto
ranging meter function. By logically ANDing these outputs 
with the inverted EOC/HOLD output, a single pulse will be 
generated each time an underranged or overranged conver
sion occurs (Figure 11). 
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Figure 11. Generating Underrange and Overrange Pulses 

VOISP 
The VOISP input sets the peak-to-peak LCD drive volt

age. In the 40-pin package, VOISP is connected internally to 
DGND, providing a typical LCD drive voltage of 5 Vp_p. The 
44-pin package includes a separate VOISP input for applica
tions requiring a variable or temperature-compensated LCD 
drive voltage. See the applications information for sug
gested circuits. 

APPLICATIONS INFORMATION 

Power Supplies 

The TC820 is designed to operate from a single power 
supply such as a 9V battery (Figure 12). The converter will 
operate over a range of 7V to 15V. For battery operation, 
analog common (COM) provides a common-mode bias 
voltage (see analog common discussion in the theory of 
operation section). However, measurements cannot be 
referenced to battery ground. To do so will exceed the 
negative common-mode voltage limit. 

""liE'""!!!!" 

¥ 
+ 

TC820 
TC821 -=- 9V 

COM 

V IN +t---I-_---'''''I\,--< + 

Figure 12. Powering the TC8201821 From a Single 9V Battery 

V TELCOM SEMICONDUCTOR, INC. 

TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 

A battery with voltage between 3.5V and 7V can be used 
to power the TC820, when used with a voltage doubler, as 
shown in Figure 13. The voltage doubler uses the TC7660 
and two external capacitors. With this configuration mea
surements can be referenced either to Analog Common or 
to battery ground. 

Digital Ground (DGND) 

Digital ground is generated from an internal zener diode 
(Figure 14). The voltage between Vs+ and DGND is the 
internal supply voltage for the digital section of the TC820. 
DGND will sink a minimum of 3 mAo 

DGND establishes the low logic level reference for the 
TC820 mode select inputs, and for the frequency and logic 
probe inputs. The DGND pin can be used as the negative 
supply for external logic gates, such as the logic probe 
buffers. To ensure correct counter operation at high fre
quency, connect a 1 ~F capacitor from DGND to Vs+. 

DGND also provides the drive voltage forthe LCD. The 
TC820 40-pin package internally connects the LCD VOISP 

pin to DGND, and provides an LCD drive voltage of about 
5 Vp_p. In the 44-pin package, connecting the VOISP pin to 
DGND will provide a 5V LCD drive voltage. 

Digital Input Logic Levels 

Logic levels for the TC820 digital inputs are referenced 
to Vs+ and DGND. The high-level threshold is Vs+ -1.5V 
and the low logic level is DGND + 1.5V. In most cases, 

+ -=- 3.5V to 6V 

~ 
T 

TC820 
TC821 

8 Vs 
2 

~ 
5 

'" TC7660 

Figure 13. Powering the TC8201821 From a Low-Voltage Battery 
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V 
TC820 
TC821 

LOGIC 
SECTION 

P 

v+ S 

3.2V 

COM 
SV 

1 DGND 

~--------~--~~----~--------ovs 
Figure 14. DGND and COM Outputs 

digital inputs will be connected directly to Vs+ with a 
mechanical switch. CMOS gates can also be used to 
control the logic inputs, as shown in the logic probe inputs 
section. 

Clock Oscillator 

The TC820 oscillator can be controlled with either a 
crystal or with an inexpensive resistor-capacitor combina
tion. The crystal circuit, shown in Figure 15, is recommended 
when high accuracy is required in the frequency counter 
mode. The 40 kHz crystal is a standard frequency for 
ultrasonic alarms, and will provide a 1-second time base for 
the counter or 2.5 analog-to-digital conversions per second. 
Consult the crystal manufacturer for detailed applications 
information. 

Where low cost is important, the R-C circuit of Figure 16 
can be used. The frequency of this circuit will be approxi
mately: 
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f 0.3 
osc= RC 
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22MO 
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v 

Figure 1S. Suggested Crystal Oscillator Circuit 
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Figure 16. R-C Oscillator Circuit 

Typical values are R = 10 kQ and C = 68 pF. The 
resistor value should be ;;.100 kil. For accurate frequency 
measurement, an R-C oscillator frequency of 40 kHz is 
required. 

System Timing 

All system timing is derived from the clock oscillator. The 
clock oscillator is divided by 2 (4 for TC821) priorto clocking 
the AID counters. The clock is also divided by 8 to drive the 
buzzer, by 240 to generate the LCD backplane frequency, 
and by 40,000 for the frequency counter time base. A 
simplified diagram ofthe system clock is shown in Figure 17. 

Component Value Selection 

Auto Zero Capacitor - CAZ 
The value of the auto-zero capacitor (CAZ) has some 

influence on system noise. A 0.47 IlF capacitor is recom
mended; a low dielectric absorption capacitor (Mylar) is 
required. 

Reference Voltage Capacitor - CREF 
The reference voltage capacitor used to ramp the inte

grator output voltage back to zero during the reference 
integrate cycle is stored on CREF. A 0.1 IlF capacitor is 
typical. A good quality, low leakage capacitor (such as 
Mylar) should be used. 

Integrating CapaCitor - CINT 
CINT should be selected to maximize integrator output 

voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage 
reference. For this case, a ±2.V integrator output swing is 
optimum when the analog input is near full scale. For 2.5 
readings/second (fosc = 40 kHz) and VFS = 400 mY, a 
0.22 IlFvalue is suggested. If a different oscillatorfrequency 
is used, CINT must be changed in inverse proportion to 
maintain the nominal ±2V integrator swing. An exact 
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Figure 17. System Clock Generation 

expression for CINT is: 

C 4000 VFS 
INT = -------'--'=--

VINT RINT fosc 

where: fosc = Clock frequency 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor - RINT 
The input buffer amplifier and integrator are designed 

with class A output stages. The integrator and buffer can 
supply 40 J.LA drive currents with negligible linearity errors. 
RINT is chosen to remain in the output stage linear drive 
region but not so large that printed circuit board leakage 
currents induce errors. For a 400 mV full scale, RINT should 
be about 100 kQ. 
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TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 

Reference Voltage Selection 

A full-scale reading (4000 counts for TC820 and 2000 
counts for TC821) requires the input signal be twice the 1:1 
reference voltage. liiI 
Table III. Reference Voltage Selection 

Full-Scale TC820 TC821 
Input Voltage 
(V FS) (Note 1) VREF Resolution VREF Resolution 

200mV Note 2 100 mV 100 !LV 

400mV 200mV 100 !LV 200mV 200 !LV 

1V 500 mV 250 !LV 500mV 500 !LV 

2V lV 500 !LV lV 1 mV 
(Notes 3, 4) 

NOTES: 1. TC820/821 in AID converter mode, RANGE/FREQ = logic 
low. 

2. Not recommended. 
3. VFS > 2V may exceed the input common mode range. 

See "10:1 Range Change" section. 
4. Full-scale voltage values are not limited to the values 

shown. For example, TC820 VFS can be any value from 
400 mVt02V. 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, that a pressure trans
ducer output is 800 mV for 4000 Ib/in2 . Rather than dividing 
the input voltage by two, the reference voltage should be set 
to 400 mY. This permits the transducer input to be used 
directly. 

The internal voltage reference potential available at 
analog common will normally be used to supply the 
converter's reference voltage. This potential is stable when
ever the supply potential is greater than approximately 7V. 
The low-battery detection circuit and analog common oper
ate from the same internal reference. This ensures that the 
low-battery annunciator will turn on at the time the internal 
reference begins to lose regulation. 

The TC820 can also operate with an external reference. 
Figure 18 shows internal and external reference applica
tions. 

Ratiometric Resistance Measurements 

The TC820 true differential input and differential refer
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current is passed through the pair (Fig
ure 19). The voltage developed across the unknown is 
applied to the input and voltages across the known resistor 
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(a) Internal Reference (b) External Reference 

Figure 18. Reference Voltage Connections 
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Figure 19. Low Parts Count Ratiometric Resistance Measurement 

applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference 
voltage and the display will read 2000 (1 000 for TC821). 
The displayed reading can be determined from the 
following expression: 

D· I d d' RUN KNOWN 2000 ISP aye rea Ing = X 
RSTANDARD 

The display will overrange for values of RUNKNowN ;;;;. 2 
X RSTANDARD. 

Buffering the FREQ Input 

When the FREQNOL TS input is high and the LOGIC 
input is low, the TC820 will count pulses at the RANGEl 
FREQ input. The time base will be fosc/40,000, or 1 second 
with a 40 kHz clock. The signal to be measured should swing 
from Vs+ to DGND. The RANGE/FREQ input has CMOS 
input levels without hysteresis. For best results, especially 
with low-frequency sine-wave inputs, an external buffer with 
hysteresis should be added. A typical circuit is shown in 
Figure 20. 
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TC820 
TC821 

FREQNOLTS 

FREQUENCY 
INPUT Xl""---I RANGE/FREQ 

GND 0---...... ---....... DGND 

Figure 20. Frequency Counter External Buffer 

Logic Probe Inputs 

The DPO/LO and DP1/HI inputs provide the logic probe 
inputs when the LOGIC input is high. Driving either DPO/LO 
or DP1/HI to a logic high will turn on the appropriate LCD 
annunciator. When DPO/LO is high, the buzzer will be on. 

To provide a "single input" logic probe function, external 
buffers should be used. A simple circuit is shown in Figure 
21. This circuit will turn the appropriate annunicator on for 
high and low level inputs. 

If carefully controlled logic thresholds are required, a 
window comparator can be used. Figure 22 shows a typical 
circuit. This circuit will turn on the high or low annunciators 
when the logic thresholds are exceeded, but the resistors 
connected from DPO/LO and DP1/HI to DGND will tum both 
annunciators off when the logic probe is unconnected. 

The TC820 logic inputs are not latched internally, so 
pulses of short duration will usually be difficult or impossible 

LOGIC 

+9V 

.-------~~--IVs 

LOGIC 

TC820 
TC821 

PROBE DP1/HI 
INPUT 

'------I DPOILO 

~--------IDGND 

*74HC14 

Figure 21. Simple External Logic Probe Buffer 
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1 MQ 

~------------------~DGND 

NOTE: Select R1, R2, R3 for desired logic thresholds. 

Figure 22. Window Comparator Logic Probe 

to see. To display short pulses properly, the input pulse 
should be "stretched." The circuit of Figure 22 shows capaci
tors added across the input pull-down resistors to stretch the 
input pulse and permit viewing short-duration input pulses. 

External Peak Detection 
The TC820 will hold the highest AID conversion or 

frequency reading indefinitely when the PK HOLD input is 
connected to Vs+. However, the analog peak input must be 
present during the AID converter's signal integrate period. 
For slowly changing signals, such as temperature, the peak 
reading will be properly converted and held. 

If rapidly changing analog signals must be held, an 
external peak detector should be added. An inexpensive 
circuit can be made from an op-amp and a few discrete 
components, as shown in Figure 23. The droop rate of the 
external peak detector should be adjusted so that the held 
voltage will not decay below the desired accuracy level 
during the converter's 400 ms conversion time. 

Liquid Crystal Display (LCD) 
The TC820 drives a triplex (multiplexed 3:1) LCD with 

three backplanes. The LCD can include decimal points, 
polarity sign, and annunciators for overrange, peak hold, 
high and low logic levels, and low battery. Table IV shows the 
assignment of the display segments to the backplanes and 
segment drive lines. The backplane drive frequency is 
obtained by dividing the oscillator frequency by 240. 

Backplane waveforms are shown in Figure 24. These 
appear on outputs BP1, BP2, and BP3. They remain the 
same regardless of the segments being driven. 
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10kQ 
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OFFSET 
NULL Vg 

~------------------------~--OV 

Figure 23. External Peak Detector 

Other display output lines have waveforms that vary 
depending on the displays values. Figure 25 shows a set of 
waveforms for the a, g, d outputs of one digit for several 
combinations of "on" segments. 

Table IV. LCD Backplane and Segment Assign-
ments 

44-Pin LCD 
40-Pin DIP Flat Pkg Display 

PinNa. Pin No. Pin No. BP1 BP2 BP3 

40 3 LOW " --" E4 

2 41 4 A4 G4 04 

3 42 5 B4 C4 OP3 

4 43 6 HIGH F3 E3 

5 44 7 A3 G3 03 

6 8 B3 C3 OP2 

7 2 9 OVER F2 E2 

8 3 10 A2 G2 02 

9 4 11 B2 C2 OP1 

10 5 12 PEAK F1 E1 

11 6 13 A1 G1 01 

12 7 14 B1 C1 BATT 

13 8 2,16* BP3 

14 9 BP2 

15 10 15 BP1 

*Connect both pins 2 and 16 of LCD to TC820 BP3 output. 
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Figure 25. Typical Display Output Waveforms 
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LCD Source 

Although most users will design their own custom LCD, 
a standard display for the TC820 (Figure 26), Part No. ST-
1355-M1, is available from: 

Crystaloid (USA) 
Crystaloid Electronics 
P.O. Box 628 
5282 Hudson Dr. 
Hudson, OH 44238 
Phone: (216) 655-2429 
Fax: (216) 655-2176 

Crystaloid (Europe) 
Rep France 
102, rue des Nouvelles 
F92150 Suresnes 
France 
Phone: 33-1-42 04 29 25 
Fax: 33-1-45 06 46 99 

This display can also be used with the TC821. 

Annunciator Output 

The annunciator output is a square wave running 
at the backplane frequency (for example, 167 Hz when 
fosc = 40 kHz). The peak-to-peak amplitude is equal to 
(Vs+ - VOISP). Connecting an annunciator of the LCD to the 
annunciator output turns it on; connecting it to its backplane 
tu rns it off. 

LCD Drive Voltage (VOISP) 
The peak-to-peak LCD drive voltage is equal to (Vs+

VDlSP). In the 40-pin dual-in-line package (DIP), VOISP is 
internally connected to DGND, providing a typical LCD drive 
voltage of 5 Vp_p. 

For applications with a wide temperature range, some 
LCDs require that the drive levels vary with temperature to 
maintain good viewing angle and display contrast. In this 
case, the TC820 44-pin package provides a pin connection 
for VOISP. Figure 27 shows TC820 circuits that can be 
adjusted to give a temperature compensation of about 
10 mV/oC between Vs+ and VOISP. The diode between GND 
and VOISP should have a low turn-on voltage because VOISP 
cannot exceed 0.3V below GND. 

Crystal Source 

Two sources of the 40 kHz crystal are: 

StatekCorp 
512 N. Main St 
Orange, CA 92668 
Phone: (714) 639-7810 
Fax: (714) 997-1256 
Part #: CX-1V-40.0 

SPK Electronics 
2F-1, No. 312, Sec 4, 

Jen Ai Rd 
Taipei, Taiwan R.O.C. 
Phone: (02) 754-2677 
Fax: 886-2-708-4124 
Part#: QRT -38-40.0 kHz 

V TELCOM SEMICONDUCTOR, INC. 



DISPLAY AID CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE 

1N414B 
39 

V 
TC820 
TC821 

20kQ~-~ .... 

TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 

39 

5 kQ >oI1----t 

11 
~..-"""'-'tVDISP 

TC820 
TC821 

11 
L..-_ ...... --...!.!.IVDlSP 

12 DGND 

75kQ 
24 24 

v v 

NOTE: Pin numbers shown are for 44-pin flat package. 

Figure 27. Temperature-Compensating Circuits 
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TC822 

3-3/4 DIGIT LCD ANALOG TO DIGITAL CONVERTER 

FEATURES 

• 3-3/4 Digit (3999 maximum) Resolution 
• 3V Battery Operation 

- On-Chip DC-ta-DC Converter 
• Low Power Operation 

- Supply Current 400 I!A Typical 
• Differential Signal Inputs 
• Differential Reference Inputs 
• LCD with Triplexed drive 

- 3 Decimal Points 
- LCD Annunciator Driver Output 
- Low-battery and Hold Annunciators 

• Op-amp for AC-to-DC Converter 
• Display HOLD with LCD Annunciator 
• Low-battery Detect with LCD Annunciator 
• On-chip Band-gap Reference 
• Crystal Oscillator 

ORDERING INFORMATION 

Part No. 44-Pin 44-Pin 40-Pin Temperature 
PFP PLCC 

TC822CKW X 
TC822CLW X 
TC822CPL 

FUNCTIONAL BLOCK DIAGRAM 

IN+ 

IN-

V~EF 
VR:EF 

COMMON 

PDIP 

X 
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Range 

O°Cto +70°C 
O°Cto +70°C 
O°Cto +70°C 

GENERAL DESCRIPTION 

The TC822 is a 3-3/4 digit LCD analog-to-digital con
verter which operates from a single 3V battery. All active 
components necessary to construct a 0.025% resolution 
measurement system are included on the TC822. Only 
external resistors and capacitors, an LCD and a 3V battery 
are required. 

The TC822 includes features which must be added 
externally with ADCs such as the 7106. LCD decimal point 
drivers, low-battery detection, and data hold function with 
LCD annunciator are all on chip. No external exclusive-OR 
gates are required. An operational amplifier, which can be 
used for an AC-to-DC converter or resistance measurement 
current source, is also included. 

Differential signal inputs with 1 pA leakage simplify 
system design. Differential reference inputs permit ratiometric 
measurements, while retaining the data HOLD function. 
Either the internal 1.3V band-gap reference or an external 
reference can be used. 

The TC822 LCD drive includes 3-3/4 digits, decimal 
points, and HOLD and low-battery annunciators. The triplexed 
LCD requires only 14 interconnects, which increases reli
ability and simplifies mechanical design. 
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TC822 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vs+ to GND) .................................. +4.7V 
Analog Input Voltage (either input) ................... Vs+ to Vs-

(Note 1) 
Reference Input Voltage (either input) .............. Vs+ to Vs-
Op Amp Input Voltage (either input) ................. Vs+ to Vs-
Digital Inputs ................................................... Vs+ to GND 
Power Dissipation, Plastic Package .................... SOO mW 
Operating Temperature Range 

C Devices .............................................. O°C to + 70°C 
E Devices .......................................... - 40°C to +S5°C 

Storage Temperature Range ................. - 65°C to + 150°C 
Lead Soldering Temperature (10 sec) .................. +300°C 

3-3/4 DIGIT LCD 
ANALOG TO DIGITAL CONVERTER 

NOTES: 1. Input voltages may exceed the supply voltages provided 
that input current is limited to ±100 IJA. Current above this 
value may result in invalid display readings but will not 
destroy the device if limited to ±1 mAo 

2. Dissipation ratings assume device is mounted with all 
leads soldered to printed circuit board. 

3. Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. 
These are stress ratings only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of the specifications is 
not implied. Exposure to Absolute Maximum Rating 
Conditions for extended periods may affect device 
reliability. 

4. Static-sensitive device. Unused devices must be stored in 
conductive material. Protect devices from static discharge 
and static fields. 

ELECTRICAL CHARACTERISTICS: Vs = 3.0 V, T A = 25° C, Figure 1 Test Circuit 

Symbol Parameter Test Conditions Min Typ Max Units 

Input 
Zero Input VIN=O.OV -0000 0000 +0000 Digital 
Reading Full-Scale = 400 mV Reading 

RE Roll-Over VIN=±390 mV -1 ±O.2 +1 Counts 
Error Full-Scale = 400 mV 

NL Non-Linearity Full-Scale = 400 mV -1 ±0.2 +1 Count 
(Max Deviation from 
Best Straight Line Fit) 

Ratiometric VIN= VREF 1999 1999/ 2000 Digital 
Reading 2000 Reading 

EN Noise VIN= O.OV - 15 - j.1V 
(p-p value not Full-Scale = 400 mV 
exceeded 95% of time) 

liN Input Leakage Current VIN= 0.0 V 
TA= 25°C - - 10 pA 
0°C,s;TA,s;+70°C - 20 100 
- 40°C ,s; T A ,s; +85°C - 100 250 

CMRR Common-Mode VCM = ±O.2V, VIN = 0.0 V - 50 - j.1VN 
Rejection Ratio Full-Scale= 400 mV 

VCMR Common-Mode Input High, Input Low GND-0.5 - GND+0.5 V 
Voltage Range VIN = O.OV, Full-Scale = 400 mV 

TCzs Zero Reading Drift VIN=O.OV 
O°C,s; TA,s; +70°C - 0.2 - j.1V/oC 
- 40°C ,s; T A ,s; +85°C - 1 -
Ext. Ref. 0 ppmfDC 

TCFS Scale Factor VIN=399 mV 
Temperature O°C,s; TA,s; +70°C - ±1 ±5 ppm/DC 
Coefficient -40°C,s; TA,s; +85°C - ±5 ±25 

Ext. Ref. 0 ppm/DC 

Input Voltage Range VIN+, VIN GND-Q.5 - GND+0.5 V 
Normal Mode + 
Common-Mode Voltage 
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3-3/4 DIGIT LCD 
ANALOG TO DIGITAL CONVERTER 

TC822 

ELECTRICAL CHARACTERISTICS (Cont.): Vs = 3.0 V, TA = 25° C, Figure 1 Test Circuit 

Symbol Parameter Test Conditions Min I Typ Max Units 

Reference 
VREF Reference IL= 25!IA 

Voltage (VREF-GND) 1.25 1.3 1.45 V 

TCVREF Reference Voltage O°C:;; TA:;; +70°C - 50 - ppm/DC 
Temperature 
Coefficient 

Op-Amp 
VIOA Op-Amp Input Vs=3V - ±10 - mV 

Offset Voltage 

Op-Amp Input - ±2 - V 
Voltage Range 

Op-Amp Unity - 0.6 - MHz 
Gain Frequency 

Op-Amp Output RL = 100 k.Q to GND - ±2.5 - V 
Voltage Swing 

Op-Amp Slew Rate RL = 100 k.Q to GND, CL = 50 pF - 1 - V/IlS 

Digital 
VIL Input Low Voltage DP1, DP2, HOLD - - GND+0.5 V 

VIH Input High Voltage DP1, DP2, HOLD Vs+-0.5 - - V 

Control Pin VIN= Vs+ - 3 - IlA 
Pulldown Current 

LCD Drive Voltage 2V :;;Vs+ :;;4V 3.1 3.2 3.3 V pop 

Power Supply 
Is Supply Current VIN=O.OV - 400 600 !IA 

Vs+ =3.0 V 

Supply Operating Vs+to GND 2 - 4 V 
Voltage Range 

Low-Battery Vs+toGND 2.15 2.25 2.45 V 
Flag Voltage 
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PRELIMINARY PIN DESCRIPTION AND FUNCTION, 
TC822 3-3/4 DIGIT A-D CONVERTER, 3V OPERATION 

Pin No. 
(40-Pin Symbol 
Package) 

Vs+ 

2 OSC1 

3 OSC2 

4 BUFOSC 

5 BCDO 

6 AGEO 

7 BATFODP1 

8 BCD1 

9 AGE1 

10 HOLDF1DP2 

11 BCD2 

12 AGE2 

13 -F2DP3 

14 BCD3 

15 AGE3 

16 BP3 

17 BP2 

18 BP1 

19 ANNUNC 

20 DP1 

21 DP2 

22 HOLD 

23 CINT 

24 BUF 

25 CAZ 

26 VREF+ 

27 CREF+ 

28 CREF-

29 VREF-

30 VIN+ 

31 VIN-

32 COM 

33 REFOUT 

34 OAOUT 

35 OA-

36 OA+ 

37 Vs-

38 C-

39 GND 

40 C+ 

Description 

Positive battery supply connection. Typically 3V. 

Oscillator connection. 

Oscillator connection. 

Buffered oscillator output. 

LCD segment drive for 'b', 'c', and 'd' segments of least significant digit (LSD). 

LCD segment drive for 'a', 'g', and 'e' segments of LSD. 

LCD segment drive for LOW-BATTERY, 'f' segment of LSD, and decimal point 1. 

LCD segment drive for 'b', 'c', and 'd' segments of 2nd LSD. 

LCD segment drive for 'a', 'g', and 'e' segments of 2nd LSD. 

LCD segment drive for 'data hold', 'f' segment of 2nd LSD, and decimal point 2. 

LCD segment drive for 'b', 'c', and 'd' segments of 3rd LSD. 

LCD segment drive for 'a', 'g', and 'e' segments of 3rd LSD. 

LCD segment drive for 'polarity', 'f' segment of 3rd LSD, and decimal point 3. 

LCD segment drive for 'b', 'c', and 'd' segments of most significant digit (MSD). 

LCD segment drive for 'a', 'g', and 'e' segments of MSD. 

LCD backplane #3. 

LCD backplane #2. 

LCD backplane #1. 

Square wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used 
to control display annunciators. Connecting an LCD segment to AN NUNC turns it on; connect
ing it to its backplane turns it off. 

Decimal Point select input. 

Decimal Point select input. 

Hold input. Connecting this pin to Vs+ will 'freeze' the LCD. 

Integrator output. Connect to integration capacitor. 

Buffer output. Connect to integration resistor. 

Autozero capaCitor connection. 

High differential reference input connection. 

Positive connection for reference capaCitor. 

Negative connection for reference capacitor. 

Low differential reference input connection. 

High analog input signal connection. 

Low analog input signal connection. 

Analog circuit ground reference point. 

Output of 1.3V voltage reference. 

Output of uncommitted operational amplifier. 

Inverting input of uncommitted operational amplifier. 

Noninverting input of uncommitted operational amplifier. 

Output of DC-to-DC converter. Connect a 1 ~F capacitor from this pin to power ground. 

Capacitor connection for DC-to-DC converter. 

Power ground. 

Capacitor connection for DC-to-DC converter. 
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SEE APPLICATIONS INFORMAnON. 

Figure 1 Test Circuit 

FEATURES 

29 

The TC822 is a high-resolution analog-to-digital con
verter which include all of the active components required to 
build a typical digital multi meter or other measurement 
instrument. The on-Chip op-amp can be configured as a 
sensor amplifier, AC-to-DC converter, or resistance mea
surement current source. The LCD includes decimal points, 
low-battery detection, and data hold annunciators. A DC-to
DC converter permits operation from a single 3V battery. 
With on-Chip voltage reference and LCD drive circuitry, the 
TC822 simplifies the design of multi-mode measurement 
instruments. 
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GENERAL THEORY OF OPERATION 

Dual-Slope Conversion Principles 

The TC822 ADC operates on the principle of dual-slope 
integration. An understanding of the dual-slope conversion 
technique will aid the user in following the detailed TC822 
theory of operation following this section. A conventional 
dual-slope converter measurement cycle has two distinct 
phases: 

1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 

Referring to Figure 2, the unknown input signal to be 
converted is integrated from zero for a fixed time period 
(tiNT), measured by counting clock pulses. A constant refer
ence voltage of the opposite polarity is then integrated until 
the integrator output voltage returns to zero. The reference 
integration (deintegration) time (tOEINT) is then directly pro
portional to the unknown input voltage (VIN). 
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Figure 2 Basic Dual-Slope Converter 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to 'ramp-up' from zero and 
'ramp-down' back to zero. A simple mathematical equation 
relates the input signal, reference voltage and integration 
time: 

where: VREF 
tiNT 

tDEINT 

For a constant TINT: 

= Reference Voltage 
= Integration Time 
= Deintegration Time 

VIN = V REF. tDEINT 
tiNT 

Accuracy in a dual-slope converter is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual-slope technique is noise immunity. Noise spikes 
are integrated, or averaged, to zero during the integration 
periods, making integrating ADCs immune to the large 
conversion errors that plague successive approximation 
converters in high-noise environments. Interfering signals, 
with frequency components at multiples of the averaging 
(integrating) period, will be attenuated (see Figure 3). Inte
grating ADCs commonly operate with the signal integration 
period set to a multiple of the 50/60 Hz power line period. 
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Figure 3 Normal-Mode Rejection of Dual-Slope Converter 

TC822 ADC THEORY OF OPERATION 

Analog Section 

In addition to the basic integrate and deintegrate dual
slope phases discussed above, the TC822 design incorpo
rates a 'Zero Integrator Output' phase and an 'Auto Zero' 
phase. These additional phases ensure that the integrator 
starts at zero volts (even after a severe over-range conver
sion) and that all offset voltage errors (buffer amplifier, 
integrator and comparator) are removed from the conver
sion. A true digital zero reading is assured without any 
external adjustments. 

A complete conversion consists of four distinct phases: 

1) Zero Integrator Output Phase 
2) Auto Zero Phase 
3) Signal Integrate Phase 
4) Reference Deintegrate Phase 

Zero Integrator Output Phase 
This phase guarantees that the integrator output is at 

zero volts after an overrange input occurs. Thus, the next 
reading after an overranged reading will be correct. The ZI 
phase duration varies from 0 to 600 counts. 

Auto Zero Phase 
During the Auto Zero phase, the differential input signal 

is disconnected from the measurement circuit by opening 
internal analog switches and the internal nodes are shorted 
to Analog Common (0 volt ref) to establish a zero input 
condition. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
CAZ then compensates for internal device offset voltages 
during the measurement cycle. The Auto Zero phase re
sidual is typically 10to 15JlV. The Auto Zero duration is 1600 
counts, plus the ZI counts if an overrange did not occur, plus 
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unused deintegration counts. Thus, the AZ phase can 
occupy from 1600 to 6000 counts. 

Signal Integration Phase 
Upon completion of the Auto Zero phase, the Auto Zero 

loop is opened and the internal differential inputs connect to 
VIN+ and VIN-. The differential input signal is then integrated 
for a fixed time period, which in the TCS22 is 2000 counts 
(4000 clock periods). The externally set clock frequency is 
divided by two before clocking the internal counters. The 
integration time period is: 

tiNT = 4000 
fosc 

Polarity is determined at the end of signal integration 
phase. The sign bit is a 'true polarity' indication in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection which is limited only by device noise 
and Auto Zero residual offsets. 

Reference Integrate (Deintegrate) Phase 
The reference capacitor, which was charged during the 

Auto Zero phase, is connected to the input of the integrating 
amplifier. The internal sign logic insures that the polarity of 
the reference voltage is always connected in the phase 
which is opposite to that of the input Voltage. This causes the 
integrator to ramp back to zero at a constant rate which is 
determined by the reference potential. 

The amount of time required (tOEINT) for the integrating 
amplifier to reach zero is directly proportional to the ampli
tude of the voltage that was put on the integrating capacitor 
(VINT) during the integration phase: 

The digital reading displayed by the TCS22 is: 

V~N- VIN 
Digital Count = 2000 * V 

REF 

ADC System Timing 
The oscillator frequency is divided by 2 prior to clocking 

the internal decade counters. The four phase measurement 
cycle takes a total of SOOO counts or 16000 clock pulses. The 
SOOO count phase is independent of input signal magnitude 
or polarity. 

Each phase ofthe measurement cycle has the following 
length: 
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1) Auto Zero 1600 to 5999 Counts 
2) Signallntegrate* 2000 Counts 
3) Reference Integrate 1 to 4000 Counts 
4) Integrator Output Zero 0 to 400 Counts 

• This time period is fixed. The integration period for the 
TCS22 is: 

4000 
T I NT = -f - = 2000 Counts 

osc 

where fosc is the clock oscillator frequency. 

ANALOG PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs (VIN+' VIN-) 

The TCS22 is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (VCM). The maximum input voltage range, 
which includes normal-mode + common-mode Signals, is 
±0.5V. 

Common-mode voltages are removed from the system 
when VIN- is connected to Analog Common. The TCS22's 
on-Chip DC-to-DC converter eliminates most common-mode 
difficulties and permits measurements where measurement 
and power grounds cannot be isolated. (see Figure 4) 

6V 

to -=-
48V 

1- 3.9.9.91 
{(-

V+ V 
TC822 v~ -

MEASURED r--- YiN C+~ 
SYSTEM r--r- YiN c-J ': 

f- CDMMDN V- 1 GND GND S 

I f 
Figure 4 OC-to-OC Converter Permits 

Ground Referenced Measurements 

~ 3\ 

Common-mode voltages with respectto power GND do, 
however, affectthe integrator output level. The user must be 
particularly careful that the integrator does not saturate 
when at minimum battery voltage. A worse case condition 
exists if a large positive VCM exists in conjunction with a full
scale negative differential signal. The negative signal drives 
the integrator output positive along with VCM (Figure 5). For 
such applications the integrator output swing can be re
duced below the recommended 1.5V full-scale swing. The 
integrator output will swing within 0.3VofVs+ orVs-without 
increased linearity error. 
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where: 

VI = INTEGRATION TIME = 4000 
fOSC 

CI = INTEGRATING CAPACITOR 

RI = INTEGRATING RESISTOR 

TC822 

ment system where input signals are referenced to the 
TC822 power source, so Analog Common is normally con
nected to power GND. 

DIGITAL PIN FUNCTIONAL DESCRIPTION 

DP1, DP2 

These inputs control the LCD decimal points. The deci
mal point truth table is shown in Table 1. These inputs have 
internal 3 /lA pulldowns to DGND. 

Table 1 TC822 Decimal Point Truth Table 

Decimal Point Inputs 
DP2 DP1 LCD 

0 0 3999 
0 399.9 

0 39.99 
3.999 

Figure 5 Common-Mode Voltage Reduces Available 
Integrator Swing. (VCOM * VIN) Hold 

The TC822 reference, like the analog signal input, has 
true differential inputs. In addition, the reference voltage can 
be generated anywhere within the power supply voltage of 
the converter. The differential reference inputs permit 
ratiometric measurements and simplify interfacing with sen
sors such as load cells and temperature sensors. 

Reference Output (REFOUT) 

This pin is the buffered output of the internal CMOS 
band-gap reference. The output voltage is typically 1.3V 
above power GND, with a load current of 25 /lA. The 
temperature coefficient of REFOUT is typically 50 ppm/cC. 

Analog Common 

The TC822 connects the internal VIN+ and VIN- inputs to 
Analog Common during the Auto Zero cycle. During the 
reference integrate phase VIN- is connected to Analog 
Common. If VIN- is not externally connected to Analog 
Common, a common-mode voltage exists. This is rejected 
by the converter's 86 dB common-mode rejection ratio. In 
battery powered applications, Analog Common and VIN-are 
usually connected, removing common-mode voltage con
cerns. In systems where VIN- is connected to the power 
supply ground orto a given voltage, Analog Common should 
be connected to VIN-. 

The Analog Common pin serves to set the analog 
section reference or common pOint. The TC822 is specifi
cally designed to operate from a battery or in any measure-
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HOLD can be used to hold.or 'freeze' the display. 
Connecting this pin to Vs+ inhibits the display update pro
cess. Conversions will continue, but the display will not 
change. 

APPLICATIONS INFORMATION 

Power Supplies 

The TC822 is designed to operate from a 3V battery, but 
will operate over a range of 2.0 to 4.0V. An on-chip DC-to
DC converter converts the +3V supply to -3V, which permits 
bipolar input voltages to be converted. Measurements are 
referenced to battery ground, so that the TC822 is ideal for 
applications such as measuring battery voltage, battery 
charging current, etc. 

Op-Amp Power Supply Current 

The Op-Amp of the TC822 has a low-distortion class A 
output, which is biased at 100 /lA. To reduce supply current 
when the op-amp is not being used, connect the non
inverting input to Vs-, as shown in Figures 6 and 11. When 
the op-amp is used, supply current will increase by about 
200 !lAo 
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Figure 6 Simplified Op-Amp Output Schematic 

Clock Oscillator 

The crystal oscillator circuit is shown in Figure 7. An 
inexpensive 32.768 kHz watch crystal gives about 27 dB 
noise rejection at 60 Hz, while a 40 kHz crystal (used in 
ultrasonic alarms) will almost totally reject 50 and 60 Hz 
noise. 

15M 

-----------2 
32.768 kHz 

40kHz 

---------3 

...... --101----+ 
5 PF V V5PF 

Figure 7 Crystal Oscillator Circuit 

System Clock 

. 
I 
I 
I 
I 
I 
I 
I 
I 
I ---01 

4 

All system timing is derived from the clock oscillator. The 
clock oscillator is divided by two prior to clocking the AID 
counters. The clock is also divided by 4 to drive the DC-to
DC converter, and by 768 to generate the LCD backplane 
frequency. A simplified diagram of the system clock is shown 
in Figure 8. 

COMPONENT VALUE SELECTION 

Auto Zero Capacitor - CAZ 

The size of the Auto Zero capacitor (CAZ) has some 
effect on system noise. A 0.22 ~F capacitor is recom
mended. A capacitor with low dielectric absorption (polyes
ter) is required. 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
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Figure 8 System Clock Generation 

BUFOSC 

cycle is stored on CREF. A 0.22 ~F capacitor is typical. A good 
quality, low leakage capacitor, such as polyester, should be 
used. 

Integrating Capacitor - CINT 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer
ence. For this case a ±1.5 V integrator output swing is 
optimum when the analog input is near full-scale. For 2.5 
readings / second (fosc = 40 kHz) and VFS = 400 mV, a 
0.27 ~F value is suggested. For a 32.768 kHz crystal, use 
0.22 ~F. If a different oscillator frequency is used, C'NT must 
be changed in inverse proportion to maintain the nominal 
±1.5V integrator swing. An exact expression for CINT is: 

where: 

CINT = _--'40=00=---.oV--"FS"----_ 
VINT • RINT • fosc 

fosc = Clock frequency 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator 

output swing 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor - RINT 
The input buffer amplifier and integrator are designed 

with class A output stages. The integrator and buffer can 
supply 5 ~ drive currents with negligible linearity errors. 
RINT is chosen to remain in the output stage linear drive 
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region but not so large that printed circuit board leakage 
currents induce errors. For a 400 mV full-scale, RINT should 
be about 100 kil. 

Reference Voltage Selection 

A full scale reading (4000 counts for TC822) requires 
that the input signal be twice the reference voltage. For 
example, a 400 mV full scale TC822 requires a reference 
voltage of 200 mY. 

In some applications a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, that a pressure trans
ducer output is 500 mV for 4000 Ib/in2. Rather than dividing 
the input voltage by 1.25, the reference voltage should be 
set to 250 mY. This permits the transducer input to be used 
directly. For best results, full scale voltage should be limited 
to 500 mY. 

The TC822 can also operate with an external reference. 
Figure 9 shows internal and external reference applications. 

Ratiometric Resistance Measurements 

The TC822 true differential input and differential refer
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

_L--=- 3V 
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.. 
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1 
SET VREF = 112 FULL SCALE 
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~ 
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SOK 

~ 50K 
? 

TC822 

The unknown resistance is put in series with a known 
standard and a current is passed through the pair (Figure 
10). The voltage developed across the unknown is applied 
to the input and the voltage across the known resistor 
applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 2000. The displayed reading can be 
determined from the following expression: 

Displayed Reading = RUNKNOWN • 2000 
RSTANDAAD 

The display will overrange for RUNKNOWN ~ 2 X RSTANDARD 

RSTANDARD 
VREF 

9----'--<~_I vi~ 

RUNKNOWN 

6--~~-IViN 

ANALOG 
COMMON 

V 
TC822 

Figure 10 Low Parts Count Ratlometric Resistance Measurement 

V+ 

V~ 

V V 
TC822 TC04 

VREF f--........ ~~: 

COMMONf---" 

(b) EXTERNAL REFERENCE 

Figure 9 Internal and External Reference Applications 
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AC-to-DC Converter 

The on-chip Op amp ofthe TC822 can be combined with 
external components to convert an AC voltage into a DC 
voltage. Figure 11 shows a typical circuit. 

LCD 

The TC822 drives a triplex (multiplexed 3:1) liquid 
crystal display with three backplanes. The LCD includes 
decimal points, polarity sign, and annunciators for data hold 
and low-battery. Table 2 shows the assignment of the 
display segments to the backplanes and segment drive 
lines. The backplane drive frequency is obtained by dividing 
the oscillator frequency by 768. 

INPUT 

+ 
AC 

3-3/4 DIGIT LCD 
ANALOG TO DIGITAL CONVERTER 

Table 2 LCD Pin Assignment, TC822 

Pin COM1 COM2 COM3 

COM1 
2 COM2 
3 COM3 
4 BO CO DO 
5 AD GO EO 
6 BATTERY FO P1 
7 B1 C1 D1 
8 A1 G1 E1 
9 HOLD F1 P2 
10 B2 C2 D2 
11 A2 G2 E2 
12 Y F2 P3 
13 B3 C3 D3 
14 A3 G3 E3 
15 
16 

17 
18 

35 

V 
TC822 

30 
v~ 

37 V-S 

31 YiN 

COMMON 

Figure 11 Low Cost AC-to-DC Converter 
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Backplanes waveforms are shown in Figure 12. These 
appear on outputs BPi, BP2, and BP3. They remain the 
same regardless of the segments being driven. 

Figure 12 Backplane Waveforms 

Other display output lines have waveforms that vary 
depending on the displays values. Figure 13 shows a set of 
waveforms for the AGE outputs of one digit for several 
combinations of 'on' segments. 

- - --- - - --- - --- - - - - - -- --- -- Voo 

s::~~~i L_________ I ----------r:: 
- - - - --- - --- - --- - - - - -- ----- V01SP 

"-:::; d::::-::g=======:~' 
------------------_-1 VDISP 

'.'01: =:======?-------S:~ 
]------- -==========---- -:~ISP 

~~ r=======--t----------t:~ ----------- ----------- -~ 
-------- VDlSP 

Figure 13 Typical Display Output Waveforms 
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LCD Source 

Although most users will design their own custom LCD, 
a standard display for the TC822 is available. Figure 14 2 
shows a display, part No. VIM428·DP, available from 
Varitronix. 

Varitronix (USA) Varitronix 
VL Electronics 9/F Liven House 
3171 Los Feliz Blvd 61·63 King Yip Street 
Suite 303 Kwun Tjong 
Los Angeles, CA 90039 Hong Kong 
Tel: (312) 661-8883 Tel: 3-410286 
FAX: (213) 663-3711 FAX: 3-439555 
Part NO.:jg VIM428-DP 

HIGH I lOVER I I PEAK I rsAITJ : 
I Lowl""",: ~ ~ - - _, I 

I ~'.~'.~'.~: I _______________________ J 

PIN 1 

Figure 14 Typical TC822 LCD 

Annunciator Output 

The annunciator output is a square wave running at the 
backplane frequency (for example, 52 Hz when 
fosc = 40 kHZ). The peak-to-peak amplitude is the same as 
the backplane and segment driver outputs. Connecting an 
annunciator of the LCD to the annunciator output turns it on; 
connecting it to its backplane turns it off. 

LCD Drive Voltage 

The peak-to-peak LCD drive voltage is typically 3.2 Vpp. 
This voltage will remain stable until the battery voltage falls 
below the point where the low-battery flag turns on 
(about 2.1V). 
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AID CONVERTER WITH BAR GRAPH DISPLAY OUTPUT 

FEATURES 

• Bipolar AID Conversion 
• 2.5% Resolution 
• Direct LCD Display Drive 
• 'Thermometer' Bar or Dot Display 
• 40 Data Segments Plus Zero 
• Overrange Plus Polarity Indication 
• Precision On-Chip Reference •.•......•.....• 35 ppml"C 
• Differential Analog Input 
• Low Input Leakage .......................................... 10 pA 
• Display Flashes on Overrange 
• Display Hold Mode 
• Auto-Zero Cycle Eliminates Zero Adjust 

Potentiometer 
• 9V Battery Operation 
• Low Power Consumption ............................ 1.1 mW 
• 20 mV to 2.0 V Full-Scale Operation 
• Non-Multiplexed LCD Drive for Maximum Viewing 

Angle 

PIN CONFIGURATION 

o ... IN CO) '" II) .............. 
I ! ! ! ! ! 
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GENERAL DESCRIPTION 

In many applications a graphical display is preferred 
over a digital display. Knowing a process or system oper
ates, for example, within design limits is more valuable than 
a direct system variable readout. A baror moving dot display 
supplies information precisely without requiring further inter
pretation by the viewer. 

The TC826 is a complete analog-to-digital converter 
with direct liquid crystal (LCD) display drive. The 40 LCD 
data segments plus zero driver give a 2.5% resolution bar 
display. Full-scale differential input voltage range extends 
from 20 mV to2V. The TC826 sensitivity is 500 ).lv. A low drift 
35 ppm/oC internal reference, LCD backplane oscillator and 
driver, input polarity LCD driver, and overrange LCD driver 
make designs simple and low cost. The CMOS design 
required only 125 J.lA from a 9V battery. In +5V systems a 
TC7660 DC to DC converter can supply the -5V supply. The 
differential analog input leakage is a low 1 0 pA. 

Two display formats are possible. The BAR mode 
display is like a 'thermometer' scale. The LCD segment 
driver that equals the input plus all below it are on. The DOT 
mode activates only the segment equal to the input. In either 
mode the polarity signal is active for negative input signals. 
An overrange input signal causes the display to flash and 
activates the overrange annunciator. A hold mode can be 
selected that freezes the display and prevents updating. 

The dual slope integrating conversion method with 
auto-zero phase maximizes noise immunity and eliminates 
zero-scale adjustment potentiometers. Zero-scale drift is a 
low 5 ).lVrc. Conversion rate is typically 5 per second and 
is adjustable by a single external resistor. 

A compact, 0.5" square, flat package minimizes PC 
board area. The high pin count LSI package makes multi
plexed LCD displays unnecessary. Low cost, direct drive 
LCD displays offer the widest viewing angle and are readily 
available. A standard display is available now for TC826 
prototyping work. 

ORDERING INFORMATION 

Part No. 

TC826CBU 

Package 

64-Pin Plastic 
Quad Flat Package 

Temperature 

DOC to 70°C 
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ABSOLUTE MAXIMUM RATINGS· 
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Supply Voltage (V+ to V-) ........................................... 15V 
Analog Input Voltage (either input)(l) ................... V+ to V-
Package Power Dissipation 

Flat Package ................................................. 500 mW 
Operating Temperature 

'C' Devices ............................................. O°C to +70°C 
Storage Temperature ........................... - 65°C to + 150°C 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

Lead Temperature (Soldering, 60 sec) ................... 300°C 

ELECTRICAL CHARACTERISTICS: 
unless otherwise stated Vs = 9V; ROSC = 430 kQ; T A = 25°C; Full-Scale = 20 mY. 

No. Symbol Parameter Test Conditions 

1 - Zero Input VIN = O.OV 

2 - Zero Reading Drift VIN = O.OV 
O°C::; TA::; 70°C 

3 NL Linearity Error Max Deviation From 
Best Straight Line 

4 RIO Rollover Error -VIN = +VIN 

5 EN Noise VIN =OV 

6 ILK Input Leakage Current VIN=OV 

7 CMRR Common-Mode VCM =±1V 
Rejection Ratio VIN=OV 

8 - Scale Factor 0::;TA::;70°C 
Temperature Coefficient External Ref. Temperature 

Coefficient = 0 ppm/oC 

9 VCTC Analog Common 250 kQ Between 
Temperature Coefficient Common and V+ 

O°C ::; T A ::; 70°C 

10 VCOM Analog Common 250 kg Between 
Voltage Common and Vs+ 

11 VSD LCD Segment 
Drive Voltage 

12 VBD LCD Backplane 
Drive Voltage 

13 100 Power Supply Current 

NOTES: 1. Input voltages may exceed the supply voltages when 
the input current is limited to 100 ~A. 

2-80 

2. Static sensitive device. Unused devices should be 
stored in conductive material to protect devices from 
static discharge and static fields. 

3. Backplane drive is in phase with segment drive for 'off' 
segment and 180°C out of phase for 'on' segment. 
Frequency is 10 times conversion rate. 

4. Logic input pins 58, 59, and 60 should be connected 
through 1 MQ series resistors to Vs- for logic O. 

Min Typ Max Unit 

-0 ±O +0 Display 

- 0.2 1 ILV/oC 

-1 0.5 +1 Count 

-1 0 +1 Count 

- 60 - ILVp-p 

- 10 20 pA 

- 50 - ILVN 

- 1 - ppm/oC 

- 35 100 ppm/oC 

2.7 2.9 3.35 V 

4 5 6 Vp_p 

4 5 6 Vp_p 

- 125 175 !LA 
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TC826 PIN DESCRIPTION 

Pin No. 
(Plastic 
Quad Flat 
Package) Symbol 

NC 

2 Analog 
Common 

3 +IN 

4 -IN 

5 REF IN 

6 CREF+ 

7 CREF-

8 VS+ 

9 VBUF 

10 CAZ 

11 VINT 

12 VS-

13 OSC1 

14 OSC2 

15 BP 

16 BAR 0 

17 NC 

18 BAR 1 

19 2 

20 3 

21 4 

22 5 

23 6 

24 7 

25 8 

26 9 

27 10 

28 11 

29 12 

30 13 

31 14 

32 15 

33 16 

34 17 

35 18 

36 19 

37 20 

38 21 

39 22 

40 23 

Description 

Establishes the internal analog ground point. Analog common is set to 2.9V below the positive supply 
by an internal zener reference circuit. The voltage difference between VS+ and analog-common can be 
used to supply the TC826 voltage reference input at REF IN (Pin 5). 

Positive analog signal input. 

Negative analog signal input. 

Reference voltage positive input. Measured relative to analog-common. REF IN = Full-Scale_/2_.~~_ 
Reference capacitor connection. 

Reference capacitor connection. 

Positive supply terminal. 

Buffer output. Integration resistor connection. 

Negative comparator input. Auto-zero capacitor connection. 

Integrator output. Integration capacitor connection. 

Negative supply terminal. 

Oscillator resistor (ROSC) connection. 

Oscillator resistor (ROSC) connection. 

LCD Backplane driver. 

LCD Segment driver: Bar 0 

Bar 1 

2 

3 
4 

5 

6 
7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
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TC826 PIN DESCRIPTION (Cont.) 

Pin No. 
(Plastic 
Quad Flat 
Package) Symbol 

41 BAR 24 

42 25 

43 26 

44 27 

45 28 

46 29 

47 30 

48 NC 

49 31 

50 32 

51 33 

52 34 

53 35 

54 36 

55 37 

56 38 

57 39 

58 40 

59 OR 

60 POL-

61 BAR/DOT 

62 HOLD 

63 TEST 

64 NC 

2-82 

Description 

LCD Segment driver: Bar 24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
39 

40 

LCD segment driver that indicated input out--<>f-range condition. 

LCD segment driver that indicates input signal is negative. 

Input logic signal that selects bar or dot display format. Normally in bar mode. Connect to Vs- through 
1 Mil resistor for Dot format. 

Input logic signal that prevents display from changing. Pulled high internally to inactive state. 
Connect to Vs- through 1 Mil series resistor for HOLD mode operation. 

Input logic signal. Sets TC826 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL
LCD driver is on. Pulled high internally to inactive state. Connect to Vs- with 1 Mil series resistor to 
activate. 

V TELCOM SEMICONDUCTOR, INC. 



AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

BARfOOT 

HOLD 

12 
t------'-"-IVS 

II 
9V 

COMPONENT 2V 
FULL-SCALE 

RINT 2MQ 

CINT 0.033 III 
CREF 1 III 

CAZ 0.068 1lf 

RINT 

REF 
IN 

R1 R2 

200mV 
FULL-SCALE 

200 kQ 

0.033 III 

1 III 

0.068 1lf 

Figure 1 
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11 

CREF 
6 

CREF 7 

OSC1 13 
"®'~ 
~ 

TC826 
OSC2 14 

BP 
15 

ANALOG BARO- OR 59 

COMMON -IN +IN BAR40 POL-

2 4 3 ~ 60 
it 
c 
I-
Z 
w 
:E 

-IN +IN C-' w 
(/) 

20mV 
FULL-SCALE OR 

20kQ DDDDDD 
0.033 III 

1 III 

0.014 1lf R1 + R2 = 250 kQ 

Typical TC826 Circuit Connection 

TC826 

CREF 
1.0 III 

ROSC 
430 kQ 

BACKPLANE 

41 SEGMENT 
LCD BAR GRAPH 
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DUAL SLOPE CONVERSION PRINCIPLES 

The TC826 is a dual slope. integrating analog-to-digital 
converter. The conventional dual slope converter measure
ment cycle has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed 
time period (TSI). Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The reference integration time is directly proportional 
to the input signal (TRI). (Figure 2). 

In a simple dual slope converter a complete conversion 
requires the integrator output to 'ramp-up' and 'ramp
down'. 

A simple mathematical equation relates the input signal 
reference voltage and integration time: 

1 ITSI vR TRI 
RC VIN (t)dt= ~ 

o 
Where: 
VR = Reference Voltage 
VSI = Signal Integration Time (Fixed) 
T RI = Reference Voltage Integration Time (Variable) 

REF 
VOLTAGE 

INTEGRATOR 

POLARITY CONTROL 
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The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. (Figure 3.) 

The TC826 converter improves the conventional dual 
slope conversion technique by incorporating an auto-zero 
phase. This phase eliminates zero-scale offset errors and 
drift. A potentiometer is not required to obtain a zero output 
for zero input. 

_ 30 

III 
:!:!. T = MEAS~RIEMEN+ 
z o 
~ 20 

ia 
II: 
W 
C 
g 10 
....I 
C 
::;; 
II: 

~ 0 
O.lIT 

PERIOD 

'".; 
~II 

~ 

V y. 
; 

; 
; 

lIT 
INPUT FREQUENCY 

[I 

10fT 

Figure 3 Normal-Mode Rejection of Dual Slope Converter 

CLOCK 

VIN ~ 112 VFULL-8CALE 

VIN ~ 1/4 vFULL-8CALE 
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I" ~I" ~I 
FIXED SIGNAL VARIABLE 

INTEGRATE REFERENCE 
TIME INTEGRATE 

TIME 

Figure 2 Basic Dual Slope Convarter 
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THEORY OF OPERATION 

Analog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed above, the TC826 incorporates an auto
zero cycle. This cycle removes buffer amplifier, integrator, 
and comparator offset voltage error terms from the conver
sion. A true digital zero reading results without external 
adjusting potentiometers. A complete conversion consists 
of three cycles: an auto-zero, signal integrate and reference 
cycle. (Figures 4 and 5.) 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is 

disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(internal analog ground) to establish a zero input condition. 
Additional analog gates close a feedback loop around the 
integrator and comparator. This loop permits comparator 

REFIN 

TC826 

offset voltage error compensation. The voltage level estab
lished on CAZ compensates for device offset voltages. 

The auto-zero cycle length is 19 counts minimum. 
Unused time in the deintegrate cycle is added to the auto
zero cycle. 

Signal Integration Cycle 
The auto-zero loop is opened and the internal differen

tial inputs connect to +IN and -IN. The differential input 
signal is integrated for a fixed time period. The TC826 signal 
integration period is 20 clock periods or counts. The exter
nally set clock frequency is divided by 32 before clocking the 
internal counters. The integration time period is: 

Where: 

TSI =~x20 
Fosc 

Fosc = External Clock Frequency 

r--r~--~~--------~7----~~--~----~--------~~-T,t--

AZ 

+ INPUT 0--'-1---( 

INT 

AZ 

t~~~g~o--+--------~--------~--------+-----~ 

-INPUT o--'+------------------+---------------{ 

FROM 
DIGITAL 
CONTROL 
SECTION 

{ 
_AZ 
_INT 
...- DE+ 
_DE-

® ANALOG SWITCH 

~V~-2.9V 

TC826 

12 

Figure 4 TC826 Analog Section 

COMP TO DIGITAL 
SECTION 

~6.3V 
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The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, -IN should be tied to analog-com
mon. This is the usual connection for battery operated 
systems. Polarity is determined at the end of signal integrate 
signal phase. The sign bit is a true polarity indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection limited only by device noise 
and system noise. 

Reference Integrate Cycle 
The final phase is reference integrate or deintegrate. -

IN is internally connected to analog common and +IN is 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is 
between 0 and 40 counts. The digital reading displayed is: 

System Timing 

V1N 
20= -

V REF 

The oscillator frequency is divided by 32 priorto clocking 
the internal counters. The three phase measurement cycle 
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takes a total of 80 clock pulses. The 80 count cycle is 
independent of input signal magnitude. 

Each phase of the measurernent cycle has the following 
length: 

• Auto-Zero Phase: 19 to 59 Counts 
For signals less than full-scale the auto-zero is as
signed the unused reference integrate time period. 

• Signal Integrate: 20 Counts 
This time period is fixed. The integration period is: 

TSI=20l~j 
Fosc 

Where Fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 41 Counts 

Reference Voltage Selection 

A full-scale reading requires the input signal be twice the 
reference voltage. The reference potential is measured 
between REF IN (Pin 5) and Analog-Common (Pin 2). 

Required Full-Scale Voltage 

20mV 10mV 
2V 1V 

AUTO-ZERO 
PHASE (AZ) 

SIGNAL 
INTEGRATE 
PHASE (SI) 

REFERENCE INTEGRATE 
PHASE (RI) 

(DEINTEGRATE) 

INTEGRATOR 
OUTPUT 

ANALOG 
COMMON 
POTENTIAL 

SIGN BIT 
DETERMINED 

TRUE ZERO 
CROSSING ZERO CROSSING 

DETECTED 
INTERNAL 
SYSTEM CLOCK 
(FSYS) ~ tu-J.j-r <1J1.j-u--r <1ni 

I 
INTERNAL DATA 

LATCH UPDATE ~-------------+-----------+------~ ~--------~ 
SIGNAL NUMBER OF 

COUNTS 
~---~- PROPORTIONAL 

TI TD~VIN TOVIN 

20 41 COUNTS 
MINIMUM COUNTS MAXIMUM 

ONE CONVERSION CYCLE = 80 COUNTS (TCONV = 80 X FS~S) 

Figure 5 TC826 Conversion Has Three Phases 

2·86 V TELCOM SEMICONDUCTOR, INC. 



AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

The internal voltage reference potential availabe at 
analog-common will normally be used to supply the convert
ers reference. This potential is stable whenever the supply 
potential is greater than approximately 7V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 6. 

The reference voltage is adjusted with a near full-scale 
input signal. Adjust for proper LCD display readout. 

8 

v+ 

TC826 

REF IN 

ANALOG t'2~_6-_----' 
COMMON 

(b) 

TC9491CZM 

1.2V 
REFERENCE 

Figure 6 External Reference 

Components Value Selection 

Integrating Resistor (RINT) 
The desired full-scale input voltage and output current 

capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 1 IlA drive current with minimal 
linearity error. RINT is easily calculated for a 1 IlA full-scale 
current: 

RiNT = Full-Scale Input Voltage (V) = ~ 
1 X 10-6 1 X 10-6 

Where VFS = Full-Scale Analog Input 

Integrating Capacitor (CINT) 
The integrating capacitor should be selected to maxi

mize integrator output swing. The integrator output will 
swing to within O.4V of Vs+ or Vs- without saturating. 

The integrating capacitor is easily calculated: 

Where: 

CINT= VFS ( 640 ) 
RINT FOSC x VINT 

VINT = Integrator Swing 
FOSC = Oscillator Frequency 

The integrating capacitor should be selected for low 
dielectric absorption to prevent roll-over errors. Polypro
pylene capacitors are suggested. 

Y TELCOM SEMICONDUCTOR, INC. 
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Auto-Zero Capacitor (CAZ) 
CAZ should be 2-3 times larger than the integration 

capacitor. A polypropylene capacitor is suggested. Typical 
values from 0.14 !1F to 0.068 !1F are satisfactory. 

Reference Capacitor (CREF) 
A 1 !1F capacitor is suggested. Low leakage capacitors 

such as polypropylene are recommended. 
Several capacitor/resistor combinations for common 

full-scale input conditions are given in Table 1. 

Table 1 Suggested Component Values 

2V 200 mV 
Full-Scale Full-Scale 

Component VREF = 1V VREF = 100 mV 

2 MQ 200 kQ 

CINT 0.033 !1F 0.033 !1F 
1 !1F 1 !1F 

0.068!1F 0.068!1F 

Rosc 430 kQ 430 kQ 

NOTES: Approximately 5 conversions/second. 

Differential Signal Inputs 

20mV 
Full-Scale 

VREF =10 mV 

20 kQ 
0.033 !1F 

1 !1F 
0.14 !1F 
430 kQ 

The TC826 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (VCM). The typical range is V+ -1 to V- + 1 V. 
Common-mode voltages are removed from the system 
when the TC826 operates from a battery or floating power 
source (Isolated from measured system) and -IN is con
nected to analog-common (VCOM). 

In systems where common-mode rejection ratio mini
mizes error. Common-mode voltages do, however, affect 
the integrator output level. Integrator output saturation must 
be prevented. A worse case condition exists if a large 
positive VCM exists in conjunction with a full-scale negative 
differential signal. The negative signal drives the integrator 
output positive along with VCM. For such applications, the 
integrator output swing can be reduced below the recom
mended 2V full-scale swing. The integrator output will swing 
within 0.3V of Vs+ or Vs- without increased linearity error. 

Digital Section 

The TC826 contains all the segment drivers necessary 
to drive a liquid crystal display (LCD). An LCD backplane 
driver is included. The backplane frequency is the external 
clock frequency divided by 256. A 430 kQ osc gets the 
backplane frequency to approximately 55 Hz with a 5V 
nominal amplitude. When a segment driver is in phase with 
the backplane signal the segment is 'OFF'. An out-of-phase 
segment drive signal causes the segment to be 'ON' or 
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visible. This AC drive configuration results in negligible DC 
voltage across each LCD segment. This insures long LCD 
display life. The polarity segment drive, -POL, is 'ON' f~r 
negative analog inputs. If +IN and -IN are reversed this 
indicator would reverse. The TC826 transfer function is 
shown in Figure 7. 

-2 

; 401 !Ii 39 
Q 

I 
OVERRANGE ___ .~ I 
INDICATION ---I 

I 
I 

.---I 
I . 

---' 
I 
I 

----' 
I 

0 1 

0.5 1 2 3 3939.5 40 40.5 

ANALOG INPUT 

(X v!'oS) 

Figure 7 TC826 Transfer Function 

BAR I DOT Input (Pin 61) 

The BAR 1 DOT input allows the user to select the 
display format. The TC826 powers up in the BAR mode. 
Select the DOT display format by connecting BAR 1 DOT to 
the negative supply (Pin 12) through a 1 MQ resistor. 

HOLD Input (Pin 62) 

The TC826 data output latches are not updated at the 
end of each conversion if HOLD is tied to the negative supply 
(Pin 12) through a 1 MQ resistor. The LCD display continu
ously displays the previous conversion results. 

The HOLD pin is normally pulled high by an internal pull-
up. 

TEST Input (Pin 63) 

The TC826 enters a test mode with the TEST input 
connected to the negative supply (Pin 12). The connection 
must be made through a 1 MQ resistor. The TEST input is 
normally internally pulled high. A low input sets the output 
data latch to all ones. The BAR display mode is set. The 41 
LCD output segments (zero plus 40 data segments) and 
overrange annunciator flash on and off at 114 the conversion 
rate. The polarity annunciator (POL-) segment will be on but 
not flashing 

2-88 

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

Overrange Display Operation (OR, Pin 59) 

An out-of-range input signal will be indicated on the 
LCD display by the OR annunciator driver (Pin 59) becoming 
active. 

In the BAR display format the 41 bar segments and the 
overrange annunciator, OR, will flash ON and OFF. The 
flash rate is on fourth the conversion rate (FOSC/2560). 

In the DOT display mode, OR flashes and all other data 
segment drivers are off. 

Polarity Indication (POL-Pin 60) 

The TCB26 converts and displays data for positive and 
negative input signals. The POL-LCD segment driver (Pin 
60) is active for negative signals. 

Oscillator Operation 

The TCB26 external oscillator frequency, FOSC, is set 
by resistor ROSC connected between pin~ 13 and 1~. T~e 
oscillator frequency vs. resistance curve IS shown In Fig
ure 8. 

50 20 

18 

40 16 

614 
w 

¥ 30 ~ 12 
C z10 
(J 8 
!320 ;; B 

IL t5 6 
(J 

10 4 

2 

o o 

TA =25°C ~ 
Vs TO Vs =9V 

1 
\ 

~ 
"-

I"" """ 
o 2 4 6 8 10 12 14 16 18 20 

ROSC (X 100 kil) 

Figure 8 Oscillator Frequency vs. ROSC 

FOSC is divided by 32 to provide an internal system 
clock, FYSY. Each conversion requires BO internal clock 
cycles. The internal system clock is divided by 8 to provide 
the LCD backplane drive frequency. The display flash rate 
during an input out-of-range signal is set by dividing FSYS 
by 320. 

The internal oscillator may be bypassed by driving OSCI 
(Pin 13) with an external signal generator. OSC2 (Pin 14) 
should be left unconnected. 

The oscillator should swing from Vs+ to Vs- in single 
supply operation (Figure 9). In dual supply operation the 
signal should swing from power supply ground to Vs+. 
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~ 

a ?~'? 

~ Tca26 

-=- 9V 

f2 
13 b 14 OSC1 OSC2 

':-
,- 0.111f 

EXTERNAL 
'-- OSCILLATOR 

A. SINGLE 9V SUPPLY 

V~=5V 

V~ a 1 
=-==-'9"-v= 

~-H-- OSCILLATOR .-- POWER 
Tca26 SUPPLY 

0.111f 

Vs 12 l- -= -
B. DUAL SUPPLY VS=5V 

Figure 9 External Oscillator Connection 

LCD Display Format 

The input signal can be displayed in two formats (Figure 
10). The BAR / DOT input (Pin 61) selects the format. The 
TC826 measurement cycle operates identically for either 
mode. 
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A. BAR MODE 

1. INPUT = 0 2. INPUT=5% 
OF FULL-SCALE 

BAR 4 ;:1 ====~I OFF I OFF 
BAR 3 I I OFF I I OFF 

BAR 2 I I OFF F/ZZ;a ON 

BAR 1 I I OFF F/ZZ/i ON 

BAR 0 F/ZZ;a ON F/ZZ;a ON 

B. DOT MODE 

1. INPUT = 0 2. INPUT = 5% 
OF FULL-SCALE 

BAR 4 I I OFF I OFF 

BAR31 I OFF 

BAR21 I OFF 

BAR 1 I I OFF 

BAR 0 F/ZZ;a ON 

I I OFF 

F/ZZ;a ON 

I I OFF 

'--_--oJ I OFF 

Figure 10 Display Option Formats 

BAR Format 

The TC826 power-ups in the BAR mode. BAR / DOT is 
pulled high internally. This display format is similar to a 
thermometer display. All bars/LCD segments, including 
zero, below the bar/LCD segment equaling the input signal 
level are on. A half-scale input signal, for example, would be 
displayed with BAR 0 to BAR 20 on. 

DOT Format 

By connecting BAR / DOT to Vs- through a 1 MQ 
resistor the DOT mode is selected. Only the BAR LCD 
segment equaling the input Signal is on. The zero segment 
is on for zero input. 

This mode is useful for moving cursor or 'needle' 
applications. 
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LCD DISPLAYS 

Most end products will use a custom LCD display for 
final production. Custom LCD displays are low cost and 
available from all manufacturers. The TC826 interfaces to 
non-multiplexed LCD displays. A backplane driver is in
cluded on chip. 

To speed initial evaluation and prototype work a stan
dard TC826 LCD display is available from Varitronix. 

Varitronix Ltd. 
9/F Linen House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Telex: 36643 VTRAX HX 

USA Office: 
VL Electronics Inc. 
3161 Los Feliz Blvd., Suite 303 
Los Angeles, CA 90039 
Tel: 213/661-8883 
Telex: 821554 

• Part No.: VBG412-1 (Pin Connectors) 
• Part No.: VBG412-2 (Elastomer Connectors) 

Other standard LCD displays suitable for development 
work are available in both linear and circular formats. One 
manufacturer is: 

UCE Inc. 
24 Fitch Street 
Norwalk, CT 06855 
Tel: 203/838-7509 
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• Part No. 5040: 50 segment circular display with 
3 digit numeric scale. 

• Part No. 5020: 50 segment linear display. 
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LCD BACKPLANE DRIVER (PIN 15) 

Additional drive electronics is not required to interface 
the TC826 to an LCD display. The TC826 has an on-chip 
backplane generator and driver. The backplane frequency 
is: 

FBP = FOSC/256 

Figure 11 gives typical backplane driver riselfall time vs. 
backplane capacitance. 
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Figure 11 Backplane Driver RiseJFaU Time vs. Capacitance 

FLAT PACKAGE SOCKET 

Sockets suitable for prototype work are available. A 
USA source is: 

Nepenthe Distribution 
2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 
Tel: 415/856-9332 
Telex: 910/373-2060 

'BQ' Socket Part No.: IC51-064-042 BQ 
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3-1/2 DIGIT AID CONVERTER 

FEATURES 

• Internal Reference with Low Temperature Drift 
TC7106n ...................................... 80 ppmf'C Typical 
TC71 06Af7 A ................................. 20 ppmf'C Typical 

• Drives LCD (TC7106) or LED (TC7107) Display 
Directly 

• Guaranteed Zero Reading With Zero Input 
• Low Noise for Stable Display 
• Auto-Zero Cycle Eliminates Need for Zero 

Adjustment 
• True Polarity Indication for Precision Null 

Applications 
• Convenient 9 V Battery Operation (TC7106A) 
• High Impedance CMOS Differential Inputs .... 1012g 
• Differential Reference Inputs Simplify Ratiometric 

Measurements 
• Low Power Operation .................................... 10 mW 

ORDERING INFORMATION 

:~~;DC}ODE TC710j f i XXX 

7= LED I 
A or blank* 

R (reversed pins) or blank (CPL pkg only) 

* "A" parts have an improved reference TC 

Package Code (see below): ---------

Package Temperature 
Code Package Pin Layout Range 

CPL 40-Pin PDIP Normal O°C to +70°C 
IPL 40-Pin PDIP Normal - 25°C to +85°C 
IJL 40-Pin CerDIP Normal - 25°C to +85°C 
CKW 44-Pin PQFP Formed Leads O°C to +70°C 
CLW 44-Pin PLCC O°Cto +70°C 

AVAILABLE PACKAGES 

C:=::] [::0:::] 
4O-Pin Plastic DIP 4O-Pin CERDIP 

o 
44-Pin Plastic Quad Flat 
Package Formed Leads 

o 
44-Pin Plastic Chip 

Carrier PLCC 
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TC71 06n1 06A 
TC71 07n1 07 A 

GENERAL DESCRIPTION 

The TC7106A and TC7107A 3-1/2 digit direct-display 
drive analog-to-digital converters allow existing 7106/7107 
based systems to be upgraded. Each device has a preci
sion reference with a 20 ppm/DC max temperature coeffi
cient. This represents a 4 to 7 times improvement over 
similar 3-1/2 digit converters. Existing 7106 and 7107 
based systems may be upgraded without changing exter
nal passive component values. The TC71 07 A drives com
mon anode light emitting diode (LED) displays directly with 
8 rnA per segment. A low-cost, high-resolution indicating 
meter requires only a display, four resistors, and four ca
pacitors. The TC7106A low power drain and 9 V battery 
operation make it suitable for portable applications. 

The TC71 06A1TC71 07 A reduces linearity error to less 
than 1 count. Rollover error-the difference in readings for 
equal magnitude but opposite polarity input signals-is 
below ±1 count. High impedance differential inputs offer 
1 pA leakage current and a 1012g input impedance. The 
differential reference input allows ratiometric measurements 
for ohms or bridge transducer measurements. The 
15 I1Vp-p noise performance guarantees a "rock solid" 
reading. The auto-zero cycle guarantees a zero display 
reading with a zero-volts input. 

ANALOG 
INPUT 

1 MQ 

0.01 ~F 

47kQ 

0.22 ~F 

0.1 ~F 

V+ 1-'--....,---, 
v 

28 VBUFF TC7106/A 
TC7107/A "'REF = 9V 

39 

100kQ 

'1.EF t"36=---=---S 1 k!l 

"REF 25 100 mV 

V-1"26""-_+-_--' 

TO ANALOG 
COMMON (PIN 32) 

3 CONVERSIONSISEC 
200 mV FULL SCALE 

Figure 1 TC7106lAf7/A Typical Operating Circuit 
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TC71 06n1 06A 
TC71 07n1 07 A 

ABSOLUTE MAXIMUM RATINGS* 

TC7106A 
Supply Voltage (V+ to V-) .......................................... 15 V 
Analog Input Voltage (either input) (Note 1) ......... V+ to V-
Reference Input Voltage (either input) .................. V+ to V-
Clock Input ......... , .............................................. Test to V+ 
Power Dissipation (Note 2) 

CerDIP Package ......................................... 1000 mW 
Plastic Package ............................................ 800 mW 

Operating Temperature 
"C" Devices ............................................ O°C to +70°C 
"I" Devices ......................................... - 25°C to +85°C 

Storage Temperature ........................... - 65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ................... 300°C 

ELECTRICAL CHARACTERISTICS (Note 3) 

Characteristics Conditions 

Zero Input Reading VIN =O.OV 

3 1/2 DIGIT AID CONVERTER 

TC7107A 
Supply Voltage 

V+ ....................................................................... +6 V 
V- ....................................................................... -9 V 

Analog Input Voltage (either input) (Note 1) ......... V+ to V-
Reference Input Voltage (either input) .................. V+ to V-
Clock Input ...................................................... GND to V+ 
Power Dissipation (Note 2) 

CerDIP Package ......................................... 1000 mW 
Plastic Package ............................................ 800 mW 

Operating Temperature 
"C" Devices ............................................ O°C to + 70°C 
"I" Devices ......................................... - 25°C to +85°C 

Storage Temperature ........................... - 65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ................... 300°C 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

TC7106lA & TC7107/A 
Min Typ Max Unit 

-000.0 ±OOO.O +000.0 Digital 
FUll-Scale = 200.0 mV Reading 

Ratiometric Reading VIN = VREF 999 999/1000 1000 Digital 
VREF = 100 mV Reading 

ROil-Over Error (Difference in -VIN = +VIN ;: 200 mV -1 ±0.2 +1 Counts 
Reading for Equal Positive and 
Negative Reading Near Full-Scale) 
Linearity (Max. Deviation From FUll-Scale = 200 mV -1 ±0.2 +1 Counts 
Best Straight Line Fit) or Full-Scale = 2.000 V 
Common-Mode VCM = ±1V, VIN = OV, - 50 - ~VN 
Rejection Ratio (Note 4) Full Scale = 200.0 mV 
Noise (Pk - Pk Value Not VIN =OV - 15 - ~V 
Exceeded 95% of Time) Full-Scale = 200.0 mV 
Leakage Current @ Input VIN =OV - 1 10 pA 
Zero Reading Drift VIN=OV 

"C" Device = O°C to 70°C - 0.2 1 ~VfOC 
VIN=OV 
"I" Device = -25°C to +85°C - 1.0 2 ~V/oC 

Scale Factor VIN = 199.0 mY, 
Temperature Coefficient "C" Device = O°C to 70°C - 1 5 ppm/oC 

(Ext. Ref = 0 ppm°C) 
VIN = 199.0 mV - - 20 ppm/oC 
"I" Device = -25°C to +85°C 

Supply Current (Does Not VIN=O - 0.8 1.8 rnA 
Include LED Current For TC71 07/A) 
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ELECTRICAL CHARACTERISTICS (CONT.) (Note 3) 

TC71 06n1 06A 
TC71 07n1 07A 

TC7106/A & TC7107/A 
Characteristics Conditions Min Typ Max Unit 

Analog Common Voltage 25kQ Between Common 2.7 3.05 3.35 V 
(With Respect to Pos. Supply) and Pos. Supply 

Temp. Coeff. of 25kQ Between Common 
Analog Common and Pos. Supply 
(With Respect O°C ~ T A ~ 70°C 7106Af7A 20 50 ppm/DC 
to Pos. Supply) ("C", Commercial Temp. Range Devices) 7106/7 80 - ppm/DC 

Temp. Coeff. of 25kQ Between Common 
Analog Common and Pos. Supply 
(With Respect -25°C ~ T A ~ 85°C - - 75 ppm/DC 
to Pos. Supply) ("I,"lndustrial Temp. Range Devices) 

TC7106A ONLY Pk - Pk V+toV =9V 4 5 6 V 
Segment Drive Voltage (Note 5) 

TC7106A ONLY Pk - Pk V+toV =9V 4 5 6 V 
Backplane Drive Voltage (Note 5) 

TC7107A ONLY V+= 5.0 V 5 8.0 - rnA 
Segment Sinking Current (Except Pin 19) Segment Voltage = 3 V 

TC7107AONLY V+= 5.0 V 10 16 - rnA 
Segment Sinking Current (Pin 19) Segment Voltage = 3 V 

NOTES: 1. Input voltages may exceed the supply voltages provided the input current is limited to ±1 00 !lAo 
2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 
3. Unless otherwise noted, specifications apply to both the TC7106/A and TC7107/A at TA = 25°, fCLOCK = 48 kHz. Parts are tested in the 

circuit of Figure 1. 
4. Refer to "Differential Input" discussion. 
5. Backplane drive is in phase with segment drive for "OFF" segment, 1800 out of phase for "ON" segment. Frequency is 20 times 

conversion rate. Average DC component is less than 50 mY. 
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TC71 OSn1 OSA 
TC71 07n1 07 A 

PIN CONFIGURATIONS 

OSC1 OSC1 v+ 

I 01 OSC2 
01l OSC3 C1 

TEST B1 

1's V~EF 

::~ ~ 
llfiEF 
CREF G1 

CREF CREF 8 E1 
ANALOG ANALOG 

02 COMMON COMMON 

C2 YiN YiN C2 

B2 VIN VIN 82 10'8 10's 

~ 
A2 CAZ CAZ 

" ~ F2 VBUFF VBUFF F2 

E2 V,NT V,NT E2 

03 V- V- 03 

B3 ~2l I G2 B3 
1oo's 

F3 JOO'S L F3 
3 100'6 100's 

C3 

E3 
A3 J L A3 E3 

1000's --. AB 4 G3 G3 AB4 ..... 1000's 

POL BP/GNO BP/GNO POL 
(MINUS SIGN) (7106A17107A) (71 06Al71 07A) (MINUS SIGN) 

0- &' 8 tz 
I I 9 "- "- 9 "-
"- "- "- w w :2 I "-

~ .f ril 0- " > <.> ~ ~ ~ w w w a: a: 0 
~ ~ ~ ::J > Z I- a: a: a: <.> <.> <.> III 

F1 REFLO NC 

G1 CREF G2 

E1 CREF C3 

02 COMMON A3 

C2 V INHI V G3 

NC TC7106ACLW NC TC7106ACKW BP/GNO 

B2 
TC7107ACLW INLO OSC1 

TC7107ACKW POL 
(PLCC) (FLAT PACKAGE) 

~ NZ AB4 

F2 BUFF 01 E3 

E2 INT C1 F3 

03 V- B1 BJ 

ri? J: .fl' J ~ 
<.> 0 '" .r '" '" .f .r- eF w '" &' ~ .f .f' .fl' '" z z '" <.> '" 0 0 « 

~ 
III 

4350 ILL FDa 
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PIN DESCRIPTION 

40-Pin DIP 
Pin Number 

(Normal) (Reverse) Symbol 

(40) V+ 

2 (39) 0, 

3 (38) C, 

4 (37) B, 

5 (36) A, 

6 (35) F, 

7 (34) G, 

8 (33) E, 

9 (32) 02 

10 (31) C2 

11 (30) B2 

12 (29) A2 

13 (28) F2 

14 (27) E2 

15 (26) 03 

16 (25) B3 

17 (24) F3 
18 (23) E3 

19 (22) AB4 

20 (21) POL 

21 (20) BP 
GNO 

22 (19) G3 

23 (18) AJ 
24 (17) C3 

25 (16) G2 

26 (15) V-

27 (14) VINT 

28 (13) VBUFF 

29 (12) CAZ 

30 (11) VIN 

31 (10) VIN 

32 (9) Analog 
Common 

33 (8) CREF 

V TELCOM SEMICONDUCTOR, INC. 

TC71 OSn1 OSA 
TC71 07n1 07 A 

Description 

Positive supply voltage. 

Activates the 0 section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the 0 section of the tens display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the 0 section of the hundreds display. 

Activates the B section of the hundreds display. 

Activates the F section of the hundreds display. 

Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

LCD Backplane drive output (TC7106A). 
Digital ground (TC7107A). 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

Integrator output. Connection pOint for integration capaCitor. See 
INTEGRATING CAPACITOR section for more details 

Integration resistor connection. Use a 47 kO resistor for a 200 mV full
scale range and a 470 kn resistor for 2V full-scale range. 

The size of the auto-zero capacitor influences system noise. Use a 
0.47-~F capacitor for 200 mV full scale, and a 0.047-~F capacitor for 
2V full scale. See Paragraph on AUTO-ZERO CAPACITOR for more 
details. 

The analog LOW input is connected to this pin. 

The analog HIGH input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode voltage 
for battery operation or in systems where the input signal is 
referenced to the power supply. It also acts as a reference voltage 
source. See paragraph on ANALOG COMMON for more details. 

See pin 34. 
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TC7107n107A 

PIN DESCRIPTION (CONT,) 

40-Pin DIP 
Pin Number 

(Normal) 

34 

35 

36 

37 

38 

39 

40 

(Reverse) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

General Theory of Operation 

Symbol 

Test 

OSCs 

Dual Slope Conversion Principles 

(All Pin DeSignations Refer to the 40-Pin DIP) 

31/2 DIGIT AID CONVERTER 

Description 

A 0.1-I!F capacitor is used in most applications. If a large common
mode voltage exists (for example, the VIN pin is not at analog 
common), and a 200-mV scale is used, a 1-I!F capacitor is recom
mended and will hold the roll-over error to 0.5 count. 

See pin 36. 

The analog input required to generate a full-scale output (1999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV 
full-scale. Place 1V between pins 35 and 36 for 2V full scale. See 
paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled HIGH (to V+) all segments will be turned on 
and the display should read -1888. It may also be used as a negative 
supply for externally-generated decimal pOints. See paragraph under 
TEST for additional information. 

See pin 40. 

See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48-kHz clock 
(3 readings per section), connect pin 40 to the junction of a 100-kQ 
resistor and a 1 OO-pF capacitor. The 100-kQ resistor is tied to pin 39 
and the 100-pF capacitor is tied to pin 38. 

where: 

VR = Reference Voltage 
T Sl = Signal Integration Time (Fixed) 

The TC71 06A and TC71 07 A are dual slope, integrating 
analog-to-digital converters. An understanding of the dual 
slope conversion technique will aid in following the detailed 
operation theory. 

T RI = Reference Voltage Integration Time (Variable) 

For a constant V,N: 

V,N = VR TRI 
TSI The conventional dual slope converter measurement 

cycle has two distinct phases: 

Input Signal Integration 
Reference Voltage Integration (Deintegration) 

The input Signal being converted is integrated for a fixed 
time period (T Sl). Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The reference integration time is directly proportional 
to the input signal (T RI). (Figure 2A). 

In a simple dual slope converter a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input Signal, 
reference voltage and integration time: 

1 VRTRI ITsl 

RC V'N(t)dt = RC 

o 
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REF 
VOLTAGE 

ii!~ I VIN ~ VFULL SCALE 

g .. ~ISPLAY COUNTER 

~ § I VIN ~ 112 VFULL SCALE 

FIXED VARIABLE 
SIGNAL REFERENCE 

INTEGRATE INTEGRATE 
TIME TIME 

Figure 2A Basic Dual Slope Converter 
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The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
ofthe averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50/60 Hz power line period. (Figure 2B) 
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o 
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If 

II 
~ I r liEAsU1EMrYjjiTI 

11T 101T 
INPUT FREQUENCY 
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Figure 28 Normal-Mode Rejection of Dual Slope Converter 

Analog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed, the circuit incorporates an auto-zero 
cycle. This cycle removes buffer amplifier, integrator, and 
comparator offset voltage error terms from the conversion. 
A true digital zero reading results without adjusting external 
potentiometers. A complete conversion consists of three 
cycles: an auto-zero, signal-integrate and reference-inte
grate cycle. 

Auto-Zero Cycle 

During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero-input condition. Additional ana
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on CAZ 
compensates for device offset voltages. The offset error 
referred to the input is less than 10 /lV. 

The auto-zero cycle length is 1000 to 3000 counts. 

V TELCOM SEMICONDUCTOR, INC. 

Signal Integrate Cycle 

TC71 06n1 06A 
TC71 07n1 07A 

When the auto-zero loop is opened, the internal differ-
ential inputs connect to ViN and YiN· The differential input 2 
signal is integrated for a fixed time period. The signal 
integration period is 1000 counts. The externally set clock 
frequency is divided by four before clocking the internal 
counters. The integration time period is: 

where: 

4 
TSI = -- x 1000 

fosc 

fosc = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range (1 V of either supply) when the con
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same power supply common, YiN should be 
tied to analog common. 

Polarity is determined at the end of the signal integrate 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection, limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Cycle 

The final phase is reference integrate or deintegrate. V
IN is internally connected to analog common and ViN is 
connected across the previously charged reference capaci
tor. Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is 
between 0 and 2000 counts. The digital reading displayed is: 

1000 x VVIN 
REF 

Digital Section (TC7106A) 

The TC7106A (Figure 3) contains all the segment driv
ers necessary to directly drive a 3 1/2 digit liquid crystal 
display (LCD). An LCD backplane driver is included. The 
backplane frequency is the external clock frequency divided 
by 800. For three conversions/second the backplane fre
quency is 60 Hz with a 5 V nominal amplitude. When a 
segment driver is in phase with the backplane signal the 
segment is "OFF." An out of phase segment drive signal 
causes the segment to be "ON" or visible. This AC drive 
configuration results in negligible DC voltage across each 
LCD segment. This insures long LCD display life. The 
polarity segment driver is "ON" for negative analog inputs. If 
ViN and YiN are reversed, this indicator will reverse. 
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When the TEST pin on the TC71 06A is pulled to V+, all 
segments are turned "ON." The display reads-1888. During 
this mode the LCD segments have a constant DC voltage 
impressed. DO NOT LEAVE THE DISPLAY INTHISMODE 
FOR MORE THAN SEVERAL MINUTES! LCD displays 
may be destroyed if operated with DC levels for extended 
periods. 

The display font and the segment drive assignment are 
shown in Figure 4. 

DISPLAY FONT 

0123'-156789 

-- I " " - " " -
o 
L' 

4350 ILL FOg 

Figure 4 Display Font and Segment Assignment 

In the TC71 06A, an internal digital ground is generated 
from a 6 volt zener diode and a large P channel source 
follower. This supply is made stiff to absorb the large 
capacitive currents when the backplane voltage is switched. 

Digital Section (TC71 07 A) 

Figure 5 shows the TC71 07 A. It is designed to drive 
common anode LEDs. It is identical to the TC71 06A except 
that the regulated supply and backplane drive have been 
eliminated and the segment drive is typically 8 mAo The 
1000's output (pin 19) sinks currentfrom two LED segments, 
and has a 16 mA drive capability. 

In both devices, the polarity indication is "ON" for nega
tive analog inputs. If VjN and Vi'N are reversed, this indication 
can be reversed also, if desired. 

The display font is the same as the TC71 06A. 

System Timing 

The oscillator frequency is divided by 4 prior to clocking 
the internal decade counters. The three-phase measure
ment cycle takes a total of 4000 counts or 16000 clock 
pulses. The 4000 count cycle is independent of input signal 
magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 1000 to 3000 Counts 
(4000 to 12000 Clock Pulses) 

For signals less than full-scale, the auto-zero phase is 
assigned the unused reference integrate time period. 

V TELCOM SEMICONDUCTOR, INC. 

TC71 06171 06A 
TC71 07171 07 A 

• Signal Integrate: 1000 Counts 
(4000 Clock Pulses) 

This time period is fixed. The integration period is: 

TSI = 4000 [ fo:c ] 

Where fasc is the externally set clock frequency. 

• Reference Integrate: 0 to 2000 Counts 
(0 to 8000 Clock Pulses) 

The TC71 06A171 07 A are drop-in replacements for the 
7106/7107 parts. External component value changes are 
not required to benefit from the low drift internal reference. 

Clock Circuit 

Three clocking methods may be used: 
1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. An R-C oscillator using all three pins. 

I 

TO 
COUNTER 
I 

EXT 
asc 

I 
I 
I 

38 I ______ .1 

w~w 

TC7106A 
TC7107A 
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Figure 6 Clock Circuits 

Component Value Selection 
Auto-Zero Capacitor - CAZ 

The CAZ capacitor size has some influence on system 
noise. A 0.47!lF capacitor is recommended for 200 mV full
scale applications where 1 LSB is 100 !lV. A 0.047 !IF 
capacitor is adequate for 2.0 V full-scale applications. A 
mylar dielectric capacitor is adequate. 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference-integrate 
cycle is stored on CREF. A 0.1 !IF capacitor is acceptable 
when VjN is tied to analog common. If a large common-mode 
voltage exists (VREF '* analog common) and the application 
requires 200 mVfull-scale, increaseCREFto 1.0!lF. Rollover 
error will be held to less than 1/2 count. A mylar dielectric 
capacitor is adequate. 
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Integrating Capacitor - CINT 

CINT should be selected to maximize the integrator 
output voltage swing without causing output saturation. Due 
to the TC71 06A/71 07 A superior temperature coefficient 
specification, analog common will normally supply the differ
ential voltage reference. For this case a ±2 V full-scale 
integrator output swing is satisfactory. For 3 readings/ 
second (fase = 48 kHz) a 0.22 /!F value is suggested. If a 
different oscillator frequency is used, CINT must be changed 
in inverse proportion to maintain the nominal ±2 V integrator 
swing. 

An exact expression for CINT is: 

(4000) (_1_)( VFS ) 
fase RINT 

CINT = ~-------
VINT 

Where: 

fase = Clock frequency at Pin 38 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing 

CINT must have low dielectric absorption to minimize 
rollover error. A polypropylene capacitor is recommended. 

INTEGRATING RESISTOR - RINT 

The input buffer amplifier and integrator are designed 
with class A output stages. The output stage idling current 
is 100!-lA. The integrator and buffer can supply 20 /!A drive 
currents with negligible linearity errors. RINT is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale, RINT is 47 kQ. 2.0 V full-scale requires 
470 kQ. 

Component 

Value 

Nominal Full-Scale Voltage 

200.0 mV 2.000 V 

0.471lF 
47 k.Q 

Note: 1. lose = 48 kHz (3 readings/sec) 
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0.047 1lF 
470 kQ 

0.221lF 

Oscillator Components 

TC71 06n1 06A 
TC71 07n1 07A 

Rose (Pin 40 to Pin 39) should be 100 kQ. Case is 
selected using the equation: 

0.45 
fase = RC 

For fase of 48 kHz, Case is 100 pF nominally. 
Notethatfase is divided byfourto generate the TC71 06A 

internal control clock. The backplane drive signal is derived 
by dividing fase by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal-integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
48kHz, 40 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 
kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz. 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

Required Full-Scale Voltage* 

200.0 mV 100.0 mV 

2.000 V 1.000 V 

In some applications a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output is 400 mV for 2000 Ib/in2. Rather than dividing the 
input voltage by two the reference voltage should be set to 
200 mY. This permits the transducer input to be used 
directly. 

The differential reference can also be used when a 
digital zero reading is required when VIN is not equal to zero. 
This is common in temperature measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and YiN. The transducer output is con
nected between VrN and analog common. 

The internal voltage reference potential available at 
analog common will normally be used to supply the convert
er's reference. This potential is stable whenever the supply 
potential is greater than approximately 7 V. In applications 
where an externally-generated reference voltage is desired, 
refer to Figure 7. 
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V+ 
V+r------4j..--

V 
TC7106A 
TC7107A 

(a) 

+IZ 

Figure 7 

V+ 

V 
TC7106A 
TC7107A 

VREF 

COMMON 
(b) 

External Reference 

Device Pin Functional Description 
Differential Signal Inputs 
(ViN (Pin 31), VjN (Pin 30)) 

V+ 

6.8 kg 

V 
TC04 

1.2V 
REF 

4350 ILL F11 

The TC71 06A17017 A is designed with true differential 
inputs and accepts input signals within the input stage 
common mode voltage range (VCM). The typical range is V+ 
-1.0to V-+1 V. Common-mode voltages are removed from 
the system when the TC7106AfTC7107A operates from a 
battery or floating power source (isolated from measured 
system) and YiN is connected to analog common (VCOM): 
See Figure 8. 

MEASURED 
SYSTEM 

3 1/2 DIGIT AID CONVERTER 

V full-scale swing. The integrator output will swing within 0.3 
V of V+ or V- without increasing linearity errors. 

VI=~I [VCM-VIN] 
Where: I 

TI = INTEGRATION TIME = 4f OOO 
OSC 

CI = INTEGRATION CAPACITOR 
RI = INTEGRATION RESISTOR 

4350 ILL F13 

Figure 9 Common-Mode Voltage Reduces Available Integrator 
Swing. (VCOM "VIN) 

Differential Reference 
(VREF (Pin 36), VREF (Pin 35)) 

The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent rollover errors from being induced by large 
common-mode voltages, CREF should be large compared to 
stray node capacitance. 

9V 
4350 ILL F12 

Figure 8 Common-Mode Voltage Removed in Battery Operation with ViN = Analog Common 

In systems where common-mode voltages exist, the 86 
dB common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator out
put level. Integrator output saturation must be prevented. A 
worst-case condition exists if a large positive VCM exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with VCM (Figure 9). For such applications the integrator 
output swing can be reduced below the recommended 2.0 

2-102 

The TC7106AfTC7107A circuits have a significantly 
lower analog common temperature coefficient. This gives a 
very stable voltage suitable for use as a reference. The 
temperature coefficient of analog common is 20 ppmrC 
typically. 
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Analog Common (Pin 32) 

The analog common pin is set at a voltage potential 
approximately 3.0 V below V+. The potential is guaranteed 
to be between 2.7 V and 3.35 V below V+. Analog common 
is tied internally to the N channel FET capable of sinking 20 
rnA. This FET will hold the common line at 3.0 V should an 
external load attempt to pull the common line toward V+. 
Analog common source current is limited to 10!lA. Analog 
common is therefore easily pulled to a more negative 
voltage (Le., below V+ -3.0 V). 

The TC71 06A connects the internal Vi'N and ViN inputs 
to analog common during the auto-zero cycle. During the 
reference-integrate phase, ViN is connected to analog com
mon. If ViN is not externally connected to analog common, 
a common-mode voltage exists. This is rejected by the 
converter's 86 dB common-mode rejection ratio. In battery 
operation, analog common and ViN are usually connected, 
removing common-mode voltage concerns. In systems where 
ViN is connected to the power supply ground or to a given 
voltage, analog common should be connected to ViN. 

The analog common pin serves to set the analog section 
reference or common point. The TC7106A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TC71 06A power source. The analog common 
potential of V+ -3.0 V gives a 6 Vend of battery life voltage. 
The common potential has a 0.001 %/% voltage coefficient 
and a 15 n output impedance. 

With sufficiently high total supply voltage (V+ -V- > 
7.0 V) analog common is a very stable potential with excel
lent temperature stability-typically 20 ppm/oC. This poten
tial can be used to generate the reference voltage. An 
external voltage reference will be unnecessary in most 
cases because of the 50 ppm/oC maximum temperature 
coefficient. See Internal Voltage Reference discussion. 

Test (Pin 37) 

The TEST pin potential is 5 V less than V+. TEST may 
be used as the negative power supply connection for exter
nal CMOS logic. The TEST pin is tied to the internally 
generated negative logic supply (Internal Logic Ground) 
through a 500n resistor in the TC71 06A. The TEST pin load 
should be no more than 1 rnA . 

If TEST is pulled to V+ all segments plus the minus sign 
will be activated. Do not operate in this mode for more than 
several minutes with the TC71 06A. With TEST = V+ the LCD 
segments are impressed with a DC voltage which will 
destroy the LCD. 

The TEST pin will sink about 10 rnA when pulled to V+. 
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TC71 06n1 06A 
TC71 07n1 07 A 

Internal Voltage Reference Stability 

The analog common voltage temperature stability has 
been significantly improved (Figure 10). The "A" version of 
the industry standard circuits allow users to upgrade old 
systems and design new systems without external voltage 
references. External Rand C values do not need to be 
Changed. Figure 11 shows analog common supplying the 
necessary voltage reference for the TC71 06A1TC71 07 A. 

200 

6 180 
"E 

f- NO 
MAXIMUM 

a. 160 So 
f-

NO MAXIMUM I- SPECIFIED 
SPECIFIED 

z 140 w I- TYPICAL 
(5 
u:: 120 l-
u. w 
0 
0 

100 I- NO MAXIMUM 
w 
II: 80 ::::> 

~ 60 II: 
w 
a. 40 ::;;; 
w 
f-

20 

0 

MAXIMUM SPECIFIED 
I-

~ LIMIT ITYPiCAL: 
f- I I r----l I I 
I- I TYPICAL I I I : : I I 

I- I TC I I I 

7106A I ICL7106 I ICL7136 

4350 ILL F14 

Figure 10 Analog Common Temperature Coefficient 

1 

~ V ~ v+ 
..... 

24kn 

TC7106A 
TC7107A 

VREF 
36 

V~EF • 
1 kQ 

VREF 
35 I 

ANALOG ~ COMMON 

SET VREF = 1/2 VFULL SCALE 

4350 ILL F15 

Figure 11 Internal Voltage Reference Connection 
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Power Supplies 

The TC7107A is designed to work from ±5V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with two diodes, two capaci
tors, and an inexpensive IC. (Figure 12) 

In selected applications a negative supply is not re
quired. The conditions to use a single +5V supply are: 
• The input signal can be referenced to the center of the 

common-mode range of the converter. 
• The signal is less than ±1.5V. 
• An external reference is used. 

The TC7660 DC to DC converter may be used to 
generate -5 V from +5 V (Figure 13). 

OSCS 

V 
TC7107A 

1 ____________ _ 

v- =-3.sv 
4350 ILL F15 

Figure 12 Generating Negative Supply From +5 V 

+5V 

V COM 

TC7107A 

4350 ILL F17 

Figure 13 Negative Power Supply Generation with TC7660 
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TC71 07 Power Dissipation Reduction 

The TC7107A sinks the LED display current and this 
causes heat to build up in the IC package. If the internal 
voltage reference is used, the changing chip temperature 
can cause the display to change reading. By reducing the 
LED common anode voltage the TC71 07 A package power 
dissipation is reduced. 

Figure 14 is a photograph of a curve-tracer display 
showing the relationship between output current and output 
voltage for a typical TC71 07CPL. Since a typical LED has 
1.8 volts across it at 7 mA, and its common anode is 
connected to +5 V, the TC71 07A output is at 3.2 V (point A 
on Figure 13). Maximum power dissipation is 8.1 mA x 3.2 
V x 24 segments = 622 mW. 

Notice, however, that once the TC71 07 A output voltage 
is above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B in Figure 14) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
only7.7mAx2.5Vx24 =462mW,areductionof26%. An 
output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power disSipation by 38%! (7.3 
mA x 2.2 V x 24 = 385 mW). 

Figure 14 TC71 07 A Output Current VB Output Voltage 
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In addition to limiting maximum power dissipation, the 
resistor reduces the change in power dissipation as the 
display changes. This effect is caused by the fact that, as 
fewer segments are "ON," each "ON" output drops more 
voltage and current. For the best case of six segments (a 
"111" display) to worst case (a "1888" display) the resistor 
will change about 230 mW, while a circuit withoutthe resistor 
will change about 470 mW. Therefore, the resistor will 
reduce the effect of display dissipation on reference voltage 
drift by about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, a diode may be used instead of the resistor. 

+5V 

5.101/4W 
,--'l./V'v-, 

L--~---1 1 N4001 , 
~-+r-_J 

IN 

30 

V TC7107A 

-5V 

1500 

4350 ILL F19 

Figure 15 Diode or Resistor Limits Package Power Dissipation 
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TC71 OSn1 OSA 
TC7107n107A 

APPLICATIONS INFORMATION 
LIQUID CRYSTAL DISPLAY SOURCES 

Several LCD manufacturers supply standard LCD dis- 2 
plays to interface with the TC7106A 31/2 digit analog-to-
digital converter. 

Manufacturer Address/Phone Part Numbers1 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135,SX440 

216/655-2429 

AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 

Epson 3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414/648-2361 

Note: 1. Contact LCD manufacturer for full product listing! 
specifications. 

Light Emitting Diode Display Sources 

Several LED manufacturers supply seven segment 
digits with and without decimal point annunciators for the 
TC7107A. 

Manufacturer 

Hewlett-Packard 
Components 

AND 

Address Display Type 

640 Page Mill Rd. LED 
Palo Alto, CA 94304 

770 Airport Blvd. LED 
Burlingame, CA 94010 
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Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally-generated 
digital logic supply ground through a 500 Q resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD display annunciators for 
decimal points, low battery indication, or function indication 
may be added without adding an additional supply. No more 
than1 mA should be supplied by the TEST pin: its potential 
is approximately 5 V below V+. 

v+ 

~ 
Y 

TC7106A 

BP 

TEST 

TC7106A 

TEST 

21 

37 

DECIMAL 
POINT 

SELECT 

v+ 

4049 

v+ 

TO LCD 
DECIMAL 
POINT 

TO LCD 
BACK-
PLANE 

TO LCD 
DECIMAL 
POINTS 

4350 ILL F20 

Figure 16 Decimal Point Drive Using TEST as Logic Ground 
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Ratiometric Resistance Measurements 

The true differential input and differential reference 
make ratiometric reading possible. Typically in a ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor is applied to the 
reference input. If the unknown equals the standard, the 
display will read 1000. The displayed reading can be deter
mined from the following expression: 

. . R Unknown 
Displayed Reading = R Standard x 1000 

The display will overrange for R Unknown ~ 2 x R 
standard. 

RSTANDARD 

RUNKNOWN 

O---+--+--1V~ V ,.. 
TC7106A 

o--_--1ViN 
ANALOG 
COMMON 

Figure 17 Low Parts Count Ratiometric Resistance 
Measurement 

4350 ILL F21 

V TELCOM SEMICONDUCTOR, INC. 



3 1/2 DIGIT AID CONVERTER 

36 
AD636 

35 

32 

31 

30 

C1 = 3-10 pF VARIABLE, 26 
C2 = 132 pF VARIABLE 

TC71 OSn1 OSA 
TC71 07n1 07 A 

"W.J" 
'!'" 

TC7106A 

V+REF 

V-REF 

ANALOG 
COMMON 
V+IN 

V-IN 
39 

V-

4350 ILL F22 

Figure 18 3112 Digit True RMS AC DMM 

300 kQ 

t-------4------+----4V~ 
V 

TC7106A 50 ~ >----1 YiN 
VFS =2 V 

>----+------1 VREF 

COMMON 

Figure 19 Temperature Sensor 
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0.7%I"C 
PTC 

COMMON 

Figure 20 Positive Temperature Coefficient Resistor 
Temperature Sensor 

4350 ILL F24 
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11 
V+ 

V+REF "'ll\""V v T 
REF02 

6 1 S2 kn S.l kO TC911 SOkn TC7106A 
VOUT R2 V-REF 

R4 RS 

~NC 2 
~~1 

VFS =2.00V 
ADJ ~ 

3 3 
~~ 

V-IN 
TEMP VOUT= 

/ r'· SOkOL 

V+IN 

TEMPERATURE 2SoC 

DEPENDENT 1.3k Rl COMMON 
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GND V-

14 
1

26 

1 
4350 ILL F25 

Figure 21 Integrated Circuit Temperature Sensor 

TO PIN 1 

V + 

TC7106A IN 

+ 

4350 ILL F26 

Figure 22 TC7106A Using the Internal Reference: 200 mV Full
Scale, 3 Readings-per-second (RPS). 
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TO PIN 1 

D----...... -'\N\r--J'''''f\r---<~ +Sv 

+ 

IN 

D-..::.:::=:....:..;--------1~O -Sv 

4350 ILL F27 

Figure 23 TC7107A Internal Reference (200 mV Full-Scale, 
3 RPS, ViN Tied to GND for Single Ended Inputs). 
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g~4Jlg1~O----o'-.1I~-------..l 
CD4077 O/R = OVERRANGE 

U/R = UNDERRANGE 

4350 ILL F28 

Figure 24 Circuit for Developing Underrange and Overrange 
Signals from TC7106A Outputs. 

TOPIN1 

cr~~-------------------ov-

Figure 26 TC7107A With a 1.2 V External Band-Gap Reference. 
(V-IN Tied to Common.) . 
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TC7106A 
TC7107A 

TO PIN 1 

TC71 06n1 06A 
TC71 07n1 07A 

+ 

IN 

~~~----------------ov-

4350 ILL F29 

Figure 25 TC7106A1TC7107A: Recommended Component 
Values for 2.00 V Full-Scale 

TO PIN 1 

Figure 27 TC7107A Operated from Single +5 V Supply An 
External Reference Must Be Used in This Application. 
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"';"' Semiconductor, Inc. TC7116n116A 

TC7117n117A 

3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTERS WITH HOLD 
FEATURES 

• Low Temperature Drift Internal Reference 
TC71161TC7117 ............................. 80 ppm/oC Typ 
TC7116A1TC7117 A ........................ 20 ppm/oC Typ 

• Display Hold Function 
• Directly Drives LCD or LED Display 
• Guaranteed Zero Reading With Zero Input 
• Low Noise for Stable 

Display ......... 2V or 200 mV Full-Scale Range (FSR) 
• Auto-Zero Cycle Eliminates Need for Zero 

Adjustment Potentiometer 
• True Polarity Indication for Precision Null 

Applications 
• Convenient 9V Battery Operation 

(TC7116ITC7116A) 
• High Impedance CMOS Differential Inputs .... 10'2Q 
• Low Power Operation .................................... 10 mW 

ORDERING INFORMATION 

PART CODE TC711X X X XXX 

6=LCD} Tn 7=LED 

A or blank* 

R (reversed pins) or blank (CPL pkg only) 

* "A" parts have an improved reference TC 

Package Code (see below): -------------' 

Package Temperature 
Code Package Range 

CPL 40-Pin PDIP O°C to +70°C 

CLW 44-Pin PLCC O°C to +70°C 

CKW 44-Pin PQFP O°C to +70°C 

IPL 40-Pin PDIP - 25°C to +85°C 

AVAILABLE PACKAGES 

1:::::::::::::::::::1 
40-Pin Plastic DIP 

o 0 
44-Pin Plastic Quad Flat 44-Pin Plastic Chip 
Package Formed Leads Carrier PLCC 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC7116A1TC7117A are 3-1/2 digit CMOS analog
to-digital converters (ADCs) containing all the active 
components necessary to construct a 0.05% resolution 
measurement system. Seven-segment decoders, polarity 
and digit drivers, voltage reference, and clock circuit are 
integrated on-chip. The TC7116A drives liquid crystal 
displays (LCDs) and includes a backplane driver. The 
TC7117 A drives common anode light emitting diode (LED) 
displays directly with an 8-mA drive current per segment. 

These devices incorporate a display hold (HLDR) 
function. The displayed reading remains indefinitely, as 
long as HLDR is held high. Conversions continue, but 
output data display latches are not updated. The reference 
low input (VREF) is not available as it is with the TC71 06/ 
7107. VREF is tied internally to analog common in the 
TC7116A17117 A devices. 

The TC7116A17117 A reduces linearity error to less 
than 1 count. Roll-over error (the difference in readings for 
equal magnitude but opposite polarity input signals) is 
below ±1 count. High-impedance differential inputs offer 1 
pA leakage current and a 1 0'2Q input impedance. The 15 
J..lVp.p noise performance guarantees a "rock solid" reading. 
The auto-zero cycle guarantees a zero display reading with 
a OV input. . 

The TC7116A and TC7117 A feature a preCision, low
drift internal reference, and are functionally identical to the 
TC7116fTC7117. A low-drift external reference is not 
normally required with the TC7116A1TC7117 A. 

LCD DISPLAY (TC7116J7116A) 

lMQ 

32 ANALOG 
COMMON'!!II'""IIi" y+ ~3~5 ___ --, 

~ 

2 YBUFF i~;::~: 
24kQ 

36 YREF -=. 9Y 
YREF 1 kQ 

100mV 
0.22 ~F 

TO ANALOG 
40 COMMON (PIN 32) 

3 CONVERSIONSfSEC 

l00kQ 

Figure 1 Typical TC71161A17/A Operating Circuit 
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ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage 

3-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTERS WITH HOLD 

Operating Temperature 
TC7116rrC7116A: v+ to V- ................................ 15V "c" Device .............................................. O°C to +70°C 
TC7117rrC7117 A: V+ to GND ............................. +6V "I" Device .......................................... - 25°C to +S5°C 

V- to GND ............................ - 9V Storage Temperature ........................... - 65°C to +150°C 
Analog Input Voltage (Either Input) (Note 1) ........ V+ to V- Lead Temperature (Soldering, 60 sec) ................... 300°C 
Reference Input Voltage (Either Input) ................. V+ to V-

·Static·sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

Clock Input 
TC7116rrC7116A .................................... TEST to V+ 
TC7117rrC7117A ...................................... GND to V+ 

Power Dissipation (Note 2) 
CerDIP ........................................................ 1000 mW 
Plastic ........................................................... SOO mW 

ELECTRICAL CHARACTERISTICS (Note 3) 

Parameter Test Conditions Min Typ Max Unit 

Zero Input Reading VIN=OV - ±O - Digital 
Full Scale = 200 mV Reading 

Ratiometric Reading VIN = VREF 999 999/1000 1000 Digital 
VREF = 100 mV Reading 

Roll-Over Error (Difference in -VIN = +VIN = 200 mV or = 2V -1 ±0.2 +1 Counts 
Reading for Equal Positive and 
Negative Readings Near Full Scale) 

Linearity (Maximum Deviation From Full Scale = 200 mV or 2V -1 ±0.2 +1 Counts 
Best Straight Line Fit) 

Common-Mode Rejection Ratio (Note 4) VCM = ±1V, VIN = OV - 50 - IlVN 
Full Scale = 200 mV 

Noise (Peak-to-Peak Value Not VIN=OV - 15 - IlV 
Exceeded 95% of Time) Full Scale = 200 mV 

Leakage Current at Input VIN =OV - 1 10 pA 

Zero Reading Drift VIN=OV 
"C" Device: O°C to +70°C - 0.2 1 IlV/oC 
"I" Device: -25°C to +S5°C - 1 2 Ilv/oC 

Scale Factor Temperature Coefficient VIN = 199 mV 
"C" Device: O°C to +70°C - 1 5 ppm/DC 
(Ext Ref = 0 ppm/DC) 
"I" Device: -25°C to +S5°C - - 20 ppm/oC 

Input Resistance, Pin 1 Note 6 30 70 - kn 

VIL, Pin 1 TC7116/A Only - - Test +1.5 V 

VIL, Pin 1 TC7117/A Only - - GND+1.5 V 

VIH, Pin 1 Both V+-1.5 - - V 

Supply Current (Does Not Include VIN=OV - O.S 1.S rnA 
LED Current for 7117/ A) 

Analog Common Voltage 25 kg Between Common 2.4 3.05 3.35 V 
(With Respect to Positive Supply) and Positive Supply 

Temperature Coefficient of Analog Common "C" Device: O°C to +70°C 
(With Respect to Positive Supply) TC7116A1TC7117A - 20 50 ppm/DC 

TC7116ITC7117 - SO - ppm/DC 

Temperature Coefficient of Analog Common "I" Device: -25°C to +S5°C - - 75 ppm/DC 
(With Respect to Positive Supply) 25 kg Between Common and 

Positive Supply (TC7116A1TC7117 A) 
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CONVERTERS WITH HOLD 

ELECTRICAL CHARACTERISTICS (Cant.) 

Parameter Test Conditions 

TC7116rrC7116A ONLY Peak-to-Peak V+to V-= 9V 
Segment Drive Voltage (Note 5) 

TC7116rrC7116A ONLY Peak-to-Peak V+toV-=9V 
Backplane Drive Voltage (Note 5) 

TC7117rrC7117A ONLY Segment V+=5V 
Sinking Current (Except Pin 19) Segment Voltage = 3V 

TC7117rrC7117A ONLY Segment V+=5V 
Sinking Current (Pin 19 Only) Segment Voltage = 3V 

NOTES: 1, Input voltages may exceed supply voltages, provided input current is limited to ±100 J!A. 

Min 

4 

4 

5 

10 

2, Dissipation rating assumes device is mounted with all leads soldered to printed circuit board, 

Typ 

5 

5 

8 

16 

TC7116n116A 
TC7117n117A 

Max Unit 

6 V 

6 V 

- mA 

-- f--:----
- mA 

3, Unless otherwise noted, specifications apply at TA = +25°C, icLOCK = 48 kHz, TC7116ITC7116A and TC7117ITC7117A are tested in the 
circuit of Figure 1, 

4, Refer to "Differential Input" discussion, 
5, Backplane drive is in-phase with segment drive for "OFF" segment, 180' out-of-phase for "ON" segment Frequency is 20 times 

conversion rate, Average DC component is less than 50 mV, 
6, The TC7116ITC7116A logic inputs have an internal pull-down resistor connected from HLDR, pin 1 to TEST, pin 37, 

The TC7117ITC7117A logic inputs have an internal pull-down resistor connected from HLDR, pin 1to GND, pin 21, 
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PIN CONFIGURATIONS 

NOTES: 

IS" 
Ul 
0 

V 
TC7116CLW 

TC7116ACLW 
TC7117CLW 

TC7117ACLW 
(PLCC) 

1. NC = No internal connection. 

HLOR I ~ , 
l's 

C2 V 
10's 

B2 TC7116 
TC7116A 

~ 
A2 

F2 

E2 

03 

B3 

TC7117 
TC7117A 

100's 
F3 L E3 

l000's-AB4 

POL 
(MINUS SIGN) 

:E 
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OSCl 

OSC2 

OSC3 

TEST 

VREF 

V+ 

CREF 

CFiEF 

COMMON 

YiN 

VIN 

CAZ 

VBUFF 

VINT 

V-

G2 l 
C3 lOO's 

A3 J 
G3 

BP/GNO 
(TC711617117) 
(TC7116AfTC7117 A) 

Z 
0 ... ::Ii 

w ::Ii ,a: 0 
0 

TC7116CKW 
TC7116ACKW 
TC7117CKW 

TC7117ACKW 

~ 

(FLAT PACKAGE) 

I-
~ 

N C'II ('II IN N N (f) 
COlD -C ... w C 

2. Pins 9, 25, 40, and 56 are connected to the die substrate. The potential at these pins is approximately V: No external connections 
should be made. 
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PIN DESCRIPTION 

44-Pin 
40-Pin DIP Plastic Quad 
Pin Number Flat Package 

Normal Pin Number 

8 

2 9 

3 10 

4 11 

5 12 

6 13 

7 14 

8 15 

9 16 

10 17 

11 18 

12 19 

13 20 

14 21 

15 22 

16 23 

17 24 

18 25 

19 26 

20 27 

21 28 

22 29 

23 30 

24 31 

25 32 

26 34 

27 35 

28 36 

29 37 

30 38 

31 39 

32 40 

V TELCOM SEMICONDUCTOR, INC. 

Symbol 

HLDR 

POL 

BP 
GND 

V-

VBUFF 

CAZ 

VjN 

\fiN 
COMMON 

TC7116n116A 
TC7117n117A 

Description 

Hold pin, Logic 1 holds present display reading. 

Activates the D section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the D section of the tens display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the D section of the hundreds display. 

Activates the B section of the hundreds display. 

Activates the F section of the hundreds display. 

Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

LCD backplane drive output (TC7116fTC7116A). 
Digital ground (TC7117fTC7117A). 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

Integrator output. Connection point for integration 
capacitor. See Integration CapaCitor section for 
additional details. 

Integration resistor connection. Use a 47 k.Q resistor for 
200 mV full-scale range and a 470 kQ resistor for 2V 
full-scale range. 

The size of the auto-zero capacitor influences system 
noise. Use a 0.47 IlF capaCitor for 200 mV full scale and 
a 0.0471lF capacitor for 2V full scale. See Auto-Zero 
Capacitor paragraph for more details. 

The analog LOW input is connected to this pin. 

The analog HIGH input is connected to this pin. 

This pin is primarily used to set the analog common
mode COMMON voltage for battery operation or in 
systems where the input signal is referenced to the 
power supply. See Analog Common paragraph for more 
details. It also acts as a reference voltage source. 
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PIN DESCRIPTION (Cont.) 

40·Pin DIP 
Pin Number 

Normal 

33 

34 

35 

36 

37 

38 

39 

40 

2-116 

44-Pin 
Plastic Quad 
Flat Package 
Pin Number 

41 

42 

43 

44 

3 

4 

6 
7 

Symbol 

CREF 

V+ 

TEST 

OSCs 

OSC1 
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Description 

See pin 34. 

A 0.1 !J.F capacitor is used in most applications. If a 
large, common-mode voltage exists (e.g., the ViN pin is 
not at analog common), and a 200 mV scale is used, a 1 
!J.F capacitor is recommended and will hold the roll-over 
error to 0.5 count. 

Positive power supply voltage. 

The analog input required to generate a full-scale output 
(1999 counts). Place 100 mV between pins 32 and 36 
for 199.9 mV full scale. Place 1V between pins 32 and 
36 for 2V full scale. See paragraph on Reference 
Voltage. 

Lamp test. When pulled HIGH (to V+), all segments will 
be turned on and the display should read -1888. It may 
also be used as a negative supply for externally
generated decimal pOints. See Test paragraph for more 
details. 

See pin 40. 

See pin 40. 

Pins 40, 39 and 38 make up the oscillator section. For 
a 48 kHz clock (3 readings per sec), connect pin 40 to 
the junction of a 100 kQ resistor and a 100 pF capacitor. 
The 100 kQ resistor is tied to pin 39 and the 100 pF 
capacitor is tied to pin 38. 
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, v+ 

, 
+ '31 

v lN , 

34 36 

COMPARATOR 

TC7116n116A 
TC7117n117A 

TO 
DIGITAL 

SECTION 

ANALOG :32 V 
COMMON O, ........ ---+--..... -~---...... TC7116 

TC7116A 
V- O' ..... 30_-{Xl--__ -------+----------' TC7117 IN 

, INT 26 TC7117A 
1 ______ --------------- ________________________________ _ 

V-

Figure 3 Analog Section of TC71161TC7116A and TC7117ITC7117 A 

ANALOG SECTION 
(All Pin designations refers to 40-Pin Dip) 

Figure 3 shows the block diagram of the analog section 
for the TC7116fTC7116A and TC7117fTC7117A. Each 
measurement cycle is divided into three phases: (1) auto
zero (A-Z) , (2) signal integrate (lNT), and (3) reference 
integrate (REF) or deintegrate (DE). 

Auto-Zero Phase 

High and low inputs are disconnected from the pins 
and internally shorted to analog common. The reference 
capacitor is charged to the reference voltage. A feedback 
loop is closed around the system to charge the auto-zero 
capacitor (CAZ) to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the com
parator is included in the loop, A-Z accuracy is limited only 
by system noise. The offset referred to the input is less 
than 10 I1V. 

Signal-Integrate Phase 

The auto-zero loop is opened, the internal short is 
removed, and the internal high and low inputs are con
nected to the external pins. The converter then integrates 
the differential voltages between V'iN and VIN for a fixed 
time. This differential voltage can be within a wide com
mon-mode range; 1 V of either supply. However, if the input 
signal has no return with respect to the converter power 
supply, VIN can be tied to analog common to establish the 
correct common-mode voltage. At the end of this phase, 
the polarity of the integrated signal is determined. 

V TELCOM SEMICONDUCTOR, INC. 

Reference Integrate Phase 

The final phase is reference integrate, or deintegrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to 
the input signal. The digital reading displayed is: 

Reference 

1000x ~ 
VREF 

The positive reference voltage (V+REF) is referred to 
analog common. 

Differential Input 

This input can accept differential voltages anywhere 
within the common-mode range of the input amplifier or, 
specifically, from 1 V below the positive supply to 1 V above 
the negative supply. In this range, the system has a CMRR 
of 86 dB, typical. However, since the integrator also swings 
with the common-mode voltage, care must be exercised to 
ensure that the integrator output does not saturate. A 
worst- case condition would be a large, positive common
mode voltage with a near full-scale negative differential 
input voltage. The negative-input signal drives the integra
tor positive when most of its swing has been used up by the 
positive common-mode voltage. For these critical applica-
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v+ 

V 
TC7116 

TC7116A 
TC7117 

TC7117A 20 kD 

V+REFt--~ 

COMMON 

v+ 

6.8kD 

~ ,. 
TC9491CZM 

Figure 4 Using an External Reference 

tions, the integrator swing can be reduced to less than the 
recommended 2V full-scale swing with little loss of accu
racy. The integrator output can swing within 0.3V of either 
supply without loss of linearity. 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation (TC7116fTC7116A) or for any 
system where the input signals are floating with respect to 
the power supply. The analog common pin sets a voltage 
approximately 2.SV more negative than the positive supply. 
This is selected to give a minimum end-of-life battery voltage 
of about 6V. However, analog common has some attributes 
of a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7V) , the analog 
common voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance (=1SQ), and a temperature coef
ficient of less than 20 ppm/oC, typically, and 50 ppm maxi
mum. The TC7116fTC7117 temperature coefficients are 
typically SO ppm/oC. 

An external reference rnay be used, if necessary, as 
shown in Figure 4. 

Analog common is also used as VIN return during auto
zero and deintegrate. IfViN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR ofthe converter. However, in 
some applications, ViN will be set at a fixed, known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same pOint, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage; if it can be 
conveniently referenced to analog common, it should be. 
This removes the common-mode voltage from the reference 
system. 

Within the IC, analog common is tied to an N-channel 
FET that can sink 30 mA or more of current to hold the 
voltage 3V below the positive supply (when a load is trying 
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y+ - - -y+ --, , 
4049 

TC7116 
TC7116A 

TOlCD 
DECIMAL 
POINT 

BPt:2::=1----.---..... 

TESTt:3=7:------t----..... TO LCD 
'---------0 BACK

PLANE 

Figure 5 Simple Inverter for Fixed Decimal Point 

.---------'v+ .- - --. , v+ 
BPt----....... -;--\ 

V 
TC7116 

TC7116A 

DECIMAL 
POINT 

SELECT 

TOlCD 
DECIMAL 
POINTS 

TEST ,_ !03~ _, ...... ~== ____ --.JGND 

Figure 6 Exclusive "OR" Gate for Decimal Point Drive 

EXT 
OSC 

TC71161TC7116A 
TC7117rrC7117A 

Figure 7 Clock Circuits 

to pull the analog common line positive). However, there is 
only 10 lJA of source current, so analog common may easily 
be tied to a more negative voltage, thus overriding the 
internal reference. 

TEST 
The TEST pin serves two functions. On the TC7117/ 

TC7117 A, it is coupled to the internally-generated digital 
supply through a SOOQ resistor. Thus, it can be used as a 
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negative supply for externally-generated segment drivers, 
such as decimal points or any other presentation the user 
may want to include on the LCD. (Figures 5 and 6 show 
such an application.) No more than a 1 mA load should be 
applied. 

The second function is a "lamp test." When TEST is 
pulled HIGH (to V+), all segments will be turned ON and 
the display should read -1888. The TEST pin will sink 
about 10 mA under these conditions. 

DIGITAL SECTION 
Figures 8 and 9 show the digital section for TC7116/ 

TC7116A and TC7117ITC7117A, respectively. For the 
TC7116ITC7116A (Figure 8), an internal digital ground is 
generated from a 6V zener diode and a large P-channel 
source follower. This supply is made stiff to absorb the 
relative large capacitive currents when the backplane (BP) 

TC7116n116A 
TC7117n117A 

voltage is switched. The BP frequency is the clock fre
quency +800. For 3 readings per second, this is a 60-Hz 
square wave with a nominal amplitude of 5V. The seg-
ments are driven at the same frequency and amplitude, 2 
and are in-phase with BP when OFF, but out-of-phase 
when ON. In all cases, negligible DC voltage exists across 
the segments. 

Figure 9 is the digital section of the TC7117ITC7117A. 
It is identical to the TC7116ITC7116A, except that the 
regulated supply and BP drive have been eliminated, and 
the segment drive is typically 8 mAo The 1000's output (pin 
19) sinks current from two LED segments, and has a 16-mA 
drive capability. The TC7117ITC7117A are designed to 
drive common anode LED displays. 

In both devices, the polarity indication is ON for analog 
inputs. If VIN and VtN are reversed, this indication can be 
reversed also, if desired. 

-/ 8 8 8 
TC7116 

TC7116A 

--------------------------- -

TYPICAL SEGMENT OUTPUT 
--------~-------v+ 

SEGMENT 
OUTPUT 

INTERNAL DIGITAL GROUND 

TO SWITCH DRIVERS .----+-----------, 

38 ------
OSC3 HLDR 

Figure 8 TC71161TC7116A Digital Section 

V TELCOM SEMICONDUCTOR, INC. 

BACKPLANE 

21 

35 v+ 

r-----4.------;-"/V\r"-o TEST 

----~~~~---------OV-

2-119 



TC7116n116A 
TC7117n117A 

System Timing 

The clocking method used for the TC7116fTC7116A 
and TC7117fTC7117A is shown in Figure 9. Three clocking 
methods may be used: 

(1) An external oscillator connected to pin 40. 

(2) A crystal between pins 39 and 40. 
(3) An RC network using all three pins. 

The oscillator frequency is ..;-4 before it clocks the 
decade counters. It is then further divided to form the three 
convert-cycle phases: Signal integrate (1000 counts), refer
ence deintegrate (0 to 2000 counts), and auto-zero (1000 to 
3000 counts). For Signals less than full scale, auto-zero gets 
the unused portion of reference deintegrate. This makes a 
complete measure cycle of 4000 (16,000 clock pulses) 
independent of input voltage. For 3 readings per second, an 
oscillator frequency of 48 kHz would be used. 

V 
TC7117 

TC7117A 

TYPICAL SEGMENT OUTPUT 
--------~------V+ 

TO 
SEGMENT 

DIGITAL GROUND 

-I 
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To achieve maximum rejection of 60-Hz pickup, the 
signal-integrate cycle should be a multiple of 60 Hz. Oscil
lator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 
kHz, 40 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 
kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings per second) will reject both 50 Hz and 60 Hz. 

HOLD Reading Input 

When HLDR is at a logic HIGH the latch will not be 
updated. Analog-to-digital conversions will continue but will 
not be updated until HLDR is returned to LOW. To continu
ously update the display, connect to test (TC7116fTC7116A) 
or ground (TC7117fTC7117 A), or disconnect. This input is 
CMOS compatible with 70 kQ typical resistance to TEST 
(TC7116fTC7116A) or ground (TC7117fTC7117A). 

8 8 8 

TO SWITCH DRIVERS ... ----1-------.., 

.--------.:::.:..0 TEST 

_ ••••• ~9 •• ___ ~8 • ____ • ____ • ___ .J __ ;72 ~~ ___ • ____ ••••• •• -
OSC1 OSC2 OSC3 HLDR 

Figure 9 TC7117ITC7117A Digital Section 
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COMPONENT VALUE SELECTION 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influ
ence on system noise. For 200 mV full scale, where noise 
is very important, a 0.47 IlF capacitor is recommended. On 
the 2V scale, a 0.047 IlF capacitor increases the speed of 
recovery from overload and is adequate for noise on this 
scale. 

Reference Capacitor 
A 0.1 IlF capacitor is acceptable in most applications. 

However, where a large common-mode voltage exists (i.e., 
the VjN pin is not at analog common), and a 200-mV scale 
is used, a larger value is required to prevent roll-over error. 
Generally, 1 IlF will hold the roll-over error to 0.5 count in 
this instance. 

Integrating Capacitor 
The integrating capacitor should be selected to give the 

maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approximately 0.3V from 
either supply). In the TC7116rrC7116A or the TC7117/ 
TC7117A, when the analog common is used as a reference, 
a nominal ±2V full- scale integrator swing is acceptable. For 
the TC7117rrC7117A, with ±5V supplies and analog com
mon tied to supply ground, a ±3.5V to ±4V swing is nominal. 
For 3 readings per second (48 kHz clock), nominal values 
for CINT are 0.221l1 F and 0.10 IlF, respectively. If different 
oscillator frequencies are used, these values should be 
changed in inverse proportion to maintain the output swing. 

The integrating capacitor must have low dielectric ab
sorption to prevent roll-over errors. Polypropylene capaci
tors are recommended for this application. 

Integrating Resistor 
Both the buffer amplifier and the integrator have a class 

A output stage with 100 IlA of quiescent current. They can 
supply 20 !lA of drive current with negligible nonlinearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2V full scale, 470 kQ is near 
optimum and, similarly, 47 kQ for 200 mV full scale. 

Oscillator Components 
For all frequency ranges, a 100-kQ resistor is recom

mended; the capacitor is selected from the equation: 

f=~. 
RC 

For a 48 kHz clock (3 readings per second), C = 100 pF. 
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Reference Voltage 
To generate full-scale output (2000 counts), the analog 

input requirement is VIN = 2 VREF. Thus, for the 200 mVand 
2V scale, VREF should equal 100 mV and 1V, respectively. 
In many applications, where the ADC is connected to a 
transducer, a scale factor exists between the input voltage 
and the digital reading. For instance, in a measuring system 
the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing 
the input down to 200 mV, the designer should use the input 
voltage directly and select VREF = 350 mV. Suitable values 
for integrating resistor and capacitor would be 120 kQ and 
0.22 IlF. This makes the system slightly quieter and also 
avoids a divider network on the input. The TC7117 rrC7117 A, 
with ±5V supplies, can accept input signals up to ±4V. 
Another advantage of this system is when a digital reading 
of zero is desired for VIN '* O. Temperature and weighing 
systems with a variable tare are examples. This offset 
reading can be conveniently generated by connecting the 
voltage transducer between V1N and analog common, and 
the variable (or fixed) offset voltage between analog com
mon andVjN. 

TC7117ITC7117 A POWER SUPPLIES 

The TC7117 rrC7117 A are designed to operate from 
±5V supplies. However, if a negative supply is not available, 
it can be generated with a TC7660 DC-to-DC converter and 
two capacitors. Figure 10 shows this application. 

In selected applications, a negative supply is not re
quired. The conditions for using a single +5V supply are: 

(1) The input signal can be referenced to the center of 
the common-mode range of the converter. 

(2) The signal is less than ±1.5V. 
(3) An external reference is used. 

+5V 

v+ + VREF V 
TC04 

COM 
32 

'9" "'!!!!I'" 
Y -= 

TC7117 V~ 31 + 

TC7117A VIN 
YiN 30 

8 
21 

-= 

Figure 10 Negative Power Supply Generation With TC7660 
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TYPICAL APPLICATIONS 

V 
TC7116 

TC7116A 

+ 

IN 

Figure 11 TC7116JTC7116A Using the Internal Reference 
(200 mV Full Scale, 3 Readings Per Second (RPS) 

+5V 

+ 
V .,.. IN 

TC7117 
TC7117A 

-5V 

Figure 12 TC7117rrC7117A Internal Reference (200 mV Full 
Scale, 3 RPS, YIN Tied to GND for Single-Ended Inputs.) 
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CD4077 OIR = OVERRANGE 
U7R= UNDERRANGE 

Figure 13 Circuit for Developing Underrange and Overrange 
Signals from TC7116JTC7116A Outputs 

40 
39 
38 
37 
36 
35 
34 
33 

..,..~ 32 
31 1 Mil IN 

TC7117 30 
TC7117A 29 

28 

-V 

Figure 14 TC7117rrC7117A With a 1.2V External Band-Gap 
Reference (YIN Tied to Common) 
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~~~ 

TC7116 
TC7116A 
TC7117 

TC7117A 

24kQ 

+ 

IN 

~~~~--------------~v-

Figure 15 Recommended Component Values for 2V Full Scale 
(TC71161TC7116A and TC7117ITC7117 A) 

APPLICATIONS INFORMATION 

The TC7117 rrC7117 A sink the LED display current, 
causing heat to build up in the IC package. If the internal 
voltage reference is used, the changing chip temperature 
can cause the display to change reading. Sy reducing the 
LED common anode voltage, the TC7117 rrC7117 A pack
age power dissipation is reduced. 

Figure 17 is a curve-tracer display showing the relation
ship between output current and output voltage for typical 
TC7117CPLrrC7117ACPL devices. Since a typical LED 
has 1.8V across it at 8 mA and its common anode is 
connected to +5V, the TC7117 rrC7117 A output is at 3.2V 
(Paint A, Figure 17). Maximum power dissipation is 8.1 mA 
x 3.2V x 24 segments = 622 mW. 

However, notice that once the TC7117rrC7117A's out
put voltage is above 2V, the LED current is essentially 
constant as output voltage increases. Reducing the output 
voltagebyO.7V (PointS Figure 17) results in 7.7 mA of LED 
current, only a 5% reduction. Maximum power dissipation is 
now only 7.7 mA x 2.5V x 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 V (Point C) reduces LED 
current by 10% (7.3 mAl, but power dissipation by 38% (7.3 
mA x 2.2V x 24 = 385 mW). 
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TC7117 
TC7117A 

TC7116n116A 
TC7117n117A 

IN 

Figure 16 TC7117ITC7117A Operated from Single +5V Supply 
(An External Reference Must Be Used in This 
Application.) 

Reduced power dissipation is very easy to obtain. 
Figure 18 shows two ways: Either a 5.1 n, 1/4W resistor, or 
a 1 A diode placed in series with the display (but not in series 
with the TC7117rrC7117A). The resistor reduces the 
TC7117 rrC7117 A's output voltage (when all 24 segments 
are ON) to Point C of Figure 17. When segments turn off, the 
output voltage will increase. The diode, however, will result 
in a relatively steady output voltage, around Point S. 

In addition to limiting maximum power dissipation, the 
resistor reduces change in power dissipation as the display 
changes. The effect is caused by the fact that, as fewer 
segments are ON, each ON output drops more voltage and 
current. For the best case of six segments (a "111" display) 
to worst case (a "1888" display), the resistor circuit will 
change about 230 mW, while a circuit without the resistor will 
change about 470 mW. Therefore, the resistor will reduce 
the effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, a diode may be used instead of the resistor. 
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Figure 17 TC7117ITC7117A Output Current vs Output Voltage 
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Figure 18 Diode or Resistor Limits Package Power Dissipation 
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TC7126A 

3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 

FEATURES 

• Low Temperature Drift Internal Reference 
TC7126 ........................................ 80 ppm/DC Typ 
TC7126A ..................................... 35 ppm/DC Typ 

• Guaranteed Zero Reading With Zero Input 
• Low Noise .................................................... 15IlVp_p 
• High Resolution ............................................. 0.05% 
• Low Input Leakage Current ...................... 1 pA Typ 

10 pA Max 
• Precision Null Detectors With True Polarity at 

Zero 
• High-Impedance Differential Input 
• Convenient 9V Battery Operation With 

Low Power Dissipation ......................... 500 IlW Typ 
900llW Max 

TYPICAL APPLICATIONS 

• Thermometry 
• Bridge Readouts: Strain Gauges, Load Cells, Null 

Detectors 
• Digital Meters and Panel Meters 

- Voltage/CurrentlOhms/Power, pH 
• Digital Scales, Process Monitors 

TYPICAL OPERATING CIRCUIT 

0.1 ~F 

34 33 

1 MQ C~EF CREF 

0--'V\{Ir-...... --=3"'f1 vi\, 
AN~~~~ 0.01 ~F 

0-__ -+----"3"10 ViN 

180 kn 

0.15~F 

TC7126 
TC7126A 

560 kQ 

V+j-!l ___ -..., 

240 k!l 

V~EF 1-"3=-6 --'<10 kQ 

VREF 35 

-=- 9V 

v -... 2>e..6 --+-----' 
1 CONVERSION/SEC 

TO ANALOG COMMON 
(PIN 32) 

NOTE: Pin numbers refer to 40-pin DIP. 

GENERAL DESCRIPTION 

The TC7126A is a 3-1/2 digit CMOS analog-to-digital 
converter (ADC) containing all the active components nec
essary to construct a 0.05% resolution measurement sys
tem. Seven-segment decoders, digit and polarity drivers, 
voltage reference, and clock circuit are integrated on-chip. 
The TC7126A directly drives a liquid crystal display (LCD), 
and includes a backplane driver. 

A low-cost, high-resolution indicating meter requires 
only a display, four resistors, and four capacitors. The 
TC7126A's extremely low power drain and 9V battery 
operation make it ideal for portable applications. 

The TC7126A reduces linearity error to less than 1 
count. Roll-over error (the difference in readings for equal 
magnitude but opposite polarity input signals) is below ±1 
count. High-impedance differential inputs offer 1 pA leak
age current and a 1012Q input impedance. The 15 I1Vp-p 
noise performance guarantees a "rock solid" reading, and 
the auto-zero cycle guarantees a zero display reading with 
a OV input. 

The TC7126A features a precision, low-drift internal 
voltage reference and is functionally identical to the TC7126. 
A low-drift external reference is not normally required with 
the TC7126A. 

ORDERING INFORMATION 

PART CODE TC7126X X XXX 

A or blank" =--.J 
R (reversed pins) or blank (CPL pkg only) 

* "A" parts have an improved reference TC 

Package Code (see below): ________ ---.J 

Package Temperature 
Code Package Range 

CPL 40-Pin PDIP O°C to +70°C 

IPL 40-Pin PDIP (non-A only) - 25°C to +85°C 

CLW 44-Pin PLCC O°C to +70°C 

CKW 44-Pin PQFP O°C to +70°C 

AVAILABLE PACKAGES 

C::::::::] 0 D 
40-Pin Plastic DIP 44-Pin Plastic Quad Flat 44-Pin Plastic Chip 

Package Formed Leads Carrier PLCC 
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ABSOLUTE MAXIMUM RATINGS* 

3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

Supply Voltage (V+ to V-) ......................................... + 15V Power Dissipation (Note 2) 
Analog Input Voltage (Either Input) (Note 1) ....... V+ to V- CerDIP (J) ................................................... 1000 mW 
Reference Input Voltage (Either Input) ................ V+ to V- Plastic DIP (P) ............................................... 800 mW 
Clock Input ...................................................... TEST to V+ Plastic Quad Flat Package, PLCC (8, K, L) .. 500 mW 
Operating Temperature Range 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

C Devices .....................................•........ O°C to +70°C 
I Devices ........................................... - 25°C to +85°C 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ................. +300°C 

ELECTRICAL CHARACTERISTICS: Vs = +9V, fCLK = 16 kHz, and T A = +25°C, unless otherwise noted. 

Symbol Parameter Test Conditions Min Typ Max I Unit 

Input 
Zero Input Reading VIN =OV 

Full Scale = 200 mV 

Zero Reading Drift VIN = OV, O°C :s; TA:S; +70°C 

Ratiometric Reading VIN = VREF, VREF = 100 mV 

NL Linearity Error Full Scale = 200 mV or 2V 
Max Deviation From Best Fit 
Straight Line 

Roll-Over Error -VIN = +VIN = 200 mV 

eN Noise VIN = OV, Full Scale = 200 mV 

Il Input Leakage Current VIN =OV 

CMRR Common-Mode Rejection VCM = ±IV, VIN = OV, 
Ratio Full Scale = 200 mV 

Scale Factor Temperature VIN = 199 mY, O°C :S;TA:S; +70°C 
Coefficient Ext Ref Temp Coeff = 0 ppm/DC 

Analog Common 
VCTC Analog Common 250 kQ Between Common and V+ 

Temperature Coefficient O°C:s; TA:S; +70°C ("C" Devices): 
TC7126 
TC7126A 

- 25°C :s; T A:S; +85°C ("I" Device): 
TC7126A 

Vc Analog Common Voltage 250 kQ Between Common and V+ 

LCD Drive 
VSD LCD Segment Drive Voltage V+ toV-= 9V 

VSD LCD Backplane Drive Voltage V+ to V = 9V 

Power Supply 
Is 

NOTES: 1. 
2. 
3. 

Power Supply Current VIN = OV, V+ to V = 9V (Note 6) 

Input voltage may exceed supply voltages when input current is limited to 100 f.I.A. 
Dissipation rating assumes device is mounted with all leads soldered to PC board. 
Refer to "Differential Input" discussion. 

-000.0 ±OOO.O +000.0 Digital 
Reading 

- 0.2 1 I!V/oC 

999 999/1000 1000 Digital 
Reading 

-1 ±0.2 1 Count 

-1 ±0.2 1 Count 

- 15 - I!Vp_p 

- 1 10 pA 

- 50 - I!VN 

- 1 5 ppm/DC 

- 80 - ppm/DC 
- 35 75 ppm/DC 

- 35 100 ppm/DC 

2.7 3.05 3.35 V 

55 100 I I!A 

4. Backplane drive is in-phase with segment drive for "OFF" segment and 180° out-ol-phase lor "ON" segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50 mY. 

5. 
6. 

2-126 

See "Typical Operating Circuit." 
During auto-zero phase, current is 10-20 itA higher. A 48 kHz oscillator increases current by 8 f.I.A (typical). Common current not 
included. 
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PIN CONFIGURATIONS 

I 
1'5 

10'5 
B2 

~ 
A2 

F2 

E2 

°3 

B3 
100'5 

L F3 

E3 

1000's_AB4 

POL 
(MINUS SIGN) 

'" ~ ~ o 0 

~~'fg!F 

TC7126CLW 
TC7126ACLW 

(PLCC) 

""<l§'..,,= TELCOM SEMICONDUCTOR, INC. 

OSC1 OSC1 

OSC2 OSC2 

OSC3 OSC3 

TEST 

V~EF V~EF 
VREF VREF 

C~EF C~EF 
CREF CREF 

ANALOG ANALOG 
COMMON COMMON 

YiN YiN 

VIN VIN 

CAZ CAZ 

VBUFF VBUFF 

VINT VINT 

V- V-

~2l I G2 

3 100's 100's 
C3 

A3 J L A3 

G3 G3 

BP BP 
(BACKPLANE) (BACKPLANE) 

NC = NO INTERNAL CONNECTION 

3 

5 

6 

7 

w~w 

TC7126CKW 
TC7126ACKW 

(FLAT PACKAGE) 

V+ 

0. l C1 

B1 

A1 1'5 

F1 

G1 

E1 

°2 

C2 

B2 
10'5 

~~ F2 

E2 

03 

B3 

F3 JO'5 

E3 

TC7126 
TC7126A 

AB4"'-1000'S 

POL 
(MINUS SIGN) 

2·127 



TC7126 
TC7126A 

PIN DESCRIPTION 

40-Pin DIP 
Pin Number 

Normal (Reverse) 

(40) 

2 (39) 

3 (38) 

4 (37) 

5 (36) 

6 (35) 

7 (34) 

8 (33) 

9 (32) 

10 (31) 

11 (30) 

12 (29) 

13 (28) 

14 (27) 

15 (26) 

16 (25) 

17 (24) 

18 (23) 

19 (22) 

20 (21) 

21 (20) 

22 (19) 

23 (18) 

24 (17) 

25 (16) 

26 (15) 

27 (14) 

28 (13) 

29 (12) 

30 (11) 

31 (10) 

32 (9) 

33 (8) 

2-128 

Name 

V+ 

Dl 

Cl 

Bl 

Al 

Fl 

Gl 

El 

D2 

C2 

B2 

A2 

F2 

E2 

D3 

B3 

F3 

E3 

AB4 

POL 

BP 

G3 

A3 
C3 

G2 
V-

VINT 

VBUFF 

CAZ 

VIN 

VIN+ 

ANALOG 
COMMON 

CREF-

3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

Description 

Positive supply voltage. 

Activates the D section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the D section of the tens display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the D section of the hundreds display. 

Activates the B section of the hundreds display. 

Activates the F section of the hundreds display. 

Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

Backplane drive output. 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build-up will not allow the integrator output to 
saturate. When analog common is used as a reference and the conversion rate is 
3 readings per second, a 0.047 J.1F capacitor may be used. The capacitor must 
have a low dielectric constant to prevent roll-over errors. See "Integrating Capaci
tor" section for additional details. 

Integration resistor connection. Use a 180 kn resistor for a 200 mV full-scale 
range and a 1.8 Mn resistor for a 2V full-scale range. 

The size of the auto-zero capacitor influences system noise. Use a 0.33 J.1F 
capacitor for 200 mV full scale, and a 0.033 J.1F capacitor for 2V full scale. See 
paragraph on auto-zero capacitor for more details. 

The low input signal is connected to this pin. 

The high input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode voltage for battery 
operation or in systems where the input signal is referenced to the power supply. 
See paragraph on analog common for more details. It also acts as a reference 
voltage source. 

See pin 34. 
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PIN DESCRIPTION (Cant.) 

40-Pin DIP 

TC7126 
TC7126A 

Pin Number 
Normal (Reverse) Name Description 2 
-------
34 (7) CREF+ A 0.1 flF capacitor is used in most applications. If a large common-mode voltage 

exists (for example, the VIN- pin is not at analog common), and a 200 mV scale is 
used, a 1 flF capacitor is recommended and will hold the roll-over error to 0.5 
count. 

35 (6) VREF See pin 36. 

36 (5) VREF+ The analog input required to generate a full-scale output (1999 counts). Place 100 
mV between pins 35 and 36 for 199.9 mV full scale. Place 1V between pins 35 
and 36 for 2V full scale. See paragraph on reference voltage. 

37 (4) TEST Lamp test. When pulled HIGH (to V+), all segments will be turned ON and the 
display should read -1888. It may also be used as a negative supply for exter
nally-generated decimal points. See paragraph under test for additional informa
tion. 

38 (3) OSC3 See pin 40. 

39 (2) See pin 40. 

40 (1 ) Pins 40, 39 and 38 make up the oscillator section. For a 48 kHz clock (3 readings 
per second), connect pin 40 to the junction of a 180 kO resistor and a 50 pF 
capacitor. The 180 kn resistor is tied to pin 39 and the 50 pF capacitor is tied to 
pin 38. 

GENERAL THEORY OF OPERATION 

(All Pin Designations Refer to the 40-Pin DIP) 

Dual-Slope Conversion Principles 

The TC7126A is a dual-slope, integrating analog-to
digital converter. An understanding of the dual-slope con
version technique will aid in following detailed TC7126A 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a 
fixed time period (tSI), measured by counting clock pulses. 
An opposite polarity constant reference voltage is then 
integrated until the integrator output voltage returns to 
zero. The reference integration time is directly proportional 
to the input signal (tRI). 

In a Simple dual-slope converter, a complete conver
sion requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

_1_ V (t) dt = VR tRI ftsl 
RC 0 IN RC ' 

V TELCOM SEMICONDUCTOR, INC. 

REF 
VOLTAGE 

where: 

Figure 1 Basic Dual·Slope Converter 

VR = Reference voltage 
tSI = Signal integration time (fixed) 
tRI = Reference voltage integration time (variable). 
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Figure 2 Normal-Mode Rejection of Dual-Slope Converter 

For a constant VIN: 

VIN = VR [:::} 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50 Hz/60 Hz power line period. 

ANALOG SECTION 

In addition to the basic integrate and deintegrate dual
slope cycles discussed above, the TC7126A design incor
porates an auto-zero cycle. This cycle removes buffer 
amplifier, integrator, and comparator offset voltage error 
terms from the conversion. A true digital zero reading results 
without external adjusting potentiometers. A complete con
version consists of three phases: 

(1) Auto-zero phase 

(2) Signal integrate phase 

(3) Reference integrate phase 

Auto-Zero Phase 

During the auto-zero phase, the differential input signal 
is disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional 
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analog gates close a feedback loop around the integrator 
and comparator. This loop permits comparator offset volt
age error compensation. The voltage level established on 
CAZ compensates for device offset voltages. The auto-zero 
phase residual is typically 10 I1V to 1511V. 

The auto-zero cycle length is 1000 to 3000 clock 
periods. 

Signal Integration Phase 

The auto-zero loop is entered and the internal differen
tial inputs connect to VIN+ and VIN-. The differential input 
signal is integrated for a fixed time period. The TC7126A 
signal integration period is 1000 clock periods, or counts. 
The externally-set clock frequency is +4 before clocking the 
internal counters. The integration time period is: 

4 
tSI = -- x 1000, 

fose 

where fose = external clock frequency. 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, VIN- should be tied to analog com
mon. 

Polarity is determined at the end of signal integrate 
phase. The sign bit is a true polarity indication, in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Phase 

The third phase is reference integrate, or deintegrate. 
VIN- is internally connected to analog common and VIN+ is 
connected across the previously-charged reference capaci
tor. Circuitry within the chip ensures thatthe capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is 
between 0 and 2000 internal clock periods. The digital 
reading displayed is: 

1000~ 
VREF 

DIGITAL SECTION 

The TC7126A contains all the segment drivers neces
sary to directly drive a 3-1/2 digit LCD. An LCD backplane 
driver is included. The backplane frequency is the external 
clock frequency +800. For 3 conversions per second the 
backplane frequency is 60 Hz with a 5V nominal amplitude. 
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When a segment driver is in-phase with the backplane 
signal, the segment is OFF. An out-of-phase segment drive 
signal causes the segment to be ON, orvisible. This AC drive 
configuration results in negligible DC voltage across each 
LCD segment, ensuring long LCD life. The polarity segment 
driver is ON for negative analog inputs. If VIN+ and VIN- are 
reversed, this indicator would reverse. 

On the TC7126A, when the TEST pin is pulled to V+, all 
segments are turned ON. The display reads -1888. During 
this mode, LCD segments have a constant DC voltage 
impressed. DO NOT LEAVE THE DISPLAY IN THIS MODE 
FOR MORE THAN SEVERAL MINUTES; LCDS MAY BE 
DESTROYED IF OPERATED WITH DC LEVELS FOR 
EXTENDED PERIODS. 

The display font and segment drive assignment are 
shown in Figure 4. 

System Timing 

The oscillator frequency is -.;-4 prior to clocking the 
internal decade counters. The three-phase measurement 
cycle takes a total of 4000 counts (16,000 clock pulses). 
The 4000-count cycle is independent of input signal magni
tude. 

Each phase of the measurement cycle has the following 
length: 

(1) Auto-zero phase: 1000 to 3000 counts 
(4000 to 12,000 clock pulses) 

For signals less than full scale, the auto-zero phase 
is assigned the unused reference integrate time 
period. 

(2) Signal integrate: 1000 counts 
(4000 clock pulses) 

This time period is fixed. The integration period is: 

tSI = 4000 [fo:e] , 

where fose is the externally-set clock frequency. 

(3) Reference integrate: 0 to 2000 counts 
(0 to 8000 clock pulses) 

DISPLAY FONT 

012 3l{S5 789 

1'1000'S T 1 OD's T 10'sT l's l 

1-- I 8 8 81 
Figure 4 Display Font and Segment Assignment 

2-132 

3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

The TC7126A is a drop-in replacement for the TC7126 
and ICL7126 that offers a greatly improved internal refer
ence temperature coefficient. No external component value 
changes are required to upgrade existing designs. 

COMPONENT VALUE SELECTION 

Auto-Zero CapaCitor (CAZ) 

The CAZ size has some influence on system noise. A 
0.33 IlF capacitor is recommended for 200 mV full-scale 
applications where 1 LSB is 10011 V. A 0.0331lF capacitor is 
adequate for 2V full-scale applications. A Mylar-type dielec
tric capacitor is adequate. 

Reference Voltage Capacitor (CREF) 

The reference voltage, used to ramp the integrator 
output voltage back to zero during the reference integrate 
phase, is stored on CREF. A 0.1 IlF capacitor is acceptable 
when VREF- is tied to analog common. If a large common
mode voltage exists (VREF- *- analog common) and the 
application requires a 200 mV full scale, increase CREF to 
1 IlF. Roll-over error will be held to less than 0.5 count. A 
Mylar-type dielectric capacitor is adequate. 

Integrating Capacitor (CINT) 

CINT .should be selected to maximize integrator output 
voltage swing without causing output saturation. Due to 
the TC7126A's superior analog common temperature co
efficient specification, analog common will normally sup
ply the differential voltage reference. For this case, a ±2V 
full-scale integrator output swing is satisfactory. For 3 
readings per second (fose = 48 kHz), a 0.047 IlF value is 
suggested. For 1 reading per second, 0.15 IlF is recom
mended. If a different oscillator frequency is used, CINT 
must be changed in inverse proportion to maintain the 
nominal ±2V integrator swing. 

An exact expression for CINT is: 

CINT= (4000) Gok) (~) , 
VI NT 

where: fose = Clock frequency at pin 38 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing. 

At 3 readings per second, a 7500 resistor should be 
placed in series with CINT. This increases accuracy by 
compensating for comparator delay. CINT must have low 
dielectric absorption to minimize roll-over error. A polypro
pylene capacitor is recommended. 
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Integrating Resistor (RINT) 

The input buffer amplifier and integrator are designed 
with Class A output stages. The output stage idling current 
is 6 IlA. The integrator and buffer can supply 1 IlA drive 
current with negligible linearity errors. RINT is chosen to 
remain in the output stage linear drive region, but not so 
large that PC board leakage currents induce errors. For a 
200 mV full scale, RINT is 180 kQ. A 2V full scale requires 
1.8 MQ. 

Component 

Value 

Nominal Full-Scale Voltage 

200 mV 2V 

CAZ 0.331LF 0.0331LF 
RINT 180 kQ 1.8MQ 

CINT 0.047 1LF 0.047 1LF 
NOTE: lose = 48 kHz (3 readings per sec). 

Oscillator Components 

Cosc should be 50 pF; Rosc is selected from the 
equation: 

f 0.45 
osc = RC . 

For a 48 kHz clock (3 conversions per second), R = 180 kQ. 

Note that fosc is ..,.4 to generate the TC7126A's inter
nal clock. The backplane drive signal is derived by dividing 
fosc by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 
kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings per second) will reject both 50 Hz and 60 Hz. 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

Required Full-Scale Voltage* 

200mV 100 mV 
2V 1V 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output for 2000 Ib/in.2 is 400 mV. Rather than dividing the 
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input voltage by two, the reference voltage should be set to 
200 mV. This permits the transducer input to be used 
directly. 

The differential reference can also be used where a 
digital zero reading is required when VIN is not equal to zero. 
This is common in temperature-measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and VIN-. The transducer output is con
nected between VIN+ and analog common. 

DEVICE PIN FUNCTIONAL DESCRIPTION 
(Pin Numbers Refer to 40-Pin DIP) 

Differential Signal Inputs 
VIN+ (Pin 31), VIN- (Pin 30) 

The TC7126A is designed with true differential inputs 
and accepts input signals within the input stage common
mode voltage range (VCM). Typical range is V+ -1V to V
+ 1 V. Common-mode voltages are removed from the system 
when the TC7126A operates from a battery or floating power 
source (isolated from measured system), and VIN- is con
nected to analog common (VCOM). (See Figure 5.) 

In systems where common-mode voltages exist, the 
TC7126A's 86 dB common-mode rejection ratio minimizes 
error. Common-mode voltages do, however, affect the inte
grator output level. A worst-case condition exists if a large 
positive VCM exists in conjunction with a full-scale negative 
differential signal. The negative signal drives the integrator 
output positive along with VCM (see Figure 6.) For such 
applications, the integrator output swing can be reduced 
below the recommended 2V full-scale swing. The integrator 
output will swing within 0.3V of V+ or V- without increased 
linearity error. 

Differential Reference 
VREF+ (Pin 36), VREF- (Pin 35) 

The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent roll-over type errors being induced by large 
common-mode voltages, CREF should be large compared to 
stray node capacitance. 

The TC7126A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage, suitable for use as a voltage reference. 
The temperature coefficient of analog common is typically 
35 pprnl°C for the TC7126A and 80 pprnl°C for the TC7126. 

ANALOG COMMON (Pin 32) 
The analog common pin is set at a voltage potential 

approximately 3V below V+. The potential is guaranteed to 
be between 2.7V and 3.35V below V+. Analog common is 
tied internally to an N-channel FET capable of sinking 
100 1lA. This FET will hold the common line at 3V should an 
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Figure 5 Common-Mode Voltage Removed In Battery Operation With VIN = Analog Common 

external load attempt to pull the common line toward V+. 
Analog common source current is limited to 1 ~. Therefore, 
analog common is easily pulled to a more negative voltage 
(i.e., below V+ -3V). 

The TC7126A connects the internal VIN+ and VIN
inputs to analog common during the auto-zero phase. 
During the reference-integrate phase, VIN- is connected to 
analog common. If VIN- is not externally connected to analog 
common, a common-mode voltage exists, but is rejected by 
the converter's 86 dB common-mode rejection ratio. In 
battery operation, analog common and VIN- are usually 
connected, removing common-mode voltage concerns. In 
systems where VIN- is connected to power supply ground 
or to a given voltage, analog common should be connected 
to VIN-. 

The analog common pin serves to set the analog section 
reference, or common point. The TC7126A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 

+ 

VI = ~ [VCM =VIN] 
Where: I . 4000 

tl = Integration time = fosc 

CI = Integration capacitor 
RI = Integration resistor 

Figure 6 Common-Mode Voltage Reduces Available Integrator 
Swing (VCOM oF VIN) 
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respect to the TC7126A's power source. The analog com
mon potential of V+ -3V gives a 7V end of battery life voltage. 
The common potential has a 0.001 %/% voltage coefficient 
and a 15n output impedance. 

With sufficiently high total supply voltage (V+-V- >7V), 
analog common is a very stable potential with excellent 
temperature stability (typically 35 ppm/oc). This potential 
can be used to generate the TC7126A's reference voltage. 
An external voltage reference will be unnecessary in most 
cases because of the 35 ppm/oC temperature coefficient. 
See "TC7126A Internal Voltage Reference" discussion. 

TEST (Pin 37) 

The TEST pin potential is 5V less than V+. TEST may be 
used as the negative power supply connection for external 
CMOS logic. The TEST pin is tied to the internally-generated 
negative logic supply through a 500n resistor. The TEST pin 
load should not be more than 1 rnA. See "Digital Section" for 
additional information on using TEST as a negative digital 
logic supply. 

If TEST is pulled HIGH (to V+), all segments plus the 
minus sign will be activated. DO NOT OPERATE IN THIS 
MODE FOR MORE THAN SEVERAL MINUTES. With 
TEST = V+, the LCD segments are impressed with a DC 
voltage which will destroy the LCD. 

TC7126A Internal Voltage Reference 

The TC7126A's analog common voltage temperature 
stability has been significantly improved (Figure 7). The "A" 
version of the industry-standard TC7126 device allows 
users to upgrade old systems and design new systems 
without external voltage references. External Rand C val
ues do not need to be changed. Figure 10 shows analog 
common supplying the necessary voltage reference for the 
TC7126A. 
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Figure 7 Analog Common Temperature Coefficient 

APPLICATIONS INFORMATION 

Liquid Crystal Display Sources 

Several manufacturers supply standard LCDs to inter
face with the TC7126A 3-1/2 digit analog-to-digital con
verter. 

Manufacturer Address/Phone 
Representativ~ 
Part Numbers 

Cryslaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135, SX440 

216-655-2429 

AND 770 Airport Blvd., FE 0801, 
Burlingame, CA 94010 FE 0203 
415-347-9916 

VGI, Inc. 1800 Vernon St., Sle. 2 11048, 11126 
Roseville, CA 95678 
916-783-7878 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414-648-2361 

"NOTE: Contact LCD manufacturer for full product listing/specifications. 

Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally-generated 
digital logic supply ground through a 500n resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
mA should be supplied by the TEST pin: its potential is 
approximately 5V below V+. 
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Figure 8 TC7126A Internal Voltage Reference Connection 

Flat Package 

The TC7126A is available in an epoxy 64-pin formed
lead flat package. A test socket for the TC7126ACBQ device 
is available: 

Part No. IC 51-42 
Manufacturer: Yamaichi 
Distribution: Nepenthe Distribution 

2471 East Bayshore 
Suite 520 
Palo Alto, CA 94043 
(415) 856-9332 

Ratiometric Resistance Measurements 

The TC7126A's true differential input and differential 
reference make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately-defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor applied to the refer
ence input. If the unknown equals the standard, the display 
will read 1000. The displayed reading can be determined 
from the following expression: 

Displayed reading = RUNKNOWN X 1000. 
RSTANDARD 

The display will overrange for RUNKNOWN ;;. 

2 X RSTANDARD. 
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TC7129 

4-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 
WITH ON-CHIP LCD DRIVERS 

FEATURES 

• Count Resolution ......................................... ±19,999 
• Resolution on 200 mV Scale .......................... 10).LV 
• True Differential Input and Reference 
• Low Power Consumption ................•.. 500 ~ at 9V 
• Direct LCD Driver for 4-1/2 Digits, Decimal Points, 

Low-Battery Indicator, and Continuity Indicator 
• Overrange and Underrange Outputs 
• Range Select Input ............................................ 10:1 
• High Common-Mode Rejection Ratio •.•....•.• 110 dB 
• External Phase Compensation Not Required 

ORDERING INFORMATION 

Pin Temperature 
Part No. Layout Package Range 

TC7129CPL Normal 40-Pin PDIP DoC to +70°C 
TC7129CKW Formed 44-Pin PQFP DoC to +70°C 

TC7129CLW 44-Pin PLCC DoC to +70°C 

TYPICAL OPERATING CIRCUIT 

LOW BATTERY 

+ 10 k.Q 

-=- 9V 

GENERAL DESCRIPTION 

The TC7129 is a 4-1/2 digit analog-to-digital converter 
(ADC) that directly drives a multiplexed liquid crystal dis
play (LCD). Fabricated in high-performance, low-power 
CMOS, the TC7129 ADC is designed specifically for high
resolution, battery-powered digital multi meter applications. 
The traditional dual-slope method of ND conversion has 
been enhanced with a successive integration technique to 
produce readings accurate to better than 0.005% of full 
scale, and resolution down to 10 ).LV per count. 

The TC7129 includes features important to multi meter 
applications. It detects and indicates low-battery condition. 
A continuity output drives an annunciator on the display, and 
can be used with an external driver to sound an audible 
alarm. Overrange and underrange outputs and a range
change input provide the ability to create auto-ranging 
instruments. For snapshot readings, the TC7129 includes a 
latch-and-hold input to freeze the present reading. This 
combination of features makes the TC7129 the ideal 
choice for full-featured multimeter and digital measurement 
applications. 

CONTINUITY 
y+ 

l sPF 

0120 kHz 

I 10PF 

y+ 

• NOTE: RC network between pins 26 and 28 is not required. 
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TC7129 

ABSOLUTE MAXIMUM RATINGS 

4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 

Supply Voltage (V+ to V-) ........................................... 15V 

Notes: Input voltages may exceed supply voltages, provided input current 
is limited to ±400 ~A. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ±1 mA. 

Reference Voltage (REF HI or REF LO) .............. V+ to V- Dissipation ratings assume device is mounted with all leads soldered to 
printed circuit board. Input Voltage (IN HI or IN LO) (Note 1) ................ V+ to V-

VDISP ................................................... V+ to DGND -<l.3V Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

Digital Input, Pins 
1,2,19,20,21,22,27,37,39,40 .......... DGND to V+ 

Analog Input, Pins 25, 29, 30 ............................... V+ to V-
Power Dissipation Plastic Package (Note 2) ....... 800 mW 
Operating Temperature Range .................... O°C to +70°C 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +30QoC 

ELECTRICAL CHARACTERISTICS: V+ to V- = 9V, VREF = 1 V, T A = +25°C, fCLK = 120 kHz, unless otherwise 
indicated. Pin numbers refer to 40-pin DIP. 

Symbol Parameter Test Conditions I Min Typ Max I Unit 

Input 

Zero Input Reading VIN = OV, 200 mV Scale -0000 0000 +0000 Counts 

Zero Reading Drift VIN = OV, O°C < TA < +70°C - ±0.5 - IN/oC 

Ratiometric Reading VIN = VREF = 1000 mY, Range = 2V 9997 9999 10000 Counts 

Range Change Accuracy VIN = 0.1Von Low Range 0.9999 1.0000 1.0001 Ratio 
+VIN = 1V on High Range 

RE Roll-Over Error -VIN = +VIN = 199 mV - 1 2 Counts 

NL Linearity Error 200 mV Scale - 1 - Counts 

CMRR Common-Mode Rejection Ratio VCM = 1V, VIN = OV, 200 mV Scale - 110 - dB 

CMVR Common-Mode Voltage Range VIN = OV - (V-) +1.5 - V 
200 mV Scale - (V+) -1 - V 

eN Noise (Peak-to-Peak Value Not VIN =OV - 14 - J.lVp.p 
Exceeded 95% of Time) 200 mV Scale 

hN Input Leakage Current VIN = OV, Pins 32, 33 - 1 10 pA 

Scale Factor Temperature VIN = 199 mY, O°C < TA < +70°C - 2 7 ppml°C 
Coefficient External VREF = 0 ppm/oC 

Power 

VCOM Common Voltage V+ to Pin 28 2.8 3.2 3.5 V 

Common Sink Current ACommon = +0.1 V - 0.6 - mA 
Common Source Current ACommon = -0.1 V - 10 - J.LA 

DGND Digital Ground Voltage V+ to Pin 36, V+ to V =9V 4.5 5.3 5.8 V 

Sink Current ADGND = +0.5V - 1.2 - mA 

Supply Voltage Range V+ to V- 6 9 12 V 

Is Supply Current Excluding Common Current V+ to V = 9V - 0.5 1 mA 

fCLK Clock Frequency - 120 360 kHz 

VOISP Resistance VOISP to V+ - 50 - kQ 

Low-Battery Flag Activation Voltage V+to V- 6.3 7.2 7.7 V 

Digital 
Continuity Comparator VOUT Pin 27 = High 100 200 - mV 
Threshold Voltages VOUT Pin 27 = Low - 200 400 mV 

Pull-Down Current Pins 37, 38, 39 - 2 10 J.LA 
"Weak Output" Current Pins 20, 21 Sink/Source - 3/3 - J.LA 
Sink/Source Pin 27 Sink/Source - 3/9 - J.LA 
Pin 22 Source Current - 40 - J.lA 
Pin 22 Sink Current - 3 - J.LA 
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4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 

PIN CONFIGURATIONS 

OSC2 

DP1 

ANNUNICATOR DRIVE DP2 

B1• C1• CONT RANGE 

A1• G1• Dl DGND 

Fl' E1• DP1 6 REF LO 

B2• C2• LO BATT 7 REF HI 

A2• G2• D2 IN HI 

F2• E2• DP2 IN LO 

B3• C3• MINUS BUFF 

DISPLAY A3• G3• D3 CREF 
OUTPUT 

LINES F3• E3• DP3 C~EF 

B4• C4• BCs COM 

A4.G4.D4 CONT 

F4.E4.DP4 INTOUT 

BP3 INTIN 

BP2 y+ 

BP1 V-

VDlsP LATCHIHOLD 

F,.E,.DP, 

B2• C:!. BAlT 2 

A:!. G2• 02 3 

F2• E2• OP2 4 

B3• C3• MINUS S 

A3• G3• 03 

F3• E3• OP3 8 

V 
TC7129CKW 

Dp.v0R -"1... ____ ....s- DP:fUR 

F,. E1• DPI 7 

B2• C:!. BAlT 8 

A2' G2. D2 9 

B4' C4• BCS 15 

A4' G40 04 

Q 

i 
i 

I-
Z 
0 
0 

J 
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TC7129 

PIN DESCRIPTIONS 

40-Pin DIP 
Pin Number 

Normal Name 

OSC1 

2 OSC3 
3 ANNUNCIATOR 

DRIVE 
4 B1, C1, CONT 

5 A1,G1,D1 
6 F1, E1,DP1 
7 B2, C2, LO BATT 

8 A2, G2, D2 
9 F2, E2, DP2 

10 B3, C3, MINUS 

11 As, G3, D3 

12 F3, E3, DP3 
13 B4, C4, BCs 
14 ~,D4, G4 
15 F4, E4, DP4 

16 BP3 
17 BP2 
18 BP1 

19 VDISP 
20 DP""OR 

21 DP3/UR 

22 LATCH/HOLD 

23 V-

24 V+ 

25 INTIN 

26 INTOUT 

27 CONTINUITY 

28 COMMON 

29 CREF+ 

30 CREF 
31 BUFFER 

32 IN LO 

33 IN HI 

34 REFHI 

35 REFLO 
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4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 

Function 

Input to first clock inverter. 

Output of second clock inverter. 

Backplane square-wave output for driving annunciators. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Backplane #3 output to display. 

Backplane #2 output to display. 

Backplane #1 output to display. 

Negative rail for display drivers. 

Input: When HI, turns on most significant decimal point. 
Output: Pulled HI when result CDunt exceeds ±19,999. 

Input: Second most significant decimal pOint on when HI. 
Output: Pulled HI when result count is less than ±1000. 

Input: When floating, ADC operates in the free-run mode. When pulled HI, the 
last displayed reading is held. When pulled LO, the result counter contents are 
shown incrementing during the deintegrate phase of cycle. 
Output: Negative-going edge occurs when the data latches are updated. Can 
be used for converter status signal. 
Negative power supply terminal. 

Positive power supply terminal and positive rail for display drivers. 

Input to integrator amplifier. 

Output of integrator amplifier. 

Input: When LO, continuity flag on the display is OFF. When HI, continuity flag 
is ON. 
Output: HI when voltage between inputs is less than +200 mY. LO when 
voltage between inputs is more than +200 mY. 

Sets common-mode voltage of 3.2V below V+ for DE, 10X, etc. Can be used 
as pre regulator for external reference. 

Positive side of external reference capacitor. 

Negative side of external reference capacitor. 

Output of buffer amplifier. 

Negative input voltage terminal. 

Positive input voltage terminal. 

Positive reference voltage input terminal. 

Negative reference voltage input terminal. 

V TELCOM SEMICONDUCTOR, INC. 



4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 

TC7129 

PIN DESCRIPTIONS 

40-Pin DIP 
Pin Number 

Normal Name Function 

36 DGND Internal ground reference for digital section. See "±5V Power Supply" para
graph. 

37 RANGE 3 i!A pull-down for 200 mV scale. Pulled HI externally for 2V scale. 

38 DP2 Internal 3 i!A pull-down. When HI, decimal point 2 will be on. 

39 DP1 Internal 3 i!A pull-down. When HI, decimal point 1 will be on. 

40 OSC2 Output of first clock inverter. Input of second clock inverter. 

COMPONENT SELECTION 

(All pin designations refer to 40-Pin Dip) 

The TC7129 is designed to be the heart of a high
resolution analog measurement instrument. The only addi
tional components required are a few passive elements, a 
voltage reference, an LCD, and a power source. Most 
component val ues are not critical; substitutes can be chosen 
based on the information given below. 

The basic circuit for a digital multimeter application is 
shown in Figure 1. See "Special Applications" for variations. 
Typical values for each component are shown. The sections 
below give component selection criteria. 

Oscillator (Xosc, C01, C02, Ro) 

The primary criterion for selecting the crystal oscillator 
is to chose a frequency that achieves maximum rejection of 
line-frequency noise. To do this, the integration phase 
should last an integral number of line cycles. The integration 
phase of the TC7129 is 10,000 clock cycles on the 200 mV 
range and 1000 clock cycles on the 2V range. One clock 
cycle is equal to two oscillator cycles. For 60 Hz rejection, the 
oscillator frequency should be chosen so that the period of 
one line cycle equals the integration time for the 2V range: 

1/60 second = 16.7 ms = 
1 000 clock cycles * 2 osc cycles/clock cycle 

oscillator frequency 

giving an oscillator frequency of 120 kHz. A similar calcula
tion gives an optimum frequency of 100 kHz for 50 Hz 
rejection. 

""'...,."'" TELCOM SEMICONDUCTOR, INC. 

The resistor and capacitor values are not critical; those 
shown work for most applications. In some situations, the 
capacitor values may have to be adjusted to compensate for 
parasitic capacitance in the circuit. The capacitors can be 
low-cost ceramic devices. 

Some applications can use a simple RC network instead 
of a crystal oscillator. The RC oscillator has more potential 
for jitter, especially in the least significant digit. See "RC 
Oscillator." 

Integrating Resistor (RINT) 

The integrating resistor sets the charging current for 
the integrating capacitor. Choose a value that provides a 
current between 5 J.lA and 20 J.lA at 2V, the maximum full
scale input. The typical value chosen gives a charging 
current of 13.3 J.lA: 

2V 
ICHARGE = --- 13.3 J.lA 

150 kO 

Too high a value for RINT increases the sensitivity to 
noise pickup and increases errors due to leakage current. 
Too Iowa value degrades the linearity of the integration, 
leading to inaccurate readings. 
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4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 
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Figure 1 Standard Circuit 
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4-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTER WITH ON-CHIP LCD DRIVERS 

Integrating Capacitor (CINT) 

The charge stored in the integrating capacitor during 
the integrate phase is directly proportional to the input 
voltage. The primary selection criterion for CINT is to choose 
a value that gives the highest voltage swing while remain
ing within the high-linearity portion of the integrator output 
range. An integrator swing of 2V is the recommended 
value. The capacitor value can be calculated from the 
equation: 

tiNT X liNT 
CINT - VSWING 

where tiNT is the integration time. 

Using the values derived above (assuming 60 Hz 
operation), the equation becomes: 

16.7 ms x 13.3 ~ 

The capacitor should have low dielectric absorption to 
ensure good integration linearity. Polypropylene and Teflon 
capacitors are usually suitable. A good measurement of the 
dielectric absorption is to connect the reference capacitor 
across the inputs by connecting: 

Pin to Pin 
20~33 
30~32 

(CREF+ to IN HI) 
(CREF- to IN LO) 

A reading between 10,000 and 9998 is acceptable; 
anything lower indicates unacceptably high dielectric ab
sorption. 

Reference Capacitor (CREF) 

The reference capacitor stores the reference voltage 
during several phases of the measurement cycle. Low 
leakage is the primary selection criterion for this component. 
The value must be high enough to offset the effect of stray 
capacitance at the capacitor terminals. A value of at least 
1 ItF is recommended. 
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Voltage Reference (DREF. RREF. RBIAS. CRF) 

A TC04 band-gap reference provides a high-stability 
voltage reference of 1.25V. The reference potentiometer 2 
(RREF) provides an adjustment for adjusting the reference 
voltage; any value above 20 kQ is adequate. The bias 
resistor (RBIAS) limits the current through DREF to less than 
150 I-LA. The reference filter capacitor (CRF) forms an RC 
filter with RBIAS to help eliminate noise. 

Input filter (RIF. CIF) 

For added stability, an RC input noise filter is usually 
included in the circuit. The input filter resistor value should 
not exceed 100 kQ. A typical RC time constant value is 
16.7 ms to help reject line-frequency noise. The input filter 
capacitor should have low leakage for a high-impedance 
input. 

Battery 

The typical circuit uses a 9V battery as a power source. 
Any value between 6Vand 12V can be used. For operation 
from batteries with voltages lower than 6V and for operation 
from power supplies, see "Powering the TC7129." 

SPECIAL APPLICATIONS 

The TC7129 as a Replacement Part 

The TC7129 is a direct pin-for-pin replacement part for 
the ICL7129. Note, however, that part requires a capacitor 
and resistor between pins 26 and 28 for phase compensa
tion. Since the TC7129 uses internal phase compensation, 
these parts are not required and, in fact, must be removed 
from the circuit for stable operation. 

Powering the TC7129 

While the most common power source for the TC7129 
is a 9V battery, there are other possibilities. Some of the 
more common ones are explained below. 
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±5V Power Supply 

Measurements are made with respect to power supply 
ground. DGND (pin 36) is set internally to about 5V less than 
V+ (pin 24); it is not intended as a power supply input and 
must not be tied directly to power supply ground. (It can be 
used as a reference for external logic, as explained in 
"Connecting to External Logic." (See Figure 2.) 

+5V 

V IN HI1-'3;;:;3~~IIV\r-( + 

TC7129 
O.1I1F IN LO..,3::2~~_-O 

-5V 

Figure 2 Powering the TC7129 From a ±5V Power Supply 

Low-Voltage Battery Source 

A battery with voltage between 3.8Vand 6V can be used 
to power the TC7129 when used with a voltage-doubler 
circuit as shown in Figure 3. The voltage doubler uses the 
TC7660 DC-to-DC voltage converter and two external ca
pacitors. 

+5V Power Supply 

Measurements are made with respect to power supply 
ground. COMMON (pin 28) is connected to REF La (pin 35). 
A voltage doubler is needed, since the supply voltage is less 
than the 6V minimum needed by the TC7129. DGND (pin 
36) must be isolated from power supply ground. (See Figure 
4.) 

Connecting to External Logic 

External logic can be directly referenced to DGND (pin 
36), provided that the supply current of the external logic 
does not exceed the sink current of DGND (Figure 5). A safe 
value for DGND sink current is 1.2 mAo If the sink current is 
expected to exceed this value, a buffer is recommended. 
(See Figure 6.) 
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+ 
3.8V 

-TO 
6V 

8 

V 
2 

TC7660 4 
5 

36 

V 
TC04 

DGND 

REFLO 
35 

V COM 
28 

TC7129 
33 INHI 

+ 

INLO 
32 

V-

23 

Figure 3 Powering the TC7129 From a Low-Voltage Battery 

+5V 

8 
V+ 2 

~ ... 
TC7660 4 

5 

36 DGND 

O.1I1F 
¥~ 

TC7129 

V-
23 

~'¥ 
TC04 

35 

28 

33 + 

32 

Figure 4 Powering the TC7129 From a +5V Power Supply 
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v+ 

I d= 24 

EXTERNAL 
LOGIC ='%' 

~~ 

I TC7129 
36 

OGNO 

ILOGIC 
~ 

f3 

v-

Figure 5 External Logic Referenced Oirectly to OGNO 

Temperature Compensation 

For most applications, VOISP (pin 19) can be connected 
directly to DGND (pin 36). For applications with a wide 
temperature range, some LCDs require that the drive levels 
vary with temperature to maintain good viewing angle and 
display contrast. Figure 7 shows two circuits that can be 

V+ 

1N4148 

24 

""'""""" ~ v 
TC7129 

19 
VOISP 

5k.Q 

36 
OGNO 

75 k.Q 
23 

EXTERNAL 
LOGIC 

24 

v 

TC7129 

Figure 6 External Logic Referenced to OGNO With Buffer 

adjusted to give temperature compensation of about 10 
mV/oC between V+ (pin 24) and VOISP. The diode between 
DGND and VOISP should have a low turn-ON voltage be
cause VOISP cannot exceed O.3V below DGND. 

20 k.Q 

v+ 

24 

~ 
"i" 

TC7129 

'----+ ..... ---1 VOISP 

OGNO 

23 

Figure 7 Temperature Compensating Circuits 
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RC Oscillator 

For applications in which 3-1/2 digit (100 I1V) resolution 
is sufficient, an RC oscillator is adequate. A recommended 
value for the capacitor is 51 pF. Other values can be used as 
long as they are sufficiently larger than the circuit parasitic 
capacitance. The resistor value is calculated from: 

R = 0.45 
freq *C 

For 120 kHz frequency and C = 51 pF, the calculated 
value of R is 75 kQ. The RC oscillator and the crystal 
oscillator circuits are shown in Figure 8. 

Measuring Techniques 

Two important techniques are used in the TC7129: 
successive integration and digital auto-zeroing. Successive 
integration is a refinement to the traditional dual-slope 
conversion technique. 

Dual-Slope Conversion 

A dual-slope conversion has two basic phases: inte
grate and deintegrate. During the integrate phase, the input 
signal is integrated for a fixed period of time; the integrated 
voltage level is thus proportional to the input Voltage. During 
the deintegrate phase, the integrated voltage is ramped 
down at a fixed slope, and a counter counts the clock cycles 
until the integrator voltage crosses zero. The count is a 

------- ------1 

270kQ 
5 pF 120 kHz 10 pF 

v+ o--J t---+--IDt---+--I 1--0 y+ 

1- _ 
1- - - - - - -

Figure 8 Oscillator Circuits 
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measurement of the time to ramp the integrated voltage to 
zero, and is therefore proportional to the input voltage being 
measured. This count can then be scaled and displayed as 
a measurement of the input voltage. Figure 9 shows the 
phases of the dual-slope conversion. 

The dual-slope method has a fundamental limitation. 
The count can only stop on a clock cycle, so that measure
ment accuracy is limited to the clock frequency. In addition, 
a delay in the zero-crossing comparator can add to the 
inaccuracy. Figure 10 shows these errors in an actual 
measurement. 

1 1 
INTEGRATE ~DEINTEGRATE~ 

1 

1 ZERO 
1 CROSSING 

1/ 

Figure 9 Dual-5lope Conversion 

Successive Integration 

The successive integration technique picks up where 
dual-slope conversion ends. The overshoot voltage shown 
in Figure 10, called the "integrator residue voitage," is 
measured to obtain a correction to the initial count. Figure 11 
shows the cycles in a successive integration measurement. 

The waveform shown is for a negative input signal. The 
sequence of events during the measurement cycle is: 

Phase 

REST 

X10 

DE2 

REST 

X10 

DE3 

Description 

Input signal is integrated for fixed time. (1000 clock 
cycles on 2V scale, 10,000 on 200 mV) 

Integrator voltage is ramped to zero. Counter counts 
up until zero crossing to produce reading accurate 
to 3-112 digits. Residue represents an overshoot of 
the actual input voltage. 

Rest; circuit settles. 

Residue voltage is amplified 10 times and inverted. 

Integrator voltage is ramped to zero. Counter counts 
down until zero crossing to correct reading to 4-1/2 
digits. Residue represents an undershoot of the 
actual input voltage. 

Rest; circuit settles. 

Residue voltage is amplified 10 times and inverted. 

Integrator voltage is ramped to zero. Counter counts 
up until zero crossing to correct reading to 5-1/2 
digits. Residue is discarded. 
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1 1 
INTEGRATE-I DEINTEGRATE 1_ 

OVERSHOOT DUE TO ZERO CROSSING 
BETWEEN CLOCK PULSES 

~----------------~~-.------~+~ 

I I I I 
CLOCK PULSES 

INTEGRATOR RESIDUE VOLTAGE 

t 
OVERSHOOT CAUSED BY 
COMPARATOR DELAY OF 
1 CLOCK PULSE 

Figure 10 Accuracy Errors in Dual-Slope Conversion 

INTEGRATE INTl DEl 

TC7129 

AND LATCH INTEGRATE 1 DEINTEGRATE IRESTI Xl0 1 DE2 1 REST 1 Xl0 1 DE3 1 ZERO INTEGRATE 
• .. .1.. .I"I~" .,1 • .-1. ~! .. .,1 .. 

1 1 1 1 1 1 1 

NOTE: Shaded area greatly expanded 
in time and amplitude. 

1 1 1 

V 
TC7129 

INTEGRATOR RESIDUAL VOLTAGE 

Figure 11 Integrator Waveform 

Digital Auto-Zeroing Inside the TC7129 

To eliminate the effect of amplifier offset errors, the 
TC7129 uses a digital auto-zeroing technique. After the 
input voltage is measured as described above, the mea
surement is repeated with the inputs shorted internally. The 
reading with inputs shorted is a measurement of the internal 
errors and is subtracted from the previous reading to obtain 
a corrected measurement. Digital auto-zeroing eliminates 
the need for an external auto-zeroing capacitor used in other 
ADCs. 
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Figure 12 shows a simplified block diagram of the 
TC7129. 

Integrator Section 

The integrator section includes the integrator, compara
tor, input buffer amplifier, and analog switches used to 
change the circuit configuration during the separate mea
surement phases described earlier. 
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: LATCH, DECODE DISPLAY MULTIPLEXER 
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1 
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OSC3 

1 
1 
1 
1 
1 

SEQUENCE COUNTER/DECODER 

1 
1 
1 
1 

~hU t 
CONTo---------1-~ 

1 

CONTROL LOGIC 

1 
V+o-----------~ 

V-o-----------~ 
ANALOG SECTION 1 

I-----------------~ REF HI 
DGNDo-----------~ 

1 
1 
1 v 
1 TC7129 
1 
1 
1 ______ -

COMMON IN IN 
HI LO 

Figure 12 Functional Diagram 
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REFHI REFLO 

COMMON o----F"---¥ 

INLOo-~~J-+--~~--~-----~-----------~ 

TC7129 

CONTINUITY 0------------...... --------..... TO DISPLAY DRIVER 

Figure 13 Integrator Block Diagram 

Table I. Switch Legends 

Label 

DE 
DE-

DE+ 

Meaning 

Open during all deintegrate phases. 

Closed during all deintegrate phases when input 
voltage is negative. 

Closed during all deintegrate phases when input 
voltage is positive. 

INTl Closed during the first integrate phase 
(measurement of the input voltage). 

Closed during the second integrate phase 
(measurement of the amplifier offset). 

INT Open during both integrate phases. 

REST Closed during the rest phase. 

ZI Closed during the zero-integrate phase. 

X10 Closed during the X10 phase. 

X10 Open during the X10 phase. 

The buffer amplifier has a common-mode input voltage 
range from 1.5V above V- to 1V below V+. The integrator 
amplifier can swing to within 0.3V of the rails, although for 
best linearity the swing is usually limited to within 1V. Both 
amplifiers can supply up to 80 J.lA of output current, but 
should be limited to 20 itA for good linearity. 

Continuity Indicator 

A comparator with a 200 mV threshold is connected 
between IN HI (pin 33) and IN LO (pin 32). Whenever the 
voltage between inputs is less than 200 mY, the 

V TELCOM SEMICONDUCTOR, INC. 

INHlo-~-CKr_r--~--~~~~ 

COM 0----+-----'.-

INLOo-~-CKr_r--...... ---~------

TO DISPLAY 
DRIVER 

(NOT LATCHED) 
CONTo------------------4---------~~ 

Figure 14 Continuity Indicator Circuit 

CONTINUITY output (pin 27) will be pulled HIGH, activating 
the continuity annunciator on the display. The continuity 
pin can also be used as an input to drive the continuity 
annunciator directly from an external source. A schematic 
of the input/output nature of this pin is shown in Figure 15. 
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.------------
1 
1 
1 
1 
1 

DPaJUR, PIN 21 01 ~~-I 
DP.v0R, PIN 20]1 

LA TCHIHOLD PIN 22 1 
CONTINUITY, PIN 27 1 

Figure 15 Input/Output Pin Schematic 

Common and Digital Ground 

The common and digital ground (DGND) outputs are 
generated from internal zener diodes. The voltage between 
V+ and DGND is the internal supply voltage for the digital 
section of the TC7129. Common can source approximately 
121JA; DGND has essentially no source capability. 

Low Battery 

The low battery annunciator turns on when supply 
voltage between V+ and V- drops below 6.8V. The internal 
zener has a threshold of 6.3V. When the supply voltage 
drops below 6.8V, the transistor tied to V-turns OFF, pulling 
the "Low Battery" point HIGH. (See Figure 16.) 

24 v+ 

t 
3.2V 

+ COM 
28 

5V 

1 36 
DGND 

P 

L-__________ ~~~----~----~2=3~V-

Figure 16 Digital Ground (DGND) and Common Outputs 
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Sequence and Results Counter 

A sequence counter and associated control logic pro
vide signals that operate the analog switches in the integra
tor section. The comparator output from the integrator gates 
the results counter. The results counter is a six-section up/ 
down decade counter which holds the intermediate results 
from each successive integration. 

Overrange and Underrange Outputs 

When the results counter holds a value greater than 
±19,999, the DP,JOR output (pin 20) is driven HIGH. When 
the results counter value is less than ±1000, the DPs/UR 
output (pin 21) is driven HIGH. Both signals are valid on the 
falling edge of LATCH/HOLD (DH) and do not change until 
the end of the next conversion cycle. The signals are 
updated at the end of each conversion unless the blH input 
(pin 22) is held HIGH. Pins 20 and 21 can also be used as 
inputs for external control of decimal pOints 3 and 4. Figure 
15 shows a schematic of the inpuVoutput nature of these 
pins. 

LatchIHold 

The UH output goes LOW during the last 100 cycles of 
each conversion. This pulse latches the conversion data into 
the display driver section of the TC7129. This pin can also 
be used as an input. When driven HIGH, the display will not 
be updated; the previous reading is displayed. When driven 
LOW, the display reading is not latched; the sequence 
counter reading will be displayed. Since the counter is 
counting much faster than the backplanes are being up
dated, the reading shown in this mode is somewhat erratic. 

Display Driver 

The TC7129 drives a triplexed LCD with three back
planes. The LCD can include decimal points, polarity sign, 
and annunciators for continuity and low battery. Figure 17 
shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane drive 
frequency is obtained by dividing the oscillator frequency by 
1200. This results in a backplane drive frequency of 100 Hz 
for 60 Hz operation (120 kHz crysta\) and 83.3 Hz for 50 Hz 
operation (100 kHz crystal). 

Backplane waveforms are shown in Figure 18. These 
appear on outputs BP1, BP2, BP3 (pins 16, 17, and 18). They 
remain the same regardless of the segments being driven. 

Other display output lines (pins 4 through 15) have 
waveforms that vary depending on the displayed values. 
Figure 19 shows a set of waveforms for the A, G, D outputs 
(pins 5, 8, 11, and 14) for several combinations of "ON" 
segments. 
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.------ LOW BATTERY ------- CONTINUITY 

F4,E4,DP4 -_ ..... 

A4, G4, 0 4 ------' 

B4, C4, BC4 --------' 

F3, E3, DP3 ---------' 

A3, G3, 0 3 -----------' 

I BACKPLANE 
CONNECTIONS 

B1, C1, CONTINUITY 
L..-___ A1, G1, 01 

'------- F1, E1, DP1 
'-------- B2, C2, LOW BATTERY 

L..-_______ A2, G2, O2 

B3, C3, MINUS ----------..... '----------- F2, E2, DP2 

Figure 17 Display Segment Assignments 

L 

Figure 18 Backplane Waveforms 

The ANNUNCIATOR DRIVE output (pin 3) is a square
wave running atthe backplane frequency (1 00 Hz or83.3 Hz), 
with a peak-to-peak voltage equal to DGND voltage. Con
necting an annunciator to pin 3 turns it ON; connecting it to 
its backplane turns it OFF. 
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-------------------------- VDD 
b SEGMENT-----------r "Ii 

LINE I ..-
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Figure 19 Typical Display Output Waveforms 
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TC7131 

LOW POWER, HIGH CMRR, 3-112 DIGIT ANALOG-TO-DIGITAL 
CONVERTER 
FEATURES 

• 120 dB CMRR (± 0.01 Count I Volt CMV error) 
• Fast Overrange Recovery, Guaranteed First 

Reading Accuracy 
• Low Temperature Drift Internal Reference 

TC7131 ........................................ 70 ppmf'C Typ 
• Guaranteed Zero Reading With Zero Input 
• Low Noise .................................................... 15 /lVp-p 
• High Resolution ............................................. 0.050/0 
• Wide Dynamic Range ..................................... 72 dB 
• Low Input Leakage Current ...................... 1 pA Typ 

10 pA Max 
• Direct LCD Drive - No External Components 
• Precision Null Detectors With True Polarity at 

Zero 
• High-Impedance Differential Input 
• Convenient 9V Battery Operation With 

Low Power Dissipation ..................•.....• 500 /lW Typ 
900/lW Max 

• Internal Clock Circuit 

TYPICAL APPLICATIONS 

• Thermometry 
• Bridge Readouts 

- Strain Gauges 
- Load Cells 
- Null Detectors 

• Digital Meters 
- Voltage/CurrentJOhmsJPower 
-pH 
- CapacitanceJlnductance 
- Fluid Flow RateNiscosity/Level 
-Humidity 
-Position 

• Digital Scales 
• Panel Meters 
• LVDT Indicators 
• Portable Instrumentation 
• Power Supply Readouts 
• Process Monitors 
• Gaussometers 

ORDERING INFORMATION 

Part No. Package 
Temperature 

Range 

Reference 
TempCo 

(Max) 

TC7131CPL 40-Pin Plastic DIP DoC to +70°C 150 ppm/oC 
TC7131 CLW 44-Pin PQFP DoC to + 70° C 150 ppm/oC 
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GENERAL DESCRIPTION 

The TC7131 is a low-power, 3-1/2 digit, LCD-drive 
analog-to-digital converter (ADC). It has superior DC Com
mon-Mode Rejection (CMR) when used with either a single 
or split power supply. It incorporates an "integrator output 
zero" phase which guarantees overrange recovery. The 
performance of existing TC7126, TC7126A and ICL7136-
based systems may be upgraded with minor changes to 
external passive components. (see "System Timing") 

The TC7131 limits linearity error to less than 1 count 
on 200 mV or 2V full-scale ranges. Roll-over error - the 
difference in readings for equal magnitude but opposite 
polarity input signals - is below ±1 count. High-impedance 
differential inputs offer 1 pA leakage currents and a 1012n 
input impedance. The differential reference input allows 
ratiometric measurements for ohms or bridge transducer 
measurements. The 15 /lVp-p noise performance guaran
tees a "rock solid" reading. The auto-zero cycle guarantees 
a zero display readout for a OV input. 

The single-chip CMOS TC7131 incorporates all the 
active devices for a 3-1/2 digit ADC to directly drive an 
LCD. The internal oscillator, precision voltage reference, 
and display segment/backplane drivers simplify system 
integration, reduce board space requirements and lower 
total cost. A low-cost, high-resolution (0.05%) indicating 
meter requires only a display, four resistors, four capaci
tors and a 9V battery. 

TYPICAL OPERATING CIRCUIT 

0.1 ~F 

34 33 

NALOG 
INPUT 

0-__ ...... --'30, YiN 

180kQ 

V+ 1 

28 VBUFF 240 kg 
TC7131 

CAZ 
V~EF /-,35:::"'--<10 kg 

ViiEFt;35~_ ... 
27 V1NT V-/-'2fi=-_+_---' 

OSC2 OSCa OSC! 

39 38 cose 40 

560kQ 

1 CONVERSIONISEC 

TO ANALOG COMMON 
(PIN 32) 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage (V+ to V-) ........................................... 15V 
Analog Input Voltage (Either Input) (Note 1) ....... V+ to V-
Reference Input Voltage (Either Input) ................ V+ to V-
Clock Input ...................................................... TEST to V+ 
Power Dissipation (Note 2) 

Plastic DIP (P) ............................................... 800 mW 
Flat Package (L) ............................................ 500 mW 

·Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not· 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

Operating Temperature Range 
C Devices .............................................. O°C to + 70°C 
Storage Temperature Range .......... -65°C to + 150°C 

Lead Temperature (Soldering, 60 sec) ................. +300°C 

ELECTRICAL CHARACTERISTICS: VS = 9V, fCLK = 16 kHz, and TA = +25°C, unless otherwise noted. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 

Zero Input Reading VIN =OV -000.0 ±OOO.O +000.0 Digital 
Full Scale = 200 mV Reading 

Zero Reading Drift VIN=OV,O°C$; TA$; +70°C - 0.2 1 I!VloC 

Ratiometric Reading VIN = VREF, VREF = 100 mV 999 999/1000 1000 Digital 
Reading 

NL Nonlinearity Error Full Scale = 200 mV or 2V -1 ±0.2 1 Count 
Max Deviation From Best 
Straight Line 

Roll-Over Error -VIN = +VIN ~ 200 mV -1 ±0.2 1 Count 

eN Noise VIN = OV, Full Scale = 200 mV - 15 - I!Vp_p 

IL Input Leakage Current VIN =OV - 1 10 pA 

CMRR Common-Mode Rejection VCM = ±1V, VIN = OV, - 1 - I!VN 
Ratio Full Scale = 200 mV 

Scale Factor Temperature VIN = 199 mY, O°C $; TA $; +70°C - 1 5 ppm/oC 
Coefficient Ext Ref Temp Coeff = 0 ppm/oC 

Analog Common 

VCTC Analog Common 250 kn Between Common and V+ 
Temperature Coefficient O°C $; TA $; +70°C - 70 150 ppmfOC 

Vc Analog Common Voltage 250 kW Between Common and V+ 2.7 3.05 3.35 V 

LCD Drive 

Vso LCD Segment Drive Voltage V+ to V- = 9V 4 5 6 Vp_p 

VBO LCD Backplane Drive Voltage V+toV =9V 4 5 6 Vp_p 

Power Supply 

Is Power Supply Current VIN = OV, V+ to V- = 9V (Note 6) 70 100 I !!A 
NOTES: 1. Input voltages may exceed supply voltages when input current is limited to 100 ).IA. 
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2. Dissipation rating assumes device is mounted with all leads soldered to PC board. 
3. Refer to "Differential Input" discussion. 
4. Backplane drive is in-phase with segment drive for "off" segment and 1800 out-of-phase for "on" segment. Frequency is 20 times 

conversion rate. Average DC component is less than 50 mV. 
5. See "Typical Operating Circuit". 
6. A 48 kHz oscillator increases current by 20 ).IA (typical). Common current not included. 

V TELCOM SEMICONDUCTOR, INC. 



LOW POWER, HIGH CMRR,3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTERS 

PIN CONFIGURATIONS 
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i: 9 
II.. 
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I 
l's 

v+ 

V 
TC7131 

(FLAT PACKAGE) 

C\I N ('\II ('III C\I N "" 
QUill < II.. W Q 

BP 
- ..... ___ --1,---- (BACKPLANE) 

NC = NO INTERNAL CONNECTION 

TC7131 
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PIN DESCRIPTION 

44-Pin 
40-Pin DIP Plastic Quad 

Pin Number Flat Package 
Pin Number 

2 

2 3 

3 4 

4 5 

5 6 

6 7 

7 8 

8 9 

9 10 

10 11 

11 13 

12 14 

13 15 

14 16 

15 17 

16 18 

Name 

V+ 

D1 

C1 

B1 

A1 

F1 

G1 

E1 

D2 

C2 

B2 

A2 

F2 

E2 

D3 

B3 

LOW POWER, HIGH CMRR,3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTERS 

Description 

Positive supply voltage. 

Activates the D section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the D section of the tens display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the D section of the hundreds display. 

Activates the B section of the hundreds display. 

17 19 F3 _______________ --"-______ A_c_tiv_a_te_s_t_h_e_F_s_e_ction of the hundreds display. 

18 20 E3 

19 21 AB4 

20 22 POL 

21 24 BP 

22 25 G3 

23 26 A3 

24 27 C3 

25 28 G2 
26 29 V-

27 30 VINT 

28 31 VBUFF 

29 32 CAZ 

30 33 VIN-

31 35 VIN+ 

32 36 ANALOG 
COMMON 
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Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

Backplane drive output. 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

The integrating capacitor should be selected to give the maximum 
voltage swing that ensures component tolerance build-up will not 
allow the integrator output to saturate. When ANALOG COMMON is 
used as a reference and the conversion rate is 3 readings per 
second, a 0.0471lF capacitor may be used. The capacitor must have 
a low dielectric constant to prevent roll-over errors. See Integrating 
Capacitor section for additional details. 

Integration resistor connection. Use a 180 kn for a 200 mV full-scale 
range and a 1.8 Mil for 2V full-scale range. 

The size of the auto-zero capacitor influences the system noise. Use 
a 0.471lF capacitor for a 200 mV full scale, and a 0.1 IlF capacitor for 
a 2V full scale. See paragraph on Auto-Zero Capacitor for more details. 

The low input signal is connected to this pin. 

The high input signal is connected to this pin. 

Internal V COMMON GENERATOR. 
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TC7131 PIN DESCRIPTION (Cant.) 

44-Pin 
40-Pin DIP Plastic Quad 

Pin Number Flat Package 

TC7131 

Pin Number Name Description 

33 37 CREF- See pin 34. 

34 38 CREF+ A 0.1 /-!F capacitor is used in most applications. If a large common-mode 
voltage exists (for example, the VIN- pin is not at analog common), and a 200 
mV scale is used, a 1 /-!F capacitor is recommended and will hold the roll-over 
error to 0.5 count. 

35 39 See pin 36. 

36 40 The analog input required to generate a full-scale output (1999 counts). Place 
100 mV between pins 35 and 36 for 199.9 mV full scale. Place 1 V between 
pins 35 and 36 for 2V full scale. See paragraph on Reference Voltage. 

37 41 TEST Lamp test. When pulled high (to V+) all segments will be tumed on and the 
display should read -1888. It may also be used as a negative supply for 
extemally-generated decimal points. See paragraph under TEST for additional 
information. 

38 42 See pin 40. 

39 43 See pin 40. 

40 44 Pins 40, 39 and 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
second) connect pin 40 to the junction of a 180 kf.l resistor and a 50 pF capacitor. 
The 180 kf.l resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 

GENERAL THEORY OF OPERATION 

(All Pin designations refer to 40-Pin DIP) 

Dual-Slope Conversion Principles 

The TC7131 is a dual-slope, integrating analog-to
digital converter. An understanding of the dual-slope con
version technique will aid in following detailed TC7131 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period (tSI), measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (tAl). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input Signal, 
reference voltage, and integration time: 

2.. ftsl V (t) dt = VR tRI 
RC IN RC' o 

V TELCOM SEMICONDUCTOR, INC. 

Figure 1 Basic Dual-Slope Converter 

where: 

VR = Reference voltage 
tSI = Signal integration time (fixed) 
tRI = Reference voltage integration time (variable). 

For a constant VIN: 
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Figure 2 Normal-Mode Rejection of Dual-Slope Converter 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50 Hz/60 Hz power line period. 

The TC7131 is similar to the 7136 family in terms of 
features. A side-by -side comparison would show a differ
ence in reference point during the conversion cycle. Specifi
cally, the TC7131 uses IN LO only during the integrate 
phase, and ANALOG COMMON during the other three 
phases. The result is superior DC CMR for the TC7131 
(120dB) at the expense of a reduced AC CMR. 

ANALOG SECTION 

In addition to the basic integrate and deintegrate dual
slope cycles discussed above, the TC7131 design incorpo
rates an "integrator output-zero cycle" and an "auto-zero 
cycle." These additional cycles ensure that the integrator 
starts at OV (even after a severe overrange conversion) and 
that all offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true digital 
zero reading is assured without any external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Integrator output-zero phase 
(2) Auto-zero phase 

(3) Signal integrate phase 

2·160 
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(4) Reference deintegrate phase 

Integrator Output-Zero Phase 

This phase guarantees the integrator output is at OV 
before the system-zero phase is entered. This ensures that 
true system offset voltages will be compensated for even 
after an overrange conversion. The count for this phase is a 
function of the number of counts required by the deintegrate 
phase. 

The count lasts from 11 to 140 counts for non-overrange 
conversions and from 31 to 640 counts for overrange 
conversions. 

Auto-Zero Phase 

During the auto-zero phase, the differential input signal 
is disconnected from the circuit by opening internal analog 
switches. The internal nodes are shorted to IN LO (ground) 
to establish a zero input condition. Additional analog switches 
close a feedback loop around the integrator and compara
tor. This loop permits comparator offset voltage error com
pensation. The voltage level established on CAZ compen
sates for device offset voltages. The auto-zero phase re
sidual is typically 1 0 ~ V to 15 ~ V. 

The auto-zero duration is from 910 to 2900 counts for 
non-overrange conversions and from 300 to 910 counts for 
overrange conversions. 

Signal Integration Phase 

The auto-zero loop is entered and the internal differen
tial inputs connect to VIN+ and VIN-. The differential input 
signal is integrated for a fixed time period. The TC7131 
signal integration period is 1000 clock periods or counts. The 
externally-set clock frequency is divided by four before 
clocking the internal counters. The integration time period is: 

4 
tSI = -f- x 1000, 

osc 

where fosc = external clock frequency. 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, VIN- should be tied to analog com
mon. 

Polarity is determined at the end of signal integrate 
phase. The sign bit is a true polarity indication, in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

V TELCOM SEMICONDUCTOR, INC. 
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INT J+ 1000+l ... _______ ---!r 
I 1+1-2000+1 I 

DENT I - -
ZI --i---------:f1.-....... 11-140 I 

I I AZl ~ ________ ..... 1+- 910-2900 ~ 

1 .... ----- 4000 ----...... ·1 
Figure 4 Conversion Timing During Normal Operation 

-F1000+l r 
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ZI~I ______________ 31_-_64_0~ 
AZ1' --r-L 

_ 300-910..:1 C. 
1~"-----4000 ----..., .. ~'I 

Figure 5 Conversion Timing During Overrange Operation 

Reference Integrate Phase 

The third phase is reference integrate or deintegrate. 
VIN- is internally connected to analog common and VIN+ is 
connected across the previously-charged reference capaci
tor. Circuitry within the chip ensures the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is 
between 0 and 2000 internal clock periods. The digital 
reading displayed is 

1000 ~ 
VREF 

DIGITAL SECTION 

The TC7131 contains all the segment drivers necessary 
to directly drive a 3-1/2 digit LCD. An LCD backplane driver 
is included. The backplane frequency is the external clock 
frequency divided by 800. For three conversions per second 
the backplane frequency is 60 Hz with a 5V nominal ampli
tude. When a segment driver is in-phase with the backplane 
Signal, the segment is OFF. An out-of-phase segment drive 
Signal causes the segmentto be ON, or visible. This AC drive 
configuration results in negligible DC voltage across each 
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LCD segment, ensuring long LCD life. The polarity segment 
driver is ON for negative analog inputs. If VIN+ and VIN- are 
reversed, this indicator would reverse. 

On the TC7131, when the TEST pin is pulled to V+, all 
segments are turned ON. The display reads-1888. During 

DISPLAY FONT 

0/23'-156789 

il000'"Tl00'"Tl0'"Tl'"l 

1--1 8 8 81 
Figure 6 Display FONT and Segment Assignment 

this mode the LCD segments have a constant DC voltage 
impressed. DO NOT LEAVE THE DISPLAY IN THIS MODE 
FOR MORE THAN SEVERAL MINUTES. LCDs may be 
destroyed if operated with DC levels for extended periods. 

The display font and segment drive assignment are 
shown in Figure 6. 

System Timing 

The oscillator frequency is divided by 4 prior to clocking 
the internal decade counters. The four-phase measure
ment cycle takes a total of 4000 counts, or 16,000 clock 
pulses. The 4000-count cycle is independent of input Signa! 
magnitude. 

Each phase ofthe measurement cycle has the following 
length: 

(1) Auto-zero phase: 3000 to 2900 counts 
(1200 to 11 ,600 clock pulses) 

(2) Signal integrate: 1000 counts 
(4000 clock pulses) 

This time period is fixed. The integration period is: 

tSI=4000 ~l 
LfoscJ 

where fosc is the externally-set clock frequency. 

(3) Reference integrate: 0 to 2000 counts 

(4) Zero integrator: 11 to 640 counts 

The TC7131 is a drop-in replacement for the TC7126 
and ICL7126 when VIN- is tied to ANALOG COMMON. 
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COMPONENT VALUE SELECTION 

Auto-Zero Capacitor (CAZ) 

The CAZ capacitor size has some influence on system 
noise. A 0.47 ).iF capacitor is recommended for 200 mV full
scale applications where 1 LSB is 100).i V. A 0.1 IlF capacitor 
is adequate for 2V full-scale applications. A Mylar dielectric 
capacitor is adequate. 

Reference Voltage Capacitor (CREF) 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
phase is stored on CREF. A 0.1 IlF capacitor is acceptable 
when VREF- is tied to analog common. If a large common
mode voltage exists (VREF- '" analog common) and the 
application requires a 200 mV full scale, increase CREF to 
1 ).iF. Roll-over error will be held to less than 0.5 count. A 
Mylar dielectric capacitor is adequate. 

Integrating Capacitor (CINT) 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer
ence in this case: a ±2V full-scale integrator output swing is 
satisfactory. For 3 readings per second (fosc = 48 kHz) a 
0.047 ).iF value is suggested. For one reading per second, 
0.15 ).iF is recommended. If a different oscillator frequency 
is used, CINT must be changed in inverse proportion to 
maintain the nominal ±2V integrator swing. 

An exact expression for CINT is: 

(4000) (' 1 \ (VFS 
C !OOcJ RINT 

INT = , 
VINT 

where: fosc = Clock frequency at pin 38 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing. 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor (RINT) 

The input buffer amplifier and integrator are designed 
with Class A output stages. The output stage idling current 
is 6 )lAo The integrator and buffer can supply 1 )lA drive 
currents with negligible linearity errors. RINT is chosen to 
remain in the output stage linear drive region, but not so 
large that PC board leakage currents induce errors. For a 
200 mV full scale, RINT is 180 kQ. A 2V full scale requires 
1.8MQ. 

V TELCOM SEMICONDUCTOR, INC. 
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Component Nominal Full-Scale Voltage 

Value 200mV 2V 

CAZ 0.47 J.lF 0.1 J.lF 

RINT 180 kn 1.8Mn 

CINT 0.047 J.lF 0.047 J.lF 

NOTE: lose = 48 kHz (3 readings per sec). Rose = kQ, Cose = 50 pF. 

Oscillator Components 

Cosc should be 50 pF. Rosc is selected from the 
equation: 

fosc = 0.45 
RC 

Note that fosc is + 4 to generate the TC7131 's internal 
clock. The backplane drive signal is derived by dividing fosc 
by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz,etc. should be selected. For 50 Hz rejection, oscil
lator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings per second) will reject both 50 Hz and 60 Hz. 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

Required Full-Scale Voltage" 

200mV 100 mV 

2V 1V 

'VFS = 2 VREF. 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output for 2000 Ib/in.2 is 400 mY. Rather than dividing the 
input voltage by two, the reference voltage should be set to 
200 mY. This permits the transducer input to be used 
directly. 

The differential reference can also be used when a 
digital zero reading is required when VIN is not equal to zero. 
This is common in temperature measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and VIN-. The transducer output is con
nected between VIN+ and analog common. 
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SEGMENT 
DRIVE 

9V 

Figure 7 Common-Mode Voltage Removed in Battery Operation With VIN = Analog Common 

DEVICE PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs 
V,N+ (Pin 31), V'N- (Pin 30) 

The TC7131 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (VCM). The typical range is V+-1Vto V-+1V. 
Common-mode voltages are removed from the system 
when the TC7131 operates from a battery or floating power 
source (isolated from measured system), and V'N- is con
nected to ANALOG COMMON (VCOM). (See Figure 7.) 

In systems where common-mode voltages exist, the 
120 dB common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator out
put level. A worst-case condition exists if a large positive 
VCM exists in conjunction with a full-scale negative differen
tial signal. The negative signal drives the integrator output 
positive along with VCM (see Figure 8.) For such applica
tions, the integrator output swing can be reduced below the 
recommended 2V full-scale swing. The integrator output 
will swing within 0.3V of V+ or V- without increased 
linearity error. 

Differential Reference 
VREF+ (Pin 36), VREF- (Pin 35) 

The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent roll-over type errors being induced by large 
common-mode voltages, CREF should be large compared to 
stray node capacitance. 
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r VI =...!L [VCM =VIN] 
Wh' C, 

ere. 4000 
tl = Integration time = f asc 

CI = Integration capacitor 
RI = Integration resistor 

Figure 8 Common-Mode Voltage Reduces Available Integrator 
Swing (VCOM * VIN) 

The TC7131 offers a significantly improved ANALOG 
COMMON temperature coefficient. This potential provides 
a very stable voltage, suitable for use as a voltage reference. 
The temperature coefficient of ANALOG COMMON is typi
cally 70 ppm/oC. 

ANALOG COMMON (Pin 32) 
The ANALOG COMMON pin is set at a voltage potential 

approximately 3V below V+. The potential is guaranteed to 
be between 2. 7V and 3.35V below V+. ANALOG COMMON 
is tied internally to an N-channel FET capable of sinking 
100J.IA. This FETwill hold the COMMON line at 3V below V+ 
if an external load attempts to pull the COMMON line toward 
V+. ANALOG COMMON source current is limited to 1 J.IA. 
ANALOG COMMON is therefore easily pulled to a more 
negative voltage (I.e., below V+ -3V). 

The ANALOG COMMON pin serves to set the analog 
section reference, or COMMON pOint. The TC7131 is spe
cifically designed to operate from a battery or in any mea-
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surement system where input signals are not referenced 
(float) with respect to the TC7131 power source. The ANA
LOG COMMON potential of V+ -3V gives a 7V end of battery 
life voltage. The COMMON potential has a 0.001 %/% volt
age coefficient. 

TEST (Pin 37) 

The TEST pin potential is 5V less than V+. TEST may be 
used as the negative power supply connection for external 
CMOS logic. The TEST pin is tied to the internally-generated 
negative logic supply through a 500n resistor. The TEST pin 
load should not be more than 1 rnA. See the Applications 
Section for additional information on using TEST as a 
negative digital logic supply. 

If TEST is pulled high (to V+), all segments plus the 
minus sign will be activated. DO NOT OPERATE IN THIS 
MODE FOR MORETHAN SEVERAL MINUTES. With TEST 
= V+, the LCD segments are impressed with a DC voltage 
which will destroy the LCD. 

26 
=-
~~¥ 

TC7131 

V~EF 36 

VREF 

VREF 
35 

ANALOG 32 
COMMON 

SET VREF = 1/2 VFULL SCALE 

Figure 9 TC7136A Internal Voltage Reference Connection 

APPLICATIONS INFORMATION 

Liquid Crystal Display Sources 

Several manufacturers supply standard LCDs to inter
face with the TC7131 3-1/2 digit analog-to-digital converter 
applications information 

V TELCOM SEMICONDUCTOR, INC. 

TC7131 

Manufacturer Address/Phone 
Representativ~ 
Part Numbers 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135,SX440 

216-655-2429 

AND 770 Airport Blvd., FE 0801, 
Burlingame, CA 94010 FE 0203 
415-347-9916 

VGI, Inc. 1800 Vernon St., Ste. 2 11048,11126 
Roseville, CA 95678 
916-783-7878 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414-648-2361 

·NOTE: Contact LCD manufacturer for full product listing/specifica
tions. 

Decimal Point and Annunciator Drive 
The TEST pin is connected to the internally-generated 

digital logiC supply ground through a 5000 resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD annunciators for decimal 
pOints, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
rnA should be supplied by the TEST pin; its potential is 
approximately 5V below V+. 

Ratiometric Resistance Measurements 

The TC7131 's true differential input and differential 
reference make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately-defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied tothe input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from 
the following expression: 

Displayed reading = RUNKNOWN x 1000. 
RSTANDARD 

The display will overrange for RUNKNOWN ~2 XRSTANDARD. 
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Figure 12 Temperature Sensor 
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TC7136A 

LOW POWER, 3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTERS 

FEATURES 

• Fast Overrange Recovery, Guaranteed First 
Reading Accuracy 

• Low Temperature Drift Internal Reference 
TC7136 ........................................ 70 ppm/oC Typ 
TC7136A ..................................... 35 ppm/oC Typ 

• Guaranteed Zero Reading With Zero Input 
• Low Noise .................................................... 15 ,uVp-p 
• High Resolution ............................................. 0.05% 
• Low Input Leakage Current ...................... 1 pA Typ 

10 pA Max 
• Precision Null Detectors With True Polarity at 

Zero 
• High-Impedance Differential Input 
• Convenient 9V Battery Operation With 

Low Power Dissipation •.•.....•.....•.......... 500 ,uW Typ 

TYPICAL APPLICATIONS 
900,uW Max 

• Thermometry 
• Bridge Readouts: Strain Gauges, Load Cells, Null 

Detectors 
• Digital Meters: Voltage/CurrentJOhmsiPower, pH 
• Digital Scales, Process Monitors 
• Portable Instrumentation 

ORDERING INFORMATION 

PART CODE TC7136X X XXX 

Aorblank* ~ 
R (reversed pins) or blank (CPL pkg only) 

* "A" parts have an improved reference TC 

Package Code (see below): --------~ 

Package Temperature 
Code Package Pin Layout Range 

CPL 40-Pin PDIP Normal O°Cto +70°C 
CKW 44-Pin PQFP Formed Leads O°C to +70°C 
CLW 44-Pin PLCC O°C to +70°C 

AVAILABLE PACKAGES 

I:::::::::::::::::::j ~ o 
4G-Pln Pla.tlc DIP 44-Pin Plastic Quad Flat 44-Pin Plastic Chip 

Package Formed Leads Carrier PLCC 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION r:I 
The TC7136 and TC7136A are low-power, 3-1/2 digit liiiI 

with liquid crystal display (LCD) drivers with analog-to-
digital converters. These devices incorporate an "integra-
tor output zero" phase which guarantees overrange 
recovery. The performance of existing TC7126, TC7126A 
and ICL7126-based systems may be upgraded with minor 
changes to external, passive components. 

The TC7136A has an improved internal zener refer
ence voltage circuit which maintains the analog common 
temperature drift to 35 ppm/oC (typical) and 75 ppmrC 
(maximum). This represents an improvement of two to four 
times over similar 3-1/2 digit converters. The costly, space
consuming external reference source may be removed. 

The TC7136/A limits linearity error to less than 1 count 
on 200 mV or 2V full-scale ranges. Roll-over error - the 
difference in readings for equal magnitude but opposite 
polarity input signals - is below ±1 count. High-impedance 
differential inputs offer 1 pA leakage currents and a 10120 
input impedance. The differential reference input allows 
ratiometric measurements for ohms or bridge transducer 
measurements. The 15 IlVp-p noise performance guaran
tees a "rock solid" reading. The auto-zero cycle guarantees 
a zero display readout for a OV input. 

TYPICAL OPERATING CIRCUIT 

0.1 ~F 

34 33 

1 MG C~EF CiiEF 
o-...JV'IAr-....... .....:3:!.j1 vi\.; 

ANALOG 
INPUT 
o-__ +-.....!3~0 YiN 

V+...,1'--__ -~ 

180 kll 

28 VBUfF V 
TC7136 

TC7136A -=- 9V 

V~EF 
36 

10kG 

27 VREF ...,36:::...._ .... 
VINT V-·~2:!!..6 --4-----" 
os~ OSCa OSCI 

39 38 Cose 40 

Rose50pF 

560kll 

1 CONVERSIONISEC 

TO ANALOG COMMON 
(PIN 32) 

2-167 



LOW POWER, 3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTERS 

TC7136 
TC7136A 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage (V+ to V-) ........................................... 1SV Storage Temperature Range ................. -6SoC to + 1S0°C 
Analog Input Voltage (Either Input) (Note 1) ....... V+ to V- Lead Temperature (Soldering, 60 sec) ................. +300°C 
Reference Input Voltage (Either Input) ................ V+ to V-
Clock Input ...................................................... TEST to V+ 
Power Dissipation (Note 2) 

CerDIP (J) ................................................... 1000 mW 
Plastic DIP (P) ............................................... 800 mW 
Flat Package (K, L) ....................................... SOO mW 

Operating Temperature Range 
C Devices .............................................. O°C to +70°C 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

I Devices ............................................ -2SoC to +8SoC 

ELECTRICAL CHARACTERISTICS: VS = 9V, fCLK = 16 kHz, and T A = +2SoC, unless otherwise noted. 

Symbol Parameter Test Conditions Typ Unit 

Input 
Zero Input Reading VIN=OV 

Full Scale = 200 mV 

Zero Reading Drift VIN = OV, O°C ~ TA ~ +70°C 

Ratiometric Reading VIN = VREF, VREF = 100 mV 

NL Nonlinearity Error Full Scale = 200 mV or 2V 
Max Deviation From Best 
Straight Line 

Roll-Over Error -VIN = +VIN ~ 200 mV 

eN Noise VIN = OV, Full Scale = 200 mV 

IL Input Leakage Current VIN=OV 

CMRR Common-Mode Rejection VCM = ±lV, VIN = OV, 
Ratio Full Scale = 200 mV 

Scale Factor Temperature VIN = 199 mY, O°C ~TA ~ +70°C 
Coefficient Ext Ref Temp Coeff = 0 ppm/DC 

Analog Common 
VCTC Analog Common 250 kf.I Between Common and V+ 

Temperature Coefficient O°C ~TA ~ +70°C TC7136A 
·C· Commercial Temp TC7136 
Range Devices 
- 25°C ~ TA ~ +85°C TC7136A 
"I" Industrial Temp TC7136 
Range Devices 

Vc Analog Common Voltage 250 kW Between Common and V+ 

LCD Drive 
Vso LCD Segment Drive Voltage V+to V-= 9V 

Vso LCD Backplane Drive Voltage V+ to V = 9V 

Power Supply 
Is 

NOTES: 1. 
2. 
3. 

Power Supply Current VIN = OV, V+ to V- = 9V (Note 6) 

Input voltages may exceed supply voltages when input current is limited to 1 00 ~A. 
Dissipation rating assumes device is mounted with all leads soldered to PC board. 
Refer to "Differential Input" discussion. 

-000.0 ±OOO.O +000.0 Digital 
Reading 

- 0.2 1 livrc 

999 999/1000 1000 Digital 
Reading 

-1 ±O.2 1 Count 

-1 ±0.2 1 Count 

- 15 - liVp-p 

- 1 10 pA 

- 50 - liVN 

- 1 5 ppm/DC 

- 35 75 ppm/DC 
- 70 150 ppm/DC 

- 35 100 ppm/DC 
- 70 150 ppm/DC 

2.7 3.05 3.35 V 

Vp_p 

Vp_p 

70 100 I IJA 

4. Backplane drive is in-phase with segment drive for "OFF" segment and 180° out-of-phase for "ON" segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50 mV. 

5. See "Typical Operating Circuit". 
6. A 48 kHz oscillator increases current by 20 ~A (typical). Common current not included. 
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PIN CONFIGURATIONS 

_ N 

~ ~ o 0 

TC7136CLW 
TC7136ACLW 

(PLCC) 

M M M .... 
W III 

..J 0 0. M 
III II.. 0 Z III CI 

<C 0. 

• 

I 
NORMAL PIN 

2 CONFIGURATION 

1's 

~ ..... 
TC7136CPL 

10's 
B2 TC7136ACPL 

~ 
A2 

F2 

E2 

03 

B3 
100's 

L F3 

E3 

1000·s--. AB4 

POL 
(MINUS SIGN) 

M M N 
<C 0 CI 

OSC1 

OSC2 

OSC3 

TEST 

VREF 

VREF 

CREF 

CREF 
ANALOG 
COMMON 

YiN 
VIN 

CAZ 

VBUFF 

VINT 
V-

~2l 
3 100's 

A3 J 
G3 

BP 
(BACKPLANE) 

TC7136 
TC7136A 

V 
TC7136CKW 

TC7136ACKW 
(FLAT PACKAGE) 

C\I C\I C\I N C\I N C") 
COlli <C II.. W C 

OSC1 1 • V+ 
REVERSE PIN 

OSC2 2 CONFIGURATION 

VREF 5 

VREF 6 

CREF 7 

CREF 8 

01 l C1 

B1 

A1 1's 

F1 

G1 

E1 

ANALOG 02 
COMMON 'fiiii'...,"¥ 

YiN C2 

VIN TC7136RCPL B2 
TC7136ARCPL 10's 

V~: ~~ 
VINT E2 

V- 03 I G2 B3 

10LO'S ~: :: JOO'S 
G3 AB4 .... 1000· 

BP POL 
(BACKPLANE) -~-----.. - (MINUS SIGN) 

NC = NO INTERNAL CONNECTION 
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TC7136/A PIN DESCRIPTION 

40-Pin DIP 
Pin Number 

Normal (Reverse) Name 

1 (40) V+ 

2 (39) D1 

3 (38) C1 
4 (37) B1 

5 (36) A1 

6 (35) F1 

7 (34) G1 

8 (33) E1 

9 (32) D2 

10 (31) C2 

11 (30) B2 

12 (29) A2 

13 (28) F2 

14 (27) E2 

15 (26) Ds 

16 (25) Bs 

17 (24) Fs 

18 (23) Ea 

19 (22) AB4 

20 (21) POL 

21 (20) BP 

22 (19) Gs 

23 (18) As 
24 (17) Cs 

25 (16) G2 

26 (15) V-

27 (14) VINT 

28 (13) VBUFF 

29 (12) CAZ 

30 (11) VIN 

31 (10) VIN+ 

32 (9) ANALOG 
COMMON 
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Description 

Positive supply voltage. 

Activates the D section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the D section of the tens display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the D section of the hundreds display. 

Activates the B section of the hundreds display. 

Activates the F section of the hundreds display. 

Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

Backplane drive output. 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

The integrating capacitor should be selected to give the maximum voltage 
swing that ensures component tolerance build-up will not allow the integrator 
output to saturate. When analog common is used as a reference and the 
conversion rate is 3 readings per second, a 0.047 ~F capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See Integrating Capacitor section for additional details. 

Integration resistor connection. Use a 180 k.Q for a 200 mV full-scale range 
and a 1.8 Mil for 2V full-scale range. 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 ~F 
capacitor for a 200 mV full scale, and a 0.1 ~F capacitor for a 2V full scale. See 
paragraph on Auto-Zero Capacitor for more details. 

The low input signal is connected to this pin. 

The high input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode voltage for battery 
operation or in systems where the input signal is referenced to the power 
supply. See paragraph on Analog Common for more details. It also acts as a 
reference voltage source. 
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TC7136/A PIN DESCRIPTION (Cont.) 

40-Pin DIP 
Pin Number 

Normal (Reverse) Name Description 

TC7136 
TC7136A 

33 (8) CREF- See pin 34. 

34 (7) A 0.1 IlF capacitor is used in most applications. If a large common-mode 
voltage exists (for example, the VIN- pin is not at analog common), and a 200 
mV scale is used, a 1 IlF capacitor is recommended and will hold the roll-over 
error to 0.5 count. 

35 (6) See pin 36. 

36 (5) The analog input required to generate a full-scale output (1999 counts). Place 
100 mV between pins 35 and 36 for 199.9 mV full scale. Place 1 V between 
pins 35 and 36 for 2V full scale. See paragraph on Reference Voltage. 

37 (4) TEST Lamp test. When pulled HIGH (to V+) all segments will be turned ON and the 
display should read -1888. It may also be used as a negative supply for exter
nally-generated decimal points. See paragraph under Test for additional informa
tion. 

38 (3) See pin 40. 
39 (2) See pin 40. 
40 (1 ) Pins 40, 39 and 38 make up the oscillator section. For a 48 kHz clock (3 readings per 

second) connect pin 40 to the junction of a 180 kn resistor and a 50 pF capacitor. The 
180 kn resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 

GENERAL THEORY OF OPERATION 

(All Pin designations refer to 40-Pin Dip) 

Dual-Slope Conversion Principles 

The TC7136/A is a dual-slope, integrating analog-to
digital converter. An understanding of the dual-slope con
version technique will aid in following detailed TC7136/A 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period (tSI), measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (tRI). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

~ ftsl V (t) dt = VR tRI 
RC 0 IN RC' 

V TELCOM SEMICONDUCTOR, INC. 

where: 

REF 
VOLTAGE 

Figure 1 Basic Dual-Slope Converter 

VR = Reference voltage 
tSI = Signal integration time (fixed) 
tRI = Reference voltage integration time (variable). 

For a constant VIN: 
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INPUT FREQUENCY 

Figure 2 Normal-Mode Rejection of Dual-8lope Converter 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
muitipie of the 50 Hz/60 Hz power line period. 

ANALOG SECTION 

In addition to the basic integrate and deintegrate dual
slope cycles discussed above, the TC7136/A designs incor
porate an "integrator output-zero cycle" and an "auto-zero 
cycle." These additional cycles ensure the integrator starts 
at OV (even after a severe overrange conversion) and that all 
offset voltage errors (buffer amplifier, integrator and com
parator) are removed from the conversion. A true digital zero 
reading is assured without any external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Integrator output-zero phase 

(2) Auto-zero phase 

(3) Signal integrate phase 

(4) Reference deintegrate phase 

Integrator Output-Zero Phase 

This phase guarantees the integrator output is at OV 
before the system-zero phase is entered. This ensures that 
true system offset voltages will be compensated for even 
after an overrange conversion. The count for this phase is a 
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function of the number of counts required by the deintegrate 
phase. 

The count lasts from 11 to 140 counts for non-overrange 
conversions and from 31 to 640 counts for overrange 
conversions. 

Auto-Zero Phase 
During the auto-zero phase, the differential input signal 

is disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional 
analog gates close a feedback loop around the integrator 
and comparator. This loop permits comparator offset volt
age error compensation. The voltage level established on 
CAZ compensates for device offset voltages. The auto-zero 
phase residual is typically 10 ~V to 15 ~V. 

The auto-zero duration is from 910 to 2900 counts for 
non-overrange conversions and from 300 to 910 counts for 
overrange conversions. 

Signal Integration Phase 

The auto-zero loop is entered and the internal differen
tial inputs connect to VIN+ and VIN-. The differential input 
signal is integrated for a fixed time period. The TC7136/A 
signal integration period is 1000 clock periods or counts. The 
externally-set clock frequency is divided by four before 
clocking the internal counters. The integration time period is: 

iSI = _4_ x 1000, 
fosc 

where fosc = external clock frequency. 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, VIN- should be tied to analog com
mon. 

Polarity is determined at the end of signal integrate 
phase. The sign bit is a true polarity indication, in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Phase 

The third phase is reference integrate or deintegrate. 
VIN- is internally connected to analog common and VIN+ is 
connected across the previously-charged reference capaci
tor. Circuitry within the chip ensuresthatthe capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is bet-
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INT F 1000=4 ... _______ ----'!r 
DE-INT I F1-2000+! I 

I --*= 11-140 I 
ZI--I--------------~ --- I 

AZl ~ _______ ---11+- 910-2900 ~ 

1 ...... f------4000 --------.-1 
Figure 4 Conversion Timing During Normal Operation 

-F1000~ r 
DE-::: I F=2001-2090:=;J I 

ZI I 31-640~ 
AZ ., 300-910fl 

I" 4000 -I 
Figure 5 Conversion Timing During Overrange Operation 

ween 0 and 2000 internal clock periods. The digital reading 
displayed is 

1000 ~ 
VREF 

DIGITAL SECTION 

The TC7136/A contains all the segment drivers neces
sary to directly drive a 3-1/2 digit LCD. An LCD backplane 
driver is included. The backplane frequency is the external 
clock frequency divided by 800. For three conversions per 
second the backplane frequency is 60 Hz with a 5V nominal 
amplitude. When a segment driver is in-phase with the 
backplane signal, the segment is OFF. An out-of-phase 
segment drive signal causes the segment to be ON, or 
visible. This AC drive configuration results in negligible DC 
voltage across each LCD segment, ensuring long LCD life. 
The polarity segment driver is ON for negative analog inputs. 
If VIN+ and VIN- are reversed, this indicator would reverse. 

On the TC71361 A, when the TEST pin is pulled to V+, all 
segments are turned ON. The display reads -1888. During 
this mode the LCD segments have a constant DC voltage 
impressed. DO NOT LEAVE THE DISPLAY IN THIS MODE 
FOR MORE THAN SEVERAL MINUTES. LCDS MAY BE 
DESTROYED IF OPERATED WITH DC LEVELS FOR 
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EXTENDED PERIODS. 
The display font and segment drive assignment are 

shown in Figure 6. 

System Timing 

DISPLAY FONT 

0123'-156789 

Figure 6 Display FONT and Segment Assignment 

The oscillator frequency is divided by 4 prior to clocking 
the internal decade counters. The four-phase measure
ment cycle takes a total of 4000 counts, or 16,000 clock 
pulses. The 4000-count cycle is independent of input signal 
magnitude. 

Each phase of the measurement cycle has the following 
length: 

(1) Auto-zero phase: 3000 to 2900 counts 
(1200 to 11,600 clock pulses) 

(2) Signal integrate: 1000 counts 
(4000 clock pulses) 

This time period is fixed. The integiation period is: 

tSI = 4000 tfo:c J ' 
where fosc is the externally-set clock frequency. 

(3) Reference integrate: 0 to 2000 counts 
(4) Zero integrator: 11 to 640 counts 

The TC7136 is a drop-in replacement for the TC7126 
and ICL7126. The TC7136A offers a greatly-improved inter
nal reference temperature coefficient. Minor component 
value changes are required to upgrade existing designs and 
improve the noise performance. 

COMPONENT VALUE SELECTION 

Auto-Zero Capacitor (CAZ) 

The CAZ capacitor size has some influence on system 
noise. A 0.47 ~F capaCitor is recommended for 200 mV full
scale applications where 1 LSB is 1 00 ~V. A 0.1 ~F capacitor 
is adequate for 2V full-scale applications. A Mylar-type 
dielectric capaCitor is adequate. 
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Reference Voltage Capacitor (CREF) 

The reference voltage, used to ramp the integrator 
output voltage back to zero during the reference integrate 
phase, is stored on CREF. A 0.1 j.lF capacitor is acceptable 
when VREF- is tied to analog common. If a large common
mode voltage exists (VREF- "* analog common) and the 
application requires a 200 mV full scale, increase CREF to 
1 j.lF. Roll-over error will be held to less than 0.5 count. A 
Mylar-type dielectric capacitor is adequate. 

Integrating Capacitor (CINT) 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer
ence this case, a ±2V full-scale integrator output swing is 
satisfactory. For 3 readings per second (fose = 48 kHz) a 
0.047 j.lF value is suggested. For one reading per second, 
0.15 j.lF is recommended. If a different oscillator frequency 
is used, CINT must be changed in inverse proportion to 
maintain the nominal ±2V integrator swing. 

An exact expression for CINT is: 

(4000) (~ (VFS 
C fose7 RINT 

INT = , 
VINT 

where: fose = Clock frequency at pin 38 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
VINT = Desired full-scale integrator output swing. 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor (RINT) 

The input buffer amplifier and integrator are designed 
with Class A output stages. The output stage idling current 
is 6 j.lA. The integrator and buffer can supply 1 j.lA drive 
currents with negligible linearity errors. RINT is chosen to 
remain in the output stage linear drive region, but not so 
large that PC board leakage currents induce errors. For a 
200 mV full scale, RINT is 180 kn. A 2V full scale requires 
1.8 Mn. 

Component Nominal Full-Scale Voltage 

Value 200mV 2V 

CAZ 0.471lF 0.1 IlF 

RINT 180 kQ 1.8MQ 

CINT 0.047 1lF O.047 1lF 

Oscillator Components 

TC7136 
TC7136A 

Cose should be 50 pF. Rose is selected from the 
equation: 

f 0.45 
ose= RC . 

Note that fose is ..,.4 to generate the TC7136A's internal 
clock. The backplane drive signal is derived by dividing fose 
by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 
kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings per second) will reject both 50 Hz and 60 Hz. 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

Required Full-Scale Voltage" 

200mV 100 mV 
2V 1V 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output for 2000 Ib/in.2 is 400 mY. Rather than dividing the 
input voltage by two, the reference voltage should be set to 
200 mY. This permits the transducer input to be used 
directly. 

The differential reference can also be used when a 
digital zero reading is required when VIN is not equal to zero. 
This is common in temperature measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and VIN-. The transducer output is con
nected between VIN+ and analog common. 

DEVICE PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs 
VIN+ (Pin 31), VIN- (Pin 30) 

The TC7136/A is designed with true differential inputs 
and accepts input signals within the input stage common
mode voltage range (VeM). The typical range is V+-1Vto V
+ 1 V. Common-mode voltages are removed from the system 
when the TC7136A operates from a battery or floating power 
source (isolated from measured system), and VIN- is con-

NOTE:fose=48 kHz (3 readings per sec). Rose = 180kn, Case =50 pF. nected to analog common (VeoM). (See Figure 7.) 
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V 
.. -'-...... --fV- TC7136 

TC7136A 
ANALOG - + 
COMMON VREFVREF y+ 

Figure 7 Common-Mode Voltage Removed In Battery Operation With VIN = Analog Common 

In systems where common-mode voltages exist, the 
86 dB common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator out
put level. A worst-case condition exists if a large positive 
VCM exists in conjunction with a full-scale negative differ
ential signal. The negative signal drives the integrator 
output positive along with VCM (see Figure 8.) For such 
applications, the integrator output swing can be reduced 
below the recommended 2V full-scale swing. The integra
tor output will swing within O.3V of V+ or V- without in
creased linearity error. 

Differential Reference 
VREF+ (Pin 36), VREF- (Pin 35) 

The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent roll-over type errors being induced by large 
common-mode voltages, CREF should be large compared to 
stray node capacitance. 

+ 

r VI = ~ [VCM =VIN] 
Where: I 

. 4000 
tl = Integration time " fosc 

CI = Integration capacitor 
RI = Integration resistor 

Figure 8 Common-Mode Voltage Reduces Available Integrator 
Swing (VCOM ¢' VIN) 
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The TC7136/A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage, suitable for use as a voltage reference. 
The temperature coefficient of analog common is typically 
35 ppm/cC. 

ANALOG COMMON (Pin 32) 
The analog common pin is set at a voltage potential 

approximately 3V below V+. The potential is guaranteed to 
be between 2.7V and 3.35V below V+. Analog common is 
tied internally to an N-channel FET capable of sinking 
100llA This FET will hold the common line at 3V below V+ 
if an external load attempts to pull the common line toward 
V+. Analog common source current is limited to 1 !lAo Analog 
common is therefore easily pulled to a more negative 
voltage (i.e., below V+ -3V). 

The TC7136/A connects the internal VIN+ and VIN
inputs to analog common during the auto-zero phase. 
During the reference-integrate phase, VIN- is connected to 
analog common. If VIN - is not externally connected to analog 
common, a common-mode voltage exists, but is rejected by 
the converter's 86 dB common-mode rejection ratio. In 
battery operation, analog common and VIN- are usually 
connected, removing common-mode voltage concerns. In 
systems where VIN- is connected to the power supply 
ground or to a given voltage, analog common should be 
connected to VIN-. 

The analog common pin serves to set the analog section 
reference, or common point. The TC7136A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TC7136A power source. The analog common 
potential of V+ -3V gives a 7V end of battery life voltage. 
The common potential has a 0.001 %/% voltage coefficient. 

With sufficiently high total supply voltage (V+-V- >7V) , 
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analog common is a very stable potential with excellent 
temperature stability (typically 35 ppm/oc). for TC7136A 
This potential can be used to generate the TC7136A's 
reference voltage. An external voltage reference will be 
unnecessary in most cases because of the 35 ppm/oC 
temperature coefficient. See TC7136A Internal Voltage 
Reference discussion. 

TEST (Pin 37) 
The TEST pin potential is 5V less than V+. TEST may be 

used as the negative power supply connection for external 
CMOS logic. The TEST pin is tied to the internally-generated 
negative logic supply through a 5000 resistor. The TEST pin 
load should not be more than 1 mAo See the Applications 
Section for additional information on using TEST as a 
negative digital logic supply. 

If TEST is pulled high (to V+), all segments plus the 
minus sign will be activated. DO NOT OPERATE IN THIS 
MODE FOR MORE THAN SEVERAL MINUTES. With TEST 
= V+, the LCD segments are impressed with a DC voltage 
which will destroy the LCD. 

TC7136A Internal Voltage Reference 

The TC7136 analog common voltage temperature sta
bility has been significantly improved (Figure 9). The "A" 
version of the industry-standard TC7136 device allows 
users to upgrade old systems and design new systems 
without external voltage references. External Rand C val
ues do not need to be changed; however, noise perfor
mance will be improved by increasing CAZ. (See Auto-Zero 
Capacitor section.) Figure 10 shows analog common sup
plying the necessary voltage reference for the TC7136/A. 
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Figure 10 TC7136A Internal Voltage Reference Connection 

APPLICATIONS INFORMATION 

Liquid Crystal Display Sources 

Several manufacturers supply standard LCDs to inter
face with the TC7136A 3-1/2 digit analog-to-digital con
verter. 

Manufacturer AddressJPhone 
Representativ~ 
Part Numbers 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135,SX440 

216-655-2429 

AND 770 Airport Blvd., FE 0801, 
Burlingame, CA 94010 FE 0203 
415-347-9916 

VGI, Inc. 1800 Vernon St., Ste. 2 11048,11126 
Roseville, CA 95678 
916-783-7878 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414-648-2361 

·NOTE: Contact LCD manufacturer for full product listing/specifica
tions. 

Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally-generated 
digital logic supply ground through a 5000 resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
mA should be supplied by the TEST pin: its potential is 
approximately 5V below V+. 
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Ratiometric Resistance Measurements 
The TC7136A's true differential input and differential 

reference make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately-defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor applied to the refer
ence input. If the unknown equals the standard. the disolay 
will read 1000. The displayed reading can be determined 
from the following expression: 

Displayed reading = RUNKNOWN x 1000. 
RSTANDARD 

The display will overrange for RUNKNOWN ~ 

2 XRSTANDARD. 
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TC500A 

INTEGRATING CONVERTER ANALOG PROCESSORS 

FEATURES 

• Resolution ........................... (TCSOO) SOppm Max 
(TCSOOA) 30ppm Max 

• Differential Analog Input 
• Differential Reference 
• Low Linearity Error ...................................... 0.003% 
• Fast Zero-Crossing Comparator ...................... 4 f.IS 
• Low Power Dissipation ................................. 10 mW 
• Auto-Zero Cycle Eliminates Zero-Scale Error 

and Drift 
• Zero Integrator Phase Speeds Recovery From 

Overrange Input Signals 
• Automatic Internal Polarity Detection 
• Low Input Current ................................... 1S pA Max 
• Wide Analog Input Voltage ............................ ±4.2V 
• Microprocessor Control of Dual-Slope ADC 

Conversion 

PIN CONFIGURATIONS 

CPEIIJE COE 

t~:~g~ 5 
CREF 6 

FUNCTIONAL BLOCK DIAGRAM 

ViN 11 SWI 

GENERAL DESCRIPTION 

The CMOS TC500rrC500A contain all the analog 
circuits needed to construct an integrating analog-to-digital 
converter. 

The user can control resolution and conversion speed 
through software. A microprocessor controls the TC500/ 
TC500A through the A and B logic input signals. Four 
phases are possible: auto-zero, signal integrate, reference 
integrate (deintegrate), and integrator zero output. 

The TC500ITC500A contain the analog circuits needed 
to construct a dual-slope integrating converter with an auto
zero phase. A zero-integrator output phase can be selected 
to eliminate errors caused by out-of-range input signals. 
The zero-integrator phase greatly improves recovery after 
an overrange conversion. 

The CMOS TC500rrC500A operate from ±5V sup
plies. Power dissipation is only 10 mW. Leakage currents at 
the differential inputs are a low 10 pA. The TC500rrC500A 
differential reference inputs allow easy ratiometric mea
surements. 

ORDERING INFORMATION 

Temperature System 
Part No. Package Range Resolution 

TC500ACPE 16·Pin Plastic DIP O'C to +70'C 16·Bit (30 ppm) 

TC500AIJE 16·Pin CerDIP -25'C to +85'C 16·Bit (30 ppm) 
TC500ACOE 16·Pin SO O'C to +70'C 16·Bit (30 ppm) 
TC5DOCPE 16-Pin Plastic DIP D'C to +7D'C 4-112 Digits (50 ppm) 

TC500lJE 16-Pin CerDIP -25'C to +85'C 4-1/2 Digits (50 ppm) 

TC500COE 16-Pin SO O'C to +70'C 4-1/2 Digits (50 ppm) 

SWz 

~LOOo~5~Jl~~~-==~~==~========~ COMMON 

10 SWI 
VIN o-:J-15<:I-----+-------.....J 

16 

Vs Vs 

V TELCOM SEMICONDUCTOR, INC. 

~ 
CONTROL LOGIC 

2-179 



TC500 
TC500A 

ABSOLUTE MAXIMUM RATINGS* 

Supply (Vs+ to Vs-) ..................................................... 18V 
Positive Supply Voltage (Vs+ to GND) ...................... +12V 
Negative Supply Voltage (Vs- to GND) .................... -12V 
Analog Input Voltage (VIN+ or VIN-) .................. Vs+ to Vs-
Logic Input Voltage .................... Vs+ +0.3V to GND -0.3V 
Package Power Dissipation ...................................... 0.5W 
Ambient Operating Temperature Range 

Plastic Package (C) .............................. O°C to +70°C 
CerDIP Package (I) ........................... -25°C to +85°C 

INTEGRATING CONVERTER 
ANALOG PROCESSORS 

Storage Temperatu re Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ................. +300°C 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure toabsolute maximum rating conditions for extended periods may 
effect device reliability. 

ELt:.(; I HICAL CHARACTERISTICS: T A = +25°C, Vs = ±5V, unless otherwise specified. CAZ = CREF = 0.1 IlF. 

TC500 TC500A 
Symbol Parameter Test Conditions Min Typ Max Min Typ Max Unit 

Analog 
Resolution Note 1 - - 50 - - 30 ppm 

ZSE Zero-Scale Error Note 1 - - 0.005 - - 0.003 % 

ENL End Point Linearity Note 1 - 0.005 0.01 - 0.005 0.01 % 

NL Best Case Straight Notes 1 and 2 - - 0.005 - - 0.003 % 
Line Linearity 

DNL Differential Nonlinearity - - 0.0025 - - 0.0025 % 

TCzs Zero-Scale Over Operating - 1 2 - 1 2 !LV/oC 
Temperature Temperature Range 
Coefficient 

SYE Full-Scale Symmetry - - 0.01 - - 0.006 % 
Error (Roll-Over Error) 

Ratiometric Reading VIN = VREF = 1V - - 0.035 - - 0.035 % 

FSTc Fu!!-Scale Temperature Over Operating - - 10 - - 10 ppm/DC 
Coefficient Temperature Range 

External Reference 
TC = 0 ppm/DC 

hN Input Current VIN =OV - 6 15 - 6 15 pA 

CMRR Common-Mode -1V ~ VCM ~ 1V - SO - - so - dB 
Rejection Ratio 

VCMR Common-Mode Vs=±5V Vs-+1.5 - Vs+ -1.5 Vs-+1.5 - Vs+-1.5 V 
Voltage Range 

Integrator Output Swing Vs=±5V - - ±4.1 - - ±4.1 V 

Analog Input Signal Range Vs +O.S - Vs+-O.S Vs +O.S - Vs+-Q.S V 

eN Noise VIN =OV - 30 - - 30 - !LVp-p 

Digital 
Reference Input Signal Vs-+1 - Vs+-1 Vs-+1 - Vs+-1 V 
Range 

VOH Comparator Logic 1, ISOURCE = SOO !LA 4 - - 4 - - V 
Output High 

VOL Comparator Logic 0, ISINK=4 rnA - - 0.4 - - 0.4 V 
Output Low 

VIH Logic 1, Input High Voltage 3.5 - - 3.5 - - V 

VIL Logic 0, Input Low Voltage - - 1 - - 1 V 

IL Logic Input Current Logic 1 orO - 0.05 - - 0.05 - !LA 
to Comparator Delay - 4 - - 4 - !Ls 
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ELECTRICAL CHARACTERISTICS (Cont.) 

Symbol Parameter Test Conditions 

Power 

Is Supply Current Vs=±5V, A= 1, B= 1 

PD Power Dissipation Vs=±5V 
Vs+ Positive Supply 

Operating Voltage Range 
Vs- Negative Supply 

Operating Voltage Range 
Vs+-Vs- Supply Operating 

Voltage Range 

TC500 
Min Typ 

- 1 

- -
4 -

-3 -

7 -

Max Min 

1.5 -
15 -
10 4 

-8 -3 

15 7 

TC500A 
Typ 

1 
-
-

-

-

TC500 
TC500A 

Max Unit 

1.5 mA 
15 mW 
10 V 

-8 V 

15 V 

NOTES: 1. Integrate time ",200 ms, auto-zero time ",100 ms, VINT (peak) ~ 4V. 
2. End point linearity at ±1/4, ±1/2, ±3/4 FS after full-scale adjustment. 

OPERATIONAL THEORY 

The TC500 and TC500A are dual-slope, integrating 
analog processors which are used with a microprocessor to 
generate analog-to-digital conversions of up to 16 bits of 
resolution. Although the TC500 and TC500A are virtually the 
same, the TC500A is recommended for applications requir
ing more than 14 bits of resolution. 

The TC500 and TC500A incorporate a system zero 
phase and integrator output voltage zero phase, in addition 
to the normal two-phase, dual-slope measurement cycle. 
Reduced system errors, fewer calibration steps, and shorter 
overrange recovery time result. 

The TC500 and TC500A measurement cycle can use all 
four phases, if desired. 

(1) Auto zero 

(2) Analog input signal integration 

(3) Reference voltage integration (deintegrate) 

(4) Integrator output zero 

Internal analog gate status is shown in Table I for each 
phase (see the functional diagram). 

Table I. Internal Analog Gate Status 

Conversion Phase SWI SWRI+ 

Auto-Zero (A=O, B=1) 
Input Signal Integration Closed 
(A=1, B=O) 
Reference Voltage Closed' 
Deintegration (A=1, B=1) 
Integrator Output Zero 
(A=O, B=O) 

Auto-Zero Phase 

During this phase, errors due to buffer, integrator and 
comparator offset voltages are compensated for by charg
ing CAZ (auto-zero capacitor) with a compensating error 
voltage. 

The external input signal is disconnected from the 
internal circuitry by opening the two SWI switches. The 
internal input points connect to analog common. The refer
ence capacitor charges to the reference voltage potential 
through SWR. A feedback loop, closed around the integrator 
and comparator, charges the CAZ capaCitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 

Analog Input Signal Integration Phase 

The TC500fTC500A integrate the differential voltage 
between the (+) and (-) inputs. The differential voltage must 
be within the device's common-mode range. 

The input signal polarity is normally checked via soft
ware at the end of this phase. 

Internal Analog Gate Status 

SWRI- SWz SWR SW1 SWIZ 

Closed Closed Closed 

Closed 

Closed Closed Closed 

• Assumes a positive polarity input signal. SWR'- would be closed for a negative input signal. 
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Reference Voltage Deintegration Phase 

The previously charged reference capacitor is con
nected with the proper polarity to ramp the integrator output 
back to zero. 

Integrator Output Zero Phase 

This phase guarantees the integrator output is at OV 
when the system zero phase is entered and that the true 
system offset voltages are compensated. This phase is 
used at the end of the reference voltage deintegration 
\ UclN I ) pnase ana ~HUU LLJ be used for all TC500fTC500A 
applications. This phase MUST be used for resolutions of 
more than 14 bits. If this phase is not used, the value of the 
auto-zero capacitor (CAZ) must be about 2 to 3 times the 
value of the integration capacitor (C'NT) to reduce the effects 
of charge-sharing. The integrator output zero phase should 
be programmed to operate until the output ofthe comparator 
returns "HIGH" (1) or for fixed time of about 2 ms. 

ANALOG SECTION 

Differential Inputs (VIN+ [Pin 11], VIN- [Pin 10]) 

The TC500fTC500A operate with differential voltages 
within the input amplifier common-mode range. The input 
amplifier common-mode range extends from O.BV below 
positive supply to O.BV above negative supply. Within this 
common-mode voltage range, a common-mode rejection is 
typically BO dB. Full accuracy is maintained, however, when 
the inputs are no less than 1.5V from either supply. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu
rate. A worst-case condition exists, for example, when a 
large, positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications, the integrator swing 
can be reduced. The integrator output can swing within 0.9V 
of either supply without loss of linearity. 

Analog Common (Pin 5) 

Analog common is used as Y,N return during system
zero and reference deintegrate. If V'N- is different from 
analog common, a common-mode voltage exists in the 
system. This Signal is rejected by the excellent CMRR of the 
converter. In most applications, V'N- will be set at a fixed 
known voltage (Le., power supply common). A common
mode voltage will exist when Y,N - is not connected to analog 
common. 
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Differential Reference 
(VREF+ [Pin 9], VREF- [Pin 8]) 

The reference voltage can be generated anywhere 
within 1 V of the power supply voltage of the converter. Roll
over error is caused by the reference capacitor losing or 
gaining charge due to stray capacitance on its nodes. The 
difference in reference for (+) or (-) input voltages will cause 
a roll-over error. This error can be minimized by using a large 
reference capacitor in comparison to the stray capacitance. 

"1- ___ ",, __ ... __ 1 • __ ~~ ... _ fA rr""lr.="_ .... _, _ r_· .......... , 
r lIa .... ,",VilLI VI "' .... UL .. V-\ Lrlll I<:::j, D LI"'H I I vJ} 

The A, B unlatched logic inputs select the TC5001 
TC500A operating phase. The A, B inputs are normally 
driven by a microprocessor 1/0 port or peripheral 1/0 chip. 

Comparator Output 

By monitoring the comparator output during the fixed
signal integrate time, the input signal polarity can be deter
mined by the microprocessor controlling the conversion. 
The comparator output is HIGH for positive signals and LOW 
for negative Signals during the signal-integrate phase. 

During the reference deintegrate phase, the comparator 
output will make a HIGH-to-LOWtransition as the integrator 
output ramp crosses zero. The transition is used to signal the 
processor that the conversion is complete. 

The internal comparator delay is 4 Jls, typically. 
Figure 1 shows the comparator output for large positive 

and negative Signa! inputs. For signal inputs at or near zero 
volts, however, the integrator swing is nonexistent. If com
mon-mode noise is present, the comparator can switch 
several times during the signal-integrate period. To ensure 
that the polarity reading is correct, the comparator output 
should be read and stored at the end of signal integrate. 

A "LOW' (0) on the TC500fTC500A comparator, during 
the deintegrate phase, Signals the processor that the con
version is complete. 

The comparator output is undefined during the auto
zero and the integrator output zero phases. 

GENERAL THEORY OF OPERATION 

Dual-Slope Conversion Principles 

The TC500 is an integrating analog-to-digital converter 
building block. An understanding of the dual-slope conver
sion technique will aid in following the detailed TC500A 
operation theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 
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SIGNAL I 
INTEGRATE --.. .. 

INTEGRATOR ___ ~ 
OUTPUT 

COMPARATOR ___ ..... 
OUTPUT 

~ DEINTEGRATE I REFERENCE 

\ZERO 
CROSSING 

t 
A. Positive Input Signal 

INTEGRATOR 
OUTPUT 

TC500 
TC500A 

REFERENCE 
4-----t~~1 DEINTEGRATE 

\ ZERO 

____ ;---'""""ILCROSSING 
COMPARATOR 

OUTPUT 

B. Negative Input Signal 

Figure 1. Comparator Output 

The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
TC500rrC500A automatically switch in the proper polarity 
reference signal. The reference integration time is directly 
proportional to the input signal (Figure 2). 

A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

StiNT 
-:=----::c---- Y,N (t) dt = VREF tDEINT 
R'NT C'NT 0 R'NT C'NT 

where: 
VREF = Reference voltage 
tiNT = Signal integration time (fixed) 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." The TC500rrC500A comparator zero-crossing sig
nals the processor to indicate the deintegrate cycle is 
complete. 

tDEINT = reference voltage integration time (variable) 

ANALOG CI-~--------~O 
INPUT 

REF 
VOLTAGE 

-, 
I 
I 
I 
I 
I 
I 

L ~ SWITCH DRIVER I 
POLARITY 
CONTROL 

O.BV MIN 

~I-~ + VSUPPLY !;(:::l .l V,NT 
a: 1= I v,N = VFULL SCALE T 

~ 6 I Y,N = 112 VFULL SCALE 

- I.. ~I" ~I 
T,NT TDEINT 

TC500/TC500A 

PHASE 
CONTROL CONTROL 

LOGIC 

A B 

I/O 

COMPOUT 

MICROCOMPUTER 

B 
Figure 2. Basic Dual-Slope Converter 
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For a constant VIN: 

V tOEINT 
IN = VREF -t-

INT 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. 

An inherent benefit is noise immunity. Input noise spikes 
are integrated or averaged to zero during the integration 
periods. Integrating ADCs are immune to the large conver
sion errors that plague successive approximation convert-
......... : ........ :,.. .... -.... :- .... --_.: .. _--_._ ... -
...,.'-' ". III~I' IIVl.;;IIv vi IVIIVIII I IICIIli:). 

Integrating converters provide noise rejection auto
matically with at least a 20-dB/decade attenuation rate. 
Interference Signals with frequencies at integral multiples of 
the integration period are, theoretically, completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency (1/t) averaged over a period (t) is 
zero. 

Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference signals. 
The ability to reject such signals is shown by a normal mode 
rejection plot (Figure 3). Normal mode rejection is limited in 
practice to 50 to 65 dB, since the line frequency can deviate 
by a few tenths of a percent (Figure 4). 

Criteria for CAZ and CREF 

C C 2N tiNT (VINT + VREF) ILEAKAGE 
AZ '" REF'" VINT VREF 

where: 
N = resolution (bits) 
ILEAKAGE'" 15 pA 
VINT (see Figure 2) 

80 
m 
~70 
is 
t3 60 w 
ia 
II: 50 
~ o 
::E4O 

ci! 
! 30 

S! 
20 

f' r--.. 
"" 

I I I 
t=0.1 sec 

I" r-... 
,...~ 

MOOE=20LOG NORMAL ISlN60'itI (1 "'iY)1 
REJEC110N 6O'it1 (10. ~:ir) 
DEV = DEVIATION FROM 60 Hz 
t = INTEGRATION PERIOD 

0.01 0.1 1.0 
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LINE FREQUENCY DEVIATION FROM 60 Hz (%) 

Figure 3. Normal Mode Rejection vs 
Input Frequency 
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This equation is for reference only. Use 0.1lLF capacitor 
for all applications that have 8 or more conversions per 
second. Use a 0.22 lLF capaCitor for 3 to 7 conversions per 
second, and a 0.47 lLF capaCitor for conversions of 2 or less 
per second. 

COMPONENT VALUE SELECTION 

Integrating Resistor (RINT) 

The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 20-lLA drive current with minimal 
linearity error. RINT is easily calculated for a 20-lLA full-scale 
current: 

R ( ) Full-Scale Input Voltage (V) 
INT Mil = ±20% 

20 

For loop stability, RINT should be ;;.50 kil. 

Reference Capacitor (CREF) 

A 0.1-lLF capaCitor is suggested. Larger values may be 
used to limit roll-over errors. Low leakage capacitors (such 
as polypropylene) are required. 

Auto-Zero Capacitor (CAZ) 

A 0.1-lLF polypropylene capacitor is suggested. 

_~r---~~~~~r--'r-~rw 
III 
~ 

is 
T = 1V'''' .... '''n''' .. ':o. 

~ 20 t--+--+-+1I-+-1H1-1rt---tlrt-l"V-H-t-t-t-tI 

ia 
II: 
W 
C 

g 10 t----+-+-+-t-H'+l>I<---I-HH-t+l1-tI 
....I 

'" ::E 
II: 

S! O~~~~~-u~--~--~~~~ 
o.ur 1rr 1 orr 

INPUT FREQUENCY 

Figure 4. Integrating Converter Normal Mode Rejection vs 
60 Hz Line Frequency Variations 
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Integrating Capacitor (CINT) 

The integrating capacitor should be selected to maxi
mize integrator output swing. The integrator output will 
swing to within 0.8V of Vs+ or Vs- without saturating. 

Using the suggested 20-~A full-scale buffer output 
current, the integrating capacitor is easily calculated: 

CINT = (tiNT) (VFS) '" 5 tiNT (~F) 
(VI NT) (RINT) 

where: 
tiNT = Integration period 
VFS = Full-scale input voltage 
VINT = Integrator output voltage swing 

A very important integrating capacitor characteristic is 
dielectric absorption. Polypropylene capacitors give 
undetectable errors at reasonable cost. Polyester and poly
carbonate capacitors may also be used in less critical 
applications. 

The threshold noise (NTH) is the algebraic sum of the 
integrator noise and the comparator noise. This value is 
typically about 30 ~V. The graph shows how the value of the 
reference voltage can influence the results of the final count. 

Errors caused by the low-frequency buffer noise may be 
reduced by increased integration times. 

NOISE 

LoN 
REF 

TC500 
TC500A 

Signal-to-Noise Ratio 

SIN (dB) = 20 Log (3~I;V tiNT ) 
• RINT· CINT 

The maximum performance of the TC500/TC500A re
quire that overshoot at the end of the deintegration phase be 
minimized. Also, the integrator zero phase may be termi
nated as soon as the comparator output returns to HIGH (1). 

OVERSHOOT 

Normal 

INTEGRATOR 
OUTPUT 
(PIN 1) 

COMPARATOR 
OUTPUT (PIN 14) 

VREF 

I~ "I~ 
INTEGRATE 

PHASE 

ZERO 
CROSSING 

DEINTEGRATE PHASE __ ~ 
INTEGRATOR 
ZERO PHASE 

High 
VREF 

V REF 
SLOPE (S) = RINTCINT Nnt = Noise Threshold 
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TC500A DESIGN EXAMPLE (See "Component Selection Example") 

TIMING CONDITIONS: A) AZ PLUS ZI ................ 10,000 CLOCK PERIODS (40 ms) 
8) INT .............................. 10,000 CLOCK PERIODS (40.rnS) 
C) DEINT ......................... VIN (V) 10,000 CLOCK PERIODS (14 bits) 
D) CLOCK PERIOD ........ 4I1S 
E) VFS ............................. :t2.5V 

TYPICAL WAVEFORMS 

I I 

PIN1~/r" 
+vIN i T I 

G~: V+ 
16 

CINT S 

Vs GND 
CAZ 

3 
CAZ 

COMP 
SEQUENCER --- OUT 

AND 4 ¥ 8UF 8 
RINT TC500A 12 

5 ANALOG A 
COM 

YiN 
CREF 

CREF 

7 C~EF 
YiN 

VREF 
8 

VREF VREF 

CONTROL 
LOGIC 

CINT 0.111F 

RINT 250 k.Q 

CAZ 0.111F 

CREF 0.111F 

PIN14~ 
I I I 
I I I 

!A! 
~l~ PIN 1 I ! I 

-VIN --1JL 
PIN 14 I I 

I I 

TC500A TO IBM PCIXT PRINTER PORT 
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+5VO~·----------------------------~ 

IBM 
PCIXT 

12 

16 

Vs Vs 

~ ... 
A P~~ 1 t=:~ ___ 1 ... 3 .. 8 

TC500A 

HEX ...,1 .. 0 ____ ..;..14"1 COMP 

CREF 
6 

VAEF 
9 

VREF 
8 

4100 kO 
BUF 

CAZ 

CINT t-'-----..... 
0.2211F 

100kO 
VfN ...... -_--"""''''''.-0 + 

10kO 

V 
TC04 

VIN 

ANALOG 5 
GND COMMON~--------------~~ 

15~ __________ ~ ____________ --' 
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INTEGRATING CONVERTER 
ANALOG PROCESSORS 

Interrupt Operation 

The comparator output stays low during the Integration 
phase (A=1 , 8=0) wheneverthe input polarity is negative. In 
those cases where the input polarity is negative AND very 
near zero, the zero-crossing occurs before the comparator 
has had a chance to go positive. Thus, no negative edge will 
be generated and the microprocessor will not be interrupted. 

With a negative input voltage very near zero, the output 
of the comparator does not have enough time to get fully 
positive. This anomaly is caused by the comparator delay 
and rise time limitations. 

INTEGRATION WAVEFORM 

TC500 
TC500A 

One solution to overcome this condition is to have the 
microprocessor monitor the comparator output. It can then 2 
end the deintegration phase as soon as it sees a zero. 

Another solution is to have the microprocessor enable 
the interrupt and look at the comparator output. If the output 
is HIGH, the interrupt will be properly triggered. If the output 
is LOW, end the deintegration phase and disable the inter
rupt. 

Either solution will produce reliable low voltage conver
sions. 

ZERO 
CROSSING 

I". 
1 ..... _------ INTEGRATION TIME --------i~ ~ DEINTEGRATION TIME 

- - COMPARATOR DELAY 

.. 
: :-IDEAL 

COMPARATOR OUTPUT-; I 
I I I ~ACTUAL 

------------------------------------------I~.,~ 

Rate of Conversion 

The conversion times for the TC500fTC500A are a 
function of many variables and constants. The dominant 
component is CINT: 

Conversion Time (sec) = 

0.4 x CINT (~F) x (2 + (VINNREF)) 

The assumptions forthis equation are suggested but not 
strictly required. They are: 

Auto-zero time (T AZ) = Integration time (TNT) 
Peak integration voltage (VINT) = 4V 
Maximum buffer current (VIN(MAXyRINT) = 20 ~A 
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Component Selection Example 

Known: 1) Supply voltage for TC500A 
2) Maximum input voltage 
3) Integration time 
4) Output resolution (bits) 
5) Clock period 

(Vsup) 
(VIN(MAX») 

(TINT) 
(N) 

(tCLOCK) 

Assume: Vsup = ±5V 
VIN(MAX) = ±2.5V 
TINT = 40 ms 

Vsup = IVsupl 
VIN(MAX) = IVIN(MAX)I 

N = 14 bits 
tCLOCK=4 ~ 

2·187 



TC500 
TC500A 

Step 1: Calculate RINT RINT = VIN(MAX) 
lauF(MAX) 

Where laUF(MAX) '" 20 I1A 

RINT = 2.5V = 125K 
20 IJ.A 

Use 130K 
2.5V 

:. lauF = 130K = 19.21J.A 

Step 2: Calculate CINT CINT = TINT laUF(MAX) 

Where VI NT = VSUP -1V = 4V VINT 
r.,,,or = 40 ms 19.21J.A _ n 1Q? ""," 

.... 4V -----,... 
Use 0.211F 

Step 3: Calculate VREF VREF = 

Where KOEINT = 2N tCLOCK 

VREF = 4V e 0.211F e 130K = 1.587 ... V 
2N tCLOCK 

Step 4: Calculate integrate count KINT = TINT 
tCLOCK 

Where KINT 40 ms = 10,000 Counts 
4118 

Results: KOEINT = VIN KINT = VIN 11 5870,000v 
VREF . . .. 

Where KOEINT = Number of clock periods 
during T OEINT 

Normalization 

The reference voltage can be adjusted to scale the 
deintegrate count to be directly equivalent to the input 
voltage. 

KINT 
Since: -V = CountsNolt 

REF 
If: VREF is adjusted such that 

10000 Counts _ KINT 
VREF = 10000 CountsNolt - 10000 CountsNolt = 1V 

Then: KOEINT = ~ and N '" 14.61 Bits 
100I1V 

e.g., If KOEINT = 18357 Counts, 
then VIN = 1.8357V 

INTEGRATING CONVERTER 
ANALOG PROCESSORS 
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TC520 

16-BIT SERIAL INTERFACE CONTROLLER FOR TC500 AND TC500A 

FEATURES 

• up to 16-Bits of Resolution 
• Independent Data Clock Rate 
• Binary Data Output 
• Programmable Conversion Rate 
• "Visible" Overrange Bit 
• Double Buffered Data Latch 
• On-Chip Oscillator Circuit 
• Serial Data for Compact Circuits 
• "Overrange" may be used as 17 Bit 
• 14-Pin DIP or 16-Pin SMD 
• HiZ Output on DOUT when not selected 

ORDERING INFORMATION 

Part No. Package 

TC520CPD 14-Pin DIP 
TC520COE 16-Pin SOIC (Wide) 

PIN CONFIGURATION 

FUNCTIONAL BLOCK DIAGRAM 
VDD ....:.1 __ _ 
GND .... 2 ___ _ 

Operating 
Temp Range 

GENERAL DESCRIPTION r:t 
The TC520 Serial Interface Controller provides com-lii:I 

plete logic control for the TC500 or TC500A Analog Proces-
sors in a compact 14 or 16 pin package. The TC520 contains 
a programmable "Auto-Zero" and "Integrate" time, and 16-
bit "results" counter. The TC520 controls the "A" and "8" 
inputs to the TC500A for each one of the four conversion 
phases. 

An 1S-bit shift register holds the 16-bit conversion data 
plus the sign bit and overrange bit until it is read or until the 
next conversion has been completed. The shift register data 
will not update while data is being read from the TC520 
although the TC500 will continue to convert. Some or all of 
this serial information may be clocked out at any time and at 
any rate that the user prefers. 

The TC520 may operate from the system clock, its own 
external crystal, or any other appropriate source. The timing 
of the conversion phases of the TC500/A are determined by 
the TC520's frequency of operation and may be completely 
independent of the microprocessor clock rate. 

The TC520 allows full flexibility of the TC500 or TC500A 
by providing programmable auto zero and integrate timing. 
The timing is determined by a 16-bit counter which is made 
up of an S-bit counter (+256) and an S-bit multiplier (+N) 
working in series. The TC520 supports multiple conversion 
rate applications by allowing the S-bit multiplier to be modi
fied under software control through a serial interface. 

The CMOS TC520 operates from a single 5V supply. 
Power dissipation is less than 7.5mW. 

CDMP -2.._-f-+I 1=::':':"::"--r===~J....,.--'I------t4 DoUT 

1..,...;:;;':;:;;';;;;;~=~_""L!!~J+-... 1,,--O DCLK 

NOTE: All electrical data is included for reference only. Values are subject to change without notice. 
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Pinout of 
14-Pin Package 
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ABSOLUTE MAXIMUM RATINGS· 

DC Supply Voltage (Voo) .............................. -o.s to +6.0 
Input Voltage, All Inputs (VIN) ................. -O.S to Voo +O.S 
Operating Temperature Range (T A) ....... -2Soc to +8SoC 
Storage Temperature Range' (T STG) ..... -6SoC to + 1S0°C 
Lead Temperature (10 sec) (T SOR) ......................... 300°C 

16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

• Static·sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the Operational Specifications is not implied. Any 
exposure to Absolute Maximum Rating Conditions may affect device 
reliability. 

ELECTRICAL CHARACTERISTICS: unless otherwise specified Voo = SV, fose = 1 MHz, T A = +2SoC: 

Parameter Symbol Min Typ Max Unit 

:supply 
Operating Voltage Range VDD v 
Supply Current IDD mA 

Input Characteristics 
Input Voltage Range VIR -0.3 - VDD+0.3 v 
Low Input Voltage VIL - - 1.0 V 

High Input Voltage VIH 2.5 - - V 

Input Leakage Current hLC - - 10 ~A 

Pull-down Current (CE) IpD - 5 - ~ 
Pull-up Current (READ, LOAD) Ipu - 5 - ~ 

Output Characteristics (lOUT = 250 IlAmps, Voo = 5V) 
Low Output Voltage VOL - 0.2 0.3 V 

High Output Voltage VOH 3.5 4.3 - V 

Rise/Fall Times CL= 10pF - - 250 nsec 

OSCillator (OSCIN, OSCOUT) 
Crystal Frequency fxtl MHz 

External Frequency (OSCIN) fose MHz 

Timing Characteristics 
READ Delay Time tRD 250 - - nsec 

Data Read Setup Time tRS 1 - - ~sec 

DCLK to DouT Delay tDRS 450 - - nsec 

LOAD Setup Time tLS 1 - - ~sec 

Data Load Setup Time tDLS 50 - - nsec 

DCLK Pulse Width Low Time tPWL 150 - - nsec 

DCLK Pulse Width High Time tPWH 150 - - nsec 

Load Default Low Time tlOL 250 - - nsec 

Load Default Setup Time tlOS 250 - - nsec 
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16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

GENERAL DESCRIPTION 

Basic Timing: The crystal oscillator and clock input 
circuit has a divide-by-4 prescaler which generates the 
internal system clock (SYSCLK). All of the timing operations 
of the TC520 are controlled by SYSCLK. 

Auto-Zero (AZ) and Integrate (I NT) Timing: There is 
one 16-bit binary counter which controls the timing of both 
the auto-zero phase and the integration phase of the 
TC500/A. The lower 8 bits of this up-counter always divides 
by 256 and the upper 8 bits has a default value of 128 or 256. 
This results in a default AZ and INT timing of 32768 (256 x 
128) or 65536 (256 x 256) SYSCLK periods. 

Serial Data Input: The upper 8 bits of the auto-zero/ 
integrate counter may be pre-loaded by shifting a new 8-bit 
byte (MSB first) into the TC520. This gives the user a range 
of counts from 256 to 65536 in steps of 256. 

Serial Data Output: An 18-bit output shift register 
includes overrange bit, a sign bit and 16 bits of conversion 
data. An overrange bit is visible on the DouT pin without 
clocking the data. An overrange conversion may be ignored 
or may be used as the MSB for 17 bits of resolution. The 
serial data may be read at any time because the data clock 
is independent of the conversion cycle. The internal data 
latch will not update while READ is held LOW. 

Chip Enable (CE): A HIGH on the chip enable pin will 
force the TC500A into the auto-zero (AZ) state (A=O, B=1). 
This is the proper phase for idling the TC500/A and still 
having it ready for the next conversion. 
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TC520 

Comparator (COMP): The comparator input is used by 
the TC520 to determine the polarity ofthe voltage inputto the 
:rC500A and to determine the end-of-conversion zero-cross- 2 
Ing. 

Data Clock (DCLK): The data clock input from the host 
~p is used to clock in the 8-bit multiplier of the auto-zero/ 
integration counter on the data input pin (DIN), or to clock out 
the 18 bit of conversion data from the data output pin (DOUT)' 
This data clock is independent ofthe system clock (SYSCLK). 

Load Integrate Count(LOAD): The leading edge (nega
tive transition) of the LOAD input clears the high-byte shift 
register of the auto-zero/integrate counter and the state of 
the data input pin (DIN) is loaded into the MSB. The A and B 
outputs to the TC500/A are forced to the auto-zero phase 
whenever LOAD is pulled LOW. 

Data Input (DIN): An 8-bit data word may be clocked into 
the high-byte shift register of the auto-zero/integration counter 
using the data clock (DcLK) whenever LOAD is LOW. The 
auto zero and integrate times will be equal to 256 times the 
2's complement of the 8-bit value loaded into the high-byte 
shift register (MSB first). 

Data Output (DouT): The overrange bit appears on the 
data output pin whenever READ goes LOW. The first 
negative transition of the data clock (DcLK) will clock the 
polarity bit to DouT. Subsequent negative transitions on 
DCLK will clock out the conversion data (MSB first). 
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16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

PIN DESCRIPTIONS 

PIN#* 

(1 ) 

2 (2) 

3 (3) 

4 (4) 

5 (5) 

6 (6) 

7 (7) 

(8) 

(9) 

8 (10) 

9 (11 ) 

10 (12) 

11 (13) 

12 (14) 

13 (15) 

14 (16) 

Voo, Positive Supply. 

DGND, Digital Ground. 

DESCRIPTION 

COMP, Connected to comparator output of TC500A. Controls the timing of the TC520. 

OUTPUT B, "B" Input to TC500/A. 

OUTPUT A, "A" Input to TC500/A. 

OSC,,')T. Output of the internal cry!ltal controllen o!lr.illator Connp.r.t to onp. !linp. of thp. "n!~t"'l nr m""t hp Ipft 
open if a clock input is used on OSCIN. 

OSCIN, Input of the internal crystal controlled oscillator. Connecllo one side oflhe crystal or a clock input may 
be used instead. 

N/C. 

N/C. 

READ, Logic LOW enables the output shift-register. DCLK can clock out the deintegrate count of the most 
recent conversion cycle to DOUT. 

DouT, Conversion data serial output. The overrange bit of the most recent conversion is available without 
strobing DCLK. The sign bit and the 16 conversion bits (MSB first) may be clocked out with DCLK when READ 
is set LOW. 

DCLK, The data clock is used to clock in the required integration counts (default = 215) or to clock out the 
conversion data. 

DIN, Integrate count serial input. An 8-bit (or less) serial input word (MSB first) will be multiplied by 256 to 
determine the integration count for the TC500/A. 

LOAD, Logic LOW enables input shift register. DCLK can clock in the integrate count multiplier on DIN. 

DV, LOW transition indicates new conversion data is ready. 

CE, Logic LOW selects TC520. If CE is HIGH then the TC500/A is forced into the auto-zero mode. 

·Pin # on left for 14-pin DIP package, on right for 16-pin SMD (SO) package. 

THEORY OF OPERATION 

Load Auto-Zerollntegrate Timing Register Value 
(LOAD, DIN, DCLK) 

One of two default values is entered if LOAD is pulsed 
LOW and no value is clocked into the shift register. The state 
of the data input pin (DIN) is loaded into the MSB of the high
byte shift register. If DIN is HIGH then the normal default 
count of 32768 is established. If DIN is LOW then the count 
will be set to 65536. 

2-192 

The auto-zero and integrate timing may be changed to 
any value between 65536 counts of the system clock 
(SYSCLK) to 256 counts of SYSCLK in 256-count steps. 
With LOAD held LOW, an 8-bit data word can be clocked into 
the high-byte shift registerofthe auto-zero/integration counter 
with positive transitions on the data clock (DCLK). The 8-bit 
word is clocked in MSB first. The auto zero and integrate 
times will be equal to 256 times the 2's complement of the 8-
bit value loaded into the high-byte shift register. 
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16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

TC520 

AZand INT 
Auto-Zerollntegrate High-Byte Counter 

8 Bit 
Counts MSB ••• ••• ••• ••• ••• • •• LSB HEX 

65536 (1) 0 0 0 0 0 0 0 0 00 

49152 0 1 0 0 0 0 0 0 40 

32768 (2) 1 0 0 0 0 0 0 0 80 

16384 1 1 0 0 0 0 0 0 CO 

8192 1 1 1 0 0 0 0 0 EO 

4096 1 1 1 1 0 0 0 0 FO 

2048 1 1 1 1 1 0 0 0 F1 

1024 1 1 1 1 1 1 0 0 FC 

512 1 1 1 1 1 1 1 0 FE 

256 1 1 1 1 1 1 1 1 FF 

Effect of the High-Byte Value on the Auto-Zero/Integrate 
Timing Default Counts (1) DIN = LOW, (2) DIN = HIGH 

"A" (Pin 5) and "B" (Pin 4) 
The A and B outputs from the TC520 connect directly to 

the A and B inputs of the TC500/A. These control the timing 
and phasing operation of the TC500/A. 

Read Conversion Value (READ, DouT, DCLid 
The serial data output of the TC520 consists of 18 bits 

of information. The Data Output pin (DauT) stays as a high 
impedance state until READ is selected. A HIGH-ta-LOW 
transition on the READ input loads the output shift register 
with the most recent 16-bit conversion data, the overrange 
bi t (OVR) and the polarity bit (POL). The first bit on the output 
shift register is the overrange bit which is available as soon 
as READ is LOW. This bit may be used as the MSB when a 
17 -bit conversion result is required. This bit does not require 
clocking the DCLK input. 

The rest of the information is clocked out by negative 
transitions on the data clock (DCLK) while READ is held 
LOW. The first bit clocked out is the polarity bit (HIGH = input 
positive, LOW = input negative). The remaining 16 bits 
represent the conversion value in binary form, MSB first. 
Excess DCLK's will produce zero - value bits. 

The Conversion Value may be read at any time during 
the conversion process or the DV output may be used to 
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trigger an interrupt. The conversion cycles of the TC500/A 
are unaffected by the reading sequence but the serial data 
output shift register will not update as long as READ is LOW. 

The READ cycle may be terminated at any time by 
bringing READ to HIGH. 

Oscillator Circuit 
A crystal oscillator circuit is included on the TC520 

which will work up to 4MHz. An external clock may also be 
applied to OSCIN (Pin 7). An internal 74 generates the 
system clock (SYSCLK) which is used to time the auto-zero 
and integrate phases of the TC500A and is used as the 
count-rate for the conversion data (results) counter. 

Power-On Considerations 
At power-on, the TC520 comes up with the A and B lines 

at zero (lZ phase) and is waiting for the TC500 comparator 
to go LOW. The TC500 is, unfortunately, hung-up at this 
point and will not respond. 

There are two ways to force a momentary auto-zero 
mode to overcome this condition: 1) have the micro strobe 
LOW on the LOAD or CE input, or 2) put a small capacitor 
(=O.01~F) from CE to Vcc. There is an internal pull-down 
current on CE which will reactivate the TC520. 
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LOAD TIMING 

16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

LOAD DEFAULT TIMING 

LOAD -=1};-----

~" ,~~" 
DCLK 

~ ____________________________ ~r_ 

LSB 

L-___________ ~r_ 

TYPICAL TC520 INTERFACE TO TC500 OR TC500A 

+5V 

INT 16 6 
OSCOUT "'""51" +V 

10k 'V" 
CRYSTAL 0 +V 

TC500A LOAD CAZ 7 OSCIN 

100k BUF COMP 14 3 COMP 
READ 

13 4 DCLK IN+ B B 

A 5 A DIN 
13 - DOUT IN- CR- DV 

REF+ CREF 
14 

CE 

CR+ ........... .....,. 
REF- GND 2 GND 

.... 
COM 2 TC520 

-V 

ANALOG GROUND 

-= CE 

DGND 
DV 

• Polypropylene recommended for CINT 

-5V 
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16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 

USING THE TC520 

Conversion Timing and Component Selection 
The values of RINT, CINT, CREF, CAZ and VREF for the 

TC500 or TC500A are selected by using the criteria spelled 
out in the TC500/ A data sheet to fit your specific application. 
The only external constraint, when using the TC520, is the 
value used for TINT (integration time) in your calculations. 
This time will now be a function of the crystal or clock you use 
for timing the TC520. 

The TC520 generates a system clock (SYSCLK) used 
for timing and counting by dividing the crystal frequency by 
4. You will need to use the period of SYSCLK (for t8 k) to 
determine TINT. The TC520 can use from 256 (28) to 65536 
(216) counts of (t8k)t for the integrate time. The two default 
values are 215 and 216. If you conform to conventional dual
slope wisdom, you will select 215 (216/2) as your integrate 
count. A value of 4f..ls for tSK will minimize the error due to the 
comparator delay of the TC500/A so a 1 MHz crystal (or 
clock) is advisable. 

With an integrate count of 215 (3276S) and SYSCLK of 
250KHz, your integration time (TINT) will be 131 ms. This time 
period is also used to control the auto-zero time (T AZ). The 
maximum deintegration time (T OEINT) will be 2 x TINT or 
262ms. This will make your total maximum conversion ti~e 
(full-scale input) be 524ms. That is 1.9 to 3.S conversion per 
second. 

The value of the reference voltage (VREF) is determined 
by TINT and the maximum input voltage (VIN MAX): 

VREF = VIN MAX x TINTIT OEINT 

Maximum 50/60Hz line rejection is achieved when TINT 
is 1 OOms. This would result in a tSK of 3f..ls. The worst TC5001 
A comparator delay is not likely to be greater than 3.2f..lS so 
the effect would be virtually impossible to detect. Your full
scale conversion rate would be 2.5 conversions per second 
with a practically undiscernable anomaly at VIN = O. 

You can control the integration and auto-zero timing of 
the TC520 by loading a specific S-bit number into its timer 
through a serial interface. The timer is an "up" counter so the 
timing decreases when larger numbers are loaded. If, for 
example, you had a 1 MHz clock (tSK = 4f..ls) but still wanted 
the integration time (TINT) to be ",1 OOms instead of 131 ms, 
then you would serially load a value of 9EH into the TC520. 
If you wanted the same TINT with a 2M Hz clock (tSK = 2f..ls) 
then the number would be 3DH. The formula for this calcu
lation is: 
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Chip Enable and Start-Up 
The chip enable (CE) input does not really enable the 

chip. What it does is allow the TC500ITC520 to do conver- 2 
sions as long as it is LOW. This input has a "pull-down" 
curre~ so no external connection is required for operation. 
If you pull CE high, the TC520 will force the TC500 into the 
auto-zero mode. This is an advisable precaution whenever 
you switch an input multiplexer or suspend conversions for 
other considerations. 

The logic flow chart shows that the TC520 starts out in 
the Zero Integrate phase. It then waits for the comparator on 
the TC500 to go HIGH. Most (or all) of the time, on "power
up," the TC500 hangs up with the comparator output LOW. 
There are two known solutions to this problem: 1) Use CE to 
force an auto-zero phase during initialization, or 2) Connect 
a 1000pF capacitor between CE and Voo. This will force the 
AZ phase on the TC500 until the internal current sink 
discharges the capacitor. The capacitor technique is espe
cially desirable in opto-isolated applications. 

Opto-Isolated Applications 
The TC500ITC520 combination is ideally suited for 

opto-isolation because they operate autonomously as a 
pair. You only need 3 opto-isolated lines between the TC520 
and the microprocessor to read the conversion data, i.e., 2 
input lines and one output line. One of the input lines selects 
the TC520 for reading and the other supplies the data clock. 
The one output line brings the data back to the micro. The 
data may be read at any speed you choose in order to 
optimize your opto-coupled transfer rate. The TC500ITC520 
pair will continue to convert while the data is being read but 
the data in the output shift register will not be updated. The 
data clock is completely independent of the TC520's 
SYSCLK. 

You will be unable to change the integrate timer or force 
an auto-zero state with only three wires. If you set up the 
application properly in the first place, it won't be needed. A 
small capacitor between the CE pin and Voo will help in a 
clean startup. 
_The only time when you would need the data valid output 

(DV) is when the conversion data has to be read as soon as 
the conversion has been completed. This would require 
another opto-coupler. 

Default Timer Values 
The two default values for the S-bit high byte of the 

integrate/auto-zero timer are SOH and OOH. The most signifi
cant bit (MSB) of this byte is equal to the input on the data 
input pin (DIN) when a negative pulse is applied to the LOAD 
input. i.e., if DIN is low then a default count of 216 is used, 
otherwise the default count would be 215. 

2-195 



TC520 

TC520 LOGIC FLOW CHART 
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16-BIT SERIAL INTERFACE 
CONTROLLER FOR 
TC500 AND TC500A 
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TC831 

3-3/4 DIGIT AID CONVERTER WITH AUTO-RANGING 
FREQUENCY COUNTER 

FEATURES 
• 3-3/4 Digit, Multiple-Function Measurement 

System 
- Analog-to-Digital Converter 
- Frequency Counter 
- Interface to LED, VF or LCD 

Display or microprocessor fLP 
• Frequency Counter 

- Measures Input Frequency to 4 MHz 
- Auto-Ranging Over Four-Decade Range 

• Low Noise AID Converter 
- Differential Inputs, 1 pA Bias Current 
- Differential Reference for Ratiometric Ohms 
- On-Chip Voltage Reference, 50ppMf'C Drift 

• Peak Reading Hold Displays Highest Reading 
• 3-314 Digit (3999 Maximum) Resolution 
• Multiplexed BCD Data Outputs 

- Full 3-3/4 Digit Display 
- Three Decimal Point and Polarity Drivers 

• On-Chip Buzzer Driver and Control Input 
• Control Input Changes Full Scale Range by 10:1 
• Data Hold Input 
• Underrange and Overrange Outputs 
• Single 5V Operation 

- On-Chip -5V Generator 
• Multiple Package Options 

- 40-Pin DIP Package 
- 44-Pin Flat Package or PLCC 

FUNCTIONAL BLOCK DIAGRAM 

STROBE 

roo .. -- .. ---- .. - .. --

REF+ 0--: 
REF- o---C 

CREF+ o---i 
CREF- 0---: 

CINT 0-1 
CAZo-1 

DIGIT SELECTS 
D1 0203 D4 

RINT 0---: .-____ ......., 
OSC1o--1 
OSC2o-1 OSC3! '--____ .......J 

OVERRANGE 1--' ---~ 
UNDERRANGE .... : ---, 

STATUS I 

ANALOG I 

INPUT J1r::::1~=;;;;:'::=:"""I----, 

FREQUENCY ---.Ju.....-....... --___ >----.I 
INPUT I , , ........ ---_ ............ ---_ ............ ----_ ............ -- .. -.... _ .. 
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GENERAL DESCRIPTION 

The TC831 is a 3-3/4 digit measurement system com
bining an integrating analog-to-digital converter and a fre
quency counter in a single 40-pin package. A multiplexed 
Binary-Coded-Decimal (BCD) output provides an easy in
terface to an LED or LCD display, or to a microprocessor. 

The TC831 supersedes the TC14433 in new designs by 
improving performance and adding features. Products which 
presently use the 71 07 can also be upgraded with improved 
resolution, brighter LED display, and BCD data output. 

With a maximum range of 3999 counts, the TC831 
provides 1 0 times greater resolution in the 200 mVto 400 mV 
range than traditional 3-1/2 digit meters. An auto-zero cycle 
guarantees a zero reading with a OV input. Rollover error, 
the difference in readings for equal magnitude but opposite 
polarity input Signals, is less than ±1 count. 

ORDERING INFORMATION 

Part No. 

TC831CKW 
TC831CLW 
TC831CPL 
TC831EKW 
TC831ELW 
TC831EPL 

i-5V PEAK 
READING 

HOLD 

Package 

44-Pin PQFP 
44-Pin PLCC 
40-Pin PlastiC DIP 
44-Pin PQFP 
44-Pin PLCC 
44-Pin Plastic DIP 

POLARITY 

DECIMAL 
'-POINT 

SELECT 

'---__ .-' ....... ~ DATA HOLD 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70° 

- 40°C to +85°C 
- 40°C to +85°C 
- 40°C to +85°C 
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ABSOLUTE MAXIMUM RATINGS· 

3-3/4 DIGIT AID CONVERTER 
WITH AUTO-RANGING 

FREQUENCY COUNTER 

Supply Voltage (Vs+ to GND) ....................................... 6V 

NOTES: 1. Input voltages may exceed the supply voltages provided 
that input current is limited to ±1 00 !lA. Current above this 
value may result in invalid display readings but will not 
destroy the device if limited to ±1 mAo Analog Input Voltage (Either Input) (Note 1) .... Vs+ to Vs-

Reference Input Voltage (Either Input) ............. Vs+ to Vs- 2. Dissipation ratings assume device is mounted with all leads 
soldered to printed circuit board. Digital Inputs ................................................ Vs+ to DGND 

'Stalic-sensilive deVices. Unused deVices should be stored In conducllve 
material to protect against static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

Power Dissipation, Plastic Package (Note 2) ...... 800 mW 
Operating Temperature Range 

"C" Devices ............................................ O°C to +70°C 
"E" Devices ....................................... - 40°C to +85°C 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................... 300°C 

ELECTRICAL CHARACTERISTICS: Vs = 5V, - 40°C:'> T A:'> +85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Units 

Analog Section 
Zero Input Reading VIN=OV TA = 25°C -0000 0000 +0000 Digital 

Full Scale = 400 mV - 40°C:,> TA:'> +85°C ±OOOO Reading 
RE Roll-Over Error VIN =±390 mV TA=25°C -1 ±0.2 +1 Counts 

r""' •• 11 t" ...... I_ Ann _" -40n c:::;; TA::; +60'='C -3 +3 I UII-.. ':n .. aIC ;;;; "i"UV III Y 

NL Nonlinearity (Maximum Full-Scale = 400 mV TA = 25°C -1 ±O.2 +1 Count 
Deviation From Best 
Straight Line Fit) 
Ratiometric Reading VIN= VREF TA = 25°C 1999 1999/2000 2000 Digital 

- 40°C:,> TA ~ +85°C 1999/2001 Reading 
CMRR Common-Mode Rejection VCM = ±lV, VIN = OV TA=25°C - 50 - IlVN 

Ratio Full-Scale = 400 mV 
VCMR Common-Mode Voltage Input High, Input Low Vs + 1.5 Vs+-l V 

Range 
EN Noise (P-P Value Not VIN =OV - 15 - IlV 

Exceeded 95% of Time) Full-Scale;;;; 400 mV 

liN Input Leakage Current VIN=OV 
TA = 25°C - - 10 pA 
O°C ~TA ~ +70°C - 50 -
- 40°C ~ T A ~ +85°C - 100 -

VCOM Analog Common Voltage 25 kQ Between 
Common and Vs+ 
(VS+-VCOM) 3.0 3.2 3.4 V 

VCTC Common Voltage 25 kQ Between 
Common and Vs+ 

Temperature Coefficient O°C ~ TA ~ +70°C - 35 50 ppm/DC 
- 40°C ~ TA ~ +85°C - - 75 

TCzs Zero Reading Drift VIN =OV 
O°C ~TA ~ +70°C - 0.2 - IlV/oC 
- 40°C ~ TA ~ +85°C - 1 2 

TCFS Scale Factor VIN =399 mV 
Temperature Coefficient O°C ~ TA ~ +70°C - 1 5 ppm/DC 

Ext Ref = 0 ppm/DC - 40°C ~ TA ~ +85°C - 5 25 
Digital Section 

VIL Input Low Voltage - - 0.8 V 

VIH Input High Voltage 3.5 - - V 

VOL Output Low Voltage 10L= 1.6 rnA - 0.2 0.4 V 

VOH Output High Voltage 10H = 1.0 rnA 4.0 4.5 - V 
Control Pin VIN=VS+ - 5 20 IlA 
Pull-Down Current 

2-198 V TELCOM SEMICONDUCTOR, INC. 
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TC831 

ELECTRICAL CHARACTERISTICS (Cont.) -40°C:"; TA:"; +85°C unless otherwise specified. 

Symbol Parameter I Test Conditions Min Typ Max Units 

Digital Section (Cont.) 

VOH Output High Voltage IOH = 1.0 mA 4.0 4.5 - V 

Control Pin VIN =Vs+ - 5 20 I1A 
Pull-Down Current 

Control Pin VIN=GND - 25 50 I1A 
Pull-Up Current 

Buzzer Frequency fosc = 40 kHz - 5.0 5.0 kHz 

Counter Timebase Period fosc = 40 kHz - 1 1 Second 

Power Supply Section 

Is Supply Current 

DC-to-DC Converter 
Output Voltage 

PIN DESCRIPTION 

Pin No. Pin No. 
(40-Pin (44-Pin PLCC 

Package) Package) 

2 2 

3 3 

4 4 

5 5 

6 6 

7 

7 8 

8 9 

9 10 

10 11 

11 12 

12 13 

13 14 

14 15 

15 16 

16 17 

18 

17 19 
or 

Vs+= 5V TA = 25°C - 2 3 mA 
VIN = O.OV - 40°C ~ TA ~ +85°C 4 

Vs+= 5V -4.8 -4.95 - V 
CDC-DC = 1l1F 

Symbol 

OR 

POL 

B8 

B4 

B2 

B1 

GT 

D1 

D2 

D3 

D4 

POUDP 

Vs-

C-

DGND 

C+ 

Vs+ 

UR 

Description 

Overrange Output. This output will be HIGH when the analog signal input is greater 
than full scale. 

Polarity Output. This output is HIGH when the analog input polarity is positive. POL 
is always HIGH in the frequency counter mode. 

BDC Data Output Bit 8 (most significant bit). 

BCD Data Output Bit 4. 

BCD Data Output Bit 2. 

BCD Data Output Bit 1 (least significant bit). 

Greater Than Output. This output indicates that the new reading is greater than the 
reading being displayed. If this condition exists, then GT will go HIGH when the 
integrator zero crossing occurs, and stay HIGH until 50 clock pulses after EOC. See 
text. 

Digit Drive Output 1 (least significant digit). 

Digit Drive Output 2. 

Digit Drive Output 3. 

Digit Drive Output 4 (most significant digit). 

Polarity and Decimal Point Data Output. Polarity, DP3, DP2, DP1 are output on 
this pin when D4, D3, 02, and 01 are active. See text. 

Negative supply voltage, output of on-chip DC-DC converter. Decouple to GND with 
a 1l1F capacitor. 

Capacitor connection for on-chip DC-DC converter. 

Digital and Power Ground. The logic "0" level. Connect to ground of +5V supply. 

Capacitor connection for on-chip DC-DC converter. 

Positive Supply Connection. Connect to +5V. 

NC. No internal connection. 

Underrange Output. This output will be HIGH when the digital reading is equal to 
less than 380 counts. 
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3-3/4 DIGIT AID CONVERTER 
WITH AUTO-RANGING 

FREQUENCY COUNTER 

PIN DESCRIPTION (Cant.) 

Pin No. 
(4o-Pln 

Package) 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

2-200 

Pin No. 
(44-Pln PLCC 

Package) Symbol Description 

20 Range/FREQ Dual-Purpose Input. In voltage mode: When connected to Vs+, the integration time 
will be 200 counts instead fo 2000 counts, and the TC831 will display the analog 
input voltage divided by 10. In frequency mode, this pin is the frequency input. A 
digital signal applied to this pin will be measured with a one second timebase. There 
is an internal 51JA pulldown to DGND. 

21 FREQNOL TS Voltage or Frequency Measurement Select Input. When unconnected or 
connectea to Ul;;NU, tne AID converter function is active. When connected to Vs+' 
the frequency counter function is active. This pin has an internal 51JA pulldown to 
DGND. 

22 DPO Decimal Point Select Input for Voltage Measurements. There is an internal 51JA 
pulldown to DGND. Decimal point logic: 

23 DP1 

24 BUZOUT 

25 BUZIN 

26 HOLD 

27 STB 

28 Status 

29 

30 COM 

31 CREF+ 

32 CREF-

33 VREF+ 

34 VREF-

35 VIN 
36 VIN+ 

37 RINT 
38 CAZ 
39 CINT 
40 OSC1 

41 OSC2 

42 OSC3 

43 EOC 

Qf1 QEQ Decimal Point Selected 

o 
o 

o None 

DP1 

o DP2 

1 DP3 

Decimal Point Select Input for Voltage Measurements. There is an 
internal 51JA pull-down to DGND. 

Buzzer Output. Audio frequency, 5 kHz, output which drives a piezoelectric buzzer. 
Controlled by the BUZIN input. 

Buzzer Control Input. Connecting BUZIN to Vs+ turns the buzzer on. There is an 
internal 51JA pull-down to DGND. 

Data Hold Input. Connecting HOLD to DGND will "freeze" the display. In AID mode, 
the TC831 will remain in the AlZ phase. In frequency counter mode the TC831 will 
remain in idle mode. This pin has an internal pullup to Vs+. 

Digit Strobe Output. This output goes LOW for 1/2 clock period, in the middle of 
each digit select pulse, once during each conversion cycle. See text. 

This output is HIGH during the de integrate portion of an AID conversion. It is HIGH 
when the frequency counter is operating. 

No connection. 

Analog Circuit Ground Reference Point. Nominally 3.3V below Vs+. 

Positive connection for reference capacitor. 

Negative connection for reference capaCitor. 

High differential reference input connection. 

Low differential reference input connection. 

Low analog input signal connection. 

High analog input signal connection. 

Buffer Output. Connect to integration resistor. 

Auto-zero capacitor connection. 

Integrator Output. Connect to integration capacitor. 

Crystal oscillator (input) connection. 

Crystal oscillator (output) connection. 

RC oscillator connection. 

End of Conversion. This output will go HIGH for one system clock cycle, at the end 
of each conversion. New data is valid on the falling edge of EOC. 
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PIN DESCRIPTION (Cont.) 

Pin No. Pin No. 

TC831 

(40-Pin (44-Pin PLCC 2 
Package) Package) Symbol Description -------

40 44 PKHOLD Peak Hold Input. When connected to Vs+, the converter will only update the 

PIN CONFIGURATIONS 

FREQNOL TS 19 

V TELCOM SEMICONDUCTOR, INC. 

display if a new conversion value is greater than the preceding value. Thus, the 
peak reading will be stored and held indefinitely. When unconnected or connected 
to DGND, the converter will operate normally. This pin has an internal 5f.lA pulldown 
to DGND. 

V 
TC831CLW 

PKHOLO 

0SC3 

OSC2 

OSC1 

20 21 
<> II: 

a II!! c 0: ... ~ <II 
Z :> 0.. :> :> 

~ 6 Q Q Q N 

~ N :> 

ili ~ :> m 

~ ~ m 

:l! IL 

13 N U <> 
lii l;/ ~ ~ <II 

0 

HOLO 
RINT 

BUZIN 
VIN+ 

BUZOUT 

OP1 
VIN_ 

VREF-

VREF+ 

CREF-

CREF+ 

COM 

<> II: 
a II!! ~ 0: ... 

~ I~ I~ 
<II 

Z :> :> :> 
~ 6 Q Q 0 

~ ili ~ !!l iil :z: 

~ ~ 
m 
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INPUT 

100. 

0.41 F 

0.1 F 

V'·pF 

--g INPUT 

+5V 

~ 

+5V 

,. 
VS+ 

30 VREF+ 

POLJDP 11 ., • 
•• 
B4 

;,;; CREF+ 

29 CREF- D1 

R'NT DO 

35 CAZ 03 • 
D4 ,. 

36 CINT V UR 17 
70sel TC831 OR 1 

pOL • 

38 OSC2 

NC" OSC3 

~! i1AN\j~"'H~U 

19 FREQNOL TS 

20 DPO 

21 DP1 

23 BUZIN 

PKHOLD 

24 HOLD 

DCNO 

14 

7 

1 

• 

NC 

Ne 

NC 

BUZZER 

A 

• 
C 

3-3/4 DIGIT AID CONVERTER 
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,. 

DP3 DP2 DP1 

(Common Anode 
Left Hand Decimal) 

Figure 1. Typical Operating Circuit 

The TC831 's frequency counier opiion sirnplifies design 
of flexible, multiple function instruments which combine 
voltage, current, resistance and precise frequency mea
surements. The frequency counter will automatically adjust 
its range to match the input frequency, over a four decade 
range. The TC831 will measure frequency to 4 MHz directly, 
and higher frequencies can be measured by adding an 
external prescaler. 

The TC831 AID converter and frequency counter data is 
produced in multiplexed BCD data format. This feature 
permits easy interface to LCD, LED, and VF displays. "Inter
digit blanking" on the digit select outputs eliminates "ghost
ing" in LCD displays. Data Strobe and Status outputs sim
plify interfacing to microprocessors. 

The TC831 operates from a single +5V power supply. A 
DC-DC converter on the chip, combined with two external 
capacitors, provides a negative supply. 

A "peak reading hold" input allows the TC831 to retain 
the highest AID or frequency reading. This feature is useful 
in measuring motor starting current, maximum temperature, 
and similar applications. A greater than output signals that 
the present conversion result has exceeded the previous 
result. This feature is useful for detecting the negative 
voltage characteristic of a fully-charged NiCad battery. 

2·202 

Other TC831 features simplify instrument design and 
reduce parts count. Two digital inputs select the decimal 
point, while overrange and underrange outputs simplify the 
design of autoranging instruments. An on-Chip piezoelectric 
buzzer driver can signal overrange or underrange condi
tions. Two oscillator options are provided: A crystal can be 
used if highly accurate frequency measurements are re
quired, or a simple RC option can be used for low-end 
instruments. 

DIGITAL OUTPUT VOUT VS. lOUT 
~r-------~--,---,--, 

o 2 
OUTPUT VOLTAGE IV) 
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3-3/4 DIGIT AID CONVERTER 
WITH AUTO-RANGING 
FREQUENCY COUNTER 

The TC831 combines the features of an analog to digital 
converter and a frequency counter in a single CMOS inte
grated circuit. With multiplexed BCD Data and Control 
outputs for easy interface to a ~P, the TC831 simplifies the 
design of multi-mode measurement instruments. 

GENERAL THEORY OF OPERATION 

Dual-Slope Conversion Principles 

The TC831 analog-to-digital converter operates on the 
principle of dual-slope integration. An understanding of the 
dual-slope conversion technique will aid the user in following 
the detailed TC831 theory of operation following this sec
tion. A conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input Signal Integration 
(2) Reference Voltage Integration (Deintegration) 

Referring to Figure 2, the unknown input signal to be 
converted is integrated from zero for a fixed time period 
(t INT), measured by counting clock pulses. A constant 
reference voltage of the opposite polarity is then integrated 
until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (T OEINT) is then 
directly proportional to the unknown input voltage (VIN). 

REF 
VOLTAGE 

POLARITY CONTROL 

Figure 2. Basic Dual-Slope Converter 
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TC831 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" from zero and 
"ramp-down" back to zero. A simple mathematical equation 
relates the input signal, reference VOltage, and integration 1:'1 
time: liii:I 

1 r tiNT 

RINTCINT Jo 
VIN (t) dt = VREF tOEINT 

RINTCINT 

where: VREF = Reference voltage 
tiNT = Integration time 
tOEINT = Deintegration time 

For a constant tiNT: 

tOEINT 
VIN = VREF X --

tiNT 

Accuracy in a dual-slope converter is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual-slope technique is noise immunity. Noise spikes 
are integrated or averaged to zero during the integration 
periods, making integrating ADCs immune to the large 
conversion errors that plague successive approximation 
converters in high-noise environments. Interfering Signals, 
with frequency components at multiples of the averaging 
(integrating) period, will be attenuated (Figure 3). Integrating 
ADCs commonly operate with the signal integration period 
set to a multiple of the 50/60 Hz power line period. 

~ 30 
ID 
:!:!. T = MEASUR'EMENT 

z o 
i= 
(J 20 w 
ia 
rr 
w c 
~ 10 
...I 
00( 
::i! 
rr 
o 
Z 0 

O.lfT 

PERIOD 

V '1/ 
/ 

/ 
/ 

/ 

~ 
~'I 

-- 1fT 
INPUT FREQUENCY 

I 

10fT 

Figure 3. Normal-Mode Rejection of Dual-Slope Converter 
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TC831 THEORY OF OPERATION 

Analog Section 

In addition to the basic integrate and deintegrate dual
slope phases discussed above, the TC831 design incorpo
rates a "zero integrator output" phase and an "auto-zero" 
phase. These additional phases ensure that the integrator 
starts at OV (even after a severe overrange conversion), and 
that all offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true digital 
zero reading i~ fl~~IIrAri withollt flny I"yt<>rn.,1 .,dj~I"'~rYle"!,,,. 

A complete conversion consists of four distinct phases: 

(1) Zero Integrator Output 
(2) Auto-Zero 
(3) Signal Integrate 
(4) Reference Deintegrate 

Zero Integrator Output Phase 
This phase guarantees thatthe integrator output is atOV 

before the system zero phase is entered, ensuring that the 
true system offset voltages will be compensated for even 
after an overrange conversion. The duration of this phase is 
500 counts plus the unused deintegrate counts. 

Auto-Zero Phase 
During the auto-zero phase, the differential input signal 

is disconnected from the measurement circuit by opening 
internal analog switches, and the internal nodes are shorted 
to Analog Common (OV ref) to establish a zero input condi
tion. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
CAZ then compensates for internal device offset voltages 
during the measurement cycle. The auto-zero phase re
sidual is typically 1 0 ~ V to 15 ~ V. The auto-zero duration is 
1500 counts. 

Signal Integration Phase 
Upon completion of the auto-zero phase, the auto-zero 

loop is opened and the internal differential inputs connect to 
V,N+ and V'N-. The differential input signal is then integrated 
for a fixed time period of 2000 counts (4000 clock periods). 
The externally-set clock frequency is divided by two before 
clocking the internal counters. The integration time period is: 

4000 
fosc 

Polarity is determined at the end of signal integration 
phase. The sign bit is a "true polarity" indication in that 
signals less than 1 LSB are correctly determined. This 
allows preCision null detection that is limited only by device 
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noise and auto-zero residual offsets. 

Reference Integrate (Deintegrate) Phase 
The reference capacitor, which was charged during the 

auto-zero phase, is connected to the input of the integrating 
amplifier. The internal sign logic ensures the polarity of the 
reference voltage is always connected in the phase opposite 
to that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate determined by the 
reference potential. 

The arnoum oT lime reqUirea (I OEINT) tor the Integrating 
amplifier to reach zero is directly proportional to the ampli
tude of the voltage that was put on the integrating capacitor 
(V,NT) during the integration phase: 

tOEINT = R'NT C'NT V,NT 
VREF 

The digitai reading displayed by the TC831 is: 

V,N+- V'N
Digital Count = 2000 X ----

VREF 

ADC System Timing 
The oscillator frequency is divided by 2 prior to clocking 

the internal decade counters. The four-phase measurement 
cycle takes a total of 8000 counts or 16000 clock pulses. The 
8000 count phase is independent of input signal magnitude 
or polarity. 

Each phase of the measurement cycle has the following 
length: 

Conversion Phase TC831 Units 

1) Auto-Zero: 1500 Counts 
2) Signallntegrate:1,2 2000 Counts 
3) Reference Integrate: 1 to 4001 
4) Integrator Output Zero: 499 to 4499 Counts 

NOTES: 1. This time period is fixed. The integration period lor the 
TC831 is: 

tiNT = 4000 = 2000 counts 
losc 

where lose is the clock oscillator frequency. 

2. Times shown are with RANGE/FREQ at logic LOW 
(normal operation). When RANGEIFREQ is logic HIGH, 
signal integrate times are 200 counts. See "10:1 Range 
Change" section. 

V TELCOM SEMICONDUCTOR, INC. 



3-3/4 DIGIT AID CONVERTER 
WITH AUTO-RANGING 
FREQUENCY COUNTER 

Peak Reading Hold 
The TC831 provides the capability of holding the highest 

(or peak) reading. Connecting the PK HOLD input to Vs+ 
enables the peak hold feature. At the end of each conversion 
the content of the TC831 counter is compared to the content 
of the display register. If the new reading is higher than the 
reading being displayed, the higher reading is transferred to 
the display register. A "higher" reading is defined as the 
reading with the higher absolute value. 

The peak reading is held in the display register so the 
reading will not "droop" or slowly decay with time. The held 
reading will be retained until a higher reading occurs, the PK 
HOLD input is disconnected from Vs+, or power is removed. 

The peak signal to be measured must be present during 
the TC831 signal integrate period. The TC831 does not 
perform transient peak detection of the analog input signal. 
However, in many cases, such as measuring temperature or 
electric motor starting current, the TC831 "acquisition time" 
will not be a limitation. If true peak detection is required, a 
simple circuit will suffice. See the applications section for 
details. 

The peak reading function is also available when the 

TC831 

TC831 is in the frequency counter mode. The counter auto
ranging feature is disabled when peak reading hold is 
selected. I:'t 
10:1 Range Change III 

The analog input full-scale range can be changed with 
the RANGEIFREQ input. Normally, RANGEIFREQ is held 
low by an internal pulldown. Connecting this pin to Vs+ will 
increase the full-scale voltage by a factor of 10. No external 
component changes are required. 

The RANGE/FREQ input operates by changing the 
integrate period. When RANGE/FREQ is connected to Vs+, 
the signal integration phase of the conversion is reduced by 
a factor of 10. 

TC831 FREQUENCY COUNTER THEORY OF 
OPERATION 

In addition to serving as an analog-to-digital converter, 
the TC831 internal counter can also function as a frequency 
counter (Figure 4). In the counter mode, pulses at the 
RANGE/FREQ input will be counted and displayed. 

POL/DP Bl-B8 Dl-D4 

CLOCK 
OSCILLATOR 

COMPARATOR 

OF AID CONVERTER DATA LATCH, PEAK 
HOLD REGISTER, 

+2 BCD DATAIDIGIT DRIVERS 

FROM INTEGRATOR~ ...... ....I._....r......r.._....r......., 

r-----~~--, I 

AID CONVERTER 
3-314 DIGIT COUNTER 

COUNT 

FREQ/ AID CONVERTER/FREQUENCY 
VOLTS ~~ __ ~C~O=UN~T~E~R~S~EL~E~CT~ ______________ r-__ ~ 

RAF~C::'ii o-I_F_R_E...;QU.;..E_N_C_Y-I 
INPUT 

V 
TC831 

PROGRAMMABLE 
DIVIDER 

(+1,10,100,1000) 

TO DECIMAL 
POINT DRIVERS UNDERRANGE 

DETECT 

Figure 4. TC831 Counter Operation 
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The TC831 frequency counter derives its time base from 
the clock oscillator. The counter time base is: 

fosc 
tCOUNT= ---

40,000 

Thus, the counter will operate with a 1-second time base 
when a 40 kHz oscillator is used. The frequency counter 
accuracy is determined by the oscillator accuracy. For 
accurate frequency measurements, a crystal oscillator is 
recommended. 

The frequency counter will automatically select the 
fJrufJer range. Auto-range operaiion extenas over tour 
decades, from 3.999 kHz to 3.999 MHz. Decimal points are 
set automatically in the frequency mode (Figure 5). 

I~I -------'-r-'-r-'-r-'--~II 
J.J.J.J 

DP3 DP2 DP1 

fiN DECIMAL POINT 

o Hz - 3.999 kHz DP3 

4 kHz - 39.99 kHz DP2 
40 kHz - 399.9 kHz DP1 

;:: 400 kHz NONE 
i I 

Figure 5. TC831 Auto-Range Decimal Point Selection 
vs Frequency Counter Input 

CLOCK 
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The logic switching levels of the RANGE/FREQ input 
are CMOS levels. For best counter operation, an external 
buffer is recommended. See the applications section for 
details. 

ANALOG PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs (VIN+), (VIN-) 

The TC831 is designed with true differential inputs, and 
accepts input signals within the input stage common-mode 
voltage range (VCM). The typical range is Vs+ -1V to Vs
+ i .5ii. "Viihill iili~ Gurnrnun-mocie range, an 66ci8 common
mode rejection is typical. 

The integrator output also follows the common-mode 
voltage and must not be allowed to saturate. A worse case 
condition exists if a large positive VCM exists in conjunction 
with a full-scale negative differential signal. The negative 
signal drives the integrator output positive along with VCM 
(Figure 6). For such applications the integrator output swing 
can be reduced beiow the recommended ~.OV full-scale 
swing. The integrator output will swing within 0.5V of Vs+ or 
Vs- without increased linearity error. 

Reference (VREF+' VREF-) 

The TC831 reference, like the analog signal input, has 
true differential inputs. In addition, the reference voltage can 
be generated anywhere within the power supply voltage of 
the converter. The differential reference inputs permit 
ratiometric measurements and simplify interfacing with sen
sors, such as load cells and temperature sensors. 

To prevent rollover type errors from being induced by 
large common-mode voltages, CREF should be large com
pared to stray node capacitance. A 0.1(.lF capacitor is a 
typical value. 

EOC .n~ __________________________________________________________________ __ 

~ ~R.~~~~==~.IL-______________________________________ ~----------~L--
20 COUNTS 

D3 ______________ ~!.~~~~==~.LI---------------------------------------1r--
20 COUNTS 

D2 
20 COUNTS 

D. 
20 COUNTS 

.. I 

POUOP :::::x POLARITY X '--__ -.::::-=-__ --J '--__ ---"=-__ ~X DP' X POLARITY C DP3 X DP2 

B.·B8 =x D4 (MSD) DATA X D3DATA X D2DATA '--__ =.::= __ ---' '---__ ~=~--JX D. (LSD) DATA X D4 (MSD) DATA C 

S"iiiOiE U U U ~---------'Ur------NO-T-EA-B-~-NC-E-O~F~=R=O=BE~--

Figure 6. Common-Mode Voltage Reduces Available Integrator Swing (VCOM * VIN) 
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Analog Common 
The analog common pin is used as the VIN- return during 

the autozero and deintegrate phases. In systems where 
VIN- is connected to the power supply ground or to a given 
voltage, Analog Common should be connected to VIN- . 

If VIN- is not externally connected to Analog Common, 
a common-mode voltage exists. This is rejected by the 
converter's 86dB common-mode rejection ratio. 

In some applications the analog common pin can be 
used to set the analog section reference or common point, 
and at the same time provide an internal voltage reference. 
This option is useful when making measurements which are 
not referenced to power ground. Connecting a 27kQ resistor 
from the Analog Common pin to Vs+ will set COM at a 
voltage potential approximately 3.3V belowVs+. This poten
tial is guaranteed to be between 3.15V and 3.45V below V s +. 
The temperature coefficient of analog common is typically 
35ppmfOC. 

TC831 

Analog common is tied internally to an N channel FET 
capable of sinking 3mA. This FET will hold the common line 
at 3.3V below V s + should an external load attemptto pull the 
common line toward Vs+· Analog common source current is 2 
limited to 12/lA. Analog common is therefore easily pulled to 
a more negative voltage (Le. below Vs+ -3.3V), so that COM 
can be connected to GND when measurements are refer-
enced to power supply ground. 

DIGITAL SECTION FUNCTIONAL DESCRIP
TION 

TC831 Digital Section Functional Description 

The TC831 digital section consists of inputs for ND 
converter and frequency counter control, and BCD data 
outputs. The major digital subsystems are illustrated in 
Figure 7, with timing relationships shown in Figure 8. 

The TC831 digital section is best described through a 
discussion of the data outputs and control signals. 

POLARITY 
OUTPUT D4 D3 D2 D1 POLIDP B8 B4 B2 B1 

FROM ANALOG 
SECTION 

DIGIT SELECT 
OUTPUTS 

POLIDP 
DATA 

MULTIPLEXER 

BCD DATA 
OUTPUTS 

CONTROL LOGIC 
SYS 
CLOCKr----------;~--~~--~----~----~--~--~--~----~--~--J 

1 1 1 1 t 1 6 
FREQ/ RANGEl HOLD PEAK DPO DP1 EOC STATUS GT OR UR 
VOLTS FREQ HOLD 

Figure 7. Digital Section Functional Diagram 

V TELCOM SEMICONDUCTOR, INC. 2-207 



TC831 

DATA OUTPUT AND CONTROL PIN FUNC
TIONAL DESCRIPTION 

BCD Data Outputs (B1-B8) 

The TC831 binary coded decimal data bits B8, B4, B2, 
and B1 are positive true logic. The conversion result is 
produced in BCD format when the D1 through D4 digit 
outputs are high. The data format is shown in Table 1. 

Table I. TC831 BCD Data Format 

BCD Data Outputs2 

Digit -
Select B8 B4 B2 B1 POUDP 
Dl (LSD) BCD Bil8 BCD Bil4 BCD Bit2 BCD Bill DPI 

D2 BCD Bil8 BCD Bil4 BCDBit2 BCD Bill DP2 

D3 BCD Bit8 BCD Bil4 BCDBit2 BCD Bill DP3 

D4(MSD) 0 0 BCDBit2 BCD Bill POL 

NOTES: 1The POUDP oUIPut will be LOW for a positive polarity input. 
and HIGH for a negative polarity input. 
2During an input overrange, Bl-B8 are all ones (Hexidecimal 
"F"), when digit selects Dl-D3 are active, so the overrange 
data is "3FFF1S". Common display drivers, such as the 
TC7211A LCD driver, TC7212A LED driver, and 7447 BCD 
to 7-segment driver, decode "F1S" as a blank, so the TC831 
display will read "3". 

The B1-88 outputs change state 500 nsec before the 
digit select outputs go HIGH, and remain active until 500 
nsec after the digit select outputs go LOW. This interdigit 
blanking eliminates "ghosting" in LCD displays and simpli
fies I1P interfacing. 

The latest conversion result will begin to appear on the 
BCD data outputs simultaneously with the falling edge of the 
EOC output. 

POUDP 
Polarity and decimal point information is produced on 

this pin simultaneously with the BCD data. The data format 
is shown in Table 1. Signal timing for the POUDP output is 
the same as the B 1-B8 outputs. 

Digit Select Outputs (D1-D4) 
Digit Select outputs are positive true. The scan se

quence is D4 to D1, and each digit select pulse is 20 clock 
cycles wide. As mentioned in the BCD Output section ofthis 
data sheet, there is an interdigit blanking period of 1 jAoSec 
between each digit select output becoming active. The digit 
select outputs will scan continuously as long as the TC831 
is not overranged. When an overrange condition occurs, 
however, the digit select outputs are not active during the 
reference integrate phase of the next conversion 
(i.e. digit selects are low when both the overrange and the 
status outputs are high.) This feature will make the LED 
display blink during overrange. 
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Strobe Output 
After each measurement cycle, the STB output is pulsed 

low four times. The four pulses occur in the center of the digit 
drive signals (D4-D1), as shown in Figure 9. 

D4 goes high for 20 counts when the measurement 
cycle ends. In the middle of the D4 pulse, the first STB pulse 
occurs for one half clock cycle. After the D4 digit drive goes 
LOW, D3 goes HIGH for 20 counts. STB again goes LOW in 
the middle of D3. This continues through the D1 digit drive 
pulse. 

The digit drive signals will continuA, if the olJtrlJt il': nnt 

overranged so that display scanning is not interrupted. 
However, the STB pulses will not occur until the next 
conversion cycle is completed. 

The STB pulses simplify the transfer of BCD data to 
UARTs, microprocessors, and external data latches. 

Polarity (POL) 
The POL output will be HIGH when the input polarity is 

positive. The polarity bit is valid at the falling edge of EOC 
and remains valid until determined during the next conver
sion. 

The polarity bit is valid even for a zero reading. This 
feature is useful in nulling applications. Polarity is also valid 
when an overrange condition exists. 

Overrange (OR), Underrange (UR) 
The OR output will be HIGH when the analog input 

signal is greater than full scale (3999 counts). The UR output 
will be high when the display reading is equal to or less than 
380 counts. The OR and UR outputs can be used to provide 
an autoranging meter function. 

STATUS 
The STATUS output is HIGH during the deintegrate 

portion of the AID conversion. Thus, the width of the STA
TUS output is proportional to the analog input. Logically 
ANDing STATUS with the system clock will give a pulse train 
which represents the AID conversion result. 

FUNCTIONAL CONTROL INPUT PIN FUNC
TIONAL DESCRIPTION 

The TC831 operating modes are selected with the 
function control inputs. The control input truth table is shown 
in Table 2. The HIGH logic threshold is ~Vs+ - 1.5V and the 
LOW logic level is ::;DGND +1.5V 
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CLOCK 

EOC 

04 

03 

02 

01 

POUOP 

Bl·B8 

STiiCiBE 

-
I 

SYSTEM ZERO I SIGNAL INTEGRATE I REFERENCE INTEGRATE 
2000 COUNTS 4000 COUNTS MAXIMUM 

2000 COUNTS (FIXED) 

.... ~---- FULL MEASUREMENT CYCLE (8000 COUNTS) ------'.~I 

- - 500 COUNTS STAruS ____________ J1------~_~_~~~::~ __ _ 
EOC 
~~ ______________________________ ~n~ __________ __ 

UNDERRANGE ~::===================::JX'_ ______ _ 
OVERRANGE ~ xC======= 

D4 

03 

02 

01 

~B---_.ITITITI------------------,Inlnlnlr-------

DIGIT SELECT OUTPUTS DURING OVERRANGE: 

STATUS _______________________ J------------------L ______________ _ 

D4 

03 

02 

01 

~--_.ITITITI----------------~ITITITI--------

Figure 8. Timing Diagram for Outputs 

JI 

--1. "I 20 COUNTS 

I .. .1 
20 COUNTS 

I- "I 20 COUNTS 

I. ..I 
20 COUNTS 

=x POLARITY X DP3 X DP2 X DPI X POLARITY 

=x D4 (MSD) DATA X 03 DATA X 02 DATA X 01 (LSD) DATA X 04 (MSD) DATA 

TC831 

L--

r-

>C 

>C 
--------U U U U NOTE ABSENCE OF ~ROBE 

Figure 9. Strobe Signal Pulses LOW Five Times per Conversion 
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Table II. TC831 Control Input Truth Table 

Logic Input 
FREQNOL TS RANGEIFREQ 

o o 

o 

Frequency Counter 
Input 

"."'Tr.'~_ I __ 1_ 1'",," ............. .... 
•• _ ............ v~.v \,I - "" ....... '"' 

Logic "1" = Vs+ 

FREQNOLTS 

TC831 Function 

AID Converter 

V Full Scale = 2 x VREF 
AID Converter 

V Full Scale = 20 x VREF 

Frequency Counter 

This input determines whether the TC831 is in the 
analog-to-digital conversion mode or in the frequency counter 
mode. When FREQNOL TS is connected to Vs+, the TC831 
will measure frequency at the RANGE/FREQ input. When 
unconnected or connected to DGND. the TC831 will ooerate 
as an analog-to-digital converter. This input has an i~ternal 
5f.lA pulldown to DGND. 

RANGElFREQ 
The function of this dual-purpose pin is determined by 

the FREQNOL TS input. When FREQNOL TS is connected 
to Vs+, RANGE/FREQ is the input for the frequency counter 
function. Pulses at this input are counted with a time base 
equal to foscl40,OOO. Since this input has CMOS input levels 
(Vs+ -1.5V and DGND + 1.5V), an external buffer is recom
mended. 

When the TC831 analog-to-digital converter function is 
selected, connecting RANGE/FREQ to Vs+ will divide the 
integration time by 10. Therefore, the RANGE/FREQ input 
can be used to perform a 10:1 range change without 
changing external components. 

DPO, DP1 
When the TC831 is in the analog-to-digital converter 

mode, these inputs control the LCD decimal points. The 
decimal pOint truth table is shown in Table III. These inputs 
have internal5~ pull-downs to DGND. DPO and DP1 have 
no effect when the TC831 is in the frequency counter mode, 
because the autoranging control circuitry automatically sets 
the decimal point. 

Peak Reading Hold Input 
See the "ADC Theory of Operation" section for the 

description of this input. 
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Table III. TC831 Decimal Point Truth Table 

Decimal Point Inputs 
DP1 DPO 

o o 
o 

o 

Decimal Point 

3999 

399.9 

39.99 
3.999 

10:1 Range Change Input 

See the "A DC Theory of Operation" section for the 
description of this input. 

BUZIN 
This input controls the TC831 on-Chip buzzer driver. 

Connecting BUZ IN to Vs+ will turn the buzzer on. There is 
an externai puii-down to DGND. BUZ IN can be driven by the 
overrange and/or underrange outputs to indicate an out-of
range reading. 

HOLD 
The HOLD can be used to hold or "freeze" the display. 

Connecting this pin to DGND stops the converter (after the 
present conversion is complete). The TC831 will remain at 
the beginning of auto zero (AID mode) or in the idle mode 
(frequency counter mode) as long as HOLD remains LOW. 
HOLD wi!! hold the display reading for either analog-to
digital or frequency measurements. 

Additional Features 
The TC831 is available in 40-pin and 44-pin packages. 

Two additional features are available in the 44-pin package: 

EOC 
This output signals the end of an AID conversion or 

frequency measurement period. EOC will go high for one 
system clock cycle at the end of each conversion. New BCD 
data will be valid on the falling edge of EOC. 

The EOC output also simplifies the design of auto ranging 
instruments. By logically ANDing the overrange and 
underrange outputs with the EOC output, a single pulse will 
be generated each time that an underranged or overranged 
conversion occurs (Figure 10). 
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+5V 

W~~ 
04 J------.., 

TC831 UR 1---t===::::::j~::L:~ 

OR~--~======~L*~~ 

*74HC10 

Figure 10. Generating Underrange and Overrange Pulses 

Greater Than 
The GT output, which is used on the peak reading hold 

mode, indicates that the new reading is greater than the 
present reading. GT will go HIGH at the integrator zero 
crossing and remain HIGH until SO clock pulses after the 
falling edge of EOC, if the new conversion result is greater 
than the contents of the display register. 

This output can be used to signal an increasing voltage 
reading, or to signal that a reading is no longer increasing. 
For example, the voltage of a NiCad battery will rise during 
recharging. When the battery is fully charged, however, the 
voltage will begin to decrease. The GT output can be used 
to reset a timer which controls the charging current. The GT 
output pulses will reset the timer and continue to charge the 
battery as long as the battery voltage increases. 
When the battery is fully charged the voltage will decrease, 
the GT pulses will end, the timer will time out and the 
charging current will end. 

APPLICATIONS INFORMATION 

Power Supplies 

The TC831 typically operates from a single +SV power 
supply. The converter will operate over a power supply 
range of 3.SV to 6V. 

An on-chip DC-DC converter, combined with two exter
nal capacitors, generates a VS- supply. This permits both 
positive and negative input polarity signals to be measured 
without requiring a dual polarity power supply. With VS+ of 
SV and capacitors of l/-LF, the DC-DC converter output will 
typically be -4.9V. 

Digital Input Logic Levels 

Logic levels for the TC831 digital inputs are referenced 
to Vs+ and DGND. The HIGH-level threshold is Vs+ -l.SV 
and the LOW logic level is DGND + 1.SV. 
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Clock Oscillator 

The TC831 oscillator can be controlled with either a 
crystal or with an inexpensive resistor-capacitor combina
tion. The crystal circuit, shown in Figure 11, is recommended 
when high accuracy is required in the frequency counter 
mode. The 40 kHz crystal is a standard frequency for 
ultrasonic alarms, and will provide a 1-second time base for 
the counter or 2.S analog-to-digital conversions per second. 

TC831 

Figure 11. Suggested Crystal Oscillator Circuit 

Where low cost is important, the R-C circuit of Figure 12 
can be used. The frequency of this circuit will be approxi
mately: 

fosc = 
0.3 
RC 

Typical values are R = 110 kQ and C = 68 pF. The 
resistor value should be ;.100 kQ. For accurate frequency 
measurement, an R-C oscillator frequency of 40 kHz is 
required. 

TC831 

1 ___ - ____ I 

37 39 
110 kn 

Figure 12. R-C Oscillator Circuit 

System Timing 

All system timing is derived from the clock oscillator. The 
clock oscillator is divided by 2 prior to clocking the AID 
counters. The clock is also divided by 8 to drive the buzzer, 
by 160 to generate the BCD multiplex rate, and by 40,000 for 
the frequency counter time base. A simplified diagram of the 
system clock is shown in Figure 13. 

2-211 



TC831 

OSCILLAT~~ t==M=l 
COMPONENTS 

OSCILLATOR XTALM 
COMPONENTS [] 

V 
TC831 

AID 
COUNTER 

BUZZER 

BCD 
MULTIPLEX 

RATE 

COUNTER 
TIME BASE 

'1 

Figure 13. System Clock Generation 

COMPONENT VALUE SELECTION 

Auto Zero Capacitor - CAZ 

The value of the auto-zero capacitor (CAZ) has some 
influence on system noise. A 0.47 JlF capaCitor is recom
mended; a low dielectric absorption capacitor (Mylar) is 
required. 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
cycle is stored on CREF. A 0.1 JlF capacitor is typical. A good 
quality, low leakage capacitor (such as Mylar) should be 
used. 
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Integrating Capacitor - CINT 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. With a +5V 
power supply and Analog Common connected to power 
supply ground, a ±4V integrator output swing is optimum 
when the analog input is near full scale. For 2.5 readings! 
second (fosc = 40 kHz) and VFS = 400 mV, a 0.1 JlF value 
is suggested. If a different oscillator frequency is used, CINT 
must be changed in inverse proportion to maintain the 
nominal ±4V integrator swing. An exact expression for CINT 
IS: 

4000 VFS 

where: fosc = Clock frequency 
VFS = Full-scale input voltage 
RINT = Integrating resistor 
V,.,T = DA!;irAn fllil-!;r.l'IIA intAnrl'ltnr nlltnllt lOwinn ..... - - - -- ---"- ------ -----v·-·--· ---.--- - ..... ~ 

CINT must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor - RINT 

The input buffer amplifier and integrator are designed 
with class A output stages. The integrator and buffer can 
supply 40 J.LA drive currents with negligible linearity errors. 
RINT is chosen to remain in the output stage linear drive 
region but not so large that printed circuit board leakage 
currents induce errors. For a 400 mV full scale, RINT should 
be about 100 kQ. 

Reference Voltage Selection 

A full-scale reading (4000 counts) requires the input 
signal be twice the reference voltage. For example, a 
reference voltage of 200mV will produce a 400mV full scale. 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, that a pressure trans
ducer output is 800 mV for 4000 Ib/in2. Rather than dividing 
the input voltage by two, the reference voltage should be set 
to 400 mV. This permits the transducer input to be used 
directly. 

If the voltage being measured is not referenced to power 
ground, the internal voltage reference potential available at 
analog common can be used to supply the converter's 
reference voltage. 

When measurements are referenced to power ground, 
an external reference should be used. Figure 14 shows 
internal and external reference applications. 
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+5V 

24kQ 

U' 
T 

TC04A 
1.2V 
REF RUNKNOWN 

V+ 
V~EF S 

VREF 

O-...... -.1--IVtN V 
TC831 

o--...... -IviN 

TC831 

ANALOG ANALOG 
COMMON COMMON 

SET VREF = 112 VFULL SCALE 

(a) Internal Reference (b) External Reference 

Figure 14. Reference Voltage Connections 

Ratiometric Resistance Measurements 

The TC831 true differential input and differential refer
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current is passed through the pair (Fig
ure 15). The voltage developed across the unknown is 
applied to the input and voltages across the known resistor 
applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 2000. The displayed reading can 
be determined from the following expression: 

RUNKNOWN 
Displayed reading = R x 2000 

STANDARD 

The display will overrange for values of RUNKNOWN ;;;. 2 
X RSTANDARD. 

Buffering the FREQ Input 

When the FREONOL TS input is HIGH and the LOGIC 
input is LOW, the TC831 will count pulses at the RANGEl 
FREO input. The time base will be fosc/40,000, or 1 second 
with a 40 kHz clock. The signal to be measured should swing 
from Vs+ to DGND. The RANGE/FREO input has CMOS 
input levels without hysteresis. For best results, especially 
with low frequency sine wave inputs, an external buffer with 
hysteresis should be added. A typical circuit is shown in 
Figure 16. 
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+ T111F 
DGND 

FREQUENCY 
INPUT 

+5V 

TC831 
t--..---tVs 

FREQNOLTS 

Xll----I RANGE/FREQ 

GND 0-----..-----1 DGND 

Figure 16. Frequency Counter External Buffer 
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Figure 17. External Peak Detector 
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connected to Vs+. However, the analog peak input must be 
present during the AID converter's signal integrate period. 
For slowly changing signals, such as temperature, the peak 
reading will be properly converted and held. 

If rapidly changing analog signals must be held, an 
external peak detector should be added. An inexpensive 
circuit can be made from an Op-Amp and a few discrete 
components, as shown in Figure17. The droop rate of the 
external peak detector should be adjusted so that the held 
voltage will not decay below the desired accuracy level 
,.,11 Il"inn tho ""'I"\n\lo"arl~ Ann me- I"'nn\lol"C'inn +im" -_ •••• :::1 ~ •• - __ ,ow _ •• _ ...... _- .......... _ ...................... "". 

Crystal Source 

Two sources of the 40 kHz crystal are: 

XI 
28 80 
29 B1 

30 82 
B3 

31 
32 D1 

33 D2 

34 03 
04 

Statek Corp 
512 N. Main St 

SPK Electronics 
2F-1, No. 312, Sec 4, 

Orange, CA 92668 
Phone: (714) 639-7810 
Fax: (714) 997-1256 
Part #: CX-1V-40.0 

Jen Ai Rd 
Taipei. Taiwan R.O.C. 
Phone: (02) 754-2677 
Fax: 886-2-708-4124 
Part#: QRT-38-40.0 kHz 

1 

v+ 
BP 

~ A4 
B4 ~ 
C4 ~ 
04 
E4 .M..-
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A3 ...l!...-
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03 
E3 ~ 

V F3 

I" G" 
TC7211 ~ A2 

B2 JL.-
C2 

+5V CD4054 
1,6 

9 !....--
10 

INI oun 

f-ii- S181 

IN2 OUT2 !..-.-
12 STB2 

~'N3 O=~ CiL:::: OUT4 ~ 

--L~J 
LCD 

DISPLAY 11-IIB liB liB 11.811, 
r 

0 18 RANGE/FREQ C- j!!...:T'~F ~ 
NC-..J§ OSC E2 

~g " ~1~F ~ I-!L---FREQNOLTS Vs- F2 INPUT • ----" f-lL-,~ DPO 
GND G2 

,---1) DP1 ~ BU~ER A1 j-11.-
BUZOUT B1 J-!Z--,--E BUZIN C1 I:: +5V ,.,~ PKHOLD D1 '4ii" 
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Figure 18. TC831 Interface to LCD Display 
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T Semiconductor, Inc. 
TC835 

PERSONAL COMPUTER DATA ACQUISITION ADC 

FEATURES 
• Upgrade of Pin-Compatible TC7135, ICL7135, 

MAX7135 and SI7135 
• Guaranteed 200 kHz Operation 
• Single 5V Operation With TC7660 
• Multiplexed BCD Data Output 
• UART and Microprocessor Interface 
• Control Outputs for Auto-Ranging 
• Input Sensitivity ............................................ 1 00 ~V 
• No Sample and Hold Required 

APPLICATIONS 
• Personal Computer Data Acquisition 
• Scales, Panel Meters, Process Controls 
• HP-IL Bus Instrumentation 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC835CPI 28-Pin Plastic DIP O°C to +70°C 

TC835CKW 44-Pin PQFP O°C to +70°C 

TC835CBU 64-Pin PFP O°C to +70°C 
NOTE: Tape and reel available for 44-pin PQFP packages. 

TYPICAL APPLICATION 

ADDRESS BUS 
I I 

CONTROL 

~III 

PAO 
PA1 
PA. 

+5V 

1Y 1B POL 

'V .B OR 
3V 3B UR 

GENERAL DESCRIPTION r:I 
The TC835 is a low-power, 4-1/2 digit (0.005% resolu-liiiI 

tion), BCD analog-to-digital converter (ADC) that has been 
characterized for 200 kHz clock rate operation. The five 
conversions per second rate is nearly twice as fast as the 
ICL7135 or TC7135. The TC835 (like the TC7135) does 
not use the external diode-resistor roll-over error compen-
sation circuits required by the ICL7135. 

The multiplexed BCD data output is perfect for interfac
ing to personal computers. The low-cost, greater than 14-
bit high-resolution, and 1 00 ~ V sensitivity makes the TC835 
exceptionally cost-effective. 

Microprocessor-based data acquisition systems are 
supportec!..QyJhe BUSY and STROBE outputs, along with 
the RUN/HOLD input of the TC835. The overrange, under
range, busy, and run/hold control functions and multiplexed 
BCD data outputs make the TC835 the ideal converter for 
~P-based scales and measurement systems and intelli
gent panel meters: 

The TC835 interfaces with full-function LCD and LED 
display decoder/drivers (TC7211 A or TC7212A). The 
UNDERRANGE and OVERRANGE outputs may be used 
to implement an auto-ranging scheme or special display 
functions. 

'See Application Notes 16 and 17 for microprocessor interface tech
niques. 

CAP GAIN: 10, 20, 50, 100 

BUF +15V -15V 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Positive Supply Voltage .............................................. +6V 
Negative Supply Voltage ............................................ -9V 
Analog Input Voltage (Pin 9 or 10) ........ V+ to V- (Note 2) 
Reference Input Voltage (Pin 2) .......................... V+ to V-
Clock Input Voltage ............................................. OV to V+ 
Operating Temperature Range .................... O°C to +70°C 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

PERSONAL COMPUTER 
DATA ACQUISITION ADC 

Package Power Dissipation 
CerDIP (J) ............................................................. 1W 
Plastic (P) .......................................................... 0.8W 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: T A = +25°C, hOCK = 200 kHz, V+ = +5V, V- = -5V 

Symbol Parameter Test Conditions Unit 

Analog 
Display Reading With Notes 3 and 4 -0.0000 ±o.oooo +0.0000 Display 
Zero Volt Input Reading 

TCz Zero Reading VIN=OV - 0.5 2 IlV/oC 
Temperature Coefficient Note 5 

TCFS Full-Scale VIN=2V - - 5 ppm/°C 
Temperature Coefficient Notes 5 and 6 

NL Nonlinearity Error Note 7 - 0.5 1 Count 

DNL Differential Linearity Error Note 7 - 0.01 - LSB 

Display Reading in VIN = VREF +0.9997 +0.999S +1.0000 Display 
Ratiometric Operation Note 3 Reading 

±FSE ± Full-Scale Symmetry -VIN =+VIN - 0.5 1 Count 
Error (ROil-Over Error) NoteS 

hN Input Leakage Current Note 4 - 1 10 pA 

eN Noise Peak-to-i"'eak Value Not - it> - IlVp.p 
Exceeded 95% of Time 

Digital 
III Input Low Current VIN =OV 

IIH Input High Current VIN =+5V 

VOL Output Low Voltage 10l = 1.6 mA 

VOH Output High Voltage 
B1, B2, B4, Ba, D1-D5 10H = 1 mA 
Busy, Polarity, Overrange, 10H = 10 IlA 

Underrange, Strobe 

fClK Clock Frequency Note 10 

Power Supply 
V+ Positive Supply Voltage 

V- Negative Supply Voltage 
1+ Positive Supply Current fClK = 0 Hz 
1- Negative Supply Current fClK= 0 Hz 

PD Power Dissipation felK = 0 Hz 

NOTES: 1. Functional operation is not implied. 
2. Limit input current to under 100 fLA if input voltages exceed supply 

voltage. 
3. Full-scale voltage = 2V. 
4. VIN= OV. 
5. O°C" TA" +70°C. 
6. External reference temperature coeffiCient less than 0.01 ppm/°C. 
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- 10 100 IlA 
- O.OS 10 IlA 
- 0.2 0.4 V 

2.4 4.4 5 V 
4.9 4.99 5 V 

0 200 1200 kHz 

4 5 6 V 

-3 -5 -S V 

- 1 3 mA 

- 0.7 3 mA 

- S.5 30 mW 

7. -2V" VIN " +2v. Error of reading from best fit straight 
line. 

8. IVINI = 1.9959. 
9. Test circuit shown in Figure 1. 

10. Specification related to clock frequency range over which 
the TC835 correctly performs its various functions. 
Increased errors result at higher operating frequencies. 
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Figure 1 Test Circuit 
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Figure 2 Digital Logic Input 
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Figure 3A Analog Circuit Function Diagram 
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Figure 38 System Zero Phase 
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Figure 3C Input Signal Integration Phase 
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Figure 3D Reference Voltage Integration Cycle 
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+IN 

REF 
IN 

ANALOG 
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SW, !SW, 

-IN o{)f-----4------' 
o SWITCH OPEN 

• SWITCH CLOSED 

Figure 3E Integrator Output Zero Phase 

GENERAL THEORY OF OPERATION 

(All Pin Designations Refer to 28-Pin DIP) 

Dual-Slope Conversion Principles 

The TC835 is a dual-slope, integrating analog-to-digital 
converter. An understanding of the dual-slope conversion 
technique will aid in following the detailed TC835 opera
tional theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 
(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period. Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal. 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

_1_ VIN(t) dt = VR tRI I tsl 

RC 0 RC 

where: 

VR = Reference voltage 

tSI = Signal integration time (fixed) 

tRI = Reference voltage integration time (variable). 

For a constant VIN: 
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The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated, or averaged, to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high-noise environments. 
(See Figure 4.) 

TC835 Operational Theory 
Thl=l Tr.R~~ inf"'nrnnra!ttlC: ~ C:\lctarn 7.ol"'n nh'!:lc.o onn - - --- ._----.-------- -- -,,--_ ... -_.- r"""--- _ ..... 

integrator output voltage zero phase to the normal two
phase dual-slope measurement cycle. Reduced system 
errors, fewer calibration steps, and a shorter overrange 
recovery time result. 

The TC835 measurement cycle contains four phases: 

(1) System zero 
(2) Analog input signal integration 
(3) Reference voltage integration 
(4) Integrator output zero 

Internal analog gate status for each phase is shown in 
Table I. 

REF 
VOLTAGE 

POLARITY CONTROL 

Figure 4 Basic Dual-Slope Converter 
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Table I. Internal Analog Gate Status 

TC835 

Conversion 
SW~I 

Internal Analog Gate Status Reference 
Schematic 2 

3B 

Cycle Phase SWI SWRI SWz SWR SW1 SWIZ 

System Zero Closed Closed Closed 
~----'---------~ 

Input Signal Closed 3C 
Integration 
Reference Voltage Closed* Closed 3D 
Integration 
Integrator Closed Closed 3E 
Output Zero 
*NOTE: Assumes a positive polarity input signal. SWRI would be closed for a negative input signal. 

System Zero (Figure 3B) 
During this phase, errors due to buffer, integrator, and 

comparator offset voltages are compensated for by charg
ing CAZ (auto-zero capacitor) with a compensating error 
Voltage. With a zero input voltage the integrator output will 
remain at zero. 

The external input signal is disconnected from the 
internal circuitry by opening the two SWI switches. The 
internal input points connect to ANALOG COMMON. The 
reference capacitor charges to the reference voltage poten
tial through SWR. A feedback loop, closed around the 
integrator and comparator, charges the CAZ. capacitor with a 
voltage to compensate for buffer amplifier, integrator, and 
comparator offset voltages. 

Analog Input Signal Integration (Figure 3C) 
The TC835 integrates the differential voltage between 

the +INPUT and -INPUT pins. The differential voltage must 
be within the device common-mode range; -1 V from either 
supply rail, typically. 

The input signal polarity is determined at the end of this 
phase. 

Reference Voltage Integration (Figure 3D) 
The previously-charged reference capacitor is con

nected with the proper polarity to ramp the integrator output 
back to zero. The digital reading displayed is: 

Reading = 10,000 [ Differentiallnputl 
VREF J 

Integrator Output Zero (Figure 3E) 
This phase guarantees the integrator output is at OV 

when the system zero phase is entered and that the true 
system offset voltages are compensated for. This phase 
normally lasts 100 to 200 clock cycles. If an overrange 
condition exists, the phase is extended to 6200 clock cycles. 

v". ...... TELCOM SEMICONDUCTOR, INC. 

Analog Section Functional Description 

(In Reference to the 28-Pin Plastic Package) 

Differential Inputs 
(+INPUT, Pin 10 and -INPUT, Pin 9) 

The TC835 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.5V below the positive 
supply to 1V above the negative supply. Within this com
mon-mode voltage range, an 86 dB common-mode rejec
tion ratio is typical. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu
rate. A worst-case condition exists, for example, when a 
large positive common-mode voltage with a near fUll-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 4V full-scale 
swing, with some loss of accuracy. The integrator output can 
swing within 0.3V of either supply without loss of linearity. 

ANALOG COMMON Input (Pin 3) 
ANALOG COMMON is used as the -INPUT return 

during auto-zero and deintegrate. If-INPUT is different from 
ANALOG COMMON, a common-mode voltage exists in the 
system. This signal is rejected by the excellent CMRR of the 
converter. In most applications, -INPUT will be set at a fixed, 
known voltage (power supply common, for instance). In this 
application, ANALOG COMMON should be tied to the same 
pOint, thus removing the common-mode voltage from the 
converter. The reference voltage is referenced to ANALOG 
COMMON. 

REFERENCE Voltage Input (REF IN, Pin 2) 
The REF IN input must be a positive voltage with respect 

to ANALOG COMMON. Two reference voltage circuits are 
shown in Figure 5. 

2-219 



TC835 

.--------------.--~V+ 

V+ 

V 
TC835 

REF 
IN 6.8V 

ZENER 

ANALOG 1-----< __ ....... 
COMMON 

V+ J 
V IN 

TC835 

~ 
OV+ 

~.8kQ 
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ANALOG 1-___ ..... ..., 
COMMON 

ANALOG 
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Figure 5 Using an External Reference 

Digital Section Functional Description 

The major digital subsystems within the TC835 are 
illustrated in Figure 6, with timing relationships shown in 
Figure 7. The multiplexed BCD output data can be displayed 
on an LCD display with the TC7211 A (LCD) 4-digit display 
driver. 

The digital section is best described through a discus
sion of the control signals and data outputs. 

RUNIHOLD Input (Pin 25) 
When left open, this pin assumes a logic "1" level. With 

a RlR = 1, the TC835 performs conversions continuously, 
with a new measurement cycle beginning every 40,002 
clock pulses. 

When RlR changes to a logic "0," the measurement 
cycle in progress will be completed, and data held and 
displayed as long as the logic "0" condition exists. 

A positive pulse (>300 ns) at RlH initiates a new mea
surement cycle. The measurement cycle in progress when 
R/R initially assumed the logic "0" state must be completed 
before the positive pulse can be recognized as a single 
conversion run command. 
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POLARITY 

~----~--~----~--~~ 

P CONTROL LOGIC 

b" b25 b27 b28 b28 b" 
DIGITAL CLOCK RUN! OVER- UNDER- STROBe BUSY 

GND •• HOLD RANGE RANGE 

Figure 6 Digital Section Functional Diagram 
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Figure 7 Timing Diagrams for Outputs 
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The new measurement cycle begins with a 10,001-
count auto-zero phase. At the end of this phase the busy 
signal goes high. 

STROBE Output (Pin 26) 
During the measurement cycle, the STROBE control 

line is pulsed low five times. The five low pulses occur in the 
center of the digit drive signals (01, 02, 03, Os, Figure 8). 

Os (MSO) goes high for 201 counts when the measure
ment cycles end. In the center of the Os pulse, 101 clock 
pulses after the end of the measurement cycle, the first 
STROBE occurs for one-half clock pulse. After the Os digit 
strobe, 04 goes high for 200 clock pulses. The STROBE 
goes low 1 00 clock pulses after 04 goes high. This continues 
through the 01 digit drive pulse. 

The digit drive signals will continue to permit display 
scanning. STROBE pulses are not repeated until a new 
measurement is completed. The digit drive signals will not 
continue if the previous signal resulted in an overrange 
condition. 

The active low STROBE pulses aid BCO data transfer to 
UARTs, processors and extemallatches. (See Application 
Note 16.) 

BUSY Output (Pin 21) 
At the beginning of the signal-integration phase, BUSY 

goes high and remains high until the first clock pulse after the 
integrator zero crossing. BUSY retums to the logic "0" state 
after the measurement cycle ends in an overrange condi
tion. The intemal display latches are loaded during the first 
clock pulse after BUSY, and are latched at the clock pulse 
end. The BUSY signal does not go high at the beginning of 
the measurement cycle, which starts with the auto-zero 
cycle. 

OVERRANGE Output (Pin 27) 
If the input signal causes the reference voltage integra

tion time to exceed 20,000 clock pulses, the OVER RANGE 
output is set to a logic "1." The overrange output register is 
set when BUSY goes low, and is reset at the beginning of the 
next reference-integration phase. 

UNDERRANGE Output (Pin 28) 
If the output count is 9% of full scale or less (S1800 

counts), the underrange register bit is set at the end of 
BUSY. The bit is set low at the next signal-integration phase. 

POLARITY Output (Pin 23) 
A positive input is registered by a logic" 1" polarity signal. 

The polarity bit is valid at the beginning of reference inte
grate and remains valid until determined during the next 
conversion. 
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TC835 

TC83S 
OUTPUTS 

BUSY ~ENDOFCDNVERSION 

~(---------------------------------

STROBE -----.1.-----, ,...----,,----.,---..., .... --------

DS 

D4------j~L----------------------COUNTS 

D3 __________ ~~L ________________ _ 

COUNTS 

D2----------------j~L-----------COUNTS 

D1-----------------------J~~------COUNTS 

-DELAY BETWEEN BUSY GOING LOW AND FIRST STROBE 
PULSE IS DEPENDENT ON ANALOG INPUT. 

Figure 8 Strobe Signal Pulses Low Five Times per Conversion 

The polarity bit is valid even for a zero reading. Signals 
less than the converter's LSB will have the signal polarity 
determined correctly. This is useful in null applications. 

DIGIT Drive Outputs (Pins 12, 17, 18, 19 and 20) 
Oigit drive signals are positive-going signals. The scan 

sequence is Os to 01. All positive pulses are 200 clock pulses 
wide, except Os, which is 201 clock pulses wide. 

All five digits are scanned continuously, unless an 
overrange condition occurs. In an overrange condition, all 
digit drives are held low from the final STROBE pulse until 
the beginning of the next reference-integrate phase. The 
scanning sequence is then repeated. This provides a blink
ing visual display indication. 

BCD Data Outputs (Pins 13, 14, 15 and 16) 
The binary coded decimal (BCO) bits B8 , B4, B2, B1, are 

positive-true logic signals. The data bits become active 
simultaneously with the digit drive signals. In an overrange 
condition, all data bits are at a logic "0" state. 
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APPLICATIONS INFORMATION 

Component Value Selection 

The integrating resistor is determined by the full-scale 
input voltage and the output current of the buffer used to 
charge the integrator capacitor. Both the buffer amplifier and 
the integrator have a class A output stage, with 100 I1A of 
quiescent current. A 20 ItA drive current gives negligible 
linearity errors. Values of 5 ItA to 40 ItA give good results. 
The exact value of an integrating resistor for a 20 I1A current 
is easily calculated. 

R _ full-scale voltage 
INT - 20l1A 

Integrating Capacitor 
The product of integrating resistor and capacitor should 

be selected to give the maximum voltage swing that ensures 
the tolerance build-up will not saturate the integrator swing 
(approximately 0.3V from either supply). For ±5V supplies 
and ANALOG COMMON tied to supply ground, a ±3.5V to 
±4Vfull-scale integrator swing is adequate. AO.1 0 I1Fto 0.47 
I1F is recommended. In general, the value of CINT is given by: 

CINT = -:-,[,-1 O--,'_00-c0~x_C-clo_c--:k~p_e~rio_d--,l,-x_I-"cINC-'-T_ 
Integrator output voltage swing 

(10,000) (clock period) (20 ItA) 
Integrator output voltage swing 

A very important characteristic of the integrating capaci
tor is that it has low dielectric absorption to prevent rollover 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor with the input tied to the reference. This 
ratiometric condition should read half-scale 0.9999. any 
deviation is probably due to dielectric absorption. Polypro
pylene capacitors give undetectable errors at reasonable 
cost. Polystyrene and polycarbonate capacitors may also be 
used in less critical applications. 

Auto-Zero and Reference Capacitors 
The size of the auto-zero capacitor has some influence 

on the noise of the system. A large capacitor reduces the 
noise. The reference capacitor should be large enough such 
that stray capacitance to ground from its nodes is negligible. 

The dielectric absorption of the reference capacitor and 
auto-zero capacitor are only important at power-on, or when 
the circuit is recovering from an overload. Smaller or cheaper 
capacitors can be used if accurate readings are not required 
for the first few seconds of recovery. 

Reference Voltage 
The analog input required to generate a full-scale output 

is VIN = 2 VREF. 
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The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. For this 
reason, it is recommended that a high-quality reference be 
used where high-accuracy absolute measurements are 
being made. Suitable references are: 

Part Type 

TC04A 
TC9491 

Conversion Timing 

Line Frequency Rejection 

Manufacturer 

TelCom Semiconductor 
TelCom Semiconductor 

A signal integration period at a multiple of the 60 Hz line 
frequency will maximize 60 Hz "line noise" rejection. 

A 200 kHz clock frequency will reject 60 Hz and 400 Hz 
noise. This corresponds to five readings per second. 

Conversion Rate vs Clock Frequency 

Oscillator Frequency 
(kHz) 

100 
120 
200 
300 
400 
800 
1200 

Oscillator Frequency 
(kHz) 

50.000 

53.333 
66.667 
80.000 

83.333 
100.000 

125.000 
133.333 

166.667 
200.000 

250.000 

Conversion Rate 
(Conv/Sec) 

2.5 
3 
5 

7.5 
10 
20 
30 

Line Frequency Rejection 
60 Hz 50 Hz 400 Hz 

The conversion rate is easily calculated: 

Conversi.on Rate Clock Frequency (Hz) 
(Readings 1/sec) = 4000 
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Power Supplies and Grounds 

Power Supplies 
The TC835 is designed to work from ±5V supplies. For 

single +5V operation, a TC7660 can provide a -5V supply. 

Grounding 
Systems should use separate digital and analog ground 

systems to avoid loss of accuracy. 

Displays and Driver Circuits 

TelCom Semiconductor manufactures two display de
coder/driver circuits to interface the TC835 to an LCD or LED 
display. Each drive has 28 outputs for driving four 7-segment 
digit displays. 

Device Package Description 

TC7211AIPL 40-Pin Epoxy 4-Digit LCD Driver/Decoder 

TC7212AIPL 40-Pin Epoxy 4-Digit LED Driver/Decoder 

Several sources exist for LCD and LED display: 

Display 
Manufacturer Address Type 

Hewlett Packard 640 Page Mill Rd. LED 
Components Palo Alto, CA 94304 

Litronix, Inc. 19000 Homestead Rd. LED 
Cupertino, CA 94010 

AND 770 Airport Blvd. LCD and 
Burlingame, CA 94010 LED 

Epson America, Inc. 3415 Kanhi Kawa SI. LCD 
Torrance, CA 90505 

High-Speed Operation 

The maximum conversion rate of most dual-slope AID 
converters is limited by the frequency response of the 
comparator. The comparator in this circuit follows the inte
grator ramp with a 3 ~s delay, and at a clock frequency of 
200 kHz (5 ~s period), half of the first reference integrate 
clock period is lost in delay. This means that the meter 
reading will change from 0 to 1 with a 50 ~V input, 1 to 2 with 
150 ~V, 2 to 3 at 250 ~V, etc. This transition at mid-point is 
considered desirable by most users; however, if the clock 
frequency is increased appreciably above 200 kHz, the 
instrument will flash "1" on noise peaks even when the input 
is shorted. 
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For many dedicated applications where the input signal 
is always of one polarity, the delay of the comparator need 
not be a limitation. Since the nonlinearity and noise do not 
increase substantially with frequency, clock rates of up to 
-1 MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be a 
constant and can be subtracted out digitally. 

The clock frequency may be extended above 200 kHz 
without this error, however, by using a low-value resistor in 
series with the integrating capacitor. The effect of the 
resistor is to introduce a small pedestal voltage on to the 
integrator output at the beginning of the reference integrate 
phase. By careful selection of the ratio between this resistor 
and the integrating resistor (a few tens of ohms in the 
recommended circuit), the comparator delay can be com
pensated and the maximum clock frequency extended by 
approximately a factor of 3. At higher frequencies, ringing 
and second-order breaks will cause significant nonlinearities 
in the first few counts of the instrument. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference capacitors. With most de
vices, measurement cycles as long as 10 seconds give no 
measurable leakage error. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the applications section. The multiplexed output 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates the data once every clock 
pulse after the transients of the previous clock pulse and 
half-clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
is disabled for one clock pulse at the beginning of the 
reference integrate (deintegrate) phase. This one-count 
delay compensates for the delay of the zero-crossing flip
flop, and allows the correct number to be latched into the 
display. Similarly, a one-count delay at the beginning of 
auto-zero gives an overload display of 0000 instead of 0001. 
No delay occurs during signal integrate, so thattrue ratiometric 
readings result. 
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4-112 Digit ADC With Multiplexed Common Anode LED Display +5V 
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PERSONAL COMPUTER 
DATA ACQUISITION ADC 

TYPICAL APPLICATIONS DIAGRAMS) 
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PIN CONFIGURATIONS 
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NOTES: 

1. Ne = No internal connection. 
2. Pins 9, 25, 40 and 56 are connected to the die substrate. 

The potential at these pins is approximately V+. No 
external connections should be made. 
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TCSSO 

1S-BIT, FAST-INTEGRATING CMOS ANALOG-TO-DIGITAL 
CONVERTER 

FEATURES 

• 1S-bit Resolution Plus Sign Bit 
• Up to 40 Conversions per Second 
• 12 Conversions per Second Guaranteed 
• Integrating ADC Technique 

-Monotonic 
- High Noise Immunity 
- Auto-Zeroed Amplifiers Eliminate Offset 

Trimming 
• Wide Dynamic Range ..................................... 96 dB 
• Low Input Bias Current .................................. 30 pA 
• Low Input Noise ............•.....••............•.......•. 30 IlVp.p 
• Sensitivity ...................................................... 100 IlV 
• Flexible Operational Control 

- Continuous or On-Demand Conversions 
- Data Valid Output 

• Bus Compatible, 3-State Data Outputs 
- a-Bit Data Bus 
- Simple IlP Interface 
- Two Chip Enables 
- Read ADC Result Like Memory 

• ± SV Power Supply Operation ...................... 20 mW 
• 40-Pin Dual-in-Line or 44-Pin PLCC Packages 

FUNCTIONAL BLOCK DIAGRAM 

~ +5V 
REF1 + REF- BUFF INT IN INTOUT 

CSC, OSC:! CONTI UH 0ViiJ Wii iiii cs CE DBO DB7 

DEMAND POL 
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GENERAL DESCRIPTION 

The TC850 is a monolithic CMOS analog-to-digital 
converter (ADC) with resolution of 15 bits plus sign. It 
combines a chopper-stabilized buffer and integrator with a 
unique multiple-slope integration technique that increases 
conversion speed. The result is 16 times improvement in 
speed over previous 15-bit, monolithic integrating ADCs 
(from 2.5 conversions per sec up to 40 per sec). Faster 
conversion speed is especially welcome in systems with 
human interface, such as digital scales. 

The TC850 incorporates an ADC and a ILP-compatible 
digital interface. Only a voltage reference and a few noncriti
cal passive components are required to form a complete 15-
bit plus sign ADC. 

CMOS processing provides the TC850 with high
impedance differential inputs. Input bias current is typically 
only 30 pA, permitting direct interface to sensors. Input 
sensitivity of 100 ILV per least significant bit (LSB) eliminates 
the need for precision external amplifiers. The internal 
amplifiers are auto-zeroed, guaranteeing a zero digital output 
with OV analog input. Zero adjustment potentiometers or 
calibrations are not required. 

The TC850 outputs data on an 8-bit, 3-state bus. Digital 
inputs are CMOS compatible; outputs are TTUCMOS com
patible. Chip-enable and byte-select inputs combined with 
an end-of-conversion output ensures easy interfacing to a 
wide variety of microprocessors. Conversions can be per
formed continuously or on command. In continuous mode, 
data is read as three consecutive bytes and manipulation of 
address lines is not required. 

Operating from ±5V supplies, the TC850 dissipates only 
20 mW. It is packaged in 40-pin plastic or ceramic dual-in
line packages (DIPs) and in a 44-pin plastic leaded chip 
carrier (PLCC), surface-mount package. 

ORDERING INFORMATION 

Part No. Package Temperature Range 

TC850CLW 44·Pin PLCC O°C to +70°C 
TC850CPL 40-Pin Plastic DIP O°C to +70°C 
TC850lLW 44-Pin PLCC - 25°C to +85°C 
TC850lJL 40-Pin CerDIP - 25°C to +85°C 
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ABSOLUTE MAXIMUM RATINGS* 

1S-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

Lead Temperature (Soldering, 10 sec) ................. +300°C 

Positive Supply Voltage (Vs+ to GND) ........................ +6V 
Package Power Dissipation 

CerDIP ................................................... 1W @ +85°C 
Negative Supply Voltage (Vs- to GND) ...................... -9V Plastic DIP .......................................... 0.5W @ +70°C 
Analog Input voltage (IW or IN-) ...................... Vs+ to Vs- Plastic PLCC Package ....................... 0.5W @ +70°C 
Voltage Reference Input 

(REF1+' REF1-, REF2+) .............................. Vs+ to Vs- 'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

Logic Input Voltage ................. Vs+ + 0.3V to GND - 0.3V 
Current Into Any Pin ............................................... 10 mA 

While Operating .............................................. 100 IlA 
Ambient Operating Temperature Range 

C Device ................................................ O°C to + 70°C 
I Device ............................................. - 25°C to +85°C 

ELECTRICAL CHARACTERISTICS: Vs = ±5V, fCLK = 61.44 kHz, VFS = 3.2768V, T A = 25°C, Fig. 1 Test Circuit 

Symbol Parameter Test Conditions Min Typ Max Unit 

Zero-Scale Error VIN =OV ±D.25 ±D.5 LSB 

End Point Linearity Error -VFS ~ VIN ~ +VFS - ±1 ±2 LSB 

Differential Nonlinearity - ±0.1 ±D.5 LSB 

liN Input Leakage Current VIN = OV, TA = 25°C - 30 75 pA 
O°C ~TA~+70°C - - -
-25° ~ TA ~ +85°C - 1.1 3 nA 

VCMR Common-Mode Voltage Range Over Operating Temperature Range Vs- + 1.5 - Vs+ -1.5 V 

CMRR Common-Mode Rejection Ratio VIN = OV, VCM = ±1V - 80 - dB 

FUll-Scale Gain Temperature External Ref Temperature 
Coefficient Coefficient = 0 ppm/DC - 2 5 ppmfC 

O°C ~ TA ~ +70°C 

Zero-Scale Error VIN=OV - 0.3 2 IJ-V/oC 
Temperature Coefficient O°C ~ TA ~ +70°C 

FUll-Scale Magnitude VIN = ±3.275V - 0.5 2 LSB 
Symmetry Error 

eN Input Noise Not Exceeded 95% of Time - 30 - IJ-Vp.p 

Is+ Positive Supply Current - 2 3.5 mA 

Is- Negative Supply Current - 2 3.5 mA 

VOH Output High Voltage 10 = 500 IJ-A 3.5 4.9 - V 

VOL Output Low Voltage 10= 1.6mA - 0.15 0.4 V 

lop Output Leakage Current Pins 8-15, High-Impedance State - 0.1 1 IJ-A 
VIH Input High Voltage Note 3 3.5 2.3 - V 

IL Input Low Voltage Note 3 - 2.1 1 V 

Ipu Input Pull-Up Current Pins 2, 3, 4, 6, 7; VIN = OV - 4 - IJ-A 
Ipo Input PUll-Down Current Pins 1, 5; VIN = 5V - 14 - IJ-A 
losc Oscillator Output Current Pin 18, VOUT = 2.5V - 140 - IJ-A 

CIN Input Capacitance Pins 1-7,17 - 1 - pF 

COUT Output Capacitance Pins 8-15, High-Impedance State - 15 - pF 

tCE Chip-Enable Access Time CS or CE, RD = LOW (Note 1) - 230 450 ns 

tRE Read-Enable Access Time CS = HIGH, CE = LOW (Note 1) - 190 450 ns 

tOHC Data Hold From CS or CE RD = LOW (Note 1) - 250 450 ns 

tOHR Data Hold From RD CS = HIGH, CE = LOW (Note 1) - 210 450 ns 

top OVRfPOL Data Access Time CS = HIGH, CE = LOW, RD = LOW - 140 300 ns 
(Note 1) 
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15-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

ELECTRICAL CHARACTERISTICS (Cont.) 

Symbol Parameter Test Conditions 

tLH Low/High Byte Access Time CS = HIGH, CE = LOW, RD = LOW (Note 1) 

Clock Setup Time Positive or Negative Pulse Width 

tWRE RD Minimum Pulse Width CS = HIGH, CE = LOW (Note 2) 

tWRD RD Minimum Delay Time CS = HIGH, CE = LOW (Note 2) 

twwR WR Minimum Pulse Width CS = HIGH, CE = LOW, Demand Mode 

Clock Setup Time Positive or Negative Pulse Width 

NOTES: 1. Demand mode, CaNT/DEMAND = LOW. Figure 10 timing diagram. CL = 100 pF. 
2. Continuous mode, CaNT/DEMAND = HIGH. Figure 12 timing diagram. 

TC850 

Min Typ Max Unit 

- 140 300 ns 

100 - - ns 

450 230 - ns 

150 50 - ns 

75 25 - ns 

100 ns 

3. Digital inputs have CMOS logic levels and internal pull-up/pull-down resistors. For TTL compatibility, external pull-up resistors to Vcc are 
recommended. 

PIN CONFIGURATIONS 

CONT/DEMAND 5 

OVR/POL 6 

TC850 

Vs 
REF; 

C~EFI 
CREFI 

REF 

CREF2 

C~EF2 
REF; 

IN+ 

I~ 

COMMON 

DB3 CINTB 

DB2 CINTA 

DBI CBUFA 

DBO CBUFB 

BUSY BUFFER 

OSC1 INTIN 

OSC2 INTOUT 

TEST Vs 

GND COMP ---,L--___ ~ 

OVR/POL 7 

II 
;:: 
z 
8 I~ I~ I~ 
6 

NC = NO INTERNAL CONNECTION 
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PIN DESCRIPTIONS 

40-Pin DIP 
Pin No. Symbol 

1 CS 

2 CE 

3 WR 

4 RD 

5 CaNT/DEMAND 

6 OVR/POL 

7 UH 

8 DB7 

9-15 DB6-DBO 

16 BUSY 

17 OSCl 
18 OSC2 
19 TEST 

20 DGND 

21 CaMP 

22 Vs 
23 INToUT 
24 INTIN 
25 BUFFER 

26 CBUFB 
27 CBUFA 
28 CINTA 
29 CINTB 

30 COMMON 

31 IN-

30 COMMON 

33 REF2+ 

34 CREF2+ 

35 CREF2 
36 REF-

37 CREFe 
38 CREF1+ 

39 REF1+ 

40 Vs+ 

Description 

1S-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

Chip select, active HIGH. Logically ANDed with CE to enable read and write inputs. (See 
note 4.) 

Chip enable, active LOW. (See note 5.) 

Write input, active LOW. When chip is selected (CS = HIGH and CE = LOW) and in demand 
mode (CaNT/DEMAND = LOW), a logic LOW on WR starts a conversion. (See note 4.) 

Read input, active LOW. When CS = HIGH and CE = LOW, a logic LOW on RD enables the 
3-state data outputs. (See note 5.) 

Conversion control input. When CaNT/DEMAND = LOW, conversions are initiated by the WR 
input. When CaNT/DEMAND = HIGH, conversions are performed continuously. (See note 4.) 
Overrange/polarity data-select input. When making conversions in the demand mode (CONT/ 
DEMAND = LOW), OVR/POL controls the data output on DB7 when the high-order byte is 
active. (See note 5.) 

Low/high byte-select input. When CaNT/DEMAND - LOW, this input controls whether low
byte or high-byte data is enabled on DBO through DB7. (See note 5.) 

Most significant data bit output. When reading the AID conversion result, the polarity, 
overrange, and DB7 data are output on this pin. (See text.) 

Data outputs DB6-DBO. 3-state, bus compatible. 

AID conversion status output. BUSY goes to a logic HIGH at the beginning of the deintegrate 
phase and goes LOW when conversion is complete. The falling edge of BUSY can be used to 
generate a j.!P interrupt. 

Crystal oscillator connection or external oscillator input. 

Crystal oscillator connection. 

For factory testing purposes only. Do not make external connection to this pin. 

Digital ground connection. 

Connection for comparator auto-zero capacitor. Bypass to Vs with 0.1 j.!F. 

Negative power supply connection, typically -5V. 

Output of the integrator amplifier. Connect to CINT. 

Input to the integrator amplifier. Connect to summing node of RINT and CINT. 

Output of the input buffer. Connect to RINT. 
Connection for buffer auto-zero capacitor. Bypass to Vs with 0.1 j.!F. 

Connection to buffer auto-zero capacitor. Bypass to Vs with 0.1 j.!F. 

Connection for integrator auto-zero capacitor. Bypass to Vs with 0.1 j.!F. 

Connection for integrator auto-zero capaCitor. Bypass to V s with 0.1 j.!F. 

Analog common. 

Negative differential analog input. 

Analog common. 

Positive input for reference voltage VREF2. (VREF2 = VREF1/64) 

Positive connection for VREF2 reference capacitor. 

Negative connection for VREF2 reference capacitor. 

Negative input for reference voltages. 

Negative connection for VREFl reference capacitor. 

Positive connection for VREFl reference capacitor. 

Positive input for VREF1. 

Positive power supply connection, typically +5V. 

NOTES: 4. This pin incorporates a pull-down resistor to DGND. 
5. This pin incorporates a pull-up resistor to Vs+. 
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1S-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

THEORY OF OPERATION 

The TC850 is a multiple-slope, integrating analog-to
digital converter (ADC). The multiple-slope conversion pro
cess, combined with chopper-stabilized amplifiers, results 
in a significant increase in ADC speed, while maintaining 
very high resolution and accuracy. 

Dual-Slope Conversion Principles 

The conventional dual-slope converter measurement 
cycle (shown in Figure 2A) has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal. 

In a simple dual-slope converter, complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." Most dual-slope converters add a third phase, auto
zero. During auto-zero, offset voltages of the input buffer, 
integrator, and comparator are nulled, thereby eliminating 
the need for zero-offset adjustments. 

Dual-slope converter accuracy is unrelated to the inte
grating resistor and capacitor values, as long as they are 
stable during a measurement cycle. By converting the 
unknown analog input voltage into an easily-measured 
function of time, the dual-slope converter reduces the need 
for expensive, precision passive components. 

Noise immunity is an inherent benefit of the integrating 
conversion method. Noise spikes are integrated, or aver
aged, to zero during the integration period. Integrating ADCs 
are immune to the large conversion errors that plague 
successive approximation converters in high-noise environ
ments. 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

ftsl _1_ V (t) dt = VR tRI 
RC 0 IN RC ' 

where: VR = Reference voltage 
tSI = Signal integration time (fixed) 
tRI = Reference voltage integration time (variable). 
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TC8S0 

Multiple-Slope Conversion Principles 

One limitation of the dual-slope measurement tech
nique is conversion speed. In a typical dual-slope method, 
the auto-zero and integrate times are each one-half of the 
deintegrate time. For a 15-bit conversion, 214 + 214 + 215 

(65,536) clock pulses are required for auto-zero, integrate, 
and deintegrate phases, respectively. The large number of 
clock cycles effectively limits the conversion rate to about 
2.5 conversions per second, when a typical analog CMOS 
fabrication process is used. 

The TC850 uses a multiple-slope conversion technique 
to increase conversion speed (Figure 2B). This technique 
makes use of a two-slope deintegration phase and permits 
15-bit resolution up to 40 conversions per second. 

During the TC850's deintegration phase, the integration 
capacitor is rapidly discharged to yield a resolution of 9 bits. 
At this point, some charge will remain on the capacitor. This 
remaining charge is then slowly deintegrated, producing an 

+5V -5V 

vii DGND Vs 100 k.Q 

BUSY 
DB7 
DBS 
DB5 
DB4 
DB3 
DB2 ~ 

CREF1 38 
DB1 -r~--:;, 

1 IIF' CREF1 37 DBO TC850 
CS CREF2 34 

CE CREF2 35 1 IIF' 

WR 25 120 k.Q 

RD BUFFER 

CONT/DEMAND 24 

OVRIPOL 
UH 
osc1 

C1NT 

.. ~ TEST 19 NC 
osc2 .. 

V 
21 

NOTES: Unless otherwise specified, all 0.1 ~F capacrtors are film dielectric. 
Ceramic capacitors are not recommended. 
NC ; No internal connection . 

• Polypropylene capacitors. 
*' 100 pF Mica capacitors. 

Figure 1 Standard Circuit Configuration 
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Figure 2A Dual-Slope ADC Cycle 
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Figure 2B "Fast-Slow" Reference Deintegrate Cycle 

15-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

additional 6 bits of resolution. The result is 15 bits of 
resolution achieved with only 29 + 26 (512 + 64, or 576) clock 
pulses for deintegration. A complete conversion cycle occu
pies only 1280 clock pulses. 

In order to generate "fast-slow" integration phases, two 
voltage references are required. The primary reference 
(VREF1) is set to one-half of the full-scale voltage (typically 
VREF1 = 1.6384V, and VFS = 3.2768V). The secondary 
voltage reference (VREF2) is set to VREF1/64 (typically 25.6 
mY). To maintain 15-bit linearity, a tolerance of 0.5% for 
VREF2 is recommended. 

ANALOG SECTION DESCRIPTION 

The Te850 analog section consists of an input buffer 
amplifier, integrator amplifier, comparator, and analog 
switches. A simplified block diagram is shown in Figure 3. 

Conversion Timing 

Each conversion consists of three phases: (1) Zero 
Integrator, (2) Signal Integrate, and (3) Reference Integrate 
(or Deintegrate). Each conversion cycle requires 1280 inter
nal clock cycles (Figure 4). 

CREF1 CREF2 RINT CINT 

REF1+ REF1- CREF2 REF2+ CREF2 BUFF INTIN INTOUT 

BUFFER' 

Z1 

INTEGRATOR' TO 
DIGITAL 

SECTION 

COMPARATOR' 

"AUTO-ZEROED 
AMPLIFIERS 

COMMONo------.--~~--------------~ 

V 
IN-o-~~~----------------------------------------~ 

TC850 

Figure 3 Analog Section Simplified Schematic 
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1S-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

TCSSO 

I~ 1280 CLOCK CYCLES -I 
INTERNAL 

CLOCK 

CONVERSION 
PHASE 

JUUL- ..... 
/~ 

ZERO INTEGRATOR 

. ... -JUUL 
1_-----778--------i_.J/ 

REFERENCE INTEGRATE 

Figure 4 Conversion Timing 
Zero-Integrator Phase 

During the zero-integrator phase, the differential input 
signal is disconnected from the circuit by opening internal 
analog gates. The internal nodes are shorted to analog 
common (ground) to establish a zero-input condition. At the 
same time, a feedback loop is closed around the input buffer, 
integrator, and comparator. The feedback loop ensures the 
integrator output is near OV before the signal-integrate 
phase begins. 

During this phase, a chopper-stabilization technique is 
used to cancel offset errors in the input buffer, integrator, 
and comparator. Error voltages are stored on the CBUFF, 
CINT, and COMP capacitors. The zero-integrate phase 
requires 246 clock cycles. 

Signal-Integrate Phase 

The zero-integrator loop is opened and the internal 
differential inputs are connected to IW and IN-. The differ
ential input signal is integrated for a fixed time period. The 
TC850 signal-integrate period is 256 clock periods, orcounts. 
The crystal oscillator frequency is 74 before clocking the 
internal counters. 

The integration time period is: 

tSI = ~ x 256 
fosc 

Reference-Integrate Phase 

During reference-integrate phase, the charge stored on 
the integrator capacitor is discharged. The time required to 
discharge the capacitor is proportional to the analog input 
voltage. 

The reference integrate phase is divided into three 
subphases: (1) fast, (2) slow, and (3) overrange deintegrate. 

During fast deintegrate, VIN- is internally connected to 
analog common and VIN+ is connected across the previ
ously-charged reference capacitor (CREF1). The integrator 
capacitor is rapidly discharged for a maximum of 512 inter
nal clock pulses, yielding 9 bits of resolution. 

V TELCOM SEMICONDUCTOR, INC. 

During the slow deintegrate phase, the internal VIN+ 
node is now connected to the CREF2 capacitor, and the 
residual charge on the integrator capacitor is further dis
charged a maximum of 64 clock pulses. At this point, the 
analog input voltage has been converted with 15 bits of 
resolution. 

If the analog input is greater than full scale, the TC850 
performs up to three overrange deintegrate subphases. 
Each subphase occupies a maximum of 64 clock pulses. 
The overrange feature permits analog inputs up to 192 LSBs 
greater than full scale to be correctly converted. This feature 
permits the user to digitally null up to 192 counts of input 
offset, while retaining full 15-bit resolution. 

In addition to 512 counts of fast, 64 counts of slow, and 
192 counts of overrange deintegrate, the reference-inte
grate phase uses 10 clock pulses to permit internal nodes to 
settle. Therefore, the reference integrate cycle occupies 778 
clock pulses. 

Pin Description (Analog) 

Differential Inputs (IN+ and IN-) 
The analog signal to be measured is applied at the IW 

and I N- inputs. The differential input voltage must be within 
the common-mode range of the converter. The input com
mon-mode range extends from V s + -1 .5V to V s - +1 .5V. 
Within this common-mode voltage range, an 86 dB CMRR 
is typical. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu
rate. A worst-case condition exists, for example, when a 
large, positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
available swing has been used up by the positive common
mode voltage. For applications where maximum common
mode range is critical, integrator swing can be reduced. The 
integrator output can swing within OAV of either supply 
without loss of linearity. 
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Differential Reference (VREF) 

The TC850 requires two reference voltage sources in 
order to generate the "fast-slow" deintegrate phases. The 
main voltage reference (VREF1) is applied between the 
REF1+ and REF- pins. The secondary reference (VREF2) is 
applied between the REF2+ and REF- pins. 

The reference voltage inputs are fully differential, and 
the reference voltage can be generated anywhere within the 
power supply voltage ofthe converter. However, to minimize 
roll-over error, especially at high conversion rates, keep the 
reference common-mode voltage (Le., REF-) near or at the 
analog common potential. All voltage reference inputs are 
high impedance. Average reference input current is typically 
only 30 pA. 

Analog Common (COMMON) 
Analog common is used as the IN- return during the 

zero-integrator and deintegrate phases of each conversion. 
If IN- is at a different potential than analog common, a 
common-mode voltage exists in the system. This signal is 
rejected by the 86 dB CMRR of the converter. However, in 
most applications, IN- will be set at a fixed, known voltage 
(power supply common, for instance). In this case, analog 
common should be tied to the same point so that the 
common-mode voltage is eliminated. 

1S-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

DIGITAL SECTION DESCRIPTION 

The TC850 digital section consists of two sets of conver
sion counters, control and sequencing logic, clock oscillator 
and divider, data latches, and an 8-bit, 3-state interface bus. 
A simplified schematic of the bus interface logic is shown in 
Figure 5. 

Clock Oscillator 

The TC850 includes a crystal oscillator on-chip. All that 
is required is to connect a crystal across OSC1 and OSC2 
pins, and to add two inexpensive capacitors (Figure 1). The 
oscillator output is +4 prior to clocking the AID internal 
counters. For example, a 100 kHz crystal produces a system 
clock frequency of 25 kHz. Since each conversion requires 
1280 clock periods, in this case the conversion rate will be 
25,000/1280, or 19.5 conversions per second. 

In most applications, however, an external clock is 
divided down from the microprocessor clock. In this case, 
the OSC1 pin is used as the external oscillator input and 
OSC2 is left unconnected. The external clock driver should 
swing from digital ground to Vs+. The +4 function is active for 
both external clock and crystal oscillator operations. 

3-5TATE 
DBD-DB7 ... ___ ---.l-.:::8~ BUFFER 

~~Tfu\ t---+"'"----------I LOW·BYTE 

MUX 7 ~~8~T~~ 
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Figure 5 Bus Interface Simplified Schematic 
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Digital Operating Modes 

Two modes of operation are available with the TC8S0, 
continuous conversions and on-demand. The operating 
mode is controlled by the CONT/DEMAND input. The bus 
interface method is different for continuous and demand 
modes of operation. 

Demand Mode Operation 
When CONT/DEMAND is low, the TC8S0 performs one 

conversion each time the chip is selected and the WR input 
is pulsed low. Data is valid on the falling edge of the BUSY 
output and can be accessed using the interface truth table 
(Table I). 

Table I. Bus Interface Truth Table 

CE-CS RD CONT/DEMAND UH 
Pins 1 and 2 Pin4 Pin 5 Pin 7 

0 0 0 0 
0 0 0 0 

0 0 0 
0 0 1 X 

0 1 X X 

X X X 

NOTES: 1. Pin numbers refer to 40-pin DIP. 

TC8S0 

Continuous Mode Operation 
When CO NT /DEMAND is high, the TC8S0 continuously 

performs conversions. Data will be valid on the falling edge 
of the BUSY output, and remains valid for 443-1/2 clock 
cycles. 

The low/high (UH) byte-select and overrange/polarity 
(OVR/POL) inputs are disabled during continuous mode 
operation. Data must be read in three consecutive bytes, as 
shown in Table I. 

NOTE: In continuous mode, the conversion result must be read within 443-
1/2 clock cycles of the BUSY output falling edge. After this time (Le., 1/2 
clock cycle before BUSY goes high) the internal counters are reset and the 
data is lost. 

OVRlPOL DB7 DB6-DBD 

Pin 6 Pin 8 Pin 9-Pin 15 (Note 1) 
0 "1" = Input Positive Data Bits 14-8 

"1" = Input Overrange Data Bits 14-8 
(Note 2) 

X Data Bit ? Data Bits 6-0 

X Note 3 
X High-Impedance State 
X High-Impedance State 

2. Extended overrange operation: Although rated at 15 bits (±32,767 counts) of resolution, the TC850 provides an additional 191 counts 
above full scale. For example, with a full-scale input of 3.2768V, the maximum analog input voltage which will be properly converted is 
3.2958V. The extended resolution is signified by the overrange bit being high and the low-order byte contents being between 0 and 190. 
For example, with a full-scale voltage of 3.2768V: 

VIN Overrange Bit Low Byte Data Bits 14-8 
3.2767V Low 25510 12710 
3.2?68V High 00010 010 
3.2769V High 00110 010 
3.2867V High 09910 010 

3. Continuous mode data transfer: 
a. In continuous mode, data MUST be read in three sequential bytes after the BUSY output goes low: 

(1) The first byte read will be the high-order byte, with DB7 = polarity. 
(2) The second byte read will contain the low-order byte. 
(3) The third byte read will again be the high-order byte, but with DB7 = overrange. 

b. All three data bytes must be read within 443-1/2 clock cycles after the falling edge of BUSY. 
c. The RD input must go high after each byte is read, so that the internal byte counter will be incremented. However, the CS and CE 

inputs can remain enabled through the entire data transfer sequence. 
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Pin Description (Digital) 

Chip Select and Chip Enable (CS and CE) 
The CS and CE inputs permit easy interfacing to a 

variety of digital bus systems. CE is active LOW while CS is 
active HIGH. These inputs are logically ANDed internally 
and are used to enable the RD and WR inputs. 

Write Enable Input (WR) 
The write input is used to initiate a conversion when the 

TC850 is in demand mode. CS and CE must be active forthe 
WR input to be recognized. The status of the data bus is 
meaningless during the WR pulse, because no data is 
actually written into the TC850. 

Read Enable Input (RD) 
The read input, combined with CS and CE, enables the 

3-state data bus outputs. Also, in continuous mode, the 
rising edge of the RD input activates an internal byte counter 
to sequentially read the three data bytes. 

LowlHigh Byte Select (UH) 
The UH input determines whether the low (least signifi

cant) byte or high (most significant) byte of data is placed on 
the 3-state data bus. This input is meaningful only when the 
TC850 is in the demand mode. In the continuous mode, data 
must be read in three predetermined bytes, so the UH input 
is ignored. 

OverrangeJPolarity Bit Select (OVRlPOL) 
The TC850 provides 15 bits of resolution, plus polarity 

and overrange bits. Thus, 17 bits of information must be 
transferred on an 8-bit data bus. To accomplish this, the 
overrange and polarity bits are multiplexed onto data bit DB7 
of the most significant byte. When OVR/POL is HIGH, DB7 
of the high byte contains the overrange status (HIGH = 
analog inputoverrange, LOW = input within full scale). When 
OVRlPOL is LOW, DB7 is HIGH for positive analog input 
polarity and LOW for negative polarity. The OVRlPOL input 
is meaningful only when CS, CE, and RD are active, and U 
R is LOW (Le., the most significant byte is selected). OVRI 
POL is ignored when the TC850 is in continuous mode. 

Continuous/Demand Mode Input (CONTIDEMAND) 
This input controls the TC850 operating mode. When 

CaNT/DEMAND is HIGH, the TC850 performs conversions 
continuously. In continuous mode, data must be read in the 
prescribed sequence shown in Table I. Also, all three data 
bytes must be read within 443-1/2 internal clock cycles after 
the BUSY output goes low. After 443-1/2 clock cycles data 
will be lost. 

When CaNT/DEMAND is LOW, the TC850 begins a 
conversion each time CS and CE are active and WR is 
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pulsed LOW. The conversion is complete and data can be 
read after the falling edge of the BUSY output. In demand 
mode, data can be read in any sequence, and remains valid 
until WR is again pulsed LOW. 

Busy Output (BUSY) 
The BUSY output is used to convey an end-of-conver

sion to external logic. BUSY goes HIGH at the beginning of 
the deintegrate phase and goes LOW at the end of the 
conversion cycle. Data is valid on the falling edge of BUSY. 
The output-high period is fixed at 836 clock periods, regard
less of the analog input value. BUSY is active during 
continuous and demand mode operation. 

This output can also be used to generate an end-of
conversion interrupt in flP-based systems. Noninterrupt
driven systems can poll BUSY to determine when data is 
valid. 

ANALOG SECTION APPLICATIONS 

Component Selection 

Reference Voltage 
The typical value for reference voltage VREFl is 1.6384V. 

This value yields a full-scale voltage of 3.2768V and resolu
tion of 100 flV per step. The VREF2 value is derived by 
dividing VREFl by 64. Thus, typical VREF2 value is 1.6384V/ 
64, or 25.6 mY. The VREF2 value should be adjusted within 
±1 % to maintain 15-bit accuracy for the total conversion 
process; Le., 

V VREFl +101 REF2 = -- _ 10. 

64 

The reference voltage is not limited to exactly 1.6384V, 
however, because the TC850 performs a ratiometric con
version. Therefore, the conversion result will be: 

Digital counts = ~. 16384. 
VREFl 

The full-scale voltage can range from 3.2V to 3.5V. Full
scale voltages of less than 3.2V will result in increased noise 
in the least significant bits, while a full-scale above 3.5V will 
exceed the input common-mode range. 

Integration Resistor 
The TC850 buffer supplies 25 f.!A of integrator charging 

current with minimal linearity error. RINT is easily calculated: 

R _ VFULL SCALE 
INT - 25 f.!A 

For a full-scale voltage of 3.2768V, values of RINT 
between 120 kll and 150 kQ are acceptable. 
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Integration Capacitor 
The integration capacitor should be selected to produce 

an integrator swing of =4V at full scale. The capacitor value 
is easily calculated: 

C = VFS. 4 • 256 
RINT 4V • fCLocK 

where fCLOCK is the crystal or external oscillator frequency 
and VFS is the maximum input voltage. 

The integration capacitor should be selected for low 
dielectric absorption to prevent roll-over errors. A polypro
pylene, polyester or polycarbonate dielectric capacitor is 
recommended. 

Reference Capacitors 
The reference capacitors require a low leakage dielec

tric, such as polypropylene, polyester or polycarbonate. A 
value of 1 IlF is recommended for operation over the tem
perature range. If high-temperature operation is not re
quired, the CREF values can be reduced. 

Auto-Zero Capacitors 
Five capacitors are required to auto-zero the input 

buffer, integrator amplifier, and comparator. Recommended 
capacitors are 0.1 IlF film dielectric (such as polyester or 
polypropylene). Ceramic capacitors are not recommended. 

DIGITAL SECTION APPLICATION 

Oscillator 

The TC850 may operate with a crystal oscillator. The 
crystal selected should be designed for a Pierce oscillator, 
such as an AT-cut quartz crystal. The crystal oscillator 
schematic is shown in Figure 6. 

Since low frequency crystals are very large and ceramic 
resonators are too lossy, the TC850 clock should be derived 
from an external source, such as a microprocessor clock. 
The clock should be input on the OSC1 pin and no connec
tion should be made to the OSC2 pin. The external clock 
should swing between OGNO and Vs+. 

Since oscillator frequency is +4 internally and each 
conversion requires 1280 internal clock cycles, the conver
sion time will be: 

Conversion time = fCLOCK x 4 x 1280. 

An important advantage of the integrating AOC is the 
ability to reject periodic noise. This feature is most often 
used to reject line frequency (50 Hz or 60 Hz) noise. Noise 
rejection is accomplished by selecting the integration period 
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equal to one or more line frequency cycles. The desired 
clock frequency is selected as follows: 

fCLOCK = fNOISE X 4 x 256, 

where fNOISE is the noise frequency to be rejected, 4 repre
sents the clock divider, and 256 is the number of integrate 
cycles. 

For example, 60 Hz noise will be rejected with a clock 
frequency of 61.44 kHz, giving a conversion rate of 12 
conversions/sec. Integer submultiples of 61.44 kHz (such 
as 30.72 kHz, etc.) will also reject 60 Hz noise. For 50 Hz 
noise rejection, a 51.2 kHz frequency is recommended. 

If noise rejection is not important, other clock frequen
cies can be used. The TC850 will typically operate at 
conversion rates ranging from 3 to 40 conversions/sec, 
corresponding to oscillator frequencies from 15.36 kHz to 
204.8 kHz. 

17 61.44 kHz 

t---iDII-----. 

18 

~ 100pF ~ 100pF 

SYSTEM 
CLOCK 

Figure 6 Crystal Oscillator Schematic 

Data Bus Interfacing 

The TC850 provides an easy and flexible digital inter
face. A 3-state data bus and six control inputs permit the 
TC850 to be treated as a memory device, in most applica
tions. The conversion result can be accessed over an 8-bit 
bus or via a IlP I/O port. 

A typical IlP bus interface for the TC850 is shown in 
Figure 7. In this example, the TC850 operates in the demand 
mode, and conversion begins when a write operation is 
performed to any decoded address space. The BUSY 
output interrupts the IlP at the end-of-conversion. 

The NO conversion result is read as three memory 
bytes. The two LSBs of the address bus select high/low byte 
and overrange/polarity bit data, while high-order address 
lines enable the CE input. 

Figure 8 shows a typical interface to a IlP I/O port or 
single-chip IlC. The TC850 operates in the continuous 
mode, and can either interrupt the IlC/IlP or be polled with 
an input pin. 

2-237 



TC850 

DBO DBO 
DB1 DB1 

U' DB2 DB2 
DB3 DB3 "!'" DB4 DB4 TC850 DBS DBS IJP DBS DBS 
DB7 DB7 
cs 

nADDRESS[ 
A2 

DECODE A1S 
uti AO 

OVRlPOL A1 
AD RD 
WR WR 

BUSY INTERRUPT 
CONT/DEMAND CS -+SV 

~ ADDRESS DATA BUS 

xOO HIGH BYTE AND POLARITY 
x01 LOW BYTE 
x10 HIGH BYTE AND OVERRANGE 

Figure 7 Interface to TypicallJP Data Bus 
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Figure 8 Interface to TypicallJP 1/0 Port or Single-Chip !JC 
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Since the PAO-PA7 inputs are dedicated to reading 
AID data, the AID CS/CE inputs can be enabled continu
ously. In continuous mode, data must be read in 3 bytes, as 
shown in Table I. The required RD pulses are provided by a 
!1C/!1P output pin. 

The circuit of Figure 8 can also operate in the demand 
mode, with the start-up conversion strobe generated by a 
!1C/!1P output pin. In this case, the UH and CONT/DEMAND 
inputs can be controlled by I/O pins and the RD input 
connected to digital ground. 

Demand Mode Interface Timing 

When CONT/DEMAND input is LOW, the TC850 per
forms a conversion each time CE and CS are active and WR 
is strobed LOW. 

The demand mode conversion timing is shown in Figure 
9. BUSY goes LOW and data is valid 1155 clock pulses after 
WR goes LOW. After BUSY goes low, 125 additional clock 
cycles are required before the next conversion cycle will 
begin. 

Once conversion is started, WR is ignored for 1100 
internal clock cycles. After 1100 clock cycles, another WR 
pulse is recognized and initiates a new conversion when the 
present conversion is complete. A negative edge on WR is 
required to begin conversion. If WR is held LOW, conver
sions will not occur continuously. 

The AID conversion data is valid on the falling edge of 
BUSY, and remains valid until one-half internal clock cycle 
before BUSY goes HIGH on the succeeding conversion. 
BUSY can be monitored with an I/O pin to determine end of 
conversion, or to generate a !1P interrupt. 

In demand mode, the three data bytes can be read in 
any desired order. The TC850 is simply regarded as three 
bytes of memory and accessed accordingly. The bus output 
timing is shown in Figure 10. 

Continuous Mode Interface Timing 

When the CONT/DEMAND input is HIGH, the TC850 
performs conversions continuously. Data will be valid on the 
falling edge of BUSY, and all three bytes must be read within 
443-1/2 internal clock cycles of BUSY going LOW. The 
timing diagram is shown in Figure 11. 

In continuous mode, OVR/POL and UH byte-select 
inputs are ignored. The TC850 automatically cycles through 
three data bytes, as shown in Table I. Bus output timing in 
the continuous mode is shown in Figure 12. 
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Figure 9 Conversion Timing, Demand Mode 
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• RD (as well as CS and CE) can go HIGH after each byte is read (Le., in a IJP bus interface) 
or remain LOW during the entire DATA-READ sequence (Le., IJP 1/0 port interface). 

Figure 10 Bus Output Timing, Demand Mode 
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Figure 11 Conversion Timing, Continuous Mode 
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Figure 12 Bus Output Timing, Continuous Mode 
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TC7109A 

12-BIT JlP-COMPATIBLE ANALOG-TO-DIGITAL CONVERTERS 

FEATURES 
• Zero-Integrator Cycle for Fast Recovery From 

Input Overloads 
• Eliminates Cross -Talk in Multiplexed Systems 
• 12-Bit Plus Sign Integrating AID Converter With 

Overrange Indication 
• Sign Magnitude Coding Format 
• True Differential Signal Input and Differential 

Reference Input 
• Low Noise ............................................ 15 ~Vp_p Typ 
• Input Current ............................................. 1 pA Typ 
• No Zero Adjustment Needed 
• TTL-Compatible, Byte-Organized Tri-State 

Outputs 
• UART Handshake Mode for Simple Serial Data 

Transmission 

ORDERING INFORMATION 

PART CODE 
A or blank* 

Package 
Code Package 

CPL 40-Pin Plastic DIP 

CKW 44-Pin Quad Flat Pack 
CLW 44-Pin PLCC 

TC7109X 
T 

Temperature 
Range 

O°Cto +70°C 

O°C to +70°C 
O°Cto +70°C 

IJL 40-Pin CerDIP -25°C to +85°C 

* The "A" version has a higher lout on the digital lines. 

FUNCTIONAL BLOCK DIAGRAM 

COMMON'o=t--~.....!:.!.j · · · 

GENERAL DESCRIPTION 2 
The TC7109A is a 12-bit plus sign, CMOS low-power 

analog-to-digital converter (ADC). Only eight passive com
ponents and a crystal are required to form a complete 
dual-slope integrating ADC. 

The improved VOH source current TC7109A has fea
tures that make it an attractive per-channel alternative to 
analog multiplexing for many data acquisition applica
tions. These features include typical input bias current of 1 
pA, drift of less than 1 llV/oC, input noise typically 151lVp. 
p, and auto-zero. True differential input and reference 
allow measurement of bridge-type transducers such as 
load cells, strain gauges, and temperature transducers. 

The TC71 09A provides a versatile digital interface. In 
the direct mode, chip select and HIGH/LOW byte enables 
control parallel bus interface. In the handshake mode, the 
TC7109A will operate with industry-standard UARTs in 
controlling serial data transmission - ideal for remote 
data logging. Control and monitoring of conversion timing 
is provided by the RUN/HOLD input and STATUS output. 

For applications requiring more resolution, see the 
TC500, 15-bit plus sign ADC data sheet. 

The TC7109A has improved overrange recovery per
formance and higher output drive capability than the origi
nal TC7109. All new (or existing) designs should specify 
the TC71 09A wherever possible. 

INP~ 34: INT 10llA 

l ..... .J~ .. --........ -....... -... , .; .. , ; .. , .... ;; _ .. J. 
REF v- v+ STATUS .BY!U.. OSC osc osc aUF MODE SEND GND 
OUT HOLD IN OUT SEL asc 

OUT 
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ABSOLUTE MAXIMUM RATINGS 

12-BIT J.lP-COMPATIBLE 
ANALOG-TO-DIGITAL CONVERTERS 

Positive Supply Voltage (GND to V+) ...................... +6.2V 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

Negative Supply voltage (GND to V-) ........................ -9V 
Analog Input Voltage (Low to High) (Note 1) ...... V+ to V-
Reference Input Voltage (Low to High (Note 1) .. V+ to V
Digital Input Voltage (Pins 2-27) (Note 2) ..... GND -0.3V 
Power Dissipation (Note 3) 

Ceramic Package .................................. 1 W at +85°C 
Plastic Package ............................. 500 mW at +70°C 

NOTES: 1. Input voltages may exceed supply voltages if input current is 
limited to ±100 !lA. 

Operating Temperature Range 
Plastic Package (C) .............................. O°C to +70°C 

2. Connecting any digital inputs or outputs to voltages greater 
than V+ or less than GND may cause destructive device latch
up. Therefore, it is recommended that inputs from sources 
other than the same power supply should not be applied to 
the TC7109A before its power supply is established. In 
multiple supply systems, the supply to the device should be 
activated first. 

Ceramic Package (I) ........................ -25°C to +85°C 
(M) .................... -55°C to + 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) ................. +300°C 

3. This limit refers to that olthe package and will not occur du ring 
normal operation. 

ELECTRICAL CHARACTERISTICS: All parameters with V+ = +5V, V- = -5V, GND = OV, T A = +25°C, 
unless otherwise indicated. 

Symbol Parameter Test Conditions Min I Typ Max Unit 

Analog 
Overload Recovery Time 0 1 Measurement 
(TC7109A) Cycle 

Zero Input Reading VIN=OV -00008 ±OOO08 +00008 Octal Reading 
Full Scale = 409.6 mV 

Ratio Metric Reading VIN = VREF 37778 37778 40008 Octal Reading 
VREF = 204.8 mV 40008 

NL Nonlinearity (Max Deviation Full Scale = 409.6 mV to -1 ±0.2 +1 Count 
From Best Straight Line Fit) 2.048V Over Full Operating 

Temperature Range 

Roll-Over Error (Difference in Full Scale = 409.6 mV to -1 ±0.02 +1 Count 
Reading for Equal Positive and 2.048V Over Full Operating 
Negative Inputs Near (Full Scale) Temperature Range 

CMRR Input Common-Mode VCM ±1V, VIN = OV 50 IlVN 
Rejection Ratio Full Scale = 409.6 mV 

VeMR Common-Mode Voltage Input High, Input Low, V +1.5 V+-1 V 
Range and Common Pins 

eN Noise (P-P Value Not VIN = OV 15 IlV 
Exceeded 95% of Time) Full Scale = 409.6 mV 

hN Leakage Current at Input VIN, All Packages: +25°C 1 10 pA 
C Device: O°C $ T A $ + 70°C 20 100 pA 
I Device: -25°C $ T A $ +85°C 100 250 pA 
M Device: -55°C $ T A $ + 125°C 2 5 nA 

TCzs Zero Reading Drift VIN=OV 0.2 1 IlV/oC 

TCFS Scale-Factor VIN = 408.9 mV = >77708 1 5 IlV/oC 
Temperature Coefficient Reading, Ext Ref = 0 ppmfOC 

1+ Supply Current VIN = OV, Crystal Oscillator 700 1500 JlA 
(V+to GND) 3.58 MHz Test Circuit 

Is Supply Current (V+ to V ) Pins 2-21,25,26,27,29 Open 700 1500 JlA 
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ELECTRICAL CHARACTERISTICS (Cont.) 

Symbol Parameter Test Conditions 

VREF Ref Out Voltage Referenced to V+, 25 k.Q 
Between V+ and Ref Out 

TCREF Ref Out Temperature 25 kO Between V+ and Ref Out 
Coefficient O°C ~ TA ~ +70°C 

Digital 

VOH Output High Voltage TC7109: lOUT = 100 ~ 
TC7109A: lOUT = 700 ~ 
Pins 3-16,18,19,20 

VOL Output Low Voltage lOUT = 1.6 mA 

Output Leakage Current Pins 3-16 High Impedance 

Control I/O Pins 18, 19,20 VOUT = V+-3V 
Pull-Up Current Mode Input at GND 

Control I/O Loading HBEN, Pin 19; LBEN, Pin 18 

VIH Input High Voltage Pins 18-21, 26, 27 
Referenced to GND 

VIL Input Low Voltage Pins 18-21, 26, 27 
Referenced to GND 

Input Pull-Up Current Pins 26, 27; VOUT = V+-3V 
Pins 17, 24; VOUT = V+-3V 

Input Pull-Down Current Pin 21; VOUT = GND = +3V 

Oscillator Output Current, High VOUT = 2.5V 

Oscillator Output Current, Low VOUT = 2.5V 

Buffered Oscillator Output VOUT = 2.5V 
Current, High 

Buffered Oscillator Output VOUT= 2.5V 
Current, Low 

tw Mode Input Pulse Width 

Min Typ 

-2.4 -2.8 

80 

3.5 4.3 

0.2 

±0.01 

5 

2.5 

5 
25 

1 

1 

1.5 

2 

5 

60 

Max 

-3.2 

0.4 

±1 

50 

1 

TC71 09 
TC7109A 

Unit 

V 

ppm/oC 

V 

V 

f.lA 

~ 

pF 

V 

V 

f.lA 
~ 
~ 
mA 

mA 

mA 

mA 

ns 

HANDLING PRECAUTIONS: These devices are CMOS and must be handled correctly to prevent damage. Package 
and store only in conductive foam, anti-static tubes, or other conducting material. Use proper anti-static handling 
procedures. Do not connect in circuits under "power-on" conditions, as high transients may cause permanent 
damage. 
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I~ ~ ~ +~ rn I + 
:::> ;r; ;r; 
!;;: 

B3 

B2 

m Iii I~ W 
I-
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V 
TC7109ACKW 
TC7109CKW 

(FLAT PACKAGE) 

Ii 
u ... ;r; 
Z Q 

0 U 
:0 :g 

I-
:::> 
0 
u rn 
0 

.... ... rn 
Ii! 
0 

a: 
0 Iii 

3 

B3 

V 
TC7109ACLW 
TC7109CLW 

(PLCC) 

Uol-
Uo:::> 
:::>0 
IIIU 

m Iii I~ Ii 
u ... ;r; 
Z Q ... 0 U 

I- :0 rn 
0 rn 

0 

y+ 

REF IN 

REF CAP 

REFCAP+ 

REFIN+ 

IN HI 

INLO 

COMMON 

INT 

B7 AZ 

B6 BUFF 

B5 REF OUT 

B4 y-

B3 SEND 

B2 RU~OLD 

B1 BUFF OSC OUT 

TEST OSCSEL 

LBEN OSCOUT 

HBEN OSCIN 

CEILOAD _ .. ______ ..-~ MODE 

NC = NO INTERNAL CONNECTION 

I- .... Uol-
:::> ... Uo:::> 
0 rn :::>0 
U Ii! IIIU 
rn rn 
0 0 0 
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Pin Number Symbol 

GND 

Description I:t -------lII Digital ground, OV, ground return for all digital logic. 

2 STATUS 

3 POL 

4 OR 

5 B12 
6 B11 
7 BlO 
8 B9 
9 B8 
10 B7 
11 B6 
12 B5 
13 B4 
14 B3 
15 B2 
16 B1 
17 TEST 

18 
LBEN 

19 
HBEN 

20 
CE/LOAD 

21 MODE 

22 OSCIN 

23 OSCOUT 

24 OSC SEL 

25 BUF OSC OUT 

26 

RUN/HOLD 

V TELCOM SEMICONDUCTOR, INC. 

Output HIGH during integrate and deintegrate until data is latched. Output LOW 
when analog section is in auto-zero or zero-integrator configuration. 

Polarity - High for positive input. 

Overrange - High if overranged. 

Bit 12 (Most Significant Bit) 

Bit 11 

Bit 10 

Bit 9 

Bit 8 All Three-State Data Bits 
Bit 7 

Bit6 
Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 (Least Significant Bit) 

Input High - Normal operation. Input LOW - Forces all bit outputs HIGH. 
Note: This input is used for test purposes only. 

Low-Byte Enable - With MODE (Pin 21) LOW, and CEILOAD (Pin 20) LOW, 
taking this pin LOW activates low-order byte outputs, B1-B8. With MODE (Pin 21) 
HIGH, this pin serves as low-byte flag output used in handshake mode. See 
Figures 7, 8, and 9. 

High-Byte Enable - With MODE (Pin 21) LOW, and CE/LOAD (Pin 20) LOW, 
taking this pin LOW activates high-order byte outputs, B9-B12, POL, OR. With 
MODE (Pin 21) HIGH, this pin serves as high-byte flag output used in handshake 
mode. See Figures 7,8, and 9. 

Chip Enable/Load - With MODE (Pin 21) LOW, CE/LOAD serves as a master 
output enable. When HIGH, B1-B12, POL, OR outputs are disabled. When 
MODE (Pin 21) is HIGH, a load strobe is used in handshake mode. See Figure 7, 
8, and 9. 

Input LOW - Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19), and 
LBEN (Pin 18) act as inputs directly controlling byte outputs. 
Input Pulsed HIGH - Causes immediate entry into handshake mode and output 
of data as in Figure 9. __ __ 
Input HIGH - Enables CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin 18) 
as outputs, handshake mode will be entered and data output as in Figures 7 and 
8 at conversions completion. 

Oscillator Input 

Oscillator Output 

Oscillator Select - Input HIGH configures OSC IN, ose OUT, BUF OSC OUT as 
RC oscillator - clock will be same phase and duty cycle as BUF OSC OUT. Input 
LOW configures OSC IN, OSC OUT for crystal oscillator - clock frequency will 
be 1/58 of frequency at BUF OSC OUT. 

Buffered Oscillator Output 

Input HIGH - Conversions continuously performed every 8192 clock pulses. 
Input LOW - Conversion in progress completed; converter will stop in auto-zero 
seven counts before integrate. 
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TC7109/A PIN DESCRIPTION (Cont.) 

40-Pin DIP 
Pin Number Symbol Description 

27 SEND 

28 V 

29 REF OUT 

30 BUFFER 

31 AUTO-ZERO 

32 INTEGRATOR 

33 COMMON 

34 INPUT LOW 

35 INPUT HIGH 

36 REF IN+ 

37 REF CAP + 

38 REF CAP-

39 REF IN-

40 V+ 

Input - Used in handshake mode to indicate ability of an external device to 
accept data. 
Connect to V+ if not used. 

Analog Negative Supply - Nominally -5V with respect to GND (Pin 1). 

Reference Voltage Output - Nominally 2.8V down from V+ (Pin 40). 

Buffer Amplifier Output 

Auto-Zero Node - Inside foil of CAZ. 

Integrator Output - Outside foil of CINT. 

Analog Common - System is auto-zeroed to COMMON. 

Differential Input Low Side 

Differential Input High Side 

Differential Reference Input Positive 

Reference Capacitor Positive 

Reference Capacitor Negative 

Differential Reference Input Negative 

Positive Supply Voltage - Nominally +5V with respect to GND (Pin 1). 

NOTE: All digital levels are positive true. 

+5V 
1 

V TRC 
40 

2 
OSCCONTROL OSCIN 

17 

GND 
3 

GND EPE 
39 

+5V 
4 

RRD CLS1 
38 

CLS2 
37 

5-12 RBRl-8 SBS 36 

+5V 

GND GND 

L-._--,2=5~ BUFF OSC OUT 

2 STATUS 

19 HBEN v 

V+ 40 +5V 
REF IN-..,3::::9 _____ 0 

REF CAP- 38 

REFCAP+ 37 
EXTERNAL 
REFERENCE 

REF IN +..,3::::6'--_----::-:-:-:::--0 + 

IN HI..,3::5:.-...... ~'VI" + 
INPUT 

6403 PI 35 GND 

34 +5V 

TC7109A 
IN LO..,3:...:4_+-::..:..:;.;;....<;;;._0 

COM..,3""3:.-..... ----Q ANALOG 
1 CMOSUART 

3 PE CRL 
14 FE 

15 OE *TBRl-8 
GND 16 SFD 

20 
--. RR1 

SERIAL 
INPUT 

TRE 

ORR 

DR 

TBRL 

TBRE 

07,--",,3-8, B9-B12, 
POL,OR 

26-33 F'-='--__ -I-_ ...... +--=9-_1'"""16 B1-B8 
24 17 TEST 
18 ~'--________ l~B LBEN 

19 ~'--_______ ~2~1 MODE 

23 ~'--_______ ~2~0 CSLOAD 

22 ~'--_______ ~2~7 SEND 

INT 32 

AZ 31 

BUFF~3-0-·v,~v--~ 

GND 

REF OUT 29 RINT 20 kO 0.2VREF 
28 100 kO 1VREF 

V- -SV 

RUN/HOLD 26 +5V OR OPEN 

OSC SEL 24 GND 

OSC OUT~2-3-=-CJ 3.58 MHz 
OSCIN 22 CRYSTAL ..... _---_ .... MR 21 GND 25 TRO 

SERIAL --------... 
OUTPUT *NOTE: For lowest power consumption, TBR1-TBR8 inputs 

should have 100 kO pull-up resistors to +5V. 

Figure 1 TC7109A UART Interface (Send Any Word to UART to Transmit Latest Result) 
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+5V 

XTALI XTAL2 

TO 

4 RESET 

5 SS 

2 

21-24, 
P2o-P27 35--38 

+5V 40 V+ 

GND 1 GND 

17 TEST 

REF IN-1-'3:o:9'------_o 

REF CAP- 38 

REFCAP+ 37 11lF 
EXTERNAL 
REFERNCE 

6 INT 
874818049 

CMOS 
MICROCOMPUTER 

GND 7 EA 

8 WR 

P14-P17 

+5V 

+5V 

+5V 

+5V 

9 PSEN 
11 

ALE 

25 PROG 

26 V 
39 DO 

TL 
40 

VCC 

P13 

P12 

P11 

P10 

8 

OTHER 110 

31--34 
5 

30 26 

29 2 

28 18 

27 19 

REF IN+-.:3::::6:.._ __ ~-_o + 

IN HI-.:3~5~_......J\J + 
~ HILO-.:3~4:..-~~~~_o 

INPUT 

TC7~09A COM -.:3::::3:.._ ....... ___ _0 ANALOG 

RUN/HOLD 

STATUS 

LBEN 

HBEN 

B9-B12, 
POL,OR 

INT 32 GND 

AZ 31 

BUFF-.:3:o:0'----JV\A~ 
REF OUT 29 

V- 28 -5V 

SEND 27 

BUFF OSC OUT 25 

OSC SEL 24 GND 
23 

RINT 

20 kn 0.2 VREF 
100 kn 1 VREF 

DBo-DB7~1~2~-1~9~~~ ___ ~~~ 
OSC OUT't-2- 2--=D'- 3.58 MHz 

OSCIN CRYSTAL 

GND 20tG~N~D~ __________ ]R~D~10~-------~~ MODE 21 

Fi9ure 2 TC7109A Parallel Interface With 804818049 Microcomputer 

DETAILED DESCRIPTION 

(All Pin Designations Refer to 40-Pin DIP) 

Analog Section 

The functional diagram shows a block diagram of the 
analog section of the TC7109A. The circuit will perform 
conversions at a rate determined by the clock frequency 
(8192 clock periods per cycle), when the RUN/HOLD input 
is left open or connected to V+. Each measurement cycle is 
divided into four phases, as shown in Figure 3. They are: 
(1) Auto-Zero (AZ), (2) Signal Integrate (INT), (3) Reference 
Deintegrate (DE), and (4) Zero Integrator (ZI). 

Auto-Zero Phase 
The buffer and the integrator inputs are disconnected 

from input high and input low and connected to analog 
common. The reference capacitor is charged to the refer
ence voltage. A feedback loop is closed around the system 
to charge the auto-zero capacitor, CAZ, to compensate for 
offset voltage in the buffer amplifier, integrator, and com
parator. Since the comparator is included in the loop, the AZ 
accuracy is limited only by the noise of the system. The offset 
referred to the input is less than 10 llV. 

V TELCOM SEMICONDUCTOR, INC. 

Signal-Integrate Phase 
The buffer and integrator inputs are removed from 

common and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is placed 
in series in the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage be
tween input high and input low is integrated for a fixed time 
of 2048 clock periods. At the end of this phase, the polarity 
of the integrated signal is determined. If the input signal has 
no return to the converter's power supply, input low can be 
tied to analog common to establish the correct common
mode voltage. 

Deintegrate Phase 
Input high is connected across the previously-charged 

reference capacitor and input low is internally connected to 
analog common. Circuitry within the chip ensures the ca
pacitor will be connected with the correct polarity to cause 
the integrator output to return to the zero crossing (estab
lished by auto-zero) with a fixed slope. The time, repre
sented by the number of clock periods counted for the output 
to return to zero, is proportional to the input signal. 
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Zero-Integrator Phase 
The ZI phase only occurs when an input overrange 

condition exists. The function of the ZI phase is to eliminate 
residual charge on the integrator capacitor after an overrange 
measurement. Unless removed, the residual charge will be 
transferred to the auto-zero capacitor and cause an error in 
the succeeding conversion. 

The ZI phase virtually eliminates hysteresis or "cross 
talk" in multiplexed systems. An overrange input on one 
channel will not cause an error on the next channel mea
sured. This feature is especially useful in thermocouple 
measurements, where unused (or broken thermocouple) 
inputs are pulled to the positive supply rail. 

During ZI, the reference capacitor is charged to the 
reference voltage. The signal inputs are disconnected from 
the buffer and integrator. The comparator output is con
nected to the buffer input, causing the integrator output to be 
driven rapidly to OV (Figure 3). The ZI phase only occurs 
following an overrange and lasts for a maximum of 1024 
clock periods. 

Differential Input 
The TC7109A has been optimized for operation with 

analog common near digital ground. With +5V and -5V 
power supplies, a full ±4V full-scale integrator swing maxi
mizes the analog section's performance. 

A typical CMRR of 86 dB is achieved for input differential 
voltages anywhere within the typical common-mode ran.ge 
of 1 V below the positive supply to 1.5V above the negative 
supply. However, for optimum performance, the IN HI and I~ 
LO inputs should not come within 2V of either supply rail. 
Since the integrator also swings with the common-mode 
voltage, care must be exercised to ensure the integrator 
output does not saturate. A worst-case condition is near a 
full-scale negative differential input voltage with a large 
positive common-mode Voltage. The negativ~ inpu.t signal 
drives the integrator positive when most of Its sWing has 
been used up by the positive common-mode voltage. In 
such cases, the integrator swing can be reduced to less than 
the recommended ±4V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0.3V of 
either supply without loss of linearity. 

Differential Reference 
The reference voltage can be generated anywhere 

within the power supply voltage of the converter. Roll-over 
voltage is the main source of common-mode error, caused 
by the reference capacitor losing or gaining charge due to 
stray capacity on its nodes. With a large common-mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called upon to deintegrate a positive signal 
and lose charge (decrease voltage) when called upon 
to deintegrate a negative input signal. This difference in 
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reference for (+) or (-) input voltages will cause a roll-over 
error. This error can be held to less than 0.5 count worst case 
by using a large reference capacitor in comparison to the 
stray capacitance. To minimize roll-over error from these 
sources, keep the reference common-mode voltage near or 
at analog common. 

Digital Section 

The digital section is shown in the block dia~ram. (Fi~
ure 4) and includes the clock oscillator and scaling Circuit, 
a 12-bit binary counter with output latches and TTL co,:"
patible three-state output drivers, UART handshake logic, 
polarity, overrange, and control logic. Logic levels are re
ferred to as LOW or HIGH. 

Inputs driven from TTL gates should have 3 k.Q to 5 kQ 
pull-up resistors added for maximum noise immunity. For 
minimum power consumption, all inputs should swing from 
GND (LOW) to V+ (HIGH). 

STATUS Output 
During a conversion cycle, the STATUS output goes 

HIGH at the beginning of signal integrate and goes LOW 
one-half clock period after new data from the conversion has 
been stored in the output latches (see Figure 3). The signal 
may be used as a "data valid" flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 
while status is LOW.) 

MODE Input 
The output mode of the converter is controlled by the 

MODE input. The converter is in its "direct" output mode, 
when the MODE input is LOW or left open. The output data 
is directly accessible under the control of the chip and byte 
enable inputs (this input is provided with a pull-down resistor 
to ensure a LOW Level when the pin is left open). When the 
MODE input is pulsed high, the converter enters the UART 
handshake mode and outputs the data in 2 bytes, then 
returns to "direct" mode. When the MODE input is kept 
HIGH, the converter will output data in the handshake mode 
at the end of every conversion cycle. With MODE = 0 (direct 
bus transfer), the send input should be tied to V+. (See 
"Handshake Mode.") 

RUN/HOLD Input __ 
With the RUN/HOLD input high, or open, the circuit 

operates normally as a dual-slope ADC, as shown in Figure 
3. Conversion cycles operate continuously with the output 
latches updated after zero crossing in the deintegrate mode. 
An internal pull-up resistor is provided to ensure a HIGH 
level with an open input. 
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-
~ 
~ ZERO INTEGRATOR 

INTEGRATOR OUTPUT I----...f" 
FOR OVERRANGE INPUT 

PHASE FORCES 
INTEGRATOR 
OUTPUTTOOV 

INTEGRATOR OUTPUT I-____ _+_"~ 
FOR NORMAL INPUT 

INTERNAL CLOCK 

INTERNAL LATCH 1------1-----+--..... ""------+0-
STATUS OUTPUT ~---~-----t---t1------~-

2048 FIXED 4096 
.... COUNTS .... ..- 2048 -+ .. COUNTS~ 

MIN COUNTS ~ MAX 
NUMBER OF COUNTS TO ZERO CROSSING AFTER ZERO CROSSING, ANALOG SECTION 

TEST 

17 

TO AZ 
ANALOG INT 
SECTION DE (:t) 

PROPORTIONAL TO ~N WILL BE IN AUTO-ZERO CONFIGURATION 

Figure 3 Conversion Timing (RUN/HOLD Pin High) 

_ HIGH-ORDER _I:;' LOW-oRDER -
BYTE OUTPUTS BYTE OUTPUTS 

B B B B B B B B B B B B 
POLOR 12 11 10 9 8 7 6 5 4 3 2 1 ----.., 
~~~~~--~--~~~~~~~~~ __ ~~1~8 ¢LBEN 

14 THREE-STATE OUTPUTS •• _-.-+-..... 1 .... 9 .. ¢ HBEN 

Lr~~_~~~~~~~_~~~~J·~~t-~20~¢C~LOAD 

CONVERSION 
CONTROL 

LOGIC 

OSCILLATOR 
AND CLOCK 
CIRCUITRY 

HANDSHAKE t-----' 
LOGIC 

jCOMP OUT----+-

ZI _.,..... ____ ..... 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--i-J STATUS SEND GND 

Figure 4 Digital Section 
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AUTO-ZERO 
PHASE I 

DETERMINATED MIN 1790 COUNTS L STATIC IN 
AT ZERO CROSSING ~AX 2041 COUNTS HOLD STATE 

DETECTION~ INT ______ ~ ,- PHASE II 

INTEGRATOR OUTPUT ~ ------
.. -1-1""" .. n n n n n n. 7 COUNTS INTERNAL CLOCK U·· ......... I.i ~ .......... .,. 

INTERNAL LATCH 

STATUS OUTPUT 

RUN/HOLD INPUT -------~~:_:_:_:_:_:_:_:_:_:_:_:_:_:_J.IL_ _ _r!::-~ 
*NOTE: RUN/HOLD input is ignored until end of auto-zero phase. 

Figure 5 TC7109A RUNIHOLD Operation 

The RUN/HOLD input may be used to shorten conver
sion time. If RUN/HOLD goes LOW any time after zero 
crossing in the deintegrate mode, the circuit will jump to 
auto-zero and eliminate that portion of time normally spent 
in deintegrate. 

If RUN/HOLD stays or goes LOW, the conversion will 
complete with minimum time in deintegrate. It will stay in 
auto-zero for the minimum time and wait in auto-zero for a 
HIGH at the RUN/HOLD input. As shown in Figure 5, the 
STATUS output will go HIGH 7 clock periods after RUN/ 
HOLD is changed to HIGH, and the converter will begin the 
integrate phase of the next conversion. 

The RUN/HOLD input allows controlled conversion in
terface. The converter may be held at idle in auto-zero with 
RUN/HOLD LOW. The conversion is started when RUN/ 
HOLD goes HIGH, and the new data is valid when the 
STATUS output goes LOW (or is transferred to the UART; 
see "Handshake Mode"). RUN/HOLD may now go LOW, 
terminating deintegrate and ensuring a minimum auto-zero 
time before stopping to waitforthe next conversion. Conver
sion time can be minimized by ensuring RUN/HOLD goes 
LOW during deintegrate, after zero crossing, and goes 
HIGH after the hold point is reached. The required activity on 
the RUN/HOLD input can be provided by connecting it to the 
buffered oscillator output. In this mode, the input value 
measured determines the conversion time. 

Direct Mode 
The data outputs (bits 1 through 8, low-order bytes; bits 

9 through 12, polarity and overrange high-order bytes) are 
accessible under control of the byte and chip enable termi
nals as inputs with the MODE pin at a LOW level. These 
three inputs are all active LOW. Internal pull-up resistors are 
provided for an inactive HIGH level when left open. When 
chip enable is LOW, a byte-enable input LOW will allow the 
outputs of the byte to become active. A variety of parallel 
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data accessing techniques may be used, as shown in the 
"Interfacing" section. (See Figure 6 and Table I.) 

The access of data should be synchronized with the 
conversion cycle by monitoring the STATUS output. This 
prevents accessing data while it is being updated and 
eliminates the acquisition of erroneous data. 

CEILOAD 
AS INPUT 

HBEN 
AS INPUT 

LBEN 
AS INPUT 

HIGH-BYTE 
DATA 

LOW-BYTE 
DATA 

----- = HIGH IMPEDANCE 

Figure 6 TC7109A Direct Mode Output Timing 

Table I TC7109A Direct Mode Timing Requirements 

Symbol Description Min Typ Max Units 

tSEA Byte Enable Width 200 500 ns 

tOAS Data Access Time 150 300 ns 
From Byte Enable 

tOHS Data Hold Time 150 300 ns 
From Byte Enable 

tcEA Chip Enable Width 300 500 ns 

tOAC Data Access Time 200 400 ns 
From Chip Enable 

tOHC Data Hold Time 200 400 ns 
From Chip Enable 
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Handshake Mode 
An alternative means of interfacing the TC7109A to 

digital systems is provided when the handshake output 
mode of the TC7109A becomes active in controlling the 
flow of data instead of passively responding to chip and 
byte enable inputs. This mode allows a direct interface 
between the TC7109A and industry-standard UARTs with 
no external logic required. The TC7109A provides all the 
control and flag signals necessary to sequence the two 
bytes of data into the UART and initiate their transmission 
in serial form when triggered into the handshake mode. 
The cost of designing remote data acquisition stations is 
reduced using serial data transmission to minimize the 
number of lines to the central controlling processor. 

The MODE input controls the handshake mode. When 
the MODE input is held HIGH, the TC7109A enters the 
handshake mode after new data has been stored in the 
output latches at the end of every conversion performed 
(see Figures 7 and 8). Entry into the handshake mode may 
be triggered on demand by the MODE input. At any time 
during the conversion cycle, the LOW-to-HIGH transition of 
a short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new 
data is being stored, the entry into handshake mode is 
delayed until the data is stable. The MODE input is ignored 
in the handshake mode, and until the converter completes 
the output cycle and clears the handshake mode, data 
updating will be inhibited (see Figure 9). 

When the MODE input is HIGH or when the converter 
enters the handshake mode, the chip and byte enable 
inputs become TTL-compatible outputs which provide the 
output cycle control signals (see Figures 7,8 and 9). 

The SEND input is used by the converter as an indica
tion of the ability of the receiving device (such as a UART) 
to accept data in the handshake mode. The sequence of 
the output cycle with SEND held HIGH is shown in Figure 
7. The handshake mode (internal MODE HIGH) is entered 
after the data latch pulse (the CE/LOAD, LBEN and HBEN 
terminals are active as outputs since MODE remains HIGH). 

The HIGH level at the SEND input is sensed on the 
same HIGH-to-LOW internal clock edge. On the next LOW
to-HIGH internal clock edge, the high-order byte (bits 9 
through 12, POL, and OR) outputs are enabled and the CEI 
LOAD and the HBEN outputs assume a LOW level. The 
CE/LOAD output remains LOW for one full internal clock 
period only; the data outputs remain active for 1-1/2 inter
nal clock periods; and the high-byte enable remains LOW 
for 2 clock periods. The CE/LOAD output LOW level or 
LOW-to-HIGH edge may be used as a synchronizing sig
nal to ensure valid data, and the byte enable as an output 
may be used as a byte identification flag. With SEND 
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remaining HIGH the converter completes the output cycle 
using CE/LOAD and LBEN while the low-order byte out-
puts (bits 1 through 8) are activated. When both bytes are 2 
sent, the handshake mode is terminated. The typical UART 
interfacing timing is shown in Figure 8. The SEND input is 
used to delay portions of the sequence, or handshake, to 
ensure correct data transfer. This timing diagram shows an 
industry-standard HD6403 or CDP1854 CMOS UART to 
interface to serial data channels. The SEND input to the 
TC7109A is driven by the TBRE (Transmitter Buffer Regis-
ter Empty) output of the UART, and the CE/LOAD input of 
the TC71 09A drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The eight transmitter buffer regis-
ter inputs accept the parallel data outputs. With the UART 
transmitter buffer register empty, the SEND input will be 
HIGH when the handshake mode is entered after new data 
is stored. The high-order byte outputs become active and 
the CE/LOAD and HBEN inputs will go LOW after SEND is 
sensed. When CE/LOAD goes HIGH at the end of one 
clock period, the high-order byte data is clocked into the 
UART transmitter buffer register. The UART TBRE output 
will go LOW, which halts the output cycle with the HBEN 
output LOW, and the high-order byte outputs active. When 
the UART has transferred the data to the transmitter regis-
ter and cleared the transmitter buffer register, the TBRE 
returns HIGH. The high-order byte outputs are disabled on 
the next TC7109A internal clock HIGH-to-LOW edge, and 
one-half internal clock later, the HBEN output returns HIGH. 
The CE/LOAD and LBEN outputs go LOW at the same 
time as the low-order byte outputs become active. When 
the CE/LOAD returns HIGH at the end of one clock period, 
the low-order data is clocked into the UART transmitter 
buffer register, and TBRE again goes LOW. The next 
TC7109A internal clock HIGH-to-LOW edge will sense 
when TBRE returns to a HIGH, disabling the data inputs. 
One-half internal clock later, the handshake mode is cleared, 
and the CEILOAD, HBEN and LBEN terminals return 
HIGH and stay active, if MODE still remains HIGH. 

Handshake output sequences may be performed on 
demand by triggering the converter into handshake mode 
with a LOW-to-HIGH edge on the MODE input. A hand
shake output sequence triggered is shown in Figure 9. The 
SEND input is LOW when the converter enters handshake 
mode. The whole output sequence is controlled by the 
SEND input, and the sequence for the first (high order) byte 
is similar to the sequence for the second byte. 

Figure 9 also shows that the output sequence can take 
longer than a conversion cycle. New data will not be latched 
when the handshake mode is still in progress and is there
fore lost. 
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Figure 7 TC7109A Handshake With SEND INPUT Held Positive 
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Figure 9 TC7109A Handshake Triggered by MODE Input 

Oscillator 
The oscillator may be overdriven, or may be operated as 

an RC or crystal oscillator. The OSCILLATOR SELECT 
input optimizes the internal configuration of the oscillator for 
RC or crystal operation. The OSCILLATOR SELECT input 
is provided with a pull-up resistor. When the OSCILLATOR 
SELECT input is HIGH or left open, the oscillator is config
ured for RC operation. The internal clock will be the same 
frequency and phase as the signal at the BUFFERED 
OSCILLATOR OUTPUT. Connect the resistor and capaci
tor as in Figure 10. The circuit will oscillate at a frequency 
given by f = 0.45/RC. A 100 kQ resistor is recommended for 
useful ranges of frequency. The capacitor value should be 
chosen such that 2048 clock periods are close to an integral 
multiple of the 60 Hz period for optimum 60 Hz line rejection. 

With OSCILLATOR SELECT input LOW, two on-chip 
capacitors and a feedback device are added to the oscillator. 
In this configuration, the oscillator will operate with most 
crystals in the 1 to 5 MHz range with no external components 

V TELCOM SEMICONDUCTOR, INC. 

(Figure 11). The OSCILLATOR SELECT input LOW inserts 
a fixed -.;.58 divider circuit between the BUFFERED OSCIL
LATOR OUTPUT and the internal clock. A 3.58 MHz TV 
crystal gives a division ratio providing an integration time 
given by: 

t = (2048 clock periods) 3.5:~HZ = 33.18 ms 

The error is less than 1 % from two 60 Hz periods, or 
33.33 ms, which will give beUer than 40 dB, 60 Hz rejection. 
The converter will operate reliably at conversion rates up 
to 30 per second, corresponding to a clock frequency of 
245.8 kHz. 

When the oscillator is to be overdriven, the OSCILLA
TOR OUTPUT should be left open, and the overdriving 
signal should be applied at the OSCILLATOR INPUT. The 
internal clock will be of the same duty cycle, frequency and 
phase as the input signal. When the OSCILLATOR SELECT 
is at GND, the clock will be 1/58 of the input frequency. 
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Figure 10 TC7109A RC Oscillator 
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Figure 11 TC7109A Crystal Oscillator 

The counter and its outputs may be tested easily. When 
the TEST input is connected to GND, the internal clock is 
disabled and the counter outputs are all forced into the HIGH 
state. When the input returnstothe 1/2 (V+-GND) voltage or 
to V+ and one clock is input, the counter outputs will all be 
clocked to the LOW state. 

The counter output latches are enabled when the TEST 
input is taken to a level halfway between V+ and GND, 
allowing the counter contents to be examined anytime. 

Component Value Selection 

The integrator output swing for full-scale should be as 
large as possible. For example, with ±5V supplies and 
COMMON connected to GND, the nominal integrator output 
swing at full-scale is ±4V. Since the integrator output can go 
to 0.3V from either supply without significantly effecting 
linearity, a 4V integrator output swing allows 0.7V for varia
tions in output swing due to component value and oscillator 
tolerances. With ±5V supplies and a common-mode voltage 
range of ±1 V required, the component values should be 
selected to provide ±3V integrator output swing. Noise and 
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roll-over errors will be slightly worse than in the ±4V case. 
For large common-mode voltage ranges, the integrator 
output swing must be reduced further. This will increase both 
noise and roll-over errors. To improve performance, ±6V 
supplies may be used. 

Integrating Capacitor 
The integrating capacitor, CINT, should be selected to 

give the maximum integrator output voltage swing that will 
not saturate the integrator to within 0.3V from either supply. 
A ±3.5V to ±4V integrator output swing is nominal for the 
TC7109A, with ±5V supplies and analog common con
nected to GND. For 7-1/2 conversions per second (61.72 
kHz internal clock frequency), nominal values CINT and CAZ. 
are 0.151-lF and 0.33I-lF, respectively. These values should 
be changed if different clock frequencies are used to main
tain the integrator output voltage swing. The value of CINT is 
given by: 

C = (2048 x Clock Period) (20 I!A) 
INT Integrator Output Voltage Swing 

The integrating capacitor must have low dielectric ab
sorption to prevent roll-over errors. Polypropylene capaci
tors give undetectable errors, at reasonable cost, up to 
+85°C. Teflon® capacitors are recommended for the military 
temperature range. While their dielectric absorption charac
teristics vary somewhat between units, devices may be 
selected to less than 0.5 count of error due to dielectric 
absorption. 

Integrating Resistor 
The integrator and buffer amplifiers have a class A 

output stage with 100 I-lA of quiescent current. They supply 
20 I-lA of drive current with negligible nonlinearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2.048V full-scale a 100 kQ resistor is 
recommended and for 409.6 mV full-scale a 20 kQ resistor 
is recommended. RINT may be selected for other values of 
full scale by: 

R _ Full-Scale Voltage 
INT - 20 I-lA 

Auto-Zero Capacitor 
As the auto-zero capacitor is made large, the system 

noise is reduced. Since the TC7109A incorporates a zero 
integrator cycle, the size of the auto-zero capacitor does not 
affect overload recovery. The optimal value of the auto-zero 
capacitor is between 2 and 4 times CINT. A typical value for 
CAZ is 0.33I-lF. 
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The inner foil of CAZ should be connected to pin 31 and 
the outer foil to the RC summing junction. The inner foil of 
CINT should be connected to the RC summing junction and 
the outer foil to pin 32 for best rejection of stray pickups. For 
low leakage at temperatures above +85°C, use Teflon 
capacitors. 

Reference Capacitor 
A 1 I1F capacitor is recommended for most circuits. 

However, where a large common-mode voltage exists, a 
larger value is required to prevent roll-over error (e.g., the 
reference low is not analog common), and a 409.6 mV scale 
is used. The roll-over error will be held to 0.5 count with a 10 
I1F capacitor. For temperatures above +80°C use Teflon or 
equivalent capacitors for their low leakage characteristics. 

Reference Voltage 
To generate full-scale output of 4096 counts, the analog 

input required is VIN = 2 VREF. For 409.6 mV full scale, use 
a reference of 204.8 mY. In many applications, where the 
ADC is connected to a transducer, a scale factor will exist 
between the input voltage and the digital reading. For 
instance, in a measuring system, the designer might like to 
have a full-scale reading when the voltage forthe transducer 
is 700 mY. Instead of dividing the input down to 409.6 mY, 
the designer should use the input voltage directly and select 
VREF = 350 mY. Suitable values for integrating resistor and 
capacitor would be 34 kQ and 0.15 I1F. This makes the 
system slightly quieter and also avoids a divider network on 
the input. Another advantage of this system occurs when 
temperature and weight measurements with an offset ortare 
are desired for non-zero input. The offset may be introduced 
by connecting the voltage output of the transducer between 
common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully. In 
processor-based systems using the TC7109A, it may be 
more desirable to use software and perform this type of 
scaling or tare subtraction digitally. 

Reference Sources 
A major factor in the absolute accuracy of the ADC is the 

stability olthe reference Voltage. The 12-bit resolution olthe 
TC7109A is one part in 4096, or 244 ppm. Thus, for the on
board reference temperature coefficient of 70 ppm/DC, a 
temperature difference of 3°C will introduce a one-bit abso
lute error. Where the ambient temperature is not controlled, 
or where high-accuracy absolute measurements are being 
made, it is recommended that an external high-quality 
reference be used. 
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A reference output (pin 29) is provided which may be 
used with a resistive divider to generate a suitable reference 
voltage (20 mA may be sunk without significant variation in fa 
output voltage). A pull-up bias device is provided which 
sources about 10 11A. The output voltage is nominally 2.8V 
below V+. When using the on-board reference, REF OUT 
(pin 29) should be connected to REF- (pin 39), and REF+ 
should be connected to the wiper of a preCision potentiom-
eter between REF OUT and V+. The test circuit shows the 
circuit for a 204.8 mV reference, generated by a 2 ill 
preCision potentiometer in series with a 24 kQ fixed resistor. 

InterfaCing 

Direct Mode 
Combinations of chip-enable and byte-enable control 

signals which may be used when interfacing the TC71 09A 
to parallel data lines are shown in Figure 12. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable (Figure 12A). Figure 12B shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. Figure 12C shows a configuration 
where the two byte enables are connected together. The 
CE/LOAD is a chip enable, and the HBEN and LBEN may 
be used as a second chip enable, or connected to ground. 
The 14 data outputs will be enabled at the same time. In 
the direct MODE, SEND should be tied to V+. 

Figure 13 shows interfacing several TC7109A's to a 
bus, ganging the HBEN and LBEN Signals to several con
verters together, and using the CE/LOAD input to select 
the desired converter. 

Figures 14-19 give practical circuits utilizing the paral
lel three-state output capabilities of the TC7109A. Figure 
14 shows parallel interface to the Intel MCS-48, -80 and -
85 systems via an 8255 PPI, where the TC7109A data 
outputs are active at al\ times. The 8155110 ports may be 
used in an identical manner. This interface can be used in a 
read-after-update sequence, as shown in Figure 15. The 
data is accessed by the high-to-Iow transition of the ST A
TUS driving an interrupt to the microprocessor. 

The RUN/HOLD input is also used to initiate conver
sions under software control. Figure 16 gives an interface 
to Motorola MC6800 or MOS Technology MCS650X sys
tem. 

An interrupt is generated through the Control Register 
B, CB1 line from the high-to-Iow transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of conver
sions. 
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Direct interfacing to most microprocessor busses is 
easily accomplished through the three-state output of the 
TC7109A. 

Figures 1, 17 and 18 are typical connection diagrams. 
To ensure requirements for setup and hold times, minimum 
pulse widths, and the drive limitations on long busses are 

A. GND B. GND 

MODE CEiLOAD MODE 

89-812 

12-BIT IlP-COMPATIBLE 
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met, it is necessary to carefully consider the system timing 
in this type of interface. This type of interface is used when 
the memory peripheral address density is low, providing 
simple address decoding. Interrupt handling can be simpli
fied by using an interface to reduce the component count. 

CHIP SELECT 1 C. GND 
CHIP SELECT 

CEiLOAD MODE CEiLOAD 

81-812 
89-812 6 

~ 
POL,OR W"!!!!" POL,OR 

.....,., POL,OR 
TJ T ~ .... 

TC7109A TC7109A TC7109A 
81-88 81-88 

ANALOG ANALOG ANALOG 
IN IN IN 

RUNIHOLD RUNIHOLD RUN/HOLD 
CONVERT CONVERT CONVERT 

GNDOR 
CONTROL CHIP SELECT 2 8YTEFLAGS 

Figure 12 Direct Mode Chip and 8yte Enable Combinations 

CONVERTER CONVERTER CONVERTER 
SELECT SELECT SELECT 

GND GND GND 

MODE CE/LOAD MODE CE/LOAD MODE CEiLOAD 

89-812 6 89-812 6 89-B12 6 
~ 

POL,OR V POL,OR 
V 

POL,OR 
v .., 

TC7109A TC7109A TC7109A 
B1-B8 8 B1-B8 8 B1-B8 8 

ANALOG ANALOG ANALOG 
IN IN IN 

RUN/HOLD +5V RUNIHOLD +5V RUN/HOLD +5V 

H8EN HBEN HBEN 

BYTE SELECT FLAGS 

Figure 13 Three-Stating Several TC7109A's to a Small Bus 
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Figure 14 Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers 
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Figure 15 Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers With Interrupt 
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Figure 16 Full-Time Parallel Interface to MC6800 or MCS650X Microprocessor 
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Figure 17 TC7109A Direct Interface to 8080/8085 
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Figure 18 TC7109A Direct Interface to MC6800 Bus 
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Figure 19 TC7109A Handshake Interface to MCS-48, -80, -85 Microcomputers 
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Handshake Mode 
The handshake mode provides an interface to a wide 

variety of external devices. The byte enables may be used 
as byte identification flags or as load enables and external 
latches may be clocked by the rising edge of CE/LOAD. A 
handshake interface to Intel microprocessors using an 8255 
PPI is shown in Figure 19. The handshake operation with 
the 8255 is controlled by inverting its Input Buffer Full (IBF) 
flag to drive the SEND input to the TC71 09A, and using the 
CE/LOAD to drive the 8255 strobe. The internal control 
register of the PPI should be set in MODE 1 for the port 
used. If the 8255 IBF flag is LOW and the TC7109A is in 
handshake mode, the next word will be strobed into the 
port. The strobe will cause IBF to go HIGH (SEND goes 
LOW), which will keep the enabled byte outputs active. The 
PPI will generate an interrupt which, when executed, will 
result in the data being read. The IBF will be reset LOW 
when the byte is read, causing the TC7109A to sequence 
into the next byte. The MODE input to the TC7109A is 
connected to the control line on the PPI. 

The data from every conversion will be sequenced in 
two bytes in the system, if this output is left HIGH, or tied 
HIGH separately. (The data access must take less time 
than a conversion.) The output sequence can be obtained 
on demand if this output is made to go from LOW to HIGH 
and the interrupt may be used to reset the MODE bit. 

Conversions may be obtained on command under soft
ware control by driving the RUN/HOLD input to the TC71 09A 

+5V -----4>-----, 

MODE RUNIHOLD 
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by a bit of the 8255. Another peripheral device may be 
serviced by the unused port of the 8255. The 8155 may be 
used in a similar manner. The MCS650X microprocessors 
are shown in Figure 20 with MODE and RUN/HOLD tied 
HIGH to save port outputs. 

The handshake mode is particularly useful for directly 
interfacing to industry-standard UARTs (such as Western 
Digital TR1602), providing a means of serially transmitting 
converted data with minimum component count. 

A typical UART connection is shown in Figure 1 . In this 
circuit, any word received by the UART causes the UART 
DR (Data Ready) output to go HIGH. The MODE input to 
the TC7109A goes HIGH, triggering the TC7109A into 
handshake mode. The high-order byte is output to the 
UART and when the UART has transferred the data to the 
Transmitter register, TBRE (SEND) goes HIGH again, LBEN 
will go HIGH, driving the UART DRR (Data Ready Reset) 
which will signal the end of the transfer of data from the 
TC7109A to the UART. 

An extension of the typical connection to several 
TC7109A's with one UART is shown in Figure 21. In this 
circuit, the word received by the UART (available at the 
RBR outputs when DR is HIGH) is used to select which 
converter will handshake with the UART. Up to eight 
TC7109A's may interface with one UART, with no external 
components. Up to 256 converters may be accessed on 
one serial line with additional components. 

TC7109A 

CRA 1--10lI-01 1 

MC6820 
PAQ-PA7 

MC6800 
OR 

MCS650X 
CEILOAD 1----.,....., .. 

SEND 

ADDRESS DATA CONTROL 
BUS BUS BUS 

Figure 20 TC7109A Handshake Interface to MCS-6800, MCS650X Microprocessors 
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SERIAL OUTPUT 
D 6402 CMOS UART 

TBRl DRR TBRE 

V B1-B8 8 
TC7109A TC7109A 

RUN/HOlD +5V RUN/HOLD +5V 

Figure 21 Handshake Interface for Multiplexed Converters 

Integrating Converter Features 

The output of integrating ADCs represents the integral, 
or average, of an input voltage over a fixed period of time. 
Compared with techniques in which the input is sampled and 
held, the integrating converter averages the effects of noise. 
A second important characteristic is that time is used to 
quantize the answer, resulting in extremely small nonlinearity 
errors and no missing output codes. The integrating con
verter also has very good rejection of frequencies whose 
periods are an integral multiple of the measurement period. 
This feature can be used to advantage in reducing line 
frequency noise (Figure 22). 
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Figure 22 Normal Mode Rejection of Dual-Slope Converter as a 
Function of Frequency 
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TC7135 

4-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 

FEATURES 

• Low Roll-Over Error .......................... ±1 Count Max 
• Guaranteed Nonlinearity Error ......... ±1 Count Max 
• Guaranteed Zero Reading for OV Input 
• True Polarity Indication at Zero for Null Detection 
• Multiplexed BCD Data Output 
• TTL-Compatible Outputs 
• Differential Input 
• Control Signals Permit Interface to UARTs and 

IlProcessors 
• Auto-Ranging Supported With Overrange and 

Underrange Signals 
• Blinking Display Visually Indicates Overrange 

Condition 
• Low Input Current ............................................. 1 pA 
• Low Zero Reading Drift ............................... 2 IlVfOC 
• Interfaces to TC7211 A (LCD) and TC7212A (LED) 

Display Drivers 
• Available in DIP and Surface-Mount Packages 

TYPICAL 4-1/2 DIGIT DVM WITH LCD 

.".,~ 

TC04 

6.8kU 

UR 28 
OR 27 

STROBE 26 
RUNIHOLO 25 

OGND 24 
POL 23 

GENERAL DESCRIPTION r:I 
The TC7135 4-112 digit analog-to-digital converter (ADC) IiiI 

offers 50 ppm (1 part in 20,000) resolution with a maximum 
nonlinearity error of 1 count. An auto-zero cycle reduces zero 
error to below 10 IlV and zero drift to 0.5 llV/oC. Source 
impedance errors are minimized by a 10 pA maximum input 
current. Roll-over error is limited to ±1 count. 

By combining the TC7135 with a TC7211A (LCD) or 
TC7212A (LED) driver, a 4-112 digit display DVM or DPM can 
be constructed. Overrange and underrange signals support 
automatic range switching and special display blankinglflash
ing applications. 

Microprocessor-based measurement systems are sup
ported by BUSY, STROBE, and RUN/HOLD control signals. 
Remote data acquisition systems with data transfer via UARTs 
are also possible. The additional control pins and multiplexed 
BCD outputs make the TC7135 the ideal converter for dis
play or microprocessor-based measurement systems. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7135CPI 28-Pin Plastic DIP O°C to +70°C 
TC7135CBU 64-Pin Plastic Quad O°C to +70°C 

Flat Package 
TC7135CLI 28-Pin PLCC O°C to +70°C 

BACKPLANE 

+5Y 

5 BP y+ 
CLOCK !,!2~2 !-~ 

BUSY 21 L+--f=~i::::;l:j:;C)--+~ 
01 20 +5Y 

l00kU 

D2 19 
03 18 
04 17 V 

SEG 
OUT 

TC7135 B81..!1~6 _-I--I ____ -=====.:.:.....;3:!!!.J0 B3 TC7211A 

2,3,4 
6-26 
37-40 

[~==::::::==B4~15~:j==t===============~2~9 B2 28 Bl 

~ ____________ ~ _______ ~27 BO 
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osc 3!:r- +5V 

OPTIONAL 
CAP 

GND 35 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Positive Supply Voltage .............................................. +6V 
Negative Supply Voltage ............................................ -9V 
Analog Input Voltage (Pin 9 or 10) ......... V+ to V- (Note 2) 
Reference Input Voltage (Pin 2) ........................... V+ to V-
Clock Input Voltage ............................................. OV to V+ 
Operating Temperature Range .................... O°C to +70°C 
Storage Temperature Range ................. -65°C to + 160°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

4-1/2 DIGIT 
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Package Power Dissipation 
CerDIP (J) ............................................................. 1W 
Plastic (P) .......................................................... 0.8W 

Static-sensitive device. Unused devices must be stored in conductive 
material to protect them from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

ELECTRICAL CHARACTERISTICS: T A = +25°C, hOCK = 120 kHz, V+ = +5V, V- = -5V (Figure 1) 

Symbol Parameter Test Conditions Min Typ Max Unit 

Analog 
Display Reading With Notes 2 and 3 -0.0000 ±O.OOOO +0.0000 Display 
Zero Volt Input Reading 

TCz Zero Reading Temperature VIN=OV - 0.5 2 jlV/oC 
Coefficient Note 4 

TCFs Full-Scale Temperature VIN =2V - - 5 ppm/DC 
Coefficient Notes 4 and 5 

NL Nonlinearity Error Note 6 - 0.5 1 Count 

DNL Differential Linearity Error Note 6 - 0.01 - LSB 

Display Reading in VIN = VREF +0.9997 +0.9999 +1.0000 Display 
Ratiometric Operation Note 2 Reading 

±FSE ± Full-Scale Symmetry -VIN= +VIN - 0.5 1 Count 
Error (Roll-Over Error) Note 7 

hN Input Leakage Current Note 3 - 1 10 pA 

VN Noise Peak-to-Peak Value Not - 15 - jlVp.p 
Exceeded 95% of Time 

Digital 

hl Input Low Current VIN = OV - 10 100 jlA 

hH Input High Current VIN= +5V - 0.08 10 jlA 

VOL Output Low Voltage IOl = 1.6 mA - 0.2 0.4 V 

VOH Output High Voltage 
Bl, B2, B4, B8, 01-05 IOH = 1 mA 2.4 4.4 5 V 
Busy, Polarity, Overrange, IOH = 10 jlA 4.9 4.99 5 V 

Underrange, Strobe 

fClK Clock Frequency Note 8 0 120 1200 kHz 

Power Supply 
V+ Positive Supply Voltage 4 5 6 V 

V- Negative Supply Voltage -3 -5 -8 V 

1+ Positive Supply Current fClK = 0 Hz - 1 3 mA 

I Negative Supply Current fClK = 0 Hz - 0.7 3 mA 

PO Power Dissipation fClK= 0 Hz - 8.5 30 mW 

NOTES: 1. Limit input current to under 100 !LA if input voltages exceed supply voltage. 
2. Full-scale voltage = 2V. 
3. VIN= OV. 
4. O°C" TA" +70°C. 
5. External reference temperature coefficient less than 0.01 ppmtoC. 
6. -2V" VIN " +2V. Error of reading from best fit straight line. 
7. IVINI = 1.9959. 
B. Specification related to clock frequency range over which the TC7135 correctly performs its various functions. Increased errors result at 

higher operating frequencies. 
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PIN CONFIGURATIONS 

OVERRANGE 7 

UNOERRANGE B 

NC 9 

ANALOG COM 12 

0 t-
Z :;) 

0 

!g 

O 30 0 
Z Z 

N 
0( 

TC7135CBU 
(NOTES 1) 

t- I&. 0 0 1&.0 
:;) W Z Z Wz o III: +11: 
I&. 0 0 
I&. 
:;) 

ID 

NOTES: 1. NC = No internal connection. 
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t- O 
:;) z 
Q. 
Z 
T 

ANALOG 
COM 

INTOUT 4 

AZIN 

BUFF OUT 6 

CREF 7 

CREF 

-INPUT 

(MSO)D5 

(LSB) B1 

B2 

t- Cl 
:;) 0 z 
o <i!:;; u:: 
t- ZO w 
30 0(0 II: 

II: II: I~ 
:;) 0 Iii 

TC7135 

UNOERRANGE 

OVER RANGE 

STROBE 

RUNIHOLO 

OIGTALGNO 

POLARITY 

CLOCK IN 

BUSY 

01 (LSO) 

02 

03 

D4 

B8(MSB) 

B4 
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UNDER RANGE 
28 

REF IN OVERRANGE 27 

ANALOG 
STROBE 26 

COMMON 

RUN/HOLD 
25 

INTOUT 
24 

AZIN DIGTAlGND 
23 

BUFF OUT POLARITY 

CLOCK IN 
22 

CREF 21 
CAEF BUSY 

-INPUT (lSD) 01 
20 

V 02 19 
+INPUT 

TC7135 18 
+5V V+ 03 

12 05 (MSD) 04 17 

13 B1 (lSB) (MSB)B8 16 

14 B2 B4 15 

Figure 1. Test Circuit 

V+ 

lOGIC O-~--,\N\r---4I--II----t INPUT 

+fN 

REF 
fN 

-fN 

2-266 

Figure 2. Digital logic Input 

ANALOG 
INPUT BUFFER 

Figure 3A. Internal Analog Switches 

-= 
CLOCK 
INPUT 
120 kHz 

4-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

+fN 

REF 
fN 

ANALOG 
COM 

-fN 

ANALOG 
INPUT BUFFER 

o SWITCH OPEN 

• SWITCH CLOSED 

Figure 3B. System Zero Phase 

ANALOG 
INPUT BUFFER 

+fN o-t ..... - .... - .......... -1 

REF 
fN 

ANALOG 
COM cr-.... - ............... --' 

SWf 

-fN o-t.---..... ------.J 
o SWfTCH OPEN 

• SWfTCH CLOSED 

+fN 

REF 
fN 

-fN 

Figure 3C. Input Signal Integration Phase 

ANALOG 
INPUT BUFFER 

o SWfTCH OPEN 

• SWfTCH CLOSED 

Figure 3D. Reference Voltage Integration Phase 
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"N 

REF 
IN 

-IN 

ANALOG 
INPUT BUFFER 

o SWITCH OPEN 

• SWITCH CLOSED 

Figure 3E. Integrator Output Zero Phase 

GENERAL THEORY OF OPERATION 

(All Pin Designations Refer to 28-Pin DIP) 

Dual-Slope Conversion Principles 

The TC7135 is a dual-slope, integrating analog-to
digital converter. An understanding of the dual-slope con
version technique will aid in following detailed TC7135 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal. 

In aSimple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

_1_ V (t) dt = VR tRI fts, 
RC 0 IN RC ' 

where: 
VR = Reference voltage 
tSI = Signal integration time (fixed) 
tRI = Reference voltage integration time (variable). 
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For a constant VIN: 

[ tRI] 
VIN = VR 1; I:t 
The dual-slope converter accuracy is unrelated to the liii:I 

integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes-
sive approximation converters in high-noise environments. 
(See Figure 4.) 

TC7135 Operational Theory 

The TC7135 incorporates a system zero phase and 
integrator output voltage zero phase to the normal two
phase dual-slope measurement cycle. Reduced system 
errors, fewer calibration steps, and a shorter overrange 
recovery time result. 

The TC7135 measurement cycle contains four phases: 

(1) System zero 

(2) Analog input signal integration 

(3) Reference voltage integration 

(4) Integrator output zero 

Internal analog gate status for each phase is shown in 
Table I. 

REF 
VOLTAGE 

POLARITY CONTROL 

Figure 4. Basic Dual-Slope Converter 
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Table I. Internal Analog Gate Status 

4-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

Conversion 
Cycle Phase 

Internal Analog Gate Status Reference 
Schematic SWRI+ SWRI- SWz SWR 

System Zero 
Input Signal 
Integration 
Reference Voltage 
Integration 
Integrator 
Output Zero 

Closed 
Closed 

Closed" 

Closed Closed 3B 

3C 

Closed 3D 

Closed Closed 3E 

"NOTE: Assumes a positive polarity input signal. SWRI would be closed for a negative input signal. 

System Zero Phase 
During this phase, errors due to buffer, integrator, and 

comparator offset voltages are compensated for by charg
ing CAZ (auto-zero capacitor) with a compensating error 
voltage. With zero input voltage, the integrator output re
mains at zero. 

The external input signal is disconnected from the 
internal circuitry by opening the two SWI switches. The 
internal input points connect to analog common. The ref~r
ence capacitor charges to the reference voltage potential 
through SWR. A feedback loop, closed around the integrator 
and comparator, charges the CAl with a voltage to compen
sate for buffer amplifier, integrator, and comparator offset 
voltages. (See Figure 3B.) 

Analog Input Signal Integration Phase 
The TC7135 integrates the differential voltage between 

the +INPUT and -INPUT. The differential voltage must be 
within the device's common-mode range; -1V from either 
supply rail, typically. . . 

The input signal polarity is determined at the end of thiS 
phase. (See Figure 3C) 

Reference Voltage Integration Phase 
The previously-charged reference capacitor is con

nected with the proper polarity to ramp the integrator 
output back to zero. (See Figure 3D.) The digital reading 
displayed is: 

[ Differential Input] 
Reading =10,000 V . 

REF 

Integrator Output Zero Phase 
This phase guarantees the integrator output is at OV 

when the system zero phase is entered and that the true 
system offset voltages are compensated for. This phase 
normally lasts 100 to 200 clock cycles. If an overrange 
condition exists, the phase is extended to 6200 clock cycles. 
(See Figure 3E.) 
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Analog Section Functional Description 

Differential Inputs 
The TC7135 operates with differential voltages (+IN

PUT, pin 10 and -INPUT, pin 9) within the input amplifier 
common-mode range which extends from 1 V below the 
positive supply to 1 V above the negative supply. Within this 
common-mode voltage range, an 86 dB common-mode 
rejection ratio is typical. 

The integrator output also follows the common-mode 
voltage and must not be allowed to saturate. A worst-case 
condition exists, for example, when a large positive com
mon-mode voltage with a near full-scale negative differential 
input voltage is applied. The negative input signal drives the 
integrator positive when most of its swing has been use.~ up 
by the positive common-mode voltage. For these critical 
applications, the integrator swing can be reduced to less 
than the recommended 4V full-scale swing, with some loss 
of accuracy. The integrator output can swing within 0.3V of 
either supply without loss of linearity. 

Analog Common 
ANALOG COMMON (pin 3) is used as the -INPUT 

return during the auto-zero and deintegrate phases. If -
INPUT is different from analog common, a common-mode 
voltage exists in the system. This signal is rejected by the 
excellent CMRR of the converter. In most applications, -
INPUT will be set at a fixed known voltage (power supply 
common, for instance). In this application, analog common 
should be tied to the same point, thus removing the common
mode voltage from the converter. The reference voltage is 
referenced to analog common. 

Reference Voltage 
The reference voltage input (REF IN, pin 2) must be a 

positive voltage with respect to analog common. Two refer
ence voltage circuits are shown in Figure 5. 
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v+ 

V 
TC713S 

REF 
IN 

v+ 

V 
TCOS 

ANALOG t-~~-t 
COMMON 

!IREF 

V+ 

V 
TC713S 

REF 
IN 

v-

v+ 

6.8kn 

TT'¥" 

TC04 

1.25V REF 

ANALOG 1----_-. 
COMMON 

ANALOG 
GROUND 

Figure 5. Using an External Reference Voltage 

POLARITY 

TC7135 

Digital Section Functional Description 

The major digital subsystems within the TC7135 are 
illustrated in Figure 6, with timing relationships shown in 2 
Figure 7. The multiplexed BCD output data can be displayed 
on an LCD or LED display with the TC7211 A (LCD) or 
TC7212A (LED) 4-digit display drivers. 

The digital section is best described through a discus
sion of the control signals and data outputs. 

RUN/HOLD Input 
When left open, the RUN/HOLD (RiR) input (pin 25) 

assumes a logic "1" level. With RiR = 1, the TC7135 per
forms conversions continuously, with a new measurement 
cycle beginning every 40,002 clock pulses. 

When RlH changes to logic "0," the measurement cycle 
in progress will be completed, and data held and displayed, 
as long as the logic "0" condition exists. 

A positive pulse (>300 ns) at RlH initiates a new mea
surement cycle. The measurement cycle in progress when 
R/H initially assumed logic "0" must be completed before the 
positive pulse can be recognized as a single conversion run 
command. 

The new measurement cycle begins with a 10,001-
count auto-zero phase. At the end of this phase, the busy 
signal goes high. 

MSB _ DIGIT DRIVE 

DIGITAL CLOCK 
GND IN 

RUNI 
HOLD 

OVER
RANGE 

MULTIPLEXER 

UNDER
RANGE 

Figure 6. Digital Section Functional Diagram 
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INTEGRATOR 
OUTPUT 

--~SIGNAL 
SYSTEM IINTE REFERENC~ ZERO 10,000 INTEGRATE 
10,001 COUNTS 20,001 

COUNTS (FIXED) COUNTS (MAX) 

~FULL~~O~~~~~~~~CYCLE 

BUSY .---.J L..-__ ...rl 
OVER RANGE 

APPLIC~~i~ ~ 
UNDERRANGE ~ 

WHEN //////--1 
APPLICABLE ,"""'''''''' .... --... 

I EXPANDED SCALE 
BELOW 

DIGITSCAN IL-.....J"L.... 05 

..n........J1.. D4 
~D3 
---I"L.....J"L- D2 

----fl--.n- 01 

I 100 I 'FIRST 05 OF SYSTEM ZERO 
COUNTS AND REFERENCE INTEGRATE 

STROBE 'l'1"1"1"'1"'1~ ____ .;;O;;,;N;;;,E ;;;,CO;;,;U;;.;.N;;.;.T.,;;LO;;,;N;;,;G;;,;;E;;,;R.;...._ 

1
_, AUTO ZERO SIGNAL 

INTEGRATE 
DIGIT S~~~ nI,;D;;,;;5;.... ____ ~(""'""--..... 

OVER RANGE 
J1~~~ ___ ~(~ ___ ~ 

-l1~D~3 ___ ~I~ __ ~...r 

-Jl~D=2 ____ l~1~ __ ~~ 

Figure 7. Timing Diagrams for Outputs 

STROBE Output 
During the measurement cycle, the STROBE output 

(pin 26) control line is pulsed low five times. The five low 
pulses occur in the center of the digit drive signals (Dl, D2, 
D3, D4 and Ds; see Figure 8). 

Ds goes high for 201 counts when the measurement 
cycles end. In the center of Ds pulse, 101 clock pulses after 
the end of the measurement cycle, the first STROBE occurs 
for one-half clock pulse. After Ds strobe, D4 goes high for 200 
clock pulses. STROBE goes low 100 clock pulses after D4 
goes high. This continues through the Dl drive pulse. 

The digit drive signals will continue to permit display 
scanning. STROBE pulses are not repeated until a new 
measurement is completed. The digit drive signals will not 
continue if the previous signal resulted in an overrange 
condition. 
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TC7135 
OUTPUTS 

BUSY ~END OF CONVERSION 

~(-,--------------------------

STROBE--~I~---,I----~r--~I~---,r----------

05 

D4-----~c::::J'------------------------COUNTS 

D3-----------~~ .. -----------------COUNTS 

D2---------------~~ ..... ------COUNTS-

Dl----------------------~~ ..... ----COUNTS 

'DELAY BETWEEN BUSY GOING LOW AND FIRST STROBE 
PULSE IS DEPENDENT ON ANALOG INPUT. 

Figure 8. Strobe Signal Pulses Low Five Times per Conversion 

The active-low STROBE pulses aid BCD data transfer 
to UARTs, microprocessors, and external latches. (See 
Application Note AN-16.) 

BUSY Output 
At the beginning of the signal-integration phase, BUSY 

(pin 21) goes high and remains high until the first clock pulse 
after the integrator zero crossing. BUSY returns to logic "0" 
after the measurement cycle ends in an overrange condi
tion. The internal display latches are loaded during the first 
clock pulse after BUSY and are latched at the clock pulse 
end. The BUSY signal does not go high at the beginning of 
the measurement cycle, which starts with the auto-zero 
phase. 

OVER RANGE Output 
If the input signal causes the reference voltage integra

tion time to exceed 20,000 clock pulses, the OVERRANGE 
output (pin 27) is set to logic "1." The OVERRANGE output 
register is set when BUSY goes low and reset at the 
beginning of the next reference-integration phase. 

UNDERRANGE Output 
If the output count is 9% of full scale or less (:5:1800 

counts), the UNDERRANGE output (pin 28) register bit is 
set at the end of BUSY. The bit is set low at the next signal
integration phase. 
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POLARITY Output 
A positive input is registered by a logic" 1" polarity signal. 

The POLARITY output (pin 23) is valid at the beginning of 
reference integrate and remains valid until determined dur
ing the next conversion. 

The POLARITY bit is valid even for a zero reading. 
Signals less than the converter's LSB will have the signal 
polarity determined correctly. This is useful in null applica
tions. 

Digit Drive Outputs 
Digit drive outputs are positive-going signals. Their scan 

sequence is 05, 04, 03, 02 and 01 (pins 12, 17, 18, 19 and 
20, respectively). All positive signals are 200 clock pulses 
wide, except 05, which is 201 clock pulses. 

All five digits are continuously scanned, unless an 
overrange condition occurs. In an overrange condition, all 
digit drives are held low from the final STROBE pulse until 
the beginning of the next reference-integrate phase. The 
scanning sequence is then repeated, providing a blinking 
visual display. 

BCD Data Outputs 
The binary coded decimal (BCD) outputs, B8, B4, B2 and 

B1 (pins 16, 15, 14 and 13, respectively) are positive true
logic signals. They become active simultaneously with digit 
drive signals. In an overrange condition, all data bits are 
logic "0". 

APPLICATIONS INFORMATION 

Component Value Selection 

Integrating Resistor 
The integrating resistor (RINT) is determined by the full

scale input voltage and output current of the buffer used to 
charge the integrator capacitor (CINT). Both the buffer ampli
fier and the integrator have a Class A output stage, with 100 
IlA of quiescent current. A 20 IlA drive current gives negli
gible linearity errors. Values of 5 IlA to 40 IlA give good 
results. The exact value of RINT for a 20 IlA current is easily 
calculated: 

Full-scale voltage 
RINT = 20llA 

Integrating Capacitor 
The product of RINT and CINT should be selected to give 

the maximum voltage swing to ensure tolerance build-up will 
not saturate integrator swing (approximately 0.3V from 
either supply). For ±5V supplies, and analog common tied to 
supply ground, a ±3.5V to ±4V full-scale integrator swing is 
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adequate. A 0.1 0 IlF to 0.471lF is recommended. In general, 
the value of CINT is given by: 

CINT = 
[10,000 x clock period] x liNT 2 

Integrator output voltage swing 

(10,000) (clock period) (20IlA) 
Integrator output voltage swing· 

A very important characteristic of the CINT is that it has 
low dielectric absorption to prevent roll-over or ratiometric 
errors. A good test for dielectric absorption is to use the 
capacitor with the input tied to the reference. This ratiometric 
condition should read half-scale 0.9999. Any deviation is 
probably due to dielectric absorption. Polypropylene 
capacitors give undetectable errors at reasonable cost. 
Polystyrene and polycarbonate capacitors may also be 
used in less critical applications. 

Auto-Zero and Reference Capacitors 
The size of the auto-zero capacitor (CAZ) has some 

influence on system noise. A large capacitor reduces noise. 
The reference capacitor (CREF) should be large enough 
such that stray capacitance from its nodes to ground is 
negligible. 

The dielectric absorption of CREF and CAZ is only impor
tant at power-on, or when the circuit is recovering from an 
overload. Smaller or cheaper capacitors can be used if 
accurate readings are not required during the first few 
seconds of recovery. 

Reference Voltage 
The analog input required to generate a full-scale output 

is VIN = 2 VREF· 
The stability of the reference voltage is a major factor in 

overall absolute accuracy of the converter. Therefore, it is 
recommended that high-quality references be used where 
high-accuracy, absolute measurements are being made. 
Suitable references are: 

Part Type 

TC04 
TC05 

Conversion Timing 

Line Frequency Rejection 

Manufacturer 

TelCom Semiconductor 
TelCom Semiconductor 

A signal-integration period at a multiple of the 60 Hz line 
frequency will maximize 60 Hz "line noise" rejection. 

A 100 kHz clock frequency will reject 50 Hz, 60 Hz and 
400 Hz noise, corresponding to 2.5 readings per second. 
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Table II. Line Frequency Rejection 

Oscillator Frequency 
(kHz) 

Frequency Rejected 
(Hz) 

300,200,150,120, 
100,40,33·1/3 
250, 166-2/3, 

125, 100 
100 

60 

50 

50,60,400 

Table III. Conversion Rate vs Clock Frequency 

Conversion Rate 
(Conv/Sec) 

Clock 
Frequency (kHz) 

2.5 
3.0 
5.0 
7.5 

10.0 
20.0 
30.0 

Displays and Driver Circuits 

100 
120 
200 
300 
400 
800 

1200 

TelCom Semiconductor manufactures three display de
coder/driver circuits to interface the TC7135 to LCOs or LED 
displays. Each driver has 28 outputs for driving four 7-
segment digit displays. 

Device Package Description 

TC7211AIPL 40-Pin Epoxy 4-Digit LCD Driver/Encoder 
TC7212AIPL 40-Pin Epoxy 4-Digit LED Driver/Encoder 

Several sources exist for LCOs and LED displays. 

Manufacturer 

Hewlett Packard 
Components 
AND 

Epson America, Inc. 
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Address 

640 Page Mill Road 
Palo Alto, CA 94304 
770 Airport Blvd. 
Burlingame, CA 94010 
3415 Kanhi Kawa 8t. 
Torrance, CA 90505 

Display 
Type 

LED 

LCD and 
LED 
LCD 
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High-Speed Operation 

The maximum conversion rate of most dual-slope AOCs 
is limited by frequency response of the comparator. The 
comparator in this circuit follows the integrator ramp with a 
3 ~s delay, and at a clock frequency of 160 kHz (6 ~s period), 
half of the first reference integrate clock period is lost in 
delay. This means the meter reading will change from 0 to 
1 with a 50 ~V input, 1 to 2 with 150 ~V, 2 to 3 with 250 ~V, 
etc. This transition at mid-point is considered desirable by 
most users; however, if clock frequency is increased appre
ciablyabove 160 kHz, the instrument will flash "1" on noise 
peaks even when the input is shorted. 

For many dedicated applications, where the input signal 
is always of one polarity, comparator delay need not be a 
limitation. Since nonlinearity and noise do not increase 
substantially with frequency, clock rates up to -1 MHz may 
be used. For a fixed clock frequency, the extra count (or 
counts) caused by comparator delay will be constant and 
can be digitally subtracted. 

The clock frequency may be extended above 160 kHz 
without this error, however, by using a low value resistor in 
series with the integrating capacitor. The effect of the 
resistor is to introduce a small pedestal voltage onto the 
integrator output at the beginning of reference-integrate 
phase. By careful selection of the ratio between this resis
tor and the integrating resistor (a few tens of ohms in the 
recommended circuit), the comparator delay can be com
pensated for and maximum clock frequency extended 
by approximately a factor of 3. At higher frequencies, ring
ing and second-order breaks will cause significant 
nonlinearities during the first few counts of the instrument. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference capacitors. With most de
vices, measurement cycles as long as 10 seconds give no 
measurable leakage error. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the applications section. The multiplexed output 
means if the display takes significant current from the logic 
supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates data once every clock pulse 
after transients of the previous clock pulse and half-clock 
pulse have died down. False zero-crossings caused by 
clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
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is disabled for one clock pulse at the beginning of the 
reference integrate (de integrate) phase. This one-count 
delay compensates for the delay of the zero-crossing flip
flop, and allows the correct number to be latched into the 
display. Similarly, a one-count delay at the beginning of 
auto-zero gives an overload display of 0000 instead of 0001. 
No delay occurs during signal integrate, so true ratiometric 
readings result. 

Generating a Negative Supply 

A negative voltage can be generated from the positive 
supply by using a TC7660. (See Figure 9.) 

TYPICAL APPLICATIONS DIAGRAMS 

RC Oscillator Circuit 

GATES ARE 74C04 

1. fa '" 1 , Rp = R1 R2 
2 C[0.41 Rp + 0.70 R11 R1 + R2 

a. If R = R1 = R2, f =: 0.55/RC 

b. If R2» R1, f =: 0.45/R1C 

c. If R2« R1, f =: 0.72/R1C 

2. Examples: 

a. f = 120 kHz, C = 420 pF 
R1 = R2 '" 1 0.9 kQ 

b. f = 120 kHz, C = 420 pF, R2 = 50 kQ 
R1 = 8.93 kQ 

c. f = 120 kHz, C = 220 pF, R2 = 5 kQ 
R1 =27.3 kQ 
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+5V 

11 
y+ 

1 (-5V) 5 ........,. Y- V 
w"'¥" TC7660 
~ 

TC7135 

10 llF1 

0.2211F 

R2 
100kQ 

4 
24 -= 

-= 10llF 

Figure 9. Negative Supply Yoltage Generator 

Comparator Clock Circuit 

+5Y 

16kQ 
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-= 

YOUT 
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TYPICAL APPLICATIONS DIAGRAMS (Cant.) 

2-274 

4-1/2 Digit ADC With Multiplexed Common Anode LED Display +5V 

Dl D2 

INTOUT 
0.47 ~F 

AZIN 4.7kn 
POL 

23 
6 BUFF 

OUT 
100kn V CREF 

7 

120 kHz 
22 

fiN TC7135 1 ~F 

100kn C~EF 8 BLANK MSD ON ZERO 

+ 10 
+INPUT 

ANALOG 
1 ~F 9 16 6 D INPUT B8 

-INPUT 15 2 C B4 
14 1 

3 ANALOG B2 B 
COMMON Bl 13 7 A 

4-1/2 Digit ADC Interfaced to LCD With Digit Blanking on Overrange 

120 kHz 

v 

112 CD4030 

t...:=----=+:::::;:r-' 
23 

V 
TC7135 

20 

D2 19 

D3 18 

D4 17 

B8 16 
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82 14 

Bl 13 

05 12 

............ _-_ .. -. 
I CD4081 I 

STROBE ~ ~--------~ 

32 02 

33 D3 

34 D4 

V 
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29 B2 

28 81 

27 BO 
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4-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTER 

TYPICAL APPLICATIONS DIAGRAMS (Cont.) 

4-1/2 Digit ADC With Multiplexed Common Cathode LED Display 

~w 

TC04 

+5V 

REF IN 

3 ANALOG 
GND 

RUN/HOLD 

AZIN DGND 

POLARITY 

CREF eLKIN 

BUSY 

-INPUT (LSD) 01 

02 

V+ 
~"'flf-w' 

03 
TC713S 

12 
05 (MSD) 04 

B1 (LSB) (MSB) B6 

B2 B4 

22 

21 

20 

,. 
16 

17 

16 

15 

+5V 

" ,-, 
C' 0 

'------0 fa = 120 kHz 

" " o 0 

10 

C04513 6 
~V"'v--; BE 

14 

15 

16 

17 

16 

4-Channel Data Acquisition System 
-----A~D~D~R=E7SS~BU~S~-----

-----,1 rl ------
CONTROL 

+5V 

GAIN: 10, 20, 50, 100 
+15V -15V 

PAD 1Y 1B POL 
PA1 2Y 2B OR 
PA2 3Y 3B UR ~y 

SEL 05 CHANNEL 1 

157 1A B8 TC7135 

2A B4 +INPUT CHANNEL 2 
3A B2 

CHANNEL 3 
6522 PA3 81 
·VIA· PA4 01 VR CHANNEL 4 

PAS 02 
PA6 03 -INPUT 

DIFFERENTIAL 
PA7 04 ANALOG MULTIPLEXER 
CA1 STB COMMON 
CA2 Rill 

fiN 

GAIN SELECTION fiN 
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TC8705 

BINARY OUTPUT ANALOG-TO-DIGITAL CONVERTER 

FEATURES 

• High Accuracy -12-Bit Resolution With < ± 1/2 
LSB Error 

• Monotonic Performance - No Missing Codes 
• Monolithic CMOS Construction Gives Low Power 

Dissipation ............................................. 20 mW Typ 
• Contains All Required Active Elements - Needs 

Only Passive Support Components, Reference 
Voltage, and Dual-Power Supply 

• High Stability Over Full Temperature Range 
- Gain Temperature Coefficient .. < 25 ppm/DC Typ 
- Zero Drift ..................................... < 30 ~VFC Typ 
- Differential Nonlinearity Drift. < 25 ppm/DC Typ 

• Latched Parallel Binary Outputs 
• Three-State, Bus Compatible Outputs 
• LPTTL, 74LS, CMOS Compatible Outputs and 

Control Inputs 
• Strobed or Free-Running ConverSion 
• Infinite Input Range - Any Positive Voltage Can 

Be Applied Via a Scaling Resistor 

TEST CIRCUIT 

INmATE 
CONVERSION 

0.1 ~F 

P 19.sJ 

V 
TC87l15 

!!!!Ifl!l 
ENABLE 

L-----..j2..-oBUSY 

Lb-~~:;-~..!::::=====f"-ODATAVAt.ID 

NOTES: ·Any VREF greater than-
VREF 1V can be used: 

VREF 
RREF= -20~ 

For example, with VREF 
= -5V, RREF = 250 kQ 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC8705 is a 12-bit monolithic CMOS analog-to
digital converter (ADC), Fully self-contained in a single 24-
pin dual-in-line package, the converter requires only passive 
support components, reference and power supplies. 

Conversion is performed by an incremental charge 
balancing technique which has inherently high accuracy, 
linearity and noise immunity. An amplifier integrates the sum 
of the unknown analog current and pulses of a reference 
current, and the number of pulses (charge increments) 
needed to maintain the amplifier summing junction near 
zero are counted. At the end of conversion, the total count 
is latched into the digital outputs as a 12-bit binary word. 

The TC8705 features a three-state output bus con
trolled by an output enable input. The output enable control 
switches to a high impedance or oft-state when held high. 
The oft-state allows bus-organized output connections. 

ORDERING INFORMATION 

Part No. 
Previous 
Part No. 

TC8705CPG TSC8705CJ 
TC8705EHG TSC8705CL 

PIN CONFIGURATION 

DIGITS 
OUT 

BIT 11 
(MSB) 1 

BIT7 

BITS 

BIT4 

Package 

24-Pin PDIP 

Temperature 
Range 

24-Pin CerDIP - 40°C to +85°C 
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TC870S 

ABSOLUTE MAXIMUM RATINGS* 

BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

VDD - Vss Span ......................................................... 18V Package Dissipation ............................................ 500 mW 
liN .......................................................................... ±10 mA Lead Temperature (Soldering, 10 sec) ................. +300oe 
IREF ...................................................................... ±10 mA 'Static-sensitive device. Unused devices must be stored in conductive 

material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Digital Input Voltage ......................... - 0.3V to VDD +0.3V 
Operating VDD and Vss Range ......................... 3.5V to 7V 
Storage Temperature Range ................ - 65°C to + 150°C 
Operating Temperature Range 

ePG ....................................................... ooe to + 70°C 
EJG ................................................... - 40°C to +85°e 
MJG, MHG ...................................... - 55°C to +125°e 

ELECTRICAL CHARACTERISTICS: VDD = +5V, Vss = - 5V, VGND = 0, VREF Pin = -6.4V, RSIAS = 100 kf.!, 
test circuit shown, unless otherwise specified. T A = +25°e unless full temperature range is specified (- 40°C to +85°e 
for EHG package, ooe to +70oe for ePG package). 

CP/EJ MJ/MH 
Parameter Test Conditions Definition Min Typ Max Max Unit 

Resolution Binary Word Length of Digital Output 12 - - - Bits 

Relative Accuracy Output Deviation From Straight Line - ±1/4 ±1/2 ±1/2 LSB 
Between Normalized Zero and 
Full-Scale Input - 1 ±1.5 - LSB 

Differential Deviation From 1 LSB Between - ±1/4 ±1/2 ±1/2 LSB 
Nonlinearity Transition Points 

Differential Nonlinearity Full Temperature Variation in Differential Nonlinearity - ±2.5 ±5 ±5 ppm/DC 
Temperature Drift Range Due to Temperature Change 

Gain Variance Variation From Exact A (Compensate - ±2 ±5 ±5 %of 
by Trimming RIN or RREF) Nominal 

Gain Temperature Full Temperature Variation in A Due to Temperature - ±25 ±75 ±80 ppm/DC 
Drift Range Change 

Zero Offset iJN = 0, CINT = 68 pF, Correction at Zero Adjust to Give - ±10 ±50 ±50 mV 
RADJ = 1 kn Zero Output When Input is Zero 
(See Test Circuit) 

Zero Temperature Full Temperature Variation in Zero Offset Due to - ±3 ±5 ±8 ppm/DC 
Drift Range Temperature Change 

Analog Input (See Note) 
iJN Full Scale Full-Scale Analog Input Current - 10 - - j.tA 

to Achieve Specified Accuracy 

IREF Reference Current Input to - -20 - - j.tA 
Achieve Specified Accuracy .. 

Digital Input 
VIN(1) Full Temperature Logic "1" Input Threshold for 3.5 - - - V 

Range Initiate Conversion Input 

VIN(O) Full Temperature Logic "0" Input Threshold for - - 1.5 1.5 V 
Range Initiate Conversion Input 
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BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

TC8705 

ELECTRICAL CHARACTERISTICS (Cant.) 

_P_a_ra_m __ et_e_r ___________ T_e_s_t_C_o_n_d_i_ti_o_n_s ___ D_e_f_in_it_io __ n __________________ L-__ -L __ ~ ____ ~ ____ ~_U_n_it___ ~ 
Propagation Delay Iiii:I 
Output Enable CL = 100 pF, tpLH, tpHL 

RL = 1 kn 
ns 

Digital Output 
IO(OFF) OE=3.5V Off-State Output Current - 0.1 ±10 ±10 IJA 

O.4V < Vc < 2.4V 
VOUT(l) Full Temperature Logic "1" Output Voltage 

Range, for Digits Out, Busy, and 4.5 - - - V 
louT = -10 l!A Data Valid Outputs 2.4 - - - V 
lOUT = -500 IJA 

VOUT(O) Full Temperature Logic "0" Output Voltage - - 0.4 0.4 V 
Range, Voo = 4.75V for Digits Out, Busy, and 
louT = 500 l!A Data Valid Outputs 

Dynamic 
Conversion Time Full Temperature Time Required to Perform One - 20 24 24 ms 

Range Complete AID Conversion 

Conversion Rate in VINT CONV = +5V 42 50 - - Convl 
Free-Run Mode Second 

Minimum Pulse Width Full Temperature 500 - - - ns 
for Initiate Conversion Range 

Supply Current 
100 Quiescent 

J/H Package Full Temperature Current Required From Positive - 1.4 2.5 3.5 mA 
P Package Range, Supply During Operation - 1.4 5 - mA 

VINT CONV = OV 

Iss Quiescent 
H Packages Full Temperature Current Required From Negative - -1.6 -2.5 -3.5 mA 
P Package Range, Supply During Operation - -1.6 -5 - mA 

VINTCONV = OV 
Supply Sensitivity Voo ±1V, Vss ±1V Change in Full-Scale Gain vs - ±O.5 ±1 ±1 %N 

Supply Voltage Change 

IVool = IVssl = Change in full-Scale Gain vs - ±0.05 ±0.1 ±O.1 %N 
5V± 1V Supply Voltage Change for 

Tracking Supplies 

Supply Voltages 

Voo +3.5 - +7.0 +7.0 V 

Vss -3.5 - -7.0 +7.0 V 

Min. Operating Supply Span 7.0 - 14.0 14.0 V 
.. 

NOTE: hN and IREF pins connect to the summing Junction of an operatIOnal amplifier. Voltage sources cannot be attached directly but 
must be buffered by external resistors. See "Test Circuit." 
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TIMING DIAGRAMS 

Clocked Mode 

INITIATE VIH - - ----""""",,~~~~"' 
CONVERSION 0 

BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

Free-Run Mode 

~l----~l~l-----------

300ns SOliS _ _ 
TYP MIN 

DATA VOH----~--------~~~ 
VALID VOL--

DIGITS VOH ----+---------·n--...",~'=7'".,I__-i 

OUT VOL----+---------~~--_F--~~I__-i 

CIRCUIT DESCRIPTION 

During conversion, the sum of a continuous current 
(lIN) and pulses of a reference current (IREF) is integrated 
for a fixed number of clock periods. liN is proportional to 
the analog voltage; IREF is switched in for exactly one 
clock period just frequently enough to maintain the output 
of the integrator near zero. Thus, the charge from the 
continuous liN is balanced against the pulses of IREF. The 
total number of IREF pulses needed during the conversion 
period to maintain the charge balance is counted, and the 
result (in binary) is latched into the outputs at the end of 
the conversion. 

The converter contains two counters and a clock, in 
addition to an operational amplifier, comparator, latching 
output buffers, and housekeeping logic. One counter is a 
clock counter which starts counting clock pulses after a 
reset pulse; when the required count is reached, the clock 
counter generates a pulse to start the end-of-conversion 
routine. The other counter is a data counter, which is reset 
synchronously with the clock counter and counts the num
ber of times IREF is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the initiate conversion input is strobed with a 
positive signal, the busy line latches high and a 10 !is 
(times given are approximate) start-up cycle begins. The 
integrating capacitor is discharged and both counters are 
reset during this start-up period. Conversion begins at the 
end of the reset pulse and ends with a pulse generated 
either by the clock counter or by an overflow condition in 
the data counter. This pulse disables further inputs into 
both counters and triggers a 10 !is shutdown cycle. During 
the shutdown cycle, data valid goes low for 5 !is. This 
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~~~ns CONVERSION -.- .. ~ 
TIME RECYCLE 

TIME 
~2.5I1S 

4344 ILL F03 

binary sequence is shown in the timing diagrams. Busy is 
true high and, when the circuit is busy, initiate conversion 
has no effect and may be high or low. Data valid is also true 
high. The data from a conversion remains valid for as long 
as power is applied to the circuit or until data valid falls at 
the end of a subsequent conversion, at which time the 
output data is updated to reflect the latest conversion. 

PIN FUNCTIONS 

Initiate Conversion Input 

Accepts CMOS and most +5V logic inputs. Applying a 
logic "1" to the initiate conversion pin initiates the AID 
conversion cycle. Once conversion has been initiated, the 
cycle cannot be interrupted, and the initiate conversion pin 
is disabled until conversion is complete. Two modes of 
operation are permitted: clocked orfree-running. For clocked 
operation, the initiate conversion input is held at logic "0" for 
standby and taken to logic "1" when a conversion is desired. 
For free-running operation, the initiate conversion pin is 
connected to VDD or similar permanent logic "1" voltage. 

Busy Output 

A digital status output which is compatible with CMOS 
logic and low-power TTL (can sink and source 500 !!A). A 
logic "1" output on the busy pin indicates a conversion 
cycle is in process. A logic "1" to logic "0" transition indi
cates conversion is complete and the result has been 
latched at the digit out pins. A logic "0" to logic "1" transition 
indicates a new conversion cycle has been initiated. If the 
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BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

device is operating in the free-running mode, the busy 
output will remain low for approximately 2.5 ).IS, marking 
the completion and initiation of consecutive conversion 
cycles. 

Data Valid Output 

A digital status which is compatible with CMOS logic and 
low-power TTL (can sink and source 50 ~A). A logic "1" 
output at the data valid pin indicates the digits out pins are 
latched with the result of the last conversion cycle. The data 
valid output goes to logic "0" approximately 5 ~s before the 
completion of a conversion cycle. During this 5 ~s interval 
new data is being transferred to the digits out pins, and the 
digits out are not valid. 

Digits Out 

The binary digit outputs (Bit 0 ... Bit 11) which are the 
result of the AID conversion. These outputs are CMOS logic 
and low-power TTL compatible. 

APPLICATIONS INFORMATION 

Input/Output Relationships 

The analog input voltage (YIN) is related to the output by 
the transfer equation: 

VIN· A· RREF Digital counts = 
RIN· VREF 

A = 8208 

where digital counts is the value of the binary output word 
presented at digits out pins in response to VIN. 

The digital output code format is as follows: 

Analog Input 

VIN ~ Full Scale 
= Full Scale -1 LSB 
= 1 LSB 
::;0 

Digital Outputs 
MSB LSB 

1 ... 111 ... 1 

1 ... 111. .. 0 
0 ... 000 ... 1 
0 ... 000 ... 0 

Two's complement coding can be generated by inverting the Most 
Significant Bit (MSB) signal. 

External Component Selection 

Obtaining a high-accuracy conversion system depends 
on the voltage regulation of VREF and thermal stability of RIN 
and RREF. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Voo and Vss. Supply connec
tions Voo and Vss should have bypass capacitors of 0.1 ~F 
value, or larger, at the device pins. 

¥' TELCOM SEMICONDUCTOR, INC. 

TC8705 

RIN, RREF 
Values of these components are chosen to give a full

scale input current of approximately 1 0 ~A and a reference 
current of approximately -20 ~A: 

R - VIN Full Scale RREF =' VREF . 
IN = 1 0 ~A -20 ~ 

Examples: 

10V 
RIN=' -- =1 MO 

10~A 

Note that these values are approximations, and the 
exact relationships are defined by the transfer equation. In 
practice, the value of RIN typically would be trimmed using 
the optional gain adjust circuit to obtain full-scale output at 
VIN full scale (see adjustment procedure). Metal film resis
tors with 1 % tolerance or better are recommended for high
accuracy applications because of thei r thermal stability and 
low-noise generation. 

RBIAS 
Specifications for the TC8705 are based on RBIAS = 

100 kO ±10%, unless otherwise noted. However, there are 
instances when the designer may want to change this 
resistor in order to affect the conversion time and the supply 
current. By decreasing RBIAS, the AID will convert much 
faster and the supply current will be higher. For example, 
when RBIAS is 20kO, the conversion time is reduced by 1/3, 
and the supply current will increase from 2 mA to 7 mAo 
Likewise, if RBIAS is increased, the conversion time will be 
longer and the supply current will be much lower. For 
example, when RBIAS = 1 MO, the conversion time will be six 
times longer, and supply current is now reduced to 0.5 mAo 
For details of this relationship, refer to AN-9 typical perfor
mance curves. 

ROAMP 
The exact value is not critical, but should have a nominal 

value of 1000 ±10%. Locate close to pin 14. 

COAMP 
The exact value is not critical, but should have a nominal 

value of 270 pF ±20%. Locate close to pin 14. 

CINT 
The exact value is not critical, but should have a nomi

nal value of 68 pF ±10%. Low leakage types are recom
mended, although mica or ceramic devices can be used in 
applications where their temperature limits are not ex
ceeded. Locate as close as possible to pins 14 and 15. 
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VREF 

A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply. 

VDD. Vss 
Power supplies of ±5V are recommended, with 0.05% 

line and load regulation, and 0.1 /-IF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for 
trimming the zero location and full-scale gain. Because the 
digital outputs remain constant outside of the normal 
operating range (Le., below zero and above full scale), it is 

TYPICAL APPLICATION/DESIGN CIRCUITS 

BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

recommended transition points be used in setting the zero 
and full-scale values. The recommended procedure is: 

(1) Set initiate conversion control high to provide free
run operation and verify converter is operating. 

(2) Set VIN to + 1/2 LSB and trim the zero-adjust circuit 
to obtain a 000 ... 000 ... to 000 ... 001 transition. 
This will correctly locate the zero end. 

(3) For full-scale adjustment, set VIN to the full-scale 
value less 1-1/2 LSB and trim the gain-adjust circuit 
for a 111 ... 110 to 111 ... 111 transition. 

If adjustments are performed in this order, there should 
be no interaction and they should not have to be repeated. 

TC8705 Interface to MC6821 PIA 

V+=+5V 
r------, ..r 

j
A15 CA1 .... __ -=239 DATA VALID 

A6 --.,;.-.....:::~ CA2..rL 21 START 

MC68~ A4 CONV 

IlP AO BITS 1-8 B1-B8 

A1 RSO V 
MC6821 TC8705 

15 

~,-'~~-oANALOG 
INPUT 

TO 6809 IlP IRQA 
INTERRUPT 

BITS 9-12 B9-B12 
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BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

TC8705 

TYPICAL APPLICATION/DESIGN CIRCUITS (Cont.) 

Bipolar Operation (+ and - Inputs) 

ABSOLUTE VALUE CIRCUIT WITH SIGN 

+5V 
RREF 

-VREF o---------~rvv_--------------r-------------_.1,~-----~----------I 
r---I I 1,. _________ _ 

1§ __ ~----------1 
I I 
I I 
I I 

R I I 
14 I..... I 

v-~--JV~r--+-------+---e--~--~--1-...... I 

I >--.---
ROAMP 

12 _____ -1+ ", ,., 
+ 

MV5054' '" COAMP 
~ ~ 

SIGN BIT 
L....--t-O LOGIC OUTPUT 

(1 = +, 0 =-) 

2N2222 
OR EQUIVALENT 

'Optional visual indication of negative input. 
NOTE: Values for R should be between 10 k.Q and 100 kn. 

Reference Voltage Supply 

+5V:l:5% 

+12V 

3.3 len 

>-....... --2.:.V". TO RREF (100 len) 

-5V:l:5% 

NOTE: VREF = 2V using voltages derived from 8080A ILP, 
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TYPICAL PERFORMANCE CURVES 

2·284 

Conversion Time vs RalAS 
10.0 
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I--Voo=+5V 
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/" 

"" 
0.1 
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RaIAs(Q) 
1M 

1.4 

w· 
~ 1.3 

z 
~ 1.2 
II: 
w 
~ 1.1 

Q 1.0 

~ 
~ 0.9 

~ 0.8 
z 

0.7 

Conversion Time vs Temperature 

Voo= +5V 
_VSs=-5V 

"..... 

~ i-""'" l..-" 
~ ~ ..,....., 
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Supply Current vs Supply Voltage 
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6 

2 
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f' 

3 

~ 
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~ 

1/ 
./ 
~ 

/ 
~ 

4 5 6 7 
Voo=VSS(V) 

8 9 

BINARY OUTPUT 
ANALOG-TO-DIGITAL CONVERTER 

Supply Current vs RalAs 
10.0 

! 
jll.0 

'" ...... r-... 
6 

.9 ~=+25'e 
OO=+5V 

vSS =-5V 

0.1 
10k lOOk 

RBIAS(Q) 
1M 

Conversion Time vs Supply Voltage 
1.7 

w 
~ 1.5 
z 
~ 1.3 

!:! 1.1 z o 
~ 0.9 
w 
~ 0.7 

~ 
~ 0.5 
z 

0.3 

2.2 

2.0 

! 
~ 1.8 

6 
.9 

1.6 

I L 
\ 

TA=+25'e-

\ 

~ 

"-
'\ 

I"-

" I ....... 
"" 

2 3 4 5 6 7 8 9 

Voo=VSS(V) 

Supply Current vs Temperature 

T T ...... VoO=+5V 
.... , VSS=-5V-

~ 
.......... 

r--..... r--..... r-

1:\s -25 o 25 50 75 100 125 
TEMPERATURE ('e) 
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BINARY OUTPUT 
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TYPICAL PERFORMANCE CURVES (Cont.) 

5.5 

5.0 

4.5 

4.0 
~ 
~ 3.5 

3.0 

2.5 

Output Source Current 
vs Temperature 

~5°C 

~ ['. +25°C 
~ ~ 

l\r\ 
+125°C ~~ 

I' 
2.0 

I- Voo= +5V 
vss =-5V 

1.5 
0.1 

I I I 
1.0 10.0 

'OH(mA) 

Output Sink Current 
vs Temperature 

1.5 .-----.--.-~/--,....,I/'T'TT""'TV ..,..,..,....., Voo= +5V 
Vss =-5V 

1.25 1---=r-----r-r
J
++H-ftI+-,---+I++++++l-H 

+25°C Ii J 
~ 1.0 f---+-+--tl--t112+.~!t+ct-If'"-.7...-1r1 j.-I_t-55+

0
C+t+-t+H 

~0.75 IJ 
0.50 1----+-+++~-ttV-+-I+-+-+++++++I 

0.25 1----+-+-,JA-¥j,.!'F--+--I-+-f-+j++H 
.-i.-'i-' 

o ~~:rwLliilllill 
0.1 

3.0 

iii" 2.0 
~ 

1.0 
'OL(mA) 

Linearity vs Reference 
Current Input 

1.1 II 
C'NT I 

33pF ~ 
68 pF 

T 150 pF 

10.0 

II: 1.0 
51 0.5 
ffi 0 
~ -0.5 

'---33pF /V 

II: 
~ -1.0 
Z 
:::i -2.0 

-3.0 

,,~ 

li I' C'N 
300pF 

--68pF 

" 
150pF 

III 
-31°n 

2 5 10 20 50 100 200 SOD 
'REF (!LA) 
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8 

7 
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Output Source Current 
vs Supply Voltage 

V~~I~WV 
v~!jl =-7V 

~ 
VOO=+5V I'~ Vs =-5V 

r..... I' 

r- r"" 
Voo= +3.5V ~ 
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II 1\ o 

0.1 1.0 10.0 
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~ 
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0.50 
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Output Sink Current 
vs Supply Voltage 

Jo~=I+~JI 
I--VSS=-5V 
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VOO=+3.5V 1 VSS=-3·5V .J. 

1 V 
~ 

VL. y 

b:::: ~i-' 
VOO=+7V 

.....!!!! VSS=-7V 
o 
0.1 1.0 

'OL(mA) 

10.0 

Three-State Propagation Delay 
1.3 

Voo= +5V 
L V 

r- VSS=-5V 

/~ 

/ 
~V 

l/ '" 

tj 1.2 

!;i 
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~ 
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11.....1 

Ill:!l 0.9 

~ ... 0.8 
II: 
o 
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3-1/2 DIGIT ADC 

FEATURES 
• Accuracy: ±O.050/0 of Reading ±1 Count 
• Two Voltage Ranges: 1.999V and 199.9 mV 
• Up to 25 Conversions Per Second 
• Z,N > 1000M Ohms 
• Single Positive Voltage Reference 
• Auto-Polarity and Auto-Zero 
• Overrange and Underrange Signals Available 
• Operates in Auto-Ranging Circuits 
• Uses On-Chip System Clock or External Clock 
• Wide Supply Range: e.g., ±4.5V to ±8V 
• Available in Surface-Mount Packages 

ORDERING INFORMATION 
Temperature 

Part No. Package Range 

TC14433AEPG 24-Pin Plastic DIP - 40°C to +85°C 
TC14433BEPG 24-Pin Plastic DIP - 40°C to +85°C 
TC14433EPG 24-Pin Plastic DIP - 40°C to +85°C 
TC14433AEJG 24-Pin CerDIP - 40°C to +85°C 
TC14433BEJG 24-Pin CerDIP - 40°C to +85°C 
TC14433EJG 24-Pin CerDIP - 40°C to +85°C 
TC14433ELI 28-Pin PLCC - 40°C to +85°C 
TC14433AELI 28-Pin PLCC - 40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

TC14433 
TC14433A 

The TC14433 is a low power, high-performance, mono
lithic CMOS 3-1/2 digit AID converter. The TC14433 com
bines both analog and digital circuits on a single IC, thus 
minimizing the number of external components. This dual
slope AID converter provides automatic polarity and zero 
correction with the addition of two external resistors and two 
capacitors. The full-scale voltage range of this ratiometric IC 
extends from 199.9 millivolts to 1.999 volts. The TC14433 
can operate over a wide range of power supply voltages, 
including batteries and standard 5-volt supplies. 

The TC14433 will interface with the TC7211 A LCD 
display driver. 

The TC14433A features improved performance over 
the industry standard TC14433. Rollover, which is the 
measurement of identical positive and negative signals, is 
guaranteed to have the same reading within one count for 
the TC14433A. Power consumption of the TC14433A is 
typically 4 mW, approximately one-half that of the industry 
standard TC14433. 

APPLICATIONS 

• Portable Instruments 
• Digital Voltmeters 
• Digital Panel Meters 
• Digital Scales 
• Digital Thermometers 
• Remote AID Sensing Systems 
• MPU Systems 
• See Application Notes 19 and 21 

r-------------.2D-23 

INTEGRATOR OFFSET 

V TELCOM SEMICONDUCTOR, INC. 

ANALOG INPUT 

VOO- PIN 24 
Vss - PIN 13 
VEE - PIN 12 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value 

DC Supply Voltage Voo to VEE - 0.5 to +18 

Voltage, Any Pin, V - 0.5 to 
Referenced to VEE Voo +0.5 

DC Current Drain I 10 
Per Pin 

Operating TA - 40 to +85 
Temperature Range 

Storage Temperature TSTG - 65 to +150 
Range 

ELECTRICAL CHARACTERISTICS 

Unit 

Vdc 

Vdc 

mAde 

°C 

°C 

3-1/2 DIGIT ADC 

RECOMMENDED OPERATING CONDITIONS 
(V ss = 0 or VEE) 

Parameter Symbol Value Unit 

DC Supply Voltage: 
V DO to Analog Ground Voo +5 to +8 Vdc 
VEE to Analog Ground VEE - 2.8 to - 8 Vdc 

Clock Frequency fClK 32 to 400 kHz 

Zero Offset Co 0.1 ± 20% IiF 
Correction Capacitor 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
Indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

(CI = 0.1 IiF mylar, RI = 470 kO at V REF = 2V, RI = 27 kO at V REF = 200 mY, Co = 0.1 IiF, Rc = 300 kO; all voltages referenced 
to Analog Ground, pin 1.) 

Characteristic Unit 

Analog Input 
Rollover Error (Difference 14433A - - -1 - +1 - - Counts 
in reading for equal positive and 
negative reading near 
full-scale) 
-VIN = +VIN: 200 mV Full-Scale 14433 - - - - - - -
Linearity Output Reading (Note 1) -

(VREF = 2V) 5 -5 - - -0.05 +0.05 +0.05 - - %rdg 
(VREF = 200 mY) 5 -5 - - -1 count - +1 count - -

Stability Output Reading (Note 2) -
(Vx = 1.99V, VREF = 2V) 5 -5 - - - - 2 - - LSD 
(Vx = 199 mY, VREF = 200 mY) 5 -5 - - - - 3 - - LSD 

Zero Output Reading - 5 -5 - - - 0 0 - - LSD 
(Vx = OV, VREF = 2V) 

Bias Current: 
Analog Input - 5 -5 - - - ±20 ±100 - - pA 
Reference Input - 5 -5 - - - ±20 ±100 - - pA 
Analog Ground - 5 -5 - - - ±20 ±500 - - pA 

Common-Mode Rejection 
(Vx = 1.4V, VREF =2V, 5 -5 - - - 65 - - - dB 
foe = 32 kHz) 

Digital 
Output Voltage-Pins 14 to 23 (Note 3) 

(Vss = OV) "0" Level VOL 5 -5 - 0.05 - 0 0.05 - 0.05 V 
"1" Level VOH 5 -5 4.95 - 4.95 5 - 4.95 - V 

(Vss =-5V) '0" Level VOL 5 -5 - -4.95 - -5 -4.95 - -4.95 V 
"1" Level VOH 5 -5 4.95 - 4.95 5 - 4.95 - V 
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3-1/2 DIGIT ADC 

Voo VEE -40°C 

Characteristic Symbol Vdc Vdc Min Max 

Output Current - Pins 14 to 23 
(Vss = OV) 

(V OH = 4.6V) Source 10H 5 -5 -0.25 -
(VOl = 0.4V) Sink 10L 5 -5 0.64 -

(Vss = -5V) 
(V OH = SV) Source 10H S -5 -0.62 -
(VOL = -4.SV) Sink 10L 5 -S 1.6 -

Clock Frequency (Rc = 300 kQ) fCLK 5 -S - -
Input Current - DU lou 5 -S - ±0.3 

Power 

Quiescent Current 5 -S - 3.7 

(V 00 to VEE' Iss = 0) 14433A 10 8 -8 - 7.4 
14433 10 S -S - 3.7 

8 -8 - 7.4 

Supply Rejection 

(Voo to VEE' Iss = 0, VREF = 2V) - S -5 - -

25°C 

Min Typ Max 

-0.2 -0.36 -
0.51 0.88 -

-0.5 -0.9 -
1.3 2.2S -
- 66 -
- ±0.00001 ±O.3 

- 0.4 2 
- 1.4 4 
- 0.9 2 
- 1.8 4 

- O.S -

TC14433 
TC14433A 

85°C 

Min Max Unit 

-0.14 - rnA 
0.36 - mA 

-0.3S - rnA 
0.9 - mA 

- - kHz 

- ±1 IlA 

- 1.6 rnA 
- 3.2 rnA 
- 1.6 rnA 
- 3.2 rnA 

- - rnVN 

NOTES: 1. Accuracy - The accuracy of the meter at full-scale is the accuracy of the setting of the reference voltage. Zero is recalculated during 
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs other 
than positive full-scale and zero is defined as the linearity specification. 

2. The LSD stability for 200 mV scale is defined as the range that the LSD will occupy 95% of the time. 
3. Pin numbers refer to 24-pin DIP. 
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TC14433A 

TYPICAL CHARACTERISTICS 

I,............ ~ -............. 
NOTE: ROLLOVER ERROR IS THE DIFFERENCE 

f--- IN OUTPUT READING FOR THE SAME -
ANALOG INPUT SWITCHED FROM f--- -
POSITIVE TO NEGATIVE. 

-3 -2 -1 0 1 2 3 

(IV 00 I-IV EE I) - SUPPLY VOLTAGE SKEW (V) 

Figure 1. Typical Rollover Error vs Power Supply Skew 
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Figure 3. Typical N·Channel Sink Current at 
Vee-Vss = 5 Volts 

NOTE: .. 5% TYPICAL VARIATION OVER 
SUPPLY VOLTAGES RANGE OF 
.. 4.5V TO .,BV. 
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Figure 5. Typical Clock Frequency vs Resistor (Re) 
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3-1/2 DIGIT ADC 

.. VEE=-8V 

............. Voo=+BV 

............. ---"'-r-- -~ -
VEE=-5V 
Voo=+5V 

o -40 -20 0 20 40 60 BO 100 
T A - TEMPERATURE eC) 

Figure 2. Typical Quiescent Power Supply Current 
vs Temperature 
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Figure 4. Typical P·Channel Source Current at 
VDO-VSS = 5 Volts 

'",5VSUPPLY 

~ 
~ 

'"' 

-5 

5 0 
w 

- ",BV SUPPL Y---IE -1 
\0: g -2 

G-3 

1-4 
'" 

NORMALIZED AT 25"C 

..P -40 -20 0 20 40 60 
T A - TEMPERATURE ("C) 

Figure 6. Typical % Change of Clock Frequency 
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CONVERSION RATE = CLOCK FREQUENCY 15% 
16,400 ., . 

MULTIPLEX RATE = CLOCK ~EQUENCY 
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3-1/2 DIGIT ADC 

PIN CONFIGURATIONS 

Vx (max) 3 ...!.-
R1 = C1 IW 

IW = VDD - Vx (max) - 0.5 

T= 40003 -, _1_ 
ClK 

V TELCOM SEMICONDUCTOR, INC. 

WHERE: 
R11SIN kQ 
VDD IS THE VOLTAGE AT PIN 24 REFERENCED TO VAG 
Vx IS THE VOLTAGE AT PIN 3 REFERENCED TO VAG 
fClK IS THE CLOCK FREQUENCY AT PIN 10 IN kHz 

TC14433 
TC14433A 
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TC14433A 

3-1/2 DIGIT ADC 

PIN DESCRIPTIONS 
Pin No. 
24-Pin Symbol 

DIP 

VAG 

2 VREF 

3 Vx 

4 R, 

5 R/C, 
6 C, 

7 CO, 
8 CO2 

9 DU 

10 ClK, 

11 

12 

13 

14 EOC 

15 OR 

16 OS. 

17 OS. 
18 DS2 

19 OS, 

20 Qo 
21 Q, 

22 Q2 

23 Q. 

24 V DD 

2-292 

Description 

This is the analog ground; it has a high input impedance - This pin determines the reference level for the 
unknown input voltage (V x) and the reference voltage (V REF)' 

Reference voltage - Full-scale output is equal to the voltage applied to V REF' Therefore, full-scale voltage of 
1.999V requires 2V reference and 199.9 mV full-scale requires a 200 mV reference. V REF functions as system 
reset also. When switched to VEE' the system is reset to the beginning of the conversion cycle. 

The unknown input voltage (V x) is measured as a ratio of the reference voltage (V REF) in a ratiometric AID 
conversion. 

These pins are for external components used for the integration function in the dual slope conversion. Typical 
values are 0.1 ~F (mylar) capacitor for C,. 
R, = 470 kW (resistor) for 2V full-scale. 
R, = 27 kW (resistor) for 200 mV full-scale. Clock frequency of 66 kHz gives 250 ms conversion time. See 
equation below for calculation of integrator component values. 

These pins are used for connecting the offset correction capacitor. The recommended value 
is 0.1 ~F. 

Display update input pin - When DU is connected to the EOC output every conversion is displayed. New 
data will be strobed into the output latches during the conversion cycle if a positive edge is received on DU 
prior to the ramp-down cycle. When this pin is driven from an external source, the voltage should be 
referenced to V ss. 

Clock input pins - The TC14433 has its own oscillator system clock. Connecting a single resistor between 
ClK, and Cl~ sets the clock frequency. 
A crystal or OC circuit may be inserted in lieu of a resistor for improved stability. ClK" the clock input, can be 
driven from an external clock source, which need only have standard CMOS output drive. This pin is 
referenced to VEE for external clock inputs. A 300 kW resistor yields a clock frequency of about 66 kHz. (See 
typical characteristic curves; see Figure 9 for alternate circuits.) 

Negative power current - Connection pin for the most negative supply. Please note the current for the 
output drive circuit is returned through Vss' Typical supply current is 0.8 mAo 

Negative power supply for output circuitry - This pin sets the low voltage level for the output pins (BCD, 
Digit Selects, EOC, OR). When connected to analog ground, the output voltage is from analog ground to V DD' 

If connected to VEE' the output swing is from VEE to VDD • The recommended operating range for Vss is 
between the V DD -3 volts and VEE' 

End of conversion output generates a pulse at the end of each conversion cycle. This generated pulse width 
is equal to one-half the period of the system clock. 

Overrange pin - Normally this pin is set high. When V x exceeds V REF the OR pin is low. 

Digit select pins - The digit select output goes high when the respective digit is selected. The MSD (1/2 
digit) turns on immediately after an EOC pulse. 
The remaining digits turn on in sequence from MSD to LSD. 
To ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is included. 
Clock frequency divided by 80 equals multiplex rate. For example, a system clock of 60 kHz gives a multiplex 
rate of 0.8 kHz. 

See Figure 12 for digit select timing diagram. 
BCD data output pins - Multiplexed BCD outputs contain three full digits of information during digit select 
DS2 , OS.' OS •. 
During OS" the 1/2 digit, overrange, underrange and polarity information is available. 
Refer to truth table. 

Positive power supply - This is the most positive power supply pin. 
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3-1/2 DIGIT ADC 

CIRCUIT DESCRIPTION 
The TC14433 CMOS IC becomes a modified dual

slope AID with a minimum of external components. This IC 
has the customary CMOS digital logic circuitry, as well as 
CMOS analog circuitry. It provides the user with digital 
functions (such as counters, latches, multiplexers) and 
analog functions (such as operational amplifiers and com
parators) on a single chip. 

Features of this system include auto-zero, high input 
impedances and auto-polarity. Low power consumption 
and a wide range of power supply voltages are also advan
tages of this CMOS device. The system's auto-zero function 
compensates for the offset voltage of the internal amplifiers 
and comparators. In this "ratiometric system," the output 
reading is the ratio of the unknown voltage to the reference 
voltage, where a ratio of 1 is equal to the maximum count of 
1999. It takes approximately 16,000 clock periods to com
plete one conversion cycle. Each conversion cycle may be 
divided into 6 segments. Figure 7 shows the conversion 
cycle in 6 segments for both positive and negative inputs. 

Segment1-The offset capacitor (Co), whichcompen
sates for the input offset voltages of the buffer and integrator 
amplifiers, is charged during this period. However, the 
integrator capacitor is shorted. This segment requires 4000 
clock periods. 

Segment 2 - During this segment, the integrator 
output decreases to the comparator threshold voltage. At 
this time, a number of counts equivalent to the input offset 
voltage of the comparator is stored in the offset latches for 
later use in the auto-zero process. The time forthis segment 
is variable and less than 800 clock periods. 

(A) Crystal Oscillator Circuit 

10 
CLKl 

""ai""'iii5? 
~v~ 

IBM TC14433 

11 CLKO 
47K 

10pF<C, ANDC2 <200pF 

TC14433 
TC14433A 

START END 

TIME 
, , , 

SEGMENT 
2 3 4 

NUMBER 

TYPICAL 
POSITIVE 
INPUT 
VOLTAGE 

Figure 7. Integrator Waveforms at Pin 6 

Cl 

Figure 8. Equivalent Circuit Diagrams of the Analog 
Section During Segment 4 of the Timing Cycle 

(8) LC Oscillator Circuit 

L 
TC14433 

.-___ --'-11, CLKo 

C r f = 217iViiLC ..... ----..... 

FOR L = 5 mH AND C = O.OlIJF, f =32 kHz 

Figure 9. Alternate Oscillator Circuits 
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TC14433A 

Segment 3 - This segment of the conversion cycle is 
the same as Segment 1 . 

Segment 4-Segment 4 is an up-going ramp cycle with 
the unknown input voltage (V x) as the input to the integrator. 
Figure 8 shows the equivalent configuration of the analog 
section of the TC14433. The actual configuration of the 
analog section is dependent upon the polarity of the input 
voltage during the previous conversion cycle. 

Segment 5 - This segment is a down-going ramp 

V 
TC04 

+5V 

3-1/2 DIGIT ADC 

period with the reference voltage as the input to the integra
tor. Segment 5 of the conversion cycle has a time equal to 
the number of counts stored in the offset storage latches 
during Segment 2. As a result, the system zeros automati
cally. 

Segment 6 - This is an extension of Segment 5. The 
time period forthis portion is 4000 clock periods. The results 
of the AID conversion cycle are determined in this portion of 
the conversion cycle. 

-SV "::" 

"::" 

2-294 

R1' 
~ 4 T 

5 TC14433 
6 13 

0.1 IIF" 
7 9 
8 14 

O.lI1F 15 19 18 17 16 

DSs 

'R1 = 470 kn FOR 2V RANGE 
R1 = 27 kn FOR 200 mV RANGE 

"MYLAR CAPACITOR 

+5V 

-SV 

+5V +5V 

SEGMENT 
RESISTORS 

16 150n (7) 
9 7 10 

10 6 11 
11 5 12 

5 12 4 13 

45438 13 3 14 
14 2 15 
15 1 141316 

8 6 7 

-Svo-- -Svo- MINUS SIGN 
-5V fgedcba 

200n 

Figure 10. 3-112 Digit Voltmeter Common-Anode Displays, Flashing Overrange 

V TELCOM SEMICONDUCTOR, INC. 



3-1/2 DIGIT ADC 

TC14433 
TC14433A 

~~F 1~0! o'~e --=;:t ~ 140248 I I" I I 
COl CO2 RI RI/C I CI 

TC04 

+V 
0- Vx DS4 

~ 
DS3 

VAG DS2 
~ DSI T 

TC14433 QO 
QI r----

20K ~ VREF Q2 r--
Q3 

:: :: VOO VSS VEE EOC DU RC RC 

+vLvr LJ~ 1407081/4 

<1~+V _. 
~ "'"'" ,."''' D ~ ll[j)) 1/2 DIGIT 

C R RQ .-

~ T I 
T I I II 140138 
l II J 6+v 

L=1~R ~t 
PLUS 

p~ 81 D C 8 APhLD 81 D C 8 APhLD 81 D C 8 APhLD 
RQ ~+V ~+V ~+V 

~-V 1/4 140708 145438 145438 145438 
~-V ~-V ~-V 

MINUS g fed c b a g f e d c b a gfedcba 

,~[YIGN 
+V ...--, I I I I I I I 

_L 1 " " " 
, 10 " " " 

-
0 - 0 - 0 -1 

Figure 11. 3-1/2 Digit Voltmeter with LCD Display 
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II,::: .. ~=~ .. ~I 18 CLOCK CYCLES 

J ~I ______________ ~ 
2 CLOCK ~I ..-
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Figure 12. Digit Select Timing Diagram 
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APPLICATIONS INFORMATION 
Figure 10 is an example of a 3-112 digit voltmeter using 

the TC14433 with common-anode displays. This system 
requires a 2.5V reference. Full-scale may be adjusted to 
1.999Vor 199.9 mV.lnputoverrange is indicated by flashing 
a display. This display uses LEOs with common anode digit 
lines. Power supply for this system is shown as a dual ±5V 
supply; however, the TC14433 will operate over a wide 
voltage range (see recommended operating conditions, 
page 2). 

The circuit in Figure 11 shows a 3-1/2 digit LCD 
voltmeter. The 14024B provides the low frequency square 
wave signal drive to the LCD backplane. Dual power 
supplies are shown here; however, one supply may be 
used when V ss is connected to VEE' In this case, VAG must 
be at least 2.8V above VEE' 

When only segments band c of the decoder are 
connected to the 1/2 digit of the display, 4, 0, 7 and 3 
appear as 1. 

The overrange indication (03 = 0 and 0 0 = 1) occurs 
when the count is greater than 1999; e.g., 1.999V for a 
reference of 2V. The underrange indication, useful for 
auto-ranging circuits, occurs when the count is less than 
180; e.g., 0.180V for a reference of 2V. 

CAUTION 
If the most significant digit is connected to a 
display other than a "1" only, such as a full 
digit display, segments other than band c must 
be disconnected. The BCD to 7-segment 
decoder must blank on BCD inputs 1010 to 1111. 

3-1/2 DIGIT ADC 

Figure 14 is an example of a 3-1 12 digit LED voltmeter 
with a minimum of external components (only 11 addi
tional components). In this circuit, the 14511 B provides 
the segment drive and the 75492 or 1413 provides sink 
for digit current. Display is blanked during the overrange 
condition. 

TRUTH TABLE 

Coded Condition BCD to 7-Segment 
ofMSD 0 3 O2 0, O. Decoding 

+0 1 1 1 0 Blank 
-0 1 0 1 0 Blank 

+0 UR 1 1 1 1 Blank 
-0 UR 1 0 1 1 Blank 

+1 0 1 0 0 '-} Hook"p 
-1 0 0 0 0 0-1 only 

+1 OR 0 1 1 1 7-1 segments 
-0 OR 0 0 1 1 3-1 band c 

toMSD 

NOTES: 

0 3 - 1/2 digit, low for "1", high for "0" 
a, - Polarity: "1" = positive, "0" = negative 
0 0 - Out of range condition exists if 0 0 = 1. When used in coniunction 

with 0 3 , the type of out of range condition is indicated; i.e., 0 3 = 0 
--> OR or 0 3 = 1 --> UR. 

MULTIPLEXED 
BCD DSI DS2 

r i 
1 

I I 
r r r I 
I I I I T I I 

Do Dl D2 D3 Do Dl D2 D3 voo Do Dl D2 D3 Do Dl D2 D3 

- POL 14042B Cl-- -C 14042B POL 
I 

POL 14042B Cr- '---c 14042B POL -voo voo 

00 0 1 02 0 3 0001 02 0 3 0001 02 0 3 0001 02 0 3 

I I I I I I I I I 
Do Dl D2 D3 Do Dl D2 D3 Do Dl D2 D3 Do Dl D2 D3 

Voo - R 14175B CI-- voo POL 14175B C- Voo- POL 14175B C- VOO- POL 14175B Cr-

0001 02 0 3 0001 02 03 0001 02 0 3 00 0 1 02 03 

~ ~ ~ ~ J J J b b b b b b J b b 
EOC 

Figure 13. Demultiplexing for TC14433 BCD Data 
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TC14433 
TC14433A 

470K O.l~F O.l~F 

tw"r1'1 1''1 
~. R, R,lC, C, co, CO:! ~~~~~~ 

+5V "x~ Vx ClKl hooKl OR 
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For VREF = 2000V 
V : 1 .999V full scale 

For VREF = 200 mV 

II I'-+ __ -----.~Cl ·1 

+5V --1.888 I VEE~ 
(MINUS) 

COMMON 
CATHODE 
lED DISPLAY 

V: 199.9 mV full scale 
(change 470K to R = 27K 
and decimal point position) 

Peak digit current for an eight 
displayed is 7 times the segment 
current. 

MINUS 
CONTROL ~I 

75492 
OR 

*To increase segment current 
capability add two 75491 IGs 
between 145118 and ReSistor 
Network. The use althe 1413 

L-"':::==============1 1413" 
DIGIT DRIVERS 

as digit driver increases digit 
current capability over the 75492. 

**V can range between -2.8 and 
-llV. 

ALTERNATE OVERRANGE CIRCUIT 
WITH SEPARATED lED 

_~1675492 ~ 
OR OR +5V 

n 1413 

Figure 14. 3-112 Digit Voltmeter with Low Component Count Using Common Cathode Displays 
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11 G(7) 
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D3 16 D(2) 
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Figure 15. TC7212A Interface to TC14433 3-112 Digit ADC 
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TC9400 
TC9401 
TC9402 

VOLTAGE-TO-FREQUENCY/FREQUENCY-TO-VOLTAGE CONVERTERS 

FEATURES 

VOltage-to-Frequency 

• Choice of Guaranteed Linearity: 
TC9401 ....•....•.......•.......•.•...•.•..•...........•.••..•.. 0.01 % 
TC9400 ......................................................... 0.05% 
TC9402 ....•....•.......•.......•.•.•...•..............•.•...••. 0.25% 

• DC to 100 kHz (FN) or 1Hz to 100 kHz (VlF) 
• Low Power Dissipation .......................... 27 mW Typ 
• Single/Dual Supply Operation ................................ . 

+ BV to + 15Vor ±4Vto ±7.5V 
• Gain Temperature Stability •...••.... ± 25 pprnl°C Typ 
• Programmable Scale Factor 

Frequency-to-Voltage 

• Operation ........................................... DC to 100 kHz 
• Choice of Guaranteed Linearity: 

TC9401 .........•....•.•................•..•.....•.•.•.•.....•.. 0.02% 
TC9400 .......•.•......•.....•...•....•.•........•...•.•.....•.. 0.050/0 
TC9402 •........•......•...•.....•..•.•.•........•.•.•.•.....•.. 0.250/0 

• Programmable Scale Factor 

APPLICATIONS 

• !1P Data Acquisition 
• 13-Bit Analog-to-Digital Converters 
• Analog Data Transmission and Recording 
• Phase-Locked Loops 
• Frequency MetersiTachometer 
• Motor Control 
• FM Demodulation 

FUNCTIONAL BLOCK DIAGRAM 

Input 
Voltage liN---+-

Reference 
Capacitor 

Reference 
Voltage 

'V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC9400ITC9401ITC9402 are low-cost voltage-to
frequency (V/F) converters utilizing low power CMOS 
technology. The converters accept a variable analog input 
signal and generate an output pulse train whose frequency 
is linearly proportional to the input voltage. 

The devices can also be used as highly-accurate fre
quency-to-voltage (F/v) converters, accepting virtually any 
input frequency waveform and providing a linearly-propor
tional voltage output. 

A complete V IF or FN system only requires the addition 
of two capacitors, three resistors, and reference voltage. 

ORDERING INFORMATION 

Linearity Temperature 
Part No. (VIF) Package Range 

TC9400CPD 0.05% 14-Pin O°C to +70°C 
Plastic DIP 

TC9400EJD 0.05% 14-Pin - 40°C to +85°C 
CerDIP 

TC9400COD 0.05% 14-Pin SO O°C to +70°C 
TC9401CPD 0.01% 14-Pin O°C to +70°C 

Plastic DIP 
TC9401EJD 0.01% 14-Pin - 40°C to +85°C 

CerDIP 
TC9402CPD 0.25% 14-Pin O°C to +70°C 

Plastic DIP 
TC9402EJD 0.25% 14-Pin - 40°C to +85°C 

CerDIP 

V 
TC9400 

I----P----+--o 1fT Pulse Output 

U Pulse/2 Output 
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TC9400 

VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

ABSOLUTE MAXIMUM RATINGS· Storage Temperature Range ................ - 65°C to + 150°C 
Operating Temperature Range 

C Device ................................................ O°C to + 70°C 
E Device ........................................... - 40°C to +85°C 

Package Dissipation ............................................ 500 mW 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

VDD - Vss ................................................................ +18V 
liN ........................................................................... 10mA 
VOUT Max -VOUT Common ......................................... 23V 
VREF - Vss ............................................................. - 1.5V 

ELECTRICAL CHARACTERISTICS: VDD = +5V, Vss = - 5V, VGND = OV, VREF = - 5V, RBIAS = 100 kO, 
Full Scale =10 kHz, unless otherWise specified. T A = +25°C, unless temperature range is specified (- 40°C to +85°C 
for E device, O°C to +70°C for C device). 

VOL TAGE-TO-FREQUENCY 

Parameter Definition 

Accuracy 

Linearity 10kHz Output Deviation From Straight 0.004 
Line Between Normalized Zero 
and Full-Scale Input 

Linearity 100 kHz Output Deviation From Straight 0.04 
Line Between Normalized Zero 
Reading and Full-Scale Input 

Gain Temperature Variation in Gain A Due to ±25 
Drift (Note 1) Temperature Change 

Gain Variance Variation From Ideal Accuracy ±10 

Zero Offset (Note 2) Correction at Zero Adjust for Zero ±10 
Output When Input is Zero 

Zero Temperature Variation in Zero Offset Due to ±25 
Drift (Note 1) Temperature Change 

Analog Input 

liN Full Scale Full-Scale Analog Input Current to 10 
Achieve Specified Accuracy 

liN Overrange Overrange Current 

Response Time Settling Time to 0.1 % Full Scale 2 

Digital Section 

VSAT @ IOL = 10 mA Logic "0" Output Voltage 0.2 
(Note 3) 

VOUT Max - VOUT Voltage Range Between Output 
Common (Note 4) and Common 

Pulse Frequency 3 
Output Width 

Supply Current 

100 Quiescent Current Required From Positive 
(Note 5) Supply During Operation 1.5 

Iss Quiescent Current Required From Negative 
(Note 5) Supply During Operation 1.5 

Voo Supply Operating Range of Positive Supply 4 

VSS Supply Operating Range of Negative Supply -4 

Reference Voltage 

VREF -Vss Range of Voltage Reference Input 1-2.51 
NOTES: 1. Full temperature range. Guaranteed, Not Tested. 

2. liN =0. 
3. Full temperature range, lOUT = 10 mA. 

2·300 

Unit 

0.01 0.01 0.05 0.05 0.25 % Full 
Scale 

0.08 0.1 0.25 0.25 0.5 % Full 
Scale 

±40 ±25 ±40 ±50 ± 100 ppm/DC 
Full Scale 

± 10 ±10 % of 
Nominal 

±50 ± 10 ±50 ±20 ± 100 mV 

±50 ±25 ±50 ±50 ± 100 JlV/DC 

10 10 JlA 

50 50 50 JlA 
2 2 Cycle 

0.4 0.2 0.4 0.2 0.4 V 

18 18 18 V 

3 3 JlS 

6 1.5 6 3 10 mA 

-6 -1.5 -6 -3 -10 mA 

7.5 4 7.5 4 7.5 V 

-7.5 -4 -7.5 -4 -7.5 V 

1-2.51 1-2.51 Iv 
4. lOUT = 1 0 !lA. 
S. Threshold Detect = SV, Amp Out = OV, Full Temperature 

Range 
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TC9400 
TC9401 
TC9402 

FREQUENCY-TO-VOLTAGE CONVERTERS 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 

PIN CONFIGURATIONS 

IBIAS 

ZEROADJ 2 

PIN DESCRIPTIONS 

PIN# SYMBOL 

DIP 

VDD 

NC 

AMPLIFIER OUT 

THRESHOLD DETECTOR 

FREQ/20UT 

9 OUTPUT COMMON 

8 PULSE FREQ OUT 

IBIAS 1 

ZEROADJ 2 

VREF OUT 5 

so 

VDD 

NC 

AMPLIFIER OUT 

11 THRESHOLD DETECTOR 

FREQ/2 OUT 

9 OUTPUT COMMON 

8 PULSE FREQ OUT 

NC = NO INTERNAL CONNECTION 

DESCRIPTION 

IBIAS This pin sets bias current in the TC9400. Connectto Vss through a 1 00 kQ resistor. 
See text. 

2 Zero Adj 

3 liN 

4 Vss 

5 VREFOUT 

6 GND 

7 VREF 

8 Pulse Freq Out 

9 Output Common 

10 Freq/2 Out 

11 Threshold Detect 

12 Amplifier Out 

13 NC 

14 Voo 

Low frequency adjustment input. See text. 

Input current connection for the VlF converter_ 

Negative power supply voltage connection, typically -5V. 

Reference capacitor connection. 

Analog ground. 

Voltage reference input, typically -5V. 

Frequency output. This open drain output will pulse LOW each time the Freq 
threshold detector limit is reached. The pulse rate is proportional to input voltage. 

Source connection for the open drain output FETs. See text. 

This open drain output is a square wave at one half the frequency of the pulse 
output (pin 8). Output transitions of this pin occur on the rising edge of pin 8. 

Inputto the threshold detector. This pin is the frequency input during FN operation. 

Output of the integrator amplifier. 

No internal connection 

Positive power supply connection, typically +5V. 
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TC9400 

VOL TAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

IINPUTI 

THRESHOLD 
11 DETECT 

-3V 

VIN O--'VV\ ...... - ..... -....::...~+--..... ----4~ 

10 k.Q 
RBIAS 
100 k.Q 

I ---------

V 
TC9400 
TC9401 
TC9402 

VSS VREF GND 

4-----7-----~6-----

REFERENCE 
VOLTAGE 

(TYPICALLY -5V) 

-5V 

+5V 

Figure 1 10 Hz to 10 kHz VlF Converter 

VOLTAGE-TO-FREQUENCY (V1F) 
CIRCUIT DESCRIPTION 

The TC9400 V/F converter operates on the principal 
of charge balancing. The operation of the TC9400 is easily 
understood by referring to Figure 1. The input voltage 
(VIN) is converted to a current (lIN) by the input resistor. 
This current is then converted to a charge on the integrat
ing capacitor and shows up as a linearly decreasing volt
age at the output of the Op Amp. The lower limit of the 
output swing is set by the threshold detector, which causes 
the reference voltage to be applied to the reference ca
pacitor for a time period long enough to charge the capaci
tor to the reference voltage. This action reduces the 
charge on the integrating capacitor by a fixed amount (q = 
CREF x VREF), causing the Op Amp output to step up a 
finite amount. 

2-302 

At the end of the charging period, CREF is shorted out. 
This dissipates the charge stored on the reference capaci
tor, so that when the output again crosses zero the system 
is ready to recycle. In this manner, the continued discharg
ing of the integrating capacitor by the input is balanced out 
by fixed charges from the reference voltage. As the input 
voltage is increased, the number of reference pulses re
quired to maintain balance increases, which causes the 
output frequency to also increase. Since each charge in
crement is fixed, the increase in frequency with voltage is 
linear. In addition, the accuracy of the output pulse width 
does not directly affect the linearity of the V/F. The pulse 
must simply be long enough for full charge transfer to take 
place. 
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FREQUENCY-TO-VOLTAGE CONVERTERS 
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TC9400 
TC9401 
TC9402 

~ TYP 

foUJ12! ..... -.--- 11f ·1 

AMP 
OUT 

u 
---------I 

--------- OV 

NOTES: 1. To adjust 'MIN' set VIN = 10 mV and adjust the 50 kQ offset for 10 Hz output. 
2. To adjust fMAX' set VIN = 10V and adjust RIN or VREF for 10 kHz output. 
3. To increase fOUT MAX to 100 kHz, change CREF to 27 pF and CINTto 75 pF. 
4. For high-performance applications, use high-stability components for RIN, CREF' VREF (metal film 

resistors and glass capacitors). Also, separate output ground (pin 9) from input ground (pin 6). 

Figure 2 Output Waveforms 

The TC9400 contains a "self-start" circuit to ensure the 
VlF converter always operates properly when power is first 
applied. In the event that, during power-on, the Op-Amp 
output is below the threshold and CREF is already charged, 
a positive voltage step will not occur. The Op-Amp output 
will continue to decrease until it crosses the -3.0V threshold 
of the "self-start" comparator. When this happens, an 
internal resistor is connected to the Op-Amp input, which 
forces the output to go positive until the TC9400 is in its 
normal operating mode. 

The TC9400 utilizes low power CMOS processing for 
low input bias and offset currents with very low power 
dissipation. The open-drain N-channel output FETs provide 
high voltage and high current sink capability. 

VOL TAGE-TO-TIME MEASUREMENTS 

The TC9400 output can be measured in the time do
main as well as the frequency domain. Some microcom
puters, for example, have extensive timing capability but 
limited counter capability. Also, the response time of a time 
domain measurement is only the period between two out
put pulses, while the frequency measurement must accu
mulate pulses during the entire counter time base period. 

Time measurements can be made from either the 
TC9400's Pulse Freq Out output or from the Freq/2 output. 
The Freq/2 output changes state on the rising edge of 
Pulse Freq Out, so Freq/2 is a symmetrical square wave at 
one half the pulse output frequency. Timing measure
ments can therefore be made between successive Pulse 
Freq Out pulses, or while Freq/2 is high (or low). 

V TELCOM SEMICONDUCTOR, INC. 

PIN FUNCTIONS 

Threshold Detector Input 

In the V/F mode, this input is connected to the amplifier 
output (pin 12) and triggers a 3 I!S pulse when the input 
voltage passes through its threshold. In the FN mode, the 
input frequency is applied to this input. 

The nominal threshold of the detector is halfway be
tween the power supplies, or (VDD + Vss)/2 ±400 mV. The 
TC9400's charge balancing V IF technique is not dependent 
on a precision comparator threshold, because the threshold 
only sets the lower limit of the Op-Amp output. The Op
Amp's peak-to-peak output swing, which determines the 
frequency, is only influenced by external capacitors and by 
VREF. 

Pulse Freq Out 

This output is an open-drain N-channel FET which 
provides a pulse waveform whose frequency is proportional 
to the input voltage. This output requires a pull-up resistor 
and interfaces directly with MOS, CMOS, and TTL logic. 

Freq/2 Out 

This output is an open-drain N-channel FET which 
provides a square wave one-half the frequency of the pulse 
frequency output. The Freq/2 output will change state on the 
rising edge of Pulse Freq Out. This output requires a pull
up resistor and interfaces directly with MOS, CMOS, and 
TTL logic. 
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TC9400 

VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

Output Common 

The sources of both the Freq/2 out and the Pulse Freq 
Out are connected to this pin. An output level swing from the 
drain voltage to ground orto the Vss supply may be obtained 
by connecting this pin to the appropriate point. 

RBIAS 

An external resistor, connected to Vss, sets the bias 
point for the TC9400. Specifications for the TC9400 are 
based on RBIAS = 100 kO ±10%, unless otherwise noted. 

Increasing the maximum frequency of the TC9400 be
yond 100 kHz is limited by the pulse width of the Pulse 
Output (typically 3!!S). Reducing RBIAS will decrease the 
pulse width and increase the maximum operating frequency, 
but linearity errors will also increase. RBIAS can be reduced 
to 20 kO, which will typically produce a maximum full scale 
frequency of 500 kHz. 

Amplifier Out 

The output stage of the operational amplifier. During 
V/F operation, a negative-going ramp signal is available at 
this pin. In the FN mode, a voltage proportional to the 
frequency input is generated. 

Zero Adjust 

This pin is the noninverting input of the operational 
amplifier. The low-frequency set pOint is determined by 
adjusting the voltage at this pin. 

The inverting input of the operational amplifier and the 
summing junction when connected in the VlF mode. An 
input current of 10 jlA is specified, but an overrange current 
up to 50 IlA can be used without detrimental effect to the 
circuit operation. liN connects the summing junction of an 
operational amplifier. Voltage sources cannot be attached 
directly, but must be buffered by external resistors. 

VREF 
A reference voltage from either a precision source or the 

Vss supply is applied to this pin. Accuracy of the TC9400 is 
dependent on the voltage regulation and temperature char
acteristics of the reference circuitry. 

Since the TC9400 is a charge balancing V/F converter, 
the reference current will be equal to the input current. For 
this reason, the DC impedance of the reference voltage 
source must be kept low enough to prevent linearity errors. 
For linearity of 0.01 %, a reference impedance of 2000 or 
less is recommended. A 0.1 IlF bypass capacitor should be 
connected from VREF to ground. 
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VREF Out 

The charging current for CREF is supplied through this 
pin. When the Op-Amp output reaches the threshold level, 
this pin is internally connected to the reference voltage and 
a charge, equal to VREF x CREF, is removed from the 
integrator capacitor. After about 3 Ils, this pin is internally 
connected to the summing junction of the Op-Amp to dis
charge CREF. Break-before-make switching ensures that 
the reference voltage is not directly applied to the summing 
junction. 

VlF CONVERTER DESIGN INFORMATION 

Input/Output Relationships 

The outputfrequency (fOUT) is related to the analog input 
voltage (VIN) by the transfer equation: 

Frequency out = VIN X 1 
RIN (VREF) (CREF) 

External Component Selection 

RIN 

The value of this component is chosen to give a full
scale input current of approximately 10 jlA: 

RIN == VIN Full Scale 
10 IlA 

10V Example: RIN == -- = 1 MO. 
10 IlA 

Note that the value is an approximation and the exact 
relationship is defined by the transfer equation. In practice, 
the value of RIN typically would be trimmed to obtain full
scale frequency at VIN full scale (see "Adjustment Proce
dure"). Metal film resistors with 1 % tolerance or better are 
recommended for high-accuracy applications because of 
their thermal stability and low-noise generation. 

CINT 
The exact value is not critical but is related to CREF by 

the relationship: 

Improved stability and linearity are obtained when 
CINT :S: 4CREF. Low-leakage types are recommended, 
although mica and ceramic devices can be used in applica
tions where their temperature limits are not exceeded. 
Locate as close as possible to pins 12 and 13. 
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FREQUENCY-TO-VOLTAGE CONVERTERS 
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TC9400 
TC9401 
TC9402 

CREF 

The exact value is not critical and may be used to trim the 
full-scale frequency (see "lnpuVOutput Relationships"). Glass 
film or air trimmer capacitors are recommended because of 
their stability and low leakage. Locate as close as possible 
to pins 5 and 3. 

Voo, Vss 
Power supplies of ±5V are recommended. For high

accuracy requirements, 0.05% line and load regulation and 
0.1 IlF disc decoupling capacitors located near the pins are 
recommended. 

Adjustment Procedure 

Figure 1 shows a circuit for trimming the zero location. 
Full scale may be trimmed by adjusting RIN, VREF, or CREF. 
Recommended procedure for a 10kHz full-scale frequency 
is as follows: 

(1) Set VIN to 10 mV and trim the zero adjust circuit to 
obtain a 10 Hz output frequency. 

(2) Set VIN to 1 OV and trim either RIN, VREF, or CREF to 
obtain a 10kHz output frequency. 

If adjustments are performed in this order, there should be 
no interaction and they should not have to be repeated. 

IL 
Q. 

500 

400 

~ 300 
+ 
u:
.S: 
Hi 200 
II: 

U 

100 

VOO=+5V 
VSS=-5V 

\ 
RIN=l MQ 
VIN = +10V 

l\ TA =+2SoC 

10kHz "\ 

~ 
"'[' 

100 kHz .. 
o -1 -2 -3 --4 -5 ~ -7 

VREF(V) 

Figure 3 Recommended CREF vs VREF 
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Improved Single Supply VlF Converter 
Operation 

A TC9400 which operates from a single 12 to 15V I:t 
variable power source is shown in Figure 5. This circuit uses liiiI 
two Zener diodes to set stable biasing levels forthe TC9400. 
The Zener diodes also provide the reference voltage, so the 
output impedance and temperature coefficient of the Zeners 
will directly affect power supply rejection and temperature 
performance. 

Full scale adjustment is accomplished by trimming the 
input current. Trimming the reference voltage is not recom
mended for high accuracy applications unless an Op Amp is 
used as a buffer, because the TC9400 requires a low 
impedance reference (see the VREF pin description section 
for more information). 

The circuit of Figure 5 will directly interface with CMOS 
logic operating at 12V to 15V. TTL or 5V CMOS logic can be 
accommodated by connecting the output pullup resistors to 
the +5V supply. An optoisolator can also be used if an 
isolated output is required. 
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TC9400 

VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

2·306 

R1 
910k 

R2 
910k 

or = BV TO 15V (FIXED) 

10kn 

1-=--1-...... 0 fOUT 

>-.... -----''-1 VREF 

V 
TC9400 

VIN )-/VI.!v-*"--<l....-..... !::.......::.j liN 

OV-10V liN _ L-,~....,"!"4-~9 

or 
10V 
12V 
15V 

100 kn 

R1 R2 
1 MQ 10kn 

1.4MQ 14kn 
2MQ 20kn 

Figure 4 Fixed Voltage - Single Supply Operation 

02 
5.1VZ 

10k 10k 

TC9400 ........... 
~""1\r ...... -+-____ 1--*"_'-....2j3 I'N Y lOUT 1.28- ..... -----41-0 

10-___ -+ ____ 2=_1 ~5~3sT 

D1 
5.1VZ 

t------4>--!::j6 GND lou-rl2 ~10l!..-_---1t-o 

0.1~ 

+--_----4~..!..i7 VREF 

_-I\,fV\._-'-I1 IB,AS 

OUTPUT 
FREQUENCY 

100k V 

INPUT 
VOLTAGE 
(0 to 10V) 

4 
o-----~--~--~------------_+ 

DIGITAL 
GROUND 

ANALOG GROUND 

COMPONENT SELECTION 
F/s FREQ. CREF C'NT 

1 kHz 2200pF 4700pF 
10kHz 180pF 470pF 
100kHz 27pF 75pF 

Figure 5 Voltage to Frequency 
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VOLTAGE-TO-FREQUENCY I 
FREQUENCY-TO-VOLTAGE CONVERTERS TC9400 

TC9401 
TC9402 

ELECTRICAL CHARACTERISTICS: VDD = +5V, vss = - 5V, VGND = 0, VREF = -5V, RBIAS = 100 kQ, 
Full Scale = 10kHz, unless otherwise specified. T A = +25°e, unless temperature range is specified - 40°C to +85°e 
for E device, ooe to +70oe for e device. 

FREQUENCY-TO-VOLTAGE 

Parameter Definition Unit 

Accuracy 

Nonlinearity (Note 1) Deviation From Ideal Transfer 0.01 0.02 0.02 0.05 0.05 0.25 %Fuli 
Function as a Percentage Scale 
Full-Scale Voltage 

Input Frequency Frequency Range for Specified 10 100k 10 100k 10 100k Hz 
Range (Note 2 and 3) Nonlinearity 

Frequency Input 

Positive Excursion Voltage Required to Turn 0.4 Voo 0.4 Voo 0.4 Voo V 
Threshold Detector On 

Negative Excursion Voltage Required to Turn -0.4 -2 -0.4 -2 -0.4 -2 V 
Threshold Detector Off 

Minimum Positive Time Between Threshold 5 5 5 !1s 
Pulse Width (Note 3) Crossings 

Minimum Negative Time Between Threshold 0.5 0.5 0.5 !1S 
Pulse Width (Note 3) Crossings 

Input Impedance 10 10 10 MQ 

Analog Outputs 

Output Voltage Voltage Range of Op Amp Output Voo-1 Voo-1 Voo-1 V 
(Note 4) for Specified Nonlinearity 

Output Loading Resistive Loading at Output of 2 2 2 kQ 
OpAmp 

Supply Current 

100 Quiescent Current Required From Positive 
(Note 5) Supply During Operation 1.5 6 1.5 6 3 10 mA 

Iss Quiescent Current Required From Negative 
(Note 5) Supply During Operation -1.5 -6 -1.5 -6 -3 -10 mA 

Voo Supply Operating Range of Positive Supply 4 7.5 4 7.5 4 7.5 V 

Vss Supply Operating Range of Negative Supply -4 -7.5 -4 -7.5 -4 -7.5 V 

Reference Voltage 

VREF-VSS Range of Voltage Reference Input 1-2.51 1-2.51 1-2.51 1 V 

NOTES: 1. 10 Hz to 100 kHz.; Guaranteed, NotTested 
2. 5!1s minimum positive pulse width and 0.5 !1S minimum 

negative pulse width. 
3. tR ~ tF ~ 20 ns. 
4. RL <: 2 kQ.; Tested @ 10kQ 
5. Full temperature range, VIN ~ -0.1 V. 
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TC9400 

VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

FREQUENCY-TO-VOLTAGE (FN) 
CIRCUIT DESCRIPTION 

When used as an FN converter, the TC9400 generates 
an output voltage linearly proportional to the input frequency 
waveform. 

Each zero crossing at the threshold detector's input 
causes a precise amount of charge (q = CREF x VREF) to be 
dispensed into the op amp's summing junction. This charge 
in turn flows through the feedback resistor, generating 
voltage pulses at the output ofthe op amp. A capacitor (CINT) 
across RINT averages these pulses into a DC voltage which 
is linearly proportional to the input frequency. 

FN CONVERTER DESIGN INFORMATION 

Input/Output Relationships 

The output voltage is related to the input frequency (fiN) 
by the transfer equation: 

VOUT = [VREF CREF RINTl fiN· 

The response time to a change in fiN is equal to (RINT 
CINT). The amount of ripple on VOUT is inversely proportional 
to CINT and the input frequency. 

CINT can be increased to lower the ripple. Values of 11lF 
to 100 IlF are perfectly acceptable for low frequencies. 

When the TC9400 is used in the single-supply mode, 
VREF is defined as the voltage difference between pin 7 and 
pin 2. . 

+5V 

14 

V 
TC9400 

Frequency 33k 0.01 IIF 
Input o---wv--ll-.-__ -..:..;11~ DET 

Jl +5V 

OV 

.OM 

-5V 

(A) ±5V Supply 

Input Voltage Levels 
The input frequency is applied to the Threshold Detector 

input (Pin 11). As discussed in the V/F circuit section of this 
data sheet, the threshold of pin 11 is approximately (VDD + 
Vss) /2 ±400mV. Pin 11 's input voltage range extends from 
VDD to about 2.5 V below the threshold. If the voltage on pin 
11 goes more than 2.5 volts below the threshold, the V /F 
mode startup comparator will turn on and corrupt the output 
voltage. The Threshold Detector input has about 200 mV of 
hysteresis. 

In ±5 V applications, the input voltage levels for the 
TC9400 are ±400mV, minimum. If the frequency source 
being measured is unipolar, such as TTL or CMOS operat
ing from a +5V source, then an AC coupled level shifter 
should be used. One such circuit is shown in Figure 6a. 

The level shifter circuit in Figure 6b can be used in single 
supply FN applications. The resistor divider ensures that 
the input threshold will track the supply voltages. The diode 
clamp prevents the input from going far enough in the 
negative direction to turn on the startup comparator. The 
diode's forward voltage decreases by 2.1 mV/cC, so for high 
ambient temperature operation two diodes in series are 
recommended. 

Jl +5V 

OV 

+8Vto +5V 

14 

V"'V 

TC9400 

t-..-__ H~1.:..1~ DET 

(8) Single Supply 

Figure 6 Frequency Input Level Shifter 
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VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS TC9400 

TC9401 
TC9402 

SEE 

TC9400A 
TC9401A 
TC9402A 

THRESHOLD 
DETECT 

FIGURE I---+---...!..!f 
6 

2 ZERO ADJUST , 
L_~BI~ _____ VSi __ _ 

100kQ 

~vo-~~-----------~------~ 

v+ 

lCREF I SEE 
56 pF EQUATION, 

PAGE 12. 

: CINT 
AMP, 1000pF 

~ ____ ~ ____ ~O~U~T+:1~2~~ __ -+ __ OVO , , 
VREF GND' 

;---------------l;---~ 

VREF 

(TYPICALLY -5V) 

Figure 7 DC -10 kHz FN Converter 

INPUT 

tOUT 

1_ DELAY = 3 lis 

tOU-r'2 -----, .... 1 ---:.. __ ..... r 
Figure 8 FN Digital Outputs 

V TELCOM SEMICONDUCTOR, INC. 

Input Buffer 

fOUT and fOUT/2 are not used in the FN mode. However, 
these outputs may be useful for some applications, such as 
a buffer to feed additional circuitry. Then, fOUT will follow the 
input frequency waveform, except that fOUT will go high 3 j.ts 
after fiN goes high; fOUT/2 will be squarewave with a fre
quency of one-half fOUT. 

If these outputs are not used, pins 8, 9 and 10 should be 
connected to ground. 
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TC9400 

VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9401 
TC9402 

v+=10Vt015V 

~ ____ ~ ____ ~ ____ ~6~GND 

TC9400 
10k V 

500k 
100k >cd-----JV""---~_----=-l2 ~5~3sT 

Offset 
':' Adjust 

Frequency 33k 0.01 ~F 

v+ 
.OO1uF 

Input o---Jv\I\.----- 1----. ____ +-f-..J1W-j1 DET 
GNDI-=6:...-----___ 0 

VOUT 

Jl 

100k 

Note: The output is referenced to pin 6, which is at 6.2V (Vz). For frequency meter applications, 
a 1 mA meter wHh a series-scaling resistor can be placed across pins 6 and 12. 

Figure 9 FN Single Supply FN Converter 

Output Filtering 

I "'3'--....... ---, 
TC9400 IN r 

V 

The output of the TC9400 has a sawtooth ripple super
imposed on a DC level. The ripple will be rejected if the 
TC9400 output is converted to a digital value by an integrat
ing analog to digital converter, such as the TC7107 or 
TC71 09. The ripple can also be reduced by increasing the 
value of the integrating capacitor, although this will reduce 
the response time of the FN converter. 

The sawtooth ripple on the output of an FN can be 
eliminated without affecting the FN's response time by 
using the circuit in Figure 10. The circuit is a capacitance 
multiplier, where the output coupling capacitor is multiplied 
by the AC gain of the op amp. A moderately fast op amp, 
such as the TL071 , should be used. 

AMPOUT~1~2~ __ ~~VV~.-------_o 

O.1uF 
GND 

6 

TL071 

Figure 10 Ripple Filter 
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VOLTAGE-TO-FREQUENCYI 
FREQUENCY-TO-VOLTAGE CONVERTERS 

[)2lml~Ib,~[/(,)iJ~IM~~W ~1M[P1Ql~[/(,)iJ~\u~(Ql1M 

TC9400 
TC9401 
TC9402 

FN POWER-ON RESET 

In FN mode, the TC9400 output voltage will occasion
ally be at its maximum value when power is first applied. This 
condition remains until the first pulse is applied to fiN. In most 
frequency-measurement applications this is not a problem, 
because proper operation begins as soon as the frequency 
input is applied. 

In some cases, however, the TC9400 output must be 
zero at power-on without a frequency input. In such cases, 
a capacitor connected from pin 11 to Voo will usually be 
sufficient to pulse the TC9400 and provide a power-on reset 2 
(s~~ Figure 11 A). Where predictable power-on operation is 
critical, a more complicated circuit, such as Figure 11 B, may 
be required. 

.--------e--'O VDD 

100 kQ 

11lF I 

14 

1000 pF 

1 knv-...... _ ..... ___ ----=-11.:....j THRESHOLD 
DETECTOR 

~.., (A) 

16 

VCC 
3 CLRA 

CD4538 

Figure 11 Power-On Operatlon/Reset 

TC9400 

(8) 

V TELCOM SEMICONDUCTOR, INC. 

ToTC9400 
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... Semiconductor, Inc. TC04 

TCOS 

LOW POWER, BAND-GAP VOLTAGE REFERENCES 

FEATURES GENERAL DESCRIPTION 

• Temperature Coefficient ......................... 50 ppml°C The TC04 (1.2SV output) and TCOS (2.SV output) bipo
lar, two-terminal, band-gap voltage references offer preci
sion performance without premium price. These devices 
do not require thin-film resistors, greatly lowering manufac
turing complexity and cost. 

• Wide Operating Current Range 
TC04 .•.•.•.••..•...•...•...............•....... 1S!lA to 20 rnA 
TCOS ........................................... 20 !lA to 20 rnA 

• Dynamic Impedance ............................................ 1 Q 

• Output Tolerance ................................................ 2°k 
• Output Voltage Option 

TC04 ...•....•..........•..•............................•.....•. 1.2SV 
TCOS •..•....•.........••.....•••.....•.•.•....•................•. 2.SV 

A SO ppm/oC output temperature coefficient and 1S J.lA 
to 20 mA operating current range make these devices 
attractive for multimeter, data acquisition converter, and 
telecommunication voltage references. 

• TO-92 Plastic or TO-52 Hermetic Packages 
• S-Pin Plastic Small Outline (SO) Package 

APPLICATIONS 

• ADC and DAC Reference 
• Current Source Generation 
• Threshold Detectors 
• Power Supplies 
• Multimeters 

ORDERING INFORMATION 

Max 
Voltage Temperature 

1.2SV 
1.2SV 
2.SV 
2.SV 

PIN CONFIGURATIONS 

Coefficient 

SO pprnl°C 
100 ppmoC 
SO pprnl°C 
100 ppml"C 

TO-92 
PLASTIC PACKAGE 

(BOTTOM VIEW) 

- 55°C to + 125°C 
TO-52 

Package 

TC04AMRM 
TC04BMRM 
TCOSAMRM 
TCOSBMRM 

T0-52 
HERMETIC PACKAGE 

(BOTTOM VIEW) 

Temperature Range 

O°Cto +70°C O°Cto +70°C 
TO-92 Surface Mount 

Package Package 

TC04ACZM TC04ACOA 
TC04BCZM TC04BCOA 
TCOSACZM TCOSACOA 
TCOSBCZM TCOSBCOA 

COA 
PLASTIC PACKAGE 

NC = NO INTERNAL CONNECTION 
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TC04 
TCOS 

ABSOLUTE MAXIMUM RATINGS 

LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

Forward Current ................................................... +10 rnA Lead Temperature (Soldering, 10 sec) 
Reverse Current ................................................... +30 rnA TO-92 Package ............................................... +260°C 
Storage Temperature Range ................. -65°C to + 150°C TO-52 Package ............................................... +300°C 
Operating Temperature Range COA Surface Mount Package ........................ +260°C 

TO-92 Package ..................................... DOC to + 70°C Power Dissipation .............................. Limited by Forward/ 
TO-52 Package ............................... -55°C to + 125°C Reverse Current 
COA Surface Mount Package ............... DOC to +70°C 

Functional operation above the absolute maximum stress ratings is not 
implied. 

ELECTRICAL CHARACTERISTICS: T A = +25°C, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

VBR Reverse Breakdown Voltage IR = 100!lA 
TC04 1.24 1.26 1.28 V 
TC05 2.45 2.50 2.60 V 

DVBR Reverse Breakdown Voltage 
Change 

TC04 15!lA < IR < 20 mA - 10 20 mV 

20 !lA < IR < 1 mA - 0.25 1 mV 

TC05 20 !lA < IR < 20 mA - 10 20 mV 

25!lA < IR < 1 mA - 0.25 1 mV 
TC Temperature Coefficient IR = 100!lA 

TC04A1TC05A - 0.003 0.005 %fC 
TC04BfTC05B - 0.003 0.01 %/'C 

IR Reverse Current 
TC04 0.015 - 20 mA 

TC05 0.020 - 20 mA 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

TC04 
TCOS 

VOLTAGE REFERENCE CIRCUITS FOR SYSTEM DATA CONVERTERS 

,..-------...--oV+ 

100 kQ 

W'~w 

TCSOO 

~w 
TCOS 

2.5 VREF 

ANALOG 1-___ .. 
COMMON 

ANALOG 
GROUND 

RESPONSE TIME TEST CIRCUIT 

36 kQ 

r------...-~V+ 
~w 

TC71 09 50 kQ 

+ 100 kQ 
REF IN t----t~< 

REF IN-I---~ 

w~w 

TC04 

ANALOG 1--__ - ... 
COMMON 

ANALOG 
GROUND 

~UT \r---~----o OUTPUT 

TYPICAL APPLICATIONS 

TC04 
TCOS 

-5V 

10V Reference Battery Powered 1.2SV Reference 

+9V 

>=6 __ -+-0 VOUT = 10V 360 kQ 

w~ 

TCOS t---01.25V 

WwW 

TC04 

""".".,.""" TELCOM SEMICONDUCTOR, INC. 

TC870S* 

GNDI--~-~-, 

125 kQ TCOS 

25 kQ 

Precision Current Source 

w~w 

TC04 

lOUT = 1.25V 
RSET 

RSET 
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TC04 
TCOS 

LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

TYPICAL CHARACTERISTICS CURVES 
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T Semiconductor, Inc. LM285/385-1.2V 
LM285/385-2.5V 

LOW POWER, BAND-GAP VOLTAGE REFERENCES 

FEATURES 

• Output Tolerance ......................................... 1 or 20/0 
• Output Voltage Option 

LM285/385-1.2V ....................................... 1.235V 
LM285/385-2.5V ........................................... 2.5V 

• Wide Operating Current Range 
LM285/385-1.2V ......................... 15 J.1A to 20 mA 
LM285/385-2.5V ......................... 20 J.1A to 20 mA 

• Temperature Coefficient ......................... 30 ppmfOC 
• Dynamic Impedance ......................................... 0.6Q 
• TO-92 Plastic Package 
• 8-Pin Plastic Small Outline (SO) Package 

APPLICATIONS 

• ADC and DAC Reference 
• Current Source Generation 
• Threshold Detectors 
• Power Supplies 
• Multi-meters 

PIN CONFIGURATIONS 

TO-92 
PLASTIC PACKAGE 

(BOTTOM VIEW) 

GENERAL DESCRIPTION 

The LM285/385-1.2V (1.235V output) and LM285/385-
2.5V (2.5V output) are bipolar, two-terminal, band-gap volt
age references that offer precision performance without 
premium price. These devices do not require thin-film re
sistors, greatly lowering manufacturing complexity and cost. 

A 30 ppm/oC output temperature coefficient and a 
15 /!A to 20 mA operating current range make these volt
age references especially attractive for multi meter, data 
acquisition and telecommunications applications. 

SURFACE MOUNT 
PLASTIC PACKAGE 

NC = NO INTERNAL CONNECTION 

ORDERING INFORMATION 

Temperature Range 

O°Cto +70°C 
DoC to +70°C 

- 40°C to +85°C 
- 40°C to +85°C 

Surface Mount Surface Mount 
Voltage Tolerance TO-92 Package Package TO-92 Package Package 

1.2 1% LM385BCZB-1 .2 LM385BCOA-1.2 LM285BEZB-1 .2 LM285BEOA-1.2 
1.2 2% LM385CZB-1 .2 LM385COA-1.2 LM285EZB-1 .2 LM285EOA-1 .2 
2.5 1.5% LM385BCZB-2.5 LM385BCOA-2.5 LM285BEZB-2.5 LM285BEOA-2.5 
2.5 3% LM385CZB-2.5 LM385COA-2.5 LM285EZB-2.5 LM285EOA-2.5 
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LM285/385-1.2V 
LM285/385-2.5V 

ABSOLUTE MAXIMUM RATINGS 

Forward Current ................................................... +10 mA 
Reverse Current ................................................... +30 mA 
Storage Temperature Range ................ - 65°C to + 150°C 
Operating Temperature Range 

TO-92 Package ................................ - 40°C to +85°C 
COA Surface Mount Package .......... - 40°C to +85°C 

LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

Lead Temperature (Soldering, 10 sec) 
TO-92 Package ............................................... +260°C 
COA Surface Mount Package ........................ +260°C 

Power Dissipation 
Limited by Forward/Reverse Current 

Functional operation above the absolute maximum stress ratings is not 
implied. 

ELECTRICAL CHARACTERISTICS: T A = +25°C, unless otherwise specified. 

LM285 I LM285B-1.2 
Symbol Parameter Test Conditions Min Typ Max 

V(BR)R Reverse Breakdown Voltage IR::;20 mA 
LM285B-1.21LM385B-1.2 1.223 1.235 1.247 
T A = T/ow to Thigh (Note 1) 1.200 - 1.270 
LM285-1.2V ILM385-1.2V 1.205 1.235 1.260 
T A = T/ow to Thigh (Note 1) 1.192 - 1.273 

IRM/N Minimum Operating Current 
TA = +25°C - 8.0 15 
T A = T/ow to Thigh (Note 1) - - 20 

~V(BR)R Reverse Breakdown Voltage 
Change with Current 
IRmin = IR = 1.0mA, T A = +25°C - - 1.0 
T A = T/ow to Thigh (Note 1) - - 1.5 
1.0mA = IR = 20mA, T A = +25°C - - 10 
T A = T/ow to Thigh (Note 1) - - 20 

Z Reverse Dynamic Impedance IR = 100J.lA - 0.6 -
~V(BR)/~T Average Temperature Coefficient 10J.lA::; IR::; 20mA - 30 100 

S Long Term Stability I R = 1 00J.lA, - 20 -
TA = +25°C ±0.1°C 

LM2851 LM285B-2.5 
Symbol Parameter Test Conditions Min Typ Max 

V(BR)R Reverse Breakdown Voltage IR = 20 mA 
LM285B-2.5/LM385B-2.5 2.462 2.5 2.538 
T A = T/ow to Thigh (Note 1) 2.415 - 2.585 
LM285-2.5V1LM385-2.5V 2.425 2.5 2.575 
T A = T/ow to Thigh (Note 1) 2.400 - 2.600 

IRM/N Minimum Operating Current 
TA = +25°C - 13 20 
T A = T/ow to Thigh (Note 1) - - 30 

~V(BR)R Reverse Breakdown Voltage 
Change with Current 
IRmin = IR = 1.0mA, T A = +25°C - - 1.0 
T A = T/ow to Thigh (Note 1) - - 1.5 
1.0mA = IR = 20mA, T A = +25°C - - 10 
T A = T/ow to Thigh (Note 1) - - 20 

Z Reverse Dynamic Impedance IR = 100J.lA - 0.6 -
~V(BR/~T Average Temperature Coefficient 10J.lA ::; IR ::; 20mA - 30 100 

S Long Term Stability I R = 1 00J.lA, - 20 -
TA = +25°C ±0.1°C 

Note: 1. Tlow -4QOC for LM285·1.2, LM285-2.5 
QOC for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B·2.5 

+85°C for LM285-1.2, LM285-2.5 
+7QoC for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5 

LM385 I LM385B-1.2 
Min Typ Max Unit 

V 
1.223 1.235 1.247 
1.210 - 1.260 
1.205 1.235 1.260 
1.192 - 1.273 

J.lA 
- 8.0 15 
- - 20 

mV 

- - 1.0 
- - 1.5 
- - 20 
- - 25 

- 0.6 - n 
- 30 100 ppm/oC 

- 20 - ppm/kHR 

LM3851 LM385B-2.5 
Min Typ Max Unit 

V 
2.462 2.5 2.538 
2.436 - 2.564 
2.425 2.5 2.575 
2.400 - 2.600 

J.lA 
- 13 20 
- - 30 

mV 

- - 2.0 
- - 2.5 
- - 20 
- - 25 

- 0.6 - n 
- 30 100 ppm/oC 

- 20 - ppm/kHR 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

VOLTAGE REFERENCE CIRCUITS FOR SYSTEM DATA CONVERTERS 

V+ 

V 
TC71 09 

V+ V+ 

100kQ V REFIN+ 
100kQ 

VREF 

V LM285/385 
-2.5V 

TC800 

ANALOG 
COMMON 

ANALOG 
GROUND 

RESPONSE TIME TEST CIRCUIT 

TYPICAL APPLICATIONS 
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OUTPUT 
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V TELCOM SEMICONDUCTOR, INC. 

+9V 
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+15V 

lOUT = 1.25V 
RSET 

RSET 
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LM285/385-1.2V 
LM285/385-2.5V 

LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

TYPICAL CHARACTERISTICS CURVES 
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LM2851385-2.5V: Forward Voltage vs 
Forward Current 

~~ ~ ~~~,~ 
j 

./ 

.... 

0.01 0.1 1 10 100 
FORWARD CURRENT (rnA) 

2-320 

10 

o 

LM2851385-1.2V: Output Voltage Change 
vs Reverse Current 
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";' Semiconductor, Inc. 
TC9491 

LOW POWER, BAND-GAP VOLTAGE REFERENCES 

FEATURES 

• Temperature Coefficient ......................... 50 ppmrC 
• Wide Operating Current Range ...... 15 f1A to 20 rnA 
• Dynamic Impedance ......................................... O.SQ 
• Output Tolerance ......................................... 1 or 2% 
• Output Voltage Option .................................. 1.220V 
• TO-92 Plastic Package 
• a-Pin Plastic Small Outline (SO) Package 

APPLICATIONS 

• ADC and DAC Reference 
• Current Source Generation 
• Threshold Detectors 
• Power Supplies 
• Multi-meters 

PIN CONFIGURATIONS 

~ e 
TO-92 

PLASTIC PACKAGE 
(BOTTOM VIEW) 

SURFACE MOUNT 
PLASTIC PACKAGE 

NC = NO INTERNAL CONNECTION 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC9491 (1.220V output) bipolar, two-terminal, 
band-gap voltage references offer precision performance 
without premium price. These devices do not require thin
film resistors, greatly lowering manufacturing complexity 
and cost. 

A 50 ppm/oC output temperature coefficient and a 
15 IlA to 20 mA operating current range make these de
vices attractive for multimeter, data acquisition converter, 
and telecommunication voltage references. 

ORDERING INFORMATION 
Temperature Range 

Temperature 
Coeff. 

50 ppmoC 
100 ppmoC 

O°C to +70°C 
Surface Mount 

TC9491 ACOA 
TC9491 BCOA 

ABSOLUTE MAXIMUM RATINGS 

O°C TO +70°C 
(TO-92) 

TC9491 ACZB 
TC9491 BCZB 

Forward Current ................................................... +10 mA 
Reverse Current ................................................... +30 mA 
Storage Temperature Range ................ - 65°C to + 150°C 
Operating Temperature Range 

TO-92 Package ..................................... O°C to + 70°C 
COA Surface Mount Package ............... O°C to +70°C 

Lead Temperature (Soldering, 10 sec) 
TO-92 Package ............................................... +260°C 
COA Surface Mount Package ........................ +260°C 

Power Dissipation 
Limited by Forward/Reverse Current 

Functional operation above the absolute maximum stress ratings is not 
implied. 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

ELECTRICAL CHARACTERISTICS: T A = +25°C, unless otherwise specified. 

TC9491A 
Symbol Parameter Test Conditions Min Typ Max 

V(BR)R Reverse Breakdown Voltage IR:::20 mA 1.200 1.22 1.250 
TA = O°C to +70°C 1.180 - 1.290 

IRMIN Minimum Operating Current 
TA= +25°C - 8.0 15 
TA = O°C to +70°C - - 20 

ilV(BR)R Reverse Breakdown Voltage 
Change with Current 
IRmin = IR = 1.0mA, T A = +25°C - - 1.0 
TA = O°C to +70°C - - 1.5 
1.0mA = IR = 20mA, T A = +25°C - - 10 
TA = O°C to +70°C - - 20 

Z Reverse Dynamic Impedence IR= 100~A - 0.6 -

ilV(BRyilT Average Temperature Coefficient 101JA = IR = 20mA - - 50 

S Long Term Stability IR = 1001JA, - 20 -
TA = +25°C ±O.1°C 

VOLTAGE REFERENCE CIRCUITS FOR SYSTEM DATA CONVERTERS 

....-----t-<> ... 

v 
TC9491 

1.22 VAEF 

REF 1..- 1-----+-+ 

ANALOG 
GROUND 

TYPICAL APPLICATIONS 

10V Reference Battery Powered 1.25V Reference 

+9V 

.>"---+-0 VOUT = 10V 

V t---01.25V 

TC9491 V 
TC9491 

TC9491B 
Min Typ Max Unit 

1.200 1.220 1.250 V 
1.219 - 1.260 

IJA 
- 8.0 15 
- - 20 

- - 1.0 
- - 1.5 mV 
- - 20 
- - 25 

- 0.6 - n 
- - 100 ppm/oC 

- 20 - ppm/kHR 

RESPONSE TIME TEST CIRCUIT 

rn:f:36 kQ OUTPUT --.J iNpUT 

V 
TC9491 

Precision Current Source 

V 
TC9491 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 

TYPICAL CHARACTERISTICS CURVES 

1000 

~100 
!z 
w 
II: 
II: 
i3 10 
w 
UJ 
II: 
W 

iii 1 
II: 

Output Voltage vs Reverse Current 

I I 
TA=+25'C 

/" 
, 

/ 

/ 
0.1 0 0.25 0.5 0.75 1.0 1.25 1.5 

1.2 

~1.0 

w 
~ 0.8 
!:i 
g 0.6 
Q 
II: 

~ 0.4 
II: o 
II.. 0.2 

o 

OUTPUT VOLTAGE (V) 

Forward Voltage vs Forward Current 

II IIIII~. I 
TA = +25'C 

If 

/ 
~ 

~ 

0.01 0.1 1 10 100 
FORWARD CURRENT (rnA) 

V TELCOM SEMICONDUCTOR, INC. 

TC9491 

Output Voltage Change vs Reverse Current 
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... Semiconductor, Inc. 
TC901 

AUTO-ZEROED OPERATIONAL AMPLIFIER 

FEATURES 

• Second-Generation Monolithic, 
Chopper-Stabilized Op-Amp 

• No External Capacitors Required 
• Single-Supply Operation ............ ±15V or 5V to 32V 
• Supply Current ........................... 450 J.1A at 15V, Typ 
• Input Offset Voltage ................................... 7 /lV, Typ 
• Common-Mode Rejection Ratio .......... 140 dB, Typ 
• Open-Loop Gain ............ 140 dB Into 10k Load, Typ 
• Input Noise ....................... 5 /lV at 10Hz Bandwidth 
• Pinout Compatible With ICL7650 
• Lowest Parts Count Chopper Op-Amp 

PIN CONFIGURATION (DIP and SO) 

v 
TC901 

NC = NO INTERNAL CONNECTION 

FUNCTIONAL BLOCK DIAGRAM 

-INPUT~I--<P-----I 

,INPUT<>j3i t:::==-I 
>-t----+'-{) OUTPUT 

NOTES: 1. 'Internal capacitors; external capacitors not required. 
2. Pin numbers are/or 8-pirl DIP. 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC901 is a monolithic, auto-zeroed operational 
amplifier. It is a second-generation design of the TC91 X 
series, the world's first monolithic, CMOS chopper·stabi
lized op-amps with on·chip capacitors. This second-genera
tion design allows use of higher supply voltages (±15V or 
single supply 30V), while decreasing noise. 

Elimination of the external capacitors allows the de· 
signer to increase reliability, lower cost, and simplify design 
by lowering parts count. 

Since the TC901 is an auto-zeroing op-amp, input offset 
voltage is very low. More important, there is almost zero drift 
with time. This eliminates production line adjustments, as 
well as periodic calibration. 

Notable electrical characteristics are low supply cur
rent (450 IlA, typical), single-supply operation (5V to 32V), 
low input offset voltage (7IlV, typical), low noise «5IlVp_p, 
typical, for a 10 Hz bandwidth), and fast recovery from 
saturation without the use of external clamp circuitry. 

This device is supplied in 8-pin mini-dual-in-line and 
plastic SO (small outline) packages. It is pin compatible 
with bipolar, CMOS, JFET and chopper-stabilized op-amps 
using the industry-standard 741 pinout. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC901COA 8-Pin SO O°C to +70°C 
TC901CPA 8-Pin Plastic DIP O°C to +70°C 
TC90110A 8-Pin SO - 25°C to +85°C 
TC9011PL 8·Pin Plastic DIP - 25°C to +85°C 
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MONOLITHIC, AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS Package Power Dissipation (T A = +25°C) 

Total Supply Voltage (Vs+ to Vs-) ............................ +36V 
CerDIP .......................................................... 500 mW 

Input Voltage ......................... (Vs+ + 0.3V) to (Vs- - 0.3V) 
Plastic DIP .................................................... 375 mW 

Current Into Any Pin ............................................... 10 mA 
While Operating .............................................. 100 J.lA 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Operating Temperature Range 

Static-sensitive device. Appropriate precautions should be taken when 
handling, shipping, or storing these devices. Stresses above those listed 
under "Absolute Maximum Ratings" may cause permanent damage to 
the devices. These are stress ratings only and functional operation of 
the device at these or any other conditions above those indicated in the 
operational sections of the specifications is not implied. 

C Device ................................................ O°C to +70°C 
I Device ............................................. - 25°C to +85°C 
M Device ......................................... - 55°C to +125°C 

ELECTRICAL CHARACTERISTICS: Vs ±15V, T A = +25°C, unless otherwise indicated (each amplifier). 

Symbol Parameter 

vos Input Offset Voltage 
(Figure 2) 

TCVos Average Temperature 
Coefficient of Input 
Offset Voltage (Note 2) 

IBIAS Average Input Bias 
Current 

los Average Input 
Offset Current 

eN Input Voltage Noise 
(Figure 1B) 

eN Input Voltage Noise 
(Figure 1A) 

CMRR Common-Mode Rejection 
Ratio 

CMVR Common-Mode Voltage 
Range 

AOL Open-Loop Voltage Gain 

Your Output Voltage Swing 

BW Closed-Loop Bandwidth 
(Figure 7) 

sr Slew Rate 

PSRR Power Supply Rejection Ratio 

Vs Operating Supply Voltage 
Range 

Is Quiescent Supply (Figure 2) 

NOTES: 1. Single supply operation: Vs+ = +5V to +32V. 
2. Characterized; not 100% tested. 
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Test Conditions 

TA = +25°C 

O°C,,; TA"; +70°C 

TA = +25°C 
O°C ,,; T A"; +70°C 
-25°C,,; T A ,,; +85°C 

TA = +25°C 
TA= +85°C 

0.1 to 1 Hz, Rs"; 100W 

0.1 to 10 Hz, Rs"; 100W 

Vs-"; VCM"; Vs+ -2V 

Vs = ±5V to ±15V 

RL = 10 kW, Vs = ±15V 

RL= 10 kW 

Closed-Loop Gain = +1 

RL= 10 kW, CL=50 pF 

Vs = ±5V to ±15V 

Note 1 

Vs = ±15V 

Min Typ Max Units 

- 7 15 J.lV 

- 0.05 0.15 J.lV/oC 

- 30 50 pA 
- 0.2 10 nA 
- 0.2 10 nA 

- 50 100 pA 
- - 1 nA 

- 1.2 - J.lVp.p 

- 5 - J.lVp.p 

120 140 - dB 

Vs - Vs+-2 V 

120 140 - dB 

Vs + 1 - Vs+ -1.2 V 

- 0.8 - MHz 

- 2 - V/J.ls 

120 140 - dB 

±3 - ±16 V 

- 0.45 0.6 rnA 

V TELCOM SEMICONDUCTOR, INC. 



MONOLITHIC, AUTO-ZEROED 
OPERATIONAL AMPLIFIER 
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Overload Recovery 

The TC901 recovers quickly from output saturation. 
Typical recovery time from positive output saturation is 20 
ms. Negative output saturation recovery time is typically 
5ms. 

Thermocouple Errors 

Heating one joint of a loop made from two different 
metallic wires causes current flow. This is known as the 
Seebeck effect. By breaking the loop, an open-circuit volt
age (Seebeck voltage) can be measured. Junction tempera
ture and metal type determine the magnitude. Typical val
ues are 0.1 !lVrC to 10 !lv/ac. Thermal-induced voltages 
can be many times larger than the TC901 's offset voltage 
drift. Unless unwanted thermocouple potentials can be 
controlled, system performance will be less than optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors are used. Low 
thermoelectric coefficient solder can reduce errors. A 60% 
Cd/40% Sn Pb solder has one-tenth the thermal voltage of 
common 64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 
the input circuit loop should be balanced. If the junctions are 
kept at the same temperature, their summation will add to 
zero-canceling errors (Figure 7). 

Shielding precision analog circuits from air currents -
especially those caused by power dissipating components 
and fans - will minimize temperature gradients and mini
mize thermocouple-induced errors. 

~3: ~4} NO TEMPERATURE DIFFERENTIAL 
J~: J: AND SAME METALLIC CONNECTION. 

J 2 

Figure 7 Unwanted Thermocouple Errors Eliminated by Reducing 
Thermal Gradients and Balancing Junctions 
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MONOLITHIC, AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Avoiding LatCh-Up 

Junction-isolated CMOS circuits inherently contain a 
parasitiC p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and excessive power 
dissipation. TC901 's power supply should be established at 
the same time (or before) input signals are applied. If this is 
not pOSSible, input current should be limited to 100 IlA to 
avoid triggering the p-n-p-n structure. 

Pin Compatibility 

The CMOS TC901 is pin compatible with other chopper
stabilized amplifiers, such as the 7650, 7652 and 1052. 
Amplifiers such as the 7650 require 0.1 !IF external capaci
tors connected to pins 1 and 8. The TC901 includes the 
chopper capacitors on-chip, so external capacitors are not 
required. Since pins 1, 5 and 8 of the TC901 are not 
connected, the TC901 can directly replace other chopper
stabilized amplifiers in existing circuits. 

The TC901 pinout also matches many popular bipolar 
and JFET op-amps, such as the OP-07, OP20, LM101, 
LM108, 356 and 741.ln many applications that operate from 
±15V power supplies, the TC901 offers superior electrical 
performance and is a functional pin-compatible replace
ment. Offset voltage correction potentiometers, compensa
tion capaCitors, and chopper-stabilization capacitors can be 
removed when retrofitting existing equipment deSigns. 
System parts count, assembly time, and system cost are 
reduced, while reliability and performance are improved. 

Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac
turers establish "static safe" CMOS component handling 
areas. Two such companies are: 

• 3M 
Static Control Systems Division 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 

V TELCOM SEMICONDUCTOR, INC. 
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Y Semiconductor, Inc. 

TC911AlB 

AUTO-ZEROED OPERATIONAL AMPLIFIER 

FEATURES 

• First Monolithic Chopper-Stabilized Amplifier 
With On-Chip Nulling Capacitors 

• Offset Voltage .................................................... 5i-lV 
• Offset Voltage Drift ................................. 0.05 i-lVioC 
• Low Supply Current ...................................... 350 IJ.A 
• High Common-Mode Rejection ...........•........ 116 dB 
• Single Supply Operation ...................... 4.5V to 16V 
• High Slew Rate ............................................ 2.5 V/I-lS 
• Wide Bandwidth ................•..........•.............. 1.5 MHz 
• High Open-Loop Voltage Gain 

(RL = 10 kil) ................................................... 120 dB 
• Low Input Voltage Noise 

(0.1 Hz to 1 Hz) ......................................... 0.65 i-lVp-p 
• Pin Compatible With ICL7650 
• Lower System Parts Count 

ORDERING INFORMATION 

Maximum 
Temperature Offset 

Part No. Package Range Voltage 

TC911ACPA 8-Pin DOC to +70°C 15 JlV 
Plastic DIP 

TC911ACOA 8-Pin SO DoC to +70°C 15 JlV 
TC911BCPA 8-Pin DoC to +70°C 30 JlV 

Plastic DIP 
TC911BCOA 8-Pin SO DoC to +70°C 30 JlV 

FUNCTIONAL BLOCK DIAGRAM 
Vs 

-INPUT 0--''1-__ ----1 

+INPUT o--'j-t===---I 

GENERAL DESCRIPTION r:I 
The TC911 CMOS auto-zeroed operational amplifier is liiI 

the first complete monolithic chopper-stabilized amplifier. 
Chopper operational amplifiers like the ICL765017652 and 
L TC1052 require user-supplied, external offset compensa-
tion storage capacitors. External capacitors are not re-
quired with the TC911. Just as easy to use as the conven-
tional OP07 type amplifier, the TC911 significantly reduces 
offset voltage errors. Pinout matches the OP07174117650 
a-pin mini-DIP configuration. 

Several system benefits arise by eliminating the exter
nal chopper capacitors: lower system parts count; reduced 
assembly time and cost; greater system reliability; reduced 
PC board layout effort and greater board area utilization. 
Also, space savings can be significant in multiple-amplifier 
designs. 

Electrical specifications include 151-lV maximum offset 
voltage, 0.15 I-l V laC maximum offset voltage temperature 
coefficient. Offset voltage error is five times lower than the 
premium OP07E bipolar device. The TC911 improves off
set drift performance by eight times. 

The TC911 operates from dual or single power sup
plies. Supply current is typically 350 !-lA. Single 4.5V to 16V 
supply operation is possible, making single 9V battery 
operation possible. The TC911 is available in 2 package 
types: a-pin plastic DIP,and SO package. 

PIN CONFIGURATION (SO AND DIP) 

A 

B 

NC = NO INTERNAL CONNECTION 

V 
TC911 

INTERNAL 
OSCILLATOR 

(fOSC .. 200 Hz) 

>--__ ---tr--<' OUTPUT 

*NOTE: Internal capacitors. No external capacitors required. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V; to Vi) ............................... +18V 
Input Voltage ............................... (V;+0.3V) to (Vi -Q.3V) 
Current into Any Pin ............................................... 10 mA 

While Operating .............................................. 100 flA 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Operating Temperature Range 

C Device ................................................ O°C to + 70°C 
I Device .............................................. -25°C to +85°C 

AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

Package Power Dissipation (T A = +25°C) 
CerDIP .......................................................... 500 mW 
Plastic DIP and SO ....................................... 375 mW 

Static-sensitive device. Unused devices should be stored in conductive 
material. Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. 

ELECTRICAL CHARACTERISTICS: VS = ±5V, T A = +25°C, unless otherwise indicated. 

TC911A TC911B 
Symbol Parameter Test Conditions Min Typ Max Min Typ Max Unit 

Vos Input Offset Voltage TA = +25°C - 5 15 - 15 30 IlV 
TCVos Average Temperature O°C::; TA::; +70°C - 0.05 0.15 - 0.1 0.25 IlV/oC 

Coefficient of Input -25°C::; TA::; +85°C - 0.05 0.15 - 0.1 0.25 IlV/oC 
Offset Voltage (Note 1) 

Is Average Input Bias TA = +25°C - - 70 - - 120 pA 
Current O°C::; TA::; +70°C - - 3 - - 4 nA 

-25°C::; TA::; +85°C - - 4 - - 6 nA 

los Average Input TA = +25°C - 5 20 - 10 40 pA 
Offset Current TA = +85°C - - 1 - - 1 nA 

eN Input Voltage Noise 0.1 to 1 Hz, Rs ::; 1000 - 0.65 - - 0.65 - IlVp-p 

0.1 to 10 Hz, Rs ::; 1000 - 11 - - 11 - IlVp-p 

CMRR Common-Mode Vs::; VCM::; Vs- 2.2 110 116 - 105 110 - dB 
Rejection Ratio 

CMVR Common-Mode Vs - Vs-2 Vs - Vs-2 V 
Voltage Range 

AOL Open-Loop Voltage RL= 10kn, Vo=±4V 115 120 - 110 120 - dB 
Gain 

VOUT Output Voltage Swing RL=10kn Vs +0.3 - VS-o.9 VS +0.3 - VS-0.9 V 

BW Closed Loop Closed Loop Gain = +1 - 1.5 - - 1.5 - MHz 
Bandwidth 

SR Slew Rate RL = 10 kO, CL=50 pF - 2.5 - - 2.5 - V/IJ.S 
PSRR Power Supply ±3.3V to ±5.5V 112 - - 105 - - dB 

Rejection Ratio 

Vs Operating Supply Split Supply ±3.3 - ±8 ±3.3 - ±8 V 
Voltage Range Single Supply 6.5 - 16 6.5 - 16 V 

Is Quiescent Supply Vs=±5V - 350 600 - - 800 !lA 
Current 

NOTES: 1. Characterized; not 100% tested. 
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AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS CURVES 
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Pin Compatibility 
The CMOS TC911 is pin compatible with the industry 

standard ICL7650 chopper-stabilized amplifier. The ICL7650 
must use external 0.1 !IF capacitors connected at pins 1 and 
8. With the TC911 , external offset voltage error cancel
ing capacitors are not required. On the TCS911 pins 1, 8 
and 5 are not connected internally. The ICL7650 uses pin 5 
as an optional output clamp connection. External chopper 
capacitors and clamp connections are not necessary with 
the TC911. External circuits connected to pins 1 , 8 and 5 will 
have no effect. The TC911 can be quickly evaluated in 
existing ICL7650 designs. Since external capacitors are not 
required, system part count, assembly time, and total sys
tem cost are reduced. Reliability is increased and PC board 
layout eased by having the error storage capacitors inte
grated on the TC911 chip. 

The TC911 pinout matches many existing op-amps: 
741, LM101, LM108, OP05-0P08, OP20, OP21, ICL7650 
and ICL7652. In many applications operating from +5V 
supplies the TC911 offers superior electrical performance 
and can be a functional pin-compatible replacement. Offset 
voltage correction potentiometers, compensation capaci
tors, and chopper-stabilization capacitors can be removed 
when retrofitting existing equipment designs. 

Thermocouple Errors 
Heating one joint of a loop made from two different 

metallic wires causes current flow. This is known as the 
Seebeck effect. By breaking the loop, an open circuit voltage 

J3 : J 4 } NO TEMPERATURE DIFFERENTIAL 
~2 : ~5 AND SAME METALLIC CONNECTION 

1 6 J2 
J1 

Figure 1. Unwanted Thermocouple Errors Eliminated by 
Reducing Thermal Gradients and Balancing Junctions 
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(Seebeck voltage) can be measured. Junction temperature 
and metal type determine the magnitude. Typical values are 
0.1 !lVrC to 10 !lV/oC. Thermal-induced voltages can be 
many times larger than the TC911 offset voltage drift. Unless 
unwanted thermocouple potentials can be controlled, sys
tem performance will be less than optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors are used. Low 
thermo-electric coefficient solder can reduce errors. A 60% 
Sn/36% Pb solder has 1/10 the thermal voltage of common 
64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 
the input circuit loop should be balanced. If the junctions are 
kept at the same temperature, their summation will add to 
zero-canceling errors (Figure 1). 

Shielding precision analog circuits from air currents -
especially those caused by power dissipating components 
and fans - will minimize temperature gradients and ther
mocouple-induced errors. 

Avoiding LatCh-Up 

Junction-isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and excessive power 
dissipation. TC911 power supplies should be established at 
the same time or before input Signals are applied. Ifthis is not 
possible input current should be limited to 0.1 mA to avoid 
triggering the p-n-p-n structure. 

Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac
turers to establish "static safe" CMOS component handling 
areas. A partial company list is: 

• 3M 
Static Control Systems Div 
223-23W EM Center 
St Paul, MN 55101 
(800) 792-1072 

Overload Recovery 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 

The TC911 recovers quickly from the output saturation. 
Typical recovery time from positive output saturation is 
20 ms. Negative output saturation recovery time is typically 
5ms. 
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TC911AlB 

TYPICAL APPLICATIONS 

10-Volt Precision Reference 

TEMP 
OUT 

~:....------< ..... o vOUT = 10V VREF 

Thermometer Circuit 
+9V 

Programmable Gain Amplifier With Input Multiplexer 

INPUT 
CHANNEL 

SELECT 

+5V -5V GND 
0 <j> l0r 

IC1b f---

f---

- I--
A1 A2 A3 A4WR 

+5V -5V 

J 
"""'"""'""'" TC911 

1C1b X1 X10 X100 X1000 

.---+<~r··~o-------~ - -
~18kQ ~99kQ ~999kQ 

~--~-<~~o---~~--~ 

~~----~/.O--+----~--~ 

1-----++-+-----------aWR LATCH 
GND 

1 ~2kQ ~1kQ ~1kQ 68HC11 S~tJ~T A1 A2 A3 A4 

I-----+--<~------'I I 

IC1a, b, = Quad Analog Switch 
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TC913 

DUAL AUTO-ZEROED OPERATIONAL AMPLIFIER 

FEATURES 

• First Monolithic Auto-Zeroed Operational 
Amplifier 

• Chopper Amplifier Performance Without External 
Capacitors 
- Vos ....................................................... 151lV Max 
- Vos Drift •..........................•........... 0.15IlVf'C Max 
- Saves Cost/Assembly of Four "Chopper" 

Capacitors 
• SO Packages Available 
• High DC Gain ................................................. 120 dB 
• Low Supply Current ...................................... 650 J.lA 

FUNCTIONAL BLOCK DIAGRAM 

4 

v+ S 

8 

• Low Input Voltage Noise 
(0.1 Hz to 10Hz) ....................................... 0.65 IlVp.p 

• Wide Common-Mode 
Voltage Range .................................. Vs- to Vs+ -2V 

• High Common-Mode Rejection .................... 116 dB 
• Dual or Single Supply Operation ••.. ±3.3V to ±8.3V 

+6.5V to +16V 
• Excellent AC Operating Characteristics 

- Slew Rate ................................................ 2.5 V/IlS 
- Unity-Gain Bandwidth ............................ 1.5 MHz 

• Pin Compatible With LM358, OP14, MC1458, 
ICL7621 , TL082, TLC322 

~ 
TC913 

~-------------------------

A 

B 

-INPUT 0--+-+ ..... ---+--1 
+INPUT o--+-r---..... --I 

1 OF 2 AMPLIFIERS SHOWN 

A 

B 

INTERNAL 
OSCILLATOR 

(fOSC ~200 Hz) 

LOW IMPEDANCE 
OUTPUT BUFFER 

~----.---~r-------~r-~OUTPUT 

-----------------------------------
*NOTE: Internal capacitors. No external capacitors required. 
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GENERAL DESCRIPTION 
The TC913 is the world's first complete monolithic, 

dual auto-zeroed operational amplifier. The TC913 sets a 
new standard for low-power, precision dual-operational 
amplifiers. Chopper-stabilized or auto-zeroed amplifiers of
fer low offset voltage errors by periodically sampling offset 
error, and storing correction voltages on capacitors. Previ
ous single amplifier designs required two user-supplied, 
external 0.1 /IF error storage correction capacitors - much 
too large for on-chip integration. The unique TC913 archi
tecture requires smaller capacitors, making on-chip inte
gration possible. Microvolt offset levels are achieved and 
external capacitors are not required. 

The TC913 system benefits are apparent when con
trasted with a TC7650 chopper amplifier circuit implemen
tation. A single TC913 replaces two TC7650's and four 
capacitors. Five components and assembly steps are elimi
nated. 

The TC913 pinout matches many popular dual
operational amplifiers: OP04, TLC322, LM358, and ICL7621 
are typical examples. In many applications, operating from 
dual 5V power supplies or single supplies, the TC913 
offers superior electrical performance, and can be a 
functional drop-in replacement; printed circuit board rework 
is not necessary. The TC913's low offset voltage error 
eliminates offset voltage trim potentiometers often needed 
with bipolar and low-accuracy CMOS operational amplifiers. 

The TC913 takes full advantage of TelCom's propri
etary CMOS technology. The TC913's 650!lA supply cur
rent (250 /lA per amplifier) makes the TC913 the lowest 
power, precision dual-operational amplifier available. The 
250 /lA amplifier supply current does not compromise AC 
performance. Unity gain bandwidth is 1.5 MHz and slew 
rate is 2.5 V//ls. 

For single- and quad-operational amplifiers, see the 
TC911 and TC914 data sheets. 
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ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC913ACPA 8-Pin DOC to +70°C 
Plastic DIP 

TC913ACOA 8-Pin SO DoC to +70°C 
TC913BCPA 8-Pin DoC to +70°C 

Plastic DIP 
TC913BCOA 8-Pin SO DoC to +70°C 
TC913AIJA 8-Pin -25°C to +85°C 

CerDIP 
TC913BIJA 8-Pin -25°C to +85°C 

CerDIP 

PIN CONFIGURATION (SO and DIP) 

TC913 

OUTA 1 

+INA 

+ Vs 
7 OUTB 

-INB 

+IN B 

Maximum 
Offset 

Voltage 

15/lV 

15/lV 
30/lV 

30/lV 
15/lV 

30/lV 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs to Vi) ............................... +18V 
Input Voltage ............................... (Vs+0.3V) to (Vi -0.3V) 
Current into Any Pin ............................................... 10 rnA 

While Operating .............................................. 1 00 ~ 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Operating Temperature Range 

C Device ................................................ O°C to +70°C 
I Device .............................................. -25°C to +85°C 

TC913 

Package Power Dissipation (T A = +25°C) 
CerDIP .......................................................... 500 mW 1:1 
Plastic DIP and SO ....................................... 375 mW 1II 

Static-sensitive device. Unused devices should be stored in conductive 
material. Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. 

ELECTRICAL CHARACTERISTICS: VS = ±5V, T A = +25°C, unless otherwise indicated. 

TC913A TC913B 
Symbol Parameter Test Conditions Min Typ Max Min Typ Max Unit 

Vos Input Offset Voltage TA= +25°C - 5 15 - 15 30 ,N 

TCVos Average Temperature O°C ~ TA ~ +70°C - 0.05 0.15 - 0.1 0.25 /lV/oC 
Coefficient of Input -25°C ~ TA ~ +85°C - 0.05 0.15 - 0.1 0.25 /lV/oC 
Offset Voltage (Note 1) 

Is Average Input Bias TA = +25°C - - 90 - - 120 pA 
Current O°C ~ TA ~ +70°C - - 3 - - 4 nA 

-25°C ~ TA ~ +85°C - - 4 - - 6 nA 

los Average Input TA = +25°C - 5 20 - 10 40 pA 
Offset Current TA =; +85°C - - 1 - - 1 nA 

eN Input Voltage Noise 0.1 to 1 Hz, Rs ~ 100n - 0.6 - - 0.6 - /lVp-p 
0.1 to 10 Hz, Rs ~ 100n - 11 - - 11 - /lVp.p 

CMRR Common-Mode Vs ~ VCM ~ Vs - 2.2V 110 116 - 100 110 - dB 
Rejection Ratio 

CMVR Common-Mode Vs - VS-2 VS - VS-2 V 
Voltage Range 

AoL Open-Loop Voltage RL= 10 kQ, Vo=±4V 115 120 - 110 120 - dB 
Gain 

VOUT Output Voltage Swing RL=10kQ Vs +0.3 - VS-0.9 Vs +0.3 - VS-0.9 V 

BW Closed-Loop Closed Loop Gain = +1 - 1.5 - - 1.5 - MHz 
Bandwidth 

SR Slew Rate RL = 10 kn, CL = 50 pF - 2.5 - - 2.5 - V//lS 

PSRR Power Supply ±3.3V ~ Vs ~ ±5.5V 110 - - 100 - - dB 
Rejection Ratio 

Vs Operating Supply Split Supply ±3.3 - ±8.3 ±3.3 - ±8.3 V 
Voltage Range Single Supply 6.5 - 16 6.5 - 16 V 

Is Quiescent Supply Vs=±5V - 0.65 0.85 - - 1.1 mA 
Current 

NOTE: 1. Characterized; not 100% tested. 

V TELCOM SEMICONDUCTOR, INC. 2-337 



TC913 

TYPICAL CHARACTERISTICS CURVES 

Supply Current vs :I: Supply Voltage 
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Gain and Phase vs Frequency 
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Negative Overload Recovery Time 
I I I 
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INPUT OV-

J J 
OUTPUT 
=2VIDIV 
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Input Offset Voltage vs Common-Mode Voltage 
35 

5>30 
2: 
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g 20 
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I- 10 
::l 
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Theory of Operation 

Each of the TC913's two op-amps actually consists of 
two amplifiers. A main amplifier is always connected from 
the input to the output. A separate nulling amplifier alter
nately nulls its own offset and then the offset of the amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature, and power supply 
variations is greatly reduced. 

All nulling circuitry is internal and the nulling operation is 
transparentto the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TC913's two amplifiers, control the 
nulling process. 

Pin Compatibility 

The TC913 pinout is compatible with OP14, LM358, 
MC1458, L T1013, TLC322, and similar dual op-amps. In 
many circuits operating from single or ±5V supplies, the 
TC913 is a drop-in replacement offering DC performance 
rivaling that of the best single op-amps. 

The TC913's amplifiers include a low-impedance class 
AB output buffer. Some previous CMOS chopper amplifiers 
used a high-impedance output stage which made open-loop 
gain dependent on load resistance. The TC913's open-loop 
gain is not dependent on load resistance. 

Overload Recovery 

The TC913 recovers quickly from output saturation. 
Typical recovery time from positive output saturation is 
20 ms. Negative output saturation recovery time is typically 
5ms. 

V TELCOM SEMICONDUCTOR, INC. 
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Avoiding Latch-Up 

Junction-isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the m 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and power dissipa-
tion. The TC913's power supplies should be established at 
the same time or before input signals are applied. Ifthis is not 
possible, input current should be limited to 0.1 mA to avoid 
triggering the p-n-p-n structure. 

Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac
turers to establish "static safe" CMOS component handling 
areas. A partial company list is: 

·3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 
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TC7650 

CHOPPER-STABILIZED OPERATIONAL AMPLIFIER 

FEATURES 

• Low Input Offset Voltage ......................... 0.7 /lV Typ 
• Low Input Offset Voltage Drift ........ 0.05 /lVioC Max 
• Low Input Bias Current ............................ 10 pA Max 
• High Impedance Differential CMOS Inputs .... 10120 
• High Open-Loop Voltage Gain .............• 120 dB Min 
• Low Input Noise Voltage ......................... 2.0 /l Vp-p 
• High Slew Rate ............................................. 2.5 VI/lS 
• Low-Power Operation .................................... 20 mW 
• Output Clamp Speeds Recovery Time 
• Compensated Internally for Stable Unity Gain 

Operation 
• Direct Replacement for ICL7650 
• Available in S-Pin Dip 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7650CPA 8-Pin Plastic DIP O°C to +70°C 

TC7650lJA 8-Pin CerDIP -25°C to +85°C 

TC7650CPD 14-Pin Plastic DIP O°Cto +70°C 

TC76501JD 14-Pin CerDIP -25°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

·FOR 8-PIN DIP, CONNECT TO vs. 

Max 
Vos 

5 !LV 

5 !LV 

5 !LV 

5 !LV 

TC7650 ILL F01 
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GENERAL DESCRIPTION 

The TC7650 CMOS chopper-stabilized operational 
amplifier practically removes offset voltage error terms 
from system error calculations. The 51!V maximum Vas 
specification, for example, represents a 15 times improve
ment over the industry-standard OP07E The 50 nV/oC 
offset drift specification is over 25 times lower than the 
OP07E. The increased performance eliminates Vas trim 
procedures, periodic potentiometer adjustment and the re
liability problems caused by damaged trimmers. 

The TC7650 performance advantages are achieved 
without the additional manufacturing complexity and cost 
incurred with laser or "zener zap" Vas trim techniques. 

The TC7650 nUlling scheme corrects both DC Vas 
errors and Vas drift errors with temperature. A nulling 
amplifier alternately corrects its own Vas errors and the main 
amplifier Vas error. Offset nulling voltages are stored On two 
user-supplied external capacitors. The capacitors connect 
to the internal amplifier Vos null points. The main amplifier 
input signal is never switched. Switching spikes are not 
present at the TC7650 output. 

The 14-pin dual-in-line package (DIP has an external 
oscillator inputto drive the nulling circuitry for optimum noise 
performance. Both the 8- and 14-pin DIPs have an output 
voltage clamp circuit to minimize overload recovery time. 

PIN CONFIGURATIONS 

8-Pin DIP 

14-Pin DIP 

OUTPUT 
CLAMP 

NC = NO INTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (Vs+ to Vs-) .............................. 18V 
Input Voltage ............................. (Vs++0.3V) to (Vs--O.3V) 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................... 300°C 
Voltage on Oscillator Control Pins .................... Vs+ to Vs-
Output Short Circuit Duration ............................. Indefinite 
Current Into Any Pin ............................................... 10 rnA 

While Operating (Note 4) ................................ 100 ~ 
Operating Temperature Range 

I Device .............................................. -25°C to +85°C 
C Device ................................................ O°C to + 70°C 

CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Package Power Dissipation (T A = 25°C) 
CerDIP .......................................................... 500 mW 
Plastic DIP .................................................... 375 mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Vs+ = +5V, Vs- = -5V, CA = CB = 0.1 IlF, T A = 25°C 

Symbol Parameter Test Conditions Units 

Input 
Vos Input Offset Voltage TA = +25°C - ±O.7 ±5 

Over Operating Temp Range - ± 1.0 - !tV 
(Note 1) 

AVosllJ.T Input Offset Voltage Operating Temperature Range - 0.01 0.05 !tvrc 
Average Temperature (Note 1) 
Coefficient 

Offset Voltage vs. Time - 100 - nVI 
month 

IBIAS Input Bias Current TA = +25°C - 1.5 10 pA 
O°C ~TA ~+70°C - . 35 150 pA 
-25°C ~ T A ~ +85°C - 100 400 pA 

los Input Offset Current TA= +25°C - 0.5 - pA 

eNP-p Input Noise Voltage Rs = 1000, 0 to 10 Hz - 2 - !tVP-P 

IN Input Noise Current f = 10 Hz - 0.01 - pAl*iZ 

RIN Input Resistance - 1012 0 

CMVR Common-Mode -5 -5.2 +1.6 V 
Voltage Range to +2 

CMRR Common-Mode CMVR = -5V to + 1.5V 120 130 - dB 
Rejection Ratio 

Output 
A Large Signal Voltage RL=10kn 120 130 - dB 

Gain 

VOUT Output Voltage Swing RL=10kO ±4.7 ±4.85 - V 
(Note 3) RL= 100 kO - ±4.95 - V 

Clamp ON Current RL= 100 kn 25 70 200 !1A 
(Note 2) 

Clamp OFF Current -4V < VOUT < +4V - 1 - pA 
(Note 2) 

DynamiC 
Bw Unity-Gain Bandwidth Unity Gain (+1) - 2.0 - MHz 

SR Slew Rate CL = 50 pF, RL = 10 kn - 2.5 - V/!1S 

tR Rise Time - 0.2 - !ts 
Overshoot - 20 - % 

fCH Internal Chopping Pins 12-14 Open (DIP) 120 200 375 Hz 
Frequency 
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ELECTRICAL CHARACTERISTICS: vs+ = +5V, vs- = -5V, CA = CB = 0.1 J..lF, T A = 25°C 

Symbol Parameter Test Conditions 

Supply 

Vs+, Vs- Operating Supply Range 4.5 -
Is Supply Current No Load - 2 

PSRR Power Supply Vs = ±3V to ±8V 120 130 
Rejection Ratio 

NOTES: 1. Operating temperature range is -25'C to +85'C for "I" grade and O'C to + 70'C for "C" grade. 
2. See "Output Clamp" discussion. 
3. Output clamp not connected. See typical characteristics curves for output swing versus clamp current characteristics. 
4. Limiting input current to 100 ~ is recommended to avoid latch·up problems. 
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TC7650 

Units 

16 V 

3.5 mA 

dB 
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Theory of Operation 
Figure 1 shows the major elements of the TC7650. 

There are two amplifiers (the main amplifier and the nulling 
amplifier), and both have offset-null capability. The main 
amplifier is connected full-time from the input to the output. 
The nulling amplifier, under the control of the chopping 
frequency oscillator and clock circuit, alternately nulls itself 
and the main amplifier. Two external capacitors provide the 
required storage of the nulling potentials and the necessary 
nulling-loop time constants. The nulling arrangement oper
ates over the full common-mode and power-supply ranges, 
and is also independent of the output level, thus giving 
exceptionally high CMRR, PSRR, and AVOL. 

Careful balancing of the input switches minimizes chop
per frequency charge injection at the input1erminals, and the 
feed-forward-type injection into the compensation capacitor 
that can cause output spikes in this type circuit. 

The circuit's offset voltage compensation is easily shown. 
With the nulling inputs shorted, a voltage almost identical to 
the nulling amplifier offset voltage is stored on CA. The 
effective offset voltage at the null amplifier input is: 

1 
VOSE = AN + 1 VOSN (1 ) 

After the nulling amplifier is zeroed, the main amplifier is 
zeroed; the A switches open and B switches close. 

The output voltage equation is: 

Vo = AM [VOSM + (V+-V-) + AN(V+-V-) + AN VosEl (2) 

Substituting (1) ~ (2) and assuming AN »1 : 

Vo= AM AN [(V+-V-)+ VOSM:NVOSN] (3) 

y+ 

ANALOG INPUT 

""v· 
TC7650 

B 

A 

CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

As desired, the device offset voltages are reduced by 
the high open-loop gain of the nulling amplifier. 

Output Stage/Load Driving 

The output circuit is a high-impedance stage (approxi
mately 18 k.Q). With loads less than this, the chopper 
amplifier behaves in some ways like a transconductance 
amplifier whose open-loop gain is proportional to load resis
tance. For example, the open-loop gain will be 17 dB lower 
with a 1 kQ load than with a 1 0 kQ load. lithe amplifier is used 
strictly for DC, the lower gain is of little consequence, since 
the DC gain is typically greater than 120 dB, even with a 1 kQ 
load. In wideband applications, the bestfrequency response 
will be achieved with a load resistor of 10 k.Q or higher. This 
results in a smooth 6 dB/octave response from 0.1 Hz to 2 
MHz, with phase shifts of less than 10° in the transition 
region, where the main amplifier takes over from the null 
amplifier. The clock frequency sets the transition region. 

Intermodulation 
Previous chopper-stabilized amplifiers have suffered 

from intermodulation effects between the chopper frequency 
and input signals. These arise because the finite AC gain of 
the amplifier results in a small AC signal at the input. This is 
seen by the zeroing circuit as an error Signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies, and causing disturbances to the gain and 
phase versus frequency characteristics near the chopping 
frequency. These effects are substantially reduced in the 
TC7650 by feeding the nulling circuit with a dynamic current 
corresponding to the compensation capacitor current in 
such a way as to cancel that portion of the input signal due 
to a finite AC gain. The intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 

.~---OYOUT 

GAIN=AM 

GAIN = AN' OFFSET = YOSN 
4349 ILL F03 

Figure 1 TC7650 Contains a Nulling and Main Amplifier. Offset Correction Yoltages Are Stored on Two External Capacitors. 
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Figure 2 Nulling Capacitor Connection 

Nulling Capacitor Connection 

The offset voltage correction capacitors are connected 
to CA and Cs. The common capacitor connection is made to 
Vs- (pin 4) on the 8-pin packages and to capacitor return 
(CR, pin 8) on the 14-pin packages. The common connection 
should be made through either a separate PC trace or wire, 
to avoid voltage drops. The capacitors outside foil, if pos
sible, should be connected to CR or Vs-. 

Clock Operation 

The internal oscillator is set for a 200 Hz nominal 
chopping frequency on both the 8- and 14-pin DIPs. With the 
14-pin DIP TC7650, the 200 Hz internal chopping frequency 
is available at the internal clock output (pin 12). A 400 Hz 
nominal signal will be present at the external clock input pin 
(pin 13) with INT/EXT high oropen. This is the internal clock 
signal before a divide-by-two operation. 

The 14-pin DIP device can be driven by an external 
clock. The INT/EXT input (pin 14) has an internal pull-up and 
may be left open for internal clock operation. If an external 
clock is used, INT/EXT must be tied to Vs- (pin 7) to disable 
the internal clock. The external clock signal is applied to the 
external clock input (pin 13). 

The external clock amplitude should swing between V s+ 
and ground for power supplies up to ±6V and between V+ 
and V+ - 6V for higher supply voltages. 

At low frequencies the external clock duty cycle is not 
critical, since an internal divide-by-two gives the desired 
50% switching duty cycle. The offset storage correction 
capacitors are charged only when the external clock input is 
high. A 50% to 80% external clock positive duty cycle is 
desired for frequencies above 500 Hz to guarantee tran
sients settle before the internal switches open. 
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The external clock input can also be used as a strobe 
input. If a strobe signal is connected at the external clock 
input so that it is LOW during the time an overload signal is fJ 
applied, neither capacitor will be charged. The leakage 
currents at the capacitors pins are very low. At 25°C a typical 
TC7650 will drift less than 1 0 ~ V Isec. 

Output Clamp 

Chopper-stabilized systems can show long recovery 
times from overloads. If the output is driven to either supply 
rail, output saturation occurs. The inputs are no longer held 
at a "virtual ground." The Vas null circuit treats the differen
tial signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through an external clamp connection, the TC7650 
eliminates the overload recovery problem by reducing the 
feedback network gain before the output voltage reaches 
either supply rail. 

POSITIVE CLAMP BIAS ~ v+ -VT ~ v+ - O.7V i NTERNAL 

P-CHANNEl ,...-----, 

.---~o OUTPUT 
- CLAMP PIN 

--r; N-CHANNEl 

INTERNAL _ 
NEGATIVE CLAMP BIAS ~ V _ + VT 

~ V +O.7V 

'----------0 TC7650 
OUTPUT PIN 

Figure 3 Internal Clamp Circuit 

'CONNECT TO Vs 0.1 !IF 
ON a-PIN DIP. 

INPUT -1-----1 
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~~~ 

TC7650 

>-...... --I~ OUTPUT 

R3 + ( R1/R2 ) ~ 100 kQ 

FOR FULL CLAMP EFFECT. 
4349 ILL F06 

Figure 4 Noninverting Amplifier With Optional Clamp 
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R2 

0.111F 0.111F 

V 
TC7650 

OUTPUT 

( R1 II R2 ) ~ 100 kQ 

FOR FULL CLAMP 
EFFECT. 
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Figure 5 Inverting Amplifier With Optional Clamp 

The output clamp circuit is shown in Figure 3, with typical 
inverting and non inverting circuit connections shown in 
Figures 4 and 5. Output voltage versus clamp circuit current 
characteristics are shown in the typical operating curves. 
Forthe clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kn. 

Static Protection 

All device pins are static-protected. Strong static fields 
and discharges should be avoided, however, as they can 
degrade diode junction characteristics and increase input
leakage currents. 

Many companies are actively involved in providing 
services, educational material, and supplies to aid elec
tronic manufacturers in establishing "static safe" work ar
eas where CMOS components are handled. A partial com
pany listing is: 

• 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Converters 
1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 

• ACL 
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Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris
tics similar to an SCR. Under certain circumstances this 
junction may be triggered into a low-impedance state, result
ing in excessive supply current. To avoid this condition, no 
voltage greater than 0.3V beyond the supply rails should be 
applied to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 0.1 mA to avoid latch
up. 

Thermoelectric Potentials 

Precision DC measurements are ultimately limited by 
thermoelectric potentials developed in thermocouple junc
tions of dissimilar metals, alloys, silicon, etc. Unless all 
junctions are at the same temperature, thermoelectric volt
ages, typically around 0.11lV/oC, but up to tens of llV/oC for 
some materials, will be generated. In order to realize the 
benefits extremely-lOW offset voltages provide, it is essential 
to take special precautions to avoid temperature gradients. 
All components should be enclosed to eliminate air move
ment, especially those caused by power-dissipating ele
ments in the system. Low thermoelectric-coefficient con
nections should be used where possible and power supply 
voltages and power dissipation should be kept to a mini
mum. High-impedance loads are preferable, and separation 
from surrounding heat-dissipating elements is advised. 

Pin Compatibility 

On the 8-pin mini-DIP TC7650, the external null storage 
capacitors are connected to pins 1 and 8. On most other 
operational amplifiers these are left open or are used for 
offset potentiometer or compensation capacitor connec
tions. 

For OP05 and OP07 operational amplifiers, the replace
ment of the offset null potentiometer between pins 1 and 8 
by two capaCitors from the pins to V s- will convert the OP05/ 
07 pin configurations for TC7650 operation. For LM108 
devices, the compensation capacitor is replaced by the 
external nulling capacitors. The LM 1 01 17481709 pinouts are 
modified similarly by removing any circuit connections to pin 
5. On the TC7650, pin 5 is the output clamp connection. 
Other operational amplifiers may use this pin as an offst or 
compensation point. 

The minor modifications needed to retrofit a TC7650 
into existing sockets operating at reduced power supply 
voltages make prototyping and circuit verification straight
forward. 
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OPTIMUM GUARDING. 
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'USE RaTO COMPENSATE FOR 
LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. 

OUTPUT 
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Figure 6 Input Guard Connection 
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Input Guarding 

High impedance, low leakage CMOS inputs allow the 
TC7650to make measurements of high-impedance sources. 2 
Stray leakage paths can increase input currents and de-
crease input resistance unless inputs are guarded. A guard 
is a conductive PC trace surrounding the input terminals. 
The ring connects to a low-impedance point at the same 
potential as the inputs. Stray leakages are absorbed by the 
low-impedance ring. The equal potential between ring and 
inputs prevents input leakage currents. Typical guard con
nections are shown in Figure 6. 

The 14-pin DIP configuration has been specifically 
designed to ease input guarding. The pins adjacent to the 
inputs are unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 

Component Selection 

The two required capacitors, CA and Ca, have optimum 
values, depending on the clock or chopping frequency. For 
the preset internal clock, the correct value is 0.1 ~F. To 
maintain the same relationship between the chopping fre
quency and the nulling time constant, the capacitor values 
should be scaled in proportion to the external clock, if used. 
High-quality film-type capacitors (such as Mylar) are pre
ferred; ceramic or other lower-grade capacitors may be 
suitable in some applications. For fast settling on initial turn
on, low dielectric absorption capacitors (such as polypro
pylene) should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 ~V. 
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TC7652* 

LOW NOISE, CHOPPER·STABILIZED OPERATIONAL AMPLIFIER 
FEATURES 

• Low Offset Over Temperature Range .•.•......•. 10 /lV 
• Ultra-Low Long-Term Drift ............•.. 150 nVlMonth 
• Low Temperature Drift ..............•............•. 100 nVf'C 
• Low DC Input Bias Current ............................ 15 pA 
• High Gain, CMRR and PSRR .•.....•.•..•... 110 dB Min 
• Low Input Noise Voltage ..•.•. 0.2 IlVp-pj DC to 1 Hz 
• Internally-Compensated for Utility-Gain Operation 
• Clamp Circuit for Fast Overload Recovery 
PIN CONFIGURATIONS 

NC = NO INTERNAL CONNECT10N 
(MAY BE USED AS INPUT GUARD) 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC7652 is a lower noise version of the TC7650, 
sacrificing some input specifications (bias current and band
width) to achieve a 10x reduction in noise. All the other 
benefits of the chopper technique are present, i.e. freedom 
from offset adjust, drift, and reliability problems from exter
nal trim components. Like the TC7650, the TC7652 re
quires only two noncritical external caps for storing the 
chopped null potentials. There are no significant chopping 
spikes, internal effects or overrange lockup problems. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7652CPA 8-Pin Plastic DIP O°C to +70°C 
TC7652ZCPA 8-Pin Plastic DIP O°C to +70°C 
TC76521JA 8-Pin CerDIP - 25°C to +85°C 
TC7652CPD 14-Pin Plastic DIP O°C to +70°C 
TC76521JD 14-Pin CerDIP - 25°C to +85°C 
TC7652ZIJA 8-Pin CerDIP - 25°C to +85°C 

V 
TC7652 

i" 14-PIN rnpONLY ~ 
INTIEXT 1 

EXTCLKIN : 
1 CLKOUT 1 
I. _______ I 

INPUTS >-----t----=---"-----o OUTPUT 

CEXT 

B B A 

A 

NOTE: 1. For a-pin DIP connect to VS:. or to CAET on ,·Z" pinout. 

'Patented 
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ABSOLUTE MAXIMUM RATINGS Continuous Total Power Dissipation (T A = 25°C) 

Total Supply Voltage (Vs+ to Vs-) ............................ +18V 
CerDIP .......................................................... 500 mW 
Plastic DIP .................................................... 375 mW 

Input Voltage ......................... (Vs+ + 0.3V) to (Vs- - 0.3V) 
Storage Temperature Range ................ - 65°C to + 150°C 

Voltage on Oscillator Control Pins .................... Vs+ to Vs-
Operating Temperature Range 

Duration of Output Short Circuit ......................... Indefinite 
C Device ................................................ O°C to +70°C 

Current Into Any Pin ............................................... 10 mA 
I Device ............................................. - 25°C to +85°C 

While Operating (Note 4) ................................ 100 ~A 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to Absolute 
Maximum Rating Conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Vs+ = +5V, Vs- = - 5V, T A = +25°C, unless otherwise indicated. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Vos Input Offset Voltage TA = +25°C ±2 ±5 jlV 
Over Operating Temperature Range (Note 1) ±10 

TCVos Average Temperature Operating Temperature Range 0.01 0.05 jlV/oC 
Coefficient of Input (Note 1) 
Offset Voltage 

VoslllT Offset Voltage vs Time 150 nV/mo 

IBIAS Input Bias Current TA = +25°C 30 100 pA 
(ClKOn) O°C < TA < +70°C 100 pA 

- 25°C < T A < +85°C 250 1000 pA 

IBIAS Input Bias Current TA = +25°C 15 30 pA 
(ClK Off) O°C < TA < +70°C 35 pA 

- 25°C < TA < +85°C 100 pA 

los Input Offset Current TA = +25°C 25 150 pA 

RIN Input Resistance 1012 Q 

OL large Signal Voltage RL= 10 kQ 120 150 dB 
Gain VOUT = ±4V 

VOUT Output Voltage Swing RL= 10 kQ ±4.7 ±4.85 V 
(Note 3) RL= 100 kQ ±4.95 V 

CMVR Common-Mode -4.3 +3.5 V 
Voltage Range 

MRR Common-Mode CMVR = - 4.3V to +3.5V 120 140 dB 
Rejection Ratio 

PSRR Power Supply ±3Vto ±8V 120 140 dB 
Rejection Ratio 

eN Input Noise Voltage Rs = 100Q, DC to 1 Hz 0.2 1.5 jlVp.p 
OCto 10 Hz 0.7 5 jlVp.p 

IN Input Noise Current f = 10 Hz 0.01 pAl-YRZ 
GBW Unity-Gain Bandwidth 0.4 MHz 

SR Slew Rate CL=50pF,RL=10kQ 1 V/j.!S 

Overshoot 15 % 

Vs+' Vs Operating Supply Range 5 16 V 

Is Supply Current No load 1 3 mA 

fCH Intemal Chopping Pins 12 -14 Open (DIP) 100 275 Hz 
Frequency 

Clamp ON Current (Note 2) RL=100kQ 25 100 IlA 
Clamp OFF Current (Note 2) -4V::;VOUT<+10V 1 pA 

NOTES: 1. -25°C to +85°C, or O°C to +70°C. 
2. See "Output Clamp" under detailed description. 
3. Output clamp not connected. See typical characteristics curves for output swing versus clamp current characteristics. 
4. Limiting input current to 100 IlA is recommended to avoid latch-up problems. Typically, 1 mA is safe; however, this is not guaranteed. 
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Capacitor Connection 

Connect the nUll-storage capacitors to the CA and CB 
pins with a common connection to the CRET pin (14-pin 
TC7652 or 8-pin TC7652Z) or to Vs- (8-pin TC7652). When 
connecting to Vs-, avoid injecting load current IR drops into 
the capacitive circuitry by making this connection directly via 
a separate wire or PC trace. 

Output Clamp 

In chopper-stabilized amplifiers, the output clamp pin 
reduces overload recovery time. When a connection is 
made to the inverting input pin (summing junction), a current 
path is created between that point and the output pin, just 
before the device output saturates. This prevents uncon
trolled differential input voltages and charge buildup on 
correction-storage capacitors. Output swing is reduced. 

Clock 

The TC7652 has a 550 kHz internal oscillator, which is 
divided by two before clocking the input chopper switches. 
The 275 Hz chopping frequency is available at INT ClK OUT 
(pin 12) on 14-pin devices. In normal operation, INT/EXT 
(pin 14), which has an internal pull-up, can be left open. 

An external clock can also be used. To disable the 
internal clock and use an external one, the I NT/EXT pin must 
be tied to V s -. The external clock signal is then applied to the 
EXT ClK IN input (pin 13). An internal divide-by-two 
provides a 50% switching duty cycle. The capacitors are 
only charged when EXT ClK IN is high, so a 50% to 80% 
positive duty cycle is recommended for higher clock fre
quencies. The external clock can swing between Vs+ and 
Vs-, with the logic threshold about 2.5V below Vs+. 

The output of the internal oscillator, before the divide
by-two circuit, is available at EXT ClK IN when INT/EXT is 
high or unconnected. This output can serve as the clock 
input for a second TC7652 (operating in a master/slave 
mode), so that both op amps will clock at the same fre
quency. This prevents clock intermodulation effects when 
two TC7652's are used in a differential amplifier configura
tion. 

TEST CIRCUIT 

-"'" ~~ 

TC7652 

>-_1---.. OUTPUT 

O.1I1F 
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If the TC7652's output saturates, error voltages on the 
external capacitors will slow overload recovery. This condi-
tion can be avoided if a strobe signal is available. The strobe 2 
signal is applied to EXT ClK IN and the overload signal is 
applied to the amplifier while the strobe is lOW. In this case, 
neither capacitor will be charged. The low leakage of the 
capacitor pins allow long measurements to be made with 
negligible errors (typical capacitor drift is 10 (.1V/sec). 

APPLICATION NOTES 
Component Selection 

CA and CB (external capacitors) should be in the 0.1 (.1F 
to 1 (.1F range. For minimum clock ripple noise, use a 1 (.1F 
capacitor in broad bandwidth circuits. For limited band
width applications where clock ripple is filtered out, use a 
0.1 (.1F capacitor for slightly lower offset voltage. High
quality film-type capacitors (polyester or polypropylene) are 
recommended, although a lower grade (ceramic) may work 
in some applications. For quickest settling after initial turn
on, use low dielectric absorption capacitors (e.g., polypro
pylene). With ceramic capacitors, settling to 1 (.1V takes 
several seconds. 

Static Protection 

Although input diodes static-protect all device pins, 
avoid strong electrostatic fields and discharges that can 
cause degraded diode junction characteristics and produce 
increased input-leakage currents. 

Latch-Up 

Junction-isolated CMOS circuits have a 4-layer (p-n
p-n) structure similar to an SCR. Sometimes this junction 
can be triggered into a low-impedance state and produce 
excessive supply current. Therefore, avoid applying voltage 
greater than 0.3V beyond the supply rails to any pin. Estab
lish the amplifier supplies at the same time or before any 
input signals are applied. If this is not possible, drive circuits 
must limit input current flow to under 1 mA to avoid latch-up, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is high impedance (about 18 kW). 
With lesser loads, the chopper amplifier behaves somewhat 
like a transconductance amplifier with an open-loop gain 
proportional to load resistance. (For example, the open-loop 
gain is 17dB lower with a 1 kW load than with a 10 kW load.) 
Ifthe amp is used only for DC, the DC gain is typically greater 
than 120 dB (even with a 1 kW load), and this lower gain is 
inconsequential. Forwideband, the bestfrequency response 
occurs with a load resistor of at least 10 kW. This produces 
a 6 dB/octave response from 0.1 Hz to 2 MHz, with phase 
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INPUT 

OUTPUT 
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Follower 

OUTPUT 

INPUT o--+4-"~ 
V 

TC7652 

Noninverting Amplifier 

R2 

':' INPUT 

shifts of less than 2 degrees in the transition region, where 
the main amplifier takes over from the null amplifier. 

Thermoelectric Effects 

The thermoelectric (Peltier) effects in thermocouple 
junctions of dissimilar metals, alloys, silicon, etc. limit ultra
high-precision DC amplifiers. Unless all junctions are at the 
same temperature, thermoelectric voltages around 0.1 ~V/ 
°C (up to tens of ~V/oC for some materials) are generated. 
To realize the low offset voltages of the chopper, avoid 
temperature gradients. Enclose components to eliminate air 
movement, especially from power-dissipating elements in 
the system. Where possible, use low thermoelectric-coeffi
cient connections. Keep power supply voltages and power 
dissipation to a minimum. Use high-impedance loads and 
seek maximum separation from surrounding heat-dissipat
ing elements. 

Guarding 

To benefit from TC7652 low-input currents, take care 
assembling printed circuit boards. Clean boards with alco
hol or TCE, and blow dry with compressed air. To prevent 
contamination, coat boards with epoxy or silicone rubber. 

Even if boards are cleaned and coated, leakage cur
rents may occur because input pins are next to pins at supply 
potentials. To reduce this leakage, use guarding to lower the 
voltage difference between the inputs and adjacent metal 
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runs. The guard (a conductive ring surrounding inputs) is 
connected to a low-impedance point at about the same 
voltage as inputs. Then the guard absorbs leakage currents 
from high-voltage pins. 

The 14-pin dual-in-line arrangement simplifies guard
ing. Like the LM108 pin configuration (but unlike the 101A 
and 741), pins next to inputs are not used. 

Pin Compatibility 

Where possible, the 8-pin device basic pinout conforms 
to such industry standards as the LM101 and LM741. NulI
storing external capacitors connect to pins 1 and 8, which 
are usually for offset-null or compensation capacitors. Output 
clamp (pin 5) is similarly used. For OP05 and OP07 devices, 
replacement of the offset-null potentiometer (connected 
between pins 1 and 8 and Vs+ by two capacitors from those 
pins to Vs-) provides compatibility. Replacing the 
compensation capacitor between pins 1 and 8 by two 
capacitors to Vs- is required. The same operation (with the 
removal of any connection to pin 5) works for LM101, 
~748, and similar parts. 

Because NC pins provide guarding between input and 
other pins, the 14-pin device pinout conforms closely to the 
LM 1 08. Because this device does not use any extra pins and 
does not provide offset-nulling (but requires a compensation 
capacitor), some layout changes are necessary to convert to 
the TC7652. 
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Some Applications 

~i~ur~s 1.and ~ show basic inverting and non inverting 
amplifier CircUits uSing the output clamping circuitto enhance 
overload recovery performance. The only limitations on 
replacing ?ther op amps with the TC7652 are supply voltage 
(±8V maximum) and output drive capability (10 kf.! load for 
full swing). Overcome these limitations with a booster circuit 
(Figure 3) to combine output capabilities of the LM741 (or 
other standard device) with input capabilities of the TC7652. 
These two form a composite device; therefore, when adding 
the feedback network, monitor loop gain stability. 

TC7652 
INPUT 

>-+--. OUTPUT 

Figure 1 Noninverting Amplifier With Optional Clamp 

'ii'" ..... 
Y 

TC7652 
INPUT 

>-....... ~-~ OUTPUT 

Figure 2 Inverting Amplifier With Optional Clamp 

-7.5V 

>---.-. OUT 

~~v 

TC7652 

Figure 3 Using 741 to Boost Output Drive Capability 
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Figure 4 shows the clamp circuit of a zero-offset com
~arator. Because the clamp circuit requires the inverting 
Inpu! .to follow the input signal, problems with a chopper
stabilized op amp are avoided. The threshold input must fa 
tolerate the output clamp current ~VIN/R without disrupting 
other parts of the system. 

Figure 5 shows how the TC7652 can offset-null high 
slew-rate and wideband amplifiers. 

Mixing the TC7652 with circuits operating at ±15V 
requires a lower supply voltage divider with the TC7660 
voltage converter circuit operated "backwards." Figure 6 
shows an approximate connection. 

TC7652 

VOUT 

200 kg t02 Mg 

Figure 4 Low Offset Comparator 

Figure 5 1437 Offset-Nulled by TC7652 

t-----< +15V 

I-..... --I~ +7.5V 
10 JlF 

,-...... --~OV 

1 Mil 

Figure 6 Splitting +15V With the 7660 at >95% Efficiency 
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TC7652 

LOW NOISE, CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS CURVES 
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T DC/DC Converters 
• Switched Capacitor 
• Switching Regulators 
• PMW Controllers 

T Voltage Detectors 

T Voltage Regulators 

T Power MOSFET, Motor 
and PIN Drivers 

W..,"'¥' TELCOM SEMICONDUCTOR, INC. 3·1 
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TC15 Series 

STEP-UP/STEP-DOWN PWM DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

FEATURES 

• Low quiescent current ............................... typ 50IJA 
(TC151A11 B3624; VIN = 3.0V, No Load) 

• Low standby current ........... 1 A version 1.0IJA MAX 
1 B version 10.0IJA MAX 

• Low voltage operation .....•.............. VIN = 1.2 to 10V 
• High accuracy output voltage .........•........•.•.. :±2.50/0 
• Wide choice of VOUT ........ 1.5V to 6.0V in 0.1 V Steps 
• Wide choice of VOET ........ 1.2V to 5.0V in 0.1V Steps 
• Soft start and driver protection circuit 
• Phase compensation circuit 
• Small package ........................................ 8-Pin SOIC 
• Larger current can be obtained by connecting an 

external power transistor 

APPLICATIONS 

• Laptop computers 
• Portable eqUipment 
• Pagers, cellular and cordless telephones 
• Cameras and hand-held systems 

FUNCTIONAL BLOCK DIAGRAM 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC15 Series are CMOS power-supply ICs contain-
ing a low-dropout linear regulator, an under-voltage detec-
tor, and a PWM DC/DC step-up (boost) converter. In normal 
operation (VIN well above VOUT), the device functions as a 
linear regulator. When VIN drops below VIN (min.) or less, the 
voltage detector (VOET) senses this and turns on the boost 
converter that raises VIN back up to the linear regulator's 3 
operating range. The TC15 thus extends battery life consid-
erably by allowing the battery voltage to drop to formerly 
unusable levels. 

As a user-selected option, the chip-enable pin, CE, can 
shut down the entire IC (option A) or just the boost converter 
(option B), leaving the voltage detector active. 

PIN CONFIGURATION 

ORDERING INFORMATION 
The range for VOUT is 1.5V to 6.0V, and that for VDET is 

1.2V to 5.0V; both come in 0.1 V increments, and are user
selected. 

TC15 XX XX XX X XX XXX 

CEform: 1A*, 1B**----.JT T 
Output Voltage: 

PART CODE 

Ex: 15 = 1.5V; 60 = 6.0V 

Detected Voltage: ----------' 
Ex: 12 = 1.2V; 50 = 5.0V 

Temperature: E: - 40°C to +85°C 

Package Type and Pin Count: _____ ...1 

OA: 8-Pin SOIC 

Taping Direction: -----------~ 
723: Left Taping 
713: Right Taping 

• A: If CE is High (+Voo) then whole chip is disabled. 
**B: If CE is High (+Voo) then only the DC/DC converter is disabled and 
the detector is still operational. 
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TC15 Series 

ABSOLUTE MAXIMUM RATINGS 

STEP-UP/STEP-DOWN PWM 
DCIDC CONVERTER 

WITH VOLTAGE DETECTOR 

Parameter Symbol Limit Unit 

Power Supply Voltage VIN -0.3to 12 V 

Output Voltage of Lx pin VLx -0.3to 12 V 
EXT pin VEXT - 0.3 to (Voo + 0.3) V 
VOUT pin VOUT - 0.3 to (Voo + 0.3) V 
VDOUT pin VDOUT -0.3to 12 V 

Input Voltage of CE pin VCE - 0.3 to (Voo + 0.3) V 
VDIN pin VDIN (Vss - 0.3) to (Voo + 0.3) V (ver.A) 

(Vss- 0.3) to 12 V (ver. B) 

Output Current of EXT pin IEXT 50 mA 
Lx pin ILx 250 mA 

Power Dissipation Pd 300 mW 

Operating Temperature TA - 40 to +85 °C 

Storage Temperature Tstg - 65 to +150 °C 

Soldering Condition Tsolder 260° 10 sec 

ELECTRICAL CHARACTERISTICS: 
TC151 Al1 B3624 (3.6V Output) T A = 25°C, VIN = 4.1 V 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Operating Input Voltage No Load 1.2 10 V 

Voo Stepped-up Output Voltage No Load 3.99 4.10 4.21 V 

VOSCST Oscillator Start-up Voltage No Load 0.9 1.2 V 

fosc Oscillator Frequency 40 50 60 kHz 

Maxdty Maximum Oscillator Duty Cycle 65 80 90 % 

VOL1 Lx Output Voltage IOl=50mA 0.5 V 

IOHI Lx Leakage Current 0.01 10 !!A 
VLXlim Lx Voltage Limit Lx pin ON 0.9 V 

VOH EXT Output Pch ON Voltage IEXT =- 3mA, VIN = 4.1V 3.6 V 

VOl2 EXT Output Nch ON Voltage IEXT = SmA, VIN = 4.1V 0.5 V 

VOUT Output Voltage lOUT = SmA 3.51 3.60 3.69 V 

VOIF Dropout Voltage IOUT=30mA 0.3 V 

tNOUTlioUT Load Regulation - 30mA ~ lOUT ~ OmA 100 mV 

-VOET Detector Threshold 2.34 2.4 2.46 V 

VHYS Detector Threshold Hysteresis Range 60 120 240 mV 

VOl3 VDOUT ON Voltage IOl = SmA 0.5 V 

IOH2 VDOUT Leakage Current 0.01 5 !JA 
IVDINH VDIN "H" Input Current VDIN =VIN 5 !!A 
IVDINl VDIN "L" Input Current VDIN =VSS -0.5 0.5 !!A 
VCEH CE "H" Input Voltage VDo-0.3 Voo V 

VCEl CE "L" Input Voltage 0 0.2VOD V 

ICEH CE "H" Input Current CE =VIN -0.5 0.5 !JA 
ICEl CE "L" Input Current CE =Vss -0.5 0.5 !JA 
100 Supply Current VIN = 3V, L = 1OOILH, 55 120 !!A 

C = 22ILF, CE = Vss, No Load 

Istandby Supply Current VIN = 3V, L = 1OOILH, 1.0 !!A1 

C = 22ILF, CE = Voo, No Load 10.0 !JA2 

3-6 V TELCOM SEMICONDUCTOR, INC. 



STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

NOTES 
1 Standby current of version A (see "Ordering Information") 
2 Standby current of version B 

ELECTRICAL CHARACTERISTICS: 
TC151 Al1 85045 (5.0V Output) 

Symbol Parameter 

VIN Operation Input Voltage 

Voo Step-up Output Voltage 

VOSCST Oscillator Start-up Voltage 

fose Oscillator Frequency 

Maxdty Maximum Oscillator Duty Cycle 

VOL1 Lx Output Voltage 

IOH1 Lx Leakage Current 

VlXlim Lx Voltage Limit 

VOH EXT Output Pch ON Voltage 

VOL2 EXT Output Nch ON Voltage 

VOUT Output Voltage 

VOIF Dropout Voltage 

Ll.VouTlloUT Load Regulation 

-VOET Detector Threshold 

VHYS Detector Threshold Hysteresis Range 

VOl3 VDOUT ON Voltage 

IOH2 VDOUT Leakage Current 

IVOINH VDIN "H" Input Current 

IvolNl VDIN "L" Input Current 

VCEH CE "H" Input Voltage 

VCEl CE "L" Input Voltage 

ICEH CE "H" Input Current 

ICEl CE "L" Input Current 

100 Supply Current 

Istandby Supply Current 

NOTES 
1 Standby current of version A (see "Ordering Information") 
2 Standby cu rrent of version B 

PIN DESCRIPTION 

Pin No. Symbol Description 

1 Vss Ground 

Test Conditions 

No Load 

No Load 

No Load 

IOl=50mA 

Lx pin ON 

IEXT = - 3mA, VIN = 5.5V 

IEXT = 5mA, VIN = 5.5V 

louT=5mA 

IOUT=30mA 

- 30mA ~ lOUT ~ OmA 

IOl=5mA 

VDIN =VIN 

VDIN = Vss 

CE=VIN 

CE=Vss 

VIN = 4V, L = 1OOIlH, 
C = 221lF, CE = Vss, No Load 

VIN = 4V, L = 1OOIlH, 
C = 221lF, CE = Voo, No Load 

Pin No. Symbol 

5 VOUT 

2 CE Chip Enable. Set the pin to Voo to 6 Voo 
change the device to standby state 

3 VDOUT Output of voltage detector (NMOS open 7 EXT 
drain output) 

4 VDIN Input to voltage detector 8 Lx 

V TELCOM SEMICONDUCTOR, INC. 

TC15 Series 

T A = 25°C, VIN = 5.5V 

Min Typ Max Unit 

1.2 10 V 

5.36 5.5 5.64 V 

0.9 1.2 V 

40 50 60 kHz 

65 80 90 % 

0.5 V 

0.01 10 ~ 
0.9 V 

5.0 V 

0.5 V 

4.87 5.0 5.13 V 

0.3 V 

100 mV 

4.38 4.5 4.62 V 

112 225 450 mV 

0.5 V 

0.01 5 ~ 
5 ~ 

-0.5 0.5 IlA 
Voo-0.3 Voo V 

0 0.2 Voo V 

-0.5 0.5 IlA 
-0.5 0.5 ~ 

70 150 IlA 

1.0 IlA1 
10.0 ~2 

Description 

Output of voltage regulator 

Input to linear regulator from boost 
converter 

Output drive for external PWM switch 
transistor 

Input to internal switch (from L) 
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TC15 Series 

MARKING 

8 pin-SOle 

a & b represent 15: Fixed 

c represents first digit of voltage 

Mark c Volt 

1.d (V) 

2 2.d (V) 

3 3.d (V) 

4 4.d (V) 

5 5.d (V) 

6 6.d (V) 

d represents first decimal place of voltage 

Mark d Volt Mark d Volt 

o c.O (V) 5 c.5 (V) 

c.1 (V) 6 c.6 (V) 

2 c.2 (V) 7 c.7 (V) 

3 c.3 (V) 8 c.8 (V) 

4 c.4 (V) 9 c.9 (V) 

3-8 

STEP-UP/STEP-DOWN PWM 
DCIDC CONVERTER 

WITH VOLTAGE DETECTOR 

e represents detected voltage 

Mark e VOET Mark e VOET Mark e VOET 

0 1.2 C 2.9 R 5.0 

1 1.5 0 3.0 S 1.3 

2 1.8 E 3.1 T 3.7 

3 1.9 F 3.3 

4 2.0 G 3.5 

5 2.1 H 3.6 

6 2.2 J 4.0 

7 2.4 K 4.1 

8 2.5 L 4.3 

9 2.6 M 4.5 

A 2.7 N 4.7 

B 2.8 0 4.8 

represents CE version 

Mark f Version 

A A 

B B 

g, hand i, represents assembly lot number 

V TELCOM SEMICONDUCTOR, INC. 



STEP-UP/STEP-DOWN PWM 
DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

TEST CIRCUITS (Keyed to following graphs) 

Vss 

'------I CE 

LXI-+-~ 

EXT 

VDOUT VDDI-~~~----...... -~ 

VOUT 1-...... ----1r--_--t---+-... To Oscilloscope 

Figure 1 Test Circuit 1 

Vss Lx Vss Lx 

CE EXT CE EXT 

To Oscilloscope VDOUT Voo VDOUT Voo 

100kQ VDIN VOUT VDIN VOUT 

VIN 

Figure 2 Test Circuit 2 Figure 3 Test Circuit 3 

Test Circuit 1 Applies to graphical characteristics 1) - 4), 7), 8) and 11) - 14) 

[Change the 100J.LF capacitance to 1 J.LF for characteristics 13) and 14) 

STANDBY state: CE = Vaal 

Test Circuit 2 Applies to graphical characteristics 9) and 10) 

Test Circuit 3 Applies to graphical characteristics 5) and 6) 

Definition of efficiency is as follows: (V OUT x lOUT) + (VIN x liN) 

¥ TELCOM SEMICONDUCTOR, INC. 

VIN 

TC15 Series 

To Oscilloscope 
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TC15 Series 

TYPICAL CHARACTERISTICS 
1) Output Voltage vs. Input Voltage 
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INPUT VOLTAGE VIN (V) 
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STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 

WITH VOLTAGE DETECTOR 
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STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
2) Output Voltage vs. Output Current (T A = 25°C) 
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TC15 Series 

TC151A4036 
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TC15 Series 

TYPICAL CHARACTERISTICS 
3) Efficiency vs. Input Voltage (T A = 25°C) 
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STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 

WITH VOLTAGE DETECTOR 
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STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
4) Efficiency vs. Output Current (T A = 25°C) 
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TC15 Series 
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TC15 Series 

TYPICAL CHARACTERISTICS 

5) Oscillator Frequency vs. Temperature 
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STEP-UP/STEP-DOWN PWM 
DCIDC CONVERTER 

WITH VOLTAGE DETECTOR 

6) Oscillator Maximum Duty Cycle vs. Temperature 
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STEP-UP/STEP-DOWN PWM 
DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 

11) Supply Current (No Load) vs. Input Voltage 
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TC15 Series 

TYPICAL CHARACTERISTICS 
14) line Transient Response 
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STEP-UP/STEP-DOWN PWM 
DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
15) Output Ripple Voltage vs. Output Current (T A = 25°C) 
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TC15 Series 
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T Semiconductor, Inc. 

BICMOS PWM CONTROLLERS 

FEATURES 

• Low Power BICMOS Construction 
• Low Supply Current at 20 KHz ........•.•.. 1.0 rnA Typ 
• Latch-Up Immunity .......••....... >500 rnA on Outputs 
• Below Rail Input Protection ................••............. -5V 
• High Output Drive .............................. 500 rnA Peak 
• Fast Rise/Fall Time ...................... 50 ns @ 1000 pF 
• High Frequency Operation ..............•... Up to 1 MHz 
• Tri-state Sync Pin for Easy Parallel Operation 
• Under Voltage Hysteresis Guaranteed 
• Shutdown Pin Available 
• Double-Ended 
• Soft Start, With Small Cap 
• Low Prop Delay Shutdown to Output .. 140 ns Typ. 

FUNCTIONAL BLOCK DIAGRAM 

GND 0-'-'----; 
SYNC <>"-----, 

RT o!---r--::=--, 
~ O"-i-L,._---J 

IN-

IN+ 

GENERAL DESCRIPTION 

TC15C25 
TC25C25 
TC35C25 

The TC35C25 family of PWM controllers are CMOS 
implementations of the industry standard 3525 voltage 
mode SMPS ICs. 

These second generation CMOS devices employ 
TelCom Semiconductors' Tough BiCMOSTM process for 
latch-Up proof operation. They offer much lower power 
consumption than any of their previous CMOS or bipolar 
counterparts. 

These controllers have separate supply pins for the 
control and output sections of the circuit. This allows "boot-
strap" operation. The CMOS output stage allows the output 3 
voltage to swing to within 25 mV of either rail. 

Other improved features include tighter hysteresis and 
undervoltage start-up specifications over temperature, and 
very low input bias current on all inputs. 

ORDERING INFORMATION 

Part No. Configuration Pkg.fTemperature 

TC15C25MJE Non-Inverting 16-Pin CerDIP 
-55 to + 125°C 

TC25C25EOE Non-Inverting 16-Pin SOIC (wide) 
-40 to +85°C 

TC25C25EPE Non-Inverting 16-Pin Plastic DIP 
-40 to +85°C 

TC35C25COE Non-Inverting 16-Pin SOIC (wide) 
o to +70°C 

TC35C25CPE Non-Inverting 16-Pin Plastic DIP 
o to +70°C 

SOFT 0"-----+--' 
START r--t---...... -----' 

SHUTDOWN C>"""--~ 
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TC15C25 
TC25C25 
TC35C25 

BICMOS PWM CONTROLLERS 

ELECTRICAL CHARACTERISTICS: unless otherwise stated, these specifications apply for -55°C <T A < 
+ 125°C for TC15C25MJE; -40°C < T A < +85°C for the TC25C25EXX; and O°C <T A < +70°C for the TC35C25CXX; VIN 
and Voo = 16V; RT = 3.7kQ; CT = 1000 pF; RD = 760 Q 

Parameter Test Conditions Min Typ Max Units 

Reference Section 
Output Voltage TJ = 25°C, 10 = 1 mA 3.9 4 4.1 V 

Line Regulation VIN = SV to 1SV - :±!4 ±10 mV 

Load Regulation 11= 1 mA to 12 mA - ±4 ±15 mV 

Temp Coefficient Note 1 - ±0.01 ±OA mV/OC 

VREF Worst Case 3.S5 4 4.15 V 

Long Term Drift TJ = 25°C, (note 1) - ±50 - mV/l000Hrs 

Short Circuit VREFto GND 20 40 70 mA 

Output Noise rJ = 25°C, 10 Hz ~ f ~ 10 kHz, (note 1) - 21 - ~V(rms) 

Oscillator Section 
Initial Accuracy TJ = 25°C, at 97 KHz - ±2 ±3 % 

Voltage Coefficient VIN = SV to ISV - ±0.01 ±0.1 %N 
Temp Coefficient Note 1 - ±0.025 ±O.OS %/oC 

OSC Ramp Amplitude 2.9 3.2 304 V 

Reset Switch RDS (ON) TJ=25°C 30 50 SO n 

Clock Amplitude fose = 100 kHz, RL = 1 Mn, (note1) 4.9 5.5 S.7 V 

Clock Min Width TJ = 25°C, RD = on, (note 1) - 170 200 ns 

CT= 100 pF, RT= In 

Sync Threshold RT pin tied to VREF, CT pin at GND I.S 2.2 2.S V 

Sync Input Current Sync Voltage = 4V, V(RT) = 4V - - ±1 ~A 

Min Sync Pulse Width TJ = 25°C, Sync Amplitude = 5V, (note 1) - 130 175 ns 

MaxOSC Freq RT = In, CT = 100 pF, RD = on, (note 1) 1.0 - - MHz 

TJ=25°C 

Error Amplifier Section (VCM = 2.5V) 
Input Offset Voltage - ±5 ±15 mV 

Input Bias Current TJ= 25°C - ±50 ±200 pA 

Input Offset Current TJ= 25°C - ±25 ±100 pA 

DC Open Loop Gain RL = 100kn 70 S5 - dB 

Gain Bandwidth Product Note 1 0.7 0.9 1.2 MHz 

Output Low Level RL = 100kQ (NChannel) - 10 20 mV 

Output High Level RL = 1 OOkQ (NPN) 4.9 504 5.9 V 

CMRR VCM = 0.5 to 4.7V SO 75 - dB 

Supply Voltage Rejection VIN = SV to ISV 90 120 - dB 

Slew Rate CLOAD = 50 pF, ACL = 1 - 1 - V/~s 

V(EA+) = IV to 3V pulse, (note 1) 

Threshold Hysteresis O.S O.S 1 V 

Total Standby Current 
Supply Current - 1.2 2.5 mA 

Start-Up Current - 250 350 ~ 
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BICMOS PWM CONTROLLERS 

TC15C25 
TC25C25 
TC35C25 

ELECTRICAL CHARACTERISTICS: unless otherwise stated, these specifications apply for -55°C <T A < 
+ 125°C for TC15C25MJE; -40°C < T A < +85°C for the TC25C25EXX; and DoC <T A < +70°C for the TC35C25CXX; VIN 
and VDD = 16V; RT = 3.7kQ; CT = 1000 pF; RD = 760 Q 

Parameter Test Conditions I Min I Typ I Max Units 

PWM Comparator 
Min. Duty Cycle Note 1, TJ = 25°C - - 0 % 

Max Duty Cycle TJ = 25°C, losc = 100KHz, (note 1) 45 49 - % 
Input Threshold V(CT) =0.6V 0.5 0.6 0.7 V 

Input Threshold V(CT) = 3.6V 3.4 3.6 3.7 V 

Input Bias Current Note 1, TJ = 25°C - - ±1 ~ 
Soft Start Section 
Soft Start Current VSHUTDOWN = OV 30 46 75 ~ 
Soft Start Voltage VSHUTDOWN = 3V - 30 100 mV 

Shutdown Input Current VSHUTDOWN = 3V - ±1 ±100 nA 

Min Shutdown Pulse Width VSHUTDOWN = 5V, (note 1) - 20 40 ns 

Shutdown Delay VSHUTDOWN = 5V, (note 1) 130 140 220 ns 

Shutdown Threshold 1.5 2.4 3 V 

Output Drivers (each output) 
Output Low Level RDS (ON) ISINK = 20mA - 13 25 Q 

Output High Level RDS (ON)lsouRcE = 20 mA - 20 35 Q 

Rise Time CL = 1nF, (note 1) - 55 80 ns 

Fall Time CL = 1nF, (note 1) - 40 65 ns 

PowerSuppy 
Supply Current losc = 100KHz - 2 3 mA 

UV Lockout Threshold 6.6 7 7.3 V 

UV Lockout Hysteresis 1.7 2.2 2.5 V 

Start-up Current - 75 200 ~ 

NOTE: 1. Not Tested. 

TelCom Semiconductor reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. TelCom Semiconductor assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 
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TC15C25 
TC25C25 
TC35C25 

OUTPUT SECTION 

The output stage of the TC35C25 is comprised of two 
pairs of complimentary CMOS drivers operating in a push
pull mode. Each output is capable of sinking or sourcing 
nearly 500 mA of peak current. They are also capable of 
absorbing just as much "kick-back" current without latching. 

SOFT START 

A soft restart recovery rate may be selected by placing 
a capacitor from SOFT START (pin 8) to ground. The 
calculation for the recovery timing is approximately 60 ms/ 
I1F. 

SOFT START will mediate the start-up from under 
voltage recovery, power-on, or SHUTDOWN. 

SHUTDOWN 

There is a minimum delay, non-latching shutdown fea
ture on the TC35C25 PWM controller. Both outputs may be 
turned off by applying a positive voltage to SHUTDOWN (pin 
10). Typical shutdown threshold is 2.4 V. Returning the pin 
back to ground will reinitialize the soft start cycle. 

OSCILLATOR SECTION 

A tri-state feature has been added to accommodate 
systems which require multiple controllers to be run in a 
"master/slave" configuration. The timing resistor pin (RT, pin 
6) may be tied to VREF to place the sync pin (SYNC, pin 3) 
in a high impedance state. This will allow the chip to be 
clocked from an external source. 

The sync output (OSC OUT, pin 4) of the TC35C25 can 
drive several sync inputs configured in this manner. 

SCILLATOR SYNCHRONIZATION 

Synchronization of two TC15C25/27 can be done by 
making one PWM Controller as the master oscillator to 
synchronize the slave as follows: 

6 RT 

> V 
RT < TCX5C25 MASTER 

5 CT GND OSCOUT 

*CT 112 I: 'i7~ \16 
6 RT VREF SYNC 

V 
TCX5C25 SLAVE 

5~ GND 

.&12 
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BICMOS PWM CONTROLLERS 

OSCILLATOR SYNCHRONIZATION WITH 
SEPARATE RC TIMER 

Synchronization can also be done by having a separate 
RC timing circuit on the slave oscillator that is slightly lower 
frequency than the master oscillator. The sync input will not 
be in a high impedance state so the number of slave 
oscillators is limited. This method of synchronization is 
useful when slave oscillator is located in a different location. 
When a separate RC timer is used in the slave controller, 
ground loop noise pickup in the oscillator is minimized. 

""v'" 
TCX5C25 

MASTER 

OSCOUT 

4 

3 

SYNC 

'0" ... 
TCX5C25 SLAVE 

SLAVE TC > MASTER TC 
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BICMOS PWM CONTROLLERS 

OSCILLATOR FREQUENCY AND OUTPUT 
DEAD TIME 

The oscillator frequency (Fa) = ---'-
TCHG + To 

T CHG is the charging duration of CT. One of the PWM 
Controller output drivers is ON during charging of CT. To is 
the output dead time when both of the output drivers are 
inactive. Resistor (RT) sets the Capacitor (CT) charging 
current. 

To choose an oscillator frequency (Fa), first select the 
period of dead time (To) required. Calculate the capacitor 
charge time (T CHG). 

T CHG = 1 - Fo x T c 
Fo 

Select a capacitor in the range of 100 pF to 1000 pF for 
CT. See graph in Typical Characteristic Curve. Calculate 
capacitor charging current (lcHG). 

ICHG= 2.5 X CT 
TCHG 

CT in Farads, T CHG in seconds, ICHG in amperes, and 
RTin ohms. 

RT= 
1.5 

ICHG 

Wv""" TELCOM SEMICONDUCTOR, INC. 

TC15C25 
TC25C25 
TC35C25 

,.,~-: 
ON·TIME 
(TCHG) 

PIN4~ 

-.I I.-
OUTPUT DEAD TIME (TO) 

The resistor (Ro) controls the period of dead time (To). 
During dead time this resistor (Ro) current is the sum of the 
CT discharge current and the ICHG current. The value for 
Ro can range from >1 ohm to <900 ohm. Dead time 
increases when Ro is increased. See graph in Typical 
Characteristic Curve for dead time resistor value. 

UNDERVOLTAGE LOCKOUT SECTION 

TO OUTPUT 
SHUTDOWN 

IS 

1mA 

7V 9.2V 

Is = STARTUP CURRENT 

The typical turn on threshold is 9.2 V for operation of this 
family of PWM Controllers. When supply voltage at pin 15 
drops below 7 V, after normal operation above 9.2 V, lockout 
occurs and both output drives to pin 11 and 14 are termi· 
nated. 
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TC15C25 
TC25C25 
TC35C25 

BENCH TEST OPERATIONAL SIMULATION 
WAVEFORMS 

/"-+-\-:-.A----f-1h~+\~~:_\_- _ PIN 2 

OSCOUT 
PIN4 

OUTPUT~n n 
PIN 11 J I ... _+-_---'. ... _.;.-_ 

OUTPUTB n IL PIN 14 
----' '----

VOLTAGE 

The 5K potentiometer sets a reference voltage at pin 2. 
When ramp voltage of pin 5 reaches this reference voltage, 
output drive pulse is active ON. Varying the discharge 
resistor will vary the dead time. Increasing the discharge 
resistor will effect an increase in the dead time. 

GND 

REPLACING BIPOLAR VERSIONS WITH 
CMOS 

Although the pin-out and functions are the same for both 
the Bipolar and CMOS versions, there are several differ
ences that need to be taken into account. The reference 
voltage on the TC35C25 is 4 V instead of 5 V and the 
oscillator ramp is 3 V, not 4 V. The RT and CT values are 
different for any particular frequency and dead-time require
ment. 

The most important difference is that the absolute 
maximum rating of the VDD and VIN voltages forthe TC35C25 
is 18 V, whereas the UC3525 is 40 V. 
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BICMOS PWM CONTROLLERS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................... 18V 
Maximum Chip Temperature .................................. 150 °C 
Storage Temperature ............................ -65°C to +150°C 
Lead Temperature (10 sec) .................................... 300 °C 
Package Thermal Resistance 

CerDIP RaJ.A ................................................................. 150°C/W 
CerDIP RaJ.c .................................................................... 55°C/W 
PDIP RaJ.A ..................................................................... 125°C/W 
PDIP RaJ.c ........................................................................ 45°C/W 
SOIC RaJ.A ..................................................................... 250°C/W 
SOIC RaJ.A ........................................................................ 75°C/W 

Operating Temperature 
15C2X ....................................... -55°C:::; TA:::; +125°C 
25C2X ......................................... -40°C :::; T A:::; +85°C 
35C2X ............................................. O°C:::; TA:::; +70°C 

Static·sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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BICMOS PWM CONTROLLERS 

TC15C25 
TC25C25 
TC35C25 

PIN DESCRIPTIONS 

PIN 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

DESCRIPTION 

IN-, ERROR AMPLIFIER inverting input for output voltage reference input and amplifier gain set. 

IN+, ERROR AMPLIFIER, non-inverting input for output voltage feedback to regulate voltage. 

SYNC input pin for PWM controller oscillator synchronization of two or more controllers from an external 
clock output or from another PWM controller oscillator output. 

OSC OUT pin is for output of the internal oscillator. This signal can be used as a master oscillator to 
sync other oscillators to run at the same timing period. 

CT pin is the capacitor timing input to set oscillator frequency in conjunction with pin 6 RT timing 
resistor. 

RT pin is for timing resistor input to set oscillator frequency by setting the charge current into capaCitor 
CTof pin 5. 

DISCH pin is for discharging the timing capacitor, CT of pin 5. During discharging time period, PWM 
controller output is disabled. This is called dead time. With a resistor between pin 7 and pin 5, the 
dead time can be controlled. 

SOFT START pin is for soft starting the power supply. A capacitor from this pin to GND pin 12 will limit 
duty cycle till capacitor is charged above error amplifier output. 

COMP pin is for compensation of the feedback loop response. 

SHUTDOWN pin is for terminating both outputs of pins 11 and 14. This will shutdown the power supply 
outputs. A positive input with shutdown threshold of 2.4 V is required for shutdown. 

OUTPUT A pin is for output drive of phase A to drive push pull transistor A. 

GND pin is for ground return for all inputs and output signals. 

Voo pin is for power supply input to operate the output drivers A and B. 

OUTPUT B pin is for output drive of phase B to drive push pull transistor B. 

VIN pin is for voltage bias supply input for all PWM controller functions except output drive circuits. 

VREF pin is the reference supply output voltage of 4.0 volts that may be used for any voltage reference 
purposes such as a reference to control output Voltage. 
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BICMOS PWM CONTROLLERS 

TC15C25 
TC25C25 
TC35C25 

PIN CONFIGURATION 

OSCOUT 4 

DISCHARGE 7 

SOFT START 8 

16-Pin DIP 

V 
TC15C25 
TC25C25 
TC35C25 

VREF 

YiN 
OUTPUTB 

VDD 

GND 

OUTPUT A 

SHUTDOWN 

OSCOUT 4 

DISCHARGE 7 

SOFTSTART 8 

TYPICAL CHARACTERISTIC CURVES 

Oscillator Frequency 
vs. Ctand Rt 

900r---~----~--~~--~ 

800 VDD = VIN = 16V, T A +25°C 

700 t----'~_+----+--7 

200r-~~~~+--~~~~ 

Supply Current 
vs. Frequency 

100t::::1::=E~ 5~~1t11 
~oo 400 600 800 1000 00"-'-0 ...... 2--'--0 ...... 4--'--0 ..... 6--1.-0 ....... 8---'--' 

Ct (pF) FREQUENCY (MHz) 

16-Pin SO 

V 
TC15C25 
TC25C25 
TC35C25 

Dead Time 

VREF 

YiN 
OUTPUTB 

VDD 

GND 

OUTPUT A 

SHUTDOWN 

vs. Ct and Discharge Resistor 
3000 

2500 
VDD = 16V, TA +25°C, Rt = 10k 

I 

O"-~"---'--~....I.-....I.-~~~~ 

o 200 400 600 800 1000 
DISCHARGE RESISTOR (0) 
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T SemicOnductor, Inc. 

TC16 Series 

STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

FEATURES 

• Low quiescent current .............................. typ 151lA 
(TC163624j VIN = 3.0V, No Load) 

• Low standby current .......... 1 A version 1.01lA MAX 
1 B version 10.01lA MAX 

• Low voltage operation .................... VIN = 1.2 to 10V 
• High accuracy output voltage ....................... :12.5% 
• Wide choice of VOuT ........ 1.5V to 6.0V in 0.1V Steps 
• Wide choice of VOET ........ 1.2V to 5.0V in 0.1 V Steps 
• Soft-start and driver protection circuits 
• Small package ........................................ 8-Pin SOIC 
• Larger current can be obtained by connecting an 

external power transistor 

APPLICATIONS 

• Laptop computers, portable automation equip
ment 

• Pagers, cellular and cordless telephones 
• Cameras and hand-held systems 

FUNCTIONAL BLOCK DIAGRAM 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC16 Series are CMOS power·supply ICs contain-
ing a low·dropout linear regulator, an under-voltage detec-
tor, and a PFM DC/DC step-up (boost) converter. In normal 
operation (VIN well above VOUT), the device functions as a 
linear regulator. When VIN drops belowVIN (min.) or less, the 
voltage detector (VOET) senses this and turns on the boost 
converter that raises VIN back up to the linear regulator's 3 
operating range. The TC16 thus extends battery life consid
erably by allowing the battery voltage to drop to formerly 
unusable levels. 

As a user-selected option, the chip-enable pin, CE, can 
shut down the entire IC (option A) or just the boost converter 
(option B), leaving the voltage detector active. 

PIN CONFIGURATION 

ORDERING INFORMATION 

The range for VOUT is 1.5V to 6.0V, and that for VDET is 
1.2V to 5.0V; both come in 0.1 V increments, and are user
selected. 

PART CODE TC16 XX XX XX X XX XXX 

CEform: 1A*, 1B**'-------T~ T 
Output Voltage: ----------' 

Ex: 15 = 1.SV; 60 = 6.0V 

Detected Voltage: ----------' 
Ex: 12 = 1.2V; SO = S.OV 

Temperature: E: - 40°C to +8SoC -----' 

Package Type and Pin Count: ------' 
OA: 8-Pin SOIC 

Taping Direction: ---------------' 
723: Left Taping 
713: Right Taping 

• A: "CE is High (+Voo) then whole chip is disabled. 
**B: "CE is High (+Voo) then only the DC/DC converter is disabled and 
the detector is still operational. 
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TC16 Series 

ABSOLUTE MAXIMUM RATINGS 
Parameter 

Power Supply Voltage 

Output Voltage of Lx pin 
EXT pin 
VOUT pin 
VDOUT pin 

Input Voltage of CE pin 
VDIN pin 

Output Current of EXT pin 
Lx pin 

Power Dissipation 

Operating Temperature 

Storage Temperature 

Soldering Condition 

ELECTRICAL CHARACTERISTICS: 
TC161 Al1 B3624 (3.6V Output) 

Symbol Parameter 

VIN Operation Input Voltage 

Voo Step-up Output Voltage 

VOSCST Oscillator Start-up Voltage 

fOBC Maximum Oscillator Frequency 

Maxdty Maximum Oscillator Duty Cycle 

VOll Lx Output Voltage 

IOHl Lx Leakage Current 

VlXlim Lx Voltage Limit 

VOH EXT Output Pch ON Voltage 

VOl2 EXT Output Nch ON Voltage 

VOUT Output Voltage 

VOIF Dropout Voltage 

i\VouT!i\IOUT Load Regulation 

-VOET Detector Threshold 

STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

Symbol Limit Unit 

VIN -0.3to 12 V 

VLx -0.3to 12 V 
VEXT - 0.3 to (Voo + 0.3) V 
VOUT - 0.3 to (Voo + 0.3) V 

VDOUT -0.3to 12 V 

VCE - 0.3 to (Voo + 0.3) V 
VDIN (Vss- 0.3) to (Voo + 0.3) V (ver.A) 

(Vss- 0.3) to 12 V (ver. 8) 

I EXT 50 mA 
ILx 250 mA 

Pd 300 mW 

TA -40to +85 °C 

Tstg - 65 to +150 °C 

T solder 260° 10 sec 

Test Conditions Min Typ Max Unit 

No Load 1.2 10 V 

No Load 3.99 4.10 4.21 V 

No Load 0.9 1.2 V 

100 kHz 

65 80 90 % 

IOl= 50mA 0.5 V 

0.01 10 ItA 
Lx pin ON 0.9 V 

IEXT = - 3mA, VIN = 4.1V 3.6 V 

IEXT = 5mA, VIN = 4.1 V 0.5 V 

IOUT=-5mA 3.51 3.60 3.69 V 

IOUT=-30mA 0.3 V 

- 30mA :s; IOUT:S; OmA 100 mV 

2.34 2.4 2.46 V 

VHYS Detector Threshold Hysteresis Range 60 120 240 mV 

VOl3 VDOUT ON Voltage IOl=5mA 0.5 V 

IOH2 VDOUT Leakage Current 0.01 5 ItA 
IVOINH VDIN "H" Input Current VDIN= VIN 5 ItA 
IVOINl VDIN "L" Input Current VDIN=VSS -0.5 0.5 ItA 
VCEH CE "H" Input Voltage Voo-0.3 Voo V 

VCEl CE "L" Input Voltage 0 0.2 Voo V 

ICEH CE "H" Input Current CE=VIN -0.5 0.5 ItA 
ICEl CE "L" Input Current CE =Vss -0.5 0.5 ItA 
100 Supply Current VIN = 3V, L = 1OOI1H, 15 30 ItA 

C = 2211F, CE = Vss, No Load 

Istandby Supply Current VIN = 3V, L = 1OOI1H, 1.0 ItAl 
C = 2211F, CE = Voo, No Load 10.0 1tA2 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

NOTES 
1 Standby current of version A 
2 Standby current of version B 

ELECTRICAL CHARACTERISTICS: 
TC161 Al1 85045 (5.0V Output) T A = 25°C, VIN = 5.5V 

Symbol Parameter Test Conditions 

VIN Operation Input Voltage No Load 

Voo Step-up Output Voltage No Load 

VOSCST Oscillator Start-up Voltage No Load 

fose Maximum Oscillator Frequency 

Maxdty Maximum Oscillator Duty Cycle 

VOL1 Lx Output Voltage IOl= 50mA 

IOH1 Lx Leakage Current 

VlXlim Lx Voltage Limit Lx pin ON 

VOH EXT Output Pch ON Voltage IEXT = - 3mA, VIN = 5.5V 

VOl2 EXT Output Nch ON Voltage IEXT = 5mA, VIN = 5.5V 

VOUT Output Voltage IOUT=-5mA 

VOIF Dropout Voltage lOUT =-30mA 

eN OUT/ LlloUT Load Regulation - 30mA ~ lOUT ~ OmA 

-VOET Detector Threshold 

VHYS Detector Threshold Hysteresis Range 

VOl3 VDOUT ON Voltage IOl=5mA 

IOH2 VDOUT Leakage Current 

IVOINH VDIN "H" Input Current VDIN =VIN 

IVOINl VDIN "L" Input Current VDIN = Vss 

VCEH CE "H" Input Voltage 

VCEL CE "L" Input Voltage 

ICEH CE "H" Input Current CE=VIN 

ICEl CE "L" Input Current CE=Vss 

100 Supply Current VIN = 4V, L = 1OOIlH, 
C = 221lF. CE = Vss, No Load 

Istandby Supply Current VIN = 4V, L = 1OOIlH, 
C = 221lF. CE = Voo. No Load 

NOTES 
1 Standby current of version A 
2 Standby current of version B 

PIN DESCRIPTION 

Pin No_ Symbol Description 

Vss Ground 

2 CE Chip Enable. Set the pin to Voo to 
change the device to standby state 

3 VDOUT Output of voltage detector (NMOS open 
drain output) 

4 VDIN Input to voltage detector 

5 VOUT Output of voltage regulator 

V TELCOM SEMICONDUCTOR, INC_ 

Pin No. Symbol 

6 Voo 

7 EXT 

8 Lx 

TC16 Series 

Min Typ Max Unit 

1.2 10 V 

5.36 5.5 5.64 V 

0.9 1.2 V 

80 100 120 kHz 

65 80 90 % 

0.5 V 

0.01 10 J.IA 
0.9 V 

5.0 V 

0.5 V 

4.87 5.0 5.13 V 

0.3 V 

100 mV 

4.38 4.5 4.62 V 

112 225 450 mV 

0.5 V 

0.01 5 J.IA 
5 J.IA 

-0.5 0.5 J.IA 
Voo-0.3 Voo V 

0 0.2 Voo V 

-0.5 0.5 J.IA 
-0.5 0.5 J.IA 

20 40 J.IA 

1.0 J.IA 1 
10.0 J.lA2 

Description 

Input to linear regulator from boost 

converter 

Output drive for external PFM switch 
transistor 

Input to internal switch (from L) 
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TC16 Series 

MARKING 

8 pin-SOle 

<D & <V represent 16: Fixed 

@ represents first digit of voltage 

Mark@ Volt 

1 1.@(V) 

2 2.@(V) 

3 3.@(V) 

4 4.@(V) 

5 5.@(V) 

6 6.@(V) 

@ represents first decimal place of voltage 

Mark@ Volt Mark@ 

0 @.O(V) 5 

@.1(V) 6 

2 @.2(V) 7 

3 @.3(V) 8 

4 @.4(V) 9 

3-30 

STEP-UP/STEP-DOWN DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

® represents detective voltage 

Mark® VOET Mark® VOET Mark® VOET 

0 1.2 C 2.9 R 5.0 

1 1.5 D 3.0 S 1.3 

2 1.8 E 3.1 

3 1.9 F 3.3 

4 2.0 G 3.5 

5 2.1 H 3.6 

6 2.2 J 4.0 

7 2.4 K 4.1 

8 2.5 L 4.3 

9 2.6 M 4.5 

A 2.7 N 4.7 

8 2.8 0 4.8 

@ representsCEversion 

MlrI<@ Version 

A 1A 

8 18 

Volt (D, ® and ®, represents assembly lot number 

@.5(V) 

@.6(V) 

@.7(V) 

@.8(V) 

@.9(V) 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TEST CIRCUITS (Keyed to following graphs) 

t---IVss LX I---I-----t 

L..-------l CE EXT 

VDOUT VDD I---+-~t-----_----, 

TC16 Series 

VOUT I--------~-+---+--- To Oscilloscope 

Test Circuit 1 

Vss Lx Vss Lx 

CE EXT CE EXT 

To Oscilloscope VDOUT VDD VDOUT VDD 

100kQ VDIN VOUT VDIN VOUT 

Test Circuit 2 

Test Circuit 1 

Test Circuit 2 

Test Circuit 3 

VIN 

Test Circuit 3: 

Applies to graphical characteristics 1) - 4), 7), 8) and 11) - 14) 

[Change the 100llF capacitance to 1 IlF for characteristics 13) and 14) 

STANDBY state: CE = Vool 

Applies to graphical characteristics 9) and 10) 

Applies to graphical characteristics 5) and 6) 

Definition of efficiency is as follows: (V OUT X lOUT) 7- (V'N x liN) 

"'¥"'¥"'¥ TELCOM SEMICONDUCTOR, INC. 

• To Oscilloscope 

VIN 
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TC16 Series 

TYPICAL CHARACTERISTICS 
1) Output Voltage vs. Input Voltage 

~ 
!; 

5.5 

~ 5.0 
w 
CJ 
i! 
oJ 

g 
!; 4.5 

~ o 

~ 
!; 

4.0 

~ 3.5 
w 
CJ 
i! 
oJ 

g 
!; 3.0 

~ o 

~ 
!; 

4.0 

~ 3.5 
w 

~ g 
!; 3.0 

~ o 

3-32 

TC161A5045 
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"-----
--- 1"- lOUT = 1 OmA 

i'.. lOUT = 20mA 
----- r-.. 'lOUT = 30mA 
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I 
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INPUT VOLTAGE VIN (V) 

TC161A3624 
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_.-
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STEP-UP/STEP-DOWN DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 
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STEP-UP/STEP-DOWN DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
2) Output Voltage vs. Output Current (T A = 25°C) 

TC161A5045 
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1 -I-+--
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TC16 Series 

TC161A4036 
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TC16 Series 

TYPICAL CHARACTERISTICS 
3) Efficiency vs_ Input Voltage (T A = 25°C) 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 
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STEP-UP/STEP-DOWN DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
4) Efficiency vs. Output Current (T A = 25°C) 
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TC16 Series 

TC161A3531 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TC16 Series 

TYPICAL CHARACTERISTICS 

5) Oscillator Frequency vs. Temperature 
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7) Output Voltage Voo vs. Temperature 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 

TC16 Series 

11) Supply Current (No Load) vs. Input Voltage 
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STEP-UP/STEP-DOWN DC/DC CONVERTER 
WITH VOLTAGE DETECTOR 

TC16 Series 

TYPICAL CHARACTERISTICS 
14) Line Transient Response TC161A3624 
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STEP-UP/STEP-DOWN DCIDC CONVERTER 
WITH VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS 
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TC17 Series 

PWM STEP-UP SWITCHING REGULATOR 

FEATURES 

• Only 3 external components 
required ................................ Coil, diode, capacitor 

• Low operating current ...........................• Typ. 301JA 
• Low ripple and noise 
• Low voltage operation ............................. O.9V Max. 

(Output current 1 mAl 
• Wide Choice of VOuT ....... 2.7V to 7.5V in O.1V Steps 
• High accuracy output voltage ............. ± 2.5% Max. 
• High efficiency .......................................... 85% Typ. 
• Soft start circuit ..................................... 500/lS Min. 
• Compact packages ........... SOT-89-3 and SOT-89-5 
• Larger current can be obtained by connecting an 

external power transistor 

APPLICATIONS 

• Constant voltage source for battery-operated 
products 

• Constant voltage source for cameras, electronic 
and portable communication products 

• Constant voltage source for devices that require a 
higher voltage than battery voltages 

FUNCTIONAL BLOCK DIAGRAM 

CE 

PIN CONFIGURATION 

SOT·89·3 SOT·89·S 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC17 Series ICs are PWM control step-up switch
ing regulators. Their unique design keeps external compo
nents to a minimum. 

The TC171 AXX IC consists of an oscillator circuit, PWM 
control circuit, control transistor (Lx switch), reference volt
age source, error amplifier circuit, phase correction circuit, 
voltage detection resistor, soft start circuit, and Lx switch 
protection circuit. The internal switch allows output currents 
of 60 to 80 mA 

The TC172BXX ICs are similar to the XX1 A series, but 
have an external transistor drive pin (EXT) instead of an Lx 
pin. This permits connection of a small external power 
transistor with a low ON resistance to control much larger 
currents. The TC172BXX ICs are suitable for applications 
that require output currents up to several hundred milliamps. 

The TC173BXX IC allows either connection and also 
includes a chip enable circuit so that it is possible to set the 
standby supply current at 0.5 !1A max. 

A newly developed PWM control circuit allows the TC17 
Series ICs to attain the lowest supply current (no load), equal 
to that of many PFM step-up converters. When V IN exceeds 
VOUT (plus diode and coil drops), the oscillator circuit stops, 
reducing current drain to 2!1A. 

The TC17 Series ICs are recommended for applications 
which require a low ripple PWM DC/DC converter, but 
cannot adopt conventional circuits because of their large 
supply currents. 

ORDERING INFORMATION 

PART CODE TC17 XX XX XX X XX XXX 

Switch Selection: T 
1A: Internal (see Fig. 1) 
2B: External (see Fig. 2) 
3B: Internal & External, plus CE 

Output Voltage: --------' 
Ex: 30 = 3.0V; 50 = 5.0V 

Extra Feature Code: Fixed: 00 

Temperature: E: - 40°C to +85°C __ ---.J 

Package Type and Pin Count: -------' 
MB: SOT-89-3, MT: SOT-89-5 

Taping Direction: -------------' 
723: Left Taping, 713: Right Taping 
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TC17 Series 

PWM STEP-UP 
SWITCHING REGULATOR 

ABSOLUTE MAXIMUM RATINGS: Vss = O.OV PIN DESCRIPTION 

Parameter Symbol Limit 

Output Voltage VOUT 12 

Lx Voltage1 VLx 12 

EXT Pin Voltage2 VEXT - 0.3 to (VOUT + 0.3) 

CE Pin Voltage3 VCE - 0.3 to (VOUT + 0.3) 

Lx Output Current1 ILX 

EXT Pin Current2 IEXT 
Power Dissipation PD 

Operating Temperature Topr 
Storage Temperature Tstg 

NOTES: 1 Applicable for 1AXX & 3BXX 
2 Applicable for 2BXX & 3BXX 
3 Applicable for 3BXX 

250 

±50 

500 

-40to +85 

- 65 to +150 

ELECTRICAL CHARACTERISTICS: 

Unit 

V 

V 

V 

V 

mA 

mA 

mW 

°C 

°C 

Pin No 
Name Description 

1AXX 2BXX 3BXX 
1 1 5 Vss Ground 
2 2 2 VOUT Voltage Output 
3 - 4 Lx Switching Pin 
- 3 3 EXT Transistor Drive Pin (CMOS) 
- - 1 CE Chip Enable Pin (Active LOW) 

TC171 A30: VOUT = 3V, VIN = 2V, Vss = OV, lOUT = 10mA, T A = 25°C, unless otherwise specified. (See Fig. 1) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Input Voltage 8 V 

VST Starting Voltage lOUT = 1 mA, VIN: 0 ~ 2V 0.8 0.9 V 

Vhold Holding Voltage lOUT = 1 mA, VIN: 2 ~ OV 0.7 V 

Idd1 Supply Current 1 atVOUT pin 15 25 IJ.A 
Idd2 Supply Current 2 at VOUT pin, VIN = 3.5V 2 5 IJ.A 
VOUT Output Voltage 2.925 3.000 3.075 V 

ILx Lx Switching Current VLx= 0.4V 60 mA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 3.5V 0.5 IJ.A 
fose Oscillating Frequency 40 50 60 kHz 

maxdty Max. Oscillator Duty Cycle on (VLx "Low") 70 80 90 % 

1] Efficiency 70 85 % 

tst Soft Start Time 1 Time for VOUT = 0 ~ 5V 0.5 2.0 ms 

VLxlim VLx Pin Voltage Limit2 Lx Switch on 0.65 0.8 1.0 V 
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PWM STEP-UP 
SWITCHING REGULATOR 

TC17 Series 

ELECTRICAL CHARACTERISTICS (continued): 
TC171A50: VOUT = 5V, VIN = 3V, Vss = OV, louT = 10mA, TA = 25°C, unless otherwise specified. (See Fig. 1) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Input Voltage 8 V 

VST Starting Voltage lOUT = 1 mA, VIN: 0 --> 3V 0.8 0.9 V 

Vhold Holding Voltage lOUT = 1 mA, VIN: 3 --> OV 0.7 V 

Iddl Supply Current 1 at VOUT pin 30 45 J.lA 
Idd2 Supply Current 2 at VOUT pin, VIN = 5.5V 2 5 J.lA 
VOUT Output Voltage 4.875 5.000 5.125 V 

ILx Lx Switching Current VLx = O.4V 80 mA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 5.5V 0.5 J.lA 
fosc Oscillating Frequency 40 50 60 kHz 

maxdty Max. Oscillator Duty Cycle on (VLx "Low") 70 80 90 % 

11 Efficiency 70 85 % 

tst Soft Start Ti me 1 Time for VOUT = 0 --> 5V 0.5 2.0 ms 

VLxlim VLx Pin Voltage Limit2 Lx Switch on 0.65 0.8 1.0 V 

TC172B30: VOUT = 3V, VIN = 2V, Vss = OV, louT = 10mA, T A = 25°C, unless otherwise specified. (See Fig. 2) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Input Voltage 8 V 

VST Starting Voltage EXT no Load, VOUT: 0 --> 2V 0.7 0.8 V 

Iddl Supply Current 1 EXT no Load, VOUT = 2.9V 30 50 J.lA 
Idd2 Supply Current 2 EXT no Load, VOUT = 3.5V 2 5 IlA 

VOUT Output Voltage 2.925 3.000 3.075 V 

IEXTH EXT "H" Output Current VEXT = VOUT = - O.4V -1.5 mA 

IEXTL EXT "L" Output Current VEXT = O.4V 1.5 mA 

fosc Oscillating Frequency 80 100 120 kHz 

maxdty Max. Oscillator Duty Cycle VEXT"High" 70 80 90 % 

tst Soft Start Time 1 VOUT = 0 --> 3V 0.5 2.0 ms 

TC172B50: VOUT = 5V, VIN = 3V, VSS = OV, louT = 10mA, T A = 25°C, unless otherwise specified. (See Fig. 2) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Input Voltage 8 V 

VST Starting Voltage EXT no Load, VOUT: 0 --> 3V 0.7 0.8 V 

Iddl Supply Current 1 EXT no Load, VOUT = 4.8V 60 90 J.lA 
Idd2 Supply Current 2 EXT no Load, VOUT = 5.5V 2 5 J.lA 
VOUT Output Voltage 4.875 5.000 5.125 V 

IEXTH EXT "H" Output Current VEXT = VOUT = - O.4V -2 mA 

IEXTL EXT "L" Output Current VEXT = O.4V 2 mA 

fose Oscillating Frequency 80 100 120 kHz 

maxdty Max. Oscillator Duty Cycle VEXT"High" 70 80 90 % 

tst Soft Start Time 1 VOUT = 0 --> 5V 0.5 2.0 ms 
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TC17 Series 

ELECTRICAL CHARACTERISTICS (continued): 

PWM STEP-UP 
SWITCHING REGULATOR 

TC173B30: VOUT = 3.0V, VIN = 2V, Vss = OV, lOUT = 10mA, T A = 25°C, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 2.925 3.0 3.075 V 

VIN Input Voltage 8 V 

VST Starting Voltage lOUT = 1 mA, VIN: 0 -..; 2V 0.8 0.9 V 

Vhold Holding Voltage lOUT = 1 mA, VIN: 2 -..; OV 0.7 V 

T\ Efficiency 70 85 % 

Idd1 Supply Current 1 at VOUT pin 30 50 ~ 
Idd2 Supply Current 2 at VOUT pin, VIN = 3.5V 2 5 ~ 
ILx Lx Switching Current VLx = O.4V 60 mA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 3.5V 0.5 ~ 
IEXTH EXT "H" Output Current VEXT = VOUT- O.4V -1.5 mA 

IEXTL EXT "L" Output Current VEXT = O.4V 1.5 mA 

VCEH1 CE Input Voltage "H"1 VOUT~ 1.5V VOUT - 0.4 V 

VCEl1 CE Input Voltage "L"1 VOUT~ 1.5V 0.4 V 

VCEH2 CE Input Voltage "H"2 0.8V ,;; VOUT ,;; 1.5V VOUT - 0.1 V 

VCEL2 CE Input Voltage "L"2 0.8V ,;; VOUT ,;; 1.5V 0.1 V 

ICEH CE Input Current "H" CE=3V -0.5 0.5 ~A 

ICEl CE Input Current "L" CE=OV -0.5 0.5 ~ 
fose Oscillating Frequency 80 100 120 kHz 

maxdty Max. Oscillator Duty Cycle on (VLx "Low") 70 80 90 % 

tstart Soft Start Time 1 VOUT= 0-..; 3V 0.5 2.0 ms 

Vlxlim Lx Pin Voltage Limit2 Lx Switch on 0.65 0.8 1.0 V 
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PWM STEP-UP 
SWITCHING REGULATOR 

ELECTRICAL CHARACTERISTICS (continued): 
TC173B50: VOUT = 5.0V, VIN = 3V, vss = OV, louT = 10mA, TA = 25°C, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ 

VOUT Output Voltage 4.875 5.0 

VIN Input Voltage 

VST Starting Voltage louT = 1 mA, VIN: 0 ~ 3V 0.8 

Vhold Holding Voltage lOUT = 1 mA, VIN: 3 ~ OV 0.7 

11 Efficiency 70 85 

Idd1 Supply Current 1 atVOUT pin 60 

Idd2 Supply Current 2 at VOUT pin, VIN = 5.5V 2 

ILx Lx Switching Current VLx= O.4V 80 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 5.5V 

IEXTH EXT "H" Output Current VEXT = VOUT - O.4V -2.0 

IEXTL EXT "L" Output Current VEXT = O.4V 2.0 

VCEHI CE Input Voltage "H"1 VOUT 2: 1.5V VOUT - 0.4 

VCEll CE Input Voltage "L"1 VouT2:1.5V 

VCEH2 CE Input Voltage "H"2 0.8V,,:; VOUT":; 1.5V VOUT -0.1 

VCEl2 CE Input Voltage "L"2 0.8V,,:; VOUT":; 1.5V 

ICEH CE Input Current "H" CE=5V -0.5 

ICEl CE Input Current "L" CE=OV -0.5 

fose Oscillating Frequency 80 100 

maxdty Max. Oscillator Duty Cycle on (VLx "Low") 70 80 

tstart Soft Start Time 1 VOUT=O ~5V 0.5 2.0 

VLxlim VLx Pin Voltage Limit2 Lx Switch on 0.65 0.8 

Note 1: The soft start CirCUit follows the sequence below: 

TC17 Series 

Max Unit 

5.125 V 

8 V 

0.9 V 

V 

% 

90 !J.A 
5 !J.A 

mA 

0.5 !J.A 
mA 

mA 

V 

0.4 V 

V 

0.1 V 

0.5 !J.A 
0.5 !J.A 
120 kHz 

90 % 

ms 

1.0 V 

When VIN is applied -> VREF is kept at OV for about 200115 -> During this period, error amplifier output is brought to "H" -> VREF rises and 
then the error amplifier output gradually decreases to the appropriate value due to the internal phase compensation circuit. Accordingly, the 
output gradually increases. 

Note 2: ILx gradually rises after the Lx switch is turned on, and VLx rises accordingly. If the voltage reaches L)(lim, the Lx switch protection circuit 
turns off the Lx switch. 

NOTICE 

To use these ICs, note the following points: 

• Place external components as close as possible to the IC to reduce 
wiring. In particular, wire the capacitor connected to the V OUT pin 
using the shortest route possible. 

• Ensure sufficient grounding. The V ss pin receives large currents 
due to switching. High impedance in the V ss routing causes the 
internal potential of the IC to fluctuate with the switching current, 
resulting in unstable operation. 

• Use capacitors with good high frequency response, such as 
tantalum capacitors or electrolytic aluminum + ceramic capacitors. 
The capacity must be 1 Ol1F or more. It is recommended that the 
rated voltage of the capacitors be at least three times the specified 
output voltage, because the coil may cause a high spike-like 
voltage when the Lx transistor is turned off. 

V TELCOM SEMICONDUCTOR, INC. 

• Select coils that have a small DC resistance and are not magnetically
saturated easily. If the coil inductance is too small, ILx may exceed the 
absolute maximum rating under maximum load. Select the proper 
inductance value. 

• Use Schottky diodes with fast switching speed, and adequate current
carrying capability. 
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TC17 Series 

MARKING 

SOT-89-3 

a and b represents first digit and decimal place of VOUT. 
For example: 

Mark a Mark b VOUT Voltage 

2 7 2.7V 

c represents driver type 

Markc Type 

1 TC171 AXX Internal Switch 

2 2 

3 3 

TEST CIRCUITS 

Figure 1. TC171 AXX 

Parts Capacitor 

Coil 

Diode 

3-46 

(SOT-89-3-only) 

TC172BXX External Switch 
(SOT-89-3-only) 

TC173BXX Int.lExt. Switch, plus CE 
(SOT-89-5-only) 

Diode 

VOUT 
OUTf--t--

Vss 

2211F (Tantalum) 

120 I1H, 270 I1H 

-+
lOUT 

+ 
lcapacitor 

(Sumida Electric Company Ltd., CM-5) 

MA721 
(Matsushita Electronics Corp., Schottky) 

PWM STEP-UP 
SWITCHING REGULATOR 

SOT-89-5 

d and e represent assembly lot number 

f represents oscillator frequency 

Mark f Type 

A A 50kHz 

B B 100kHz 

Coil 

tiiN Cb 

IV'N 

Figure 2. TC172BXX 

Parts Capacitor 

Coil 

Diode 

Transistor 

Rb 

Cb 

Diode 

OUT 
VOUT 

-+-
lOUT 

Vss + 
;hcapacitor 

100l1F (Aluminum Electrolytic)!/ 
2211F (Tantalum) 

2811H (Sumida Electric Company 
Ltd., CM-5) 

MA721 
(Matsushita Electronics Corp., 
Schottky) 

2SD1628G 

300n 

0.0111F 
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PWM STEP-UP 
SWITCHING REGULATOR 

TYPICAL CHARACTERISTICS 

1) Output Voltage vs. Output Current (T A = 25°C) 

3.1 

~ 3.0 
I
::;) 

~ 2.9 
w 

~ 2.8 

o 
~ 2.7 
::;) 
II. 

!5 2.6 
o 

5.2 

~ 5.0 

!5 
~ 4.8 
w 

~ 4.6 

g 
I- 4.4 
::;) 
II. 

!5 4.2 
o 

~ 
!5 

3.1 

~ 3.0 
w 

~ g 
!5 2.9 

~ o 

TC171A30 

\ 
\ 
\ 

1.5V \ 2.0V 

VIN = 1.0V 

20 40 
OUTPUT CURRENT lOUT (rnA) 

TC171A50 

'\ ....... 

\ 
\ \ 

2.0V \ 3.0V 
\ 4.0V 

VIN = J 
1.0V 

50 100 
OUTPUT CURRENT lOUT (rnA) 

TC172B30 

1,5v 2.0V 2.5V 

,..., ...... ----:::::::: ---
VIN = 0.9V 

, 

200 400 
OUTPUT CURRENT lOUT (rnA) 

V TELCOM SEMICONDUCTOR, INC. 

60 

150 

600 

3.1 

~ 3.0 

!5 
~ 2.9 
w 

~ 2.8 
~ o 
> 27 !5 . 
II. 

!5 2.6 
o 

5.2 

~ 5.0 

!5 
~ 4.8 
w 

~ 4.6 

g 4.4 
!5 
II. 

!5 4.2 
o 

4.0 

5.2 

s;-
f: 5.0 
::;) 

~ 
w 

~ 4.8 

g 
~ 4.6 
!5 o 

o 

4.4 
o 

TC17 Series 
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TC17 Series 

TYPICAL CHARACTERISTICS 

2) Efficiency vs. Output Current (T A = 25°C) 
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3) Supply Current (No Load) vs. Input Voltage (T A = 25°C) 
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TC17 Series 

TYPICAL CHARACTERISTICS 

4) Output Ripple Voltage vs. Output Current (T A = 25°C) 
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TC17 Series 

5) Start-uplHold-on Voltage vs. Output Current (T A = 25°C) 
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TYPICAL CHARACTERISTICS 

6) Output Voltage vs. Input Voltage (T A = 25°C) 
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7) Output Voltage vs. Temperature (T A = 25°C) 
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8) Oscillator Frequency vs. Temperature (T A = 25°C) 
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9) Oscillator Max Duty Cycle vs. Temperature (T A = 25°C) 
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TYPICAL CHARACTERISTICS 

10) Load Transient Response (TA = 25°C) 
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11) Ripple Voltage vs. Output Current (T A = 25°C) 
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TYPICAL CHARACTERISTICS 

12) Output Voltage vs. Output Current 
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13) Ripple Voltage vs. Output Current 
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TC17 Series 

TYPICAL CHARACTERISTICS 

14) Output Voltage vs. Output Current 
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PWM STEP-UP 
SWITCHING REGULATOR 

TYPICAL CHARACTERISTICS 

15) Ripple Voltage vs. Output Current (TA = 25°C) 
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~TTeiCom -=- - -.-.-... Semiconductor, Inc. 
TC18 Series 

PFM STEP-UP SWITCHING REGULATORS 

FEATURES 

• Only 3 external components 
required .....•..........•...........•... Coil, diode, capacitor 

• Ultra low operating current ...............• 4 - 6/JA, Typ. 
• Wide Choice of VOUT ....... 2.5V to 7.5V in O.W Steps 
• High-accuracy output voltage ............•. 12.5% Max. 
• Low noise 
• Low voltage operation ............................. 0.9V Max. 

(Output current 1 mA) 
• High efficiency .......................................... 80% Typ. 
• Compact packages ........... SOT-89-3 and SOT-89-5 
• Larger current can be obtained by connecting an 

external power transistor 

APPLICATIONS 

• Constant voltage supply for battery-operated 
products 

• Constant voltage supply for cameras, electronic 
and portable communication products 

• Constant voltage source for devices that require a 
higher voltage than battery voltages 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

SOT-89-3 SOT-B9-5 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC18 Series are PFM-control, low operating cur
rent, step-up switching regulator ICs. Their unique design 
keeps the required external components to a minimum. 
PFM control can allow even less operating current than 
PWM control. 

The TC181 BXX IC comprises an oscillator, PFM control 
circuit, control transistor (Lx switch), reference voltage, 
differential amplifier circuit, voltage sensing resistor and an 3 
Lx switch protective circuit, and requires only three exter-
nally connected components (a coil, diode and capacitor). 
The internal switch allows output currents of 60 to 80 mAo 

The TC182BXX IC utilizes the same chip as the 
TC181 BXX device, but a transistor drive terminal (EXT) 
appears in place of the Lx terminal. This permits connection 
of a small external power transistor with a low ON resistance 
to control much larger currents. This device is ideal for 
applications which require outputs up to several hundred 
milliamps. 

The TC183BXX version allows either connection and 
includes an internal chip enable circuit so that is possible to 
set the standby supply current to 0.5 IlA max. 

The TC18 Series is ideal for use with battery-operated 
devices, and combines high-efficiency operation with low 
noise and ultra-low current consumption. 

ORDERING INFORMATION 

PART CODE TC18 XX XX XX X XX XXX 

Switch Selection: T 
1B: Internal (see Fig. 1) 
2B: External (see Fig. 2) 
3B: Internal & External, plus CE 

Output Voltage: -------' 
Ex: 30 = 3.0V; 50 = 5.0V 

Extra Feature Code: Fixed: 00 

Temperature: E: - 40°C to +85°C ----' 

Package Type and Pin Count: --------' 
MB: SOT-89-3, MT: SOT-89-5 

Taping Direction: -------------' 
723: Left Taping, 713: Right Taping 
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TC18 Series 

ABSOLUTE MAXIMUM RATINGS: 

Parameter Symbol Limit Unit 

Output Voltage VOUT 12 V 

Lx Voltage VLx 12 V 

EXT Pin Voltage VEXT - 0.3 to (VOUT + 0.3) V 

Lx Output Current ILx 250 mA 

EXT Pin Current IEXT ±50 mA 

Power Dissipation Pd 500 mW 

Operating Temperature TA -40to +85 °C 

Storage Temperature T819 - 65 to +150 °C 
CE Pin Voltage VeE - 0.3 to (VOUT + 0.3) V 

ELECTRICAL CHARACTERISTICS: 

PFM STEP-UP 
SWITCHING REGULATORS 

PIN DESCRIPTION 

Pin No 
Description Name 

XX1 XX2 XX3 

1 1 5 Vss Ground 
2 2 2 VOUT Voltage Output 
3 - 4 Lx Switching Pin 
- 3 3 EXT Transistor Drive Pin (CMOS) 
- - 1 CE Chip Enable Pin (Active LOW) 

TC181B30: VOUT= 3V, VIN = 2V, Vss = OV, lOUT = 10mA, TA= 25°C, unless otherwise specified. (See Fig. 1) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 2.925 3.000 3.075 V 

VIN Max. Input Voltage 8 V 

VST Starting Voltage lOUT = 1 mA, VIN: 0 -7 2V 0.8 0.9 V 

Vhdl Holding Voltage lOUT = 1 mA, VIN: 2 -7 OV 0.7 V 

IIN1 Input Current 1 at VIN pin, No Load 4 8 !J.A 
IIN2 Input Current 2 at VIN pin, VIN = 3.5V 2 5 !J.A 
ILx Lx Switching Current VLx= O.4V 60 mA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 3.5V 0.5 !J.A 
f080 Oscillator Frequency 80 100 120 kHz 

maxdty Oscillator Duty Cycle on (VLx "Low") 65 75 85 % 

11 Efficiency 70 80 % 

VLXlim VLx Pin Voltage Limit1 Lx Switch on 0.65 0.8 1.0 V 

TC181 B50: VOUT = 5V, VIN = 3V, Vss = OV, lOUT = 10mA, T A = 25°C, unless otherwise specified. (See Fig. 1) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 4.875 5.000 5.125 V 

VIN Max. Input Voltage 8 V 

VST Starting Voltage lOUT = 1 mA, VIN: 0 -7 3V 0.8 0.9 V 

Vhdl Holding Voltage lOUT = 1 mA, VIN: 3 -7 OV 0.7 V 

IIN1 Input Current 1 at VIN pin, No Load 6 12 !J.A 
IIN2 Input Current 2 at VIN pin, VIN = 5.5V 2 5 !J.A 
ILx Lx Switching Current VLx=0.4V 80 mA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 5.5V 0.5 !J.A 
fosc Oscillator Frequency 80 100 120 kHz 

maxdty Oscillator Duty Cycle on (VLx "Low") 65 75 85 % 

11 Efficiency 70 80 % 

VLXlim VLx Pin Voltage Limit1 Lx Switch on 0.65 0.8 1.0 V 
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PFM STEP-UP rRIEUM~INlfii\RY ~INlIFORMfii\T~OINI 

SWITCHING REGULATORS 

TC18 Series 

ELECTRICAL CHARACTERISTICS (continued): 
TC182B30: VOUT = 3V, VIN = 2V, vss = OV, louT = 10mA, TA = 25°C, unless otherwise specified. (See Fig. 2) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 2.925 3.000 3.075 V 

VIN Max. Input Voltage 8 V 

VST Starting Voltage EXT no Load, VOUT: 0 -+ 2V 0.7 0.8 V 

Idd1 Operating Current 1 EXT no Load, VOUT = 2.9V 30 50 ~ 
Idd2 Operating Current 2 EXT no Load, VOUT = 3.5V 2 5 ~ 
IEXTH EXT "H" Output Current VEXT = VOUT = - O.4V -1.5 mA 

IEXTL EXT "Low" Output Current VEXT= O.4V 1.5 mA 

fose Oscillator Frequency 80 100 120 kHz 

maxdty Oscillator Duty Cycle VExT"High" 65 75 85 % 

TC182B50: VOUT = 5V, VIN = 3V, Vss = OV, louT = 10mA, T A = 25°C, unless otherwise specified. (See Fig. 2) 

Symbol Parameter Test Conditions 

VOUT Output Voltage 

VIN Max. Input Voltage 

VST Starting Voltage EXT no Load, VOUT: 0 -+ 3V 

Idd1 Operating Current 1 EXT no Load, VOUT = 4.8V 

Idd2 Operating Current 2 EXT no Load, VOUT = 5.5V 

I EXTH EXT "H" Output Current VEXT = VOUT = - O.4V 

IEXTL EXT "L" Output Current VEXT = O.4V 

fose Oscillator Frequency 

maxdty Oscillator Duty Cycle VExT"High" 

CIRCUIT EXAMPLES 

Coil 

r Vss 

VOUT 
Outl--+-.... 

+ 

Coil 

Cb 

Min Typ 

4.875 5.000 

0.7 

60 

2 

-2 

2 

80 100 

65 75 

Vss 

Max Unit 

5.125 V 

8 V 

0.8 V 

90 ~ 
5 ~ 

mA 

mA 

120 kHz 

85 % 

VOUT 
Dutl--t--

+ 

Figure 1. TC181BXX Figure 2. TC182BXX 

Parts Coil 821lH Parts Coil 281lH (Toroidal Core) 

(Sumida Electric Company Ltd. 
CM-5) 

MA721 Diode 

Diode HRP22 (Hitachi, Schottky) 

Capacitor 100llF (Tantalum) 

(Matsushita Electronics Corp. Transistor 2SD1628G 

Schottky) Rb 300n 

Capacitor 221lF 
(Tantalum) 

Cb O.D1IlF 
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TC18 Series 

ELECTRICAL CHARACTERISTICS (continued): 

PFM STEP-UP 
SWITCHING REGULATORS 

TC183B30: VOUT = 2V, VIN = 3V, Vss = OV, lOUT = 10mA, TA = 25°C, unless otherwise specified. 

Symbol Parameter Test Conditions 

VOUT Output Voltage 

VIN Input Voltage 

VST Starting Voltage lOUT = 1 mA, VIN: 0 ~ 3V 

Vhold Holding Voltage lOUT = 1 mA, VIN: 3 ~ OV 

11 Efficiency 

IIN1 Supply Current 1 At VIN Pin, No Load 

hN2 Supply Current 2 At VIN Pin, VIN = 3.5V 

ILx Lx Switching Current VLx= O.4V 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 3.5V 

IEXTH EXT "H" Output Current VEXT = VOUT- O.4V 

IEXTL EXT "L" Output Current VEXT= O.4V 

VCEH1 CE Input Voltage "H"1 VOUT;::>: 1.5V 

VCEL1 CE Input Voltage "L"1 VOUT;::>:1.5V 

VCEH2 CE Input Voltage "H"2 0.8V ~ VOUT ~ 1.5V 

VCEl2 CE Input Voltage "L"2 0.8V ~ VOUT ~ 1.5V 

ICEH CE Input Current "H" CE=3V 

ICEl CE Input Current "L" CE=3V 

fose Oscillator Frequency 

Maxdty Oscillator Duty Cycle on (VlX "Low") 

VlXlim VLx Pin Voltage Limit1 Lx Switch on 

NOTICE 

Observe the following precautions when using this IC: 

• Place external cornponents as close as possible to the IC to reduce 
wiring. In particular, wire the capacitor connected to the V OUT pin using 
the shortest route possible. 

• Ensure sufficient grounding. The V 55 pin receives a large current 
due to switching. High impedance in the V 55 routing causes the 
internal potential of the Ie to fluctuate with the switching current, 
resulting in unstable operation. 

• Use capacitors with good high frequency response, such as 
tantalum capacitors or electrolytic aluminum and ceramic capacitors. 
The capacitance must be 10llF or more. It is recommended that the 
capacitors be able to withstand at least three times the specified 
output voltage, because the coil may cause a high spikelike voltage 
when the Lx transistor is turned off. 

• Select a coil with a low resistance, adequate current carrying 
capacity and resistance to magnetic saturation. The ILx may exceed 
its absolute maximum rated value during a maximum load when the 
coil inductance value is too low. Be sure to select the proper induc
tance value. 

• Use Schottky diodes with fast switching speed. Ensure that they 
have adequate current-carrying capacity. 

3-66 

Min Typ Max Unit 

2.295 3.0 3.075 V 

8 V 

0.8 0.9 V 

0.7 V 

70 80 % 

4 8 IlA 
2 5 IlA 

60 mA 

0.5 IlA 
-1.5 mA 

1.5 mA 

VOUT-O.4 V 

0.4 V 

VOUT-0.1 V 

0.1 V 

-0.5 0.5 IlA 
-0.5 0.5 IlA 

80 100 120 kHz 

65 75 85 % 

0.65 0.8 1.0 V 
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PFM STEP-UP 
SWITCHING REGULATORS 

TC18 Series 

ELECTRICAL CHARACTERISTICS (continued): 
TC183850: VOUT = SV, VIN = 3V, vss = OV, louT = 10mA, TA = 2SoC, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 4.875 5.000 5.125 V 

VIN Input Voltage 8 V 

VST Starting Voltage lOUT = 1 rnA, VIN: 0 ~ 3V 0.8 0.9 V 

Vhold Holding Voltage lOUT = 1 rnA, VIN: 3 ~ OV 0.7 V 

T] Efficiency 70 85 % 

IIN1 Supply Current 1 At VIN Pin, No Load 6 12 IJA 
IIN2 Supply Current 2 At VIN Pin, VIN = 5.5V 2 5 IJA 
ILx Lx SWitching Current VLx= O.4V 80 rnA 

ILxL Leakage Current of Lx pin VLx = 6V, VIN = 5.5V 0.5 IJA 
IEXTH EXT "H" Output Current VEXT = VOUT- O.4V -2.0 rnA 

IEXTL EXT "L" Output Current VEXT = O.4V 2.0 rnA 

VCEH1 CE Input Voltage "H"1 VOUT~ 1.5V VOUT-O.4 V 

VCEL1 CE Input Voltage "L"1 VOUT~ 1.5V 0.4 V 

VCEH2 CE Input Voltage "H"2 0.8V:s; VOUT < 1.5V VOUT - 0.1 V 

VCEL2 CE Input Voltage "L"2 0.8V:S; VOUT < 1.5V 0.1 V 

ICEH CE Input Current "H" CE=5V -0.5 0.5 IJA 
ICEL CE Input Current "L" CE=5V -0.5 0.5 IJA 
foso Oscillator Frequency 80 100 120 kHz 

Maxdty Oscillator Duty Cycle on (VLX "Low") 65 75 85 % 

VLXlim VLx Pin Voltage Lirnit1 Lx Switch on 0.65 0.8 1.0 V 

Note 1: The ILx increases steadily after the Lx switch is set to ON due to use of an external coil. The accompanying VLx also increases. When the 
VLx reaches the VLXlim, the Lx switch is set to OFF by the protective circuit. 

MARKING 

SOT-89-3 SOT-89-5 

a and b represents first digit and decimal place of VOUT. 
For example: 

Mark a Mark b VOUT Voltage 

2 7 2.7V 

V TELCOM SEMICONDUCTOR, INC. 

C represents driver type 

Markc Type 

1 TC18XX1 

2 2 TC18XX2 

Internal Switch 
(SOT-89-3 only) 

External Switch 
(SOT-89-3 only) 

3 3 TC18XX3 Int.!Ext. Switch, plus CE 
(SOT-89-S only) 

d and e represent assembly lot number 

f represents oscillator frequency 

Mark f Type 

B B 100kHz 
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TC18 Series 

TYPICAL CHARACTERISTICS 

1) Output Voltage vs. Output Current (TA = 25°C) 
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PFM STEP-UP 
SWITCHING REGULATORS 
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PFM STEP-UP 
SWITCHING REGULATORS 

TYPICAL CHARACTERISTICS (continued): 

2) Efficiency vs. Output Current (T A = 25°C) 
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TC18 Series 
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TC18 Series 

TYPICAL CHARACTERISTICS (continued): 

3) Output Ripple Voltage vs. Output Current (T A = 25°C) 
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TYPICAL CHARACTERISTICS (continued): 

4) Start-uplHold-ON Voltage vs. Output Current (T A = 25°C) Vstart: Increasing VIN from av, Vhold: Decreasing VIN from 2.aV 

TC181830 
~ 1.2 
'D 

~ v---11
.
0 

w 0.8 
CJ 
;'!: 

/ / 
~ 0.6 g 

~ 0.4 
cl 
~ 0.2 

~ 
;'!: 00 
III 

/vhOld 

I 
5 10 

OUTPUT CURRENT lOUT (rnA) 

5) Output Voltage vs. Temperature 
V 3 0 TC181850 IN= 

5.20 

5.15 

~5.10 
!; 
~5.05 
w 
~5.00 
~ 
g4.95 
I-
~4.90 
:::I 
04.85 

4.8~40 -20 o 20 
TEMPERATURE T A eC) 

40 

7) Hold-ON Voltage vs. Temperature 
lOUT = 10mA TC181850 

0.8 

I 0.7 

> 
.§. 0.6 

15 

lOUT = 10mA 
L = 82~H 

60 80 

> 
w --------0.5 CJ 

~ 
0 0.4 > 

~ -..---w .... 
Q. 0.3 Q. 

it 

·20 o 20 40 60 80 
TEMPERATURE TA eC) 

V TELCOM SEMICONDUCTOR, INC. 

TC181850 
~ 1.6 
'D i :g 1.4 

J 1.2 
i ". ~ 

w 1.0 

~ 
g 0.8 

is 0.6 

9 o 0.4 
~ 
:::> 0.2 

I 

I 
Vst~ 7 V 

V /' 
I flhOld I 

il 
'f ~ 

~ 00 5 

~ 

10 
OUTPUT CURRENT lOUT (rnA) 
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TYPICAL CHARACTERISTICS (continued): 

9) Switching Current vs. Temperature 
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11) Oscillator Maximum Frequency vs. Temperature 
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13) Lx Voltage Limit vs. Temperature 
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10) Lx Leakage Current vs. Temperature 
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12) Oscillator Maximum Duty Cycle vs. Temperature 
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TYPICAL CHARACTERISTICS (continued): 

15) EXT "High" Output Current vs. Temperature 
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16) EXT "Low" Output Current vs. Temperature 
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TYPICAL CHARACTERISTICS (continued): 

17) Switching Frequency vs. Output Current 
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T Semiconductor, Inc. 
TC18C43 
TC28C43 
TC38C43 

BiCMOS CURRENT MODE PWM CONTROLLER 

FEATURES 

• Low Power BiCMOS Design 
• Tough CMOSTM Construction 
• Low Supply Current. .......... 1.0 rnA Typ @ 100 kHz 
• Wide Supply Voltage Operation .............. 8V to 15V 
• Latch-Up Immunity .................. 500 rnA on Outputs 
• Input Will Withstand Negative Inputs to -5 Volts 
• High Output Drive .................................... 0.7A Peak 

(1.2A on 14 and 16-Pin Versions) 
• 2 kV ESD Protection 
• Current Mode Control 
• Fast Rise/Fall Time (Max) ............ 60 ns @ 1000 pF 
• High Frequency Operation ......................... 500 kHz 
• Clock Ramp Reset Current ............... 2.5 rnA ±10% 
• Low Propagation Delay Current Amp 

to Output ................................................. 140 ns Typ 
• Pin Compatible with UC3843 

ORDERING INFORMATION 

Part No. Package Temperature 

TC18C**MJA 8-pin CerDIP -SSOC to + 12SoC 
TC18C**MJD 14-pin CerDIP -SsoC to + 12SoC 
TC28C**EOE 16-pin SOIC Wide -40°C to +8SoC 
TC28C**EPA 8-pin Plastic DIP -40°C to +8SoC 
TC28C**EPD 14-pin Plastic -40°C to +8SoC 
TC38C**COE 16-pin SOIC Wide O°C to +70°C 
TC38C**CPA 8-pin Plastic DIP O°C to +70°C 
TC38C**CPD 14-pin Plastic O°C to +70°C 

PIN CONFIGURATION 

8-Pin DIP 

16-Pin SO 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC38C43 is a current mode SiC MaS PWM control 
IC. With a low 1.0 mA supply current along with high drive 
current (0.7 A peak) it provides a low cost solution for a PWM 
that operates to SOO kHz and directly drives MOSFETs up to 
HEX 3 size. 

Performance of the oscillator and current sense ampli-
fier have been greatly improved over previous bipolar ver-g 
sions. Voltage and temperature stability have been im-
proved by a factor of 3. Noise immunity (PSRR) has also 
been improved. 

The TC38C43 is pin compatible with the earlier bipolar 
version so that designers can easily update older designs. 
Improvements have been added, though. For example, 
clock ramp reset current is specified at 2.S rnA (±10%) for 
accurate dead time control. A few component values must 
be changed (RT & CT) to use the TC38C43 in existing bipolar 
designs. 

The 14-pin DIP and 16-pin SO versions have separate 
and internally isolated grounds, and are rated for higher 
output current (1.2A). These separate grounds allow for 
'bootstrap' operation of the PWM to further improve effi
ciency. 

TYPICAL APPLICATION 

ANALOG O::-~=~""'---' 
GND 9 

PWM COMPARATOR 

SENSE 

COMP 0-:------' 

1.4V 

R 

r VDD 

~OUTPUT 

~ 8_ POWER V GROUND 

PIN NUMBERS FOR 
14-PIN DIP 
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TC18C43 
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TC38C43 

ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage ........................................................... 18V 
Maximum Chip Temperature ................................... 150°C 

BiCMOS CURRENT MODE 
PWM CONTROLLER 

PDIP ReJ-A ................................................... 125°C/W 
PDIP ReJ-c ..................................................... 45°C/W 
SOIC ReJ-A ................................................... 250°C/W 
SOIC ReJ-c ..................................................... 75°C/W 

Storage Temperature ............................ -65°C to +150°C 
Lead Temperature (10 sec) .................................. +300°C 

Operating Temperature 

Package Thermal Resistance 
CerDip ReJ-A ................................................. 150°C/W 
CerDip ReJ-c .................................................. 55°C/W 

18C4X ....................................... -55C°:S; TA:S; +125°C 
28C4X ......................................... -40Co :s; T A :s; +85°C 
38C4X ............................................. 0Co:s; TA:S; +70°C 

Electrical Characteristics: unless otherwise stated, these specifications apply over specified 
temperature range. VIN = VDD= 15V; RT= 71 kn; CT= 150 pF 

TC18C43! TC28C43 TC38C43 

Parameter Test Conditions Min I Typ I Max Min I Typ I Max Units 

Reference Section 
Output Voltage T A = 25°C, 10 = 1 mA 4.9 5 5.1 4.90 5 5.10 V 

Line Regulation 9.5V ~ VIN~ 15V, 10 = 1 mA - ±3 ±10 - ±3 ±10 mV 

Load Regulation 1mA~lo~11 mA - ±5 ±15 - ±3 ±10 mV 

Temp Stability (note 1) - ±0.25 ±0.5 - ±0.25 ±0.5 mV/oC 

Output Noise Voltage 10 Hz ~ f ~ 10 kHz,TA = 25°C (note 1) - 100 - - 100 - IlV(rms) 

Long Term Stability TA= 125°C, 1000 Hrs. (note 1) - ±0.5 - - ±0.5 - % 

Output Short Circuit -20 -50 -100 -30 -50 -100 mA 

Oscillator Section 
Initial Accuracy T A = 25°C (note 4) 95 100 105 95 100 105 kHz 

Voltage Stability 9.5V ~ VIN ~ 15V - ±0.2 ±0.3 - ±0.2 ±0.3 % 

Temp Stability T MIN ~ T A ~ T MAX (note 1); Figure 2 - ±O.O1 ±0.05 - ±O.O1 ±0.03 %/oC 

Clock Ramp Reset RT/CT pin at 4V 2.25 2.5 2.75 2.25 2.5 2.75 mA 

Amplitude RT/CT pin peak to peak 2.45 2.65 2.85 2.45 2.65 2.85 V 

Maximum Freq (note 1) 1 - - 1 - - MHz 

Error Amp Section 
Input Offset Voltage V(COMP) = 2.5V - ±15 ±50 - ±15 ±50 mV 

Input Bias Current (note 1) - ±0.3 ±2 - ±0.3 ±2 nA 

AvoL 2V~Vo~4V 70 90 - 70 90 - dB 

Gain Bandwidth Product (note 1) 650 750 - 650 750 - kHz 

PSR9.5V ~ IN ~ 15V 80 100 - 80 100 - dB 

Output Sink Current VFB = 2.7V, V(COMP) = 1.1V (note 1) 1.2 1.5 - 1.5 1.7 - mA 

Output Source Current VFB = 2.3V, V(COMP) = 5V (note 1) 3 3.4 - 3.9 4.2 - mA 

VOUT High VFB = 2.3V, RL = 10k to ground 5.8 6 6.5 5.8 6 6.5 V 

VOUT Low VFB = 2.7V, RL = 10k to VREFO.1 0.7 1.1 0.1 0.7 1.1 V 

Rise Response (note 1) - 5 7 - 5 7 IlS 
Fall Response (note 1) - 3 5 - 3 5 IlS 

Current Sense Section 
Gain Ratio (notes 2 & 3) 2.8 2.9 3.1 2.8 2.9 3.1 VN 
Maximum Input Signal V(COMP) = 5V (note 2) 0.85 0.95 1.05 0.85 0.95 1.05 V 

PSRR 9.5V ~ VIN ~ 15V (notes 1, 2 & 5) 70 80 - 70 80 - dB 

Input Bias Current (note 1) - ±0.3 ±2 - ±0.3 ±2 nA 

Delay to Output V(ISENSE) = 1 V (note 1); Figure 3 - 140 160 - 140 150 ns 
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BiCMOS CURRENT MODE 
PWM CONTROLLER TC18C43 

TC28C43 
TC38C43 

ELECTRICAL CHARACTERISTICS (Cant): unless otherwise stated, these specifications apply over specified 
temperature range. VIN = VDD = 15V; RT= 71 kQ; CT= 150 pF. 

Parameter Test Conditions 

Output Section 
RDS (ON) ISINK = 20 mA 
RDS (ON) ISOURCE = 20 mA 

Rise Time CL = 1 nF (Note 1) 

Fall Time CL = 1 nF (Note 1) 

Cross Conduction In coulombs (note 1) 

VDDMa (Note1) 

Undervoltage Lockout Section 
Start Threshold X8C43 

Undervoltage Threshold X8C43 

PWM Section 
Maximum Duty Cycle X8C43 (note 1) 

Minimum Duty Cycle 

Supply Current 
Start Up T A = 25°C, VIN < Vuv; Figure 1 

Operating VFB = V(ISENSE) = OV; Figure 4 

NOTES: 1. These parameters, although guaranteed over the 
recommended operating conditions, are not tested in 
production. 

2. Parameter measured at trip point of latch. 
3. Gain ratio is defined as: 

t..vCOMP ---
AV(lsENSE) 

TC18C4X 
TC28C4X TC38C4X 

Min I Typ I Max Min I Typ I Max 

-

-
-
-
-
-

7 15 - 7 15 

11 20 - 11 15 

40 60 - 35 60 

30 60 - 30 40 

6.5 - - 6.5 -
- 18 - - 18 

where 0 ,,:; V(lsENsE) ,,:; O.8V 

4. Output frequency equals oscillator frequency for the 
X8C43. 

5. PSRR of VREF, Error Amp and PWM Comparator 
combination. 

Units 

n 
n 
ns 

ns 

nC 

V 

TelCom Semiconductor reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. TelCom Semiconductor assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 

'Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to Absolute 
Maximum Rating Conditions for extended periods may affect device reliability. 

PIN DESCRIPTION 

8-PIN 14-PIN 16-PIN 

Pin No. Pin No Pin No Symbol Description 

2 1 NC No Connection 

4 2 NC No Connection 

1 1 3 COMP Compensation of the feedback loop response. 

2 3 4 VFB Feedback of voltage to error amplifier to regulate voltage. 

3 5 5 ISENSE For sensing pass transistor current and terminate drive when current 
limit threshold is reached at this pin. 
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PIN DESCRIPTION (CONT) ... 

8 -PIN 14 -PIN 16- PIN 

BiCMOS CURRENT MODE 
PWM CONTROLLER 

Pin No. Pin No Pin No Symbol Description 

4 7 6 RT/CT Capacitor and resistor input to set oscillator frequency of this PWM 
controller. The resistor is connected from VREF output to RT/CT. 
The capacitor is connected from RT/CT to ANALOG GND. 

6 7 NC No Connection 
13 8 NC No Connection 

9 NC No Connection 
8 10 POWER GROUND Ground return of output driver. 

5 9 11 ANALOGGND For all the low level analog signal returns. 
6 10 12 OUTPUT Output to drive switching transistor gate input. 

11 13 VDD 
7 12 14 VIN Voltage bias supply of all PWM Controller circuit functions. 
8 14 15 VREF Reference: 5.0 volt output. 

16 NC No Connection. 

REFERENCE SECTION 
The reference is a zener-based design with a buffer 

amplifier to drive the output. It is unstable with capacitances 
between 0.01 )IF and 3.3 )IF. In a normal application a 4.7)lF 
is used. In some lower noise layouts the capaCitor can be 
eliminated entirely. 

The reference is active as soon as the 38C4X has 
power supplied. This is different than its bipolar counter
parts, in thatthe bipolar reference comes on only after the IC 
has come out of its under voltage mode. Thus, on the 
38C4X, the reference pin can not be used as a reset function 
such as on a soft start circuit. 

OSCILLATOR SECTION 
The oscillator frequency is set by the combination of a 

resistor from the reference to the RT/CT pin and by a 
capacitor from this pin to ground. The oscillator is designed 
to have ramp amplitude from 0.15 to 2.5 volts. This is 
approximate, as over shoot on the oscillator comparator 
causes the ramp amplitude to increase with frequency due 
to comparator delay. Minimum values for CT and RT are 33 
pF and 1 kQ respectively. Maximum values are dependent 
on leakage currents in the capacitor, not on the input 
currents to the RT/CT pin. 

3-78 

fJ14 ; VREF (SV) 

RT 1 
1 

7 1 
RT/Cr 

1 

cTT _: 
L....!.o GND 

1 

1- __ _ 

PIN NUMBERS FOR 14-PIN DIP 

FREQUENCY OF OPERATION 

The frequency of oscillation for the TC38C43 is con
trolled by a resistor to VREF (RT) and a capacitor to ground 
(CT)' VREF supplies currentthrough the resistor and charges 
the capacitor until its voltage reaches the threshold of the 
upper comparator (=2.5V). A 2.5 mA current is then applied 
to the capacitor to discharge itto near ground (=0.15V). The 
discharge current is then shut off and the cycle repeats. An 
approximate equation for the frequency of operation is: 

fo= _1 - (RT in Ohms and CT in Farads) 
RTCT 

The value of RT affects the discharge current and the 
upper and lower comparators each have delays. As RT gets 
smaller and as the frequency of operation gets higher, the 
above equation is no longer valid. 
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BiCMOS CURRENT MODE 
PWM CONTROLLER 

Dead Time 
The value of RT has an effect on the discharge rate but 

the primary consideration is the value of CT. The time 
required to discharge the capacitor is approximately 1000 

CT· 

IS 

:b:::::=*4---. voo 

Undervoltage Lockout Range 

8.4 V 
7.6V 

The TCx8C43 PWM Controller is used where wide 
ranges of input voltage is not required. The range from 
starting Vin voltage threshold to under voltage threshold is 
approximately 9.5% ofthe starting voltage. The typical start
up voltage is 8.4 V and dropout voltage is 7.6 V. This range 
is used most in DC-to-DC converter applications. 

Duty Cycle Limit 
The TCx8C43 PWM Controller has a duty cycle limit 

maximum of 99%. The oscillator is running at the same 
frequency as the output. 

CURRENT SENSE CIRCUIT 
I 

I PWM 
'SENSE I COMPARATOR 

5 I 0.4 V 

- + 

"s 

LIMIT BUFFER 

uv 

I 
1 __________________________ _ 

PEAK CURRENT (IS) FORMULA: 

0.95 V 
Is=-

"s 

V TELCOM SEMICONDUCTOR, INC. 

TC18C43 
TC28C43 
TC38C43 

Current is sensed through voltage drop across resistor 
RS. A small RC filter may be required to suppress switching 
transient. This voltage enters PWM Controller at ISENSE, pin 
5. A voltage of 0.4 V is added before this is fed into PWM 
Comparator (+) input. The PWM Comparator (-) input 
senses the voltage feedback error amp output with a limit 
buffer that limits this voltage to 1.4 V maximum. This limit 
buffer limits the peak current across RS to a maximum of 
0.95 V. In normal operation, the error amplifier controls the 
current limit threshold. 

SHUTDOWN METHODS 

TCX38C43 TCX38C43 , , , I , , 
14, I, 

VREF COMP , , , , 
5.1 k , , , o-J , 

~ , , 
" , SHUTDOWN ANALOG 

H ISENSE 
9, GND , 

5.1 k 5 , , , , 
~ 

, , , , 
SiiUTiiOviN , , , , 

,----- "- - - --
TO CURRENT 
SENSE RESISTOR 

Shutdown can be accomplished by either pulling ISENSE 
above 1 volt or pulling COMP, pin 1 to GND. This will set the 
PWM latch so that the output will remain low until the next 
clock pulse after the shutdown condition is removed. 
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BENCH TEST OPERATIONAL SIMULATION 

BiCMOS CURRENT MODE 
PWM CONTROLLER 

The timing ramp (RT/CT) is buffered by the emitter follpwer and fed back to the ISENSE input. This ramp simulates the 
dl/dT current ramp which would flow through the primary of the transformer. The output voltage of the power supply is 
simulated by feeding some of the reference voltage into VFB. The combination of the two levels determined the operating 
characteristics of the current mode controller. 

10k 
RT 1 8 

COMP VREF 

100k + 

Sk VFB VIN VDD (1SV) 

IRAMP 3 
ISENSE OUTPUT 

10k 
4 

RT/CT GND GND 

CT 
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BiCMOS CURRENT MODE 
PWM CONTROLLER 

TYPICAL CHARACTERISTICS 

Start Current vs. Temperature 
150 

145 

140 

135 

~ 130 

Ii: 125 

~ 120 
UI 
- 115 

.1 1 1 1 
r- VIN = VSTART r -f 

MAXTY!. 

1~ ~ 
I ..... 

1/ 
", 

I-"" -
....... i-""'" 

Oscillator Frequency Changes 
vs. Temperature 

101 

100 
'N 
:I: 
~ 
> 99 
<oJ z 
w 
is 98 
w 
II: 
LL 

97 

... 
'" ...... ....... VI~=~5)-

I' 
'-
~ 

\. 

\ 

150 

140 

~ 130 

'" .s 
; 120 

w 
Q 110 

TC18C43 
TC28C43 
TC38C43 

ISENSE to Out Delay 

/ 
/ 

..,. / 
/ 

V 
110 

105 

100 
I ..... 

....... 
....... rr 

~INTYP V 
100 

96 
-60-40-20 0 20 40 60 80 100120140 -60-40-20 0 20406080100120140 

90 
-55 

2.0 

1.8 

ct 1.6 
§. 
Q 

.9 1.4 

1.2 

TEMPERATURE eCl 

IDD vs. Temperature 

f- ~IN 1= 1~V 1 
f=100kHz 

/ 
..... ,/ 

10 nF 

I 

J 
I 

1.0 100 pF 

TEMPERATURE eCl 

Frequency of Operation 

" RT= 0 

~ RT=22 k 
RT=47k 

I' I" 
RT=100k 

"- '\.. " '\ 

'\. \ 
-60-40-20 0 20 40 60 80100120140 10 kHz 100 kHz 

FREQUENCY TEMPERATURE COC) 

50 75 100 125 150 
AMBIENT TEMPERATURE ("C) 

V TELCOM SEMICONDUCTOR, INC. 

10 nF 

100 pF 
1 MHz 100 ns 

o 25 50 70 
TEMPERATURE eCl 

Dead Time vs. CT 

V 

I~ 

/ 

/ 

j 

1 liS 
DISCHARGE TIME 

125 

10 liS 

3-81 



3-82 V TELCOM SEMICONDUCTOR, INC. 



"'7''''7' =el= -om ... ... - --- - ~ 

... SemicOnductor, Inc. TC18C46 
TC28C46 
TC38C46 

CMOS CURRENT MODE PWM CONTROLLER 
FEATURES 

• Isolated Output Drive 
• Low Power CMOS Construction 
• Low Supply Current ................................. 2 mA Typ 
• Wide Supply Voltage Operation .............. 8V to 18V 
• Latch-Up Immunity .................. 500 mA on Outputs 
• Above and Below Rail Input Protection ............. 6V 
• High Output Drive .............................. 500 mA Peak 
• Current Mode Control 
• Fast Rise/Fall Time ...................... 50 ns @ 1000 pF 
• High Frequency Operation ......................... 500 kHz 
• UV Hysteresis Guaranteed 
• Programmable Current Limit 
• Shutdown Pin Available 
• Double Ended 
• Soft Start 
• Low Prop Delay Current Amp 

to Output .............................................. < 350 ns Typ 
• Low Prop Delay Shutdown 

to Output .............................................. < 400 ns Typ 
• TC38C46Pin Compatible with 

Unitrode UC3846 
• ESD Protected ................................................. ±2 kV 

FUNCTIONAL BLOCK DIAGRAM 

VREF 

2 

GENERAL DESCRIPTION 

The TC38C46 is a current mode CMOS PWM control 
IC. It draws only 2 mA supply current, so it can be driven 
without a costly 50-60 Hz transformer. The output drive 
stage is capable of high drive currents, 300 mA typical. 

The TC38C46 is pin compatible with earlier bipolar 
products so that designers can easily update older designs. 
A number of improvements have been added. 

This second generation part has been designed with an 
isolated drive stage. Unlike its cousin, the TC170, the output 3 
stage of the TC38C46 can be run from a separate power 
supply such as a secondary winding on an output trans
former. This allows for bootstrap start-up of the power 
supply. 

ORDERING INFORMATION 

Part No. Configuration Pkg.ITemperature 

TC18C46MJE Non-Inverting 16-Pin CerOIP 
-55 to + 125°C 

TC28C46EOE Non-Inverting 16-Pin SOIC (wide) 
-40 to +85°C 

TC28C46EPE Non-Inverting 16-Pin Plastic 01 P 
-40 to +85°C 

TC38C46COE Non-Inverting 16-Pin SOIC (wide) 
o to +70°C 

TC38C46CPE Non-Inverting 16-Pin Plastic DIP 
o to +70°C 

---------------------------1 , , , , 
"r ....... ......,'f--"'3'-<> VDD 

::J-+--+cll,o OUTPUT A JL 

SYNC'<>-"'-C--====:::-*---+---r--"'-"" 
-CURRENT 

SENSE INPUT 

+ CURRENT 
SENSE INPUT 

COMPENSATlON <>'-+-__ --+ 

::1-_-+,,'4:.0 OUTPUTB rL.. 

L.Jl~......J''-.'2,.<J GROUND 
, , , 

____ J , , 
+ ERROR 

AMP INPUT ....q--r~!..f--------r--+-----.;..' -'-01 CURRENT LIMIT 
>--t-tl>K : SOFT START ADJUST 

-ERROR 
AMP INPUT 

, , , , , , , , 
:v 
: TC18C46 
I TC28C46 
: TC38C46 
, 

, 
Af __ ....... i-"'6"<J SHumOWN 

TC38C46 OUTPUTS 
LOW IN OFF STATE 

1 ______ --------------------------------------------
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TC18C46 
TC28C46 
TC38C46 

ABSOLUTE MAXIMUM RATINGS 

Output Current, Source or Sink (Pins 1, 14) ......... 500 mA 
Analog Inputs (Pins 3, 4, 5, 6, 16) ............... -{).3V to +VIN 
Reference Output Current (Pin 2) ......................... -30 mA 
Sync Output Current (Pin 10) ................................. -5 mA 
Error Amplifier Output Current (Pin 7) .................... -5 mA 
Soft Start Sink Current (Pin 1) ................................ 50 mA 
Oscillator Charging Current (Pin 9) .......................... 5 mA 
Supply Voltage ........................................................... 18V 
Maximum Chip Temperature .................................. 150 °C 
Storage Temperature ............................ -65°C to +1 50°C 
Lead Temperature (10 sec) .................................... 300 °C 
Package Thermal Resistance 

CerDIP RSJ-A ................................................................. 1S0°C/W 
CerDIP RsJ-c .................................................................... SSoC/W 

PIN CONFIGURATION 

16-Pin DIP 

CURRENT LlMITI SHUTDOWN 
SOFT START 

VREF VIN 

- CURRENT SENSE ~T~ OUTPUTB 

+ CURRENT SENSE 
TC18C46 

VDD TC28C46 

+ ERROR AMP 
TC38C46 

GROUND 

-ERRORAMP OUTPUT A 

COMPENSATION SYNC 

CT RT 

3-84 

CMOS CURRENT MODE 
PWM CONTROLLER 

PDIP RSJ-A ..................................................................... 12SoC/W 
PDIP R8J-c ........................................................................ 4SoC/W 
SOIC R8J-A ..................................................................... 2S0°C/W 
SOIC RSJ-A ........................................................................ 7SoC/W 

NOTES: 
I.AII voltages are with respect to Ground, Pin 12. Currents are positive 
into, negative out of the specified terminal. 
2.Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

16-Pin SO 

CURRENT LlMITI SHUTDOWN 
SOFT START 

VREF VIN 

- CURRENT SENSE V OUTPUTB 

+ CURRENT SENSE 
TC28C46 

VDD TC38C46 

+ ERROR AMP GROUND 

-ERROR AMP OUTPUT A 

COMPENSATION SYNC 

CT RT 
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CMOS CURRENT MODE 
PWM CONTROLLER 

ELECTRICAL CHARACTERISTICS: unless otherwise stated, these specifications apply for 

TC18C46 
TC28C46 
TC38C46 

T A = -55°C to + 125°C for TC18C46; -40°C to +85°C for the TC28C46; and O°C to +70°C for the TC38C46; VIN = VDD = 
16V; RT = 30.1k; CT = 270 pF. 

TC18C46 
TC28C46 TC38C46 

Parameter Test Conditions Min Typ Max Min Typ Max Units 

Reference Section 
Output Voltage T, = 25°C, 10 = 1 rnA 5.0 5.1 5.2 5.0 5.1 5.2 V 

Line Regulation VIN = 8V to 16V - :!>1- :tal - :!>1- :tal mV 

Load Regulation 10 = 1mA to 10 rnA - :!>1- :tal - :!>1- :tal mV 

Temp Coefficient Over Operating Range, (note 1) - ±02 ±0.5 - ±02 ±0.5 mY/DC 

Total Output Range Line, Load, and Temperature (note 1) 4.97 - 5.24 4.94 - 5.26 V 

Long Term Drift T,= 125°C, 1000 Hrs (note 1) - ±&l - - ±&l - mV 

Short Circuit VREF= OV 20 - 70 20 - 70 rnA 
Output Current 

Output Noise Voltage 10 Hz ~ f ~ 10 kHz,T,= 25°C (note 1) - 22 - - 22 - !LV(rms 

Oscillator Section 
Initial Accuracy T,=25°C 96.5 102 106.5 96.5 101 106.5 kHz 

Voltage Coefficient VIN = 8V to 16V - ±.1 ±1.5 - ±.1 ±1.5 %/V 

Temp Coefficient Over Operating Range (note 1) - ±.04 ±0.06 - ±.04 ±0.06 %/oC 

Clock Ramp 1.2 2 3 1.2 2 3 rnA 
Reset Current 

Osc Ramp Amplitude 3.6 3.8 4 3.6 3.8 4 V 

Sync Output High Level (note 1) VDO - - Voo - - V 
-0.5 -0.5 

Sync Output Low Level (note 1) - - 0.5 - - 0.5 V 

Sync Input High Level Pin 8 = OV, (note 1) - 8.5 - - 8.5 - V 

Sync Input Low Level Pin 8 = OV, (note 1) - 8.5 5 - 8.5 5 V 

Sync Input Current Sync Voltage = 5.25V, Pin 8 = OV - ±5 ±&l - ±5 ±&l nA 

Error Amp Section 
Input Offset Voltage - ±5 ±25 - ±5 ±25 mV 
Input Bias Current - ±10 ±100 - ±0.1 ±0.5 nA 
Input Offset Current - ±10 ±100 - ±0.1 ±0.5 nA 
Open Loop Voltage Gain AVo = 1V to 6V, RL = 100k 70 90 - 70 90 - dB 
Gain Bandwidth Product T, = 25°C (note 1) 0.7 1 - 0.7 1 - MHz 
CMRR VCM = OV to 11V 70 90 - 70 90 - dB 

PSRR VIN = 8V to 16V 70 90 - 70 90 - dB 
Output Sink Current V(EA -) = 5V, V(EA+) = 4.9V, 2 4 - 2 4 - rnA 

V(COMP) = 1.2V 
Output Source Current V(EA -) = 5V, V(EA+) = 5.1V, 5 10 - 5 10 - rnA 

V(COMP) = 2.5V 
High Level Output Volt RL = (COMP) 5 kn to GND, AcL = 300 4.9 5 5.1 4.9 5 5.1 V 
Low Level Output Volt RL = (COMP) 5 kn to GND, AcL = 300 - 0.4 0.9 - 0.4 0.9 V 
Slew Rate 1.3 2 - 1.3 2 - V/!LS 

Current Sense Section 
Amplifier Gain (notes 2,3) 2.7 3 3.4 2.7 3 3.4 V 

Max Differential (note 2) 1.1 1.5 1.8 1.1 1.5 1.8 V 
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TC18C46 
TC28C46 
TC38C46 

CMOS CURRENT MODE 
PWM CONTROLLER 

ELECTRICAL CHARACTERISTICS (Cont): unless otherwise stated, these specifications apply for 
TA = -55°C to +125°C for TC18C46; -40°C to +85°C for the TC28C46; and O°C to +70°C for the TC38C46; VIN = VDD = 
16V; RT = 30.1k; CT= 270 pF. 

Parameter Test Conditions 

Input Signal (VPin 4-VPin 3) 
Input Offset Voltage (note 2) 

CMRR VCM = 1V to 12V, (note 2) 

PSRR VIN = BV to 16V, (note 2) 

Input Bias Current (note 1) 

Input Offset Current (note 1) 
Input Common Mode Range (note 1) 

Delay to Outputs T, = 25°C, (note 1) 

Current Limit Adjust Section 
Current Limit Voltage Offset 

Input Impedance (Shutdown Unlatched) 

Shutdown Terminal Section 
Threshold Voltage 

Input Voltage Range (note 1) 

Min Latching (note 4) 140 
Current (lPin I) 

Max Non-Latching (note 5) 
Current (lPinl) 

Min Pulse Width (note 1) 

Delay to Outputs (note 1) 

Output Section 

Output Low Level ros (ON) ISINK = 20 mA 

Output High Level ros (ON) ISOURCE = 20 mA 

Output Rise Time CL = 1 IlF 

Output Fall Time CL = 1 IlF 

Undervoltage Lockout Section 
Undervoltage Threshold 

Start Threshold 

Threshold Hysteresis 

Total Standby Current 
Supply Current 

Start-Up Current 

NOTES: 1. These parameters, although guaranteed over the recommended 
operating conditions, are not tested in production. 
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2. Parameter measured at trip point of latch with VPin 6 = VREF, VPin 
16=OV. 

3. Amplifier gain is defined as:G = llVpin 7 ; llVpin 4 = OV to 1V 
llVpin 4 

TC18C46 
TC28C46 TC38C46 

Min I Typ I Max Min I Typ I Max Units 

0.4 

40 

40 

-
-
0 

150 

320 

0 

-

100 

125 

-
-

-
-

6.6 

7.5 

0.6 

0.65 0.B5 0.4 0.65 0.B5 V 

60 - 40 60 - dB 

60 - 40 60 - dB 

±1 ±100 - ±1 ±100 nA 

±0.1 ±2 - ±0.1 ±2 nA 
- 11 0 - 11 V 

225 400 150 225 400 ns 

mV 

360 400 320 360 400 mV 

- VIN 0 - VIN V 

- - 140 - - !lA 

- 65 - - 65 !lA 

50 - 100 50 - ns 

250 400 125 250 400 ns 

10 20 - 10 20 n 
20 35 - 20 35 n 
55 90 - 55 90 ns 

55 90 - 55 90 ns 

7 7.3 6.6 7 7.3 V 

7.B B 7.5 7.B B V 

0.8 1 0.6 0.8 1 V 

mA 

4. Current into Pin 1 guaranteed to latch circuit in shutdown 
state. 

5. Current into Pin 1 guaranteed not to latch circuit in 
shutdown state. 
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CMOS CURRENT MODE 
PWM CONTROLLER 

TYPICAL CHARACTERISTIC CURVES 
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CMOS CURRENT MODE 
PWM CONTROLLER 

PIN DESCRIPTIONS 

PIN 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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DESCRIPTION 

CURRENT LIMIT, SOFT START ADJUST pin is for setting the peak current limit threshold of sense 
inputs pin 3 and pin 4_ A second function of this pin is for Soft-Start programming with a capacitor be
tween this pin and ground, pin 12. 

VREF pin is an output for the reference supply voltage of 5.1 volts. This reference can supply a 
minimum of 20 mA of output current. 

- CURRENT SENSE INPUT pin is the current sense inverting input for sensing peak current of the 
pass transistor through the series current monitor resistor. 

+ CURRENT SENSE INPUT pin is the non-inverting input for sensing peak current of the pass transis
tor. The positive end of the current sense resistor is connected here. 

+ ERROR AMP INPUT pin is the non-inverting input for sensing voltage feedback from output for 
voltage regulation. 

- ERROR AMP INPUT pin is the inverting input for sensing the reference voltage to regulate the output. 

COMPENSATION pin is for compensating the feedback loop response. 

CT pin is the input for timing capacitor, CT, to set oscillator frequency in conjunction with pin 9, 
resistor RT, input. A second function is for setting the crossover dead time of the outputs, pins 11 and 
14. 

RT pin is the input for the timing resistor, RT, to set oscillator frequency by setting the (constant) current 
charge rate for capacitor CT. 

SYNC pin is the input or output for the oscillator synchronization pulse. 

OUTPUT A pin is the output drive of phase A to drive push pull transistor A. 

GROUND pin is the ground return path for all input and output signals. 

Voo pin is the supply power input terminal for the output drivers. 

OUTPUT B pin is the output drive of phase B to drive push pull transistor B. 

VIN pin is voltage bias supply input for all circuits except the output drivers. 

SHUTDOWN pin is an input for shutdown when a 350 mV threshold is exceeded: both output drives will 
then be terminated. 
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CMOS CURRENT MODE 
PWM CONTROLLER 

V TCX8C46 IS·RS 
VS=-N--

N 

Figure 3 Transformer Isolated Current Sense 

Under Voltage Lockout 

The under voltage lockout circuit forces the PWM con
troller outputs OFF (LOW) if the supply voltage is below 7V. 
Threshold hysteresis is 0.8V and guarantees clean, jitter
free turn-ON and turn-OFF points. The hysteresis also 
reduces capacitive filtering requirements at the PWM con
troller supply input (pin 15). 

Circuit Synchronization 

Current-mode-controlled power supplies can be oper
ated in parallel with a common load. Paralleled converters 
will equally share the load current. Voltage-mode control
lers unequally share the load current, decreasing system 
reliability. 

Two or more of these PWM controllers can be slaved 
together for parallel operation. Circuits can operate from a 
master PWM controller internal oscillator with an external 
driver (Figure 4). Devices can also be slaved to an exter
nal oscillator (Figure 5). Disable internal slave device os
cillators by grounding pin 8. Slave controllers derive an 
oscillator from the bidirectional synchronization output sig
nal at pin 10. 

Pin 10 is bidirectional in that it is intended to be both a 
sync output and input. This is accomplished by making the 
output driver "weak." This is advantageous in that it elimi
nates an additional pin from the package but does not 
enable the device to directly drive another device. In order 
to make it an effective driver, a buffer is required (Figure 4). 
In order to use pin 10 as a sync input, it is necessary to 
overcome the internal driver. This requires a pulse with an 
amplitude equal to Vs. Since Vs must be above 7V for the 
undervoltage lockout to be disabled, a CMOS or open
collector TTL driver should be used. 
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5 

CMOS CURRENT MODE 
PWM CONTROLLER 

[ffDft --.!TD 
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PIN 10 
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---..I r.-- n ~ 

OUTPUT DEAD TIME (T D) 

Figure 6 Oscillator Circuit 

Selection of Timing Capacitor and Resistor 
(CT & RT) 

1) First determine the frequency of operation Fa and 
the desired" dead" time", T D (see Fig.6 graph). 

We need to choose RT and CT. 

2) The current mirror in Fig. 6 , shows: 

ICHG = 3.5 V Also, 
RT 

ICHG = CT Lv Where, L V= 3.5 - 0.5 
LT = 3.0 Volts 

and LT= TCHG 

3) During discharge (To), the discharge current pulls 

3-90 

2 m A out of CT, minus the ICHG that keeps trying to 
charge it: 

2 m A - ICHG = CT L V ,where L V= 3.0 Volts 
LT LT=To 

Substituting and rearranging, 

CT = T D (.002 - 3.5) 

3 RT 

Knowing T D choosing RT permits calculation of CT . 
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CMOS CURRENT MODE 
PWM CONTROLLER 

Peak Current Limit Setup 

Resistors R1 and R2 at the current limit input (pin 1) set 
the peak current limit (Figure 1). The potential at pin 1 is 
easily calculated: 

V1 =VREF ~ 
R1 + R2 

R1 should be selected first. The shutdown circuit fea
ture is not latched for (VREF - 0.35)/R1 <65 IJA and is 
latched for currents greater than 140 IJA. 

The error amplifier output voltage is clamped from 
going above V1 through the limit buffer amplifier. Peak 
current is sensed by RS and amplified by the current 
amplifier which has a fixed gain of 3. 

Ipel, the peak current limit, is the current that causes 
the PWM comparator non inverting input to exceed V1 , the 
po~en~ial at the inverting input. Once the comparator trip 
pOint IS exceeded, both outputs are disabled. 

Ipel is easily calculated: 

V1 -0.65V 
Ipel= 

3 (RS) 

where: 

V1 =VREF ~ 
R1 + R2 

VREF = Internal voltage reference = 5.1V 
3 = Gain of current-sense amplifier 
0.65V = Current limit offset 

Both driver outputs (pins 11 and 14) are OFF (LOW) 
when the peak current limit is exceeded. When the sensed 
current goes below Ipel, the circuit operates normally. 

Output Shutdown 

The outputs can be turned OFF quickly through the 
shutdown input (pin 16). A signal greater than 360 mV at 
pin 16 forces the shutdown comparator output HIGH. The 
PWM latch is held set, disabling the outputs. 

.,?2 is also turned ON. If VREF/R1 is greater than 140 IJA, 
positive feedback through the lock-up amplifier and 01 
keeps the inverting PWM comparator inverting input below 
0.65V. 03 remains ON even after the shutdown input 
signal is removed. This is because the lock-up amplifier is 
in latched mode driving 03 ON. This state can be cleared 
only through a power-up cycle. Outputs will be disabled 
whenever the potential at pin 1 is below 0.65V. 

The shutdown terminal gives a fast, direct way to dis
able the PWM controller output transistors. System protec
tion and remote shutdown applications are possible. 
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TC18C46 
TC28C46 
TC38C46 

The input pulse to pin 16 should be at least 100 ns wide 
and have an amplitude of at least 1 V in order to get the 
minimum propagation delay from input to output. If these 
parameters are met, the delay should be less than 400 ns at 
25°C; however, the delay time will increase as the device 
temperature rises. 

Soft Restart From Shutdown 

A soft restart can be programmed if non latched shut
down operation is used. 

A capacitor at pin 1 will cause a gradual increase in 
potential toward V1. When the voltage at pin 1 reaches 3 
0.75V, the PWM latch set input is removed and the circuit 
~stablishes a regulated output voltage. The soft-start opera-
tion forces the PWM output drivers to initially operate with 
minimum duty cycle and low peak currents. 

Even if a soft start is not required, it is necessary to 
insert a capacitor between pin 1 and ground if the current Il 
is greater than 140 IJA. This capacitor will prevent "noise 
triggering" of the latch, yet minimize the soft-start effect. 

Soft-Start Power-Up 

During power-up, a capacitor at R1, R2 initiates a soft
start cycle. As the input voltage (pin 15) exceeds the 
undervoltage lockout potential (7V), 04 is turned OFF, 
ending undervoltage lockout. Whenever the PWM com
parator inverting input is below 0.65V, both outputs are 
disabled. 

When the undervoltage lockout start threshold is ex
ceeded, the capacitor begins to charge. The PWM duty 
cycle increases until the operating output voltage is reached. 
Soft-start operation forces the PWM output drivers to initially 
operate with minimum duty cycle and low peak current. 

Current-Sense Amplifier 

The current-sense amplifier operates at a fixed gain of 
3. Maximum differential input voltage (VPIN4-VPIN3) is 1.1 V. 
Common-mode input voltage range is OV to VIN - 3V. 

Resistive-sensing methods are shown in Figure 2. In 
Figure 2(A), a simple RC filter limits transient voltage spikes 
at pin 4, caused by external output transistor-collector 
capacitance. Transformer coupling (Figure 3) offers isola
~ion and better power efficiency, but cost and complexity 
Increase. 

In orderto minimize the propagation delay from the input 
to the current amplifier to the output terminals, the current 
ramp should be in the order of 1 I-ls in width (min). Typical 
time delay values are in the 225 ns region at 25°C. The delay 
time increases with device temperature so that at 50°C, the 
delay times may be increased by as much as 100 ns. 
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(A) Ground Reference (8) Above-Ground Resistive Sensing 

Figure 2 Resistive Sensing 
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TC170 

CMOS CURRENT-MODE PWM CONTROLLER 

FEATURES GENERAL DESCRIPTION 
• Low Supply Current With 

CMOS Technology ................................ 3.8 rnA Max 
The TC170 brings low-power CMOS technology to the 

current-mode-switching power supply controller market. 
Maximum supply current is 3.8 mA. Bipolar current-mode 
control integrated circuits require five times more operating 
current. 

• Internal Reference ............................................. 5.1 V 
• Fast Rise/Fall Times (CL = 1000 pF) .............. 50 ns 
• Dual Push-Pull Outputs 
• Direct-Power MOSFET Drive 
• High Totem-Pole Output Drive .................... 300 rnA 

The dual totem-pole CMOS outputs drive power 
MOSFETs or bipolar transistors. The 50-ns typical output 

• Differential Current-Sense Amplifier rise and fall times (1000-pF capacitive loads) minimize &l 
MOSFET power dissipation. Output peak current IS 300 mA. • Programmable Current Limit 

• Soft-Start Operation 
• Double-Pulse Suppression 
• Undervoltage Lockout 

The TC170 contains a full array of system-protection 
circuits (see features). 

• Wide Supply Voltage Operation .............. 8V to 16V 
Current-mode control lets users parallel power supply 

modules. Two or more TC170 controllers can be slaved 
together for parallel operation. Circuits can operate from a 
master TC170 internal oscillator or an external system 
oscillator. 

• High Frequency Operation ......................... 200 kHz 
• Available with Low OFF State Outputs 
• Low Power, Pin-Compatible Replacement for 

UC3846 The TC170 operates from an 8V to 16V power supply. 

ORDERING INFORMATION 

Part No. Package 

TC170CPE 16-Pin Plastic DIP 
TC170COE 16-Pin SO 

PIN CONFIGURATION 

SOFTSTARTI 
IUM 1 • 

VREFOUT 2 

-I SENSE IN 3 

+ I SENSE IN 4 

+ ERROR AMP IN 5 

- ERROR AMP IN 6 

NOTE: Outputs LOW in "OFF" stale. 

Temperature 
Range 

An internal 2%, 5.1V reference minimizes external compo
nent count. The TC170 is pin compatible with the Unitrode 
UC1846/2846/3846 bipolar controller. 

Other advantages inherent in current-mode control in
clude superior line and load regulation and automatic sym
metry correction in push-pull converters. 

FUNCTIONAL BLOCK DIAGRAM 
VREF 

2 
i" - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --"I 

VIN 15 1 V i 

RO n..'l.!-.-----. 

Co O-=-i-\.-----' 

SYNC o.!.!!+---:-::-:-=:::::::;:,~----t~r--"""""" 
(-)CURRENT 
SENSE INPUT 

(+) CURRENT 
SENSE INPUT 

COMP o-:.+--c::;:--~ 

," 

-:-: 
I 1 CURRENT LIMIT! 

Voo 
OUTPUT 
A(Jl.. ) 

OUTPUT 
B(Jl.. ) 

GROUND 

(+) ERROR 
AMP INPUT 

(-) ERROR 
AMP INPUT 

L--<>---C==::;::=+----p--~--- __ -__ -' 
: SOFT-START ADJUST 

, , 
: ERROR i 
I:: AMPLIFIER i:,'. 

I-~-+-a SHUTDOWN 

, , , , , , , , , , , , 
: 03 : , , , , , , 
: : NOTE: Outputs low in 
~ _______________________________________________________ J OFF state. 
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ELECTRICAL CHARACTERISTICS: VIN = 16V, Ro = 24 kn, Co = 1 nF, T A = 25°C, unless otherwise indicated. 

Symbol Parameter Test Conditions Min I Typ I Max Unit 

Reference Voltage 

VREF Output Voltage lOUT = 1 rnA 5 5.1 5.3 V 

Line Regulation VIN = BV to 16V 5 15 mV 

Load Regulation lOUT = 1 rnA to 10 rnA 13 20 mV 

VRTC Temperature Coefficient Over Operating Temperature Range 0.4 0.5 mV/oC 

Oscillator 
Oscillator Frequency 35 42 46 kHz 

Voltage Stability VIN = BV to 16V 1.1 1.5 %IV 

Temperature Stability Over Operating Temperature Range 5 10 % 
---

Error Amplifier 

Vos Input Offset Voltage ±:II mV 

IB Input Bias Current ±1 nA 

VCMRR Common-Mode Input Voltage VIN = BV to 16V 0 Voo-2V V 

AVOL Open-Loop Voltage Gain VOUT =1 V to 6V 70 dB 

BW Unity Gain Bandwidth 1.2 MHz 

CMRR Common-Mode Rejection Ratio VCMV OV to 14V 60 dB 

PSRR Power Supply Rejection Ratio VIN = BV to 16V 60 dB .. 
Current Sense Amplifier 

Amplifier Gain Pin 3 = OV to 1.1V 3 3.15 3.3 VIV 

Maximum Differential Input Signal VPIN4 - VPIN3 ::;1.1 V 

Common-Mode Input Voltage 0 Voo-3V V 

Current Limit Adjust 
Current Limit Offset Voltage V 

IB Input Bias Current nA 

Shutdown Terminal 
VTB Threshold Voltage 0.3 0.35 0.4 V 

VIN Input Voltage Range 0 Voo V 

Minimum Latching Current at Pin 1 125 ~ 
Maximum Nonlatching Current at Pin 1 50 ~ 

Output Stage 
Voo Output Voltage Pin 13 Vltr.5 VIN VIN+ .5 V 

VOL Output Low Level ISINK=20 rnA 0.4 V 

VOL Output Low Level ISINK = 100 rnA 2 V 

VOH Output High Level ISOURCE = 20 rnA Voo-1V V 

VOL Output High Level ISOURCE = 100 rnA Voo-4V V 

tR Output Rise Time CL= 1000 pF 50 150 ns 

tF Output Fall Time CL= 1000 pF 50 150 ns 

Undervoltage Lockout 
Start-Up Threshold V 

Threshold Hysteresis V 

Supply 
Is Standby Supply Current 2.7 3.B rnA 
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TC170 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ........................................................... 18V Operating Temperature Range 
Output Voltage ................................................ VDD or 18V Commercial ............................................ O°C to +70°C 
Analog Inputs ..................................... - 0.3V to Vs + 0.3V 'Static-sensitive device. Unused devices must be stored in conductive 

material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for 
extended periods may affect device reliability. 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Maximum Chip Temperature ................................... 150°C 
Plastic Package Thermal Resistance: 

8JA (Junction to Ambient) ............................. 140°CIW 
8JC (Junction to Case) .................................... 70°CIW 

PIN DESCRIPTION 

Pin No. Symbol 

SOFT START/luM 

2 VREFOUT 

3 -ISENSEIN 

4 +ISENSEIN 

5 + ERROR AMP IN 

6 - ERROR AMP IN 

7 COMP 

8 Co 

9 Ro 

10 SYNC 

11 OUTPUT 

12 GROUND 

13 VDD 
14 OUTPUTB 

15 VIN 
16 SHUTDOWN 

Description 

Soft Start Adjust I Current Limit. For setting the peak current threshold of sense inputs 
(pins 3 and 4). Second function of this pin is Soft-Start Adjust. 

Reference supply output of 5.1 volts. It can supply a minimum of 10mA. 

- Current Sense Input. Inverting input for sensing peak current of the pass transistor 
through series sense current monitor resistor. 

+ Current Sense Input. Non-inverting input used in conjunction with pin 3. This senses 
the positive end of current monitor resistor. 

+ Error Amp In. Non-inverting input for output voltage regulation. 

- Error Amp In. Inverting input of the amplifier for the reference voltage. 

For compensation of the feedback loop response. 

Timing capaCitor (CO) input to set oscillator frequency in conjunction with pin 9, Ro, 
resistor input. Second function is for setting crossover dead time of pin 11 and 14 
outputs. 

Timing resistor (RO) input to set oscillator frequency by setting constant current charge 
rate to charge capaCitor Co. 

For PWM controller oscillator synchronization of two or more controllers. or as a clock 
input to sync oscillator from external signal. 

A output drive of phase A from push pull transistors. 

Ground return for all input and output pins. 

Supplies power to operate the output drivers only. 

Output of phase B from push pull transistors. 

Voltage bias supply for all TC170 circuits except the output transistors. 

Input pin to disable both output drives to OV OFF. 
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Peak Current Limit Setup 

Resistors R1 and R2 at the current limit input (pin 1) set 
the TC170 peak current limit (Figure 1). The potential at pin 
1 is easily calculated: 

V1 =VREF ~ 
R1 + R2 

R1 should be selected first. The shutdown circuit fea
ture is not latched for (VREF - 0.35)/R1 <50 IlA and is 
latched for currents greater than 125 !lAo 

The error amplifier output voltage is clamped from 
going above V1 through the limit buffer amplifier. Peak 
current is sensed by RS and amplified by the current 
amplifier which has a fixed gain of 3.15. 

Ipel, the peak current limit, is the current that causes 
the PWM comparator non inverting input to exceed V1 , the 
potential at the inverting input. Once the comparator trip 
point is exceeded, both outputs are disabled. 

Ipel is easily calculated: 

V1 -0.75V 
Ipel= 

3.15 (RS) 

where: 

V1 =VREF ~ 
R1 + R2 

VREF = Internal voltage reference = 5.1 V 
3.15 = Gain of current-sense amplifier 
0.75V = Current limit offset 

Both driver outputs (pins 11 and 14) are OFF (LOW) 
when the peak current limit is exceeded. When the sensed 
current goes below Ipel, the circuit operates normally. 

Output Shutdown 

The TC170 outputs can be turned OFF quickly through 
the shutdown input (pin 16). A signal greater than 350 mV 
at pin 16 forces the shutdown comparator output HIGH. 
The PWM latch is held set, disabling the outputs. 

02 is also turned ON. If VREF/R1 is greaterthan 125 !lA, 
positive feedback through the lock-up amplifier and 01 
keeps the inverting PWM comparator inverting input below 
0.75V. 03 remains ON even after the shutdown input 
signal is removed, because of the positive feedback. The 
state can be cleared only through a power-up cycle. Out
puts will be disabled whenever the potential at pin 1 is 
below 0.75V. 

The shutdown terminal gives a fast, direct way to dis
able the TC170 output transistors. System protection and 
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remote shutdown applications are possible. 
The input pulse to pin 16 should be at least 500 ns wide 

and have an amplitude of at least 1 V in order to get the 
minimum propagation delay from input to output. If these 
parameters are met, the delay should be less than 600 ns at 
25°C; however, the delay time will increase as the device 
temperature rises. 

Soft Restart From Shutdown 

A soft restart can be programmed if non latched shut
down operation is used. 

A capacitor at pin 1 will cause a gradual increase in 
potential toward V1. When the voltage at pin 1 reaches 
0.75V, the PWM latch set input is removed and the circuit 
establishes a regulated output voltage. The soft-start opera
tion forces the PWM output drivers to initially operate with 
minimum duty cycle and low peak currents. 

Even if a soft start is not required, it is necessary to 
insert a capacitor between pin 1 and ground if the current Il 
is greater than 125 !lAo This capacitor will prevent "noise 
triggering" of the latch, yet minimize the soft-start effect. 

Soft-Start Power-Up 
During power-up, a capacitor at R1, R2 initiates a soft

start cycle. As the input voltage (pin 15) exceeds the 
undervoltage lockout potential (7.7V), 04 is turned OFF, 
ending undervoltage lockout. Whenever the PWM com
parator inverting input is below 0.5V, both outputs are 
disabled. 

When the undervoltage lockout level is passed, the 
capacitor begins to charge. The PWM duty cycle increases 
until the operating output voltage is reached. Soft-start 
operation forces the PWM output drivers to initially operate 
with minimum duty cycle and low peak current. 

Current-Sense Amplifier 

The current-sense amplifier operates at a fixed gain of 
3.15. Maximum differential input voltage (VPIN4-VPIN3) is 
1.1 V. Common-mode input voltage range is OV to VIN - 3V. 

Resistive-sensing methods are shown in Figure 2. In 
Figure 2(A), a simple RC filter limits transient voltage spikes 
at pin 4, caused by external output transistor-collector 
capacitance. Transformer coupling (Figure 3) offers isola
tion and better power efficiency, but cost and complexity 
increase. 

In orderto minimize the propagation delay from the input 
to the current amplifier to the output terminals, the current 
ramp should be in the order of 1 Ils in width (min). Typical 
time delay values are in the 300 to 400 ns region at 25°C. 
The delay time increases with device temperature so that at 
50°C, the delay times may be increased by as much as 
100 ns. 
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SWITCH 
CURRENT~ __________________________________________________ -+~ ______________ , 

~ 

-::-

x 3.15 CURRENT-SENSE 
AMPLIFIER 

Vl 

-::- 350mV 

TC170 

PWM COMPARATOR 

,...--4.- FROM 
I UNDERVOLTAGE 

.....L. LOCKOUT 

-::-

Figure 1 Rl and R2 Set Maximum Peak Output Current 

....L.= 

4 
RS 

3 
~ TC170 

'OPTIONAL RC FILTER -::- ¥TC170 .... 

(A) Ground Reference (8) Above-Ground Resistive Sensing 

Figure 2 Resistive Sensing 
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"'<f!!'...,"'<f!!'TC170 IS·RS 
VS=-N-

Figure 3 Transformer Isolated Current Sense 

Undervoltage Lockout 

The undervoltage lockout circuit forces the TC170 out
puts OFF (low) ifthe supply voltage is below 7. 7V. Th reshold 
hysteresis is 0.75V and guarantees clean, jitter-free turn-on 
and turn-off points. The hysteresis also reduces capacitive 
filtering requirements at the PWM controller supply input 
(pin 15). 

Circuit Synchronization 

Current-mode-controlled power supplies can be oper
ated in parallel with a common load. Paralleled converters 
will equally share the load current. Voltage-mode control
lers unequally share the load current, decreasing system 
reliability. 

Two or more TC170 controllers can be slaved to
gether for parallel operation. Circuits can operate from a 
master TC170 internal oscillator with an external driver 
(Figure 4). Devices can also be slaved to an external 
oscillator (Figure 5). Disable internal slave device oscilla
tors by grounding pin 8. Slave controllers derive an oscilla
tor from the bidirectional synchronization output signal at 
pin 10. 

Pin 10 is bidirectional in that it is intended to be both a 
sync output and input. This is accomplished by making the 
output driver "weak." This is advantageous in that it elimi
nates an additional pin from the package but does not 
enable the device to directly drive another device. In order 
to make it an effective driver, a buffer is required (Figure 4). 
In order to use pin 10 as a sync input, it is necessary to 
overcome the internal driver. This requires a pulse with an 
amplitude equal to VIN. Since VIN must be above 8.25V for 
the undervoltage lockout to be disabled, a CMOS or open
collector TTL driver should be used. 
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MASTER 
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Figure 4 MasterlSlave Parallel Operation 
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Figure 5 External Clock Synchronization 
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TC170 

PIN 10 

Figure 6 Oscillator Circuit 

Oscillator Frequency and Output Dead Time 
The oscillator frequency for Ro = 24 kQ and 

Co = 1000 pF is: 

Fo = [ 1.27 _ 2800 ] Co 
RoCo Ro2Co Co + 150 X 10-12 

where: Ro = Oscillator Resistor (Q) 

Co = Oscillator Capacitor (F) 

Fo = Oscillator Frequency (Hz) 

The oscillator resistor can range from 5 kQ to 50 kQ. 
Oscillator capacitor can range from 250 pF to 1000 pF. 

Figure 7 shows typical operation for various resistance and 
capacitance values. 

During transitions between the two outputs, simulta
neous conduction is prevented. Oscillator fall time controls 
the output off, or dead time (Figure 6). 

Dead time is approximately: 

2000 [Col 
T D = ----=---='-7-

1 - ( ~~) 
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Figure 7 Oscillator Frequency vs Oscillator Resistance 

where: Ro = Oscillator Resistor (kQ) 

Co = Oscillator Capacitor (pF) 
T D = Output Dead Time (sec) 

Maximum possible duty cycle is set by the dead time. 
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TYPICAL CHARACTERISTIC CURVES 

Output Rise and Fall Times 

T A = +2SoC I I J 
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Output Rise and Fall Times 

TA =+2SoC I ....... CLOAD = 1800 pF 

V Vs = 16V 
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DC-TO-DC VOLTAGE CONVERTER 

FEATURES 

• High Current .................................................. 100mA 
• Converts (+ 1.SV to S.SV) to (- 1.SV to -S.SV) 
• Excellent Power Efficiency ...•...........•........ 88% typ 
• Low Power Requirement .....•.•........ 200 !lA @ S VIN 
• Low Cost and Easy to Use 

- Only Two External Capacitors Required 
• Improved ESD Protection .•..............•.•.... Up to 3KV 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION (DIP and SO) 

NC = NO INTERNAL CONNECTION 
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TC660 
*CONTACT FACTORY FOR 
FULL DATA SHEET 

GENERAL DESCRIPTION 

The TC660 DC-to-DC voltage converter will generate a 
negative voltage from a positive source. With two external 
capacitors, the TC660 will convert a 1.5V to 5V input signal 
to a -1.5V to -5V level. 

Many analog-to-digital converters, digital-to-analog con
verters, operational amplifiers, and multiplexers require 
negative supply voltages. The TC660 allows +5V digital 
logic systems to incorporate these analog components 3 
without adding an additional main power source. The TC660 
can lower total system cost, ease engineering development, 
and save space, power and weight. 

The TC660 charges a capacitor to the applied supply 
voltage. Internal analog switches connect the capacitor 
across the output. Charge is transferred to an output storage 
capacitor, completing the voltage conversion. Operation 
requires only two external capacitors. 

Contained on-Chip are a series DC power supply regu
lator, RC oscillator, voltage-level translator, four output 
power MOS switches, and a unique logic element which 
ensures latCh-Up free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency of 10kHz for an input supply voltage of 5V. This 
frequency can be lowered by the addition of an external 
capacitor to the OSC terminal (pin 7), or raised to approx. 45 
kHz by connecting BOOSTto V+. Alternatively, the oscillator 
may be overdriven by an external clock. 

The low voltage (LV) terminal (pin 6) may be tied to GND 
(pin 3) to bypass the internal series regulator and improve 
LV operation. At medium-to-high voltages (+3.5V to +1 OV), 
the LV pin is left floating to prevent device latch-up. 

The TC660 open-circuit output voltage is equal to the 
input voltage to within 0.1 %. The TC660 has a 98% power 
conversion efficiency for 2 mA to 5 mA load currents. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC660CPA 8-Pin Plastic DIP O°C to +70°C 

TC660EOA 8-Pin SO - 40°C to +85°C 

TC660EPA 8-Pin Plastic DIP - 40°C to +85°C 

TC660COA 8-Pin SO O°C to +70°C 
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T Semiconductor, Inc. 
TC962 

HIGH CURRENT DC-TO-DC CONVERTER 

FEATURES 

• Pin Compatible With TC766211CL76621S17661 
• High Output Current ...................................... 80 mA 
• No External Diodes Required 
• Wide Operating Range ............................ 3V to 18V 
• Low Output Impedance ............................. 28Q Typ 
• No Low Voltage Terminal Required 
• Application Zener On Chip 
• OSC Frequency Doubling Pin Option for Smaller 

Output Capacitors 

PIN CONFIGURATIONS 

S·Pin DIP 16-Pin SO Wide 

ZENER -'"-..,...~
CATHODE 1 • 

FUNCTIONAL BLOCK DIAGRAM 

FREQ x2 

T?~g- ~==t======---, 
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GENERAL DESCRIPTION 

The TC962 is an advanced version of the industry
standard 7662 high-voltage DC-to-DC converter. Using 
improved design techniques and CMOS construction, the 
TC962 can source as much as 80 mA versus the 7662's 
20 mA capability. 

As an inverter, the TC962 can put out voltages as high 
as 18V and as low as 3V without the need for external 
diodes. The output impedance of the device is a low 28Q 3 
(with the proper capacitors), voltage conversion efficiency 
is 99.9%, and power conversion efficiency is 97%. 

The low voltage terminal (pin 6) required in some 7662 
applications has been eliminated. Grounding this terminal 
will double the oscillator frequency from 12 kHz to 24 kHz. 
This will allow the use of smaller capacitors for the same 
output current and ripple, in most applications. Only two 
external capacitors are required for inverter applications. In 
the event an external clock is needed to drive the TC962 
(such as paralleling), driving this pin directly will cause the 
internal oscillator to sync to the external clock. 

ORDERING INFORMATION 

Part No. 

TC962CPA 
TC9621JA 
TC962EPA 
TC962MJA 
TC962COE 
TC962EOE 

Package 

8-Pin Plastic DIP 
8-Pin CerDIP 
8-Pin Plastic DIP 
8-Pin CerDIP 
16-Pin SO Wide 
16-Pin SO Wide 

V 
TC9&2 

3 GND 

+ 
C R 
EXTERNAL 

"oUT 

Temperature 
Range 

O°C to +70°C 
- 25°C to +85°C 
- 40°C to +85°C 

- 55°C to + 125°C 
o to +70°C 

- 40°C to +85°C 
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TC962 

Pin 1 , which is used as a test pin on the 7662, is a voltage 
reference zeneron the TC962. This zener (6.4Vat 5 mAl has 
a dynamic impedance of 12Q and is intended for use where 
the TC962 is supplying current to external regulator circuitry 
and a reference is needed for the regulator circuit. (See 
applications section.) 

The TC962 is compatible with the L TC1044, S17661, 
and ICL7662. It should be used in designs that require 
greater power and/or less input to output voltage drop. It 
offers superior performance over the ICL7660S. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ S to GND) ................................... + 18V 
Input Voltage (Any Pin) ............. (V+ s + 0.3) to (V-s - 0.3) 
Current Into Any Pin ............................................... 10 mA 
ESD Protection ..................................................... ±2000V 
Output Short Circuit ................. Continuous (at 5.5V Input) 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Operating Temperature Range 

CPA, COE .............................................. O°C to + 70°C 
IJA ..................................................... - 25°C to +85°C 
EOE, EPA ......................................... - 40°C to +85°C 
MJA ................................................. - 55°C to + 125°C 

Max Dissipation 
COE, CPA, EOE, EPA .................................. 375 mW 
IJA, MJA ....................................................... 500 mW 

Package Thermal Resistance 
CerDIP, ReJ.A ................................................ 90°C/W 
PDIP, ReJ-A ................................................. 140°C/W 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: v+ s = 15V, T A = +25°C (See Test Circuit) 

Symbol Parameter Test Conditions Min Typ Max Unit 

v+ s Supply Voltage 3 18 V 

Is Supply Current RL== 
V+ s = 15V TA = +25°C 510 700 ).LA 

0,,; TA ,,; +70°C 560 ).LA 
-55"; TA ,,; +125°C 650 ).LA 

V+ s = 5V TA = +25°C 190 ).LA 
0,,; TA < +70°C 210 ).LA 
-55"; TA ,,; +125°C 210 ).LA 

Ra Output Source IL = 20 mA, V+ s = 15V 32 37 Q 
Resistance IL = 80 mA, V+ s = 15V 5 40 Q 

IL = 3 mA, V+ s = 5V - 50 Q 

Case Oscillator Frequency Pin 6 Open 12 kHz 
Pin 6 GND 24 kHz 

PEFF Power Efficiency V+s = 15V 93 97 % 
RL=2kQ 

VOEF Voltage Efficiency Vs = 15V 99 99.9 % 
RL== 
Over Temperature Range 96 - % 

Vz Zener Voltage Iz=5 mA 6.0 6.2 6.4 V 

ZZT Zener Impedance IL = 2.5 mA to 7.5 mA 12 Q 
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APPLICATIONS INFORMATION 

Theory of Operation 

The TC962 is a capacitive pump (sometimes called a 
switched capacitor circuit), where four MOSFET switches 
control the charge and discharge of a capacitor. 

The functional diagram (page 1) shows how the switch
ing action works. SW1 and SW2 are turned on simulta
neously, charging Cp to the supply voltage, VIN. This as
sumes that the on resistance of the MOSFETs in series 
with the capacitor results in a charging time (3 time con
stants) that is less than the on time provided by the oscilla
tor frequency as shown: 

3 (RDS(ON) Cp) <Cp/(O.S fosd 

In the next cycle, SW1 and SW2 are turned off and 
after a very short interval of all switches being off (this 
prevents large currents from occurring due to cross con
duction), SW3 and SW4 are turned on. The charge in Cp is 
then transferred to CR, BUT WITH THE POLARITY IN
VERTED. In this way, a negative voltage is now derived. 

Page 1 shows a functional diagram of the TC962. An 
oscillator supplies pulses to a flip-flop that is then fed to a 
set of level shifters. These level shifters then drive each set 
of switches at one-half the oscillator frequency. 

The oscillator has two pins that control the frequency of 
oscillation. Pin 7 can have a capacitor added that is re
turned to ground. This will lower the frequency of the 
oscillator by adding capacitance to the timing capacitor 
internal to the TC962. Grounding pin 6 will turn on a 
current source and double the frequency. This will double 
the charge current going into the internal capacitor, as well 
as any capacitor added to pin 7. 

A zener diode has been added to the TC962 for use as 
a reference in building external regulators. This zener runs 
from pin 1 to ground. 

Capacitors 

In early charge pump converters, the capacitors were 
not considered critical due to the high RDS(ON) of the MOS
FET switches. In order to understand this, let's look at a 
model of a typical electrolytic capacitor (Figure 1). 

Note that one of its characteristics is ESR (equivalent 
series resistance). This parasitic resistance winds up in 
series with the load. Thus, both voltage conversion effi
ciency and power conversion efficiency are compromised if 
a low ESR capacitor is not used. 

In the test circuit, for example, just changing two capaci
tors, Cp and CR, from capacitors with unspecified ESR to low 
ESR-type output, impedance changes from 36Q to 28Q, an 
improvement of 23%! 

V TELCOM SEMICONDUCTOR, INC. 
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This applies to all types of capacitors, including film 
types (polyester, polycarbonate, etc.). 

Some applications information suggest that the capaci
tor is not critical and attribute the limiting factor of the 
capacitor to its reactive value. Let's examine this: 

Xc=_1_ and Zc=~, 
2m C DS 

where DS (duty cycle) = SO%. 
Thus, Zc ~ 2.6Q at f = 12 kHz, where C = 10 I1F. 
For the TC962, f = 12,000 Hz, and a typical value of C 

would be 10 I1F. This is a reactive impedance of = 2.6Q. If 
the ESR is as great as SQ, the reactive value is not as critical 
as it would first appear, as the ESR would predominate. 
The SQ value is typical of a general-purpose electrolytic 
capacitor. 

ESL ESR C 

~~ 

Figure 1 Typical Electroly1ic Capacitor 

Latch Up 

All CMOS structures contain a parasitic SCA. Care must 
be taken to prevent any input from going above or below the 
supply rail, or latch up will occur. The result of latch up is an 
effective short between V+s and V-so Unless the power 
supply input has a current limit, this latch-up phenomena will 
result in damage to the device. (See Application Note 31 for 
additional information.) 

TEST CIRCUIT 

6900 

VZ ..... _--'t J.!!..-...... ---....=;:::..v+ 
~IL (+5V) 

RL 

1-'5=--____ ...... _ VOUT 
1-0 __ '" (-5V) 

CR;- lO I-lF 
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HIGH CURRENT OC-TO-OC CONVERTER 

TC962 

TYPICAL CHARACTERISTICS CURVES 
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Output Resistance vs Input Voltage 
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DC-TO-DC VOLTAGE CONVERTER 

FEATURES 

• Converts +SV Logic Supply to ±5V System 
• Wide Input Voltage Range ...........•........ 1.SV to 12V 
• Efficient Voltage Conversion ........................ 99.9% 
• Excellent Power Efficiency .............................. 98% 
• Low Power Consumption .......•.... 80 J.IA @ VIN = SV 
• Low Cost and Easy to Use 

- Only Two External Capacitors Required 
• RS-232 Negative Power Supply 
• Available in Small Outline (SO) Package 
• Improved ESD Protection ..................... Up to 10KV 
• No External Diode Required for High Voltage 

Operation 
• Frequency Boost Raises Fosc to 4SkHz 

PIN CONFIGURATION (DIP and SO) 

FUNCTIONAL BLOCK DIAGRAM 

BOOST 

OSC 

LOW 
VOLTAGE (LV) 

LV O-'-If---....... - ...... --' 
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TC1044S 

GENERAL DESCRIPTION 

The TC 1 044S DC-to-DC voltage converter is the Super 
Voltage Converter version of TC7660. Added features in
clude extended operating supply voltage range up to l2V, 
and frequency boost pin for higher operating frequency to 
lower output impedance with smaller capacitors. 

Contained on-chip are a series DC power supply regu
lator, RC oscillator, voltage-level translator, four output 
power MOS switches, and a unique logic element which 3 
ensures latch-up free operation. 

The oscillator, with boost, pin 1 open or grounded, and 
osc pin 7 open, oscillates at a nominal frequency of 10kHz 
for an input supply voltage of 5V. When boost pin 1 is 
connected to V+, nominal frequency increases to 45 kHz. If 
operation below 10kHz is desired, a capacitor may be 
added to osc pin 7 with boost pin 1 open. The oscillator may 
also be overdriven by an external clock. 

The TC1 044S can generate a negative voltage from a 
positive source. With two external capacitors, the TC1 044S 
will convert a 1.5V to 12V input signal to a -1.5V to -12V level. 
The TCl 044S easily generates -5V in +5V digital systems. 

ORDERING INFORMATION 

Part No. Package 

TC1044SCPA a·Pin Plastic DIP 

TC1044SIJA a-Pin CerDIP 

TC1044SEOA a·Pin SO 

TC1044SEPA a-Pin Plastic DIP 

TC1044SMJA a-Pin CerDIP 

TC1044SCOA a-Pin SO 

v+ CAP+ 
8 2 

,....-------1...:....0 CAP-

GND 

Temperature 
Range 
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DC-TO-DC VOLTAGE CONVERTER 

TC1044S 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... + 13V Power Dissipation (Note 2) 
LV, Boost and OSC Inputs CerDIP .......................................................... 500 mW 

Voltage (Note 1) .......................... - 0.3V to (V++0.3V) Plastic DIP .................................................... 375 mW 
for V+ <5.5V 

(V+ - 5.5V) to (V+ +0.3V) 
for V+ >5.5V 

Operating Temperature Range 
C Suffix .................................................. O°C to + 70°C 
I Suffix ............................................... - 25°C to +85°C 

Current Into LV (Note 1) ...................... 20 ~A for V+ >3.5V E Suffix ............................................. - 40°C to +85°C 
Output Short Duration (VSUPPLY:::; 5.5V) ......... Continuous M Suffix ........................................... - 55°C to + 125°C 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above those 
listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation of the device 
at these or any other conditions above those indicated in the operation sections of the specifications is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Specifications Measured Over Operating Temperature Range With, 
V+ = 5V, Casc = 0, Test Circuit (Figure 1), unless otherwise indicated. 

Symbol Parameter Test Conditions Min Typ Max Unit 

1+ Supply Current RL= 00, 25°C - 80 160 J.IA 
O°C < TA < +70°C 180 
- 40°C < T A < +85°C 180 
- 55°C < T A < + 125°C 200 

1+ Supply Current O°C < TA < +70°C - - 300 J.IA 
(Boost pin = V+) - 40°C < T A < +B5°C 350 

- 55°C < T A < + 125°C 400 

V+H2 Supply Voltage Range, High Min:os; TA:OS; Max, 3 - 12 V 
RL = 10 kn, LV Open 

V+L2 Supply Voltage Range, Low Min :OS;TA:OS; Max, 1.5 - 3.5 V 
RL = 10 kn, LV to GND 

ROUT Output Source Resistance lOUT = 20 mA, T A = 25°C - 60 100 n 
lOUT = 20 mA, O°C:os; TA:OS; +70°C - 70 120 n 
lOUT = 20 mA, -40°C :os; T A :os; +85°C - 70 120 n 
lOUT = 20 mA, -55°C :os; T A :os; + 125°C - 105 150 n 
V+ = 2V, lOUT = 3 mA, LV to GND 
0°C:OS;TA:OS;+70°C - - 250 n 
- 55°C:os; TA:OS; +125°C - - 400 n 

Fosc Oscillator Frequency Pin 7 open; Pin 1 open or GND - 10 - kHz 
Pin 1 =V+ - 45 - kHz 

PEFF Power Efficiency RL= 5 kn 96 98 - % 
T MIN < T A < T MAX 95 97 - % 

VOUTEFF Voltage Conversion Efficiency RL=oo 99 99.9 - % 

Zosc Oscillator Impedance V+=2V - 1 - Mn 
V+=5V - 100 - kn 

NOTES: 1. Connecting any input terminal to voltages greater than V+ or less than GND may cause destructive latch-Up. It is recommended that no 
inputs from sources operating from external supplies be applied prior to "power up" of the TC1044S. 

2. Derate linearly above 50°C by 5.5 mW/oC. 
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DC-TO-DC VOLTAGE CONVERTER 

Circuit Description 

The TC1044S contains all the necessary circuitry to 
complete a voltage doubler, with the exception of two 
external capacitors, which may be inexpensive 10 !IF polar
ized electrolytic capacitors. Operation is best understood by 
considering Figure 2, which shows an idealized voltage 
doubler. Capacitor C1 is charged to a voltage, V+, forthe half 
cycle when switches S1 and S3 are closed. (Note: Switches 
S2 and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S2 and S4 are closed, with 
S1 and S3 open, thereby shifting capacitor C1 negatively by 
V+ volts. Charge is then transferred from C1 to C2, such that 
the voltage on C2 is exactly V+, assuming ideal switches and 
no load on C2. 

The four switches in Figure 2 are MOS power switches; 
S1 is a P-channel device, and S2, S3 and S4 are N-channel 
devices. The main difficulty with this approach is that in 
integrating the switches, the substrates of S3 and S4 must 
always remain reverse-biased with respect to their sources, 
but not so much as to degrade their ON resistances. In 
addition, at circuit start-up, and under output short circuit 
conditions (VOUT = V+), the output voltage must be sensed 
and the substrate bias adjusted accordingly. Failure to 
accomplish this will result in high power losses and probable 
device latch-up. 

This problem is eliminated in the TC1044S by a logic 
network which senses the output voltage (VOUT) together 
with the level translators, and switches the substrates of S3 
and S4 to the correct level to maintain necessary reverse 
bias. 

v+ 
I (+5V) 
L 

NOTE: For large values of Case (>1000 pF), the values 
of C1 and C2 should be increased to 1 00 ~F. 

Figure 1. TC1044S Test Circuit 
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TC1044S 

I 
I C2 T 

53' 54 ' o---!--o 

'------JlJlJL---'-.lt>1_VOU_T"-.'. m 
Figure 2. Idealized Switched Capacitor 

The voltage regulator portion of the TC1044S is an 
integral part of the anti-latch-up circuitry. Its inherent voltage 
drop can, however, degrade operation at low voltages. To 
improve low-voltage operation, the "LV" pin should be 
connected to GND, disabling the regulator. For supply 
voltages greater than 3.5V, the LV terminal must be left 
open to ensure latch-up-proof operation and prevent device 
damage. 

Theoretical Power Efficiency 
Considerations 

In theory, a voltage multiplier can approach 100% 
efficiency if certain conditions are met: 

(1) The drive circuitry consumes minimal power. 

(2) The output switches have extremely low ON 
resistance and virtually no offset. 

(3) The impedances of the pump and reservoir 
capacitors are negligible at the pump frequency. 

The TC1044S approaches these conditions for nega
tive voltage multiplication if large values of C1 and C2 are 
used. Energy is lost only in the transfer of charge 
between capacitors if a change in voltage occurs. The 
energy lost is defined by: 

V1 and V2 are the voltages on C1 during the pump and 
transfer cycles. If the impedances of C1 and C2 are relatively 
high at the pump frequency (refer to Figure 2) compared to 
the value of RL, there will be a substantial difference in 
voltages V1 and V2. Therefore, it is desirable not only to 
make C2 as large as possible to eliminate output voltage 
ripple, but also to employ a correspondingly large value for 
C1 in order to achieve maximum efficiency of operation. 

3-109 



TC1044S 

Dos and Don'ts 

• Do not exceed maximum supply voltages. 

• Do not connect the LV terminal to GND for supply 
voltages greater than 3.5V. 

• Do not short circuit the output to V+ supply for voltages 
above 5.5V for extended periods; however, transient 
conditions including start-up are okay. 

• When using polarized capacitors in the inverting mode, 
the + terminal of Cl must be connected to pin 2 of the 
TC1044S and the + terminal of C2 must be connected 
to GND. 

Simple Negative Voltage Converter 

Figure 3 shows typical connections to provide a nega
tive supply where a positive supply is available. A similar 
scheme may be employed for supply voltages anywhere in 
the operating range of + 1.5V to + 12V, keeping in mind that 
pin 6 (LV) is tied to the supply negative (GND) onlyforsupply 
voltages below 3.5V. 

v+ 

*NOTES: 1. VOUT =-V+ for 1.5V';; V+,;; 12V 

Figure 3. Simple Negative Converter 

DC-TO-DC VOLTAGE CONVERTER 

The output characteristics of the circuit in Figure 3 are 
those of a nearly ideal voltage source in series with 700. 
Thus, for a load current of -1 0 mA and a supply voltage of 
+5V, the output voltage would be -4.3V. 

The dynamic output impedance of the TC1 044S is due, 
primarily, to capacitive reactance of the charge transfer 
capacitor (Cl). Since this capacitor is connected to the 
output for only 1/2 of the cycle, the equation is: 

2 
Xc= -- =3.180, 

27tf Cl 

where f = 10 kHz and Cl = 10 ~F. 

Paralleling Devices 

Any number of TC1044S voltage converters may be 
paralleled to reduce output resistance (Figure 4). The reser
voir capacitor, C2, serves all devices, while each device 
requires its own pump capacitor, Cl. The resultant output 
resistance would be approximately: 

ROUT (of TC1044S) 
ROUT = 

n (number of devices) 

Figure 4. Paralleling Devices Lowers Output Impedance 
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*NOTES: 

TC1044S 

1---------_-0 voul 

-iI 10IJF 

+I10IJF 

L-~~~_1._V_O_UT_=_-_n_(V_+_)_fO_r_1_.5_V_~_V_+_~_12_V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Figure 5. Increased Output Voltage by Cascading Devices 

Cascading Devices 

The TC1 0448 may be cascaded as shown (Figure 5) to 
produce larger negative multiplication of the initial supply 
voltage. However, due to the finite efficiency of each device, 
the practical limit is 10 devices for light loads. The output 
voltage is defined by: 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be ap
proximately the weighted sum of the individual TC10448 
ROUT values. 

Changing the TC1 0445 Oscillator Frequency 

It may be desirable in some applications (due to noise or 
other considerations) to increase the oscillator frequency. 
Pin 1, frequency boost pin may be connected to V+ to 
increase oscillator frequency to 45 kHz from a nominal of 10 
kHz for an input supply voltage of 5.0 volts. The oscillator 
may also be synchronized to an external clock as shown in 
Figure 6. In order to prevent possible device latch-up, a 1 
k12 resistor must be used in series with the clock output. In 

CMOS 
GATE 

r-------~~-oVOUT 

Figure 6. External Clocking 
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a situation where the designer has generated the external 
clock frequency using TTL logic, the addition of a 10 k12 pull
up resistor to V+ supply is required. Note that the pump 
frequency with external clocking, as with internal clocking, 
will be 1/2 of the clock frequency. Output transitions occur on 
the positive-going edge of the clock. 

It is also possible to increase the conversion efficiency 
of the TC1 0448 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cose, as shown in 
Figure 7. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (C1) and 
the reservoir (C2) capacitors. To overcome this, increase the 
values of C1 and C2 by the same factor that the frequency 
has been reduced. For example, the addition of a 100 pF 
capacitor between pin 7 (08C) and pin 8 (V+) will lower the 
oscillator frequency to 1 kHz from its nominal frequency of 
10kHz (a multiple of 10), and necessitate a corresponding 
increase in the values of C1 and C2 (from 10 J.lF to 100 J.lF). 

Positive Voltage Multiplication 

The TC10448 may be employed to achieve positive 
voltage multiplication using the circuit shown in Figure 8. In 
this application, the pump inverter switches of the TC1 0448 
are used to charge C1 to a voltage level of V+-VF (where V+ 
is the supply voltage and VF is the forward voltage drop of 
diode 01). On the transfer cycle, the voltage on C1 plus the 
supply voltage (V+) is applied through diode 02 to capacitor 
C2. The voltage thus created on C2 becomes (2 V+) - (2 VF), 
or twice the supply voltage minus the combined forward 
voltage drops of diodes 01 and O2. 

The source impedance of the output (VOUT) will depend 
on the output current, but for V+ = 5V and an output current 
of 10 mA, it will be approximately 6012. 
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COSC 

I----~~OVOUT 

Figure 7. Lowering Oscillator Frequency 

Combined Negative Voltage Conversion 
and Positive Supply Multiplication 

Figure 9 combines the functions shown in Figures 3 and 
8 to provide negative voltage conversion and positive volt
age multiplication simultaneously. This approach would be, 
for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance, capacitors C1 and C3 
perform the pump and reservoir functions, respectively, for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir, respectively, for the multi
plied positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 

Efficient Positive Voltage 
Multiplication/Conversion 

Since the switches that allow the charge pumping op
eration are bidirectional, the charge transfer can be per
formed backwards as easily as forwards. Figure 10 shows 
a TC 1 044S transforming -5V to +5V (or +5V to + 1 OV, etc.). 
The only problem here is that the internal clock and switch
drive section will not operate until some positive voltage has 
been generated. An initial inefficient pump, as shown in 

v+ 

VOUT= 
(2 v+) - (2 VF) 

Figure 8. Positive Voltage Multiplier 
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Figure 9, could be used to start this circuit up, after which it 
will bypass the other (01 and 02 in Figure 9 would never turn 
on), or else the diode and resistor shown dotted in Figure 10 
can be used to "force" the internal regulator on. 

Voltage Splitting 

The same bidirectional characteristics used in Figure 10 
can also be used to split a higher supply in half, as shown in 
Figure 11. Thecombined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 5, 
+15V can be converted (via +7.5V and -7.5V) to a nominal 
-15V, though with rather high series resistance (-250Q). 

V+ 

+r C3 

I-___ ~~ VOUT= 
(2 v+) - (2 VF) 

Figure 9. Combined Negative Converter and Positive Multiplier 

Negative Voltage Generation for 
Display ADCs 

The TC71 06 is designed to work from a 9V battery. With 
a fixed power supply system, the TC7106 will perform 
conversions with input Signal referenced to power supply 
ground. 

Negative Supply Generation for 
4-1/2 Digit Data AcquiSition System 

The TC7135 is a 4-1/2 digit AOC operating from ±5V 
supplies. The TC1 044S provides an inexpensive-5V source. 
(See AN16 and AN17 for TC7135 interface details and 
software routines.) 
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Figure 10. Positive Voltage Conversion 

Figure 11. Splitting a Supply in Half 

V 
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Figure 12a. Fixed Power Supply Operation of TC7106 ADC 
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Figure 12b. Negative Power Supply Generation for TC7107A ADC 
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TC1044S 

+5V 
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V+ PAD 
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Figure 13. TC1044S Supplies -5V for Converters in Microprocessor-Controlled Data Acquisition Systems 
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Unloaded Osc Freq vs. Temperature 
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TYPICAL CHARACTERISTICS (cont.) 
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DC-TO-DC VOLTAGE CONVERTER 

FEATURES 

• Converts +5V Logic Supply to ±5V System 
• Wide Input Voltage Range .................... 1.5V to 10V 
• Efficient Voltage Conversion ........................ 99.9% 
• Excellent Power Efficiency .............................. 98% 
• Low Power Supply ..•....•.•.••......•.•..•... 80 JlA @ 5 VIN 
• Low Cost and Easy to Use 

- Only Two External Capacitors Required 
• RS232 Negative Power Supply 
• Available in Small Outline (SO) Package 
• Improved ESD Protection ....................... Up to 3KV 
• No Ox Diode Required for High Voltage Operation 

FUNCTIONAL BLOCK DIAGRAM 

v+ CAp· 

osc 

LV 0-:+--....... ---1 ......... 

GND 

PIN CONFIGURATION (DIP and SO) 

LOW 
VOLTAGE (LV) 

NC = NO INTERNAL CONNECTION 
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TC7660 

GENERAL DESCRIPTION 

The TC7660 DC-to-DC voltage converter will generate 
a negative voltage from a positive source. With two external 
capacitors, the TC7660 will convert a 1 .SV to 10V input 
signal to a -1.SV to -10V level. The TC7660 easily gener
ates -SV in +SV digital systems. 

Many analog-to-digital converters, digital-to-analog con
verters, operational amplifiers, and multiplexers require m 
negative supply voltages. The TC7660 allows +SV digital 
logic systems to incorporate these analog components 
without adding an additional main power source. The TC7660 
can lower total system cost, ease engineering development, 
and save space, power and weight. 

The TC7660 charges a capacitor to the applied supply 
voltage. Internal analog gates connect the capacitor across 
the output. Charge is transferred to an output storage 
capacitor, completing the voltage conversion. Operation 
requires only two external capacitors for supply voltage 
<6.SV. 

Contained on-Chip are a series DC power supply regu
lator, RC oscillator, voltage-level translator, four output 
power MOS switches, and a unique logiC element which 
ensures latch-up free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency of 10kHz for an input supply voltage of SV. This 
frequency can be lowered by the addition of an external 
capacitor to the OSC terminal (pin 7), or the oscillator may 
be overdriven by an external clock. 

The low voltage (LV) terminal (pin 6) may be tied to GND 
(pin 3) to bypass the internal series regulator and improve 
LV operation. At medium-to-high voltages (+3.SV to + 1 OV), 
the LV pin is left floating to prevent device latch-Up. 

The TC7660 open-circuit output voltage is equal to the 
input voltage to within 0.1 %. The TC7660 has a 98% power 
conversion efficiency for 2 mA to S mA load currents. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7660CPA 8·Pin Plastic DIP ODC to +70DC 

TC7660lJA 8-Pin CerDIP - 40DC to +85DC 
TC7660EOA 8·Pin SO - 40DC to +85DC 
TC7660EPA 8-Pin Plastic DIP - 40DC to +85DC 
TC7660MJA 8·Pin CerDIP - 55DC to +125DC 

TC7660COA 8·Pin SO ODC to +70DC 
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TC7660 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ...................................................... +10.SV I Suffix ................................................ -2SoC to +8SoC 
LV and OSC Inputs E Suffix .............................................. -40°C to +8SoC 

Voltage (Note 1) ........................... -C.3V to (V++0.3V) M Suffix ............................................ -SSoC to +12SoC 
forV+ <S.SV 

(V+-S.SV) to (V++0.3V) 
forV+ >S.SV 

Storage Temperature Range ................. -6SoC to +1S0°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

Current Into LV (Note 1) ...................... 20 IJA for V+ >3.SV 
Static·sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

Output Short Duration (VSUPPLY:S; S.SV) ......... Continuous 
Power Dissipation (Note 2) 

CerDIP .......................................................... SOO mW 
Plastic DIP .................................................... 37S mW 

Operating Temperature Range 
C Suffix .................................................. O°C to +70°C 

ELECTRICAL CHARACTERISTICS: Specifications Measured Over Operating Temperature Range With, 
V+ = SV, Cose = 0, Test Circuit (Figure 1), unless otherwise indicated. 

Symbol Parameter Test Conditions Min Typ Max Unit 

1+ Supply Current RL= 00 - 80 180 J,tA 
V+H Supply Voltage Range, High Min ~ T A ~ Max, 3 - 10 V 

RL = 10 kn, LV Open 
V+L Supply Voltage Range, Low Min ~ T A ~ Max, 1.5 - 3.5 V 

RL = 10 kn, LV to GND 

ROUT Output Source Resistance lOUT = 20 rnA, T A = 25°C - 70 100 n 

lOUT = 20 rnA, O°C ~ T A ~ + 70°C - - 120 n 
(C Device) 

lOUT = 20 rnA, -25°C ~ T A ~ +85°C - - 130 n 
(I Device) 

lOUT = 20 rnA, -55°C ~ T A ~ + 125°C - 104 150 n 
(M Device) 

V+ = 2V, lOUT = 3 rnA, LV to GND - 150 300 n 
O°C ~TA ~ +70°C 

V+ = 2V, lOUT = 3 rnA, LV to GND - 160 600 n 
-55°C ~ T A ~ + 125°C (Note 3) 

- 10 - kHz 

RL= 5 kn 95 98 - % 

RL=oo 97 99.9 - % 
V+=2V - 1 - Mn 

V+=5V - 100 - kn 

NOTES: 1. Connecting any input terminal to voltages greater than V+ or less than GND may cause destructive latch-up. It is recommended that no 
inputs from sources operating from external supplies be applied prior to "power up" of the TC7660. 

2. Derate linearly above 50°C by 5.5 mW/oC. 
3. TC7660M only. 
4. The TC7660 can be operated without the Ox diode over full temperature and voltage range. 
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DC-TO-DC VOLTAGE CONVERTER 

TC7660 

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1) 
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Power Conversion Eff vs Osc Freq 
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TC7660 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont.) 
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DC-TO-DC VOLTAGE CONVERTER 

v+ 
I (+5V) 
L 

NOTES: • For large values of casc (>1000 pF), the values 
of C1 and C2 should be increased to 1 00 ~F, 

Figure 1. TC7660 Test Circuit 

Circuit Description 

The TC7660 contains all the necessary circuitry to 
complete a voltage doubler, with the exception of two 
external capacitors, which may be inexpensive 10 J!F polar
ized electrolytic capacitors. Operation is best understood by 
considering Figure 2, which shows an idealized voltage 
doubler. Capacitor C1 is charged to a voltage, V+, for the half 
cycle when switches S1 and S3 are closed. (Note: Switches 
S2 and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S2 and S4 are closed, with 
S1 and S3 open, thereby shifting capacitor C1 negatively by 
Y+ volts. Charge is then transferred from C1 to C2, such that 
the voltage on C2 is exactly Y+, assuming ideal switches and 
no load on C2. 

51 v+Of-----10--1Ir--
I 
I 

GND -= 

J1JUl --+---f 

Figure 2. Idealized Switched Capacitor 
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The four switches in Figure 2 are MOS power switches; 
S1 is a P-channel device, and S2, S3 and S4 are N-channel 
devices. The main difficulty with this approach is that in 
integrating the switches, the substrates of S3 and S4 must 
always remain reverse-biased with respect to their sources, 
but not so much as to degrade their ON resistances. In 
addition, at circuit start-up, and under output short circuit 
conditions (YauT = Y+), the output voltage must be sensed 
and the substrate bias adjusted accordingly. Failure to 
accomplish this will result in high power losses and probable 
device latch-up. 

This problem is eliminated in the TC7660 by a logic 
network which senses the output voltage (YauT) together IJ 
with the level translators, and switches the substrates of S3 
and S4 to the correct level to maintain necessary reverse 
bias. 

The voltage regulator portion of the TC7660 is an 
integral part of the anti-latch-up Circuitry. Its inherent voltage 
drop can, however, degrade operation at low voltages. To 
improve low-voltage operation, the LY pin should be 
connected to GND, disabling the regulator. For supply 
voltages greater than 3.5Y, the LY terminal must be left 
open to ensure latch-up-proof operation and prevent device 
damage. 

Theoretical Power Efficiency 
Considerations 

In theory, a voltage multiplier can approach 100% 
efficiency if certain conditions are met: 

(1) The drive circuitry consumes minimal power. 

(2) The output switches have extremely low ON 
resistance and virtually no offset. 

(3) The impedances of the pump and reservoir 
capacitors are negligible at the pump frequency. 
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The TC7660 approaches these conditions for negative 
voltage multiplication if large values of C1 and C2 are used. 
Energy is lost only in the transfer of charge between 
capacitors if a change in voltage occurs. The energy lost 
is defined by: 

V1 and V2 are the voltages on C1 during the pump and 
transfer cycles. If the impedances of C1 and C2 are relatively 
high at the pump frequency (refer to Figure 2), compared to 
the value of RL, there will be a substantial difference in 
voltages V1 and V2. Therefore, it is not only desirable to 
make C2 as large as possible to eliminate output voltage 
ripple, but also to employ a correspondingly large value for 
C1 in order to achieve maximum efficiency of operation. 

Dos and Don'ts 

• Do not exceed maximum supply voltages. 

• Do not connect LV terminal to GND for supply voltages 
greater than 3.5V. 

• Do not short circuit the output to V+ supply for voltages 
above 5.5V for extended periods; however, transient 
conditions including start-up are okay. 

• When using polarized capacitors in the inverting mode, 
the + terminal of C1 must be connected to pin 2 of the 
TC7660 and the - terminal of C2 must be connected to 
GND Pin 4. 

Simple Negative Voltage Converter 

Figure 3 shows typical connections to provide a nega
tive supply where a positive supply is available. A similar 
scheme may be employed for supply voltages anywhere in 
the operating range of +1.5V to +10V, keeping in mind that 
pin 6 (LV) is tied to the supply negative (GND) only for supply 
voltages below 3.5V. 
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The output characteristics of the circuit in Figure 3 are 
those of a nearly ideal voltage source in series with 700. 
Thus, for a load current of -10 mA and a supply voltage of 
+5V, the output voltage would be -4.3V. 

The dynamic output impedance of the TC7660 is due, 
primarily, to capacitive reactance of the charge transfer 
capacitor (C1). Since this capacitor is connected to the 
output for only 1/2 of the cycle, the equation is: 

2 
Xc= -- =3.180, 

2nf C1 

where f = 10 kHz and C1 = 10 j.1F. 

v+ 

*NOTES: 1. VOUT = -n V+ for 1.5V,;; V+,;; 10V 

Figure 3. Simple Negative Converter 

Paralleling Devices 

Any number of TC7660 voltage converters may be 
paralleled to reduce output resistance (Figure 4). The reser
voir capacitor, C2, serves all devices, while each device 
requires its own pump capacitor, C1. The resultant output 
resistance would be approximately: 

R ROUT (of TC7660) 
OUT = 

n (number of devices) 
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TC7660 

~ _____________________________________ ~_C_2 ____ ~~ 
Figure 4. Paralleling Devices Lowers Output Impedance ..:. 

Cascading Devices 

The TC7660 may be cascaded as shown (Figure 6) to 
produce larger negative multiplication of the initial supply 
voltage. However, due to the finite efficiency of each device, 
the practical limit is 10 devices for light loads. The output 
voltage is defined by: 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be ap
proximately the weighted sum of the individual TC7660 
ROUT values. 

Changing the TC7660 Oscillator Frequency 

It may be desirable in some applications (due to noise or 
other considerations) to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter
nal clock, as shown in Figure 6. In order to prevent possible 

*NOTES: 
1. vOUT = -n V+ for 1.5V:;; V+:;; 10V 

device latCh-Up, a 1 kO resistor must be used in series with 
the clock output. In a situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 10 kO pull-up resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 

It is also possible to increase the conversion efficiency 
of the TC7660 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Case, as shown in 
Figure 7. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (C1) and 
the reservoir (C2) capacitors. To overcome this, increase the 
values of C1 and C2 by the same factor that the frequency 
has been reduced. For example, the addition of a 100 pF 
capacitor between pin 7 (OSC) and pin 8 (V+) will lower the 
oscillator frequency to 1 kHz from its nominal frequency of 
10 kHz (a multiple of 10), and necessitate a corresponding 
increase in the values of C1 and C2 (from 10 IlF to 100 IlF). 

I 

1-----..... -oVOUT* 

-tI" 10 I1F 

Figure 5. Increased Output Voltage by Cascading Devices 
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CMOS 
GATE 

~------~--OVOUT 

Figure 6. External Clocking 

COSC 

~------~-oVOUT 

Figure 7. Lowering Oscillator Frequency 

Positive Voltage Multiplication 

The TC7660 may be employed to achieve positive 
voltage multiplication using the circuit shown in Figure 8. In 
this application, the pump inverter switches of the TC7660 
are used to charge C1 to a voltage level of V+ -VF (where V+ 
is the supply voltage and VF is the forward voltage drop of 
diode 01). On the transfer cycle, the voltage on C1 plus the 
supply voltage (V+) is applied through diode 02 to capacitor 
C2. The voltage thus created on C2 becomes (2 V+) - (2 VF), 
or twice the supply voltage minus the combined forward 
voltage drops of diodes 01 and 02. 

The source impedance of the output (VOUT) will depend 
on the output current, but for V+ = 5V and an output current 
of 10 mA, it will be approximately 600. 
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v+ 

VOUT= 
(2 v+) - (2 VF) 

t-~-..-O 

Figure 8. Positive Voltage Multiplier 

DC-TO-DC VOLTAGE CONVERTER 

Combined Negative Voltage Conversion 
and Positive Supply Multiplication 

Figure 9 combines the functions shown in Figures 3 and 
8 to provide negative voltage conversion and positive volt
age multiplication simultaneously. This approach would be, 
for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance, capacitors C1 and C3 
perform the pump and reservoir functions, respectively, for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir, respectively, for the multi
plied positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 

v+ 

~--------~~+~--------~~M-~~~ 

Figure 9. Combined Negative Converter and Positive Multiplier 

Efficient Positive Voltage 
Multiplication/Conversion 

Since the switches that allow the charge pumping op
eration are bidirectional, the charge transfer can be per
formed backwards as easily as forwards. Figure 10 shows 
a TC7660 transforming -5V to +5V (or +5V to +10V, etc.). 
The only problem here is that the internal clock and switch
drive section will not operate until some positive voltage has 
been generated. An initial inefficient pump, as shown in 
Figure 9, could be used to start this circuit up, after which it 
will bypass the other (01 and 02 in Figure 9 would never turn 
on), or else the diode and resistor shown dotted in Figure 10 
can be used to "force" the internal regulator on. 
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VOUT=-V-

Figure 10. Positive Voltage Conversion 

Voltage Splitting 

The same bidirectional characteristics used in Figure 10 
can also be used to split a higher supply in half, as shown in 
Figure 11 . The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 5, 
+ 15V can be converted (via +7.5V and -7.5V) to a nominal 
-15V, though with rather high series resistance (-250Q). 

v+ 

Figure 11. Splitting a Supply in Half 
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Negative Voltage Generation for 
Display ADes 

TC7660 

The TC71 06 is designed to work from a 9V battery. With 
a fixed power supply system, the TC7106 will perform 
conversions with input signal referenced to power supply 
ground. 

Negative Supply Generation for 
4-1/2 Digit Data Acquisition System 

The TC7135 is a 4-1/2 digit ADC operating from ±5V 
supplies. The TC7660 provides an inexpensive -5V source. 3 
(See AN16 and AN17 for TC7135 interface details and 
software routines.) 

+ , 
I ., 

j ., 
j , 
:' 

+5V 

TC04 

LCD v+ REF IN 36 
DRIVE 

REF LOI-'3~5_t-.. 

"*""?" '!!!" COM 32 

TC71 06 31 

(3-1fDg~GIT IN HI::::~':_-ol VIN 
2r--,,"8--., 

"'t..7 .,.,. 5 
TC7660 I-....-!.-..:-..:.J 

Figure 12a. Fixed Power Supply Operation of TC71 06 ADC 
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Figure 12b. Negative Power Supply Generation for TC7107A ADC 
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SUPER VOLTAGE CONVERTER 

FEATURES 

• Oscillator boost from 10kHz to 45kHz 
• Converts +5V Logic Supply to ±5V System 
• Wide Input Voltage Range ....•.....•....•.•.• 1.5V to 12V 
• Efficient Voltage Conversion ........................ 99.9% 
• Excellent Power Efficiency .............................. 98% 
• Low Power Supply ............................ 80 fJA @ 5 VIN 
• Low Cost and Easy to Use 

- Only Two External Capacitors Required 
• Available in Small Outline (SO) Package 
• Improved ESD Protection ...•.............•... Up to 10KV 
• No External Diode Required for High Voltage 

Operation 

FUNCTIONAL BLOCK DIAGRAM 

BOOST 

osc 

LVo--q---+-P---' 

GNO 

PIN CONFIGURATION (DIP and SO) 

BOOST 

CAP+ 

GND 

V+ 

OSC 

LOW 
VOLTAGE (LV) 

VOUT 
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TC7660S 

GENERAL DESCRIPTION 

The TC7660S DC-to-DC voltage converter is the Super 
Voltage Converter version of TC7660. Added features in
clude extended operating supply voltage range up to 12V, 
and frequency boost pin for higher operating frequency to 
lower output impedance with smaller capaCitors. 

The TC7660S can generate a negative voltage from a 
positive source. With two external capacitors, the TC7660S 
will convert a 1 .5V to 12V input signal to a -1 .5V to -12V level. 3 
The TC7660S easily generates -5V in +5V digital systems. 

Many AID converters, D/A converters, operational am
plifiers, and multiplexers require negative supply voltages. 
The TC7660S allows +5V digital logic systems to incorpo
rate these analog components without adding an additional 
main power source. 

The TC7660S charges a capacitor to the applied supply 
voltage. Internal analog switches connect the capaCitor 
across the output. Charge is transferred to an output storage 
capacitor completing the voltage conversion. Operation 
requires only two external capacitors for full supply voltage 
range. 

The oscillator can be boosted from 10kHz to 45kHz. If 
operation below 10kHz is desired, a capacitor may be 
added to osc pin 7 with boost pin 1 open. The oscillator may 
also be overdriven by an external clock. 

The low voltage (LV) terminal (pin 6) may be tied to GND 
(pin 3) to bypass the internal series regulator and improve 
low voltage (LV) operation. At medium-to-high voltages 
(+3.5V to + 12V), the LV pin is left floating to prevent device 
latch-up. 

The TC7660S open-circuit output voltage is equal to the 
input voltage to within 0.1 %. The TC7660S has a 98% power 
conversion efficiency for 2 mA to 5 mA load currents. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7660SCPA 8-Pin Plastic DIP O°Cto +70°C 
TC7660SEJA 8-Pin CerDIP - 40°C to +85°C 
TC7660SEOA 8-Pin SO - 40°C to +85°C 
TC7660SEPA 8-Pin Plastic DIP - 40°C to +85°C 
TC7660SMJA 8-Pin CerDIP - 55°C to + 125°C 
TC7660SCOA 8-Pin SO O°Cto +70°C 

3·127 



SUPER VOLTAGE CONVERTER 

TC7660S 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... + 13V Power Dissipation (Note 2) 
LV, Boost, OSC Inputs CerDIP .......................................................... 500 mW 

Voltage (Note 1) .......................... - 0.3V to (V+ +0.3V) Plastic DIP .................................................... 375 mW 
for V+ <5.5V 

(V+-5.5V) to (V++0.3V) 
forV+ >5.5V 

Operating Temperature Range 
C Suffix .................................................. O°C to +70°C 
I Suffix ............................................... - 25°C to +85°C 

Current Into LV (Note 1) ...................... 20 ~Afor V+ >3.5V E Suffix ............................................. - 40°C to +85°C 
Output Short Duration (VSUPPLY S; 5.5V) ......... Continuous M Suffix ........................................... - 55°C to +125°C 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above those 
listed under" Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation of the device 
at these or any other conditions above those indicated in the operation sections of the specifications is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Specifications Measured Over Operating Temperature Range With, 
V+ = 5V, Cose = 0, Test Circuit (Figure 1), unless otherwise indicated. 

Symbol Parameter Test Conditions Min Typ Max Unit 

1+ Supply Current RL=OO, 25°C - 80 160 IJA 
(Boost pin OPEN or GND) O°C :S;TA:S; +70°C 180 

-40°C :S;TA:S; +85°C 180 
- 55°C:S; TA:S; +125°C 200 

1+ Supply Current O°C:s; TA:S; +70°C - - 300 IJA 
(Boost pin = V+) -40°C :S;TA:S; +85°C 350 

- 55°C:S; TA:S; +125°C 400 
V+H Supply Voltage Range, High Min:s; TA:S; Max, 3 - 12 V 

RL = 10 kn, LV Open 
V+L Supply Voltage Range, Low Min:s; TA:S; Max, 1.5 - 3.5 V 

RL = 10 kn, LV to GND 
ROUT Output Source Resistance lOUT = 20 mA, T A = 25°C - 60 100 n 

lOUT = 20 mA, O°C :s; TA:S; +70°C - 70 120 n 
lOUT = 20 mA, - 40°C :s; T A :s; +85°C - 70 120 n 
lOUT = 20 mA, - 55°C :S;TA:S; +125°C - 105 150 n 
V+ = 2V, lOUT = 3 mA, LV to GND 
O°C:s; TA:S; +70°C - - 250 n 
- 55°C:s; TA:S; +125°C - - 400 n 

Fosc Oscillator Frequency Pin 7 open; Pin 1 open or GND - 10 - kHz 
Pin 1 = V+ - 45 - kHz 

PEFF Power Efficiency RL= 5 kn 96 98 - % 
TMIN :S;TA :S;TMAX 95 98 - % 

VouTEFF Voltage Conversion Efficiency RL=oo 99 99.9 - % 

lose Oscillator Impedance V+=2V - 1 - Mn 
V+=5V - 100 - kn 

NOTES: 1. Connecting any Input terminal to voltages greater than V+ or less than GND may cause destructive latch·up. It IS recommended that no 
inputs from sources operating from external supplies be applied prior to 'power up" of the TC7660S. 

2. Derate linearly above 50°C by 5.5 mW/oC. 
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SUPER VOLTAGE CONVERTER 

Circuit Description 

The TC7660S contains all the necessary circuitry to 
complete a voltage doubler, with the exception of two 
external capacitors, which may be inexpensive 10 J.lF polar
ized electrolytic capacitors. Operation is best understood by 
considering Figure 2, which shows an idealized voltage 
doubler. Capacitor Cl is charged to a voltage V+ for the half 
cycle when switches SI and S3 are closed. (Note: Switches 
S2 and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S2 and S4 are closed, with 
SI and S3 open, thereby shifting capaCitor Cl negatively by 
V+ volts. Charge is then transferred from Cl negatively by V + 
volts. Charge is then tranferred from Cl to C2, such that the 
voltage on C2 is exactly V+, assuming ideal switches and no 
load on C2. 

The four switches in Figure 2 are MOS power switches; 
SI is a P-channel device, and S2, S3 and S4 are N-channel 
devices. The main difficulty with this approach is that in 
integrating the switches, the substrates of S3 and S4 must 
always remain reverse-biased with respect to their sources, 
but not so much as to degrade their ON resistances. In 
addition, at circuit start-up, and under output short circuit 
conditions (VOUT = V+), the output voltage must be sensed 
and the substrate bias adjusted accordingly. Failure to 
accomplish this will result in high power losses and probable 
device latch-up. 

This problem is eliminated in the TC7660S by a logic 
network which senses the output voltage (VOUT) together 
with the level translators, and switches the substrates of S3 
and S4 to the correct level to maintain necessary reverse 
bias. 

C1 + 
10llF 

v+ 
I (+5V) 
L 

NOTE: For large values of Cose (>1000 pF), the values 
of Cl and C2 should be increased to 100 fJF. 

Figure 1. TC7660S Test Circuit 
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TC7660S 

81 82 
v+~~ 

I 1-~! I C1 I 
I I 
I I 

'--------'---------' m 
Figure 2. Idealized Switched Capacitor 

The voltage regulator portion of the TC7660S is an 
integral part of the anti-latch-up circuitry. Its inherent voltage 
drop can, however, degrade operation at low voltages. To 
improve low-voltage operation, the "LV" pin should be 
connected to GND, disabling the regulator. For supply 
voltages greater than 3.5V, the LV terminal must be left 
open to ensure latch-up-proof operation and prevent device 
damage. 

Theoretical Power Efficiency 
Considerations 

In theory, a voltage multiplier can approach 100% 
efficiency if certain conditions are met: 

(1) The drive circuitry consumes minimal power. 

(2) The output switches have extremely low ON 
resistance and virtually no offset. 

(3) The impedances of the pump and reservoir 
capacitors are negligible at the pump frequency. 

The TC7660S approaches these conditions for nega
tive voltage multiplication if large values of Cl and C2 are 
used. Energy is lost only in the transfer of charge 
between capacitors if a change in voltage occurs. The 
energy lost is defined by: 

VI and V2 are the voltages on Cl during the pump and 
transfer cycles. If the impedances of Cl and C2 are relatively 
high at the pump frequency (refer to Figure 2) compared to 
the value of RL, there will be a substantial difference in 
voltages VI and V2. Therefore, it is desirable not only to 
make C2 as large as possible to eliminate output voltage 
ripple, but also to employ a correspondingly large value for 
Cl in order to achieve maximum efficiency of operation. 
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Dos and Don'ts 

• Do not exceed maximum supply voltages. 

• Do not connect the LV terminal to GND for supply 
voltages greater than 3.5V. 

• Do not short circuit the output to V+ supply for voltages 
above 5.5V for extended periods; however, transient 
conditions including start-up are okay. 

• When using polarized capacitors in the inverting mode, 
the + terminal of Cl must be connected to pin 2 of the 
TC7660S and the - terminal of C2 must be connected 
to GND. 

Simple Negative Voltage Converter 

Figure 3 shows typical connections to provide a nega
tive supply where a positive supply is available. A similar 
scheme may be employed for supply voltages anywhere in 
the operating range of + 1.5V to + 12V, keeping in mind that 
pin 6 (LV) is tied to the supply negative (GND) only for supply 
voltages below 3.5V. 

v+ 

* NOTES: 1. VouT =-V+!or1.5V,;;V+,;; l2V 

Figure 3. Simple Negative Converter 

SUPER VOLTAGE CONVERTER 

The output characteristics of the circuit in Figure 3 are 
those of a nearly ideal voltage source in series with 700. 
Thus, for a load current of -1 0 mA and a supply voltage of 
+5V, the output voltage would be -4.3V. 

The dynamic output impedance of the TC7660S is due, 
primarily, to capacitive reactance of the charge transfer 
capacitor (Cl). Since this capacitor is connected to the 
output for only 1/2 of the cycle, the equation is: 

2 
Xc= 27tfCl =3.180, 

where f = 10 kHz and C1 = 10 IlF. 

Paralleling Devices 
Any number of TC7660S voltage converters may be 

paralleled to reduce output resistance (Figure 4). The reser
voir capacitor, C2, serves all devices, while each device 
requires its own pump capacitor, Cl. The resultant output 
resistance would be approximately: 

ROUT = ROUT (of TC7660S) 
n (number of devices) 

Figure 4. Paralleling Devices Lowers Output Impedance 
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TC7660S 

v+ 

*NOTES: 

L-______ 1_._vO_U_T_=_-_n(_v+_)_fO_r_1._5v __ ~_V+_~_1_2_V __________ +_~ __ 10_~_F ______________________________________ ~~ 
Figure 5. Increased Output Voltage by Cascading Devices 1:1 

Cascading Devices 
The TC7660S may be cascaded as shown (Figure 5) to 

produce larger negative multiplication of the initial supply 
voltage. However, due to the finite efficiency of each device, 
the practical limit is 10 devices for light loads. The output 
voltage is defined by: 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be ap
proximately the weighted sum of the individual TC7660S 
ROUT values. 

Changing the TC7660S Oscillator Frequency 

It may be desirable in some applications (due to noise or 
other considerations) to increase the oscillator frequency. 
Pin 1, frequency boost pin may be connected to V+ to 
increase oscillator frequency to 45 kHz from a nominal of 10 
kHz for an input supply voltage of 5.0 volts. The oscillator 
may also be synchronized to an external clock as shown in 
Figure 6. In order to prevent possible device latch-up, a 1 
kn resistor must be used in series with the clock output. In 

CMOS 
GATE 

~------~~OVOUT 

Figure 6. External Clocking 
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a situation where the designer has generated the external 
clock frequency using TTL logic, the addition of a 10 kQ pull
up resistor to V+ supply is required. Note that the pump 
frequency with external clocking, as with internal clocking, 
will be 1/2 ofthe clock frequency. Outputtransitions occur on 
the positive-going edge of the clock. 

It is also possible to increase the conversion efficiency 
of the TC7660S at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cosc, as shown in 
Figure 7. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (C1) and 
the reservoir (C2) capacitors. To overcome this, increase the 
values of C1 and C2 by the same factor that the frequency 
has been reduced. For example, the addition of a 100 pF 
capacitor between pin 7 (OSC) and pin 8 (V+) will lower the 
oscillator frequency to 1 kHz from its nominal frequency of 
10 kHz (a multiple of 10), and necessitate a corresponding 
increase in the values of C1 and C2 (from 1 0 ~F to 1 00 ~F). 

Positive Voltage Multiplication 

The TC7660S may be employed to achieve positive 
voltage multiplication using the circuit shown in Figure 8. In 
this application, the pump inverter switches of the TC7660S 
are used to charge C1 to a voltage level of V+-VF (where V+ 
is the supply voltage and VF is the forward voltage drop of 
diode 0 1). On the transfer cycle, the voltage on C1 plus the 
supply voltage (V+) is applied through diode 02 to capacitor 
C2. The voltage thus created on C2 becomes (2 V+) - (2 VF), 
or twice the supply voltage minus the combined forward 
voltage drops of diodes 01 and 02. 

The source impedance of the output (VOUT) will depend 
on the output current, but for V+ = 5V and an output current 
of 10 mA, it will be approximately 60n. 
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COSC 

~------~-oVOUT 

Figure 7. Lowering Oscillator Frequency 

Combined Negative Voltage Conversion 
and Positive Supply Multiplication 

Figure 9 combines the functions shown in Figures 3 and 
8 to provide negative voltage conversion and positive volt
age multiplication simultaneously. This approach would be, 
for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance, capacitors C1 and C3 
perform the pump and reseNoir functions, respectively, for 
the generation of the negative voltage, while. capacitors C2 
and C4 are pump and reseNoir, respectively, for the multi
plied positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 

Efficient Positive Voltage 
Multiplication/Conversion 

Since the switches that allow the charge pumping op
eration are bidirectional, the charge transfer can be per
formed backwards as easily as forwards. Figure 10 shows 
a TC7660S transforming -5V to +5V (or +5V to + 1 OV, etc.). 
The only problem here is that the internal clock and switch
drive section will not operate until some positive voltage has 
been generated. An initial inefficient pump, as shown in 
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v+ 

VOUT= 
(2V~-(2VF) 

....... - ...... -0 

Figure 8. Positive Voltage Multiplier 

SUPER VOLTAGE CONVERTER 

Figure 9, could be used to start this circuit up, after which it 
will bypass the other (01 and 02 in Figure 9 would never turn 
on), or else the diode and resistor shown dotted in Figure 10 
can be used to "force" the internal regulator on. 

Voltage Splitting 
The same bidirectional characteristics used in Figure 1 0 

can also be used to split a higher supply in half, as shown in 
Figure 11. The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 5, 
+ 15V can be converted (via +7 .5V and -7.5V) to a nominal 
-15V, though with rather high series resistance (-250Q). 

v+ 

Figure 9. Combined Negative Converter and Positive Multiplier 

Negative Voltage Generation for 
Display ADCs 

The TC71 06 is designed to work from a 9V battery. With 
a fixed power supply system, the TC7106 will perform 
conversions with input signal referenced to power supply 
ground. 

Negative Supply Generation for 
4-1/2 Digit Data Acquisition System 

The TC7135 is a 4-1/2 digit AOC operating from ±5V 
supplies. The TC7660S provides an inexpensive-5V source. 
(See AN16 and AN17 for TC7135 interface details and 
software routines.) 

V TELCOM SEMICONDUCTOR, INC. 



SUPERVOLTAGE CONVERTER 

YOUT=-V-

Figure 10. Positive Yoltage Multiplier 

Figure 11. Splitting a Supply in Half 
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Figure 12a. Fixed Power Supply Operation of TC71 06 ADC 
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Figure 12b. Negative Power Supply Generation for TC7107A ADC 
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Figure 13. TC7660S Supplies -5V for Converters in Microprocessor-Controlled Data Acquisition Systems 
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Unloaded Osc Freq vs. Temperature 

60 
with Boost Pin = VIN 

"N 50 :J: 
C 

""""""--- --> u 40 z 
W 
::I a 

30 w 
II: 
IL. 
II: 
0 20 
!C 

---1--.--- ..... 
~ r--..... VIN=5V _ 

.............: :::-....... 
::-:-.... ~ 

VIN = 12V 

....I 

....I 10 U :g 
~40 -20 o 20 40 60 80 100 

TEMPERATURE eC) 

V TELCOM SEMICONDUCTOR, INC. 



SUPERVOLTAGE CONVERTER 

TYPICAL CHARACTERISTICS (cont.) 

Supply Current vs. Temperature 
(with Boost Pin = VIN) 

1000 ~- .. ---,-------- - I --~--

i--f... 800- ---+----t=_..J: __ ~-----. r_=.-
... 

600 ~----+---+---i---. --.. -.-~- ... . VIN= 12V_ 

1 ----+---+-----1-- --
~ 400 .- ---+---+--+---+--.-- ~-

200C-:::t::~:::;t;~l::::C=--l-====--
VIN=5V 

~40 -20 
. _----- ~~ 

40 60 80 100 o 20 
TEMPERATURE eC) 

Output Source Resistance vs. Supply Voltage 
100 ,. -.-'-=r.-:-::::r==+=r=~--=r-=-..:.:::... -.-~--

: 70 ~~-=-:~i~~=== ---
~ 50 -
III ----- .--.. _.. ._- _.- -----

::; 30 r-+--+------·-·f----+---+-j-+---+-I 
fi! 
;:) 

g 
!:i 
~ o 

- ~-~~-·-l··- -IIOU~ = 20':-

TA= 25°C 

10 1-- _-,-_=---.--L_J _ I .L 
1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.510.511.5 12 

SUPPLY VOLTAGE (V) 

30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 

V TELCOM SEMICONDUCTOR, INC. 

~ 101.0 
~ 
Z 
~ 100.5 

Hi 100.0 

~ 
il! 99.5 
~ z 8 99.0 
w 
~ 98.5 

g 

TC7660S 

Voltage Conversion 

+ll 
J,ithout Load ! 

-- --c- --- --

10K Load 
-

/ 
~ 

T~~~~:~ , 
, I 
'---. I I I 

2 3 4 5 6 7 8 9 10 11 12 
INPUT VOLTAGE VIN (V) 

Output Source Resistance vs. Temperature 

£ 100 . ___ . f_ l ---~----+----1 
~ 80 -- -- - ---- --VIN =~""--

~ 60~~-- - --- ,......... ... --

~ ............... VIN -5.5V 

~ 40~-~.;t~~==::~~l=~~~:r~~ 
;:) 

g 
!:i 20r---·-+--+--~--+--r----+-~ 
D. 

!:i o 
~40 -20 0 20 40 60 80 100 

200 

175 

1150 
c 
~ 125 
!iii 
Il! 100 
II: 

G 75 

i 50 

~ 25 

TEMPERATURE ('C) 

Supply Current vs. Temperature 

............... ~---

.............. ........ 
VIN=1~ """--- 1 -t---

VIN= 5.5V--
--

=_ .... 
o 20 40 60 80 100 

TEMPERATURE ('C) 

3-135 



3-136 V TELCOM SEMICONDUCTOR, INC_ 



... ... - --- - -~~Telrom 
T Semiconductor, Inc. 

DC-TO-DC CONVERTER 
FEATURES 

• Wide Operating Range ............................ 3V to 18V 
• Increased Output Current ............................. 40 mA 
• Pin Compatible with ICL76621SI7661/TC76601 

LTC1044 
• No External Diodes Required 
• Low Output Impedance @ IL = 20 mA .•...• 40Q Typ 
• No Low-Voltage Terminal Required 
• CMOS Construction 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7662ACPA 8-Pin Plastic DIP O°C to +70°C 
TC7662AIJA 8-Pin CerDIP - 25°C to +85°C 
TC7662AEPA 8-Pin Plastic DIP - 40°C to +85°C 
TC7662AMJA 8-Pin CerDIP - 55°C to + 125°C 

PIN CONFIGURATION 

NC = NO INTERNAL CONNECTION 

FUNCTIONAL BLOCK DIAGRAM 
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TC7662A 

GENERAL DESCRIPTION 

The TC7662A is an improved version of the industry
standard TC7660/TC7662 switched-capacitor DC-to-DC 
converters. CMOS construction and advanced design re
sult in a device with twice the output power of the TC7662, 
but requires fewer parts in many applications. 

The TC7662A can source 40 mA versus the TC7662's 
20 mA capability. As an inverter, the TC7662A can output 
voltages as high as 18V and as low as 3V, without the need 
for external diodes. The output impedance of the device is 3 
a low 40Q (typical), voltage conversion efficiency is 99.9%, 
and power conversion efficiency is 97%. 

See TC962 if higher output current is required. 
The low-voltage terminal (pin 6) required in some TC7662 

applications has been eliminated. Only two external capaci
tors are required for inverter applications. If an external clock 
is needed to drive the TC7662A (such as when paralleling), 
driving pin 7 directly will cause the internal oscillator to sync 
to the external clock. 

The TC7662A can be used in applications such as a 
DC-to-DC inverter, a doubler, a plus and minus supply 
splitter, and (when combined with other TC7662A's), as a 
voltage multiplier greater than two. 

The TC7662A is compatible with the L TC1 044, 
ICL7660, ICL7662, SI7661, and TC7660. It is recommended 
for designs requiring greater power and/or less input-to
output voltage drop. 

GNO 

3 

+ 
OUT CR 

EXT 

4 
CAP- RL 

"oUT 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage V+s to GND ..................................... +18V 
Input Voltage (Any Pin) ............ (V+ s + 0.3) to (V-s - 0.3) 
Current Into Any Pin ............................................... 10 mA 
Operating Temperature Range 

CPA ......................................................... 0° to +70°C 
IJA .................................................... - 25°C to +85°C 
EPA .................................................. - 40°C to +85°C 
MJA ................................................ - 55°C to + 125°C 

Max Dissipation 
CPA, EPA ..................................................... 375 mW 
IJA, MJA ....................................................... 500 mW 

Package Thermal Resistance 
CPA, EPA 9JA .............................................. 140°C/W 
IJA, MJA 9JA .................................................. 90°C/W 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
ESD Protection ..................................................... ±2000V 
Output Short Circuit ................. Continuous (at 5.5V Input) 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

DC-TO-DC CONVERTER 

ELECTRICAL CHARACTERISTICS: v+ s = 15V, T A = +25°C (See Test Circuit) 

Symbol Parameter Test Conditions Min Typ Max Unit 

V+s Supply Voltage 3 - 18 V 

Is Supply Current RL== 
Vi; = +15V TA = +25°C - 510 700 IIA 

OSTAS+70°C - 560 - IIA 
- 55 STA S +125°C - 650 - IIA 

V+s = +5V TA = +25°C - 190 - IIA 
o STA S+70°C - 210 - IIA 
-55STA S+125°C - 210 - IIA 

Ro Output Source IL = 20 mA, V+ s = +15V - 40 50 n 
Resistance IL = 40 mA, V+ s = +15V - 50 60 n 

IL = 3 mA, V+ s = +5V - 100 125 n 
Cose Oscillator Frequency - 12 - kHz 

PEFF Power Efficiency V+s=+15V 93 97 - % 
RL=2 kn 

VEFF Voltage Efficiency V+s=+15V 99 99.9 - % 
RL== 
Over Temperature Range 96 - - % 
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TEST CIRCUIT 

NC-----'-I 8 

..-_--=2"'1 V~ 

3 TC7662A 

7 ----, 
6 NC :~: COSC RL .L, 

L-~~L-______ -1~5--V----t---VOUT 
(-5V) 

APPLICATIONS INFORMATION 

Theory of Operation 

The TC7662A is a capacitive charge pump (sometimes 
called a switched-capacitor circuit), where four MOSFET 
switches control the charge and discharge of a capacitor. 

The functional diagram (page 1) shows how the switch
ing action works. SW1 and SW2 are turned on simulta
neously, charging C1 to the supply voltage, Vs: This as
sumes that the ON resistance of the MOSFETs in series 
with the capacitor produce a charging time (3 time con
stants) less than the ON time provided by the oscillator 
frequency, as shown: 

3 (RDS(ON) C1} <C1/(0.5 fosc). 

In the next cycle, SW1 and SW2 are turned OFF and, 
after a very short interval with all switches OFF (preventing 
large currents from occurring due to cross conduction), 
SW3 and SW4 are turned ON. The charge in C1 is then 
transferred to COUT, BUT WITH THE POLARITY IN
VERTED. In this way, a negative voltage is derived. 

An oscillator supplies pulses to a flip-flop that is fed to a 
set of level shifters. These level shifters then drive each 
set of switches at one-half the oscillator frequency. 

The oscillator has a pin that controls the frequency of 
oscillation. Pin 7 can have a capacitor added that is con
nected to ground. This will lower the frequency of the 
oscillator by adding capacitance to the internal timing ca
pacitorofthe TC7662A. (See Oscillator Frequencyvs. CEXT, 
page 5.) 

Capacitors 

In early charge pump converters, capacitors were not 
considered critical due to the high RDS(ON) of the MOSFET 
switches. In order to understand this, let's look at a model of 
a typical electrolytic capacitor (Figure 1). 

V TELCOM SEMICONDUCTOR, INC. 

TC7662A 

EPR 

I.....---~...-------,I I 
Figure 1 Capacitor Equivalent Circuit 

Note one of its characteristics is ESR (equivalent series 
resistance). This parasitic resistance winds up in series with 3 
the load. Thus, both voltage and power conversion effi
ciency are compromised if a low ESR capacitor is not used. 

For example, in the "Test Circuit", changing Cp and CR 
capacitors from typical ESR to low ESR types, the effective 
converter output impedance changed from 450. to 400., an 
improvement of 12%. 

This applies to all types of capacitors, including film 
types (polyester, polycarbonate etc.). 

Some applications information suggests that the ca
pacitor is not critical and attributes the limiting factor to the 
capacitor's reactance value. Let's examine this: 

1 Xc 
Xc=-- and Zc= DS ' 

21tf C 

where DS (duty cycle) = 50%. 
Thus, Zc = 1.330. at f = 12 kHz, where C = 10 ILF. 
For the TC7662A, f = 12,000 Hz, and a typical value of 

C would be 10 ILF. This is a reactive impedance of =1.330.. 
If the ESR is as great as 50., the reactive value is not as 
critical as it would first appear, since the ESR would dominate. 
The 50. value is typical of a general-purpose electrolytic 
capacitor. 

Synchronizing 

The TC7662A may be synchronized by connecting pin 
7 of the TC7662A through a 100k resistor in series with a 
diode to a negative-going pulse source. The negative pulse 
voltage can be +5V with a 5 microsecond duration going 
negative to OV. 

Q 

TTL 

Q , .... 10~~ TO PIN7 

"" V TC7662A 

Figure 2 Synchronization 
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TYPICAL APPLICATIONS 
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DC-TO-DC CONVERTER 

Combined Negative Converter and Positive Multiplier 

Lowering Output Resistance by Paralleling Devices 
v+ 

2 v Cp2 + 
3 TC7662A 6 10llF 

5 

2 

Positive Voltage Multiplier 

+ 
Split V In Half 

2 

v+ L------..... -VOUT =2"" 

V TELCOM SEMICONDUCTOR, INC_ 



DC-TO-DC CONVERTER 

TYPICAL CHARACTERISTICS CURVES 
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Oscillator Frequency vs CEXT 
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DC-TO-DC VOLTAGE CONVERTER 

FEATURES 

• Guaranteed Lower Max Supply Current for All Tem
perature Ranges 

• Guaranteed Wider Operating Voltage Range 1.5V to 
15V 

• No External Diode Over Full Temperature and Volt-
age Range 

• Boost Pin (Pin 1) for Higher Switching Frequency 
• Guaranteed Minimum Power Efficiency is 96% 
• Improved SCR Latchup Protection 
• Simple Conversion of +5V Logic Supply to ±5V 

Supplies 
• Simple Voltage Multiplication VOUT = (-)nVIN 
• Easy to Use - Requires Only 2 External Non-Critical 

Passive Components 
• Improved Direct Replacement for Industry Stan

dard ICL7660 and Other Second Source Devices 
• ESD Protection ....................................... up to 10kV 

APPLICATIONS 

• Simple Conversion of +5V to ±5V Supplies 
• Voltage Multiplication VOUT = ±tlVIN 
• Negative Supplies for Data Acquisition Systems 

and Instrumentation 
• RS232 Power Supplies 
• Supply Splitter, VOUT = ±Vsl2 

FUNCTIONAL BLOCK DIAGRAM 

BOOST 

esc 

PIN CONFIGURATION (DIP and SO) 

7 osc 

6 ~gr'TAGE (LV) 
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GENERAL DESCRIPTION 

The TC7662B DC-to-DC Voltage Converter is a mono
lithic CMOS voltage conversion IC that guarantees signifi
cant performance advantages over other similar devices. It 
is a direct replacement for the industry standard ICL7660 
offering an extended operating supply voltage-range up to 
15V, with lower supply current. No external diode is 
needed for the TC7662B. In addition, a Frequency Boost 
pin has been incorporated to enable the user to achieve 3 
lower output impedance despite using smaller capacitors. 
All improvements are highlighted in the Electrical Character-
istics section. Critical parameters are guaranteed over 
the entire commercial, industrial and military tempera-
ture ranges. 

The TC7662B performs supply voltage conversion from 
positive to negative for an input range of 1.5V to 15V, 
resulting in complementary output voltages of - 1.5V to -
15V. Only 2 noncritical external capacitors are needed for 
the charge pump and charge reservoir functions. The 
TC7662B can be connected to function as a voltage doubler 
and will generate up to 28.5V with 15V input. It can also be 
used as a voltage multiplier or voltage divider. 

The chip contains a series DC power supply regulator, 
RC oscillator, voltage level translator, and four output power 
MOS switches. The oscillator, when unloaded, oscillates at 
a nominal frequency of 10kHz for an input supply voltage of 
5.0 volts. This frequency can be lowered by the addition of 
an external capacitor to the "OSC" terminal, or the oscillator 
may be over-driven by an external clock. In addition, pin 1 
may be tied to V+, automatically raiSing the OSC frequency 
above 35 kHz. 

The "LV" terminal may be tied to GND to bypass the 
internal series regulator and to improve low voltage (LV) 
operation. At medium to high voltages (3.5Vto 15V), the LV 
pin is left floating to prevent device latch up. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC7662BCPA 8-Pin Plastic DIP O°Cto +70°C 
TC7662BEOA 8-Pin SO - 40°C to +85°C 
TC7662BEPA 8-Pin Plastic DIP - 40°C to +85°C 
TC7662BCOA 8-Pin SO O°Cto +70°C 
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TC7662B 

ABSOLUTE MAXIMUM RATINGS Operating Temperature Range 

Supply Voltage ...................................................... + 16.5V C Suffix .................................................. O°C to +70°C 
E Suffix ............................................. - 40°C to +85°C LV, Boost and OSC Inputs Voltage (Note 1) 

V+<5.5V ..................................... - 0.3V to (V+ + 0.3V) Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C >5.5V .................................. (V+ - 5.5V) to (V+ + 0.3V) 

Current Into LV (Note 1) 
V+ >3.5V ........................................................... 20 ~ 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

Output Short Duration 
(VSUPPLY s; 5.5V) ...................................... Continuous 

Power Dissipation (Note 2) 
Plastic DIP .................................................... 375 mW 
SO ................................................................. 300 mW 

ELECTRICAL CHARACTERISTICS: V+ = 5V, T A = +25°C, OSC = Free running, Test Circuit Figure 2, Unless 
Otherwise Specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

1+ Supply Current (Note 3) RL = 00, +25°C - 80 160 

(Boost pin OPEN OR GND) O°C S; TA S; +70°C - - 180 

- 40°C S; T A S; +85°C - - 180 

- 55°C gA S; +125°C - - 200 

1+ Supply Current O°C S; TA S; +70°C - - 300 
(Boost pin = V+) - 40°C S; T A S; +85°C 350 

- 55°C S; TA S; +125°C 400 

V+H Supply Voltage Range, High RL = 10 1<0, LV Open, TMIN S; TA S; TMAX 3.0 - 15 
(Note 4) 

V+L Supply Voltage Range, Low RL = 10 1<0, LV to GND, TMIN S; TA S; TMAX 1.5 - 3.5 

ROUT Output Source Resistance lOUT = 20 rnA, O°C S; T A S; + 70°C - 65 100 

lOUT = 20 rnA, - 40°C S; T A S; +85°C - - 120 

lOUT = 20 rnA, - 55°C S; TA S; + 125°C - - 150 

lOUT = 3 rnA, V+ = 2V, LV to GND , - - 250 
O°C S; TA S; +70°C 

lOUT = 3 rnA, V+ = 2V, LV to GND , - - 300 
- 40°C S; T A S; +85°C 

lOUT = 3 rnA, V+ = 2V, LV to GND , - - 400 
- 55°C S; TA S; +125°C 

losc Oscillator Frequency Cosc = 0, Pin 1 Open or GND 5 10 -
Pin 1 = V+ 35 

PElf Power Efficiency RL= 51<0 96 96 -
TMIN S; TA S; TMAX 95 97 

VouTEff Voltage Conversion Efficiency RL=oo 99 99.9 -
Zosc Oscillator Impedance V+=2V - 1 -

V+=5V - 100 -
NOTES: 
1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latch-up. It is recommended that no inputs from 

sources operating from external supplies be applied prior to "power up' of the TC76628. 
2. Derate linearly above 50°C by 5.5 mW/oC. 

jJA 

jJA 

jJA 

jJA 

jJA 

V 

V 

n 

n 

n 

n 

n 

n 

kHz 

% 

% 

Mn 

kn 

3. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very 
small but finite stray capacitance present, of the order of 5pF. . 

4. The TC76628 can operate without an external diode over the full temperature and voltage range. This device will function in existing designs which 
incorporate an external diode with no degradation in overall circuit performance. 
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DETAILED DESCRIPTION 

The TC7662B contains all the necessary circuitry to 
complete a negative voltage converter, with the exception of 
two external capacitors which may be inexpensive 11lF 
polarized electrolytic types. The mode of operation of the 
device may be best understood by considering Figure 2, 
which shows an idealized negative voltage converter. Ca
pacitor C1 is charged to a voltage V + for the half cycle when 
switches 81 and 83 are closed. (Note: 8witches 82 and 84 
are open during this half cycle.) During the second half cycle 
of operation, switches 82 and 84 are closed, with 81 and 83 
open, thereby shifting capacitor C1 negatively by V+ volts. 
Charge is then transferred from C1 to C2 such that the 
voltage on C2 is exactly V+, assuming ideal switches and no 
load on C2. The TC7662B approaches this ideal situation 
more closely than existing non-mechanical circuits. 

In the TC7662B, the four switches of Figure 2 are M08 
power switches; 81 is a P-channel device and 82, 83 and 84 
are N-channel devices. The main difficulty with this ap
proach is that in integrating the switches, the substrates of 
83 and 84 must always remain reverse biased with respect 
to their sources, but not so much as to degrade their "ON" 
resistances. In addition, at circuit start up, and under output 
short circuit conditions (VOUT = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latch up. 

The problem is eliminated in the TC7662B by a logic 
network which senses the output voltage (VOUT) together 
with the level translators, and switches the substrates of 83 
and 84 to the correct level to maintain necessary reverse 
bias. 

The voltage regulator portion of the TC7662B is an 
integral part of the anti-Iatchup circuitry; however, its inher
ent voltage drop can degrade operation at low voltages. 
Therefore, to improve low voltage operation, the "LV" pin 
should be connected to GND, disabling the regulator. For 
supply voltages greater than 3.5 volts, the LV terminal must 
be left open to insure latchup proof operation and prevent 
device damage. 

IS 

v+ 
IL (+5V) 

C2 

NOTE: For large values of Case (>1000 pF), the values:I" 10 IJ..F 
of C1 and C2 should be increased to 100 IJ..F. -= 

Figure 1. TC7662B Test Circuit 
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THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory, a voltage converter can approach 100% 
efficiency if certain conditions are met: 

A The drive circuitry consumes minimal power. 

B The output switches have extremely low ON resistance 
and virtually no offset. 

C The impedances of the pump and reservoir capacitors 
are negligible at the pump frequency. 

The TC7662B approaches these conditions for nega-
tive voltage conversion if large values of C1 and C2 are used. I] 
Energy is lost only in the transfer of charge between 
capacitors if a change in voltage occurs. The energy lost 
is defined by: 

where V 1 and V 2 are the voltages on C1 during the pump and 
transfer cycles. If the impedances of C1 and C2 are relatively 
high at the pump frequency (refer to Figure 2) compared to 
the value of RL, there will be a substantial difference in 
voltages V1 and V2. Therefore, it is desirable not only to 
make C2 as large as possible to eliminate output voltage 
ripple, but also to employ a correspondingly large value for 
C1 in order to achieve maximum efficiency of operation. 

Dos and Don'ts 

1. Do not exceed maximum supply voltages. 

2. Do not connect the LV terminal to GND for supply 
voltages greater than 3.5 volts. 

3. Do not short circuit the output to V+ supply for voltages 
above 5.5 volts for extended periods; however, 
transient conditions including start-up are okay. 

Figure 2. Idealized Negative Voltage Capacitor 
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4. When using polarized capacitors in the inverting mode, 
the + terminal of C1 must be connected to pin 2 of the 
TC7662B and the - terminal of C2 must be connected 
to GND. 

5. If the voltage supply driving the TC7662B has a large 
source impedance (25-30 ohms), then a 2.21lF capaci
tor from pin 8 to ground may be required to limit the 
rate of rise of the input voltage to less than 2V/IlS. 

TYPICAL APPLICATIONS 

Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
TC7662B for generation of negative supply voltages. Figure 
3 shows typical connections to provide a negative supply 
where a positive supply of + 1 .5V to + 15V is available. Keep 
in mind that pin 6 (LV) is tied to the supply negative (GND) 
for supply voltages below 3.5 volts. 

v+ 

VOUT=-V+ 

a. 

RO f: VOUT 

v+ 
+ 

-= b. 

Figure 3. Simple Negative Converter and its Output Equivalent 

The output characteristics of the circuit in Figure 3 can 
be approximated by an ideal voltage source in series with a 
resistance as shown in Figure 3b. The voltage source has a 
value of-(V+). The output impedance (Ro) is a function of 
the ON resistance of the internal MaS switches (shown in 
Figure 2), the switching frequency, the value of C1 and C2, 
and the ESR (equivalent series resistance) of C1 and C2. A 
good first order approximation for Ro is: 

Ro == 2(RsW1 + RSW3 + ESRc1) + 2(RsW2 + RSW4 + 

(fpUMP = 

ESR ) 1 + ESR 
C1 + IpUMP X Cl C2 

losc 
2 

, Rswx = MOSFET switch resistance) 

Combining the four Rswx terms as Rsw, we see that: 

1 
Ro == 2 x Rsw + I C + 4 X ESRc1 + ESRc2n 

PUMP x 1 

Rsw, the total switch resistance, is a function of supply 
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voltage and temperature (See the Output Source Resis
tance graphs), typically 23n at +25°C and 5V. Careful 
selection of C1 and C2 will reduce the remaining terms, 
minimizing the output impedance. High value capacitors will 
reduce the 1 l(fpuMP x C1) component, and low ESR capaci
tors will lower the ESR term. Increasing the oscillator fre
quency will reduce the 1/(fpUMP x C1) term, but may have the 
side effect of a net increase in output impedance when C1 > 
10llF and there is not enough time to fully charge the 
capacitors every cycle. In a typical application when fosc = 
10kHz and C = C1 = C2 = 10IlF: 

1 
Ro == 2 x 23 + (5 x 103 x 10 x 10-6) + 4 x ESRc1 + ESRc2 

Ro == (46 + 20 + 5 x ESRc) n 

Since the ESRs of the capacitors are reflected in the 
output impedance multiplied by a factor of 5, a high value 
could potentially swamp out a low 1/(fpUMP x C1) term, 
rendering an increase in switching frequency orfilter capaci
tance ineffective. Typical electrolytic capacitors may have 
ESRs as high as 10n. 

Output Ripple 

ESR also affects the ripple voltage seen at the output. 
The total ripple is determined by 2 voltages, A and B, as 
shown in Figure 4. Segment A is the voltage drop across the 
ESR of C2 at the instant it goes from being charged by C1 
(current flowing into C2) to being discharged through the 
load (current flowing out of C2). The magnitude of this 
current change is 2 x lOUT, hence the total drop is 2 x lOUT X 

ESRc2 volts. Segment B is the voltage change across C2 
during time t2, the half of the cycle when C2 supplies current 
to the load. The drop at B is lOUT X t2/C2 volts. The peak-to
peak ripple voltage is the sum of these voltage drops: 

VRIPPLE == C x Ipu~p X C2 + ESRC2 X lOUT) 

v 

l-<v+) 

Figure 4. Output Ripple 
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Paralleling Devices 

Any number of TC7662B voltage converters may be 
paralleled to reduce output resistance (Figure 5). The reser
voir capacitor, C2, serves all devices, while each device 
requires its own pump capacitor, C1. The resultant output 
resistance would be approximately: 

ROUT = ROUT (of TC7662B) 
n (number of devices) 

Figure 5. Paralleling Devices 

Cascading Devices 

The TC7662B may be cascaded as shown to produce 
larger negative multiplication of the initial supply voltage. 
However, due to the finite efficiency of each device, the 
practical limit is 1 0 devices for light loads. The output voltage 
is defined by: 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be ap
proximately the weighted sum of the individual TC7662B 
ROUT values. 

Figure 6. Cascading Devices for Increased Output Voltage 
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Changing the TC7662B Oscillator Frequency 

It may be desirable in some applications (due to noise or 
other considerations) to increase the oscillator frequency. 
This is achieved by one of several methods described 
below: 

By connecting the Boost Pin (Pin 1) to V +, the oscillator 
charge and discharge current is increased and, hence the 
oscillator frequency is increased by approximately 3 1/2 
times. The result is a decrease in the output impedance and 
ripple. This is of major importance for surface mount appli-
cations where capacitor size and cost are critical. Smaller 
capacitors, e.g., 0.1 J.!F, can be used in conjunction with the m 
Boost Pin in order to achieve similar output currents com-
pared to the device free running with C1 = C2 = 1 J.!F or 1 OJ.!F. 
(Refer to graph of Output Source Resistance as a Function 
of Oscillator Frequency). 

Increasing the oscillator frequency can also be achieved 
by overdriving the oscillator from an extemal clock as shown 
in Figure 7.ln orderto prevent device latchup, a 1 kQ resistor 
must be used in series with the clock output. In a situation 
where the designer has generated the extemal clock fre
quency using TTL logic, the addition of a 10kQ pullup 
resistor to V+ supply is required. Note that the pump fre
quency with extemal clocking, as with intemal clocking, will 
be 112 of the clock frequency. Output transitions occur on the 
positive·going edge of the clock. 

10llF 

CMOS 
GATE 

~------~~-oVOUT 
--,. __ --1-

Figure 7. External Clocking 

It is also possible to increase the conversion efficiency 
of the TC7662B at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 8. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C1) and reservoir (C2) capacitors; this is overcome by 
increasing the values of C1 and C2 by the same factor that 
the frequency has been reduced. For example, the addition 
of a 1 OOpF capacitor between pin 7 (Osc) and V+ will lower 
the oscillator frequency to 1 kHz from its nominal frequency 
of 10kHz (multiple of 10), and thereby necessitate a corre
sponding increase in the value of C1 and C2 (from 10J.!F to 
100J.!F) . 
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COSC 

r-------~-oVOUT 

Figure 8. Lowering Oscillator Frequency 

Positive Voltage Doubling 

The TC7662B may be employed to achieve positive 
voltage doubling using the circuit shown in Figure 9. In this 
application, the pump inverter switches of the TC7662B are 
used to charge C1 to a voltage level of V+-VF (where V+ is 
the supply voltage and VF is the forward voltage on C1 plus 
the supply voltage (V+) applied through diode 02 to capaci
tor C2). The voltage thus created on C2 becomes (2 V+) - (2 
V F), or twice the supply voltage minus the combined forward 
voltage drops of diodes 01 and 02. 

The source impedance of the output (VOUT) will depend 
on the output current, but for V+ = 5V and an output current 
of 10 mA, it will be approximately 60Q. 

VOUT= 
(2 v+) - (2 VF) 

...-...... -f--O 

Figure 9. Positive Voltage Multiplier 

Combined Negative Voltage Conversion 
and Positive Supply Multiplication 

Figure 10 combines the functions shown in Figures 3 
and 9 to provide negative voltage conversion and positive 
voltage doubling simultaneously. This approach would be, 
for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance, capacitors C1 and C3 
perform the pump and reservoir functions, respectively, for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir, respectively, forthe doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 
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v+ 
VOUT= 
-(V+-VF) 

0 , "lC3 

02 

VOUT= 
(2V+)-(2VF) 

+ 

C2 + 

I C4 

-= 
Figure 10. Combined Negative Converter and Positive Doubler 

Voltage Splitting 
The bidirectional characteristics can also be used to 

split a higher supply in half, as shown in Figure 11. The 
combined load will be evenly shared between the two sides 
and a high value resistor to the LV pin ensures start-up. 
Because the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 6, + 15V can be con
verted (via +7 .5V and -7.5V) to a nominal-15V, though with 
rather high series resistance (-250Q). 

v+ 

Figure 11. Splitting a Supply in Half 
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DC-TO-DC VOLTAGE CONVERTER 

Regulated Negative Voltage Supply 
In some cases, the output impedance of the TC7662B 

can be a problem, particularly if the load current varies 
substantially. The circuit of Figure 12 can be used to over
come this by controlling the input voltage, via an ICL7611 
low-power CMOS op amp, in such a way as to maintain a 
nearly constant output voltage. Direct feedback is advisable, 
since the TC7662B's output does not respond instanta
neously to change in input, but only after the switching delay. 
The circuit shown supplies enough delay to accommodate 
the TC7662B, while maintaining adequate feedback. An 
increase in pump and storage capacitors is desirable, and 
the values shown provide an output impedance of less than 
50 to a load of 10mA. 

SDk 

250K 
VOLTAGE 
ADJUST -= 

Figure 12. Regulating the Output Voltage 

............ TELCOM SEMICONDUCTOR, INC. 

VOUT 

+5 LOGIC SUPPLY 

TC7662B 

RS232 
DATA 
OUTPUT 

+5VfUl E!I 
-5V 1:1 

Figure 13. RS232 Levels from a Single 5V Supply 
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TC7662B 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (cont.) 

Unloaded Osc Freq vs. Temperature 
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DC-TO-DC VOLTAGE CONVERTER 
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V"V"Tel=--om ,.. ,.. - --- - -
V Semiconductor, Inc. 

VOLTAGE DETECTOR 

FEATURES 

• Precise Detection Thresholds .......... Standard ±2.S% 
• Small Packages ................................ SMT: SOT-23-S 

SMT: SOT-89-3 
Thru-hole: TO-92 

• Low Current Drain ........................................ Typ. 1J.lA 
• Voltage Detection Range ........................ 0.9V to 6.0V 
• Operating Voltage Range ..................... 0.7V to 10.0V 

APPLICATIONS 

• Microprocessor Reset 
• Battery Status Indicator 
• Level Discriminator 
• Power-failure Detector 
• Switching Circuit in Battery Backup 
• Waveform Shaping Circuit 

FUNCTIONAL BLOCK DIAGRAM 

GND 
Open-drain version (N) has only an N-channel output transistor. 
[Ordering code N.] 

Complementary ("CMOS") version includes a P-channel output 
transistor (dotted lines). [Ordering code C.] 

V TELCOM SEMICONDUCTOR, INC. 

TC44 Series 

GENERAL DESCRIPTION 

The TC44 Series are CMOS voltage detectors, suited 
especially for battery-powered applications because of their 
extremely low 1 J.lA operating current and small surface
mount packaging. Each part is laser trimmed to the desired 
threshold voltage which can be ordered in the range of 0.9V 
to 6.0V, in 0.1V steps. 

The design includes a comparator, low-current high
precision reference, laser-trimmed divider, hysteresis circuit IJ 
and output driver. The latter is available in either an open-
drain or complementary ("CMOS") configuration. 

In operation, the TC44 output (VOUT) remains in the 
logic HIGH state as long as VIN is greater than the 
specified threshold voltage (-VOET). When VIN falls be
low -VOET, the output is driven to a logic LOW. VOUT 
remains LOW until VIN rises above -VOET by an amount 
Vhyst, whereupon it resets to a logic HIGH. 

PIN CONFIGURATIONS 
SOT·23-5 

MINI·MOLD PACKAGE 
SOT-89-3 

MINI·MOLD PACKAGE 
TO-92 

THROUGH·HOLE PACKAGE 

1 23 

eJ 
VOUT VIN vss 

VOUT VIN vss 

ORDERING INFORMATION 

PART CODE TC44 V X XX X X X XX XXX 

Output form: d 
N = Nch Open Drain 
C = CMOS Output 

Detected Voltage: 
Ex: 09 = 0.9V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: 3: ±2.S%--------' 

Temperature: E: - 40°C to +8SoC -----' 

Package Type and Pin Count: _____ --.J 

CT: SOT-23-S, MB:SOT-89-3, ZB: TO-92-3 

Taping Direction: -------------, 
723: Left Taping, 713: Right Taping 
no suffix: TO-92 Bulk 
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PIPlEUMINARY INFOIPlMATION VOLTAGE DETECTOR 

TC44 Series 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage VIN ........................................................................ 12V Power Dissipation: SOT-23-5 ............................. 150mW 
Output Voltage: CMOS ............... (Vss - 0.3) to (VIN + 0.3) SOT-89-3 ............................. 300mW 

Open Drain ....................................... 12V TO-92 ................................... 300mW 
Output Current ......................................................... 70mA Storage Temperature ........................... - 65°C to + 150°C 
Operating Temperature .......................... - 40°C to +85°C Soldering Temperature ....................... 260°C, 10 seconds 

ELECTRICAL CHARACTERISTICS: (T A = 25°C, unless otherwise specified) 

Symbol Parameter Test Conditions Min Typ Max Unit 

-VOET Threshold Voltage (-VOET) (-VOET) V 
x 0.975 x 1.025 

VHYST Hysteresis Range (-VOET) (-VOET) (-VOET) V 
x 0.03 x 0.05 x 0.07 

Iss Quiescent Current VIN = 1V (Output = ON) 1.0 (note 1) ~ 
VIN Operating Voltage 0.7 10.0 V 

lOUT Output Current N-channel Vos = 0.5V 
(Note 2) -VOET= 4.5V VIN = 4.0V 12.0 mA 

2.7V 2.5V 7.2 
0.9V O.BV 0.45 

P-channel Vos = 0.5V 
-VDET= 4.5V VIN = 5.0V 0.6 mA 

2.7V 3.0V 0.4 
0.9V 1.0V 0.05 

Ll(-VOET) Tempco of (-VOET) ±100 ppm/oC 
LlTA 

.. 
NOTE 1: When VIN drops to 1.5 volts or less, Iss IS approximately 0.5 - 1.0!lA. At (-VDET) ± tV, It IS approximately 1.5!lA. For Iss at higher values 

of Y,N or over temperature, see the appropriate curves. 
NOTE 2: These are average values for devices in the "ON" condition (VIN lower than -VDET for the N·channel output, and Y'N higher than -VDET 

for the P·channel output). 

DEFINITION OF OUTPUT DELAY TIME 

3·154 

+ VDET + 2.0V ----------r----

O.7V ----+----.... 
vss _--1-___ --1-__ _ 

5.0V , , , , , 
2.5V -----<--, , , , , , , , , , , , 
vss ---1-,-+,---'''---,-'-+,--

I I I I 
~l l~ 
tpHL tpLH 

Nch OPEN DRAIN 

INPUT VOLTAGE 

OUTPUT VOLTAGE 

+ VOET + 2.0V ----------r----

O.7V ----+----.... , 
vss _---" ___ -<: __ _ , 

+ VDET+2.0V 

+ VOET + 2.0V 

2 

, 
________ L ____ _ , , , , , , , , , , , 

----~- --------~-
I I I I 
I I I I 

: : : : 
: : : I 

vss ----+,-+, -""--,-,+,--
I I I I 
i-' ,-' 
tpHL tpLH 

CMOS 
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VOLTAGE DETECTOR 

TIMING CHART 

VIN +VOET --!------- _. RELEASE RESET 
VHYST VOLTAGE OR VOLTAGE 

DETECT VOLTAGE -VOET __________________ _ 

MINIMUM OPERATING ! 
VOLTAGE -----04-- ~________ __ 

GROUND LEVEL ------1--t 

i ! 
! ! , , 
i i , , 

OUTPUT VOLTAGE !! 
, , , 

: 
! 

GROUND LEVEL ____ _ 

TEST CIRCUITS 

Vss_---j 

QUIESCENT CURRENT 
(See Typical Characteristics #1, page 4) 

OUT~ 
+Vos 

Vss _---+-------0 VSS 

Nch DRIVER OUTPUT CURRENT 
(See Typical Characteristics #3 & 8, pages 4 & 7) 

+5.0V 
ROUT 
470kQ 

+VOET + 2.0V IJ 
O.7V P.G. III r-O--+---- OUT 
Vss --

COUT 

....---+----'-_VSS 

OUTPUT DELAY (1) 
(See Typical Characteristics #5. page 5) 

V TELCOM SEMICONDUCTOR, INC. 

IPRIEUM ~ NAIRlY ~ NIFOIRlMATKllN 

TC44 Series 

DESCRIPTION OF OPERATION 

• When an input voltage (VIN) is larger than the detected 
voltage (-VOET), VIN will equal VOUT (OFF mode in Nch 
open drain). 

• When VIN is lower than -VOET, VOUT will equal Vss. 

• When VIN drops below the minimum operating voltage 
(VMIN), VOUT will be undefined. 

• When VIN rises from ground potential (GND). the 
output will be undefined when VIN is between GND and 
VMIN. VOUT will be equal to Vss when VIN is between 
VMIN and the release voltage (+VOET). 

• The difference between +VOET and -VOET is VHYST. 

RpUllup: 
-----,------, TC44VNXX = 470k.{l 

TC44VCXX = NONE 

I--o-----<),--VOET 

Vss _---+-----_.vss 

DETECTOR THRESHOLD 
(See Typical Characteristics #2 & 7, pages 4 & 6) 

OUT~ 

Vss _--+----_vss 

Pch DRIVER OUTPUT CURRENT 
(See Typical Characteristics #4, page 5) 

+7.0V 
ROUT 
470k.{l 

+VOET+2.0V IJ 
O.7V P.G. III 1-0:...cU).-T ...... _. OUT 
Vss --

~ ...... ---~---_Vss 

OUTPUT DELAY (2) 
(See Typical Characteristics #6, page 5) 
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TC44 Series 

TYPICAL CHARACTERISTICS 

1) Quiescent Current vs. Input Voltage 
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2) Detector Threshold vs. Temperature 
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3) Nch Driver Output Current vs. Input Voltage 
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VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS (continued) 

4) Pch Driver Output Current vs. Input Voltage (T A = 25°C) 

TC44VC09 TC44VC27 
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5) Output Delay vs. Load Capacitance (T A = 25°C) 
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6) Output Delay vs. Input Capacitance (External) 
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TC44VN27 
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TC44 Series 
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TC44 Series 

TYPICAL CHARACTERISTICS (continued) 

7) Output Voltage vs. Input Voltage 

3-158 
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VOLTAGE DETECTOR 

TYPICAL CHARACTERISTICS (continued) 

8) Nch Driver Output Current vs. Vos (T A = 25°C) 
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TC44VC09 or TC44VN09 
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TC44 Series 

MARKING 

SOT-23-5 

@ = output (Nch or CMOS) plus first voltage digit 
o 1 234 S 6 

Nch N P R STU V ex:CMOS3X=c:x::x::® 
CMOS G H J K L M N 

<D = first voltage decimalex:CMOS3.4=GXMX) 

@&@=assemblylotnumber 

SOT-89-3 

<D = T (fixed) 

@=firstvoltage digit (0-6) 

@=firstvoltagedecimal (0-9) 

@ = output (Nch = A, CMOS = C) 

@and@=lotassemblynumber 

TAPING REEL 

~ SOT-23-S SOT-89 

A 178 ±1.0 178 ±2.0 

B 60 ±2.0 80 ±1.0 

C 13 ±0.2 13 ±O.OS 

D 22 ±O.S 21 ±O.S 

E 2 ±0.2 2 ±0.2 

I.D. 8.S ±1.S 14.0 +1/-1.S 

T 1.S ±0.3 2.0 ±O.S 

TO-92 

360 

80 

30 

4S 

2 

43 

S 

(unit = mm) 
Reel Materials: SOT-23-S/S0T-89: Plastic 

TO-92: Cardboard + Plastic Hub 

3-160 

VOLTAGE DETECTOR 

<D,@&@=44V (fixed) 

TO-92 

mrnrnl}] 
~@][Z]@] 
[]]ITQ]!TI][1g] 

@ = output (C = CMOS, N = Nch) 

@= first voltage digit (0-6) 

@= first voltage decimal (0-9) 

Q)=fixed:O 

® = -VDET ± tolerance: 3 = ±2.S% 

®,@),®&@=assemblylotnumber 

B 

I+-----A--------+I T-II-
SOT -89-3: 1,000 pes/Reel 
TO-92: 2,000 pes/Reel 
SOT-23-S: 3,000 pes/Reel 

.D. 
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VOLTAGE DETECTOR 

TAPING FORM 

SOT-23-5 

01.5±O.1 

~--------~----~r--------~~--'~---'-~ 
10 

'lL)JlL)J , 
713 Form 

SOT-89-3 

I Drawing Out Direction> 

o o 0 

": 
-+-+-+-\--1-

I~ 4±O.1 ·1 ~!!l..;.l ~ ~ 
, lL)JlLJJ ' =--r'==-"'t-

723 Form 

4.0±O.1 

8.0±O.1 

N 

'ii 
o 
N 

l~l=-~JI ~ll-=~JI l~l=-~D ~ll-=~ 

TO-92 

713 Form 

1 DrawIng Oul Directl0V , 
i 
i 

723 Form 

12.7±1.0 

12.7 ±Q.3 

" ffi ffi ! ! ~ : 723FOI"': 

V TELCOM SEMICONDUCTOR, INC. 

Back { 
Tape 

TC44 Series 

} Seal 
Tape 

} seSI 
Tape 

723 
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'V'VTelrom ... ... - --~ = ~ 

T Semiconductor, Inc. 

VOLTAGE DETECTOR 

FEATURES 

• Precise Detection Thresholds ......... Standard ± 2.0% 
Custom ± 1.0% 

• Small Packages .................. SOT-23, SOT-89, TO-92 
• Low Current Drain ........................................ Typ. 11JA 
• Wide Detection Range ............................ 2.1V to 6.0V 
• Wide Operating Voltage Range ............ 1.5V to 10.0V 

APPLICATIONS 

• Battery Voltage Monitoring 
• Microprocessor Reset 
• System Brownout Protection 
• Switching Circuit in Battery Backup 
• Level Discriminator 

PIN CONFIGURATIONS 
SOT·23-3 

MIN~MOLD PACKAGE 
SOT·89·3 

MINI· MOLD PACKAGE 
T0-92 

THROUGH-HOLE PACKAGE 

1 23 

eJ 

VOUT VIN Vss 

FUNCTIONAL BLOCK DIAGRAM 

Open-drain version (N) has only an N-channel output. 
"CMOS" output has both an N-channel and a P-channel output. 

V TELCOM SEMICONDUCTOR, INC. 

TC54 Series 

GENERAL DESCRIPTION 

The TC54 Series are CMOS voltage detectors, suited 
especially for battery-powered applications because of their 
extremely low 1 IJA operating current and small surface
mount packaging. Each part is laser trimmed to the desired 
threshold voltage which can be ordered in the range of 2.1 V 
to 6.0V, in 0.1 V steps. 

The design includes a comparator, low-current high
precision reference, laser-trimmed divider, hysteresis circuit II 
and output driver. The latter is available in either an open-
drain or complementary ("CMOS") configuration. 

In operation, the TC54 output (VOUT) remains in the 
logic HIGH state as long as VIN is greater than the 
specified threshold voltage (-VOET). When VIN falls below 
-VOET, the output is driven to a logic LOW. VOUT remains 
LOW until VIN rises above -VOET by an amount VHYST, 
whereupon it resets to a logic HIGH. 

ORDERING INFORMATION 

PART CODE TC54 V X XX X X X XX XXX 

Output form: d 
N = Nch Open Drain 
C = CMOS Output 

Detected Voltage: 
Ex: 21 = 2.1V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: --------------' 
1 = ± 1.0% (custom) 
2 = ± 2.0% (standard) 

Temperature: E: - 40°C to + 85°C -----' 

Package Type and Pin Count: --------' 
CB: SOT-23-3, MB: SOT-89-3, ZB: TO-92 

Taping Direction: --------------' 
723: Left Taping, 713: Right Taping, 
no suffix: TO-92 Bulk 
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VOLTAGE DETECTOR 

TC54 Series 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage VIN ........................................................................ 12V 
Output Voltage: CMOS ............. (Vss - 0.3) to (VIN + 0.3 ) 

Open Drain ................ (Vss - 0.3) to 12 V 
Output Current ......................................................... 50mA 
Power Dissipation: SOT-23-3 ............................. 150mW 

SOT -89-3 ............................. 300mW 
TO-92 ................................... 300mW 

Operating Temperature ......................... - 40°C to + 85°C 
Storage Temperature .......................... - 65°C to + 150°C 
Soldering Temperature ....................... 260°C, 10 seconds 

ELECTRICAL CHARACTERISTICS: (T A = 25°C, unless otherwise specified) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VIN Operating Voltage -VOET = 2.1 to 6.0V 1.5 10.0 V 

Iss Quiescent Current VIN= 2.1V 1.0 3.0 
3.0V 1.3 3.4 IJA 
4.0V 1.6 3.8 
5.0V 2.0 4.2 

-VOET Threshold Voltage (-VOET) (-VOET) V 
x 0.98 x 1.02 

VHYST Hysteresis Range (-VOET) (-VOET) (-VOET) V 
x 0.02 x 0.05 x 0.08 

lOUT Output Current Nch Vos= 0.5 VIN = 2.1V 7.7 rnA 
3.0V 10.1 
4.0V 11.5 
5.0V 13.0 

Pch Vos = 2.1V VIN=8.0V -10.0 

Ternpco of (-VOET) - 40°C:!> TA:!> 85°C ± 100 pprn/oC 

TIMING CHART 

VIN +VOET --r------ -. RELEASE RESET 
VHYST t VOLTAGE OR VOLTAGE 

OETECTVOLTAGE -VOET __________________ _ , 
MINIMUM OP~~~i~~~ -----L .________ ._ 

3-164 

GROUND LEVEL -----i--t 
I I 

: 1 
I I 

: i 
: : 
I I 
I I 

OUTPUT VOLTAGE :: 
I I 
I I 

I 
I 
I 

! 
GROUND UEVEL ____ _ 

DESCRIPTION OF OPERATION 

• When an input voltage (VIN) is larger than the detected 
voltage (-VOET), VIN will equal VOUT (OFF mode in 
CMOS output). 

• When VIN is lower than -VOET, VOUT will equal Vss. 

• When VIN drops below the minimum operating voltage 
(VMIN), VOUT will be undefined. 

• When VIN rises from ground potential (GND), the 
output will be undefined when VIN is between GND and 
VMIN. VOUT will be equal to Vss when VIN is between 
VMIN and the release voltage (+VOET). 

• The difference between +VOET and -VOET is VHYST. 

V TELCOM SEMICONDUCTOR, INC. 



VOLTAGE DETECTOR 

MARKING 

SOT-23-3 SOT-89-3 

o 
CD = output (Nch or CMOS) plus first voltage digit 

2 3 4 S 6 
Nch M N P R S 
CMOS C 0 E F H 

ex:CMOS3.x=€(XX) 

@ = first voltage decimal (0-9) 
ex:CMOS3.4=@3(X) 

@&@=assemblylotnumber 

TAPING REEL 

B 

SOT-89-3: 1.000 pes/Reel 
TO-92: 2,000 pes/Reel 
SOT-23-5: 3,000 pes/Reel 

A 

V TELCOM SEMICONDUCTOR, INC. 

.D." 

TC54 Series 

CD,@&@=S4_(fixed) 

TO-92 

ITJ~@][i] 
[[][]][I][[] 
[[][1Q)ITI]@l 

@ = output (C = CMOS, N = Nch) 

® = first voltage digit (2-6) 

@= first voltage decimal (0-9) 

(j) = extra feature code: fixed: 0 

® = detecting accu racy 
1 = ± 1.0% (custom), 2 = ± 2.0% (standard) 

®,@),®&@=assemblylotnumber 

~ SOT-23-S SOT-89-3 TO-92 

A 178 ±1.0 178 ±2.0 360 

B 60 ±2.0 80 ±1.0 80 

C 13 ±0.2 13 ±O.OS 30 

0 22 ±O.S 21 ±O.S 4S 

E 2 ±0.2 2 ±0.2 2 

1.0. 8.S ±1.S 14.0 +1/-1.S 43 

T 1.S ±0.3 2.0 ±O.S S 

(unit = mm) 
Reel Materials: SOT-23-S/S0T-89-3: Plastic 

TO-92: Cardboard + Plastic Hub 
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TC54 Series 

TAPING FORM 

SOT-23-3 
4.0.1 

~.2'0.05 

.~ 

01.5 ~.1 

.1.1.0.1 

~J:JLlJJ[J 
~~d;~~ ~olr=--;~~~-C=-~;--"---~i 

713: Mark Right Side Up 723: Mark Upside Down 

SOT-89-3 

4.0.0.1 

~.2.0'0.05 '-: 

-0 i -0 -0 -+- -0 -0---- --- J 
, i' 'i' 'i' ~ 

I I I 0 
: : : ~ 

8.0.0.1 

, lL.m·--t----·.JJ lL_._ .. __ +_mJ lL---+----J 

Back 
Tape 

VOLTAGE DETECTOR 

TO-92 

x ~ 
:;J:! '" "! 

~====~~==:d~db,==,ttT~~ 
seal{-! ~ 
Tape ! 

----e---+---~+ ----j----
I I I 

IS.35:1:1 31 ! 94.0 ±C.2 
!-----j ! 

12.7 ±G.3 

======~ 
I I 

Sack { 
Tape 

} seal 
Tape 

~ 0 0 D~ing~Di~~n 

W~W 

[£J 0 0 I D~ing~Di:n > 
~~~ 

713: Mark Righi Side Up 723: Mark Upside Down 
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TC45 Series 

VOLTAGE REGULATOR (MEDIUM CURRENT) 

FEATURES 

• Low Power CMOS 
• Extremely Low Power Consumption ..••. 1.1 J.IA Typ 
• Dropout Voltage .......................... O.5V Typ at 60mA 
• High Output Current ............................. 120mA Typ 
• High Accuracy Output Voltage •...•.•.•.......••.• ± 2.5% 
• Low Temp. Coefficient 

of Output Voltage ........................ ± 100pprnl"C Typ 
• Wide Choice of VOUT ....... 2.0V to 6.0V in O.W Steps 
• Compact Package ......................... TO·92, SOT-89-3 

APPLICATIONS 

• Constant-voltage power supply for battery
powered devices 

• Constant-voltage power supply for communica
tions, and video equipment 

• Stable standard voltage supply 

FUNCTIONAL BLOCK DIAGRAM 

.------------------------------. · . · . 

RL 

· 1 
·······························:Gnd 

TC45·1 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC45 Series are high accuracy 3-terminal CMOS 
voltage regulators. Output currents extend to 120mA, with 
quiescent currents around 11JA. The design features very 
low dropout voltage and overcurrent protection. Available 
output voltages extend from 2.0V to 6.0V in 0.1 V steps. The 
device is available in TO-92 and SOT -89-3 packages. 

PIN CONFIGURATION a ,--------1:1 
SOT·89-3 

MINI·MOLO PACKAGE 
TO-92 

THROUGH·HOLE PACKAGE 

1 2 3 

e:J 
GND VIN VOUT 

GND VIN VOUT 

ORDERING INFORMATION 

PART CODE TC45ER XX X X X xx xxx 
Output V_ge, T J 

Ex: 20 = 2.0V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: ------------' 
3: ±2.5% 

Temperature: E: - 40°C to +85°C -----' 

Package Type and Pin Count: ------' 
MB: SOT-89-3 
ZB: TO-92-3 

Taping Direction: ___________ ...J 

723: Left Taping 
713: Right Taping 
no suffix: TO-92 Bulk 
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VOLTAGE REGULATOR 

TC45 Series 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Limit Unit 

Input Voltage VIN +12 V 
Output Current lOUT 150 mA 
Output Voltage VOUT (Vss - 0.3) to (VIN + 0.3) V 
Power Dissipation Pd 300 mW 
Operating Temperature Range TA -40to +85 °C 
Storage Temperature Range Tstg - 65 to +150 °C 
Soldering Temperature Tsolder 260°C, 10 sec 

ELECTRICAL CHARACTERISTICS: 
TC45ER30 (VOUT = 3.0V, T A = 25°C) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage lOUT = 10mA 2.925 3.000 3.075 V 

lOUT Output Cu rrent VIN = 5.0V 50 80 mA 

!NOUT Load Regulation VIN = 5.0V, 1 mA :s; IOUT:S; 60mA 40 80 mV 
Vdif 1/0 Voltage Difference lOUT = 40mA 0.5 0.7 V 

Iss Operating Current VIN =5.0V 1.1 3.3 iAA 
LlVOUT Line Regulation lOUT = 10mA 0.1 %N 

LlVIN' VOUT IVOUTI +1.0V:S; IVINI:S; 10V 

VIN Input Voltage 10 V 
lIim Current Limit 240 mA 

LlVouTILlTA Temperature Coefficient lOUT = 10mA ±100 ppm/°C 
- 40°C:s; TA:S; 85°C 

ELECTRICAL CHARACTERISTICS: 
TC45ER50 (VOUT = 5.0V, TA = 25°C) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage lOUT = 10mA 4.875 5.000 5.125 V 

lOUT Output Current VIN=7.0V 80 120 mA 

LlVOUT Load Regulation VIN = 7.0V, 1mA:S; IOUT:S; 80mA 40 80 mV 
Vdif 1/0 Voltage Difference lOUT = 60mA 0.5 0.7 V 

Iss Operating Current VIN =7.0V 1.3 3.9 iAA 
LlVQUT Line Regulation lOUT = 10mA 0.1 %N 

LlVIN' VOUT IVOUTI + 1.0V:S; IVINI:S; 10V 

VIN Input Voltage 10 V 
llim Current Limit 240 mA 

LlVouTILlTA Temperature Coefficient lOUT = 10mA ±100 ppm/oC 
-40°C :S;TA:S; 85°C 
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VOLTAGE REGULATOR 

MARKING 

TO-92 

ITJ[[][[][±] 
[§J[§JIII~ 
[[I[Q]ff1l[g] 

G), @, ® & @ represent 45ER: Fixed 

@ represents first digit of voltage 

Mark @ Volt Mark@ 

2 2.@(V) 5 

3 3.@(V) 6 

4 4.@(V) 

@ represents first decimal place of voltage 

Mark @ Volt Mark @ 

o @.O(V) 5 

@.1 (V) 6 

2 @.2(V) 7 

3 @.3(V) 8 

4 @.4 (V) 9 

o Extra Feature Code: Fixed: 0 

® represents regulation accuracy 

Mark ® Regulation Accuracy 

3 ±2.5% (Standard) 

®, @), ® & @ represent assembly lot number 

V TELCOM SEMICONDUCTOR, INC. 

Volt 

5.@(V) 

6.@(V) 

Volt 

@ .5 (V) 

@.6(V) 

@.7(V) 

@.8(V) 

@.9(V) 

TC45 Series 

SOT-89-3 

~G) __ re~p_re_se_n_ts_f_irs_t_d_ec_im __ al~p_la_ce_o_f_v_ol_ta~g_e _________ ~ 
Mark G) Volt Mark G) Volt 

o @. 0 (V) 5 @ .5 (V) 

@.1 (V) 6 @.6(V) 

2 @.2(V) 7 @.7(V) 

3 @.3(V) 8 @.8(V) 

4 @.4 (V) 9 @.9(V) 

@ represents first digit of voltage 

Mark@ Volt Mark@ Volt 

J 2. G) (V) M 5.G) (V) 

K 3. G) (V) N 6.G) (V) 

L 4. G) (V) 

® & @ represent assembly lot number 
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TC45 Series 

TEST CIRCUITS 
TC45ER50 

VIN _---0-1 

lOUT 

!-<)---"VOUT 

GND 

STATIC CHARACTERISTICS 

!-<)----.-.. VOUT 

Ro 

LINE TRANSIENT RESPONSE 

3-170 

VOLTAGE REGULATOR 

Iss 

VIN _---0--1 VOUT 

GND 

QUIESCENT CURRENT 

V TELCOM SEMICONDUCTOR, INC. 



VOLTAGE REGULATOR 

TYPICAL CHARACTERISTICS 
TC45ER50 

Output Voltage vs. Output Current 
V1N = 7.0V 

5.1 

)5.0 

~ 4.9 

~ c: 4.B 
> 
!5 I!: 4.7 
::J o 

5.1 

~5.0 
~ 
~ 4.B 

~ 
0 4.6 
> 
!5 I!: 4.4 
::J o 

4.2 

--

o 

r........ ....... ~TA=-40°c -, "' 1\. 
I"\. 25°C \ 

"\ \ , 
\B5°c \ 

\ \ \ 
\ 1 
\ ~ \ 

50 100 150 200 250 
OUTPUT CURRENT lOUT (mA) 

Output Voltage vs. Input Voltage 
TA = 25°C 

IOUr-1mAA 

~omf. 
1.'1 fj 

// /50mA 

W / 
~ J 

// / 
1.' 'I" 

4.5 5.0 5.5 6.0 6.5 
INPUT VOLTAGE VIN (V) 

Output Voltage vs. Input Voltage 
TA=25°c 

5.05 ~~~-~~-~~-~--,"-"---~~ 

- 5.04 f--+---+-+--+-+--+-+---+-f----1 
~ 5.03 --~----+-
~ 5.02 f--+---+-+--+-+--+-+---+-f----1 
~ 5.01 f--+---+-+--+-+--+-+---+-f----1 

~ 5.00 tj::;::t:::::::t::;t;;t;t;;IO=U~T=~1~m~A~~ 
g 4.99 10mA 
I- 4.9B f--+---+-+--+-+--+-+---+-f----1 
::J I!: 4.97 f--+---+-+--+-+--+-+---+-f----1 
5 4.96 f--+---+-+----+-+--+-+---+-f----1 

4.95 '----'-----::6--'---::-7 --'------!:-B --'---9::-----1----:-'10 

INPUT VOLTAGE VIN (V) 

V TELCOM SEMICONDUCTOR, INC. 

5.1 

~5.0 
~ 
~ 4.9 

~ 
o 4.B 
> 
!5 I!: 4.7 
::J o 

O.B 

~ 0.7 
II.. 

~ 0.6 

~ 0.5 
c( 

~ 0.4 
o 
;:: 0.3 
::J 5! 0.2 

~ 0.1 
Q 

5.1 

~ 
::J 

~ 
W· 
CJ 
~ 5.0 
....I g 

~ 
o 

4.9 

TC45 Series 

Output Voltage vs. Output Current 
VIN =7.0V 

- ~ -...;; i"'"""--
'" I ........ " '-with Heat Sink , 

\. \ 
Heat Sink Size \ \ -
?Ox3px1"]m \ 

\ 

o 50 100 150 200 250 
OUTPUT CURRENT lOUT (mA) 

Dropout Voltage vs. Output Current 

/ 
~-

TA=85°c / 
~ 

l./15~ ~~ 
,/' l/r./ I"'" 

./ 1"'" ...... ...-: V-40°c 
~ ~ :;.....-

~ ~ p 
~ ~ 
o 20 40 60 BO 100 

OUTPUT CURRENT lOUT (mA) 

Output Voltage vs. Temperature 
VIN =7.0V 

--- ............. 1-00.. ....... 
~ 

............... 

-20 0 20 40 60 BO 100 
TEMPERATURE TA ("C) 
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TC45 Series 

TYPICAL CHARACTERISTICS 
TC45ER50 

1.5 

ll.4 
IS 1.3 

i= 1.2 z 
~ 1.1 

!!i 1.0 

~ 0.9 

iii 0.8 
u fa 0.7 
:5 0.6 
0 0.5 

0.7 

S 'ii: 0.6 
C 
> 0.5 
w 
c:J 
~ 0.4 

~ 0.3 
I-
8 0.2 
Do 

i 0.1 
Q 

Quiescent Current vs. Temperature 
VIN =7.0V 

", 
/ 

./ 
./ 

./ 
./ 

/""" , 

-20 0 20 40 60 80 100 
TEMPERATURE TA (OC) 

Dropout Voltage vs. Output Voltage 
TA = 25°C 

\ 
\ 

"- "-

'" 
lour-50mA ~ 

....... 

'" 
" "- 10mA~ 

1riiA 

1.5 

1:1.4 

ii 1.3 

i= 1.2 z 
~ 1.1 

!!i 1.0 

~ 0.9 

iii 0.8 
U fa 0.7 
:5 0.6 
0 0.5 

~ 
> 8.0 w 
~ !:i 7.0 

~ I- 6.0 

~ !; 5.0 

8 ::l 4.0 
Do 
iiiE 

VOLTAGE REGULATOR 

Quiescent Current vs. Input Voltage 
TA = 25°C 

-

6 7 8 9 10 11 12 
INPUT VOLTAGE VIN (V) 

Line Transient Response 
lOUT =1mA 

--- --- --- ---
INPUT 

VOLTAGE 

~ 
V OUTPUT 

VOLTAGE 

o 
1 2 3 4 5 6 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
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~ 
> 8.0 
w 
c:J 
~ 7.0 
....I 

~ 
I- 6.0 
::l 
Do !; 5.0 

$2 
5 4.0 
Do 
iiiE 

OUTPUT VOLTAGE VREG (V) 1 TIME t (ms) 
e.g., TC45ER5003EMB 

Line Transient Response 
IOUT=30mA 

--- --- --- ---
INPUT 

VOLTAGE 

~ 
V OUTPUT 

VOLTGE 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
TIME t (ms) 
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VOLTAGE REGULATOR 

TC45 Series 

TAPING REEL 

~ SOT-89-3 TO-92 

A 178 ±2.0 360 

B 80 ±1.0 80 

C 13 ±0.05 30 

D 21 ±0.5 45 

E 2 ±0.2 2 

I.D. 14.0 +1/-1.5 43 

T 2.0 ±0.5 5 

(unit = mm) IIJ 
Reel Materials: SOT-89-3: Plastic 

.D. TO-92: Cardboard + Plastic Hub 

SOT-89-3: 1,000 pes/Reel 

A 
TO-92: 2,000 pes/Reel 

TAPING FORM 

4.0±O.1 

000 0 : ~ 

~ ~mm·~··~ 
713 Form 723 Form 

TO-92 

{

soa, { i i 
Tape ! i 

Back I i T.,. _8-.-+-.-8-.-+-._-+-

~~ ~~ 
i i ~",d" ~ i i ~ 
I I cO 
I I 1 

-·_·e·_·-l-·_·e·_·-l-._. ~ --
! !" -
! ! ~.O:j:O.2 
! ! 

.aok{ T.,. 

i 127193 i 

~' II 

!! !! 
I 713Form I 
I I V 723FonnV 
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TC46 Series 

VOLTAGE REGULATOR (LOW DROPOUT, LOW CURRENT) 

FEATURES 

• Extremely Low Quiescent Current ....... 1.1 JlA Typ 
• Low Dropout Voltage ............... 30 mV @ 1 mA Typ 
• High Accuracy Output Voltage ..................... ±2.S% 
• Wide Choice of VOuT ....... 2.0V to 6.0V in 0.1V Steps 
• Surface Mount or Through-Hole Packages 

APPLICATIONS 

• Low-loss power supply for battery-powered 
devices 

• Post-regulator for boost converters in portable 
equipment 

• Low Iq programmable reference 

FUNCTIONAL BLOCK DIAGRAM 

RL 

~------------~~~1 
: _______________________________ :Gnd 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 
The TC46 Series are high accuracy 3-terminal CMOS 

voltage regulators. Output currents extend to 80mA, with 
quiescent currents around 111A. The design features very 
low dropout voltage and fast recovery from turn-on tran
sients, both important features for battery-operated commu
nications equipment. The device is also suitable as a 
micropower voltage reference. 3 

Available output voltages extend from 2.0V to 6.0V in 
0.1V steps. They are available in SOT-23, SOT-89, and 
TO-92 packages. 

PIN CONFIGURATIONS 

SOT-23-5 SOT-69-3 
MIN~MOLD PACKAGE MINI-MOLD PACKAGE 

TCHl2 
THROUGH-HOLE PACKAGE 

1 23 

~ 

vss VIN VOUT 

ORDERING INFORMATION 

PART CODE TC46LR XX X X X XX XXX 

OUlp"' Vol_, T J 
Ex: 20 = 2.0V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: ----------' 
3: ±2.5% 

Temperature: E: - 40°C to +85°C 

Package Type and Pin Count: ------' 
CT: SOT-23-5 
MB: SOT-89-3 
ZB: TO-92-3 

Taping Direction: --------------' 
723: Left Taping 
713: Right Taping 
no suffix: TO-92 Bulk 
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PREUM~INlARV ~INlIFORMAT~OINl VOLTAGE REGULATOR 

TC46 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Limit Unit 

Input Voltage VIN +12 V 
Output Current lOUT 150 mA 

Output Voltage VOUT (Vss - 0.3) to (VIN + 0.3) V 
Power Dissipation TO-92 and SOT-89-3 Pd1 300 mW 

SOT-23-5 Pd2 150 

Operating Temperature Range TA -40 to +85 °C 
Storage Temperature Range T stg - 65 to +150 °C 
Soldering Temperature Tsolder 260°C, 10 sec 

ELECTRICAL CHARACTERISTICS: (T A = 25°C) 
Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage 10~ s: louT s: 10mA VOUT VOUT V 
x 0.975 x 1.025 

lOUT Output Current VIN = VOUT + 2.0V 
VOUT = 2.0V 25 35 
VOUT= 3.0V 35 50 mA 
VOUT = 4.0V 45 65 
VOUT = 5.0V, 6.0V 55 80 

tl.VOUT Load Regulation VIN = VOUT + 2.0V 
VOUT = 2.0V, 1 mA s: louT s: 35mA 30 45 
VOUT = 3.0V, 1 mA s: louT s: 50mA 40 60 mV 
VOUT = 4.0V, 1 mA s: lOUT s: 65mA 50 75 
VOUT = 5.0V, 6.0V, 1 mA s: louT s: 80mA 60 90 

Vdif 1/0 Voltage Difference lOUT = 1mA 
VOUT = 2.0V 60 90 
VOUT = 3.0V 40 60 mV 
VOUT = 4.0V, 5.0V, 6.0V 25 38 

Iss Quiescent Current VIN = VOUT + 2.0V 
VOUT = 2.0V 1.0 3.0 
VOUT= 3.0V 1.1 3.3 ~ 
VOUT = 4.0V 1.2 3.6 
VOUT = 5.0V, 6.0V 1.3 3.9 

tl.VOUT Line Regulation louT = 1mA 
tl.VIN (V OUT + 0.5V) s: VIN s: 10V 0.05 0.2 %/V 

VIN Input Voltage 10 V 

tl.VouT/tl.TA Temperature Coefficient lOUT = 10mA ±100 ppm/DC 
- 40°C s: T A s: 85°C 
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VOLTAGE REGULATOR 

TEST CIRCUITS 

Vin _---0-1 I-()---.... Voul 

STATIC CHARACTERISTICS 
(Except QUIESCENT CURRENT) 

LINE TRANSIENT RESPONSE 

V TELCOM SEMICONDUCTOR, INC. 

TC46 

Iss 

V1N _---0-1 
L...-"""T"""---I 

QUIESCENT CURRENT 
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TC46 

TYPICAL CHARACTERISTICS 

1) Output Voltage vs. Output Current 
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2) Output Voltage vs. Input Voltage (T A = 25°C) 
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TC46LR40 

4.2 

IOUT=1m ./ "/ V 
/ "/ / 

-.5mX / ~ V 
~ V 

/ V V 10mA 

"/ V 
/ 

3.2 
3.5 4.0 4.5 

INPUT VOLTAGE VIN (V) 

TC46LR40 
IOUT=1mA 

4.05 ,-,---,----,-----,--,,--,---,---,-,-,----, 

4.04 H--+-+-+-+++-+-+-H-I 
~ 4.03 I--I--+-+-+-+-+-+-+-+--+---IH 
:::) 

~ 4.02 I--I--+-+-+-+-+-+-+-+--+---IH 

~ 4.01 tltt~t;g;ta:EE ~ 4.00 

g 3.99 I--I--+-+-+-+-+---t-+-+--t--I--I ... 
~ 3.98 H--+-I--+-+++-+--1-t--H 
g 3.97 H--+-I--+-+++-+--1-t--H 

3.96 HH-I--+-+++-+--1-t--H 
3.95 '---'------'-----'-----'----'-----L-L--'----'-----'----'------' 

4 5 6 7 8 10 
INPUT VOLTAGE VIN M 

5.2 

~ 5.0 

~ 
~ 4.8 
C 
~ 
g 4.6 

~ 
6 4.4 

4.2 

TC46LR50 

IOUT-1mA / " ::;..-

-~mA 1/ ~ / 
./ V. I' 

/ y; V10m 
/ I': V 
V. I' 
V 

4.5 5.0 5.5 
INPUT VOLTAGE VIN M 

TC46LR50 
IOUT=1mA 

5.05 ,----,------,--,---,--,----,---,-----,-------,----, 

5.04I--+--+-+---t--t---t--t--+--+----i 

~5.031-H---j--+-+-+-+--+---+---j 
65.021--1-+-+-+--+--+-+-+-+--1 
> 
~ 5.01 1-+--+-+-+--+--+-+-+-+--1 
C 
~5.00 

> 4.99 tj:l:t~;;~E:eftj ~4.98 
~ 4.97 1-t--+--+-+---t--t---t--t--+-----1 o 

4.96 1-t--+--+--t---t--t---t--t--+-----1 

4.95 5 6 7 8 9 10 

INPUT VOLTAGE VIN M 

V TELCOM SEMICONDUCTOR, INC. 



VOLTAGE REGULATOR 

TYPICAL CHARACTERISTICS (CONT.) 

3) Dropout Voltage vs. Output Current 
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TC46 
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VOLTAGE REGULATOR 

TC46 

TYPICAL CHARACTERISTICS (CONT.) 

6) Quiescent Current vs. Temperature 
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TC46 

MARKING 

SOT-23-5 SOT-89-3 

a represents first decimal place of voltage 

Mark a Volt Mark a Volt 

o b.O (V) 5 b.5 (V) 

b.1 (V) 6 b.6 (V) 

2 b.2 (V) 7 b.7 (V) 

3 b.3 (V) 8 b.8 (V) 

4 b.4 (V) 9 b.9 (V) 

b represents first digit of voltage 

Mark b Volt 

B 2. a (V) 

C 3. a (V) 

D 4. a (V) 

E 5. a (V) 

F 6. a (V) 

c and d represent assembly lot number 

V TELCOM SEMICONDUCTOR, INC. 

VOLTAGE REGULATOR 

TO-92 

[TI[?J@]@] 
[§J[§JW[[] 
[[][Q]IDJ[g] 

a, b, c & d represent 46LR: Fixed 

e represents first digit of voltage 

Mark e Volt Mark e 

2 2.f (V) 5 

3 3.f (V) 6 

4 4.f (V) 

f represents first decimal place of voltage 

Mark f Volt Mark f 

o e .0 (V) 5 

e.1 (V) 6 

2 e.2 (V) 7 

3 e.3 (V) 8 

4 e.4 (V) 9 

g Extra Feature Code: Fixed: 0 

h represents regulation accuracy 

Mark h Regulation Accuracy 

3 ±2.5% (Standard) 

i, j, k & I represent assembly lot number 

Volt 

5.f (V) 

6.f (V) 

Volt 

e .5 (V) 

e .6 (V) 

e .7 (V) 

e .8 (V) 

e .9 (V) 

3-181 



TC46 

TAPING REEL 

B 

.0.-' 

A 
T-+-

TAPING FORM 

SOT-23-5 

LdLd 

TO-92 

3-182 

713 FORM 

Ma'" 
Face 

12.7:t1.0 

127±03 

II~ !! !! 
I 723 Form I '-V713Fmm"-f-/ I I 

VOLTAGE REGULATOR 

~ SOT-23-5 SOT-89 TO-92 

A 178 ±1.0 178 ±2.0 360 

B 60 ±2.0 80 ±1.0 80 

C 13 ±0.2 13 ±0.05 30 

D 22 ±0.5 21 ±0.5 45 

E 2 ±0.2 2 ±0.2 2 

I.D. 8.5 ±1.5 14.0 +1/-1.5 43 

T 1.5 ±0.3 2.0 ±0.5 5 

(unit = mm) 
Reel Materials: SOT-23-5/S0T-89: Plastic 

TO-92: Cardboard + Plastic Hub 
SOT-89: 1,000 pes/Reel 
TO-92: 2,000 pes/Reel 
SOT-23-5: 3,000 pes/Reel 

SOT-89-3 

I Drawing Out Direction> 
4.0 ± 0.1 

o 0 0 0 1I+T--<rt--t'+-t-t'7t--h 
: , ' 

~ ~ "~ffi 
713 Form 

Back 
Tape 

} Seal 
Tape 
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V'V'Telrom - - - --- - -
";" Semiconductor, Inc. 

TC47 Series 

VOLTAGE REGULATOR CONTROLLER 

FEATURES 

• Low Supply Current ..•.•...•...•.• 501JA Typ (TC4730A) 
• Standby Quiescent 

Current ................................... 0.21JA Typ (TC4730A) 
• Low Dropout Voltage ................................. 0.1 V Typ 

(lOUT = 100mA: with External Tr.) 
• High Line Regulation ............................. 0.1 %/V Typ 
• Broad Output Voltage Range .............. 2.0V to 6.0V 

in 0.1V steps 
• High Accuracy Output Voltage ..................... 12.5% 
• Small Package ...................... SOT-23-5 (Mini-mold) 

APPLICATIONS 

• Regulator Control IC for a variety of external low 
VCE (sat) transistors 

FUNCTIONAL BLOCK DIAGRAM 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC47 Series are CMOS voltage regulator controller 
ICs for use with an external power transistor. They feature 
high output voltage accuracy (±2.5%) and low supply cur
rent. Each is composed of a voltage reference unit, an error 
amplifier and precision laser-trimmed resistors. These ICs 
are suitable for constructing regulators with extremely low 
dropout voltage and an output current in the range of several 3 
tens to several hundreds of mAo Furthermore, these ICs 
have a chip enable function, so that the supply current on 
standby can be minimized. The SOT -23-5 package ensures 
that the entire regulator will be minimally larger than the 
power transistor alone. 

PIN CONFIGURATION 

SOT-23-5 

ORDERING INFORMATION 

PART CODE TC47BR xx: X X X XX XXX 

Output Voltage, T J 
Ex: 20 = 2.0V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: ------------' 
3: ±2.5% 

Temperature: E: - 40°C to +85°C -------' 

Package Type and Pin Count: --------' 
CT: SOT-23-5 

Taping Direction: ------------' 
723: Left Taping 
713: Right Taping 
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VOLTAGE REGULATOR CONTROLLER 

TC47 Series 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Limit Unit 

Input Voltage VIN +12 V 
Input Voltage (CE Pin) VCE - 0.3 to (VIN + 0.3) V 
EXT Output Voltage VEXT +12 V 
EXT Output Current IEXT 50 rnA 
Power Dissipation Po 150 mW 
Operating Temperature Range TA -40 to +85 °C 
Storage Temperature Range Tstg - 65 to +150 °C 
Lead Temperature (Soldering) Tsolder 260°C, 10 sec -

ELECTRICAL CHARACTERISTICS: (T A = 25°C) 
Symbol Parameter Test Conditions Min Typ Max Unit 

VOUT Output Voltage louT = 50mA VOUT VOUT V 
x 0.975 x 1.025 

louT Output Current VIN - VOUT = 1.0V (Note 1) 1000 rnA 

.1.VOUT Load Regulation VIN - VOUT = 1.0V 
.1.louT 1mA:S; IOUT:S; 100mA -60 60 mV 

VOIF Dropout Voltage lOUT = 100mA 100 200 mV 

Iss Supply Current VIN - VOUT = 1.0V 50 80 IlA 
No Load 

ISTANOBY Supply Current (Standby) VIN=8.0V 0.01 0.2 1.0 IlA 
No Load 

IExTlEAK EXT Leakage Current 0.5 IlA 
.1.VOUT Line Regulation louT=50mA 0 0.1 0.3 %N 
.1.VIN VOUT + 0.5V :s; VIN:S; 8.0V 

VIN Input Voltage 8.0 V 

VEXT EXT Output Voltage 8.0 V 

.1.VOUT Output Voltage lOUT = 10mA ±100 ppm/oC 
AT Temperature Coefficient -40°C :S;TA:S; 85°C 

VCEH CE Input Voltage "H" 1.5 V 

VCEL CE Input Voltage "L" 0.25 V 

ICEH CE Input Current "H" 0 -0.1 IlA 
ICEl CE Input Current "L" 5 3 0.1 IlA 

Note: 1. The output current depends upon the performance of the extemal PNP transistor. Use a low saturation type, with an hFE of 100 or more. 
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VOLTAGE REGULATOR CONTROLLER 

MARKING 

SOT-23-5 

CD represents first digit of voltage 

MarkCD Volt 

J 2.@(V) 

K 3.@(V) 

L 4.@(V) 

M S.@(V) 

N 6.@(V) 

@ represents first decimal place of voltage 

Mark@ Volt Mark@ Volt 

o CD.O(V) S CD·S(V) 

CD·1 (V) 6 CD·6(V) 

2 CD·2(V) 7 CD.7(V) 

3 CD·3(V) 8 CD·8(V) 

4 CD.4(V) 9 CD·9(V) 

@and@)representassemblylotnumber 

..... .,. ..... TELCOM SEMICONDUCTOR, INC. 

TAPING REEL 

B 

A 

SOT·23-S: 3,000 pes/Reel 

~ SOT-23-S 

A 178 ±1.0 

B 60 ±2.0 

C 13 ±0.2 

0 22 ±O.S 

E 2 ±0.2 

1.0. 8.S ±1.S 

T 1.S ±0.3 

Reel Materials: Plastic 

TC47 Series 

.D. 

(unit = mm) 
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TC47 Series 

OPERATION 

External PNP ,------....-.,. 
Rl 

R2 

VIN ,. , , ................ 4 .~l5T. ... :VOUT 
2 3 

OUT 

GND :GND 
-.==-~-4--+-~1r--+-~ 

: ............. ;:..:.: 5 ........... ' 
CE 

Figure 1 

SELECTION GUIDE FOR EXTERNAL COM
PONENTS 

1. External PNP Transistor 

The external PNP should have low VCE (sat) and high 
hFE at the desired lOUT, If VIN is not close to VOUT, the 
package must be able to dissipate the heat. 

PNP OUT 

+r CL 
VOUT 

3 ... 

Figure 2, Rl approximately 10k, 

3·186 

VOLTAGE REGULATOR CONTROLLER 

2. Base Resistor R2 

The EXT Pin of these ICs is protected by a current limit 
circuit. However, since this circuit protects the IC, use a 
resistor R2 to protect the external transistor, although this IC 
is operable without such a resistor. R2 is calculated with the 
input voltage, output voltage, output current, temperature, 
and the hFE value (and their tolerances) taken into consider
ation, The following must also be satisfied: 

VIN [min]- 1,2(V) _ O.7(V) > lOUT [max] 

R2 R1 hFE 

3. Phase Compensation 

In these ICs, phase compensation is required for stable 
operation. For this purpose, be sure to use a capacitor CL 
with a value of 10!lF or more (preferably tantalum) and a 
resistor R1 of about 1 OkQ between the base and the emitter. 

V TELCOM SEMICONDUCTOR, INC. 



VOLTAGE REGULATOR CONTROLLER 

TEST CIRCUITS 

PNP 
r-----.-~ ~------, 

10kn 2SA1213 

EXT VOUT 

~OUT 
VIN .---------

3 
TC47 

SERIES + 10l..lF 

GNO: 

STATIC CHARACTERISTICS TEST 
(Except QUIESCENT CURRENT, 

STANDBY CURRENT) 

10kn 2SA1213 

VIN 4 ~~~_~~UT OSCILLO-

3 
SCOPE 

TC47 + 
SERIES GNO: CL 

.... -- ...... _ .. 

RIPPLE REJECTION, 
LINE TRANSIENT RESPONSE TEST 

V TELCOM SEMICONDUCTOR, INC. 

TC47 Series 

PNP 
r-------~~ ~------~ 

IN~ 

10kn 

... _--
CE 

10kn 2SA1213 

VIN 4 _~~T. YOUT 
OUT 

3 t--+--Q 

TC47 
SERIES 

: CE 1 
·-----(2i~-(1i------· 

QUIESCENT CURRENT (1), 
STANDBY CURRENT TEST 

2SA1213 

EXT VOUT OSCILLO-
SCOPE 

3 
TC47 

SERIES :11..1F + 
GNO: 

1 
10mA ....... 
300mA 

m 
LOAD TRANSIENT RESPONSE TEST 
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TC47 Series 

TYPICAL CHARACTERISTICS 

1) Output Voltage vs. Input Voltage 
TC47BR50 
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3) Dropout Voltage vs. Output Current 
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VOLTAGE REGULATOR CONTROLLER 

TYPICAL CHARACTERISTICS (CONT.) 

4) Output Voltage vs. Temperature 
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TC47 Series 

TYPICAL CHARACTERISTICS (CO NT.) 

7) Standby Current vs. Input Voltage 
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9) Line Transient Response (1) (TA = 25°C) 
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8) Ripple Rejection (TA = 25°C) 
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VOLTAGE REGULATOR CONTROLLER IPRIEU M ~ INlAIPfV' ~ INl FORMA lr~OINl 

TC47 Series 

TAPING FORM 
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Te55 Series 

LOW DROPOUT POSITIVE VOLTAGE REGULATOR 

FEATURES 

• Very Low "Dropout" Voltage 120mV typ at 100mA 
3S0mV typ at 200mA 

• High Output Current ....•.•••••••... 2S0mA (Vour=S.OV) 
• High Accuracy Output Voltage ...••...•..•....•.•....• 12% 

(±1% Semicustom Version) 
• Wide Output Voltage Range ........•.•.•.•.•.... 2.1V-6.0V 
• Low Power Consumption ..•.•••.•• 1.11JA (VOUT=S.OV) 

(at NO LOAD) 
• Good Temperature Stability ....•....... ±100ppm/°C Typ 
• Good Voltage Regulation ...................... O.1%N Typ 
• Package 

Options ............ SOT-23-3 (1S0mW) Surface Mount 
SOT-S9-3 (SOOmW) Surface Mount 

TO-92 Through-hole Package 
• Short Circuit Protected 
• Custom voltages available from 2.1V to 6.0V (in 

O.1V steps). 

APPLICATIONS 

• Battery-Powered Devices 
• Cameras and Portable Video Equipment 
• Pagers and Cellular Phones 
• Solar-Powered Instruments 
• Portable Instruments 

FUNCTIONAL BLOCK DIAGRAM 

GND 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC55 Series is a collection of CMOS low dropout 
positive voltage regulators which can source up to 250mA of 
current with an extremely low input-output voltage differen
tial of 380mV. 

The low dropout voltage combined with the low current 
consumption of only 1.1 J.IA makes this part ideal for battery 
operation. The low voltage differential (dropout voltage) 
extends battery operating lifetime. It also permits high cur- 3 
rents in small packages when operated with minimum VIN -
VOUT differentials. 

The circuit also incorporates short-circuit protection to 
ensure maximum reliability. 

PIN CONFIGURATIONS 

SOT-23-3 
(150mW) 

SOT-89-3 
(500mW) 

ORDERING INFORMATION 

T().92 
(500mW) 

GND VIN VOUT 

1 23 

e:J 

PART CODE TCSS RP XX X X X XX XXX 

Output Voltage: . ~ 
Ex: 21 = 2.1V; 60 = 6.0V 

Extra Feature Code: Fixed: 0 

Tolerance: -----------' 
1 = ±1.00/0 (custom) 
2 = ±2.00/0 (standard) 

Temperature: E: - 40°C to +85°C ---' 

Package Type and Pin Count: -------' 
CB: SOT-23-3 
MB: SOT-89-3 
ZB: TO-92 

Taping Direction: ---------------' 
723: Left Taping 
713: Right Taping 
no suffix: TO-92 Bulk 
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LOW DROPOUT 
POSITIVE VOLTAGE REGULATOR 

Tess Series 

ABSOLUTE MAXIMUM RATINGS 

Item Code Ratings Units 

Input Voltage VIN +12 V 

Output Current lOUT PcI/(VIN - VOUT) mA 

Output Voltage VOUT (Vss - 0.3) to (VIN + 0.3) V 

Power Dissipation SOT-23 Pd 150 mW 
SOT-89 500 
TO-92 500 

Operating Temperature Range TA -40to +85 °C 

Storage Temperature Range Tstg - 65 to +150 °C 

TC55RP50 ELECTRICAL CHARACTERISTICS: VOUT(S) = 5.0V, T A = 25°C (see REMARKS) 

Symbol Parameter 

VouT(A) Output Voltage 

IOUTmax Maximum Output Current 

Ll.VOUT Load Regulation 

VdH I/O Voltage Difference 

Iss Current Consumption 

VOIlI(A)·100 Voltage Regulation 
Ll.VIN,VOUT(S) 

VIN Input Voltage 

Ll.VOIlI(Aj·l06 Temperature Coefficient 
VouT(S)·Ll.TA of Output Voltage 

REMARKS: VOUT(S): Preset value of Output voltage 
VOUT(A): Actual value of Output voltage 

Test Conditions 

lOUT = 40 mA 
VIN =6.0V 
VIN = 6.0V, VOUT(A) ~ 4.5V 
VIN = 6.0 V, 1 mA:s; 10UT:S; 100 rnA 

lOUT = 100 rnA 
lOUT = 200 rnA 
VIN= 6.0V 

IOUT=40mA 
6.0V:s; VIN:S; 10.0V 

lOUT = 40 rnA 
-40°C :s; T A :s; 85°C 

Vdif: Definition of I/O voltage difference = (VIN1 - VounA)) 
VouT(A): Output Voltage when lOUT is fixed and VIN = VOUT(S) + 1.0V 
VIN1: Input Voltage when the output voltage is 98% VouT(A) 

Min Typ Max 

x 0.98 VOUT(S) x 1.02 
4.90 5.0 5.10 

250 

40 80 
120 300 
380 600 

1.1 3.0 
0.2 0.3 

10.0 
±100 

TC55RP40 ELECTRICAL CHARACTERISTICS: VOUT(S) = 4.0V, T A = 25°C (see REMARKS) 

Symbol Parameter Test Conditions Min Typ Max 

VouT(A) Output Voltage lOUT = 30 rnA x 0.98 VOUT(S) x 1.02 
VIN =5.0V 3.92 4.0 4.08 

IOUTmax Maximum Output Current VIN = 5.0V, VouT(A) ~ 3.6V 200 

Ll.VOUT Load Regulation VIN = 5.0 V, 1 mA:S; IOUT:S; 100 rnA 45 90 

VdH I/O Voltage Difference lOUT = 100 rnA 170 330 
lOUT = 200 rnA 400 630 

Iss Current Consumption VIN=5.0V 1.0 2.9 

Ll.VouT(A)·100 Voltage Regulation lOUT = 30 rnA 0.2 0.3 
Ll.VIN'VOUT(S) 5.0V :s; VIN :s; 10.0V 

VIN Input Voltage 10.0 

Ll.VQUT(A) Temperature Coefficient lOUT = 30 rnA ±100 
VouT(S)·Ll.TA of Output Voltage -40°C :s; T A :s; 85°C 

Unit 

V 

rnA 

mV 
mV 

IJA 
%/V 

V 
ppmf'C 

Unit 

V 

rnA 
mV 

mV 

IJA 
%/V 

V 
ppm/oC 
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LOW DROPOUT 
POSITIVE VOLTAGE REGULATOR 

TC55RP30 ELECTRICAL CHARACTERISTICS: 

Symbol Parameter 

VOUT(A) Output Voltage 

Test Conditions 

lOUT = 20 mA 
VIN =4.0V 

Tess Series 

VOUT(S) = 3.0V, T A = 25°C (see REMARKS) 

Min Typ Max Unit 

x 0.98 VOUT(S) x 1.02 v 
2.94 3.0 3.06 

IOUTmax Maximum Output Current VIN = 4.0V, VOUT(A) ~ 2.7V 150 mA 

.1.VOUT Load Regulation 

I/O Voltage Difference 

VIN = 4.0V, 1 mA ~ lOUT ~ 80 mA 

lOUT = 80 mA 
lOUT = 160 mA 

45 90 mV 

180 360 mV 
400 700 

0.9 2.8 Iss Current Consumption VIN = 4.0V IJA 

TAPING REEL 

B 

A 

SOT-23-3: 3,000 pes/Reel 
SOT-89-3: 1,000 pes/Reel 
TO-92: 2,000 pes/Reel 

V TELCOM SEMICONDUCTOR, INC. 

.D. 

0.2 0.3 

10.0 

±100 

TAPING REEL 

~ SOT-23 SOT-89 TO-92 

A 178 ±1.0 178 ±2.0 360 

B 60 ±2.0 80 ±1.0 80 

C 13 ±0.2 13 ±0.05 30 

D 22 ±0.5 21 ±0.5 45 

E 2 ±0.2 2 ±0.2 2 

I.D. 8.5 ±1.5 14.0 +1/-1.5 43 

T 1.5 ±0.3 2.0 ±D.5 5 

(unit = mm) 
Reel Materials: SOT-23/S0T-89: Plastic 

TO-92: Cardboard + Plastic Hub 
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Te55 Series 

MARKING 

SOT-23-3 

CD represents first voltage digit 
2 3 4 5 6 
ex: 3.X = 0 0 ® 0 

@firstvoltagedecimal (0-9) 
ex: 3.4=OO®@ 

® represents toleranceifeature code 
1= ±1.0% (custom) 
2 = ±2.0% (standard) 

® represents assembly lot number 

3-196 

SOT-89-3 

o @ 

LOW DROPOUT 
POSITIVE VOLTAGE REGULATOR 

TO-92 

rn[g][I]@] 
~[§J[1J[§J 

[[]11QI1DJ1j] 

CD. @ & ® = 55R_ (fixed) 

® = output voltage polarity: P : positive 

® = first voltage digit (2-6) 

@= first voltage decimal (0-9) 

<V = extra feature code: fixed: 0 

® = regulation accuracy 
1 = ±1.0% (custom). 2 = ±2.0% (standard) 

®. ®. ® & @ = assembly lot number 
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LOW DROPOUT 
POSITIVE VOLTAGE REGULATOR 

TAPING FORM 

SOT-23-3 

4±0.1 I-rl. 2 ± 0.05 

(j:>: :$: I :'$:::' --i· 

----t£j--.t£j--.t£j 

01.5 ~.1 

.1.1 ±D.l 

~:tJ[JJJlU 

g~~d~~~ ~~~;~;~f 
713: Mark Right Side Up 723: Mark Upside Down 

SOT-89-3 

4.0±O.1 Hl,..o ± 0.05 .1.5 ~.1 .., 

·0 :·0 ·0 -.~-- -0 -o--\J~ 

FlFlrTl Jl1 ! 
, , 

e.O±O.1 

Back 
Tape 

~ 0 0 I D~;"9~D;_~" > L£J 0 0 I D~;""~o;,.~ > 
[@]WW ~~~ 

713: Mark Right Side Up 723: Mark Upside Down 
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Te55 Series 

TO-92 

Mark 
Face 

I Drawing Out Direction :> 
seal{- ! 
Tape I 

----e---+---e----j-----i----L~~ 
1635±131 i ~.0±D.2 
! I ! 

12.7±O.3 r I 

===~ 
I I 

Back { Tape 

} Seal 
Tape 
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TC96C555 

3A OUTPUT PROGRAMMABLE POWER OSCILLATOR 

FEATURES 

• Controllable Duty Cycle 
• Wide Operating Range ............................ 5V to 18V 
• High Peak Output Current ................................... 3A 
• High Capacitive Load Drive 

Capability ......................................... 1800pF in 20ns 
• Short Delay Time ................................... <150ns Typ 

APPLICATIONS 

• Fixed Frequency Power Oscillator 
• Voltage Controlled Oscillator 
• Low Power Buck Regulator Supply 
• MOSFET Driver 
• Simple diode inverters and doublers 

ORDERING INFORMATION 

Operating 
Part No. Package Temp Range 

TC96C555COA 8·Pin SOIC O°C to +70°C 
TC96C555EOA 8-Pin SOIC - 40°C to +85°C 
TC96C555CPA 8-Pin Plastic DIP O°C to +70°C 
TC96C555EPA 8-Pin Plastic DIP - 40°C to +85°C 
TC96C555MJA 8-Pin CerDIP - 55°C to +125°C 

FUNCTIONAL BLOCK DIAGRAM 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC96C555 Power Oscillator is an easily programmed 
IC that can be used in simple switch-mode power supplies, 
diode doublers and inverters, and similar circuits where 
high-current pulses are needed in an economical form. 

The TC96C555 uses TelCom Semiconductors' new 
Tough CMOSTM process. The output drive capability is 
similar to the TC4423/4/5 MOSFET Drivers, which can 
switch in 25ns into a capacitive load of 1,800pF. The 3 
TC96C555 will not latch up under any conditions within their 
power and voltage ratings. They can accept, without dam-
age, up to 1.5A of reverse current (of either polarity) being 
forced back into the output. All terminals are also fully 
protected against up to 4kV of electrostatic discharge. The 
peak output is rated at 3A. Split outputs permits driving of an 
external pair of MOSFETS, with controllable cross conduc-
tion between upper and lower devices. 
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TC96C555 

ABSOLUTE MAXIMUM RATINGS 

3A OUTPUT PROGRAMMABLE 
POWER OSCILLATOR 

SOIC ReJ-A .................................................................... 155°CIW 
SOIC ReJ-c ....................................................................... 45°CIW Supply Voltage ......................................................... +20V 

Input Voltage, Pin 1 or 4 ................ VDD +0.3 to GND -0.3 Operating Temperature Range 

Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to +150°C 
Package Thermal Resistance 

CerDIP ReJ-A ................................................................ 150°CIW 
CerDIP ReJ-c.. . ............................. ............................ 50°CIW 
PDIP ReJ-A................... .. ......................... 125°CIW 
PDIP ReJ-c .. . ....................................................... .42°CIW 

C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +S5°C 
M Version ........................................ - 55°C to +125°C 

Power Dissipation 
Plastic .......................................................... 1000mW 
CerDIP ........................................................... SOOmW 
SOIC .............................................................. 500mW 

ELECTRICAL CHARACTERISTICS: unless otherwise specified T A = +25°C with 5V ~ VDD ~ 1SV: 

Parameter Symbol Test Condition Min Typ Max Unit 

Programmable Current Range 
Pin 4 Input Current for IsouRcE Control 

Pin 1 Input Current for ISINK Control IlA 
Reference Section 
VREF VDD = 15V, IREF = 10llA 3.8 4 4.2 V 

Line Regulation of VREF VDD = 7V to 18V - 0.6 1 %N 

Load Regulation of VREF IREF = 0 to 1mA - 0.1 0.2 %/mA 

VREF Drift Over Lifetime VDRIFT - - 5 % 

VREF Tempco TCVREF - 55 ~ Temp ~ 125°C - 1100 2000 ppmfOC 

Voltage at Pin 1 & 4 VR1, VR2 VDD = 15V 2.85 3.0 3.15 V 

Voltage Across RCHG and RDIS VREF - VR 0.85 1 1.15 V 

Pin 2, High Switching Threshold Vih VDD = 15V 1.8 2 2.2 V 

Pin 2, Low Switching Threshold Vii VDD = 15V 0.8 1 1.2 V 

Delta High to Low Threshold Vih - Vii VDD = 15V 0.9 1.0 1.1 V 

VREF Pin 3 Short to GND Pin 5 IREF VDD = 15V - 8 15 mA 

ELECTRICAL CHARACTERISTICS: unless otherwise specified T A = +25°C with 1 OV ~ VDD ~ 1SV: 

Parameter Symbol Test Condition Min Typ Max Unit 

Oscillator 
Voltage Stability VDD = 7 to 18V - 1 5 %N 

Temperature Stability - 55 ~ Temp ~ 125°C - 0.4 - %fOC 

Power Supply 
Power Supply Current 100 o ~VIN ~3V - 2 3 mA 
Switching Time 1 

Rise Time tR C1 = 1800pF - 23 30 ns 

Fall Time tF C1 = 1800pF - 20 30 ns 

Delay Time tOl C1 = 1800pF - 140 180 ns 

Delay Time t02 C1 = 1800pF - 100 140 ns 

Output 
High Output Voltage VOH VDD-0.025 - - V 

Low Output Voltage VOL - - 0.025 V 

Output Res Hi State Ro VDD = 15V - 3.5 5 Q 

Output Res Lo State Ro Voo = 15V - 2.5 5 Q 

Peak Output Current IpK VDO = 18V - 3 - A 
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3A OUTPUT PROGRAMMABLE 
POWER OSCILLATOR 

TC96C555 

ELECTRICAL CHARACTERISTICS: specifications over operating temperature range unless otherwise 
specified 5.0V < Voo <18V: 

Parameter Symbol Test Condition Min Typ Max Unit 

Programmable Current Range 
Pin 4 Input Current for IsouRcE Control 

Pin 1 Input Current for ISINK Control 

Reference Section 

VREF Voo = 15V IREF = 10j.lA 3.6 4 4.4 V 

Line Regulation of VREF Voo = 7to 18V - 0.9 1.5 %N 
Load Regulation of VREF IREF = 0 to 1mA - 0.1 0.4 %/mA 

VREF Drift Over Lifetime VORIFT - - 5 % 

VREFTempco TCVREF - 55 ~ Temp ~ 125°C - 1100 2000 ppm/DC 

Voltage Pin at 1 and 4 VRt. VR2 Voo= 15V 2.7 3 3.3 V 

Voltage Across RCHG and ROls VREF-VR 0.8 1 1.2 V 

Pin 2, High Switching Threshold Vih Voo= 15V 1.75 2 2.25 V 

Pin 2, Low Switching Threshold Vii Voo= 15V 0.75 1 1.25 V 

Delta High to Low Threshold VihtOVii Voo= 15V 0.9 1.0 1.1 V 

VREF Pin 3 Short to GND Pin 5 IREF Voo= 15V - - 18 rnA 

Oscillator 
Voltage Stability Voo = 7V to 18V %N 

- 55 ~ Temp ~ 125°C %/OC 

Power pply Current 100 o ~VIN ~3V rnA 

Switching Time1 

Rise Time tR C1 = 1800pF, Fig. 1 - 33 40 ns 

Fall Time tF C1 = 1800pF, Fig. 1 - 30 40 ns 

Delay Time tOt Fig. 1 - 180 220 ns 

Delay Time t02 Fig. 1 - 160 200 ns 

Output 
High Output Voltage VOH Voo-0.025 - - V 

Low Output Voltage VOL - - 0.025 V 

Output Res Hi State Ro Voo = 15V - 4.5 6 Q 

Output Res Lo State Ro Voo = 15V - 3.4 6 Q 

Peak Output Current IpK Voo = 18V - 2 - A 

NOTE: lSwitching times guaranteed by desi9n. 

The typical values are from 125°C measurements. 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional operation of 
the device at these or any other conditions above those indicated in the Operational Specifications is not implied. Any exposure to Absolute 
Maximum Rating Conditions may affect device reliability. 
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TC96C555 

TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS CURVES 
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APPLICATIONS 
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The oscillator timing can easily be controlled by two 
external resistors, RCHG and RDIS, and capacitor C. RCHG 
and RDIS set the two constant current sources for charging 
and discharging C. The source current is always flowing 
when in operation. When the capacitor has charged to a 2V 
threshold, the current sink circuit is enabled to discharge the 

TEST CIRCUIT 

INPUT 

100KHz Square Wave 
tRISE = tFALL:f 10ns 

Voo= 18V 

oL--L ______ ~-L~ __ ~~ __ 
-55 -35 -15 5 25 45 65 85 105 125 

Temperature ('C) 

TC96C555 

capacitor to the 1 V threshold. When 1 V is reached, the 
current sink turns OFF to start another cycle. 

Resistor RCHG is connected from VREF at Pin 3 to VR1 Pin 
4 to program the charging current. Current is set with resistor 
RDIS connected from VREF Pin 3 to VR2 Pin 1. Both currents 
can range from 5f.lA to 150f.lA. 

Figure 1 Output Switching Time 

2V 

1V 

VOO 

OUTPUT 

Figure 2 Fixed Frequency Power Oscillator Figure 3 VIN and Output Waveform 
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APPLICATIONS (cont.) 
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3A OUTPUT PROGRAMMABLE 
POWER OSCILLATOR 

This circuit will convert a 6 to 15V input to a 5V output of 
200 milliamps. Normal operating frequency is 50kHz. Peak 
to peak ripple is 50 millivolts. A change from 100mA to 
200m A produces a 50mV peak change in VOUT, with recov
ery in 200~s. 

The TC96C555 is used here as a duty cycle modulator 
in a buck output circuit. The source current is modulated to 
control the duty cycle. Sink current is fixed at 1 OO~A with a 
resistor (R4) of 10K. Transistor 01, (2N2907 A), is used for 
current modulation into TC96C555 Pin 4, the charge current 
program input. Shunt regulator TL431 is used for voltage 
sense and regulation feedback. The TL431 has an internal 
reference of 2.495V. Terminal R is compared with this 
reference to control conduction of cathode C to anode A. R2 
and R3 are selected to give proper bias currentto the TL431. 
C2 and R7 are for loop compensation and are optimized for 
a recovery time of 200~s. The TC96C555 outputs, Pin 7 and 
6, are tied together so that when output is HIGH, current 
conducts from VDD Pin 8 to output Pin 7 to charge the 
inductor, L 1. When output is OFF or LOW, energy stored in 
L 1 will continue to conduct through TC96C555 Pin 6 to the 
lower internal MOSFET and out to Pin 5, the ground return. 
This circuit does not have current limiting. A fuse is recom
mended for protection. Figure 6 shows the duty cycle as a 
function of the source current. Figure 8 shows the frequency 
vs control voltage. 

C4 C5 
.1/lF 

~ ~ 'OO"F 

VOUT 

C3 

~'00"F 
'OK 
R5 

C2 
.111F 

R3,390n lOOK 
c R7 

A R 

TL431 
'OK 
R6 

Figure 5 +5V Buck Regulator Power Supply with 82% Efficiency at 200mA Output 
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APPLICATIONS (cont.) 
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TC96C555 

By connecting both resistors, RCHG and RDts, to a 
voltage source instead of connecting to the 4V reference of 
Pin 3, one can increase or decrease the output frequency. 
Increasing the voltage source to SV will double the oscillator 
frequency by doubling the voltage across both RCHG and 
RDIS. Decreasing the voltage source to 3.SV will drop the 
frequency in half. 
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T SemicOnductor, Inc. TC426 
TC427 
TC428 

DUAL HIGH-SPEED POWER MOSFET DRIVERS 

FEATURES 
• High·Speed Switching (CL = 1000 pF) ............ 30 ns 
• High Peak Output Current ................................. 1.5A 
• High Output Voltage Swing •......•........•.•. Voo-25 mV 

GND+25mV 
• Low Input Current (Logic "0" or "1 ") .•••.....•..•.•. 1 IJA 
• TTUCMOS Input Compatible 
• Available in Inverting and Noninverting 

Configurations 
• Wide Operating Supply Voltage •.•......... 4.5V to 18V 
• Current Consumption 

- Inputs Low ................................................. 0.4 mA 
- Inputs High .................................................... 8 mA 

• Single Supply Operation 
• Low Output Impedance ........................................ 6n 
• Pinout Equivalent of DS0026 and MMH0026 
• Latch-Up Resistant: Withstands >500 mA 

Reverse Current 
• ESD Protected .................................................... 2 kV 

PIN CONFIGURATIONS (DIP and SO) 

70UTA ~ 
INVERTING 

~ 
NONINVERTING 

7 0iJTA 

~ 
5 OUTB ~ 

'----.... COMPLEMENTARY 
Ne = NO INTERNAL CONNECTION 

FUNCTIONAL DIAGRAM 

v+---...---, 

Note: The TC428 has one inverting and one noninverting 
driver. Ground any unused driver input. 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 
The TC426fTC427fTC428 are dual CMOS high-speed 

drivers. A TTUCMOS input voltage level is translated into 
an output voltage level swing equaling the supply. The 
CMOS output will be within 25 mV of ground or positive 
supply. Bipolar designs are capable of swinging only within 
1V of the supply. 

The low impedance, high-current driver outputs will 
swing a 1000 pF load 18V in 30 ns. The unique current and 
voltage drive qualities make the TC426fTC427 fTC428 ideal 3 
power MOSFET drivers, line drivers, and DC-to-DC con-
verter building blocks. 

Input logic signals may equal the power supply volt
age. Input current is a low 1 I1A, making direct interface to 
CMOSlbipolar switch-mode power supply controllCs pos
sible, as well as open-collector analog comparators. 

Quiescent power supply current is 8 mA maximum. 
The TC426 requires 1/5 the current of the pin-compatible 
bipolar DS0026 device. This is important in DC-to-DC con
verter applications with power efficiency constraints and 
high-frequency switch-mode power supply applications. 
Quiescent current is typically 6 mA when driving a 1000 pF 
load 18V at 100 kHz. 

The inverting TC426 driver is pin-compatible with the 
bipolar DS0026 and MMH0026 devices. The TC427 is 
noninverting; the TC428 contains an inverting and non
inverting driver. 

Other pin compatible driver families are the TC1426/ 
27/28, TC4426/27/28, and TC4426A127A128A. 

ORDERING INFORMATION 

Temperature 
Part No. Package Configuration Range 

TC426CPA 8-Pin PDIP Inverting O°C to +70°C 
TC427CPA 8-Pin PDIP Noninverting O°C to +70°C 
TC428CPA 8-Pin PDIP Complementary O°Cto +70°C 

TC426COA 8-PinSOIC Inverting O°C to +70°C 
TC427COA 8-PinSOIC Noninverting O°Cto +70°C 
TC428COA 8-Pin SOIC Complementary O°C to +70°C 

TC4261JA 8-Pin CerDIP Inverting -25°C to +85°C 
TC427IJA 8-Pin CerDIP Noninverting -25°C to +85°C 
TC4281JA 8-Pin CerDIP Complementary -25°C to +85°C 

TC426EOA 8-PinSOIC Inverting -40°C to +85°C 
TC427EOA 8-PinSOIC Noninverting -40°C to +85°C 
TC428EOA 8-PinSOIC Complementary -40°C to +85°C 

TC426MJA 8-Pin CerDIP Inverting -55°C to + 125°C 
TC427MJA 8-Pin CerDIP Noninverting -55°C to + 125°C 
TC428MJA 8-Pin CerDIP Complementary -55°C to + 125°C 
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TC428 

ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ......................................................... +20V 
Input Voltage, Any Terminal ...... VDD+0.3V to GND -O.3V 
Power Dissipation 

Plastic ........................................................... 1000 mW 
CerDIP ............................................................ 800 mW 
SOIC ............................................................... SOOmW 

Derating Factor 
Plastic ............................................................ 8 mW/oC 
CerDIP ........................................................ 6.4 mW/OC 

DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 

SOIC .............................................................. 4 mW/oC 
Operating Temperature Range 

C Version ................................................. O°C to +70°C 
I Version ............................................... -2SoC to +8SoC 
E Version ............................................. -40°C to +8SoC 
M Version ........................................... -SSoC to +12SoC 

Maximum Chip Temperature ................................ +1S0°C 
Storage Temperature Range ................. -6SoC to +1S0°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

ELECTRICAL CHARACTERISTICS: TA = +25°C with 4.5V ~ Voo ~ 18V, unless otherwise specified. 

Symbol Parameter Test Conditions I Min I Typ I Max Unit 

Input 
VIH Logic 1, High Input Voltage 2.4 - - V 

VIL Logic 0, Low Input Voltage - - 0.8 V 

liN Input Current OV~ VIN~VOO -1 - 1 IIA 
Output 

VOH High Output Voltage Voo-O.025 - - V 

VOL Low Output Voltage - - 0.025 V 

ROH High Output Resistance lOUT = 10 mA, Voo = 18V - 10 15 n 
ROL Low Output Resistance lOUT = 10 mA, Voo = 18V - 6 10 n 
IpK Peak Output Current - 1.5 - A 

SWltchmg Time (Note 1) 
tR Rise Time Test Figure 1/2 - - 30 ns 

tF Fall Time Test Figure 112 - - 30 ns 

t01 Delay Time Test Figure 112 - - 50 ns 

t02 Delay Time Test Figure 1/2 - - 75 ns 

Power Supply 
Is Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

ELECTRICAL CHARACTERISTICS: Over Operating Temperature Range with 4.5V~Voo~18V, unless otherwise specified. 

Input 
VIH Logic 1, High Input Voltage 

VIL Logic 0, Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

ROH High Output Resistance 

ROL Low Output Resistance 

Switching Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

3-210 

OV~VIN~ Voo 

lOUT = 10 mA, Voo = 18V 

lOUT = 10 mA, Voo = 18V 

Test Figure 1/2 
Test Figure 112 
Test Figure 1/2 
Test Figure 1/2 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 
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DUAL HIGH-SPEED 
POW~R MOSFET DRIVERS 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only, and functional 

SUPPLY BYPASSING 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, charging a 1000-pF 
load t018V in 25 ns requires an 0.72A current from the 
device power supply. 

To guarantee low supply impedance over a wide fre
quency range, a parallel capacitor combination is recom
mended for supply bypassing. Low-inductance ceramic 
disk capacitors with short lead lengths «0.5 in.) should be 
used. A 1 IlF film capacitor in parallel with one or two 
0.1 IlF ceramic disk capacitors normally provides adequate 
bypassing. 

GROUNDING 

The TC426 and TC428 contain inverting drivers. Ground 
potential drops developed in common ground impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. 

Individual ground returns for the input and output cir
cuits or a ground plane should be used. 

INPUT STAGE 

The input voltage level changes the no-load or quies
cent supply current. The N-channel MOSFET input stage 
transistor drives a 2.5 rnA current source load. With a logic 
"1" input, the maximum quiescent supply current is 8 rnA. 
Logic "0" input level signals reduce quiescent current to 
0.4 rnA maximum. Minimum power dissipation occurs for 
logic "0" inputs for the TC426/427/428. Unused driver 
inputs must be connected to Voo or GND. 

The drivers are designed with 100 mV of hysteresis. 
This provides clean transitions and minimizes output stage 
current spiking when changing states. Input voltage thresh
olds are approximately 1.5V, making the device TTL com
patible over the 4.5V to 18V supply operating range. Input 
current is less than 1 !lA over this range. 

The TC426/427/428 may be directly driven by the 
TL494, SG 1526/1527, SG 1524, SE5560, and similar switch
mode power supply integrated circuits. 

POWER DISSIPATION 

The supply current vs frequency and supply current vs 
capacitive load characteristic curves will aid in determining 
power dissipation calculations. 

The TC426/427/428 CMOS drivers have greatly re
duced quiescent DC power consumption. Maximum quies-

V TELCOM SEMICONDUCTOR, INC. 

TC426 
TC427 
TC428 

operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
effect device reliability. 

cent current is 8 rnA compared to the DS0026 40 rnA 
specification. For a 15V supply, power dissipation is typi
cally40mW. 

Two other power dissipation components are: 
• Output stage AC and DC load power. 
• Transition state power. 

Output stage power is: 
Po = Poc + PAC 

= Vo (Ioe) + f CL Vs 

Where: 
Vo = DC output voltage 
loc = DC output load current 
f = Switching frequency 
Vs = Supply voltage 

In power MOSFET drive applications the Poc term is 
negligible. MOSFET power transistors are high imped
ance, capacitive input devices. In applications where resis
tive loads or relays are driven, the Poc component will 
normally dominate. 

The magnitude of PAC is readily estimated for several 
cases: 

A. B. 
1. f = 20kHZ 1. f = 200 kHz 
2.CL =1000 pf 2.CL =1000 pf 
3. Vs =18V 3. VS =15V 
4. PAC =65mW 4. PAC =45mW 

During output level state changes, a current surge will 
flow through the series connected Nand P channel output 
MOSFETS as one device is turning "ON" while the other is 
turning "OFF". The current spike flows only during output 
transitions. The input levels should not be maintained be
tween the logic "0" and logic "1" levels. Unused driver 
inputs must be tied to ground and not be allowed to 
float. Average power dissipation will be reduced by mini
mizing input rise times. As shown in the characteristic 
curves, average supply current is frequency dependent. 
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TYPICAL CHARACTERISTICS CURVES 
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DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 

VOO=18V 

INPUT 0-+---11:)0--+_-0 OUTPUT 
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tRISE = tFALL" 10 ns 
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Test Figure 1. Inverting Driver Switching Time Test Circuit 
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T Semiconductor, Inc. 
TC429 

SINGLE HIGH-SPEED, CMOS POWER MOSFET DRIVER 
FEATURES 

• High Peak Output Current ................................... 6A 
• Wide Operating Range ............................ 7V to 18V 
• High-Impedance CMOS Logic Input 
• Logic Input Threshold Independent of 

Supply Voltage 
• Low Supply Current 

- With Logic 1 Input ............................... 5 mA Max 
- With Logic 0 Input ............................ 0.5 mA Max 

• Output Voltage Swing Within 25 mV of Ground 
orVDD 

• Short Delay Time .................•................... 75 ns Max 
• High Capacitive Load Drive Capability 

- tRISE, tFALL = 35 ns Max With CLOAD = 2500 pF 

APPLICATIONS 

• Switch-Mode Power Supplies 
• CCD Drivers 
• Pulse Transformer Drive 
• Class D Switching Amplifiers 

PIN CONFIGURATION 

NC = NO INTERNAL CONNECTION 

NOTE: Duplicate pins must l1Q1b. be connected for proper operation. 

TYPICAL APPLICATION 

GENERAL DESCRIPTION 

The TC429 is a high-speed, single CMOS-level transla
tor and driver. Designed specifically to drive highly capaci
tive power MOSFET gates, the TC429 features 2.50 output 
impedance and 6A peak output current drive. 

A 2500 pF capacitive load will be driven 18V in 25 ns. 
Delay time through the device is 60 ns. The rapid switching 
times with large capacitive loads minimize MOSFET transi
tion power loss. 

A TTUCMOS input logic level is translated into an m 
output voltage swing that equals the supply and will swing 
to within 25 mV of ground or VDD. Input voltage swing may 
equal the supply. Logic input current is under 1 o !-lA, making 
direct interface to CMOSlbipolar switch-mode power supply 
controllers easy. Input "speed-up" capacitors are not 
required. 

The CMOS design minimizes quiescent power supply 
current. With a logic 1 input, power supply current is 5 rnA 
maximum and decreases to 0.5 mA for logic 0 inputs. 

For dual devices, see the TC426ITC427ITC42B data 
sheet. 

For non inverting applications, or applications requiring 
latch-up protection, see the TC4420ITC4429 data sheet. 

ORDERING INFORMATION 

Part No. 

TC429CPA 
TC429EPA 
TC429MJA 

Package 
Temperature 

Range 

B-Pin Plastic DIP O°C to +70°C 
8-Pin Plastic DIP - 40°C to +85°C 
8-Pin CerDIP - 55°C to + 125°C 

r---------____________ ~~1~,8~VDD 

INPUT~ , , 
-7-

4,S : 
GND~~~--~----------------------~ 

EFFECTIVE 
INPUT 

C =38 pF 
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TC429 

ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage ......................................................... +20V 
Input Voltage, Any Terminal .... Voo +0.3V to GND - 0.3V 
Power Dissipation 

Plastic ........................................................... 500 mW 
CerDIP .......................................................... 800 mW 

Derating Factors 
Plastic ................................... 5.6 mW/oC Above 36°C 
CerDIP ......................................................... 6 mW/oC 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
I Version ............................................ - 25°C to +85°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to + 125°C 

SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

·Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 7V :s; Voo :s; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 
VIH Logic 1, High Input Voltage 2.4 1.8 - V 

VIL Logic 0, Low Input Voltage - 1.3 0.8 V 

liN Input Current OV :S;VIN :S;Voo -10 - 10 IJA 
Output 
VOH High Output Voltage Voo-0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance VIN =0.8V - 1.8 2.5 n 
lOUT = 10 rnA, Voo = 18V 

VIN =2.4V - 1.5 2.5 n 
lOUT = 10 mA, Voo = 18V 

IpK Peak Output Current Voo = 18V (See Figure 3) - 6 - A 

Switching Time (note 1) 
tR Rise Time Figure 1, CL = 2500 pF - 23 35 ns 

tF Fall Time Figure 1, CL = 2500 pF - 25 35 ns 

t01 Delay Time Figure 1 - 53 75 ns 

t02 Delay Time Figure 1 - 60 75 ns 

Power Supply 
Is Power Supply Current VIN =3V mA 

VIN =OV mA 

NOTES: 1. Switching times guaranteed by design. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

TC429 

ELECTRICAL CHARACTERISTICS: Over operating temperature with 7V :0; Voo :0; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions 

Input 
VIH Logic 1, High Input Voltage 2.4 

VIL Logic 0, Low Input Voltage -
liN Input Current OV ~ VIN ~ VDO -10 

Output 
VOH High Output Voltage VDD- 0.025 

VOL Low Output Voltage -

Ro Output Resistance VIN = 0.8V -

lOUT = 10 mA, VOD = 18V 

VIN = 2.4V -

lOUT = 10 mA, VDO = 18V 

Switching Time (Note 1) 
tR Rise Time Figure 1, CL = 2500 pF -
tF Fall Time Figure 1, CL = 2500 pF -

tD1 Delay Time Figure 1 -
t02 Delay Time Figure 1 -

Power Supply 
Is Power Supply Current 

------ - --- - ----------- ----------

NOTE: 1. Switching times guaranteed by design. 
SWITCHING SPEED 

2 
INPUT 0--+---1 

VDD = 18V 

8 
T 0.111F 

.Xl..--+-_-_--o OUTPUT 

T Cl =2500 pF 

INPUT: 100 kHz, square wave 
tRISE = tFAll <; 10 ns 

+5V --------._--~_ 

INPUT 

OV 

18V 

OUTPUT 

Figure 1 Inverting Driver Switching Time Test Circuit 
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TIME 11 OOM/DIVI 

Unit 

- - V 
- 0.8 V 

- 10 ~ 

- - V 

- 0.025 V 
- 5 Q 

- 5 Q 

--~-

- 70 ns 

- 70 ns 

- 100*~ 
- 120 ns 

mA 

mA 

3-217 



TC429 

SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

TYPICAL CHARACTERISTICS CURVES 

3-218 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

SUPPLY BYPASSING 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, charging a 2500 pF 
load 18V in 25 ns requires a 1 .8A current from the device's 
power supply. 

To guarantee low supply impedance over a wide fre
quency range, a parallel capacitor combination is recom
mended for supply bypassing. Low-inductance ceramic 
disk capacitors with short lead lengths «0.5 in.) should be 
used. A 1 IlF film capacitor in parallel with one or two 0.1 IlF 
ceramic disk capacitors normally provides adequate by
passing. 

GROUNDING 

The high-current capability of the TC429 demands 
careful PC board layout for best performance. Since the 
TC429 is an inverting driver, any ground lead impedance will 
appear as negative feedback which can degrade switching 
speed. The feedback is especially noticeable with slow rise
time inputs, such as those produced by an open-collector 
output with resistor pull-up. The TC429 input structure 
includes about 300 mV of hysteresis to ensure clean transi
tions and freedom from oscillation, but attention to layout is 
still recommended. 

Figure 2 shows the feedback effect in detail. As the 
TC429 input begins to go positive, the output goes negative 
and several amperes of current flow in the ground lead. As 
little as 0.050 of PC trace resistance can produce hundreds 
of millivolts at the TC429 ground pins. If the driving logic is 
referenced to power ground, the effective logic input level is 
reduced and oscillations may result. 

+18V 

18V 
2.4V 

J;; '---<P---O~ 
0.11'F 

LOGIC O>---r--'. 
GROUND 

SA 
PC TRACE RESISTANCE = 0.051.1 

POWER 
GROUND O>--~-·. 

Figure 2 Switching Time Degradation Due to Negative Feedback 
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TC429 

To ensure optimum device performance, separate 
ground traces should be provided for the logic and power 
connections. Connecting logic ground directly to the TC429 
GND pins ensures full logic drive to the input and fast output 
switching. Both GND pins should be connected to power 
ground. 

INPUT STAGE 

The input voltage level changes the no-load or quies
cent supply current. The N-channel MOSFET input stage 
transistor drives a 3 mA current source load. With a logic "1" 
input, the maximum quiescent supply current is 5 mA. Logic m 
"0" i~put level signals reduce quiescent current to 500 IlA 
maximum. 

The TC429 input is designed to provide 300 mV of 
hysteresis, providing clean transitions and minimizing out
put stage current spiking when changing states. Input volt
age levels are approximately 1.5V, making the device TIL 
compatible over the 7V to 18V operating supply range. Input 
current is less than 10 IlA over this range. 

The TC429 can be directly driven by TL494, SG1526/ 
1527, SG1524, SE5560 or similar switch-mode power sup
ply integrated circuits. By off-loading the power-driving 
duties to the TC429, the power supply controller can operate 
at lower diSSipation, improving performance and reliability. 

POWER DISSIPATION 

CMOS circuits usually permit the user to ignore power 
diSSipation. LogiC families such as the 4000 and 74C have 
outputs that can only supply a few milliamperes of current, 
and even shorting outputs to ground will not force enough 
current to destroy the device. The TC429, however, can 
source or sink several amperes and drive large capacitive 
loads at high frequency. The package power dissipation limit 
can easily be exceeded. Therefore, some attention should 
be given to power dissipation when driving low impedance 
loads and/or operating at high frequency. 

The supply current versus frequency and supply cur
rent versus capacitive load characteristic curves will aid in 
determining power dissipation calculations. Table I lists the 
maximum operating frequency for several power supply 
voltages when driving a 2500 pF load. More accurate power 
dissipation figures can be obtained by summing the three 
power sources. 

Input signal duty cycle, power supply voltage, and 
capacitive load influence package power dissipation. Given 
power dissipation and package thermal resistance, the 
maximum ambient operation temperature is easily calcu
lated. The 8-pin CerDIP junction-to-ambient thermal resis
tance is 150°CIW. At +25°C, the package is rated at 800 mW 
maximum dissipation. Maximum allowable chip tempera
ture is +150°C. 
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TC429 

Three components make up total package power dissi-
pation: 

(1) Capacitive load dissipation (Pc) 
(2) Quiescent power (Po) 
(3) Transition power (PT) 

The capacitive load-caused dissipation is a direct func
tion of frequency, capacitive load, and supply voltage. The 
package power dissipation is: 

Pc =f C VS2, 

where: f = Switching frequency 
C = Capacitive load 
Vs = Supply voltage. 

Quiescent power dissipation depends on input signal 
duty cycle. A logic low input results in a low-power dissipa
tion mode with only O.S mA total current drain. Logic high 
signals raise the current to S mA maximum. The queiscent 
power dissipation is: 

Po = Vs (0 (IH) + (1-0) Id, 

where: IH = Quiescent current with input high (S mA max) 
IL = Quiescent current with input low (O.S mA max) 
o = Duty cycle. 

Transition power dissipation arises because the output 
stage N- and P-channel MOS transistors are ON simulta
neously for a very short period when the output changes. 
The transition package power dissipation is approximately: 

PT = f Vs (3.3 X 10-9 A . Sec). 

An example shows the relative magnitude for each item. 
Example 1: 

C =2S00 pF 
Vs = 1SV 
o =SO% 
f = 200 kHz 
PD = Package power dissipation = Pc + PT + Po 

= 113 mW + 10 mW + 41 mW 
= 164 mW. 

Maximum operating temperature = TJ - BJA (PD) 
= 12SoC, 

where: TJ = Maximum allowable junction temperature 
(+1S0°C) 

BJA = Junction-to-ambient thermal resistance 
(1S0°CIW, CerOIP). 

NOTE: Ambient operating temperature should not exceed +85°C for 
IJA devices or + 125°C for MJA devices. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

Table I. Maximum Operating Frequencies 

Vs fMax 

18V 500 kHz 
15V 700 kHz 
10V 1.3 MHz 
5V >2 MHz 

CONDITIONS: 1. CerDIP Package (8JA = 150°CIW) 
2. TA = +25°C 
3. CL = 2500 pF 

Thermal Derating Curve 

'+" A-"lI.. .. 

.... .;r!.:!:.;&.. ., 
400 +-t-H-r--t-++-t-i-1--t-t-++-t-H-"Ntrlc+-t"'L .. -I-· 

··:·t·~ .. i"~ 
..... : •.. - 111 

+-++-t+-+~-+-+-++-+++-+-+-+-H-+-++- '*' '. 200 

o 10 20 30 40 50 60 70 80 90 100110120 

Ambient Temperature eCl 

Peak Output Current Capability 

TIME ISI-/WIOIVI 

POWER-ON OSCILLATION 

It is extremely important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. A 'quick fix' for most 
applications which exhibit POWER-ON OSCILLATION prob
lems is to place approximately 10 kQ in series with the input 
of the MOSFET driver. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 

+18V 

"""':F? 

TC429 

2.4V 

--C 
0.1 ~F 

Figure 3 Peak Output Current Test Circuit 

TC429 

~~PF 
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T Semiconductor, Inc. TC1410 
TC1410N 

O.5A HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand SOOmA 

Reverse Current 
• Input Will Withstand Negative Inputs Up to SV 
• ESD Protected ................................................... 4 kV 
• High Peak Output Current ................................ O.SA 
• Wide Operating Range ......................... 4.SV to 16V 
• High Capacitive Load 

Drive Capability ............................... SOO pF in 2S ns 
• Short Delay Time ................•.......••...•....•..• 3S ns Typ 
• Consistent Delay Times With Changes in 

Supply Voltage 
• Matched Delay Times 
• Low Supply Current 

- With Logic "1" Input ................................. SOO fJA 
- With Logic "0" Input ................................. 1S0 fJA 

• Low Output Impedance .................................... 16 n 
• Pinout Same as TC1411112113 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NONINVERTING 

NC = NO INTERNAL CONNECTION 

NOTE: sOle pinout is identical to DIP. 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC141 0/141 ON are CMOS buffer/drivers built using 
TelCom Semiconductor's proprietary Tough CMOSTM pro
cess. They will not latch up under any conditions within their 
power and voltage ratings. They are not subject to damage 
when up to 5V of noise spiking of either polarity toccurs on the 
ground pin. They can accept, without damage or logic upset, 
up to 500 mA of current of either polarity being forced back into 
their output. All terminals are fully protected against up to 4 kV m 
of electrostatic discharge. 

As MOSFET drivers, the TC141 0/141 ON can easily switch 
500 pF gate capacitance in 25 ns with matched rise and fall 
times, and provide low enough impedance in both the ON and 
the OFF states to ensure the MOSFET's intended state will not 
be affected, even by large transients. The rise and fall time 
edges are matched to allow driving short-duration inputs with 
greater accuracy. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC1410COA 8-Pin SOIC O°C to +70°C 
TC1410EOA 8-Pin SOIC - 40°C to +85°C 
TC1410CPA 8-Pin Plastic DIP O°C to +70°C 
TC1410EPA 8-Pin Plastic DIP - 40°C to +85°C 
TC1410NCOA 8-Pin SOIC O°C to +70°C 
TC1410NEOA 8-Pin SOIC - 40°C to +85°C 
TC1410NCPA 8-Pin Plastic DIP O°C to +70°C 
TC1410NEPA 8-Pin Plastic DIP - 40°C to +85°C 

.-----...---------:T=C:-:-14:-:1::"O-------.,,--o VDD 

INPUT o-~-"""""1"""" 

... 

INVERTING 
OUTPUTS 

D-------'-~~, :=r---o OUTPUT 
NONINVERTING 

OUTPUTS 

V 
TC1410N 

-r 
GNDo-~--~-~----------------~ 

EFFECTIVE 
INPUT 

C=10 pF 
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TC1410 
TC1410N 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage, IN A or IN B . (Voo + 0.3V) to (GND - 5.0V) 
Maximum Chip Temperature ................................ +i50°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP RSJ-A ................................................ i50°CIW 
CerDIP RSJ-c .................................................. 50°CIW 
PDIP RSJ-A ................................................... i25°CIW 
PDIP RSJ-c ..................................................... 42°CIW 
SOIC RSJ-A ................................................... i55°CIW 
SOIC RSJ-c ..................................................... 45°CIW 

O.SA HIGH-SPEED MOSFET DRIVERS 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. 500mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.5V :0; Voo :0; 16V, unless other
wise specified. Typical values are measured at T A=25°C; Voo=i6V. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

Switching Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 
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Test Conditions Min 

2.0 

-
- 5V S VIN S VDD TA=25°C -1 

- 40°CsT As85°C -10 

DC Test Voo- 0.025 

DC Test -
Voo = 16V, 10 = 10 mA TA=25°C -

O°CsT As70°C -

- 40°CsT As85°C -
Voo = 16V -
Duty Cycle s 2% Voo = 16V 0.5 
ts300~s 

Figure 1 TA=25°C -
O°CsT As70°C -

- 40°CsT As85°C -
Figure 1 TA=25°C -

O°C:o:T As70°C -

- 40°CST As85°C -

Figure 1 TA=25°C -
0°CSTAS70°C -

- 40°CsT As85°C -
Figure 1 TA=25°C -

O°CsT As70°C -
- 40° CST As85°C -

I Typ I Max 

- -
- 0.8 

- 1 
- 10 

- -

- 0.025 

16 22 
20 28 
20 28 

0.5 -
- -

25 35 
27 40 
29 40 

25 35 
27 40 
29 40 

30 40 
33 45 
35 45 

30 40 
33 45 
35 45 

Unit 

V 

V 

~A 

~ 

V 

V 

Q 

Q 

n 
A 

A 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

mA 
mA 
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O.SA HIGH-SPEED MOSFET DRIVERS 
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Noninverting Driver 

TC1410N 

Figure 1. Switching Time Test Circuit 
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O.SA HIGH-SPEED MOSFET DRIVERS 
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... SemicOnductor, Inc. 

1 A HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand SOOmA 

Reverse Current 
• Input Will Withstand Negative Inputs Up to SV 
• ESD Protected ................................................... 4 kV 
• High Peak Output Current ................................... 1A 
• Wide Operating Range ......................... 4.SV to 16V 
• High Capacitive Load 

Drive Capability ............................. 1000 pF in 2S ns 
• Short Delay Time ...................................... 30 ns Typ 
• Consistent Delay Times With Changes in 

Supply Voltage 
• Matched Delay Times 
• Low Supply Current 

- With Logic "1" Input. ......••••.•.•.•................ SOO f.IA 
- With Logic "0" Input ...•.•.••.•.....................• 1S0 f.IA 

• Low Output Impedance .......•.........................•••.• 8 Q 
• Pinout Same as TC1410/12113 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NONINVERTING 

NC = NO INTERNAL CONNECTION 

NOTE: sOle pinout is identical to DIP. 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

TC1411 
TC1411N 

The TC1411 /1411 N are CMOS buffer/drivers built using 
TelCom Semiconductor's proprietary Tough CMOSTM pro
cess. They will not latch up under any conditions within their 
power and voltage ratings. They are not subject to damage 
when up to 5V of noise spiking of either polarity occurs on the 
ground pin. They can accept, without damage or logic upset, 
up to 500 mA of current of either polarity being forced back into 
their output. All terminals are fully protected against up to 4 kV BJ 
of electrostatic discharge. 

As MOSFET drivers, the TC1411/1411 N can easily switch 
1000 pF gate capacitance in 25 ns with matched rise and fall 
times, and provide low enough impedance in both the ON and 
the OFF states to ensure the MOSFET's intended state will not 
be affected, even by large transients. The rise and fall time 
edges are matched to allow driving short-duration inputs with 
greater accuracy. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC1411COA 8-Pin SOIC O°C to +70°C 
TC1411EOA 8-Pin SOIC - 40°C to +85DC 
TC1411CPA 8-Pin Plastic DIP ODC to +70°C 
TC1411EPA 8-Pin Plastic DIP - 40DC to +85°C 
TC1411NCOA 8-Pin SOIC O°C to +70DC 
TC1411NEOA 8-Pin SOIC - 40DC to +85DC 
TC1411NCPA 8-Pin Plastic DIP ODC to +70DC 
TC1411NEPA 8-Pin Plastic DIP - 40°C to +85DC 

r-----~----------------------------------~-oVDD 

INPUT o-_--<~..---' 

• .i.. -r 

TC1411 
INVERTING 
OUTPUTS 

~ D----N-O-N,N~V-L,~~··· . ~ 3---0 OUTPUT 

OUTP~ 
TC1411N 

GNDo-_----*---~----------------------------------~ 

EFFECTIVE 
INPUT 

C = 10 pF 
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TC1411 
TC1411N 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage, IN A or IN B . (Voo + 0.3V) to (GND - S.OV) 
Maximum Chip Temperature ................................ +1S0°C 
Storage Temperature Range ................ - 6SoC to + 1S0°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP RIlJ-A ................................................ 1S0°CIW 
CerDIP RIlJ-c .................................................. SO°CIW 
PDIP ROJ-A ................................................... 12SoCIW 
PDIP ROJ-c ..................................................... 42°CIW 
SOIC RIlJ-A ................................................... 1SSoCIW 
SOIC RIlJ-c ..................................................... 4SoCIW 

1 A HIGH-SPEED MOSFET DRIVERS 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +8SoC 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. SOOmW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.SV::;; Voo::;; 16V, unless 
otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV LatCh-Up Protection 
Withstand Reverse Current 

SWltchmg Time (Note 1) 
tR Rise Tirne 

tF Fall Time 

tOl Delay Tirne 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 
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Test Conditions 

-5V ::; VIN ::; Voo TA=25°C 
- 40°Cg A::;85°C 

DC Test 

DC Test 

Voo = 16V, 10 = 10 mA TA=25°C 

Voo = 16V 

Duty Cycle::; 2% 
t::; 300 I1s 

Figure 1 

Figure 1 

Figure 1 

Figure 1 

VIN=3V 
VIN=OV 

0°CgA::;70°C 
- 40°Cg A::;85°C 

Voo= 16V 

TA=25°C 
O°CgA::;?O°C 
- 40°Cg A::;85°C 

TA=25°C 
0°CgA::;70°C 
- 40°Cg A::;85°C 

TA=25°C 
0°CgA::;70°C 
- 40°Cg A::;85°C 

TA=25°C 
0°CgA::;70°C 
- 40°Cg A::;85°C 

Voo = 16V 

Min 

2.0 

-
-1 
-10 

Voo-0.025 

-

-
-
-
-
0.5 

-
-
-
-
-
-
-
-
-
-
-
-

I Typ I Max 

- -
- 0.8 

- 1 
- 10 

- -
- 0.025 

8 11 
10 14 
10 14 

1.0 -
- -

25 35 
27 40 
29 40 

25 35 
27 40 
29 40 

30 40 
33 45 
35 45 

30 40 
33 45 
35 45 

Unit 

V 

V 

J.tA 
J.tA 

V 

V 
g 
g 
g 

A 

A 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

rnA 
rnA 
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1 A HIGH-SPEED MOSFET DRIVERS 
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Noninverting Driver 
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1 A HIGH-SPEED MOSFET DRIVERS 
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T Semiconductor, Inc. TC1412 

TC1412N 

2A HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand 500mA 

Reverse Current 
• Input Will Withstand Negative Inputs Up to 5V 
• ESD Protected ................................................... 4 kV 
• High Peak Output Current ................................... 2A 
• Wide Operating Range ......................... 4.5V to 16V 
• High Capacitive Load 

Drive Capability ............................. 1000 pF in 18 ns 
• Short Delay Time ...................................... 35 ns Typ 
• Consistent Delay Times With Changes in 

Supply Voltage 
• Matched Delay Times 
• Low Supply Current 

- With Logic "1" Input ................................. 500 IlA 
- With Logic "0" Input ................•...•......•....• 150 IlA 

• Low Output Impedance ...................................... 4 n 
• Pinout Same as TC1410111113 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NONINVERTING 

NC = NO INTERNAL CONNECTION 

NOTE: sOle pinout is identical to DIP. 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC1412/1412N are CMOS buffer/drivers built using 
TelCom Semiconductor's proprietary Tough CMOSTM pro
cess. They will not latch up under any conditions within their 
power and voltage ratings. They are not subject to damage 
when up to 5V of noise spiking of either polarity occurs on the 
ground pin. They can accept, without damage or logic upset, 
up to 500 mA of current of either polarity being forced back into 
their output. All terminals are fully protected against up to 4 kV m 
of electrostatic discharge. 

As MOSFET drivers, the TC1412/1412N can easily switch 
1000 pF gate capacitance in 18 ns with matched rise and fall 
times, and provide low enough impedance in both the ON and 
the OFF states to ensure the MOSFET's intended state will not 
be affected, even by large transients. The rise and fall time 
edges are matched to allow driving short-duration inputs with 
greater accuracy. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC1412COA 8-Pin SOIC O°C to +70°C 
TC1412EOA 8-Pin SOIC - 40°C to +85°C 
TC1412CPA 8-Pin Plastic DIP O°C to +70°C 
TC1412EPA 8-Pin Plastic DIP - 40°C to +85°C 
TC1412NCOA 8-Pin SOIC O°C to +70°C 
TC1412NEOA 8-Pin SOIC - 40°C to +85°C 
TC1412NCPA 8-Pin Plastic DIP O°C to +70°C 
TC1412NEPA 8-Pin Plastic DIP - 40°C to +85°C 

r-----~------------------------------~-o~D 
TC1412 

INVERTING 
OUTPUTS 

~ J)----N-O-NI....i.NV~~ 3--0 OUTPUT 

OUTP~ 
V 

TC1412N 
INPUT 0--_________ --' 

GNDO--~---4---4------------------------------~ 

EFFECTIVE 
INPUT 

C=10pF 
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TC1412 
TC1412N 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage, IN A or IN B . (VDD + 0.3V) to (GND - 5.0V) 
Maximum Chip Temperature ................................ + 150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP Rru-A ................................................ 150°CIW 
CerDIP Rru-c .................................................. 50°CIW 
PDIP ReJ-A ................................................... 125°CIW 
PDIP ReJ-c ..................................................... 42°CIW 
SOIC ReJ-A ................................................... 155°CIW 
SOIC Rru-c ..................................................... 45°CIW 

2A HIGH-SPEED MOSFET DRIVERS 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. 500mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.5V ::; VDD ::; 16V, unless other
wise specified. Typical values are measured at T A=25°C; VDD=16V. 

Symbol Parameter 

Input 

VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 

VOH High Output Voltage 

VOL Low Output Voltage 
Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

SWltchmg Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 
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Test Conditions 

-5V :::; VIN :::; Voo TA=25°C 
- 40°C:::;T A:::;85°C 

DC Test 
DC Test 
Voo = 16V, 10 = 10 mA TA=25°C 

Voo = 16V 
Duty Cycle:::; 2% 
t:::; 300 IJS 

Figure 1 

Figure 1 

Figure 1 

Figure 1 

VIN =3V 
VIN =OV 

0°C:::;TA:::;70°C 
- 40°C:::;T A:::;85°C 

Voo = 16V 

TA=25°C 
O°C:::;T A:::;70°C 
- 40°C:::;T A:::;85°C 
TA=25°C 
O°C:::;T A:::;70°C 
- 40°C:::;T A:::;85°C 
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O°C:::;TA:::;?O°C 
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Voo= 16V 
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2.0 
-
-1 
-10 

Voo-0.025 
-
-
-
-

-
0.5 

-
-
-
-
-
-
-
-
-
-
-
-
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-
-
-
-

-

-
4 
5 
5 

2.0 
-

18 
20 
22 
18 
20 
22 
35 
40 
40 
35 
40 
40 

Max 

-
0.8 
1 

10 

-
0.025 

6 
7 
7 

-
-

26 
31 
31 
26 
31 
31 
45 
50 
50 
45 
50 
50 

Unit 

V 
V 

I!A 
I!A 

V 
V 
n 
n 
n 
A 
A 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

mA 
mA 
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2A HIGH-SPEED MOSFET DRIVERS 
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3A HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand SOOmA 

Reverse Current 
• Input Will Withstand Negative Inputs Up to SV 
• ESD Protected ................................................... 4 kV 
• High Peak Output Current ................................... 3A 
• Wide Operating Range ......................••• 4.SV to 16V 
• High Capacitive Load 

Drive Capability ............................. 1800 pF in 20 ns 
• Short Delay Time ................•.•.................•. 3S ns Typ 
• Consistent Delay Times With Changes in 

Supply Voltage 
• Matched Delay Times 
• Low Supply Current 

- With Logic "1" Input ................................. SOO iJA. 
- With Logic "0" Input. ................................ 1S0 iJA. 

• Low Output Impedance ................................... 2.7 n 
• Pinout Same as TC1410/11/12 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NONINVERTING 

NC = NO INTERNAL CONNECTION 

NOTE: sOle pinout is identical to DIP. 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

TC1413 
TC1413N 

The TC1413/1413N are CMOS buffer/drivers built using 
TelCom Semiconductor's proprietary Tough CMOSTM pro· 
cess. They will not latch up under any conditions within their 
power and voltage ratings. They are not subject to damage 
when up to 5V of noise spiking of either polarity that occurs on 
the ground pin. They can accept, without damage or logic 
upset, up to 500 mA of current of either polarity being forced 
back into their output. All terminals are fully protected against IJ 
up to 4 kV of electrostatic discharge. 

As MOSFET drivers, the TC1413/1413N can easily switch 
1800 pF gate capacitance in 20 ns with matched rise and fall 
times, and provide low enough impedance in both the ON and 
the OFF states to ensure the MOSFET's intended state will not 
be affected, even by large transients. The rise and fall time 
edges are matched to allow driving short·duration inputs with 
greater output accuracy. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC1413COA 8·Pin SOIC O°C to +70°C 
TC1413EOA 8-Pin SOIC - 40°C to +85°C 
TC1413CPA 8-Pin Plastic DIP O°C to +70°C 
TC1413EPA 8-Pin Plastic DIP - 40°C to +85°C 
TC1413NCOA 8-Pin SOIC O°C to +70°C 
TC1413NEOA 8-Pin SOIC - 40°C to +85°C 
TC1413NCPA 8-Pin Plastic DIP O°C to +70°C 
TC1413NEPA 8-Pin Plastic DIP - 40°C to +85°C 

r-----~----------------T~C~14~1~3---------------.-oVDD 

INPUT O-....... ----1~ 

_.-,-

INVERTING 
OUTPUTS 

~ D---N-O-NI~Nv~LING ~ 8--0 OUTPUT 

OUTP~ 
TC1413N 

GNDo-~----~--~----------------------------------~ 
EFFECTIVE 

INPUT 
C = 10 pF 
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TC1413 
TC1413N 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage, IN A or IN B . (Voo + 0.3V) to (GND - 5.0V) 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP R9J-A ................................................ 150°CIW 
CerDIP R9J-c .................................................. 50°CIW 
PDIP R9J-A ................................................... 125°CIW 
PDIP R9J-c ..................................................... 42°CIW 
SOIC R9J-A ................................................... 155°CIW 
SOIC R9J-c ..................................................... 45°CIW 

3A HIGH-SPEED MOSFET DRIVERS 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. 500mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.5V ::; Voo::; 16V, unless other
wise specified. Typical values are measured at T A=25°C; Voo=16V 

Symbol Parameter 

Input 

VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

Switching Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 

3-242 

Test Conditions 

- 5V:<;; VIN:<;; Voo TA=25°C 
- 40°CST A:<;;85°C 

DC Test 

DC Test 

Voo = 16V, 10 = 10 mA TA=25°C 

Voo = 16V 

Duty Cycle :<;; 2% 
t:<;;300 j.lS 

Figure 1 

Figure 1 

Figure 1 

Figure 1 

VIN =3V 
VIN =OV 

O°CST A:<;;70°C 
- 40°CST A:<;;85°C 

Voo= 16V 

TA=25°C 
O°CST A:<;;70°C 
- 40°CST A:<;;85°C 

TA=25°C 
O°CST A:<;;70°C 
- 40°CST A:<;;85°C 

TA=25°C 
O°CST A:<;;70°C 
- 40°CST A:<;;85°C 

TA=25°C 
O°CST A:<;;70°C 
- 40°CST A:<;;85°C 

Voo = 16V 

Min 

2.0 

-
-1 
-10 

Voo-0.025 

-
-
-
-

-
0.5 

-
-
-

-
-
-

-
-
-
-
-
-

Typ Max 

- -
- 0.8 

- 1 
- 10 

- -
- 0.025 

2.7 4 
3.3 5 
3.3 5 

3.0 -
- -

20 28 
22 33 
24 33 

20 28 
22 33 
24 33 

35 45 
40 50 
40 50 

35 45 
40 50 
40 50 

Unit 

V 

V 

!!A 
!!A 

V 

V 

n 
n 
n 
A 

A 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

mA 
rnA 
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3A HIGH SPEED MOSFET DRIVERS 
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Inverting Driver 
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INPUT 
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Figure 1. Switching Time Test Circuit 
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TC1426 
TC1427 
TC1428 

1.2A DUAL HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• LowCost 
• Latch-Up Protected: Will Withstand 500 rnA Reverse 

Output Current 
• ESD Protected .................................................. :±2 kV 
• High Peak Output Current ........................ 1.2A Peak 
• High Capacitive Load Drive 

Capability ........................................ 1000 pF in 38 ns 
• Wide Operating Range ........................... 4.5V to 16V 
• Low Delay Time ........................................ 75 ns Max 
• Logic Input Threshold Independent of 

Supply Voltage 
• Output Voltage Swing to Within 25 mV of 

Ground or VDD 

• Low Output Impedance ........................................ 8Q 

APPLICATIONS 
• Power MOSFET Drivers 
• Switched Mode Power Supplies 
• Pulse Transformer Drive 
• Small Motor Controls 
• Print Head Drive 

FUNCTIONAL BLOCK DIAGRAM 

V 
TC1426 INVERTING 

INPUT oJ 

TC1427 NONINVERTING 
TC14281NVERTINGINONINVERTING 

NONINVERTING INVERTING 

OUTPUT ~UT 

(TCI427) (TCI426) 

" NOTE: TC1428 has one inverting and one naninverting driver. 
GND Ground any unused driver input. 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NON~NVERTING 

NC = NO CONNECTION 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 
The TC1426/27 128 are a family of 1.2A dual high-speed 

drivers. They are ideal for high-volume OEM applications, 
with latch-up protection, ESD protection, and a proprietary 
molding compound for high reliability. CMOS fabrication is 
used for low power consumption and high efficiency. 

These devices are fabricated using an epitaxial layer to 
effectively short out the intrinsic parasitic transistor respon
sible for CMOS latch-Up. They incorporate a n umber of other 
design and process refinements to increase their long-term 3 
reliability. 

The TC1426 is compatible with the bipolar DS0026, but 
only draws 115 of the quiescent current. The TC1426/27/28 
are also compatible with the TC426/27/28, but with 1.2A 
peak output current rather than the 1.5A of the TC426/27/28 
devices. 

Other compatible drivers are the TC4426/27/28 and the 
TC4426A127 Al28A. The TC4426/27/28 have the added 
feature that the inputs can withstand negative voltage up to 
5V with diode protection circuits. The TC4426A127 Al28A 
have matched input to output leading edge and falling edge 
delays, tD1 and tD2, for processing short duration pulses in 
the 25 nanoseconds range. All of the above drivers are pin 
compatible. 

The high-input impedance TC1426/27/28 drivers are 
CMOSmL input-compatible, do not require the speed-up 
needed by the bipolar devices, and can be directly driven by 
most PWM ICs. 

This family of devices is available in inverting and non
inverting versions. Specifications have been optimized to 
achieve low-cost and high-performance devices, well-suited 
for the high-volume manufacturer. 

ORDERING INFORMATION 

Part No. Package Range 

TC1426COA 8-Pin SO ODC to +70DC 

TC1426CPA 8-Pin Plastic DIP ODC to +70DC 

TC1427COA 8-Pin SO ODC to +70DC 

TC1427CPA 8-Pin Plastic DIP ODC to +70DC 

TC1428COA 8-Pin SO ODC to +70DC 

TC1428CPA 8-Pin Plastic DIP ODC to +70DC 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 
TC1426 
TC1427 
TC1428 

ABSOLUTE MAXIMUM RATINGS (Notes 1,2 and 3) 

Power Dissipation 
Plastic DIP .............................................................. 1W 
SOIC ............................................................... 500mW 

Derating Factor 
Plastic DIP ..................................................... 8 mW/oC 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 
those indicated inthe operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

SOIC .............................................................. 4 mW/oC 
Supply Voltage ........................................................... 18V 
Input Voltage, Any Terminal ... (Voo + 0.3V) to (Gnd - 0.3V) 
Operating Temperature: C Version ............. O°C to +70°C 

: EVersion ......... - 40°C to +85°C 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature ............................ +65°C to +150°C 
Lead Temperature (10 sec) .................................. +300°C 

ELECTRICAL CHARACTERISTICS (TA = 25°C with 4.5V ~ Voo+ ~ 16V unless otherwise specified.) 

Symbol Parameter Test Conditions Min Unit 

Input 

VIH Logic 1, Input Voltage 3 - - V 

VIL Logic 0, Input Voltage - - 0.8 V 

liN Input Current OV ~ VIN ~Voo -1 - 1 ).IA 

Output 

VOH High Output Voltage Test Figures 1 and 2 Voo -0.025 - - V 

VOL Low Output Voltage Test Figures 1 and 2 - - 0.025 V 

Ro Output Resistance VIN = 0.8V - 12 18 Q 

lOUT = 10 mA, Voo = 16V 

VIN = 3V - 8 12 Q 

lOUT = 10 mA, Voo = 16V 

IpK Peak Output Current - 1.2 - A 

I Latch-Up Current Withstand Reverse Current >500 - - mA 

Switching Time (Note 1) 

tR Rise Time Test Figures 1 and 2 - 22 30 ns 

tF Fall Time Test Figures 1 and 2 - 22 30 ns 

t01 Delay Time Test Figures 1 and 2 - 18 30 ns 

t02 Delay Time Test Figures 1 and 2 - 36 50 ns 

Power Supply 

Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

Note: 1. Switching times guaranteed by design. 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS 

TC1426 
TC1427 
TC1428 

(Over operating temperature range with 4.5V::; voo+::; 16V unless otherwise specified.) 

Symbol I Parameter I Test Conditions I Min Typ Max Unit 

Input 

VIH Logic 1, Input Voltage 3 - - V 

VIL Logic 0, Input Voltage - - 0.8 V 

liN Input Current OV::; VIN ::; Voo -10 - 10 ~ 
Output 

VOH High Output Voltage Test Figures 1 and 2 Voo -0.025 - - V 

VOL Low Output Voltage Test Figures 1 and 2 - - 0.025 V 

Ro Output Resistance VIN = 0.8V - 15 23 Q 

lOUT = 10 mA, Voo = 16V 

VIN = 3V - 10 18 Q 

lOUT = 10 mA, Voo = 16V 

I Latch-Up Current Withstand Reverse Current >500 - - mA 

Switching Time 

tR Rise Time Test Figures 1 and 2 - 32 - ns 

tF Fall Time Test Figures 1 and 2 - 32 - ns 

t01 Delay Time Test Figures 1 and 2 - 25 - ns 

t02 Delay Time Test Figures 1 and 2 - 45 - ns 

Power Supply 

Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

SUPPLY BYPASSING 
Large currents are required to charge and discharge 

capacitive loads quickly. For example, charging a 1000-pF 
load to 16V in 25 ns requires an 0.8A current from the device 
power supply. 

To guarantee low supply impedance over a wide fre
quency range, a parallel capacitor combination is recom
mended for supply bypassing. Low-inductance ceramic 
MLC capacitors with short lead lengths «0.5-in.) should be 
used. A 1.0-/!F film capacitor in parallel with one or two 
0.1-J.LF ceramic MLC capacitors normally provides adequate 
bypassing. 

GROUNDING 
The TC1426 and TC1428 contain inverting drivers. 

Individual ground returns for the input and output circuits or 
a ground plane should be used. This will reduce negative 
feedback that causes degradation in switching speed char
acteristics. 

V TELCOM SEMICONDUCTOR, INC. 

INPUT STAGE 
The input voltage level changes the no-load or quies

cent supply current. The N-channel MOSFET input stage 
transistor drives a 2.5 mA current source load. With a logic 
"1" input, the maximum quiescent supply current is 9 mA. 
Logic "0" input level signals reduce quiescent current to 500 
~ maximum. Unused driver inputs must be connected 
to V DO or GND. Minimum power dissipation occurs for logic 
"0" inputs for the TC1426/27/28. 

The drivers are designed with 100 mV of hysteresis. 
This provides clean transitions and minimizes output stage 
current spiking when changing states. Input voltage thresh
olds are approximately 1.5V, making logic "1" input any 
voltage greater than 1.5V up to V 00. Input current is less than 
1 ~ over this range. 

The TC1426/27/28 may be directly driven by the TL494, 
SG1526/27, TC38C42, TC170 and similar switch-mode 
power supply integrated circuits. 
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TC1426 
TC1427 
TC1428 

Test Circuit 

INpUTo-+------I ~f----+---..-oOUTPUT 

+5V 

INPUT 

10% 
OV 

TC1426 
(112 TC1428) 

!CL=1000 PF 

VDD--~"""'''''' 

OUTPUT 

OV 

Figure 1. Inverting Driver Switching Time 

3-250 

1.2A DUAL HIGH-SPEED MOSFET DRIVERS 

Test Circuit Voo = 16V 

111F T WIMA T O.1I1F MLC 
'::' MKS-2 '::' 

INPUT 0--+----1 >---+---..--0 OUTPUT 

!CL=1000 PF 

TC1427 
(112 TC1428) 

+5V - - - - -_---"""'\1 
INPUT 

OV -...I.lI.-':..J[ 

VDD 

OUTPUT 
OV ____ -'I 

Figure 2. Non-Inverting Driver Switching Time 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTIC CURVES 

Rise Time vs Supply Voltage 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 

TC1426 
TC1427 
TC1428 

TYPICAL CHARACTERISTIC CURVES (Cont.) 
Low-State Output Resistance High-State Output Resistance Crossover Energy Loss 
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6A OPEN-DRAIN MOSFET DRIVER 
FEATURES 

• Independently-Programmable Rise and Fall Times 
• High Peak Output Current ................•.•....•.. 6A Peak 
• Low Output Impedance ......•..................... 2.5Q Typ 
• High Speed tA, tF ........... <30 ns with 1800 pF Load 
• Short Delay Times ..................................... 55ns Typ 
• Wide Operating Range ......................... 4.5V to 18V 

APPLICATIONS 

• Motor Controls 
• Self-Commutating MOSFET Bridge Driver 
• Driving Bipolar Transistors 
• Driver for Nonoverlapping Totem Poles 
• Reach-Up/Reach-Down Driver 

RUGGED 

• Tough CMOS Construction 
• Latch-Up Protected: Will Withstand >1.5 A 

Reverse Current (Either Polarity) into Output 
• Input Withstands Negative Swings Up to - 5V 
• ESD Protected .................................................... 4kV 

FUNCTIONAL BLOCK DIAGRAM 

1,8 
r---...,...-----------1"""O voo 

INPUTO=-.............. ..J TV 
T 

TC4401 -,-
-T-, 

INVERTING 

GND~4,~5.:~-~--------..J 
EFFECTIVE 

INPUT 
C=38pF 

PIN CONFIGURATIONS 

DIP sOle VDDO. VDD 
INPUT 2 7 PULL UP 

He 3 6 PULL DOWN 

GND 4 5 GND 

He = NO CONNECTION 

NOTE: 1. Duplicate pins must both be connected for proper 
operation. 
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TC4401 

GENERAL DESCRIPTION 

The TC4401 is a CMOS buffer-driver constructed with 
complementary MOS outputs, where the drains of the final 
output totem pole have been left disconnected so indi
vidual connections can be made to the pull-up and pull
down sections of the output. This allows the insertion of 
individual drain current-limiting resistors in the pull-up and 
pull-down sections of the output, thus allowing the user to 
define the rates of rise and fall desired for a capacitive load, 
or a reduced output swing if driving a resistive load, or to D 
limit base current when driving a bipolar transistor. Mini-
mum rise and fall times, with no resistors, will be less than 
30 ns for a 2500-pF load. There is no upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-on/fast-off operation is desired, the TC4401 is 
superior to the previously-used technique of adding a di
ode-resistor combination between the driver output and the 
MOSFET, because it allows accurate control of turn-ON, 
while maintaining fast turn-OFF and maximum noise im
munity for the device being driven. 

The TC4401 is built using TelCom Semiconductor's 
new Tough CMOS process and is capable of giving reliable 
service in the most demanding electrical environments: it 
will not latch under any conditions within its power and 
voltage ratings; it is not subject to damage when up to 5V of 
noise spiking of either polarity occurs on the ground pin; and 
it can accept, without damage or logic upset, up to 1.5 amp 
of reverse current (of either polarity) being forced back into 
the outputs. All terminals are fully protected against up to 2 
kV of electrostatic discharge. 

ORDERING INFORMATION 
Part No. Package Temperature Range 

TC4401CPA 8-Pin PDIP O°C to +70°C 
TC4401EPA 8-Pin PDIP - 40°C to +85°C 
TC4401COA 8-Pin SOIC O°C to +70°C 
TC4401EOA 8-Pin SOIC - 40°C to +85°C 
TC4401MJA 8-Pin CerDIP - 55°C to + 125°C 
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TC4401 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +22V 
Input Voltage ........................... Voo + 0.3V to GND - s.ov 
Input Current (VIN > Voo) ......................................... SOmA 
Power Dissipation, T A :S;2SoC 

PDIP ..................................................................... 1W 
SOIC .............................................................. SOOmW 
CerDIP ........................................................... 800mW 

Derating Factors (To Ambient) 
PDIP ............................................................ 8 mW/oC 
SOIC ............................................................ 4 mW/oC 
CerDIP ...................................................... 6.4 mW/oC 

Storage Temperature Range ................ - 6SoC to + 1S0°C 

6A OPEN-DRAIN MOSFET DRIVER 

Maximum Chip Temperature ................................ +1S0°C 
Operating Temperature Range 

C Version ............................................... O°C to +70°C 
I Version ............................................ - 2SoC to +8SoC 
EVersion .......................................... - 40°C to +8SoC 
M Version ........................................ - SsoC to + 12SoC 

Lead Temperature (Soldering, 10 sec) ................. +300°C 
Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: T A = +2SoC with 4.SV :s; Voo :s; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Unit 

Input 

VIH Logic 1 High Input Voltage 2.4 1.8 - V 

VIL Logic 0 Low Input Voltage - 1.3 0.8 V 

VIN (Max) Input Voltage Range -5 - Voo+ 0.3 V 

liN Input Current OV~VIN ~Voo -10 - 10 !IA 
Output 

VOH High Output Voltage See Figure 1 Voo-0.025 - - V 

VOL Low Output Voltage See Figure 1 - - 0.025 V 

Ro Output Resistance, High lOUT = 10 rnA, Voo = 18V - 2.1 2.8 n 
Ro Output Resistance, Low lOUT = 10 rnA, Voo = 18V - 1.5 2.5 n 
IpK Peak Output Current Voo = 18V - 6 - A 

IREV Latch-Up Protection Duty Cycle ~ 2% >1.5 - - A 
Withstand Reverse Current t ~ 300 I!s 

Switching Time (Note 1) 

tR Rise Time Figure 1, CL = 2500 pF - 25 35 ns 

tF Fall Time Figure 1, CL = 2500 pF - 25 35 ns 

t01 Delay Time Figure 1 - 55 75 ns 

t02 Delay Time Figure 1 - 55 75 ns 

Power Supply 

Is Power Supply Current VIN =3V - 0.45 1.5 rnA 
VIN =OV - 55 150 !IA 

Voo Operating Input Voltage 4.5 - 18 V 

NOTE: 1. Switching times guaranteed by design. 
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6A OPEN-DRAIN MOSFET DRIVER 

ELECTRICAL CHARACTERISTICS: 
Measured over operating temperature range with 4.5V:O; Voo:O; 18V, unless otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

Vil Logic 0 Low Input Voltage 

VIN (Max) Input Voltage Range 

hN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance, High 

Ro Output Resistance, Low 

SWitching Time (Note 1) 
tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

Voo Operating Input Voltage 

NOTE: 1. Switching times guaranteed by design. 

Voo = 18V 

8 

INPUT 

TC4401 

5 
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Test Conditions 

OV:,>VIN::;VS 

See Figure 1 

See Figure 1 

IOLrr = 10 mA, Voo = 18V 

lOUT = 10 mA, Voo = 18V 

Figure 1, Cl = 2500 pF 

Figure 1, Cl = 2500 pF 

Figure 1 

Figure 1 

VIN =3V 
VIN =OV 

~ 1\1F· 

+5V 

INPUT 

OUTPUT 
OV 

18V 

. OUTPUT 

OV 

Figure 1. Switching Time Test Circuit 

2.4 -
- -
-5 -
-10 -

Voo-0.025 -
- -
- 3 

- 2.3 

- 32 

- 34 

- 50 

- 65 

- 0.45 
- 60 

4.5 -

100 kHz SQUARE WAVE 
TRISE = TFALL '" 10ns 

TC4401 

Unit 

- V 

0.8 V 

Voo+ 0.3 V 

10 ~ 

- V 
0.025 V 

5 n 
5 n 

60 ns 

60 ns 

100 ns 

100 ns 

3 mA 
400 ~ 
18 V 
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6A OPEN-DRAIN MOSFET DRIVER 

TC4401 

TYPICAL CHARACTERISTICS CURVES 

Rise Time vs Supply Voltage 
120 

,....", I I I 
100 

80 
'iii' 
S 

60 w 
:!1 
i= 

40 

20 

~ I I I 
f"". 1 I 1 I 

t'--..CL= 10,000 pF 

......... 
i""-o.~ I I I 

i"""-o ...... C 1=4~00 1 F 
~ -L r 

r-r- CLI=2~00~F -r-
I I I 
I I I 0 5 7 9 11 13 15 

Voo{V) 

Rise Time vs Capacitive Load 
100 

80 

60 ~ I,; 
/ 1/ 

'iii' 40 S 
w 
:!1 
i= 

20 

Voo=5V ~ V , 
/. ~ 

VOO=10 V. 
Voo= 18V , 

Fall Time vs Supply Voltage Rise and Fall Times vs Temperature 
100 50 

80 

'iii' 60 
S 
w 

~ 40 

20 

o 

100 

80 

60 

20 

..... 
' .... 

...... .... -

5 7 

~ 
~CL= 10,000 pF 

"""'"" 
r-.... ...... C 1=4~00 1 F 

~ -L r 

9 11 
Voo{V) 

CL=2200pF 

13 15 

Fall Time vs Capacitive Load 

i..;" 
V 

/ "" 
-Vooir 

/ ~ ~"" 
~ ~ 

Voo=, ~0=18V 

40 

'iii' 30 
S 
w 

~ 20 

10 

o 

CL= 2200 pF 
Voo= 18V 

tFALL -~ 
A ,--~ 

",... -io""'" 

~ISE 

-60 -20 20 60 100 140 

65 

60 

!55 
w 

~ 50 
> 
~ 45 
Q 

40 

TA eC) 

Propagation Delay Time 
vs Supply Voltage 

\ 
\ I" t02 , 

"""" ~ 
....... 
~ 

10 10 35 
1000 10,000 1000 10,000 4 6 8 10 12 14 16 18 

50 

40 

! 
w 30 
:!1 
i= 
> ::5 20 
w 
Q 

10 

o 

CAPACITIVE LOAD (pF) 

Propagation Delay Time 
vs Temperature 

CL=2200 pF I,-~ I""'" 

Voo= 18V / i-"'" .... ~ 
.1 .....}'i""'" i..-" ~ -t02 

_7 -"""" 
,. 

-". tOl 

-60 -20 20 60 100 140 
TA eC) 

3-256 

CAPACITIVE LOAD (pF) SUPPLY VOLTAGE (V) 

Supply Current vs Capacitive Load Supply Current vs Frequency 
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6A OPEN-DRAIN MOSFET DRIVER 

TYPICAL CHARACTERISTICS CURVES (Cont.) 
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APPLICATION HINTS 

When used to drive bipolar transistors, the TC4401 
maintains the high speeds common to other TelCom drivers 
and allows insertion of a base current-limiting resistor, 
while providing a separate half-output for fast turn-OFF. By 
proper positioning of the resistor, either npn or pnp 
transistors can be driven. 

For driving many loads in low-power regimes, this 
driver, because it has very low quiescent current «150!lA) 
and minimizes shoot-through currents in the output stage, 
requires significantly less power than similar drivers, and 
can be helpful in meeting low-power budgets. 

V TELCOM SEMICONDUCTOR, INC. 

Voo (V) 

Because neither drain in an output is dependent on the 
other (though they do switch simultaneously), this device 
can also be used as an open-drain buffer/driver where both 
drains are available in one device, thus minimizing chip 
count. An unused open drain should be returned to the 
supply rail that its device source is connected to (pull-down 
to ground, pull-up to VDD), to prevent static damage. Alter
natively, in situations where timing resistors, or other means 
of limiting crossover currents are used, multiple TC4401 's 
may be paralleled for greater current-carrying capacity. 
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TC4401 

POWER-ON OSCILLATION 

It is extremely important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. 

TYPICAL APPLICATION 

PNP Transistor Drive 

VDD---~~~------' 
(4.5V-18V) 

I I 

I TC4401 I 

L]4 -/5-' 

VDD 

_ ~ _18_ 

6A OPEN-DRAIN MOSFET DRIVER 

NPN Transistor Drive 

VDD---4~-' 
(4.5V-18V) 

I 

I TC4401 I 1 __ - -' 

4 5 
GND--~~~----~ 

2: ....... g--1 .... 7_ PULL-UP OUTPUT 
-~JVv--=+-~ 16 .....,o-t-- PULL-DOWN OUTPUT 

I I 

I TC4401 I 

I Ti -r5- 1 

At turn-ON, RB limits the base current In the transistor. The output that does the tum-OFF does not require a limiting resistor. 
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TC4403 

1.5A HIGH-SPEED, FLOATING LOAD DRIVER 
FEATURES 

• Tough CMOS™ Construction 
• Low Quiescent Current ........................ 300 J.lA Max 
• Capacitive Inputs With 300 mV Hysteresis 
• Both Inputs Must Be Driven to Drive Load 
• Low Output Leakage 
• High Peak Current Capability 
• Fast Output Rise Time 
• Outputs Individually Testable 

APPLICATIONS 

• Isolated Load Drivers 
• Pulsers 
• Safety Interlocks 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC4403CPA 8-Pin PDIP O°C to 70°C 
TC4403EPA 8-Pin PDIP -40°C to +85°C 
TC4403MJA 8-Pin CerDIP -55°C to + 125°C 

PIN CONFIGURATION 

V 
TC44Q3 

(TOP VIEW) 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC4403 is a modified version of the TC4425 driver, 
intended to drive floating or isolated loads requiring high
current pulses. The load is intended to be connected be
tween the outputs without other reference to supply or 
ground. Then, only when both logic inputs and the VDD input 
are energized, is power supplied to the load. This construc
tion allows the implementation of a wide variety of redundant 
input controllers. 

The low OFF-state output leakage and independence of IJ 
the two half-circuits permit a wide variety of testing schemes 
to be utilized to assure functionality. The high peak current 
capability, short internal delays, and fast output rise and fall 
times ensure that sufficient power will be available to the 
load when it is needed. The TTL and CMOS compatible 
inputs allow operation from a wide variety of input devices. 
The ability to swing the inputs negative without affecting 
device performance allows negative biases to be placed on 
the inputs for greater safety. In addition, the capacitive 
nature of the inputs allows the use of series resistors on the 
inputs for extra noise suppression. 

The TC4403 is built using TelCom Semiconductor's 
new Tough CMOS process for outstanding ruggedness and 
reliability in harsh applications. Input voltage excursions 
above the supply voltage or below ground are clamped 
internally without damaging the device. The output stages 
are power MOSFETs with high-speed body diodes to pre
vent damage to the driver from inductive kickbacks. 
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TC4403 

1.SA HIGH-SPEED, 
FLOATING LOAD DRIVER 

ABSOLUTE MAXIMUM RATINGS Thermal Derating Curve 

Supply Voltage ......................................................... +22V 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP, RGJ-A ............................................... 150°CIW 
CerDIP, ROJ-c ................................................. 50°CIW 
PDIP, RGJ-A .................................................. 125°CIW 
PDIP, RGJ-c .................................................... 42°CIW 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
E Version ........................................... -40°C to +85°C 
M Version ......................................... -55°C to +125°C 
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Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. 
Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is 
not implied. Exposure to Absolute Maximum Rating Conditions for 
extended periods may affect device reliability. 

o 10 20 30 40 50 60 70 80 90 100110120 

Ambient Temperature ee) 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 4.5V a VDD a 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min I Typ Max Unit 

Input 

VIH Logic 1 High Input Voltage 2.4 - - V 

VIL Logic 0 Low Input Voltage - - 0.8 V 

liN Input Current -5VfJ VINfJ Voo -1000 ±10 +1000 nA 

Output 

VOH High Output Voltage Voo-O.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ros Sourcing Output Resistance lOUT = 10 mA, VOD = 18V - 2.8 5 n 
ROG Grounding Output Resistance lOUT = -10 mA, Voo = 18V - 3.5 5 n 
IpK Peak Output Current - 1.5 - A 

Switching Time (Note 1) 

tR Rise Time Figure 1, CL = 1800 pF - 23 35 ns 

tF Fall Time Figure 1, CL = 1800 pF - 25 35 ns 

t01 Delay Time Figure 1, CL = 1800 pF - 33 75 ns 

tD2 Delay Time Figure 1, CL = 1800 pF - 38 75 ns 

Power Supply 

Is Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

NOTE: 1. Switching times guaranteed by design. 
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1.SA HIGH-SPEED, 
FLOATING LOAD DRIVER 

ELECTRICAL CHARACTERISTICS: 
Measured over operating temperature range with 4.5V ~ Voo ~ 18V unless otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ros Sourcing Output 
Resistance 

RaG Grounding Output 
Resistance 

SWitching Time (Note 1) 

tR Rise Time 

tF Fall Time 

tOl Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times guaranteed by design. 

Test Conditions 

-5V ~ VIN ~ Voo 

VIN = 2.4V 
lOUT = 10 mA, Voo = 18V 

VIN =2.4V 
lOUT = -10 mA, Voo = 18V 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 
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Figure 1 Switching Time Test Circuits 
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TC4403 

TYPICAL CHARACTERISTICS CURVES 

3-262 
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1.SA HIGH-SPEED, 
FLOATING LOAD DRIVER 

TC4403 

TYPICAL CHARACTERISTICS CURVES (Cont.) TYPICAL APPLICATION 
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~~Telrom .. ... - --- - ~ - - -V Semiconductor, Inc. TC4404 
TC440S 

1.SA DUAL OPEN-DRAIN MOSFET DRIVERS 
FEATURES 

• Independently-Programmable Rise and Fall Times 
• Low Output Impedance ............................... 70. Typ 
• High Speed tR, tF ........... <30 ns with 1000 pF Load 
• Short Delay Times ..•...............•.............•.•..... < 30 ns 
• Wide Operating Range •..............•....•.... 4.5V to 18V 

APPLICATIONS 

• Motor Controls 
• Driving Bipolar Transistors 
• Driver for Nonoverlapping Totem Poles 
• Reach-Up/Reach-Down Driver 

RUGGED 

• Tough CMOS™ Construction 
• Latch-Up Protected: Will Withstand >500 mA 

Reverse Current (Either Polarity) 
• Input Withstands Negative Swings Up to -5V 

ORDERING INFORMATION 
Part No. Package Temperature Range 

TC4404CPA 8-Pin PDIP O°C to +70°C 
TC4404COA 8-Pin SOIC O°C to +70°C 
TC4405CPA 8-Pin PDIP O°C to +70°C 
TC4405COA 8-Pin SOIC O°C to +70°C 
TC4404EPA 8-Pin PDIP - 40°C to +85°C 
TC4404EOA 8-Pin SOIC - 40°C to +85°C 
TC4405EPA 8-Pin PDIP - 40°C to +85°C 
TC4405EOA 8-Pin SOIC - 40°C to +85°C 
TC4404MJA 8-Pin CerDIP - 55°C to + 125°C 
TC4405MJA 8-Pin CerDIP - 55°C to + 125°C 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC4404 and TC4405 are CMOS buffer-drivers 
constructed with complementary MOS outputs, where the 
drains of the totem-pole output have been left separated so 
that individual connections can be made to the pull-up and 
pull-down sections of the output. This allows the insertion 
of drain-current-limiting resistors in the pull-up and/or pull-
down sections, allowing the user to define the rates of rise 
and fall for a capacitive load; or a reduced output swing, if 
driving a resistive load, or to limit base current, when 3 
driving a bipolar transistor. Minimum rise and fall times, 
with no resistors, will be less than 30 ns for a 1000-pF load. 
There is no upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-ON/fast-OFF operation is desired, these de
vices are superior to the previously-used technique of add
ing a diode-resistor combination between the driver output 
and the MOSFET, because they allow accurate control of 
turn-ON, while maintaining fast turn-OFF and maximum 
noise immunity for an OFF device. 

When used to drive bipolar transistors, these drivers 
maintain the high speeds common to other TelCom driv
ers. They allow insertion of a base current-limiting resistor, 
while providing a separate half-output for fast turn-OFF. By 
proper positioning of the resistor, either npn or pnp transis
tors can be driven. 

For driving many loads in low-power regimes, these 
drivers, because they eliminate shoot-through currents in 
the output stage, require significantly less power at higher 
frequencies, and can be helpful in meeting low-power 
budgets. 
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TC4404 
TC440S 

Because neither drain in an output is dependent on 
the other, these devices can also be used as open-drain 
buffer/drivers where both drains are available in one device, 
thus minimizing chip count. Unused open drains should be 
returned to the supply rail that their device sources are 
connected to (pull-downs to ground, pull-ups to VOO), to 
prevent static damage. In addition, in situations where 
timing resistors or other means of limiting crossover currents 
are used, like drains may be paralleled for greater current 
carrying capacity. 

These devices are built using TelCom Semiconduc
tors' new Tough CMOS process and are capable of giving 
reliable service in the most demanding electrical environ
ments: they will not latch up under any conditions within 
their power and voltage ratings; they are not subject to 
damage when up to 5V of noise spiking of either polarity 
occurs on their ground pin; and they can accept, without 
damage or logic upset, up to 1/2 amp of reverse current (of 
either polarity) being forced back into their outputs. All 
terminals are fully protected against up to 2 kV of electro
static discharge. 

ELECTRICAL CHARACTERISTICS: 

1.SA DUAL OPEN-DRAIN 
MOSFET DRIVERS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +22V 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP ReJ-A ............................................... 150°CIW 
CerDIP ReJ-c ................................................. 55°CIW 
PDIP ReJ-A .................................................. 125°CIW 
PDIP ReJ-c .................................................... 45°CIW 
SOIC ReJ-A .................................................. 155°CIW 
SOIC ReJ-c .................................................... 45°CIW 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to + 125°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

Specifications measured at T A = +25°C with 4.5V :::; VOD :::; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ I Max Unit 

Input 
VIH Logic 1 High Input Voltage 2.4 - - V 

VIL Logic 0 Low Input Voltage - - 0.8 V 

hN Input Current - 5V:::; VIN:::; Voo -1 - 1 IJA 
Output 
VOH High Output Voltage Voo-0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance lour= 10 mA,Voo = 18V; Any Drain - 7 10 Q 

IpK Peak Output Current (Any Drain) Duty cycle <2%, t :os; 300~ec - 1.5 - A 

loc Continuous Output Current (Any Drain) - - 100 mA 

IR LatCh-Up Protection (Any Drain) Duty cycle <2%, t :os; 300~ec >500 - - mA 
Withstand Reverse Current 

Switching Time (Note 1) 
tR Rise Time Figure 1, CL = 1000 pF - 25 30 ns 

tF Fall Time Figure 1, CL = 1000 pF - 25 30 ns 

t01 Delay Time Figure 1, CL = 1000 pF - 15 30 ns 

t02 Delay Time Figure 1, CL = 1000 pF - 32 50 ns 

Power Supply 
Is Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

NOTE: 1. Switching times guaranteed by deSign. 
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1.SA DUAL OPEN-DRAIN 
MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS: Specifications measured over operating temperature range 
with 4.5V ::; VDD ::; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ 

Input 
VIH Logic 1 High Input Voltage 2.4 -
VIL Logic 0 Low Input Voltage - -

liN Input Current - 5V::; VIN::; VDO -10 -
Output 
VOH High Output Voltage VOD-0.025 -

TC4404 
TC440S 

Max I Unit 

- V 
0.8 V 

10 IJA 

- V 

VOL Low Output Voltage - - 0.025 V 
Ro Output Resistance lOUT = 10 mA, Voo = 18V; Any Drain - 9 12 n 
IpK Peak Output Current (Any Drain) Duty cycle <2%, t ::; 300~sec - 1.5 - A 

loc Continuous Output Current (Any Drain) - - 100 mA 

IR Latch-Up Protection (Any Drain) Duty cycle <2%, t ::; 300~ec >500 - - mA 
Withstand Reverse Current 

Switching Time (Note 1) 
tR Rise Time Figure 1, CL = 1000 pF - - 40 ns 

tF Fall Time Figure 1, CL = 1000 pF - - 40 ns 

t01 Delay Time Figure 1, CL = 1000 pF - - 40 ns 

t02 Delay Time Figure 1, CL = 1000 pF - - 60 ns 

Power Supply 
IS Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

NOTE 1. Switching times guaranteed by design. 

POWER-ON OSCILLATION 

It is extremely important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. 

PIN CONFIGURATIONS 

DIP SOIC 

VOO 1 • 

V 
TC4404 

VOO 1 • 

V 
TC4405 TC4405 
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TC4404 
TC440S 
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Figure 1 Switching Time Test Circuit 
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1.SA DUAL OPEN-DRAIN 
MOSFET DRIVERS 

TC4404 
TC440S 

TYPICAL CHARACTERISTICS CURVES 
Rise Time vs. Supply Voltage Fall Time vs. Supply Voltage Rise Time vs. Capacitive Load 
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TC4404 
TC440S 

TYPICAL CHARACTERISTICS CURVES (Cont.) 

1.SA DUAL OPEN-DRAIN 
MOSFET DRIVERS 
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TC4406 
TC4407 

3A DUAL OPEN-DRAIN MOSFET DRIVERS 
FEATURES 

• Independently-Programmable Rise and Fall Times 
• Low Output Impedance ............................ 3.50 Typ 
• High Speed tR, tF .... <30 ns with 1800 pF Load Typ 
• Short Delay Times .................................... 35 ns Typ 
• Wide Operating Range ......•.................. 4.5V to 18V 

APPLICATIONS 

• Motor Controls 
• Driving Bipolar Transistors 
• Driver for Nonoverlapping Totem Poles 
• Reach-UplReach-Down Driver 

RUGGED 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand >500 mA 

Reverse Current (Either Polarity) 
• Input Withstands Negative Swings Up to -5V 

ORDERING INFORMATION 
Part No. Package Temperature Range 

TC4406CPA 8-Pin PDIP O°C to +70°C 
TC4406EPA 8-Pin PDIP - 40°C to + 85°C 
TC4406EOE 16-Pin SO Wide - 40°C to + 85°C 
TC4406MJA 8-Pin CerDIP - 55°C to + 125°C 
TC4406COE 16-Pin SO Wide O°C to +70°C 
TC4407CPA 8-Pin PDIP O°C to +70°C 
TC4407EPA 8-Pin PDIP - 40°C to + 85°C 
TC4407EOE 16-Pin SO Wide - 40°C to + 85°C 
TC4407MJA 8-Pin CerDIP - 55°C to + 125°C 
TC4407COE 16-Pin SO Wide O°C to +70°C 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC4406 and TC4407 are CMOS buffer-drivers 
constructed with complementary MOS outputs, where the 
drains of the totem-pole output have been left separated so 
that individual connections can be made to the pull-up and 
pull-down sections of the output. This allows the insertion 
of drain current-limiting resistors in the pull-up and/or pull
down sections, allowing the user to define the rates of rise 
and fall for a capacitive load; or a reduced output swing, if 
driving a resistive load, or to limit base current, when m 
driving a bipolar transistor. Minimum rise and fall times, 
with no resistors, will be less than 30 ns for a 1800-pF load. 
There is no upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-ON/fast-OFF operation is desired, these de
vices are superior to the previously-used technique of add
ing a diode-resistor combination between the driver output 
and the MOSFET, because they allow accurate control of 
turn-ON, while maintaining fast turn-OFF and maximum 
noise immunity for the device being driven. 

When used to drive bipolar transistors, these drivers 
maintain the high speeds common to other TelCom drivers. 
They allow insertion of a base current-limiting resistor, 
while providing a separate half·output for fast turn-OFF. By 
proper positioning of the resistor, either npn or pnp 
transistors can be driven. 

For driving many loads in low-power regimes, these 
drivers, because they have very low quiescent current 
«250 IJA) and minimize shoot·through currents in the out
put stage, require significantly less power than similar driv
ers, and can be helpful in meeting low-power budgets. 

r---~~------------------------------~_1~~D 

INPUT 
2(3) 

---

GND 
4 

EFFECTIVE 
INPUT 

C =20pF 
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INVERTING 

30omJ)v_--<h~~ PULL UP 

i r-~~ PULL DOWN 

v 
TC4407 

NONINVERTING 

A (B) 
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TC4406 
TC4407 

Because neither drain in an output is dependent on the 
other (though they do switch simultaneously), these devices 
can also be used as open-drain buffer/drivers where both 
drains are available in one device, thus minimizing chip 
count. Unused open drains should be returned to the supply 
rail that their device sources are connected to (pull-downs to 
ground, pull-ups to VDD), to prevent static damage. Alterna
tively, in situations where timing resistors or other means of 
limiting crossover currents are used, like drains rnay be 
paralleled for greater current-carrying capacity. 

The TC4406 and TC4407 are built using TelCom Semi
conductor' new Tough CMOS process and are capable of 
giving reliable service in the most demanding electrical 
environments: they will not latch up under any conditions 
within their power and voltage ratings; they are not subject 
to damage when up to 5V of noise spiking of either polarity 
occurs on their ground pin; and they can accept, without 
damage or logic upset, up to 1/2 amp of reverse current (of 
either polarity) being forced back into their outputs. All 
terminals are fully protected against up to 2 kV of electro
static discharge. 

ELECTRICAL CHARACTERISTICS: 

3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +22V 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP RSJ-A ............................................... 150°C/W 
CerDIP RSJ-c ................................................. 55°C/W 
PDIP RSJ-A .................................................. 125°C/W 
PDIP RSJ-c .................................................... 45°C/W 
SOIC RSJ-A .................................................. 155°C/W 
SOIC RSJ-c .................................................... 45°C/W 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to +125°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

unless otherwise specified, specifications measured at T A = +25°C with 4.5V ::::; VDD ::::; 18V. 

Symbol Parameter Test Conditions Unit 

Input 
VIH Logic 1 High Input Voltage 2.4 - - V 

VIL Logic 0 Low Input Voltage - - 0.8 V 

liN Input Current - 5V ::::; VIN ::::; Voo -1 - 1 IlA 

Output 
VOH High Output Voltage Voo-0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance, Pull Up lOUT = 10 mA, VOD = 18V - 2.8 5 Q 

Ro Output Resistance, Pull Down lOUT = 10 mA, Voo = 18V - 3.5 5 Q 

IpK Peak Output Current (Any Drain) Duty cycle <2%, t ::::; 300llsec - 3 - A 

loc Continuous Output Current (Any Drain) - - 150 mA 

IR Latch-Up Protection (Any Drain) Duty cycle <2%, t ::::; 300llsec > 500 - - mA 
Withstand Reverse Current 

Switching Time (Note 1) 

tR Rise Time Figure 1, CL = 1800 pF - 23 35 ns 

tF Fall Time Figure 1, CL = 1800 pF - 25 35 ns 

tOl Delay Time Figure 1, CL = 1800 pF - 33 75 ns 

t02 Delay Time Figure 1, CL = 1800 pF - 38 75 ns 

Power Supply 
Is Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 
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3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS: 

TC4406 
TC4407 

Specifications measured over operating temperature range with 4.5V:-;; VDD:-;; 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 
VIH Logic 1 High Input Voltage 2.4 - - V 

VIL Logic 0 Low Input Voltage - - 0.8 V 

liN Input Current -5V 5: VIN 5: Voo -10 - 10 J.IA 
Output 

VOH High Output Voltage Voo-0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance, Pull Up lOUT = 10 rnA, Voo = 18V - 3.7 8 n 
Ro Output Resistance, Pull Down lOUT = 10 mA, Voo = 18V - 4.3 8 n 
IpK Peak Output Current (Any Drain) Duty cycle <2%, t 5: 3OOl!sec - 3 - A 

IDe Continuous Output Current (Any Drain) - - 150 mA 

IR Latch-Up Protection (Any Drain) Duty cycle <2%, t 5: 3OOl!sec >500 - - mA 
Withstand Reverse Current 

Switching Time (Note 1) 
tR Rise Time Figure 1, CL = 1800 pF - - 60 ns 

tF Fall Time Figure 1, CL = 1800 pF - - 60 ns 

t01 Delay Time Figure 1, CL = 1800 pF - - 100 ns 

t02 Delay Time Figure 1, CL = 1800 pF - - 100 ns 

Power Supply 
Is Power Supply Current VIN = 3V (Both Inputs) mA 

VIN = OV (Both Inputs) mA 

NOTE: 1. Switching times guaranteed by design. 

TelCom Semiconductor reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. TelCom Semiconductor assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 

PIN CONFIGURATIONS 

S-Pin DIP 

NC 

NC 

AUP 

A DOWN 

BUP 

SDOWN 

S-Pln DIP 

NC 

Ne 

AUP 

A DOWN 

.UP 

~ ~ 

NOTE 1 NC = NO CONNECTION 

NOTE: 1. Duplicate pins must both be connected for proper operation. 
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TC4406 
TC4407 

POWER-ON OSCILLATION 

It is extremely Important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. 

INPUT 

VDD=18V 
ov 

1600 

1400 

1200 

l1000 

I 800 
II. 

111 600 
:E 

400 

200 

0 

3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 

Thermal Derating Curve 

• '. ., 
'"" • 

'~, 
~.i: .... 

,", ........ "" '~ 

'a 

" '" -8, -

I 
_LLLLLL 
'. 8PDIP 

'-. 8 SOIC 

,,'", 8 CerDip 

o 10 20 30 40 50 60 70 80 90 100110120 
Ambient Temperature (OC) 

18V--....",,,,,,,,L 

INPUTo=2,3+----1I-:>c:...--I-:::~-o 

INPUT: 100 kHz, square wave, 
tRISE = tFALL S; 10 ns 

OUTPUT 

INPUT 

OV 

18V 

OUTPUT 

INVERTING DRIVER 

OV---J! 

NONINVERTING DRIVER 

Figure 1 Switching Time Test Circuit 
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3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES 
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TC4406 
TC4407 

TYPICAL CHARACTERISTICS CURVES (Cont.) 

3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 

Quiescent Current 
vs. Temperature 

Output Resistance (Pull Up) 
vs. Supply Voltage 

Output Resistance (Pull Down) 
VS. Supply Voltage 
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TYPICAL APPLICATIONS 

Zero Crossover-Current Totem-Pole Switch 

VDD------~------------~ 
(4.5V-18V) d 

----I 
FROM TTL 

J-oVOUT 

'9 
GND------.---------------~ 

Reach-Up and Reach-Down Driving 

+12V----------_..-__ +12V 

+5V ------..... ----1-~-- +5V 

FROM TTL { 

GND ------.... ----1f-.--- GND 

-12V----------~~~~ -12V 
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VDD 

Driving Bipolar Transistors 
VDD-----.--------------~ 

(4.5V-18V) 

GND-----.----------~ 

High-Side Switch 

VDD ------, 
(4.5V-18V) 

~ 
(TTL) 

NOTE: Unused drains should be connected to 
their respective supplies. 
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6A HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• Tough CMOSTM Construction 
• Latch-Up Protected: Will Withstand >1.5A 

Reverse Output Current 
• Logic Input Will Withstand Negative Swing Up 

t05V 
• ESD Protected .................................................... 4 kV 
• Matched Rise and Fall Times ........................• 25 ns 
• High Peak Output Current ..•.•.......•.......•..... 6A Peak 
• Wide Operating Range ......................... 4.5V to 18V 
• High Capacitive Load Drive .....•...•........•. 10,000 pF 
• Short Delay Time ...•..................•.•............. 55 ns Typ 
• Logic High Input, Any Voltage .....•....... 2.4V to Voo 
• Low Supply Current With Logic "1" Input .. 450 ~ 
• Low Output Impedance .................................... 2.5Q 
• Output Voltage Swing to Within 25 mV of Ground 

orVoo 

APPLICATIONS 

• Switch-Mode Power Supplies 
• Motor Controls 
• Pulse Transformer Driver 
• Class D Switching Amplifiers 

FUNCTIONAL BLOCK DIAGRAM 
,-_---------_-oYDD 

V 

INPUT 0--_ ........ "'" 
• .!. • . ,. 

TC4429 

.r1>t, "-- r}-o~ 
i r~ 

V 
Te442D 

GND~4_4_-~---------~ 
EFFECTIVE 

INPUT 
C=38pF 

PIN CONFIGURATIONS 

CAT DIP 

Ne , 

7 OUTPUT ~ IN:~~:· 
Tab is GND 
Connected --,'------~ 

SOIC 

VDDOa VDD 
INPUT 2 7 OUTPUT 

Ne 3 6 OUTPUT 

GND 4 6 GND 

to VOO 
... C D D ... NOTE: Duplicate pins must both be connected for proper operation. 

i~~~~ 
o 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

TC4420 
TC4429 

The TC4420/4429 Tough CMOSTM drivers are efficient 
and easy to use. These devices are 6A (peak) single output 
MOSFET drivers. 

The TC4420/4429 will drive even the largest MOSFETs. 
These devices are tough due to extra steps taken to 

protect them from failures. An epitaxial layer is used to 
prevent CMOS latch-up. Proprietary circuits allow the input 
to swing negative as much as 5V without damaging the 3 
part. Special circuits have been added to protect against 
damage from electrostatic discharge. A special molding 
compound is used for increased moisture resistance and 
ability to withstand high voltages. 

Because these devices are fabricated in CMOS, they 
run cool, use less power and are easier to drive. The rail-to
rail swing capability of CMOS better insures adequate gate 
voltage to the MOSFET during power up/down sequencing. 

The Tough CMOSTM drivers are easy to use. Three or 
more discrete components can be replaced with a single 
device to save PCB area. Any logic input from 2.4V to VOD 
can be used without external speed-up capacitors or resistor 
networks. 

This family is available in inverting (TC4429) and 
noninverting (TC4420) configurations. The TC4429 is pin 
compatible with the popular TC429. 

ORDERING INFORMATION 

Temperature 
Part No. Logic Package Range 

TC4420CPA Noninverting 8·Pin PDIP O°C to +70°C 

TC4420EPA Noninverting 8·Pin PDIP -40°C to +85°C 

TC4420COA Noninverting 8-Pin SOIC O°C to +70°C 

TC4420EOA Noninverting 8·Pin SOIC -40°C to +85°C 

TC4420lJA Noninverting 8-Pin CerDIP -25°C to +85°C 

TC4420MJA Noninverting 8-Pin CerDIP -55°C to +125°C 

TC4420CAT Noninverting 5·Pin TO-220 O°C to +70°C 

TC4429CPA Inverting 8-Pin PDIP O°C to +70°C 

TC4429EPA Inverting 8·Pin PDIP -40°C to +85°C 

TC4429COA Inverting 8·Pin SOIC O°C to +70°C 

TC4429EOA Inverting 8-Pin SOIC -40°C to +85°C 

TC44291JA Inverting 8-Pin CerDIP -25°C to +85°C 

TC4429MJA Inverting 8·Pin CerDIP -55°C to + 125°C 

TC4429CAT Inverting 5·Pin TO·220 O°C to +70°C 
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TC4420 
TC4429 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage ................................................ - 5V to >Voo 
Input Current (VIN > Voo) ........................................ 50 rnA 
Power Dissipation, T A ~ 25°C 

PDIP ..................................................................... 1W 
SOIC ............................................................. 500mW 
CerDIP .......................................................... 800 mW 
5-Pin TO-220 ..................................................... 1.5W 

Power Dissipation, T c ~ 25°C 
5-Pin TO-220 ................................................... 12.5W 

Derating Factors (To Ambient) 
PDIP ............................................................ 8 mW/oC 
SOIC ............................................................ 4 mWrC 
CerDIP ...................................................... 6.4 mWrC 
5-Pin TO-220 ............................................. 12 mWrC 

Thermal Impedances (To Case) 
5-Pin TO-220 ReJ-A ...................................................... 10°CIW 

6A HIGH-SPEED MOSFET DRIVERS 

Storage Temperature Range ................ - 65°C to + 150°C 
Operating Temperature (Chip) ............................. +150°C 
Operating Temperature Range (Ambient) 

C Version ............................................... O°C to +70°C 
I Version ............................................ - 25°C to +85°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to +125°C 

Lead Temperature (Soldering, 10 sec) ................. +300°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 4.5V ~ Voo ~ 18V, unless otherwise specified. 

Symbol Parameter Test Conditions Min I Typ I Max I Unit 

Input 

VIH Logic 1 High Input Voltage 2.4 1.8 - V 

VIL Logic 0 Low Input Voltage - 1.3 0.8 V 

VIN (Max) Input Voltage Range -5 - Voo+0.3 V 

liN Input Current OV~VIN ::;Voo -10 - 10 !!A 
Output 

VOH High Output Voltage See Figure 1 Voo-0.025 - - V 

VOL Low Output Voltage See Figure 1 - - 0.025 V 

Ro Output Resistance. High lOUT = 10 rnA, Voo = 18V - 2.1 2.8 n 
Ro Output Resistance, Low lOUT = 10 rnA, Voo = 18V - 1.5 2.5 n 
IpK Peak Output Current Voo = 18V (See Figure 5) - 6 - A 

IREV Latch-Up Protection Duty Cycle::; 2% 1.5 - - A 
Withstand Reverse Current t::; 300 lIS 

SWltchmg Time (Note 1) 

tR Rise Time Figure 1, CL = 2500 pF - 25 35 ns 

tF Fall Time Figure 1. CL = 2500 pF - 25 35 ns 

t01 Delay Time Figure 1 - 55 75 ns 

t02 Delay Time Figure 1 - 55 75 ns 

Power Supply 
Is Power Supply Current VIN =3V - 0.45 1.5 rnA 

VIN =OV - 55 150 !!A 
Voo Operating Input Voltage 4.5 - 18 V 
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6A HIGH-SPEED MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS: 
Measured over operating temperature range with 4.SV ::; Voo::; 18V, unless otherwise specified. 

TC4420 
TC4429 

Symbol Parameter Test Conditions Min I Typ I Max I Unit 

Input 
VIH Logic 1 High Input Voltage 2.4 -

VIL Logic 0 Low Input Voltage - -
VIN (Max) Input Voltage Range -5 -
liN Input Current OV S VIN S Vs -10 -

Output 
VOH High Output Voltage See Figure 1 Voo-0.025 -
VOL Low Output Voltage See Figure 1 - -
Ro Output Resistance, High lOUT = 10 mA, Voo = 18V - 3 

Ro Output Resistance, Low lOUT = 10 mA, Voo = 18V - 2.3 

Switching Time (Note 1) 
tR Rise Time Figure 1, CL = 2500 pF - 32 

tF Fall Time Figure 1, CL = 2500 pF - 34 

t01 Delay Time Figure 1 - 50 

t02 Delay Time Figure 1 - 65 

Power Supply 
Is Power Supply Current VIN = 3V - 0.45 

VIN = OV - 60 

Voo Operating Input Voltage 4.5 -

NOTE: 1. Switching times guaranteed by design. 

Voo = 18V 

INPUT 
0.1 ~F 

OV 

INPUT o-f...!2+----1 ~I---.--+=--t_..._o OUTPUT +18V --='"" 

"'<f!!'v"'iiF TELCOM SEMICONDUCTOR, INC. 

OUTPUT 

OV 

INPUT: 100 kHz, square wave, 
tRISE = tFAll ,; IOnS 

Figure 1. Switching Time Test Circuit 

- V 

0.8 V 

Voo+ 0.3 V 

10 ~A 

- V 

0.025 V 

5 Q 

5 Q 

60 ns 

60 ns 

100 ns 

100 ns 

3 mA 
400 ~ 
18 V 
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6A HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES 
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6A HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES (Cont.) 
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• The values on this graph represent 
the loss seen by the driver during 
one complete cycle. For a single 
transition, divide the value by 2. 
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V Semiconductor, Inc. 

9A HIGH-SPEED MOSFET DRIVERS 

FEATURES 
• Tough CMOS'· Construction 
• High Peak Output Current •.••....•......... 9A 
• High Continuous Output Current ........ 2A Max 
• Fast Rise and Fall Times: 

- 30 ns with 4,700 pF Load 
-180 ns with 47,000 pF Load 

• Short Internal Delays ...•...•...•.... 30 ns Typ 
• Low Output Impedance ............•.. 1.4Q Typ 

APPLICATIONS 
• Line Drivers for Extra-Heavily-Loaded Lines 
• Pulse Generators 
• Driving the Largest MOSFETs and IGBTs 
• Local Power ON/OFF Switch 
• Motor and Solenoid Driver 

FUNCTIONAL BLOCK DIAGRAM 

r---.---------~o-£]VDD 

~omV~~} .IT OUTPlIT 

i i 
INPlIT 0-----+, -+--'r-I 

... 4.7V 

NONINVERTING 

V 
TC4421ITC4422 

InveriingINoninverting -r 
GNDo---+~~~--------~ 

EFFECTIVE 
INPUTC 

25 pF 

PIN CONFIGURATIONS 

CAT 

o 

I-C eCI
:::>z>e z :::> 
~CJ CJI!: 
- :::> o 

Tab is 
Common 
toVDD 

DIP 

VDDOSVDD 
INPUT 2 7 OUTPUT 

NC 3 6 OUTPUT 

GND 4 5 GND 

NOTE: Duplicate pins must both be connected 
for proper operation. 
NC : No connection 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

TC4421 
TC4422 

The TC4421/4422 are large buffer/drivers built using 
TelCom Semiconductor' proprietary Tough CMOS process. 
They can drive the largest MOSFETs and IGBTs now 
produced (including parallel-chip modules) at speeds up to 
the MHz region with fast rise and fall times and short 
delays. 

They are essentially immune to any form of upset 
except direct overvoltage or over-dissipation - they can-I] 
not be latched under any conditions within their power and 
voltage ratings; they are not subject to damage or improper 
operation when up to 5V of ground bounce is present on 
their ground terminals; they can accept, without either 
damage or logic upset, more than 1A inductive current of 
either polarity being forced back into their outputs. In addi-
tion, all terminals are fully protected against up to 4 kV of 
electrostatic discharge. 

The TC4421/4422 inputs may be driven directly from 
either TTL or CMOS (3V to 18V). In addition, 300 mV of 
hysteresis is built into the input, providing noise immunity 
and allowing the device to be driven from slowly rising or 
falling waveforms . 

ORDERING INFORMATION 

Part No. Package Temperature Range 

TC4421 CPA 8-Pin PDIP O°C to +70°C 
TC4421 EPA 8-Pin PDIP - 40°C to +85°C 
TC4421MJA 8-Pin CerDIP - 55°C to +125°C 
TC4421 CAT 5-Pin TO-220 O°C to +70°C 
TC4422CPA 8-Pin PDIP O°C to +70° 
TC4422EPA 8-Pin PDIP - 40°C to +85°C 
TC4422MJA 8-Pin CerDIP - 55°C to +125°C 
TC4422CAT 5-Pin TO-220 O°C to +70°C 
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TC4421 
TC4422 

ABSOLUTE MAXIMUM RATINGS 
Power Dissipation, TA ~ 25°C 

9A HIGH-SPEED MOSFET DRIVERS 

Thermal Impedance (To Case) 
5-Pin TO-220 ReJ_A .................................... 10°C/W 

PDIP ................................... 1W Storage Temperature ............. - 65°C to +150°C 

CerDIP ............................. 800 mW Operating Temperature (Chip) ............... 150°C 

5-Pin TO-220 .......................... 1.5W Operating Temperature (Ambient) 

Power Dissipation, T c ~ 25°C C Version ....................... O°C to +70°C 

5-Pin TO-220 ......................... 12.5W EVersion .................... - 40°C to +85°C 

Derating Factors (To Ambient) M Version ................... - 55°C to + 125°C 

PDIP .............................. 8 mW/oC Lead Temperature (10 sec) ................. 300°C 

CerDIP ........................... 6.4 mW/oC Supply Voltage ............................. 20V 

5-Pin TO-220 ...................... 12 mW/oC Input Voltage . . . . . . . . . . . .. (V DD + 0.3V) to (GND - 5V) 
Input Current (V'N > V DD) .................... 50 mA 

Slatic-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings' may cause perma
nent damage to the device. These are stress ratings only and functional 

operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS (TA = 25°C with 4.5V ~ VDD~ 18V unless otherwise specified.) 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 

V'H Logic 1 Input Voltage 2.4 1.8 - V 

V'L Logic 0 Input Voltage - 1.3 0.8 V 

I'N Input Current OV ~V'N ~VDD -10 - 10 ~ 

Output 

VOH High Output Voltage See Figure 1 VDD -0.025 - - V 

VOL Low Output Voltage See Figure 1 - - 0.025 V 

Ro Output Resistance, High VDD = 18V, 10 = 10 mA - 1.4 - Q 

Ro Output Resistance, Low VDD = 18V, 10 = 10 mA - 0.9 1.7 Q 

IpK Peak Output Current VDD = 18V - 9 - A 

IDC Continuous Output Current 10V ~ VDD~ 18V, Tc= 25° 2 A 
(TC4421/22 CAT only) 

IREV Latch-Up Protection Duty Cycle ~ 2% >1500 - - mA 
Withstand Reverse Current t ~ 300 IJS 

Switching Time (Note 1) 

tR Rise Time Figure 1, CL = 10,000 pF - 60 75 ns 

tF Fall Time Figure 1, CL = 10,000 pF - 60 75 ns 

tD1 Delay Time Figure 1 - 30 60 ns 

tD2 Delay Time Figure 1 - 33 60 ns 

Power Supply 

Is Power Supply Current V'N = 3V - 0.2 1.5 mA 

V'N = OV - 55 150 ~ 
VDD Operating Input Voltage 4.5 - 18 V 
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9A HIGH-SPEED MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS 
(Measured over operating temperature range with 4.5V S; VsS; 1BV unless otherwise specified.) 

Symbol Parameter Test Conditions Min Typ 

Input 

V,H Logic 1 Input Voltage 

V,L Logic 0 Input Voltage 

liN Input Current 

Output 

VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance, High 

Ro Output Resistance, Low 

Switching Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 

Is Power Supply Current 

Voo Operating Input Voltage 

NOTE: 1. Switching times guaranteed by design. 

Voo= 18V 

O.lIJF 

INPUT 0-t-=2+----I 

TC4421 

OV S; Y'N S; Voo 

See Figure 1 

See Figure 1 

Voo = 1BV, 10 = 10 mA 

Voo = 1BV, 10 = 10 mA 

Figure 1, CL = 10,000 pF 

Figure 1, CL = 10,000 pF 

Figure 1 

Figure 1 

Y'N = 3V 

Y'N = OV 

~ O.lIJF 

+5V 

INPUT 

OV 

2.4 

-
-10 

Voo -0.025 

-

-
-

-

-
-
-

-
-

4.5 

+18V --~~ 

OUTPUT 

~ CL= 10,000 pF 
OV 

-

-
-

-

-

2.4 

1.B 

60 

60 

50 

65 

0.45 

0.06 

-

TC4421 
TC4422 

Max Unit 

- V 

O.B V 

10 IJA 

- V 

0.025 V 

3.6 Q 

2.7 Q 

120 ns 

120 ns 

BO ns 

BO ns 

3 mA 

0.2 mA 

1B V 

INPUT: 100 kHz, square wave, 

t RISE = tFAl'- :;; 1 0 nS 

Figure 1. Switching Time Test Circuit 
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TC4421 
TC4422 

TYPICAL CHARACTERISTIC CURVES 
Rise Time vs Supply Voltage 
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9A HIGH-SPEED MOSFET DRIVERS 
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9A HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTIC CURVES (Cant.) 
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TC4421 
TC4422 

TYPICAL CHARACTERISTIC CURVES (Cont.) 
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T Semiconductor, Inc. 

TC4423 
TC4424 
TC4425 

3A DUAL HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• High Peak Output Current ................................... 3A 
• Wide Operating Range ......................... 4.5V to 18V 
• High Capacitive Load 

Drive Capability ............................. 1800 pF in 25 ns 
• Short Delay Times .................................. <40 ns Typ 
• Matched RiseJFall Times 
• Low Supply Current 

- With Logic "1" Input ................................. 3.5 mA 
- With Logic "0" Input ................................. 350 IlA 

• Low Output Impedance ............................ 3.5Q Typ 
• Latch-Up Protected: Will Withstand 1.5A Reverse 

Current 
• Logic Input Will Withstand Negative Swing Up 

t05V 
• ESD Protected ................................................... 4 kV 
• Pinouts Same as TC1426127128j TC4426127/28 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC4423COE 16-Pin SO Wide QOCto +7QoC 

TC4423CPA 8-Pin Plastic DIP QoCto +7QoC 

TC4423MJA 8-Pin CerDIP - 55°C to +125°C 

TC4423EOE 16-Pin SO Wide - 4QoC to +85°C 

TC4423EPA 8-Pin Plastic DIP - 4QoC to +85°C 

TC4424COE 16-Pin SO Wide QOC to +7QoC 

TC4424CPA 8-Pin Plastic DIP QoCto +7QoC 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC4423/4424/4425 are CMOS buffer/drivers built 
using TelCom Semiconductors' new Tough CMOS process. 
They are higher output current versions of the new TC44261 
4427/4428 buffer/drivers, which, in turn, are improved ver
sions of the earlier TC426/427/428 series. All three families 
are pin-compatible. The TC4423/442414425 drivers are 
capable of giving reliable service in far more demanding 
electrical environments than their antecedents. 3 

Although primarily intended fordriving power MOSFETs, 
the TC4423/4424/4425 drivers are equally well-suited to 
driving any other load (capacitive, resistive, or inductive) 
which requires a low impedance driver capable of high peak 
currents and fast switching times. For example, heavily 
loaded clock lines, coaxial cables, or piezoelectric transduc
ers can all be driven from the TC4423/442414425. The only 
known limitation on loading is the total power dissipated in 
the driver must be kept within the maximum power dissipa
tion limits of the package. 

Temperature 
Part No. Package Range 

TC4424MJA 8-Pin CerDIP - 55°C to +125°C 

TC4424EOE 16-Pin SO Wide - 4QoC to +85°C 

TC4424EPA 8-Pin Plastic DIP - 4QoC to +85°C 

TC4425COE 16-Pin SO Wide QOC to +7QoC 

TC4425CPA 8-Pin Plastic DIP QOC to +7QoC 

TC4425MJA 8-Pin CerDIP - 55°C to + 125°C 

TC4425EOE 16-Pin SO Wide - 4QoC to +85°C 

TC4425EPA 8-Pin Plastic DIP - 4QoC to +85°C 

.-~------------------------~~VDD 
INVERTING 

INPUT 0-<_"""""" 
-.
, , 

4.7V 

.ri>t.~rro~"' 
i r~ 

NONINVERTING 

V 
TC4423 DUAL INVERTING 
TC4424 DUAL NONINVERTING 
TC4425 ONE INV., ONE NONINV. 

GNDo-~~--~~----------------------~ 
EFFECTIVE 

INPUT C = 20 pF 
(EACH INPUT) 

~ TELCOM SEMICONDUCTOR, INC. 

NOTES: 
1. TC4425 has one Inverting and one non inverting driver. 
2. Ground any unused driver input. 
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TC4423 
TC4424 
TC4425 

ABSOLUTE MAXIMUM RATINGS 

3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

Supply Voltage .. , ...................................................... +22V SOIC RSJ-c ..................................................... 75°C/W 
Input Voltage, IN A or IN B ..... Voo + 0.3V to GND - 5.0V Operating Temperature Range 

Maximum Chip Temperature ................................ +150°C C Version ............................................... O°C to +70°C 

Storage Temperature Range ................ - 65°C to + 150°C I Version ............................................ - 25°C to +B5°C 

Lead Temperature (Soldering, 10 sec) ................. +300°C EVersion .......................................... - 40°C to +B5°C 
Package Thermal Resistance M Version ........................................ - 55°C to + 125°C 

CerDIP ReJ-A ................................................ 150°C/W Power Dissipation 
CerDIP ReJ-c .................................................. 55°C/W Plastic DIP .................................................. 1000 mW 
PDIP RSJ-A ................................................... 125°C/W CerDIP .......................................................... BOO mW 

PDIP ReJ-c ..................................................... 45°C/W SOIC ............................................................. BOOmW 

SOIC ReJ-A ................................................... 155°C/W 

PIN CONFIGURATIONS 

4423 4424 4425 

t t t 
NC NC NC NC 

INA OUT A OUT A OUT A 
B-Pln DIP 4423 4424 4425 

t t t 
NC OUTA OUTA OUTA NC NC 

GND VDD VDD VDD OUT A 

GND VDD VDD VDD 6 VDD VDD VDD 

NC OUTB OUTB OUTB 5 OUTB OUTB OUTB 

IN B OUTB OUTB OUTB 

NC NC NC NC 

NC = NO CONNECTION 
NOTE: Duplicate pins must both be connected for proper operation. 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 4.5V ~ Voo ~ 1BV, unless otherwise specified. 

Symbol Parameter 

Input 

VOH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 

VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance, High 

Ro Output Resistance, Low 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

SWitching Time (Note 1) 
tR Rise Tirne 

tF Fall Time 

t01 Delay Tirne 

t02 Delay Tirne 

Power Supply 

Is Power Supply Current 

3-290 

Test Conditions 

OV ~VIN ~Voo 

lOUT = 10 rnA, Voo = 18V 

lOUT = 10 rnA, Voo = 18V 

Duty Cycle ~ 2% 
t ~ 300 Ils 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 

Min 

2.4 

-
-1 

Voo-0.025 

-
-

-
-
1.5 

-
-

-
-

I Typ I Max I Unit 

- -
- 0.8 

- 1 

- -
- 0.025 

2.8 5 

3.5 5 

3 -
- -

23 35 

25 35 

33 75 

38 75 

V 

V 

ItA 

V 

V 

Q 

Q 

A 

A 

ns 

ns 

ns 

ns 

rnA 
rnA 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS: 

TC4423 
TC4424 
TC4425 

Over operating temperature range with 4.5V:<; V oo :<; 18V, unless otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance, High 

Ro Output Resistance, Low 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

SWitching Time (Note 1) 
tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times guaranteed by design. 

Test Circuit 

INPUT 0--1----1 

INPUT: 100 kHz, 
square wave, 
tRISE = tFALL 

S; 10 ns 

+5V 

INPUT 

OV 
10% 

V TC4423 
(112 TC4425) 

16V ----::":::::""'L 

OUTPUT 

OV 

90% 

Figure 1 Inverting Driver Switching Time 

V TELCOM SEMICONDUCTOR, INC. 

Test Conditions Min I Typ Max Unit 

OV :<;VIN ::;Voo 

lOUT = 10 mA, Voo = 18V 

lOUT = 10 mA, Voo = 18V 

Duty Cycle::; 2% 
t::;300~ 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

Figure 1, CL = 1800 pF 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 

Test Circuit 

2.4 

-
-10 

Voo-0.025 

-
-
-

-
1.5 

-
-
-
-

INPUT 0-+---1 

INPUT: 100 kHz, 
square wave, 
tRISE = tFALL 

s; 10 ns 

+5V 

INPUT 

OV _.;.10%;;.;.;..,J[ 

16V 

OUTPUT 

OV 

V TC4424 
(112 TC4425) 

- -
- 0.8 

- 10 

- -
- 0.025 

3.7 8 

4.3 8 

3 -
- -

28 60 

32 60 

32 100 

38 100 

Figure 2 Noninverting Driver Switching Time 

V 

V 

!IA 

V 

V 

Q 

Q 

A 

A 

ns 

ns 

ns 

ns 

mA 
mA 
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TC4423 
TC4424 
TC4425 

TYPICAL CHARACTERISTICS CURVES 
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Rise and Fall Times vs Temperature 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

Fall Time vs Supply Voltage 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES (Cant.) 

Propagation Delay Time vs Supply Voltage 
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TC4423 
TC4424 
TC4425 

Delay Time vs Temperature 
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TC4423 
TC4424 
TC4425 

3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

SUPPLY CURRENT CHARACTERISTICS (Load on Single Output Only) 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 

Thermal Derating Curve 
1600 

1400 ". I 

1200 
-8PDIP 
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TC4423 Crossover Energy 

~ i--"" 

V 
, 
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VIN 

TC4423 
TC4424 
TC4425 

NOTE: The values on this graph 
represent the loss seen by both drivers in 
a package during one complete cycle. For 
a single driver, divide the stated values by 
2. For a single transition of a single driver, 
divide the stated value by 4. 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings (See page 2) may.cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure 
to Absolute Maximum Rating Conditions for extended periods may affect device reliability. 
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'7 Semiconductor, Inc. 

TC4426 
TC4427 
TC4428 

1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• High Peak Output Current ................................ 1.5A 
• Wide Operating Range .......................•. 4.5V to 18V 
• High Capacitive Load 

Drive Capability ............................. 1000 pF in 25 ns 
• Short Delay Time .................................... <40 ns Typ 
• Consistent Delay Times With Changes in 

Supply Voltage 
• Low Supply Current 

- With Logic "1" Input .................................... 4 mA 
- With Logic "0" Input ................................. 400 Jl.A 

• Low Output Impedance ....................................... 70. 
• Latch-Up Protected: Will Withstand >0.5A 

Reverse Current .................................. Down to -5V 
• Input Will Withstand Negative Inputs 
• ESD Protected ................................................... 4 kV 
• Pinout Same as TC426ITC427ITC428 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC4426COA 8·Pin SOIC O°Cto +70°C 

TC4426EOA 8·Pin SOIC - 40°C to +85°C 

TC4426CPA 8·Pin Plastic DIP O°C to +70°C 

TC4426EPA 8·Pin Plastic DIP - 40°C to +85°C 

TC4426MJA 8-Pin CerDIP - 55°C to + 125°C 

FUNCTIONAL BLOCK DIAGRAM 

.--..... ---------_-0 VDD 

INPUT 0--< ....... ...--' 

INVERTING 

_., ~~TS __ 

IT - OUTPUT 
NONINVERTING :::::r-o 

OUTPUTS 

~ v'" 
TC44261TC4427ITC4428 

GNDO--<~~-~----------' 

EFFECTIVE INPUT 
C = 12 pF 

NOTES: 1.TC4426 has 2 inverting drivers; TC4427 has 2 noninverting drivers. 
2. TC4428 has one inverting and one noninverting driver. 
3. Ground any unused driver input. 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC4426/4427/4428 are CMOS buffer/drivers built 
using TelCom Semiconductors' new Tough CMOS process. 
They are improved versions of the earlier TC426/427/428 
family of buffer/drivers (with which they are pin compatible). 
They will not latch up under any conditions within their power 
and voltage ratings. They are not subject to damage when 
up to 5V of noise spiking (of either polarity) occurs on the m 
ground pin. They can accept, without damage or logic upset, 
up to 500 rnA of reverse current (of either polarity) being 
forced back into their outputs. All terminals are fully pro-
tected against up to 4 kV of electrostatic discharge. 

As MOSFET drivers, the TC4426/4427/4428 can easily 
switch 1000 pF gate capacitances in under 30 ns, and 
provide low enough impedances in both the ON and OFF 
states to ensure the MOSFET's intended state will not be 
affected, even by large transients. 

Other compatible drivers are the TC4426A127 Al28A. 
These drivers have matched input to output leading edge 
and falling edge delays, tD1 and tD2, for processing short 
duration pulses in the 25 nanoseconds range. They are pin 
compatible with the TC4426/27/28. 

Temperature 
Part No. Package Range 

TC4427COA 8-Pin SOIC O°C to +70°C 

TC4427EOA 8-Pin SOIC - 40°C to +85°C 

TC4427CPA 8-Pin Plastic DIP O°C to +70°C 

TC4427EPA 8-Pin Plastic DIP - 40°C to +85°C 

TC4427MJA 8-Pin CerDIP - 55°C to +125°C 

TC4428COA 8-Pin SOIC O°C to +70°C 

TC4428EOA 8-Pin SOIC - 40°C to +85°C 

TC4428CPA 8-Pin Plastic DIP O°C to +70°C 

TC4428EPA 8-Pin Plastic DIP - 40°C to +85°C 

TC4428MJA 8-Pin CerDIP - 55°C to + 125°C 
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1.5A DUAL HIGH-SPEED MOSFET DRIVERS 

TC4426 
TC4427 
TC4428 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +22V 
Input Voltage, IN A or IN B .... VDD + 0.3V to GND - 5.0V 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP ReJ-A ................................................ 150°CIW 
CerDIP ReJ-c .................................................. 50°CIW 
PDIP ReJ-A ................................................... 125°CIW 
PDIP ReJ-c ..................................................... 42°CIW 
SOIC ReJ-A ................................................... 155°CIW 
SOIC ReJ-c ..................................................... 45°CIW 

PIN CONFIGURATIONS 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to +125°C 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. 800mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

~ ~ 
INVER11NG 

NC = NO INTERNAL CONNEcnON 
NOTE: SOIC pinout is identical to DIP. 

NONINVERTING 
DIFFERENTIAL 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 4.5V :0; Voo:O; 18V, unless otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

SWitching Time (Note 1) 

tR Rise Tirne 

tF Fall Time 

tOl Delay Tirne 

tD2 Delay Tirne 

Power Supply 
Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 

3-298 

Test Conditions 

OV:O;VIN:O;VOO 

Voo = 18V, 10 = 10 rnA 
Duty Cycle :0; 2%, t :0; 300 ILs 

Duty Cycle :0; 2% 
t ~300 /LS 

Figure 1 

Figure 1 

Figure 1 

Figure 1 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 

Min Typ 

2.4 -

- -
-1 -

VDD-0.025 -
- -
- 7 
- 1.5 

>0.5 -

- 19 

- 19 

- 20 

- 40 

Max 

-
0.8 

1 

-
0.025 

10 

-
-

30 

30 

30 

50 

Unit 

V 

V 

~ 

V 

V 

n 
A 

A 

ns 

ns 

ns 

ns 

rnA 
rnA 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

ELECTRICAL CHARACTERISTICS 

TC4426 
TC4427 
TC4428 

Specifications measured over operating temperature range with 4.SV $; VDD $; 18V, unless otherwise specified. 

Symbol Parameter 

Input 
VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

SWltchmg Time (Note 1) 

tR Rise Time 

tF Fail Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 
Is Power Supply Current 

Test Conditions 

OV $VIN$VDO 

Voo = 18V, 10 = 10 mA 

Duty Cycle ~ 2%, t ~ 300 /-!s 

Duty Cycle$ 2% 
t $ 300 /-!S 

Figure 1 

Figure 1 

Figure 1 

Figure 1 

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) 

Min Typ 

2.4 -
- -
-1 -

Voo- 0.025 -
- -
- g 

- 1.5 

>0.5 -

- -
- -
- -
- -

Max 

-
0.8 

1 

-
0.025 

12 

-

-

40 

40 

40 

60 

Unit 

V 

V 

~ 

V 

V 

0 

A 

A 

ns 

ns 

ns 

ns 

mA 
mA 

NOTE: 1. Switching times are guaranteed by design. 

1600 

1400 

1200 

f 1000 

I 
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9i 4 
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10-94 

Thermal Derating Curve 
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Ambient Temperature (ee) 

Crossover Energy Loss 

./ 
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/" 
/ 

/ 
/ 

10 12 14 16 18 
vOO 

INPUT: 100 kHz, square wave, 
tRISE = 'FALL S IOns 

+5V 

INPUT 

OV 

VDD---==~ 

OUTPUT 

Inverting Driver 

INPUT 

OUTPUT 

OV ___ ~ 

Noninverling DriVer 

Figure 1. Switching Time Test Circuit 

NOTE: The values on this graph represent the loss seen by both drivers in a package during one 
complete cycle. For a single driver, divide the stated values by 2. For a single transition of a single 
driver, divide the stated value by 4. 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

TC4426 
TC4427 
TC4428 

TYPICAL CHARACTERISTICS CURVES 

. Rise Time vs Supply Voltage 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES (Cont.) 

Effect of Input Amplitude on Delay Time 
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TC4426 
TC4427 
TC4428 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

TC4426 
TC4427 
TC4428 

SUPPLY CURRENT CHARACTERISTICS CURVES (Load on Single Output Only) 
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TC4426A 
TC4427A 
TC4428A 

1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

FEATURES 

• High Peak Output Current ................................ 1.SA 
• Wide Operating Range ......................... 4.SV to 18V 
• High Capacitive Load 

Drive Capability ..................... 1000 pF in 2S ns Typ 
• Short Delay Time ..••.•.......•••......•.•••........•.. 30 ns Typ 
• Matched Rise, Fall and Delay Times 
• Low Supply Current 

- With Logic "1" Input ............................ 1 rnA Typ 
- With Logic "0" Input ......................... 100!lA Typ 

• Low Output Impedance ............................... 70. Typ 
• Latch-Up Protected: Will Withstand O.SA 

Reverse Current 
• Input Will Withstand Negative Inputs Up to SV 
• ESD Protected ................................................... 4 kV 
• Pinout Same as TC426ITC427ITC428 

FUNCTIONAL BLOCK DIAGRAM 

VDD 
INVERTING 
OUTPUTS 

2mA ~ 
-.,.~ 
.II - 3--0 OUTPUT 

NONINVERTING 

INPUT OUTPUTS , 
, 

V , ... .. ~. TC4426A1TC4427A1TC4428A 
GND 

EFFECTIVE INPUT 
c = 12 pF 

NOTES: 1. TC4426A has 2 inverting drivers; TC4427 A has 2 noninverting drivers. 
2. TC4428A has one inverting and one noninverting driver. 
3. Ground any unused driver input. 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC4426A14427A14428A are CMOS buffer/drivers 
built using TelCom Semiconductors' new Tough CMOSTM 
process. They are improved versions of the earlier TC426/ 
427/428 family of buffer/drivers (with which they are pin 
compatible). They will not latch up under any conditions 
within their power and voltage ratings. They are not subject 
to damage when up to 5V of noise spiking (of either polarity) 
occurs on the ground pin. They can accept, without damage 3 
or logic upset, up to 500 mA of reverse current (of either 
polarity) being forced back into their outputs. All terminals 
are fully protected against up to 4 kV of electrostatic dis
charge. 

As MOSFET drivers, the TC4426A14427 Al4428A can 
easily switch 1000 pF gate capacitances in under 30 ns, and 
provide low enough impedances in both the ON and OFF 
states to ensure the MOSFET's intended state will not be 
affected, even by large transients. 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC4426ACOA a·Pin SOIC O°C to +70°C 

TC4426AEOA a·Pin SOIC - 40°C to +85°C 

TC4426ACPA a-Pin Plastic DIP O°C to +70°C 

TC4426AEPA a-Pin Plastic DIP - 40°C to +85°C 

TC4426AMJA a-Pin CERDIP -55°C to +125°C 

TC4427ACOA 8-Pin SOIC O°C to +70°C 

TC4427AEOA 8-Pin SOIC - 40°C to +85°C 

TC4427ACPA 8-Pin Plastic DIP O°Cto +70°C 

TC4427AEPA 8-Pin Plastic DIP - 40°C to +85°C 

TC4427AMJA 8-Pin CERDIP -55°C to +125°C 

TC442aACOA a-Pin SOIC O°C to +70°C 

TC4428AEOA 8-Pin SOIC - 40°C to +85°C 

TC4428ACPA a-Pin Plastic DIP O°C to +70°C 

TC4428AEPA 8-Pin Plastic DIP - 40°C to +85°C 

TC442aAMJA 8-Pin CERDIP -55°C to + 125°C 

3-303 



1.5A DUAL HIGH-SPEED MOSFET DRIVERS 

TC4426A 
TC4427A 
TC4428A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +22V 
Input Voltage, IN A or IN B . (VDD + 0.3V) to (GND - 5.0V) 
Maximum Chip Temperature ................................ + 150°C 
Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP ROJ-A ................................................ 150°CIW 
CerDIP ReJ-c .................................................. 50°CIW 
PDIP ROJ-A ................................................... 125°CIW 
PDIP ReJ-c ..................................................... 42°CIW 
SOIC ReJ-A ................................................... 155°CIW 
SOIC ReJ-c ..................................................... 45°CIW 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 
EVersion .......................................... - 40°C to +85°C 
M Version ........................................ - 55°C to + 125°C 

Power Dissipation 
Plastic ......................................................... 1000 mW 
CerDIP .......................................................... 800 mW 
SOIC ............................................................. 800mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.5V $; VDD $; 18V, unless 
otherwise specified. 

Symbol Parameter 

Input 

VIH Logic 1 High Input Voltage 

VIL Logic 0 Low Input Voltage 

liN Input Current 

Output 

VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

IREV Latch-Up Protection 
Withstand Reverse Current 

Switching Time (Note 1) 

tR Rise Time 

tF Fall Time 

t01 Delay Time 

t02 Delay Time 

Power Supply 

Is Power Supply Current 

NOTE: 1. Switching times are guaranteed by design. 

3-304 

Test Conditions Min 

2.4 

-
-5V :<;; VIN :<;; VDD TA=25°C -1 

-40°C$;T A$;85°C -10 

DC Test VDD-0.025 

DC Test -
VDD = 18V, 10 = 10 mA TA=25°C -

O°C,.:;TAQO°C -
-40°C$;T A,.:;85°C -

VDD = 18V -
Duty Cycle :<;; 2% VOD= 18V 0.5 
t:<;; 300 f.Ls 

Figure 1 TA=25°C -
O°C$;T A":;70°C -
-40°C,.:;T A$;85°C -

Figure 1 TA=25°C -
O°C$;T A,.:;70°C -
-40°C$;T A,.:;85°C -

Figure 1 TA=25°C -
O°C$;T A,.:;70°C -
-40°C$;T A,.:;85°C -

Figure 1 TA=25°C -
O°C$;T AQO°C -
-40°C,.:;T A,.:;85°C -

VIN = 3V (Both Inputs) 
VIN = OV (Both Inputs) Voo = 18V 

Typ Max 

- -
- 0.8 

- 1 
- 10 

- -
- 0.025 

7 9 
7 10 
8 11 

1.5 -
- -

25 35 
27 40 
29 40 

25 35 
27 40 
29 40 

30 35 
33 40 
35 45 

30 35 
33 40 
35 45 

Unit 

V 

V 

!1A 
!1A 

V 

V 

n 
n 
n 
A 

A 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

mA 
mA 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

PIN CONFIGURATIONS 

~ ~ 
INVERTING NONINVER11NG 

NC = NO INTERNAL CONNEC11ON 
DIFFERENTIAL 

NOTE: sOle pinout is identical to DIP. 

+5V 

INPUT 

10% 
OV 

1600 

1400 

1200 

~ 1000 

j 800 

i 600 

400 

200 

TC4426A 
TC4427A 
TC4428A 

Thermal Derating Curve 

T]TFI' I I ! ! I IIIII1 
". I I I I I : I ~p 

" I ,"'"': 'l -+--8SOIC I 

:1:I:i:i::-l.!I"ll· L __ 
-"'-8CerDlp I 

I I 1+ .J·-I 
111

1
1 1+ 'I~ :- • • 

I' I I I Ij .. , . ". . 
II i 111 ~ 

:t t,ic: 

o 10 20 30 40 50 60 70 80 90 100 110 120 

Ambient Temperature (DC) 

VDD---~~L 

INPUT 0-:2=-+_--1 ~)--~ ..... -o OUTPUT 

't CL =1000 PF 

:xlt---I5 

3 

INPUT: 100 kHz, square wave, 
tRISE = tFALL"; 10ns 

OUTPUT 

OV 

+5V 

INPUT 

OV 
vDD 

OUTPUT 

OV 

Figure 1. Switching Time Test Circuit 

V TELCOM SEMICONDUCTOR, INC. 

Inverting Driver 

Noninverting Driver 
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TC4426A 
TC4427A 
TC4428A 

TYPICAL CHARACTERISTICS CURVES 
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1.SA DUAL HIGH-SPEED MOSFET DRIVERS 

TYPICAL CHARACTERISTICS CURVES (Cont.) 
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TC4432 

1.SA HIGH-SPEED 30V MOSFET DRIVERS 

FEATURES 

• High Peak Output Current ................................ 1.5A 
• Wide Operating Range .......•.................... 5V to 30V 
• High Capacitive Load 

Drive Capability ............................. 1000 pF in 25 ns 
• Short Delay Time ..................................... <78ns Typ 
• Low Supply Current 

- With Logic "1" Input .................................. 2.5mA 
- With Logic "0" Input .................................. 300~ 

• Low Output Impedance ....................................... 70. 
• Latch-Up Protected: Will Withstand >300mA 

Reverse Current 
• ESD Protected ................................................... 4 kV 

ORDERING INFORMATION 

Temperature 
Part No. Package Range 

TC4431COA 8·Pin SOIC O°C to +70°C 

TC4431EOA 8·Pin SOIC - 40°C to +85°C 

TC4431 CPA 8·Pin Plastic DIP O°C to +70°C 

TC4431 EPA 8·Pin Plastic DIP - 40°C to +85°C 

TC4431EJA 8·Pin CerDIP - 40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC4431/4432 are CMOS buffer/drivers built using 
TelCom Semiconductors' new Tough CMOSTM process. 
They are improved versions of the earlier TC4426/4427/ 
4428 family of buffer/drivers. They will not latch up under any 
conditions within their power and voltage ratings. They can 
accept, without damage or logic upset, up to 300mA of 
reverse current (of either polarity) being forced back into m 
their outputs. All terminals are fully protected against up to 
4 kV of electrostatic discharge. 

Under·voltage lockout circuitry forces the output to a 
"low" state when the input supply voltage drops below 7V. 
Maximum startup VDD bias voltage threshold is 10V. For 
operation at lower voltages, the LOCK DIS, Pin 3 can be 
grounded to disable the lockout and start-up circuit. The 
under-voltage lockout and start-up circuit gives brown out 
protection when driving MOSFETS. 

Temperature 
Part No. Package Range 

TC4432COA 8-Pin SOIC O°C to +70°C 

TC4432EOA 8·Pin SOIC - 40°C to +85°C 

TC4432CPA 8·Pin Plastic DIP O°C to +70°C 

TC4432EPA 8·Pin Plastic DIP - 40°C to +85°C 

TC4432EJA 8·Pin CerDIP - 40°C to +85°C 

3o--+--~r-----~----------~------------a 
LOCK DIS. ~~~ 

INPUT 0:---...... -1'-11....... 
250mV 

TC4431132 
InvertingINoninverting 

GNDo-~-+~~----~----------~------------------------~ 
4,5 

EFFECTIVE 
INPUT 

C = 10 pF 

V TELCOM SEMICONDUCTOR, INC. 

OUT 

OUT 
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1.SA HIGH-SPEED 30V MOSFET DRIVERS 

TC4431 
TC4432 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................... 36V 
Input Voltage (Note 1) ....................... VDD + 0.3V to GND 
Maximum Chip Temperature ................................ +150°C 
Storage Temperature Range ................ - 65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
Package Thermal Resistance 

CerDIP ReJ.A ................................................ 150°C/W 
CerDIP ReJ.c .................................................. 50°C/W 
PDIP ReJ-A ................................................... 125°C/W 
PDIP ReJ-c ..................................................... 42°C/W 
SOIC ReJ-A ................................................... 250°C/W 
SOIC ReJ-c ..................................................... 75°C/W 

Operating Temperature Range 
C Version ............................................... O°C to +70°C 

1600 

1200 

~ 1000 

I 800 

~ 600 

400 

200 

o 

Thermal Derating Curve 

• • 

.. 

EVersion .......................................... - 40°C to +85°C 
Power Dissipation 

Plastic ......................................................... 1000 mW 

o 10 20 30 40 50 60 70 80 90 100110120 

Ambient Temperature (OC) 

CerDIP .......................................................... 800 mW 
SOIC ............................................................. 500mW 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above those 
listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation of the device 
at these or any other conditions above those indicated in the operation sections of the specHications is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: T A = +25°C with 4.5V ~ VDD ~ 30V, unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input 

VIH Logic 1 High Input Voltage 2.4 - - V 

VIL Logic 0 Low Input Voltage - - 0.8 V 

liN Input Current (Note 1) OV :5:VIN :5:Voo (17V MAX) -1 - 1 j.iA 

Output 

VOH High Output Voltage lOUT = 100mA Voo-1.0 Voo- 0.8 - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance (VoLl Voo = 30V, 10 = 10mA - 7 10 n 
IpK Peak Output Current Source: Voo = 30V - 3.0 - A 

Sink: Voo = 30V - 1.5 - A 

IREV LatCh-Up Protection Duty Cycle :5: 2% 0.3 - - A 
Withstand Reverse Current t:5:300!J.S 

Switching Time (Note 2) 

tR Rise Time Figure 1 - 25 40 ns 

tF Fall Time Figure 1 - 33 50 ns 

t01 Delay Time Figure 1 - 62 80 ns 

t02 Delay Time Figure 1 - 78 90 ns 

NOTES: 1. For inputs >17V, add a 1k.Q resistor In senes With the Input. See graph on page 6 for Input current. 
2. Switching times are guaranteed by design. 
3. For operation below 7V, the LOCK DIS., Pin3 can be grounded to disable the lockout and start-up circuit. 
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1.SA HIGH-SPEED 30V MOSFET DRIVERS 

TC4431 
TC4432 

ELECTRICAL CHARACTERISTICS (Cont.): T A = +25°C with 4.5V S; VDD S; 30V, unless otherwise specified. 

Symbol Parameter Test Conditions Unit 

Power Supply 
Is Power Supply Current Y'N = 3V - 2.5 4 mA 

Y'N = OV - 0.3 0.4 mA 

Vs Start-up Threshold - 8.7 10 V 

VDO Drop-out Threshold (Note 3) 7 7.9 - V 

PIN CONFIGURATIONS 

LOCK DIS 3 LOCK DIS 3 OUT 

~: -4>C: 
INVERTING NONINVERTING 

NOTE: sOle pinout is identical to DIP. 

ELECTRICAL CHARACTERISTICS 
Specifications measured over operating temperature range with 4.5V S; VDD S; 30V, unless otherwise specified. 

Symbol Parameter Test Conditions Unit 

Input 
VIH Logic 1 High Input Voltage 2.4 - - V 

--
VIL Logic 0 Low Input Voltage - - 0.8 V 

.---

liN Input Current (Note 1) OVs; VIN S; Voo (17V MAX) -1 - 1 IlA 

Output 
VOH High Output Voltage lOUT = 100mA Voo-1.2 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance Voo = 30V, 10 = 10mA - - 12 Q 

SWltchmg Time (Note 2) 

tR Rise Time Figure 1 - - 60 ns 
-

tF Fall Time Figure 1 - - 70 ns 

t01 Delay Time Figure 1 - - 100 ns 

tD2 Delay Time Figure 1 - - 110 ns 

Power Supply 
IS Power Supply Current VIN = 3V - - 6 mA 

VIN = OV - - 0.7 mA 

Vs Start-up Threshold - - 10 V 

Voo Drop-out Threshold (Note 3) 7 - - V 
NOTES: 1. For Inputs> 17V, add a 1 kQ resistor In senes With the Input See graph on page 6 for Input current 

2. Switching times are guaranteed by design. 
3. For operation below 7V, the LOCK DIS., Pin3 can be grounded to disable the lockout and start-up circuit 

...,.~ TELCOM SEMICONDUCTOR, INC. 3-311 



TC4431 
TC4432 

VOO=30V 

INPUT 0-.::.2 +---1 OUTPUT 

Li5CKiiiS. 

6 '-t CL = 1000 pF 

3 

4,5 

INPUT: 100 kHz, square wave, 
tRISE = tFALL ~ IOns 

1.SA HIGH-SPEED 30V MOSFET DRIVERS 

+5V 

INPUT 

OV 

VOO---=~_ 

OUTPUT 

OV 

INPUT 

OV 

VOO 

OUTPUT 

10% 

OV -----'I 

Inverting Driver 

Noninverting Driver 

Figure 1. Switching Time Test Circuit 

CHARACTERISTIC CURVES 
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TC4467/8/9 

LOGIC-INPUT CMOS QUAD DRIVERS 

FEATURES 

• High Peak Output Current ................................ 1.2A 
• Wide Operating Range ............................ 4.5 to 18V 
• Symmetrical Rise and Fall Times .................. 25 ns 
• Short, Equal Delay Times ............................... 75 ns 
• Tough CMOS™ Construction 
• Latchproof! Withstands 500 rnA Inductive Kickback 
• 3 Input Logic Choices 

- AND/NAND/AND+lnv 
• 2 kV ESD Protection on All Pins 

APPLICATIONS 

• General-Purpose CMOS Logic Buffer 
• Driving All Four MOSFETs in an H-Bridge 
• Direct Small Motor Driver 
• Relay or Peripheral Drivers 
• CCD Driver 
• Pin-Switching Network Driver 

ORDERING INFORMATION 

Part No. Package Temp. Range 

TC446*CPD 14-Pin Plastic DIP 00 to +70°C _. __ .... _.--

TC446*COE 16-Pin Wide SOIC 0° to +70°C 
TC446*EJD 14·Pin CerDIP - 40° to +85°C 
TC446*MJD 14-Pin CerDIP - 55° to +125°C 

* A digit must be added in this position to define the device input 
configuration: TC446X - 7 NAND 

8 AND 
9 AND with INV 

LOGIC DIAGRAMS 

TC4467 voo TC4468 voo 

lA lA 
lY 

18 18 

3 
2A 2A 

4 2Y 
28 28 

3A 3A 
3Y 

36 38 

8 4A 4A 
9 4Y 

48 48 

GNO GNO 

..... ~ TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC446X family of four-output CMOS buffer/drivers 
are an expansion from our earlier single- and dual-output 
drivers. Each driver has been equipped with a two-input 
logic gate for added flexibility, 

The TC446X drivers can source up to 250 mA into loads 
referenced to ground. Heavily loaded clock lines, coaxial 
cables, and piezoelectric transducers can all be driven 
easily with the 446X series drivers, The only limitation on 
loading is that total power dissipation in the IC must be kept 3 
within the power dissipation limits of the package, 

The TC446X series drivers are built using TelCom 
Semiconductor's new Tough CMOSTM process. They will 
not latch under any conditions within their power and voltage 
ratings, They are not subject to damage when up to 5V of 
noise spiking (either polarity) occurs on the ground line. 
They can accept up to half an amp of inductive kickback 
current (either polarity) into their outputs without damage or 
logic upset. In addition, all terminals are protected against 
ESD to at least 2000V. Even the molding epoxy used on our 
plastic packages has been custom developed to contain 
less sodium and chlorine contamination than standard com
mercial molding compounds. In tests, it demonstrated zero 
device failures after 10,000 hours in an 85°C, 85% relative 
humidity environment. 

TC4469 TC446X 
voo 

lA J:t tV lY 
18 

rOUTPUT 2Y 
2A 

2Y 
28 

3A J~ 3Y 3Y 
38 

4Y 
4A 

4Y 
48 

GNO 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Input Voltage ......................... (GND - 5V) to (Voo + 0.3V) 
Maximum Chip Temperature 

Operating ........................................................ + 150°C 
Storage ............................................. - 65° to + 150°C 

Maximum Lead Temperature 
(Soldering, 10 sec) ......................................... +300°C 

Operating Ambient Temperature Range 
C Device .................................................. 0° to + 70°C 
E Device ............................................. - 40° to +S5°C 
M Device ........................................... - 55° to +125°C 

Power Dissipation 
JD Package (14-Pin CerDIP) ........................... 1.25W 
PD Package (14-Pin Plastic DIP) ....................... 1.5W 
OE Package (16-Pin Wide SOIC) ......................... 1W 

LOGIC-INPUT CMOS 
QUAD DRIVERS 

Package Thermal Resistance 
JD Package (14-Pin CerDIP) 

PD Package (14-Pin Plastic DIP) 

OE Package (16-Pin Wide SOIC) 

ReJ-A ............... 100°C/W 
ReJ-c .................. 23°C/W 
ReJ-A .................. SO°C/W 
ReJ-c .................. 35°C/W 
ReJ-A .................. 95°C/W 
ReJ-c .................. 2SoC/W 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Measured at T A = +25°C with 4.5V ~ Voo ~ 1SV, unless otherwise specified. 

Symbol Parameter Test Conditions Min I Typ I Max I Unit 

Input 
VIH Logic 1, High Input Voltage Note 3 2.4 Voo V 

VIL Logic 0, Low Input Voltage Note 3 0 0.8 V 

liN Input Current OV S;VIN S;Voo -1 1 !JA 
Output 
VOH High Output Voltage ILOAO = 100 IlA (Note 1) Voo -0.025 V 

VOL Low Output Voltage ILOAO = 10 rnA (Note 1) 0.15 V 

Ro Output Resistance lOUT = 10 rnA, Voo = 18V 10 15 n 
IpK Peak Output Current 1.2 A 

loc Continuous Output Current Single Output 300 rnA 
Total Package 500 rnA 

I Latch-Up Protection 4.5V S; Voo S; 16V 500 rnA 
Withstand Reverse Current 

SWitching Time 
tR Rise Time Figure 1 15 25 ns 

tF Fall Time Figure 1 15 25 ns 

t01 Delay Time Figure 1 40 75 ns 

t02 Delay Time Figure 1 40 75 ns 

Power Supply 
Is Power Supply Current rnA 

Voo Power Supply Voltage Note 2 V 

TRUTH TABLE 

Part No. TC4467 NAND TC4468 AND TC4469 AND/INV 

INPUTS A H H L L H H L L H H L L 
INPUTS B H L H L H L H L H L H L 

OUTPUTS TC446X L H H H H L L L L H L L 

H ~ High L ~ Low 
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LOGIC-INPUT CMOS 
QUAD DRIVERS 

ELECTRICAL CHARACTERISTICS: 

Symbol Parameter 

Input 
VIH Logic 1, High Input Voltage 

VIL Logic 0, Low Input Voltage 

liN Input Current 

Output 
VOH High Output Voltage 

VOL Low Output Voltage 

Ro Output Resistance 

IpK Peak Output Current 

I Latch-Up Protection 
Withstand Reverse Current 

SWltchmg Time 
tR Rise Time 

tF Fall Time 

tDl Delay Time 

tD2 Delay Time 

Power Supply 
IS Power Supply Current 

Is Power Supply Voltage 

TC4467/8/9 

Measured throughout operating temperature range with 4.5V ~ VDD ~ 18V, 
unless otherwise specified. 

Test Conditions Unit 

(Note 3) 2.4 V 

(Note 3) O.S V 

OV ~VIN ~ VDD -10 10 !lA 

ILOAD = 1 00 ~A (Note 1) VDD -0.025 V 

ILOAD = 10 mA (Note 1) 0.30 V 

lOUT = 10 mA, VDD = 1SV 20 30 Q 

1.2 A 

4.5V ~ VDD ~ 16V 500 mA 

Figure 1 50 ns 

Figure 1 50 ns 

Figure 1 100 ns 

Figure 1 100 ns 

mA 

Note 2 V 

NOTES: 1. Totem-pole outputs should not be paralleled because the propagation delay differences from one to the other could cause one driver to 
drive high a few nanoseconds before another. The resulting current spike, although short, may decrease the life of the device. 

1600 

1400 

2. When driving all four outputs simultaneously in the same direction, VDD shall be limited to 16V. This reduces the chance that internal 
dv/dt will cause high-power dissipation in the device. 

3. The input threshold has about 50 mV of hysteresis centered at approximately 1.5V. Slow moving inputs will force the device to 
dissipate high peak currents as the input transitions through this band. Input rise times should be kept below 5 ~s to avoid high internal 
peak currents during input transitions. Static input levels should also be maintained above the maximum or below the minimum input 
levels specified in the "Electrical Characteristics" to avoid increased power dissipation in the device. 

Thermal Derating Curve PIN CONFIGURATIONS 

1S-Pin Wide SO 
1200 

~1000 ". 

! SOO 

lA 

18 

2A 

2B 

Voo 

Voo 

1Y 

2Y 

14-Pin 
Dual-In-Line 

Package 

II. 

~ 600 
:; 

400 

200 

o o 10 20 30 40 50 60 70 SO 90 
Ambient Temperature (OC) 
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3A 3Y 

38 4Y 

GND 48 

GND 4A 
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Supply Bypassing 

Large currents are required to charge and discharge 
large capacitive loads quickly. For example, charging a 
1000 pF load to 18V in 25 ns requires 0.72A from the 
device's power supply. 

To guarantee low supply impedance over a wide fre
quency range, a 1 IJ-F film capacitor in parallel with one or two 
low-inductance 0.1 IJ-F ceramic disk capacitors with short 
lead lengths «0.5 in.) normally provide adequate bypass
ing. 

Grounding 

The TC4467 and TC4469 contain inverting drivers. 
Potential drops developed in common ground impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. Instead, indi
vidual ground returns for input and output circuits, or a 
ground plane, should be used. 

Input Stage 

The input voltage level changes the no-load or quies
cent supply current. The N-channel MOSFET input stage 
transistor drives a 2.5 mA current source load. With logic "0" 
outputs, maximum quiescent supply current is 4 mA. Logic 
"1" output level signals reduce quiescent current to 1.4 mA 
maximum. Unused driver inputs must be connected to Voo 
or Vss. Minimum power dissipation occurs for logic "1" 
outputs. 

The drivers are designed with 50 mV of hysteresis. This 
provides clean transitions and minimizes output stage cur
rent spiking when changing states. Input voltage thresholds 
are approximately 1.5V, making any voltage greater than 
1.5V up to Voo a logic 1 input. Input current is less than 1 IJ-A 
over this range. 

Power Dissipation 

The supply current versus frequency and supply current 
versus capacitive load characteristic curves will aid in deter
mining power dissipation calculations. TelCom Semicon
ductor's CMOS drivers have greatly reduced quiescent DC 
power consumption. 

Input signal duty cycle, power supply voltage and load 
type, influence package power dissipation. Given power 
dissipation and package thermal resistance, the maximum 
ambient operating temperature is easily calculated. The 14-
pin plastic package junction-to-ambient thermal resistance 
is 83.3e CIW. At +25e C, the package is rated at 1500 mW 
maximum dissipation. Maximum allowable chip tempera-

3·316 

ture is + 150°C. 

LOGIC-INPUT CMOS 
QUAD DRIVERS 

Three components make up total package power 
dissipation: 

(1) Load-caused dissipation (PL) 
(2) Quiescent power (Po) 
(3) Transition power (PT). 

A capacitive-load-caused dissipation (driving MOSFET 
gates), is a direct function offrequency, capacitive load, and 
supply voltage. The power dissipation is: 

where: f = Switching frequency 
C = Capacitive load 
Vs = Supply voltage. 

A resistive-load-caused dissipation for ground-refer
enced loads is a function of duty cycle, load current, and 
load voltage. The power dissipation is: 

where: D = Duty cycle 
Vs = Supply voltage 
VL = Load voltage 
IL = Load current. 

A resistive-load-caused dissipation for supply-refer
enced loads is a function of duty cycle, load current, and 
output voltage. The power dissipation is: 

where: f = Switching frequency 
Va = Device output voltage 
IL = Load current. 

Quiescent power dissipation depends on input signal 
duty cycle. Logic HIGH outputs result in a lower power 
dissipation mode, with only 0.6 mA total current drain (all 
devices driven). Logic LOW outputs raise the current to 4 mA 
maximum. The quiescent power dissipation is: 

Po = Vs (D(lH) + (1-D)IL), 

where: IH = Quiescent current with all outputs LOW 
(4 mAmax) 

IL = Quiescent current with all outputs HIGH 
(0.6 mA max) 

D = Duty cycle 
Vs =Supply voltage. 

V TELCOM SEMICONDUCTOR, INC. 



LOGIC-INPUT CMOS 
QUAD DRIVERS 

Transition power dissipation arises in the 
complementary configuration (TC446X) because the 
output stage N-channel and P-channel MaS transistors 
are ON simultaneously for a very short period when the 
output changes. The transition power dissipation is 
approximately: 

Package power dissipation is the sum of load, quies
cent and transition power dissipations. An example shows 
the relative magnitude for each term: 

C = 1000 pF capacitive load 
Vs = 15V 
D =50% 
f = 200 kHz 
PD = Package Power Dissipation = PL + Po + PT 

TC4467/8/9 

= 45 mW + 35 mW + 30 mW = 110 mW. 

Maximum operating temperature: 

where: TJ = Maximum allowable junction temperature 
(+150°C) 

9JA = Junction-to-ambient thermal resistance 
(83.3°C/W) 14-pin plastic package. 

NOTE: Ambient operating temperature should not exceed +85°C for 
"EJD" device or + 125°C for "MJD" device. 

+5V - - - - -.-----

~~:>-+.QVOUT 
470pF INPUT 

(A,B) 

OV 

VOO 

OUTPUT 

OV 

10% 

Input: 100 kHz, square wave, 
tRISE = tFALL ~ 10ns 

Figure 1 Switching Time Test Circuit 
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CHARACTERISTICS CURVES 

Rise Time vs Supply Voltage 
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LOGIC-INPUT CMOS 
QUAD DRIVERS 

Fall Time vs Supply Voltage 

22ooP~ 
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LOGIC-INPUT CMOS 
QUAD DRIVERS 

CHARACTERISTICS CURVES (Cant.) 
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TC4467/8/9 

Propagation Delay Times vs Temperature 

~50~~---+~~~-t __ ~~4---+---+-~ 

i= 

5 40~-4---+---+--~--~--4---+---+-~ 
w 
Q 

30~-4---+---+--~--~--4---+---+-~ 

2~0 -40 -20 o W ~ ~ ~ 100 1W 

3.5 

3.0 

<-§. 2.5 

t
ifj2.0 
U 
ffl1.5 
5 

_01.0 

0.5 

o 

TEMPERATURE ee) 

Quiescent Supply Current vs Temperature 

VOO= 17.5V 

-"'" V 
l,....- t-"" 

,. OUTPUTS LOW 

OUTPUTS HIGH -
-60 -40 -20 0 20 40 60 80 100 120 

35 

30 

25 

~20 
z o 
(jj'15 
Q 

II: 10 

5 

o 
4 

"-
....... 

TJUNeTION ("e) 

Low-State Output Resistance 

'" ............. t-- TJ = +150oe 

............. r--
TJ = +25°e 

6 8 10 12 14 16 18 

VSUPPLY (V) 

3-319 



TC4467/8/9 

LOGIC-INPUT CMOS 
QUAD DRIVERS 

SUPPL V CURRENT CHARACTERISTICS (Load on Single Output Only) 

Supply Current vs Capacitive Load 
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LOGIC-INPUT CMOS 
QUAD DRIVERS 

TYPICAL APPLICATIONS 

Stepper Motor Drive 
+12V 

14 

TC4469 

Ao-_Hf-"'II-a 

Bo-_HHI--I 

Cl 
1 !IF 

01 
lN4744 

15V 
Rl 
3.3 
kO 
5W 

D2 

B+ 

Rl1 
C+ 

4.7kO 

A-

B-

C-

03 

Quad Driver for H-Bridge Motor Control 

+5VTO+15V 

DIRECTION 

IUl..JL 

48-Volt, 3-Phase Brushless Output Stage 
48V 

R3 
3.3 
kO 

1 lA 
2 lB 
3 2A 
4 2B 
5 3A 

6 3B 
8 4A 
9 4B 

04 

(FLOAT AT 33V) 

r-----:l:-t 1 A 
2 lB 

r--+-...,3,..2A 
4 2B 
5 3A 

6 3B 
8 4A 
9 4B 

Ul 

3Y 11 

'? .... 
4Y 10 Y 

TC4469 
GND 

7 

15V 

U2 

3Y 11 

"'..,"iii' 4Y 10 

TC4469 

MOTOR 

PHASE A 

MOTOR 

PHASEB 
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-;'"' Semiconductor, Inc. TC4626 

TC4627 

POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

FEATURES 

• Power driver with on Board Voltage Booster 
• Low IDD < 4 mA 
• Small Package - 8 Pin PDIP 
• Under-Voltage Circuitry 
• Fast Rise-Fall Time < 40 ns @ 1000pF 
• Below-Rail Input Protection 

APPLICATIONS 

• Raises 5V to drive higher-Vgs(ON) MOSFETs 
• Eliminates one system power supply 

PIN CONFIGURATIONS 

DIP 

FUNCTIONAL BLOCK DIAGRAM 

EXT !I - - -Cl+ 

Cl ""[ ___ Cl-

----C2 
EXT "!:.L.. 

C2 f 

Voo 

3 

V=2,VOO 

8 

NOTE: Pin numbers correspond to a-pin package 

V TELCOM SEMICONDUCTOR, INC. 

VOLTAGE 
BOOSTER 

GENERAL DESCRIPTION 

The TC4626/4627 are single CMOS high speed drivers 
with an on-board voltage boost circuit. These parts work with 
an input supply voltage from 4 to 6 volts. The internal voltage 
booster will produce a VBOOST potential up to 12 volts above 
VIN. This VBOOST is not regulated, so its voltage is dependent 
on the input VDD voltage and output drive loading require
ments. An internal undervoltage lockout circuit keeps the 
output in a low state when VBOOST drops below 7.8 volts. E:'I 
Output is enabled when VBOOST is above 11.3 volts. 1:1 
ORDERING INFORMATION 

Part No. Package 

TC4626MJA 8-Pin CerDIP 

TC4626EPA 8-Pin PDIP 

TC4626EOE 16-Pin SOIC (Wide) 

TC4626CPA 8-Pin PDIP 

TC4626COE 16-Pin SOIC (Wide) 

TC4627MJA 8-Pin CerDIP 

TC4627EPA 8-Pin PDIP 

TC4627EOE 16-Pin SOIC (Wide) 

TC4627CPA a-Pin PDIP 

TC4627COE 16-Pin SOIC (Wide) 

VBOOST (UNREGULATED 3 , Voo) 6 
~----.------------.--------~--~-, 

---r---' 
INVERTING 

4626 

EXT +1 

C3 ~ 
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TC4626 
TC4627 

ABSOLUTE MAXIMUM RATINGS 
Power Dissipation 

POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

Input Voltage, Any Terminal ...... V s + 0.3V to GND - 0.3V 
PDIP ................................................................ 500mW Operating Temperature: M Version ....... - 55°C to + 125°C 
CerDIP ............................................................. SOOmW EVersion ......... - 40°C to +S5°C 

Derating Factor C Version ............. O°C to +70°C 
PDIP ........................................ 5.6 mW/oC Above 36°C Maximum Chip Temperature ................................ +150°C 
CerDIP ........................................................ 6.0 mW/oC Storage Temperature ............................ - 65°C to +150°C 

Supply Voltage .......................................................... 6.2V Lead Temperature (10 sec) .................................. +300°C 

ELECTRICAL CHARACTERISTICS (T A = 25°C VDD = 5V Cl = C2 = C3 1 O~F unless otherwise specified.) 

Symbol Parameter Test Conditions I Min I Typ I Max Unit 

Driver Input 

VIH Logic 1, Input Voltage 2.4 - - V 

VIL Logic 0, Input Voltage - - 0.8 V 

hN Input Current OV ::; VIN ::; VORIVE -1 - 1 j.IA 

Driver Output 

VOH High Output Voltage VBOOST - 0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance, High lOUT = 10 rnA, Voo = 5V - 10 15 n 
Ro Output Resistance, Low lOUT = 10 rnA, Voo = 5V - 8 10 n 
IpK Peak Output Current - 1.5 - A 

SWitching Time 

tR Rise Time Test Figure 1,2 - 33 40 ns 

tF Fall Time Test Figure 1,2 - 27 35 ns 

t01 Delay Time Test Figure 1,2 - 35 45 ns 

t02 Delay Time Test Figure 1,2 - 45 55 ns 

FMAx Maximum Switching Frequency Test Figure 1 1.0 - - MHz 

Voo = 5V, VBOOST> 8.5V 

Voltage Booster 

R3 Voltage Tripier Output IL = 10 rnA, Voo = 5V - 300 400 n 
Source Resistance 

R2 Voltage Doubler Output - 120 200 n 
Source Resistance 

Fosc Oscillator Frequency 12 - 28 kHz 

Vosc Oscillator Amplitude RLOAO= 10kn 4.5 - 10 V 
Measured at C1-

UV Undervoltage Threshold 7.0 7.8 8.5 V 
@ VBOOST 

VSTART Start Up Voltage 10.5 11.3 12 V 
@ VBOOST 

VBOOST @Voo=5V No Load 14.6 - - V 

Power Supply 

100 Power Supply Current VIN = LOW or HIGH rnA 

Voo Supply Voltage 4.0 V 
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

TC4626 
TC4627 

ELECTRICAL CHARACTERISTICS (T A = Over Operating Temperature Range VDD = 5V C1 = C2 = C3 10llF unless 

otherwise specified.) 

Symbol Parameter Test Conditions Min Unit 

Driver Input 

VIH Logic 1, Input Voltage 2.4 - - V 

VIL Logio 0, Input Voltage - - 0.8 V 

liN Input Current OV S VIN S VBOOST -10 - 10 /-lA 

Driver Output 

VOH High Output Voltage VDRIVE - 0.025 - - V 

VOL Low Output Voltage - - 0.025 V 

Ro Output Resistance, High lOUT = 10 mA, VDD = 5V 
C & EVersion (T A = 70°C or 85'C) - 15 20 Q 

M Version (T A = 125°C) - 15 25 Q 

Ro Output Resistance, Low lOUT = 10 mA, VDD = 5V 
C & EVersion (T A = 70°C or 85°C) - 10 13 Q 

M Version (T A = 125°C) - 10 15 Q 

IpK Peak Output Current - 1.5 - A 

Switching Time 

tR Rise Time Test Figure 1,2 - - 55 ns 

tF Fall Time Test Figure 1,2 - - 50 ns 

tD1 Delay Time Test Figure 1,2 - - 60 ns 

tD2 Delay Time Test Figure 1,2 - - 70 ns 

FMAX Maximum Switching Frequency Test Figure 1 750 - - kHz 

VDO = 5V, Vsoost > 8.5V 

Voltage Booster 

R3 Voltage Boost Output IL = 10 mA, Voo = 5V - 400 500 Q 
Source Resistance 

R2 Voltage Doubler Output - 170 300 Q 
Source Resistance 

Fosc Oscillator Frequency 5 - 50 kHz 

Vosc Oscillator Amplitude RLOAO= 10kQ 4.5 - 10 V 
Measured at C1-

UV Undervoltage Threshold 7.0 7.8 8.5 V 

@ VSOOST 

VSTART Start Up Voltage 10.5 11.3 12 V 

@ VSOOST 

VBOOST @Voo=5V No Load 14.6 - - V 

Power Supply 

IDD Power Supply Current VIN = LOW or HIGH mA 

VDO Supply Voltage 4.0 V 
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

TC4626 
TC4627 

SWITCHING TIME TEST CIRCUITS 

VBOOST 

0.1 "F 
~ Ceramic 

INPUT 
7 

~)---f-=-'>-O OUTPUT 

C1 2 C1+ 

10"F 
1 C1-

V 
3 C2 TC4626 8 

C2 VOO=5V 

10"F~ 

+5V 

INPUT' 

OV 

VBOOST------~~_ 

OUTPUT 

OV 

, 100kHz SQUARE WAVE, If = If < 10n5 

Figure 1. Inverting Driver Switching Time 
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VBOOST 

INPUT 
7 >---+"-.--0 OUTPUT 

C1 
2 

C1+ 
10 "F 

1 C1-

V 
3 C2 TC4627 8 

C2 Voo =5V 

101lF~ 

+5V - - - - -,-----""""\1 

INPUT* 

OV 10% 

VBOOST- --

OUTPUT 

OV ----oIf 
'100kHz SQUARE WAVE, If = If < 10n5 

Figure 2. Non-Inverting Driver Swilching Time 
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

BOOSTER FUNCTION 

The voltage booster is an unregulated voltage tripler 
circuit. The tripler consists of three sets of internal switches 
and three external capacitors. S1 a and S1 b charge capaci
tor C1 to Voo potential. S2a and S2b add C1 potential to Voo 
input to charge C2 to 2 x Voo. S3a and S3b add C1 potential 
to C2 to charge C3 to 3 x Voo. The position of the switches 
is controlled by the internal 4 phase clock. 

.0 

S3. 

2xVOD 

S2. S3' 

(4 To .V) o"-----1r----+--, 
VDD 

S2, 

1 r-I S1 • 

GND 

4 

Voltage Booster 
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Pin 1 & 2 Waveforms 
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

TC4626 
TC4627 

TYPICAL CHARACTERISTICS CURVES 
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER 

TYPICAL CHARACTERISTICS CURVES 
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V"V"Telrom .. - - --- - ~ - - -T Semiconductor, Inc. TC4803 
TC4804 

1.4A HIGH-SPEED OPTO-ISOLATED POWER MOSFET DRIVER 

FEATURES 

• Input to Output Isolation to 2.5kV RMS 
• Operating Range .................................... 10V to 18V 
• High Peak Output Current ......................... 1.4A Typ 
• Short Delay Time •...•.•..•.•...•..•.•.•.•......... <250 ns Typ 
• Fast Switching on Outputs ....•.•. T R, T F < 80ns Typ 

....................................................... with CL = 1000pF 
• Low Power BiCMOS Design 
• Undervoltage Lock-out with Hysteresis 
• Available in 8-pin DIP with SMT-formed leads 

APPLICATIONS 

• Isolated Digital Line Driver 
• Isolated Line Receiver 
• "High-Side" Driver 
• SMPS Control 
• High-side Motor Control 
• Solid State Relays 
• Off-Line Regulation/Control 

UL File No: E151672 on TC480314 

GENERAL DESCRIPTION 

The TC4803 AND TC4804 are BiCMOS optocoupled 
driver ICs for switching loads when electrical isolation is 
desired. Input drive current is converted to low impedance 
voltage drive with the ability to source 1.4A peak current 
into a capacitive load of 1,000 pF with fast output rise and 

FUNCTIONAL BLOCK DIAGRAM 

+A:J2 INPUT .....-
CURRENT 3 .....-

-K 

TC4803 
INVERTING 

OUTPUT 

fall times. UV lockout circuitry forces the output to an "OFF" 
state when the supply voltage drops below 7.8V. 0.4V of 
hysteresis prevents output toggling around the drop-out 
voltage. The output "OFF" state is LOW on both the TC4803 
and the TC4804. 

Because shoot-through currents are reduced in the out
put stage, these drivers consume significantly less power at 
higher frequencies, and can be helpful in meeting low-power 

budgets. 3 
These devices are built using TelCom Semiconductor's 

new Tough CMOS process.and are ~apable.of giving reliable 
service in the most demanding electncal environments. They 
will not latch under normal conditions within their power 
and voltage ratings. 

All terminals are fully protected against up to 4 kV of 
electrostatic discharge. 

ORDERING INFORMATION 
Operating 

Part No. Package Temp Range 

TC4803CPA 8-Pin PDIP O°Cto +70°C 
TC4803EPA 8-Pin PDIP -40°C to +85°C 
TC4803EFA* 8-Pin PDIP* -40°C to +85°C 
TC4803CFA* 8-Pin PDIP* O°Cto +70°C 
TC4804CPA B-Pin PDIP O°Cto +70°C 
TC4804EPA 8-Pin PDIP -40°C to +85°C 
TC4804EFA* 8-Pin PDIP* -40°C to +85°C 
TC4804CFA* 8-Pin PDIP* O°Cto +70°C 
• Plastic DIP with preformed surface mount leads 

VDD 

~--o OUTPUT 
8 

L-----------------------------------------------------~~----~6 GND 
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TC4803 
TC4804 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................................................... +20V 
Diode Current Input ................................................. 20mA 
Maximum Chip Temperature ..................................... 85°C 
Storage Temperature Range ................. -55°C to + 125°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

1.4A HIGH-SPEED OPTO-ISOLATED 
POWER MOSFET DRIVER 

Package Thermal Resistance 
PDIP ReJ-A ................................................ 200°CIW 
Operating Temperature Range 
Thermal Derating ...................... 5mW/oC above 25°C 
Power Dissipation .......................................... 300mW 

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above 
those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to Absolute 
Maximum Rating Conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: 
Typical specifications measured at T A = +25°C with VDD = 18V, unless otherwise specified. Minimum and maximum 
specifications guaranteed over full temperature and power supply range. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Input LED 
IF(TH,-ON LED Forward Threshold "ON"-Current (DC) 5 - - mA 

IF(TH,-OFF LED Forward Threshold "OFF"-Current (DC) - - 0.5 mA 

VF LED Forward Voltage @ 7 mA Current 1.3 1.5 1.7 V 

VR LED Reverse Voltage @ 50nA 6.0 - - V 

Isolation Voltage 2.5 - - kVRMS 

Output 
VOH High Output Voltage, Voo =18V, lOUT = 50mA 16.3 16.9 - V 

VOL Low Output Voltage, VDD =18V, lOUT = 50mA - 0.70 1.0 V 

IpK Peak Output Current (Note 1) Source - 1.4 - A 

Sink 0.5 A 

IDC Continuous Output Current VDD = 18V (Source, sink) 100 - - mA 

DV/DT Input to Output Common Mode Transient Immunity @ 150V 0.25 - - V/ns 

SWltchmg Time 
tR Rise Time Figure 1 - 35 60 ns 

tF Fall Time Figure 1 - 40 80 ns 

tD1 Delay Time Figure 1 (4803) - 160 200 ns 

tD2 Delay Time Figure 1 (4803) - 200 500 ns 

tD1 Delay Time Figure 1 (4804) - 160 200 ns 

tD2 Delay Time Figure 1 (4804) - 240 500 ns 

FMAX Maximum Operating Frequency 1 1.2 - MHz 

Power Supply 
IDD Power Supply Current Output HIGH - 4.0 8.0 mA 

IDD Power Supply Current Output LOW - 3.0 5.0 mA 

Vs Start up threshold - 8.7 10.0 V 

Vuv Drop-out threshold 7.5 8.4 - V 

NOTE: 1. 1!J.S, 1% duty cycle pulse Input, output shorted to VDDor GND. 
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1.4A HIGH-SPEED OPTO-ISOLATED 
POWER MOSFET DRIVER 

PIN CONFIGURATION 

INVERTING 

NON INVERTING 

+5V 

INPUT 

OV 

soon 

INPUT 

INPUT: 100kHz square wave 
IRISE = IFAll 5 IOns 
IF=7mA DC 

18V---~~_ 

OUTPUT 

OV 

INVERTING DRIVER 
TC4803 

PPiEILlM[ 

DIP 

""iii¥""€f''W 

TC4803 

~w 

TC4804 

OUTPUT 

NC 

GND 

VDD 

OUTPUT 

NC 

GND 

VDD 

VDD = 18V 

TC4803/4 

6 

.>-t"------1r---o OUTPUT 

CL 

I1000PF 

+5V - - - - -_---~ 

INPUT 

OV 

18V 

OUTPUT 

10% 

OV -----'I 
NONINVERTING DRIVER 

TC4804 

Figure 1 Switching Time Test Circuit 
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1.4A HIGH-SPEED OPTO-ISOLATED 
POWER MOSFET DRIVER 

TYPICAL CHARACTERISTIC CURVES 
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T Sensors 

T Battery Chargers 
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T Semiconductor, Inc. TC620 

TC621 

SOLID STATE TEMPERATURE SENSOR 
FEATURES 

• :±:3°C Absolute Temperature Accuracy 
• 2 kV ESD Protection on All Pins 
• Replaces Mechanical Thermostats and Switches 
• On-Chip Temperature Sense (TC620) 
• External Temperature Sense (TC621) 
• a-Pin DIP or SOIC for Direct PCB Mounting 
• 2 User-Programmable Temperature Set Points 
• 2 Independent Temperature Limit Outputs 
• Heat/Cool Regulate Output 

APPLICATIONS 

• Vibration-Immune Temperature Sensing 
• System Over- or Under-Temperature Shutdown 
• Advanced Thermal Warning 
• Fan Speed Control Circuits 
• Accurate Appliance Temperature Sensing 

ORDERING INFORMATION 

Ambient 
Part No. Package Temperature 

TC620XCOA 8-Pin SOIC O°C to +70°C 
TC620XEOA 8-Pin SOIC - 40°C to +85°C 
TC620XVOA 8-Pin SOIC - 40°C to + 125°C 
TC620XCPA 8-Pin Plastic DIP O°C to +70°C 
TC620XEPA 8-Pin Plastic DIP - 40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

NC 

LOW SET ",,2 1--+4~ 

3 
HIGH SET -+---.--1 

• GND 

RLOW« RHIGH 

NOTE: LATCH Q is "e" (STANDARD) 
LATCHQ is "H" (OPTION) 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC620 and TC621 are programmable solid-state 
temperature switches designed to replace mechanical 
switches in temperature sensing and control applications. 
Ambienttemperatu re is sensed and compared to programed 
minimums and maximums. 

Both devices provide a LOW LIMIT and HIGH LIMIT 
logical output as well as a CONTROL output. On the TC620, 
the LOW LIMIT is LOW when the measured temperature is 
below the low temperature set-point and the HIGH LIMIT is 
LOW when the measured temperature is below the high 
temperature set-point. The TC621 provides the same output 
functions except that the logical states are inverted. These 
outputs allow for easy 'over' and 'under' temperature detec
tion. 

Part No. 

TC621XCOA 
TC621XEOA 
TC621XCPA 
TC621XEPA 

Package 

8-Pin SOIC 
8-Pin SOIC 
8-Pin Plastic DIP 
8-Pin Plastic DIP 

Ambient 
Temperature 

O°C to+ 70°C 
- 40°C to +85°C 

O°C to +70°C 
- 40°C to +85°C 

X in the part code will be C or H (see Functional Block Diagram, below, 
and page 2). 

1.2V 
REF 

r----------;-.. VDD 

HIGH SET =12 1-+-1 ...... 

3 

6 __ 

r-t-t--t- LOW LIMIT 

LOW SET -+---.--1 

• GND 

RLOW>RHIGH 

NOTE: LATCH Q Is "e" (STANDARD) 
LATCH Q is "H" (OPTION) 
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TC620 
TC621 

ABSOLUTE MAXIMUM RATINGS* 

Power Dissipation 
Plastic ................................................................... 1W 
CerDIP .......................................................... SOO mW 

Derating Factors 
Plastic .......................................................... S mW;oC 
CerDIP ...................................................... 6.4 mW;oC 

Supply Voltage ........................................................... 20V 
Input Voltage Any Input ............. (Gnd -0.3) to (VDD +0.3) 
Operating Temperature 

M Version ............................................ - 55 to + 125°C 
V Version ............................................ - 40 to + 125°C 
EVersion .............................................. - 40 to +S5°C 
C Version ................................................... 0 to +70°C 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Parameter Conditions 

Supply Voltage Range 

Supply Current 5V ~ Voo ~ 18V 

SOLID STATE 
TEMPERATURE SENSOR 

Maximum Chip Temperature ................................ +150°C 
Storage Temperature ................................ - 65 to +150°C 
Lead Temperature (10 sec) .................................. +300°C 

'Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Min Typ Max Unit 

4.5 18 V 

170 200 !lA 
Output Resistance Output High or Low, 5V ~ Voo ~ 18V 400 1000 Q 

Output Current 620 
621 

Output Current 620 
621 

Absolute Accuracy 

250 .. 
.E 200 
o 
~ 
w 
~ 150 

~ 
!3 100 
a: 

50 -' 
-' ~ 

Temp Sensed Source/Sink 
Temp Sensed Source/Sink 

Cool/Heat Source/Sink 
Cool/Heat Source/Sink 

T = Programmed Temperature 

v "" 
./ 

"....... 
"..." -

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ("C) 

TC620 Sense Resistors vs. Trip Temperature 
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1 mA 
10 mA 

1 mA 
10 mA 

T -3 T T +3 °C 
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SOLID STATE 
TEMPERATURE SENSOR 

Control and Limit Outputs 

The CONTROL output provides a programmable hys
teresis in that it goes HIGH when the measured temperature 
goes above the HIGH LIMIT set-point and returns to LOW 
when the measured temperature goes below the LOW 
LIMIT set-point. The CONTROL output of either device is 
easily applied to a temperature control system. 

TelCom's proprietary technology provides excellent ab
solute temperature accuracy (±3°C). The low current re
quirement of these devices make them especially appealing 
in battery powered applications. The TC620 and TC621 
have no moving parts so they are rugged and work well in 
equipment that needs to take a lot of abuse. Automotive, 
marine and industrial users will benefit from the ruggedness 
of these devices. 

The LOW LIMIT and HIGH LIMIT temperatures are set 
by connecting the appropriate resistors to the LOW SET and 
HIGH SET inputs. The value of these SET resistors are a 
function of the temperature sensing element. 

Internal Temperature Sensor (TC620) 

The TC620 incorporates an on-board positive-tempera
ture-coefficient (PTC) thermal sensor which reacts to the 
internal temperature of the die. The LOW SET resistor 
(pin 2) should always be lower than the HIGH SET resistor 
(pin 3) to insure proper operation. 

External Temperature Sensor (TC621) 

The TC621 performs the same function as the TC620 
but employs a user-supplied temperature sensing device. 
The most common type of temperature sensor is a negative
temperature-coefficient (NTC) thermistor. An NTC sensor 
requires thatthe input and output functions be reversed from 
that of the TC620. This means that the HIGH SET resistor 
(pin 2) should always be lower than the LOW SET resistor 
(pin 3) to insure proper operation. See the applications 
section of this data sheet for recommendations on selecting 
the thermistor. 

DESIGN PARAMETERS 

The designer must be sure that the LOW SET program
ming resistor is smaller than the HIGH SET programming 
resistor for the TC620, or that the LOW SET resistor is larger 
than the HIGH SET resistor when using the TC621 with an 
NTC external thermistor. No damage will be done to the part 
if this is not correct, but the CONTROL output logic will be 
affected. 

The LOW LIMIT and HIGH LIMIT outputs will go to a 
HIGH state (LOW state for TC621) whenever the tempera
ture of the device (or external thermistor) exceeds the 
temperature programmed for the respective inputs. 

V TELCOM SEMICONDUCTOR, INC. 

TC620 
TC621 

The CONTROL output latch will go to a HIGH whenever 
the sensed temperature exceeds the HIGH SET tempera
ture and will go to a LOW if the sensed temperature drops 
below the LOW SET temperature. A bonding option may be 
selected to invert the CONTROL output logic for heating 
applications. The part number for this option has an 'H' 
instead of a 'C' placed after the '620' or '621' digits. 

If power is applied to the device while the sensed 
temperature is between the LOW SET temperature and the 
HIGH SETtemperature, the LOW LIMIT output will go HIGH 
(LOW for the TC621) and the CONTROL output will go 
HIGH. 

The resistance value for the TC620 can be determined 
by inserting the desired trip temperature (T) into the follow
ing formula: 

RTRIP = 0.5997 x T 2.1312 

Where Rtrip = Programming resistor value in Ohms 
T = Desired trip temperature in degrees Kelvin 

For example, to program the device to trip at 50°C, 
the programming resistor would be: 

Rtrip = 0.5997 x ((50 + 273.15)2.1312) = 133,652 Q III 
The TC621 can source or sink 10 mA per output. The 

outputs of the TC620 can source or sink 1 mA. If higher 
currents are utilized in the TC620, the device will generate 
internal heat, possibly causing erroneous temperature sens-
ing. . 

HIGHSETPOINT -----=fC.~-~----

~RATURE~ 
~~ LOW SET POINT 

LOW LIMIT OIlTPUT ---1 
HIGHLIMITOUTPUT ____ -'IlL.. ___ _ 

CONTROL OUTPUT (COOL OPTION) ----....I L 
CONTROL OUTPIIT (HEAT OPTION) ----..., .----

'--___ ....II 

TC620/621 Input vs. Output Logic 
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TYPICAL APPLICATIONS 

Dual Speed Temperature Control 

The Dual Speed Temperature Control adds features to 
the basic controller by using the TC4469 quad driver. Two of 
the drivers are configured in a simple oscillator. When the 
temperature is below the LOW TEMP set point, the output of 
the driver is OFF. When the temperature exceeds the LOW 
TEM P set point, the TC4469 gates the oscillator signal to the 
outputs ofthe driver. This square wave signal modulates the 
remaining outputs and drives the motor at a low speed. Ifthis 

LOW TEMP 
30"C 

TEMPERATURE SCALE 

O"C - 30"C (FAN OFF) 

30"C - 50"C (FAN LOW) 

50"C - UP (FAN HIGH) 

Temperature Controlled Fan 

+12V 

111F 

In the Temperature Controlled Fan schematic, a high 
and a low temperature is selected by two 'set' resistors. The 
TC620 then monitors the ambient temperature and will turn 
on the FET switch when the temperature exceeds the HIGH 
TEMP set point. The fan remains on until the temperature 
decreases to the LOW TEMP set point. This provides the 
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SOLID STATE 
TEMPERATURE SENSOR 

speed cannot keep the temperature below the HIGH TEMP 
set point, then the driver turns on continuously which in
creases the fan speed to high. The TC620 will monitor the 
temperature and only allow the fan to operate when needed, 
and at the required speed to maintain the desired tempera
ture. A higher power option can be designed by adding a 
resistor and a power MOSFET. 

---------------1 
VMOTOR 

HIGHER POWER OPTION 

FAN MOTOR 

hysteresis. In this application, the fan will not turn on unless 
needed. This makes for a high-power fan control with only 
four parts. 

The TC621 uses an external thermistor to monitor the 
ambient temperature. This adds one part, but allows more 
flexibility in location of the sensor. 

+12V 
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TEMPERATURE SENSOR 

USING THE TC621 

The TC621 uses an external thermistor to monitor the 
controlling temperature. A thermistor with a resistance value 
of approximately 100kD at 2SoC is recommended. 

Typical thermistors exhibit a negative temperature coef
ficient (NTC) which must be considered when selecting the 
set-point resistors. A temperature set-point is selected by 
picking a resistor whose value is equal to the resistance of 
the thermistor at the desired temperature. 

A 30kD resistor between HIGH TEMP (pin 2) and VDO 

(pin 8) will set the high temperature trip pOint at +SO°C and 
a 49kD resistor on LOW TEMP (pin 3) will set the low 
temperature trip point to +40°C. 

TYPICAL APPLICATIONS 

Solid State Thermostat 

The Solid State Thermostat diagram shows how the 
TC620 can be used to control home, industrial and commer
cial heating and cooling applications in a low cost, simple 
approach. The TC620 monitors the temperature and when 
heating is required, turns on the FET switch. This applies 
power to the gas valve and turns off the "standby" indicator. 

1 N4002 1N4002 

STANDBY 

2.2k 

1 N4002 1 N4002 

TYPICAL NTC THERMISTOR 

350 
\ 

W 300 
\ 

5 
~ 250 \ 
g 

J 200 
\ 

~ 150 
.~ 

~ 100 "-
1"'-

....... 
50 -

10 20 30 40 

Temperature C"C) 

b 

50 

TC620 
TC621 

r-r--
60 70 

4369 ILL F07 

Typical Thermistor Resistance vs Temperature 

The NiCad battery provides power to the circuit when the 
FET is energized. OS and R2 provide current limited power 
to the circuit when the FET is off. This also keeps the Nicad 4 
battery recharged. R3 and R4 set the desired hysteresis to 
prevent rapid cycling of the heating or COOling equipment. 

+ 
8V 22 joIF -=- :rCAD 

4369 ILL FOB 

Solid State Thermostat 

HIGH 
TEMP 
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4.5YTO 18Y 

TC620 Heating/Cooling Application 

\\ ~~::P 
WARNING 
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FAST NiCAD/Ni-HYDRIDE BATTERY CHARGER 

FEATURES 

• Fast Charge Cycle 
• Automatic Overcharge Protection 
• Fail Safe Fast Charge Shut-Off 
• Programmable MinIMax Ambient Limits 
• Selectable Charge Rate 
• Automatic Trickle Charge 
• Timed Fast-Charge Mode with Switchable Trickle 

Mode (TC675) 
• Auto Trickle Charge Mode with Switchable Timed 

Fast-Charge (TC676) 
• Safety Features 
• Temperature Controlled Shut-Off 
• Time Controlled Shut-Off 
• Dual Mode Automatic Shut-Off 
• Automatic Battery Insertion Detector 

APPLICATIONS 

• Battery Powered Applications 
-Power Tools 
-LaptoplNotebook Computers 
-Medical 
-Emergency Lighting Systems 
-Communications 
-Cellular PhonesIMobile Radio 
-Portable Instruments 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The TC675 and TC676 are designed for use with both 
NiCad and Ni-Hydride batteries. These two devices meet 
the needs of the system designer whose battery charge 
applications require fast, reliable, and safe design. 

The many automatic, programmable and selectable 
features of these devices provide capabilities found only in 
more expensive implementations. These, combined with 
their capability of use in both AC or DC power sources, 
provide a flexible, cost-effective solution to battery recharge 
maintenance. 

ORDERING INFORMATION 

Operating 
Part No. Package Temp Range 

TC675CPD 14-Pin Plastic DIP O°C to +70°C 
TC675EPD 14-Pin Plastic DIP - 40°C to +85°C 
TC675MJD 14-Pin Ceramic DIP - 55°C to 
+125°C 
TC676CPD 14-Pin Plastic DIP O°C to +70°C 
TC676EPD 14-Pin Plastic DIP - 40°C to +85°C 
TC676MJD 14-Pin Ceramic DIP - 55°C to 
+125°C 

-=t--... ............. -+--+-+-f-- TO INTERNAL CIRCUITRY (VDO> 

~=f~~~:f==~~?~~;E'- SCRDRIVE 
BATIERY DETECT 4 BATTERY 

LOGIC DETECT 

,-----t''- LEDOUT 

~H~AL~F~TR='C=KL~E ___ ~ ~ 
FULL TRICKLE 

HALF CHARGE 

"",,-_-,-,0,-- CLOCK IN 

L..... ____________ -+-'"-'2 TRICKLElREsET~ 

L _________ ~==============f'!!..3 CHARGERATE 

NOTE: PIN NUMBERS REFER TO 14-PIN DIP 

V TELCOM SEMICONDUCTOR, INC. 

* TC675 'TRICKLE', '" '" TRICKLE-CHARGE 
TC676 'RESEr, '0' '" FAST-CHARGE 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation 
Plastic ......................................................... 1000 mW 
Ceramic ........................................................ 800 mW 

Derating Factors 
Plastic .......................................................... 8 mW/oC 
Ceramic .................................................... 6.4 mW/oC 

Operating Temperature 
M Version ........................................ - 55°C to + 125°C 
EVersion .......................................... - 40°C to +85°C 
C Version ............................................... O°C to +70°C 

Storage Temperature ........................... - 65°C to + 150°C 
Lead Temperature (10 sec) .................................. +300°C 
Max Zener Current (lIN) .......................................... 50 mA 

FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. 
Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the Operational Specifications is not implied. 
Any exposure to Absolute Maximum Rating Conditions may affect 
device reliability. 

OPERATIONAL SPECIFICATIONS: unless otherwise specified TA = +25°C; Is = 6 mA. 

Symbol Parameter Condition Min Typ Max Unit 

Supply 
Is Supply Current ( thru current limit resistor) 1 6 30 mA 

Vz Zener Clamp Voltage Iz = 6 mA 6 6.3 7 V 

Rz Zener Output Resistance Iz = 1 0 mA to 30 mA - 10 20 Q 
._. 

VDD DC Input on VREG VIN Open 4 5 6 V 

IDD Internal Circuit Current VDD (VREG) = 5V - 0.3 1 mA 

Regulator 
Regulated Output IREG = 5 rnA V 

RREG VREG Output Resistance -IREG = 0 rnA to 5 mA Q 

Switch Resistance (rDS ON) 
RSWMAX MAX Switch - - 200 Q 

RSWHIGH HIGH Switch - - 450 Q 

RSWLQW LOW Switch - - 350 Q 

RSWDELTA DELTA Switch - - 300 Q 

RSWLED LED Drive - - 80 Q 

Threshold Voltage Tolerance 
liVMAXMAX 2/3 VREG - ±4 ±10 % 

liVHIGH HIGH 1/2 VREG - ±4 ±10 % 

liVLQW LOW 1/3 VREG - ±4 ±10 % 

liVDELTA DELTA 1/6 VREG - ±4 ±10 % 

TCliV Threshold Voltage Temp Coefficient - ±0.01 ±0.1 %/oC 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 

OPERATIONAL SPECIFICATIONS (Cont): unless otherwise specified TA = +25°C; Is = 6 mAo 

Symbol Parameter Condition Min Typ Max 

Output 
IOHG SCR Gate Drive Source - 5 -
IOLG SCR Gate Drive Sink - 3 -
VOLL LED Low Output Voltage lOLL = 10 mA - - 0.8 

Digital Input 
IILCR CHARGE RATE Pull-up Current - - 10 

IIHTR TRICKLE/RESET Pull-down Current - - 25 

IILBD BATTERY DETECT Pull-up Current - - 20 

TC675 
TC676 

Unit 

mA 

mA 

V 

!IA 
J.lA 

J.lA 

ELECTRICAL CHARACTERISTICS: unless otherwise specified T A = Operating Temperature Range; Is = 6 mAo 

Symbol Parameter Condition Min Typ Max Unit 

Supply 
Is Supply Current (thru current limit resistor) 1.2 6 30 mA 

Vz Zener Clamp Voltage Iz=6 mA 5.5 - 7.5 V 

Rz Zener Output Resistance Iz=10mAt030mA - - 25 n 
Voo DC Input on VREG VIN Open 4 5 6 V 

100 Internal Circuit Current Voo (VR EG) = 5V - 0.5 1.2 mA 

Regulator 
Regulated Output IREG = 0 mA to 5 mA V 

RREG VREG Output Resistance IREG = 5 mA 

Switch Resistance (ros ON) 
RSWMAX MAX Switch - - 260 n 
RSWHIGH HIGH Switch - - 510 n 
RSWLOW LOW Switch - - 410 n 
RSWOELTA DELTA Switch - - 360 n 
RSWLEO LED Drive - - 100 n 
Threshold Voltage Tolerance 
fNMAX MAX 2/3 VREG - - ±10 % 

IiVHIGH HIGH 1/2 VREG - - ±10 % 

IiVLOw LOW 1/3 VREG - - ±10 % 

IiVOELTA DELTA 1/6 VREG - - ±10 % 

TCliV Threshold Voltage Temp Coefficient - - 0.1 %/oC 

Output 
IOHG SCR Gate Drive Source - 5 - mA 

IOLG SCR Gate Drive Sink - 3 - mA 

VOLL LED Low Output Voltage lOLL = 10 mA - - 1 V 

Digital Input 
IILCR CHARGE RATE Pull-up Current - - 15 J.lA 

hHTR TRICKLE/RESET Pull-down Current - - 35 J.lA 

hLBD BATTERY DETECT Pull-up Current - - 25 J.lA 
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TIMER-COUNTER 

Symbol Parameter Condition 

FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 

Min Typ Max Unit 

Charge Time Counter (1.517 Hr @ 120 Hz) - 655360 - Counts 

Delay Time Counter (1.07 Min @ 120 Hz) - 7680 - Counts 

DEVICE OPERATION 
(All pin numbers refer to the 14-pin dip package) 

Temperature Control 

Safety is critical in charging NiCadlNi-Hydride batteries 
because a fast-charge applied under the wrong conditions 
may cause severe damage to the battery and it's surround
ings. In circuits using the TC675/676, the battery tempera
ture is monitored by an external thermistor, and the control
ler will not allow the battery to start a fast-charge cycle while 
the battery temperature is too hot or too cold. A NiCadlNi
Hydride battery tends to warm up during a fast-charge cycle, 
so a temperature that was too high to allow the charging to 
start may not be too high to allow the charging to continue. 
Therefore, another temperature threshold causes the charger 
to stop the fast-charge cycle as soon as the battery tempera
ture gets too high. 

A charger may also be required to work in cold ambient 
temperatures. The preprogrammed absolute maximum 
charging temperature may be too high for these conditions 
so a separate 'delta' temperature may be used. This will stop 
the fast-charge cycle if the battery temperature exceeds the 
ambient temperature by a predetermined amount. This 
option requires a second thermistor to monitor the ambient 
temperature. 

PIN CONFIGURATIONS 

SCR DRIVE 3 

BAT DETECT 4 

4-12 

14-Pin DIP 

V 
CPD 
EPD 
EJD 
MJD 

VIN 

CHARGE RATE 

TRICKLEIRESET 

RDELTA 

RLOW 

RBAT 

RMAX 

Time Control 

The TC675 and TC676 both use an on-board timer
counter which limits the maximum duration of the fast
charge cycle to 1.5hours(1.8hrs@ 50 HzAC power). There 
is also a time delay of 60 seconds (or 77 sec if using 50 Hz 
AC power) before starting a fast-charge cycle. This delay 
gives the battery temperature sensor time to stabilize. 

The counters are clocked by the full-wave rectified AC 
input. This clock rate is divided by 655,360 to time out the 
1.517 hour (1.82 hrs @ 50 Hz AC power) maximum for the 
fast-charge cycle. A faster or slower clock may be used to 
modify the timing (pin 6). 

Full-Charge or Half-Charge Option 

Both the TC675 and TC676 have a half-charge selec
tion option. The CHARGE RATE input has an internal pull
up to select the full-charge mode (7/8 duty cycle). A LOW on 
this pin will select the half-charge mode (7/16 duty cycle). 
This input may be selected or toggled at anytime during a 
fast-charge cycle without affecting the time-out sequence. 
NOTE: "full-charge" is the same as "fast-charge". 

Trickle-Charge 

The trickle-charge mode of the TC675 and the TC676 
runs at ",7% ofthefast-charge mode (1/16dutycycleforfull
charge and 1132 duty cycle for half-charge), and is the 
default mode whenever the fast-charge cycle is not running. 

16-Pin SOIC 

VIN 

CHARGE RATE 

SCRDRIVE 3 V TRICKLE/RESET 

BAT DETECT 4 COE N/C 

EOE 
NlC 

RDELTA 

RHIGH 7 RLOW 

RBAT 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 

TRICKLE/RESET (PIN 12) 

The only difference between the TC675 and the TC676 
is the operation of the input on pin 12. 

On the TC675 (pin 12 = 'TRICKLE'), a HIGH (VDD) on 
this pin will hold the charger in the trickle-charge mode. The 
internal timer will continue to count down. If the timer hasn't 
timed out, the charger will go back to the full-charge mode 
if this pin is returned to LOW (OV). 

On the TC676 (pin 12 = 'RESET), a LOW transition (VDD 
to OV) on this pin will reset the timer and initiate a fast-charge 
cycle. 

BATTERY SENSE (PIN 4) 

This input is internally pulled up to about 1 volt. It is 
designed to be capacitively coupled to the cathode of the 
SCR (the positive terminal of the battery). Without a battery 
present, the pulses from the full-wave rectified AC signal are 
coupled by a bypass resistor around the SCR into the battery 
input through the capacitor. This produces a zero-crossing 
waveform at the battery pin which is interpreted as a "no 
battery" condition. The presence of a battery will prevent 
these zero-crossings and the TC675fTC676 can begin a 
charge sequence. 

Some battery packs contain a diode in series with the 
cells for safety purposes. This diode may prevent the battery 
from clamping the waveform to prevent zero-crossings. The 
auxiliary detect circuitry should be added to cause the diode, 
if present, to forward bias, which will then clamp the wave
form to prevent zero-crossings and will indicate the pres
ence of the battery (see page 7). 

CLOCK IN (PIN 6) 

This input accepts the rectified AC signal and uses its 
pulses to establish timing. The waveform must reach zero 
volts during the pulse OFF time for accurate timing. Noise on 
this line could cause false clock triggering, which can be 
prevented by placing a 0.01 IlF capacitor from pin 6 to 
ground. This input is internally clamped to the VDD (VIN) 
potential (~6V). A current limiting resistor must be used to 
connect the rectified AC signal. 

SCR DRIVE (PIN 3) 

A 1 .5 kHz pulse is the output on this pin which turns on 
the SCR during each cycle of the rectified AC waveform. 
This signal should be capacitively coupled to the gate of the 
SCR. A 0.01 IlF capacitor will effectively turn on the SCR 
and block any DC component. 

CHARGE RATE (PIN 13) 

This input has an internal pull-up which selects the 
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normal-charge mode as default. A LOW on this pin will select 
1/2the current charge rate, i. e. if the charger is in full-charge 
mode, then a LOW on pin 13 will select 112 full-charge: if the 
charger is in trickle-charge mode, then 1/2 trickle-charge is 
selected. 

LED OUTPUT (PIN 2) 

This pin has a pull-down resistor to ground. With power 
applied and no battery installed, and during the 1 minute 
start delay, the transistor is ON. The output will toggle at a 
3 Hz rate during a fast-charge cycle. The output will stay ON 
steady during the trickle-charge mode. 

CONTROL TEMPERATURE 
Each control temperature has a unique voltage thresh

old which is derived as a ratio of an internal, zener generated 
reference voltage (VREG). 

T MAX (fNMAX = 2/3 VREG) 
the charger will stop the fast-charge mode if the 
battery temperature reaches this value. 

THIGH (OVHIGH = 1/2 VREG) 4 
the charger will not start the fast-charge mode if the 
battery temperature is above this value. 

T LOW (oVLQW = 1/3 VREG) 
the charger will not start the fast-charge mode if the 
battery temperature is below this value. 

T DELTA (OVDELTA = 1/6 VREG) 
the charger will stop the fast-charge mode if the 
battery temperature exceeds the ambient tempera
ture by this value. 

THERMISTOR TEMPERATURE SENSOR 

A common type of thermistor for this application is a 
negative-temperature-coefficient (NTC) with a relatively high 
resistance ratio. Some examples ofthis type are KC009-ND, 
KC020-ND or RL 1006-53 from Keystone. 

Thermistor Characteristics 

The transfer function (Resistance vs. Temperature) of a 
normal NTC thermistor takes the form: 

In RT = Ao + A1fT + A2fT2 = ... + ANfTN (T in °Kelvin) 

The first three terms ofthis equation are sufficient to give 
a fit of better than ±O.01 °C. The coefficients may be deter
mined by setting up 3 simultaneous equations based on 3 
known pOints. 

The following calculations are based on a typical NTC 
thermistor (Keystone RL1006-53.4K-140-D1) with resis
tancevalues of48.15 kn at 40°C (313.15°K), 1 00 kQ at 25°C 
(298.15 K) and 221.8 kQ at 1Q°C (282.15°K). 
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1st point: 
In (48150) 

2nd point: 
In (100000) = Ao + A1/298.15 + A2/298.152 

3rd point: 
In (221800) = Ao + A1/283.15 + A2/283.152 

Solving these three equations for 
Ao, A1 and A2 yields: 

RT = In-1 (-5.825 + 5821ff -194235ff2) 

350 

~300 
w 

~ 250 
~ 
!a 200 
ffi 
~ 150 
o 
!a 100 
:Ii 
II: 
W 50 
j!: 

o 

\ , 
1\ 

, 
I' 

I" .... 
I' 

~~ 

o 10 20 30 40 50 60 70 
TEMPERATURE eel 

SETTING UP THE 
CONTROL TEMPERATURES 

Assume an application which requires that the battery 
charger not start while the battery temperature is below 
20°C (T LOW) or above 30°C (THIGH). Also assume that the 
battery should stop charging if its temperature gets up to 
either 40°C (T MAX) or 20°C (T DELTA) above an ambient 
temperature of 15°C (T AM B) . 

The control temperatures are programmed as a function 
of the resistance value of the battery temperature thermistor 
(RBAT T) when it is at the temperature to be programmed (T) 
and the threshold voltage ratio (oVx). 

The form of the equation to determine the values of 
RLOW, RHIGH and RMAX is as follows: 

Rx = RBATT - RBATT 
fNx 

where RBAT T is the resistance of the 
battery thermistor at temperature T 
connected to pin 9. 

RMAX (pin 8): 
T MAX = 40°C, OVMAX = 213, RBAT40 = 48.1 k, 

RMAX = RBAT40 - RBAT40 = 48.1 k - 48.1 k = 24k 
BVMAX 2/3 

4-14 
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BATTERY CHARGER 

RHIGH (pin 7): 
THIGH = 30°C, BVHIGH = 1/2, RBAT30 = 77.8k, 

RHIGH = RBAT30 - RBAT30 = 77.8k - 77.8k = 77.8k 
BVHIGH 112 

RLOW (pin 10): 
T LOW = 20°C, BVLOW = 1/3, RBAT20 = 129.4k, 

RLOW = RBAT20 - RBAT20 = 129.4k -129.4k = 268.8k 
BVLDN 1/3 

ROELTA(PIN 11) 

A second thermistor can be used to modify the battery 
temperature shutdown point as a function of the ambient 
temperature. A 'delta' temperature may be set up to limit the 
battery temperature to some value above ambient. This 
value is called T DELTA and the ambient temperature that it 
works against is called T AMB. 

This control is very important for applications which are 
required to work over a wide range of ambienttemperatures. 
Once a T DELTA value has been set up to work at some T AMB 
then the T DELTA will change in inverse proportion to TAMB. 
This means that as the ambient temperature goes up, the 
trip point goes up at a decreasing rate, because T DELTA gets 
smaller. 

The form of the equation to determine the values of 
RDELTA is different from the ones for the other temperature 
control resistors because two thermistors are used. If the 
same thermistor type is used for monitoring the ambient 
temperature as is used to monitor the battery temperature, 
then the value of RDELTA, based on the above example, is 
calculated thus: 

T DELTA = 20°C, T AMB = 15°C, 
T BAT = T AMB + T DELTA = 35°C, OVDELTA = 1/6, 

ROELTA = RBAT35 - RBAT35 - RAMB15 = 

50 
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i:! 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 

TYPICAL APPLICATION 

10k 

27k 

2.2k 

2 
LED OUT 

CLOCK IN 

2.2k 

14 

VIN 

VREG 

RMAX 

5 

8 24.3k 

TC675 
TC676 

12:~ gllL-_~~_v+_ .. AUXILIARY 
BATTERY 
DETECT 
~RE!!!TRY 

20(2 
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__ ~1~7~~~T 
V 
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I 
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I 
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I 
I 
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I 
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I 
I 
I 
I 
I 

I + I 

: 10 ~F I _____ 1 
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I I 

NiCADor I I 
Ni-HYDRIDE I I 
BATTERY I -=- I 
PACK I_..J 

RESISTOR 
(SEE NOTE) TC675 RLOW TC676 

3 
SCRDRIVE RHIGH 

4 
BATTERY DETECT 

1N4148 RDELTA 

9 CHARGE RATE 
RBAT 

TRICKLE/RESET 

TBAT GND 

100k@25"C 

• IF INTERNAL DIODE IS NOT PRESENT, 
AUXILIARY BATTERY DETECT NOT NEEDED. 

10 274k (MIN) 

7 78.7k 

TAMB 
100k 
@25"C 

11 137k 

12 

IMPORTANT NOTE: THE TC675 AND TC676 WILL MONITOR THE CHARGE TIME AND THE BATTERY TEMPERATURE 
BUT DO NOT CONTROL THE CHARGING CURRENT. THE DESIGNER MUST LIMIT THE CHARGING CURRENT 
BASED ON THE APPROPRIATE RATE FOR THE TYPE AND NUMBER OF CELLS IN THE NiCADIN;-HYDRIDE 
BATTERY TO BE CHARGED. EXCEEDING THE BATTERY MANUFACTURER'S MAXIMUM CHARGING CURRENT CAN 
RESULT IN DEGRADED PERFORMANCE OR EVEN CATASTROPHIC FAILURE. 
CHARGING CURRENT CAN BE LIMITED WITH A RESISTOR, AS SHOWN, OR BY MATCHING THE MAXIMUM TRANS
FORMER OUTPUT CURRENT TO THE BATTERY CHARGING RATE. 

CHARGING NiCAD BATTERIES 
FROM A DC SOURCE 

The TC675 and TC676 are designed to control the 
charging of NiCad/Ni-Hydride batteries from a self-clocking, 
self-commutating power source (full-wave rectified, unfil
tered 50/60 Hz AC power). However, some applications 
may require that the NiCad be charged from a DC power 
source, i. e. battery-to-battery. 

be modified by the presence of a battery such that it does not 
provide zero-crossings on pin 6. 

When a DC power source is used, the application must 
provide a clock pulse to CLOCK IN (pin 6) to control the 
timing, and a pulse train to the BATTERY DETECT (pin 4) 
whenever a battery is NOT present. This pulse train should 

V TELCOM SEMICONDUCTOR, INC. 

A SET/RESET latch may be controlled by the SCR 
DRIVE output (pin 3) and the timing clock (pin 6) which can 
then mediate the charge current to the battery. 

DC voltage may be supplied directly to the internal 
circuitry through pin 5. Under these conditions, VREG be
comes Voo and must be at least 4 volts and no greater than 
6 volts. The internal circuitry will take about 300 ~ (1 rnA 
max) and the VIN input (pin 14) should be left open. 
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T Data Communication 

T Display Drivers 
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TC232 

DUAL RS-232 TRANSMITTER/RECEIVER AND POWER SUPPLY 

FEATURES GENERAL DESCRIPTION 

• Meets All RS-232 Specifications 
• Operates From Single 5V Power Supply 
• 2 Drivers and 2 Receivers 
• On-Board Voltage Quadrupler 
• Input Levels ...................................................... ±30V 

The TC232 is a dual RS-232 transmitter/receiver that 
complies with EIA ITIA RS-232E guidelines and is ideal for 
all RS-232 communication links. This device operates from 
a 5V power supply and contains two charge pump voltage 
converters that produce ±10V power supplies. 

• Output Swing With +5V Supply ........................ ±9V The TC232 has four level translators. Two are RS-232 
transmitters that convert TTUCMOS input levels to 9V 
RS-232 outputs. The other two translators are RS-232 
receivers that convert RS-232 inputs to 5V TTUCMOS 
output levels. The receivers have a nominal threshold of 
1.3V, a typical hysteresis of O.5V, and can operate with 
inputs up to ±30V. 

• Low Supply Current ......................................... 5 mA 
• Does not require external ±12V supplies 

APPLICATIONS 

• RS-232C Communication Links 
• Modems, peripherals, computers 
• Battery-powered systems 

PIN CONFIGURATIONS 

CPE COE ct 1 
CJE EOE y+ 2 
IJE 
EPE 
IPE 
EJE 
MJE 

TYPICAL APPLICATION 

*NOTE: C3 can be connected between 
V+ and V cc for convenience. 

V TELCOM SEMICONDUCTOR, INC. 

12 R10UT 

ORDERING INFORMATION 

Part No. 

TC232CPE 
TC2321JE 

TC232EPE 

TC232COE 

TC232EOE 

TC232MJE 

+5VINPUT 

co' 
10pF 

----H:!:.---I 
16 

Package 

16-Pin Plastic 
16-Pin CerDIP 

16-Pin Plastic 

16-Pin SO 

16-Pin SO 

16-Pin CerDIP 

Vee 
+5VTO+10V 

VOLTAGE DOUBLER 
y. 1"2,--:.,~OV:----' 

T1 " 

T20UT 7 

Fl11N 13 

."" 
R21N 8 

OkG 

• c .. :f 10.F 

1-OUTPUTS 

1-INPUTS 

Temperature 
Range 

O°C to+70°C 
- 25°C to +85°C 

- 40°C to +85°C 

O°C to +70°C 

- 40°C to +85°C 

- 55°C to +125°C 
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TC232 

ABSOLUTE MAXIMUM RATINGS 

vee ............................................................................. +6V 
v+ ........................................................................... +12V 
V- ........................................................................... +12V 
Input Voltages 

T1IN, T21N ..................................... -0.3 to (Vee +0.3V) 
R1IN, R21N .......................................................... ±30V 

Output Voltages 
T1oUT, T20UT ...................... (V+ +0.3V) to (V- -O.3V) 
R1oUT, R20UT ............................. -0.3 to (Vee +0.3V) 

Short Circuit Duration 
V+ ................................................................... 30 sec 
V- ................................................................... 30 sec 
T1oUT, T20UT ......................................... Continuous 

DUAL RS-232 TRANSMITTER! 
RECEIVER AND POWER SUPPLY 

Storage Temperature Range .................. -65°C to +150°C 
Power Dissipation 

CerDIP .......................................................... 675 mW 
Derate 9.5 mW/oC Above +70°C 

Plastic DIP .................................................... 375 mW 
Derate 7 mW/oC Above +70°C 

Small Outline (SO) ........................................ 375 mW 
Derate 7 mwrc Above +70°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposureto absolute maximum rating conditions for extended periods may 
affect device reliability. 

ELECTRICAL CHARACTERISTICS: Vee = 5V ±100/0, TA = operating temperature range, test circuit unless 
otherwise noted. 

Parameter Test Conditions Min Typ Max Unit 

Output Voltage Swing T1oUT, T20UT Loaded With ±5 ±9 ±10 V 
3 kf.I to Ground 

Power Supply Current 5 10 mA 

Input Logic Threshold Low T1IN, T21N 0.8 V 

Input Logic Threshold High T1IN, T21N 2 V 

Logic Pull-Up Current T1IN, T21N = OV 15 200 !IA 
RS-232 Input Voltage Operating Range -30 +30 V 

RS-232 Input Threshold Low Vce=5V 0.8 1.2 V 

RS-232 Input Threshold High Vcc=5V 1.7 2.4 V 

RS-232 Input Hysteresis 0.2 0.5 1 V 

RS-232 Input Resistance TA = +25°C, Vce = 5V 3 5 7 kf.I 

TTUCMOS Output Voltage Low IOUT=3.2mA 0.4 V 

TTUCMOS Output Voltage High IOUT=-1 mA 3.5 V 

Propagation Delay RS-232 to TTL or TTL to RS-232 0.5 J.lS 
Instantaneous Slew Rate CL = 10 pF, RL = 3 kf.I to 7 kf.I, 30 VlJls 

T A = +25°C (Note 1) 

Transition Region Slew Rate RL = 3 kf.I, CL = 2500 pF 3 V/J.lS 
Measured From +3V to - 3V 
or-3Vto+3V 

Output Resistance Vce = V+ = V- = OV, VOUT = ±2V 300 n 
RS-232 Output ±10 mA 
Short-Circuit Current 

NOTE 1. Sample tested. 

5-4 V TELCOM SEMICONDUCTOR, INC. 



DUAL RS-232 TRANSMITTERI 
RECEIVER AND POWER SUPPLY 

DETAILED DESCRIPTION 

The TC232 contains a +5V to ±10V dual charge pump 
voltage converter, a dual transmitter and a dual receiver. 

+5V to ±10V Dual Charge Pump 
Voltage Converter 

The TC232 power supply consists of two charge pumps. 
One uses external capacitor C1 to double the +5V input to 
+10V, with output impedance of about 200Q. The other 
uses C2 to invert + 1 OV to - 1 OV, with overall output 
impedance of 450Q (including effects of +5V to +1 OV 
doubler impedance). 

The clock in the doubler circuit will start at "'4.2V in the 
typical part, but external loads may make this point rise to as 
high as 4.5V with a load of 2 kil on each of the two output 
voltages. 

Because of this, use of the doubler and inverter to run 
additional external circuits should be limited. The maximum 
current should be no more than 2.5 mA from the +1 OV and 
- 10V. in order to guarantee start-up of the doubler clock. 

The test circuit employs 22 IJ.F capaCitors for C1 to C4, 
butthe value is not critical. These capacitors usually are low
cost aluminum or tantalum electrolytic capacitors. 

Increasing C1 and C2 to 47 IJ.F lowers the output 
impedance of the +1 OV doubler and the - 10V inverter by 
the change in the ESR of the capacitors. 

Increasing C3 and C4 lowers ripple on the ±10V out
puts and 16 kHz ripple on the RS-232 outputs. Where size 
is critical, the value of C1 to C4 can be lowered to 1 !IF. The 
use of a low ESR capaCitor will help lower the output ripple 
and keep the output impedance of the ±10V as low as 
possible. 

Dual Transmitter 

TC232 transmitters are CMOS inverters driven by ±1 OV 
internally-generated voltages. The input is TTUCMOS com
patible, with a logic threshold of about 26% of Vee (1.3V for 
5V Vee). The input of an unused transmitter can be left 
unconnected, since an internal 400 kQ pull-up resistor 
connected between the transmitter input and Vee pulls the 
input HIGH and forces the unused transmitter output to the 
LOW state. 

With Vee at 5V, the outputs will go from (V+ - 0.6V) to 
V- with no load and will swing ±9V when loaded with 3 kil. 
The minimum output voltage swing, with Vee at 4.5V and at 
maximum ambient temperature, is ±5V. This conforms to 
RS-232 specifications for "worst-case" conditions. 

EIAITIA RS-232E specs limit the slew rate at output 
to less than 30V/!ls. 

The powered-down output impedance (Vee = OV) is 
a minimum of 300Q with ±2V applied to outputs. 

V TELCOM SEMICONDUCTOR, INC. 

TC232 

v+, V- Output Voltages vs Load Current 

~ 

:;; 
~ 8 ..... -t=""....~-+----t.f-t""'1....,;::~..----I 
o 
~ 7 1--+--+""-1--+--"'1.,---+---""1_<-+_--1 
..J 

g 
I
::;) 
D. 
~ 5 f---t-+--+--+-+~~---'~+---I 
o CONDITIONS: 

4 A) TA = +25°C -'--'--~+--~-I 
B) TRANSMITTER OUTPUTS 

3~~O~P~EN~C~IR~C~U~IT~ ____ -w~~ 
o 1 2 3 4 5 6 7 8 9 10 

II LOAD I (mA) 

The outputs are protected and can be short-circuited to 
ground indefinitely. 

Dual Receiver 

TC232 receivers meet RS·232 input specifications. 
Input impedance is between 3 kQ and 7 kQ. Switching 
thresholds are within the ±3V limits, and the receivers 
withstand up to ±30V inputs. RS-232 and TTUCMOS input 
compatible, the receivers have 0.8V VIL and 2.4V VIH with 
0.5V hysteresis to reject noise. 

The TTUCMOS compatible receiver output is LOW 5 
when an RS-232 input is greater than 2.4V. It is HIGH 
when an input is floating or between +0.8V and - 30V. 

TEST CIRCUIT 

V 
TC232 +4.SV TO +s.sv 

INPUT 
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TC7211A 

4-DIGIT CMOS DISPLAY DECODER/DRIVER 

FEATURES 

• 4-Digit Nonmultiplexed, 7-Segment LCD Outputs 
With Backplane Driver 

• RC Oscillator On Chip Generates Backplane Drive 
Signal 

• Eliminates DC Bias Which Degrades LCD Life 
• Backplane Input/Output Pin Permits Synchroniza

tion of Cascaded Slave Device to a Master Back
plane Signal 

• Separate Digit Select Inputs to Accept Multiplexed 
BCD/Binary Inputs 

• Binary and BCD Inputs Decoded to Code B 
(0 to 9, -, E, H, L, P, Blank) 

• Pin Compatible and Functionally Equivalent to 
ICM7211A and DF411 

PIN CONFIGURATIONS 

F2 

A3 

83 

C3 

D3 

E3 

G3 

F3 

01 

C1 

81 

A1 

D4 

C4 

-l-___ --Jr- B4 

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC7211A is a direct drive, 4-digit, 7-segment dis
play decoder and driver. 

The TC7211 A drives conventional LCDs. An RC oscil
lator, divider chain, backplane driver, and 28-segment out
puts are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane, but in-phase for an OFF segment and out-of-. 
phase for an ON segment. The net DC voltage applied 
between driver segment and backplane is zero. 

The TC7211A requires only 4 data bit inputs and 4 digit 
select signals to interface with multiplexed BCD or binary 
output devices (such as the ICM7217, ICM7226, ICL7103 
and TC7135). The 4-bit binary input is decoded into the 7-
segment alphanumeric code known as "Code B." 

The "Code B" output format results in a 0 to 9, -, E, H, 
L, P or blank display. True BCD or binary inputs will be 
correctly decoded to the 7 -segment display format. 

The CMOS TC7211 A is available in a 40-pin epoxy 
dual-in-line package. All inputs are protected against static 
discharge. 

ORDERING INFORMATION 

Driver Output Input 
Part No. Type Package Code Contig. 

Multiplexed G 
TC7211AIPL LCD 40-Pin CodeB 4-bit Binary 

Plastic DIP or BCD 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

FUNCTIONAL BLOCK DIAGRAM 

V 
TC7211A D4 D3 D2 D1 

SEGMENT SEGMENT SEGMENT SEGMENT 
OUTPUTS OUTPUTS OUTPUTS OUTPUTS 

V+ • 

GND • 
7 WIDE 7 WIDE 

LATCH ENABLE LATCH ENABLE 

DATA{~~~~~~§ill INPUTS == 
DIGIT {======================~ ____ --.J SELECT 

INPUTS 

OSCILLATOR BACK-
PLANE 

(16 kHz DRIVER 
FREE· 

OSCILLATOR OI---'"""1~-----I~1 RUNNING) IEE~N~A~BL!:!E~"""''''' BACKPLANE INPUT Ioii INPUT/OUTPUT 

ENABLE ~ _________ ~t 
• DETECTOR. 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TIMING DIAGRAMS 

TEST CIRCUIT 

OSCILLATOR n r-f~ n n n~), n n ~~ n n n ~ 
FREQUENCY J U .. U U U U' . U U U .. U U U U . 

I" 128 CYCLES --I 
BACKPLANE ----""Ii 

INPUT/OUTPUT I L 
I~Y~tE?I~Y~tE~ 

OFF SEGMENTS -----.1 I L 

ON SEGMENTS ----..... 

DIGIT 
SELECT---. 

Dn-1 

DIGIT 
SELECT ---------' 

On 
=D~n-~1-=D~A:-=T="lA~ 

VALID 

LOAD EACH 
SEGMENT TO 
BACKPLANE 
WITH 200 pF 
CAPACITOR 

20 J I- _ .... _-_-_-_-_-_....1 ___ 1 

11..--_ ...... , 

V TELCOM SEMICONDUCTOR, INC. 

TC7211A 
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TC7211A 

ABSOLUTE MAXIMUM RATINGS* 

4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

Supply Voltage ........................................................ +6.5V 
Input Voltage, Any Terminal 

(Note 2) ................................... V+ +0.3V, GND - 0.3V 

those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Power Dissipation (Note 1) ....................... 0.8 W at +70°C 
Operating Temperature Range ............... - 20°C to +85°C 

NOTES: 1. This limit refers to that of the package and will not be realized 
during normal operation. 

Storage Temperature Range ................ - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 
'Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 

TABLE I: OPERATING CHARACTERISTICS 

2. Due to the SCR structure inherent in the CMOS process, 
connecting any terminal to voltages greater than V+ or less 
that GNO may cause destructive latch-Up. For this reason it 
is recommended that inputs from external sources not oper
ating on the same power supply not be applied to the device 
before its supply is established, and, in multiple supply 
systems, the supply to the TC7211 AlTC7212A be turned on 
first. 

Test Conditions: All parameters measured with V+ = 5V, T A = 25°C 

TC7211 A Characteristics (LCD DecoderJDriver) 

Symbol Parameter Test Conditions Min Typ Max Unit 

Vsup Operating Voltage Range 3 5 6 V 

lop Operating Current Display Blank - 10 50 IJA 
losci Oscillator Input Current Pin 36 - ±2 ±10 IJA 
tRFS Segment Rise/Fall Time CL =200 pF - 0.5 - IJA 
tRFB Backplane Rise/Fall Time CL = 5000 pF - 1.5 - ~ 

fosc Oscillator Frequency Pin 36 Floating - 16 - kHz 

fBP Backplane Frequency Pin 36 Floating - 125 - Hz 

AC Characteristics 

tSA Chip Select Active Pulse Width Refer to Timina Diaarams 1 - - us 
tos Data Valid Time Refer to Timing Diagrams - - - ns 

tOH Data Hold Time Refer to Timing Diagrams 200 - - ns 

tlOS Inter-Digit Select Time Refer to Timing Diagrams 2 - - ~ 

5-10 V TELCOM SEMICONDUCTOR, INC. 



4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

INPUT DEFINITIONS 
In this table, V+ and GND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

Input Pin No. Condition Function 

BO 27 V+ = Logic "1" 
GND = Logic "0" Ones (Least Significant) 

B1 28 V+ = Logic "1" 
GND = Logic "0" Twos 

B2 29 V+ = Logic "1" Data Input Bits 

GND = Logic "0" Fours 

B3 30 V+ = Logic "1" 
GND = Logic "0" Eights (Most Significant) 

OSC 36 Floating or with Oscillator input. Disables BP output devices, allowing segments to be 
external capacitor GND synchronized to an external signal input at the BP terminal (pin 5) 

D1 31 D1 Digit Select (Least Significant) 

D2 32 V+ = Active D2 Digit Select 

D3 33 GND = Inactive D3 Digit Select 

D4 34 D4 Digit Select (Most Significant) 

V+ Power-Supply Voltage 

BP 5 Back Plane 

GND 35 System Ground 

OUTPUT DEFINITIONS 
Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

Output Pin No. Function Output Pin No. Function 

A1 37 A Segment Drive Digit 1 (LSD) A3 13A Segment DriveDigit 3 
B1 38 B 

1 1 1 

B3 14B 

1 1 
C1 39C C3 15C 
D1 40 D D3 16D 
E1 2E E3 17E 
F1 4F F3 19F 
G1 3G G3 18G 

A2 6A Segment Drive Digit 2 A4 20A Segment Drive Digit 4 (MSD) 
B2 7B 

1 1 

B4 21B 

1 1 1 
C2 8C C4 22C 
D2 9D D4 23D 
E2 10 E E4 24E 
F2 12 F F4 26F 
G2 11 G G4 25 

DIGIT ASSIGNMENT 

D4 D3 D2 D1 

A 

188881 'B' E c 

D 

V TELCOM SEMICONDUCTOR, INC. 5·11 
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TC7211A 

4-DIGIT CMOS DISPLAY 
DECODERIDRIVER 

TYPICAL OPERATING CHARACTERISTICS CURVES 

30 

25 

10 

5 

o 
1 

Operating Supply Current 
vs Supply Voltage 

LCD DEVICES I 
_ TI~= ~2rioC 

. 
DISPLAY BLANK . 
PIN 36 OPEN :-. 

/,-
J .. 

If I~ 
TA=+25°C 1/ l.l 

/ ~~ 
/ ~ 

~ ~ TA=+70°C 

~::i P" 
•• 

2 3 4 5 6 
V+VOLTS 

BASIC OPERATION 

r--

7 

The TC7211A drives 4-digit by 7-segment LCDs. The 
device contains 28 individual segment drivers, a backplane 
driver, an on-chip oscillator, and a divider chain to generate 
the backplane signal. 

The 28 CMOS segment drivers and backplane driver 
contain ratioed N- and P-channel transistors for identical 
"ON" resistance. The equal resistances eliminate the DC 
output driver component resulting from unequal rise and fall 
times. This ensures maximum LCD life. 

The backplane output driver can be disabled by ground
ing the OSCI LLA TOR input (pin 36). The 28 output segment 
drivers can therefore be synchronized directly to an input 
signal at the backplane (BP) terminal (pin 5). Several slave 
devices may be cascaded to the backplane output of a 
master device. The backplane signal may also be derived 
from an external source. These features permit interfacing 
to single backplane LCDs with characters in multiples of 
four. (See Figure 1.) 

Each slave's backplane input represents only a 200 
pF capacitive load to the master backplane driver 
(comparable to one additional segment). The number of 
slave devices drivable by a master device is therefore set 
by the larger display backplane capacitive load. The master 
backplane output will drive the display backplane of 16 
one-half-inch characters with rise and fall times under 5 
j.lS. This represents a system with three slave devices and 
a fourth master device driving the backplane. 

If more than four devices are slaved together, the 

5·12 

180 

150 

120 

190 
D
ID 

60 

30 

o 
1 

Backplane Frequency 
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.. 
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. 
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i..o-' 
, 

fo~c ~ 2~0 ~F--
345 
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6 7 

backplane signal should be derived externally and all 
TC7211 A devices slaved to it. The external drive signal 
mus! drive a high capacitive load with 1 j.lS to 2 I1s rise and 
fall times. The backplane frequency is normally 125 Hz. At 
lower display ambient temperatures, the frequency may 
be reduced to compensate for display response time. 

The on-Chip RC oscillator free-runs at approximately 
16 kHz. A +128 circuit provides the 125 Hz backplane 
frequency. The oscillator frequency may be reduced by 
connecting an external capacitor between the oscillator 
terminal and V+. (See typical operating characteristics 
curves.) 

The free-running oscillator may be overridden (if de
sired) by an external clock. The backplane driver, however, 
must not be disabled during the external clock's negative or 
LOW portion, as this will result in a DC drive component 
being applied to the LCD, limiting the LCD's life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than 
one-fifth the supply voltage above ground. A backplane 
disable signal will not be sensed if the driving signal remains 
above ground by one-fifth the supply voltage. An alternate 
method for externally driving the oscillator permits the 
oscillator input to swing the full supply voltage range. The 
oscillator input signal duty cycle is skewed so the LOW 
portion duration is less than 1 j.lS. The backplane disable 
sensing circuit will not respond to such a short signal. 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

D8 D7 D6 D5 I D4 D3 D2 D1 

8-DIGIT 

888818888 BACKPLANE LCD 

BACKPLANE 
SLAYE 28 

+5Y- Y+ SEGMENTS 

-n GND HIGH ORDER 

OSC B3-BO D4 D3 D2 D1 BP 

BCD /BINARY 4{4 I 

GIT DI 
SELE 
INPU 

CT 
TS 

DATA 

D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 

I BACKPLAN~ f2 
MASTER 28 

+5Y- Y+ SEGMENTS 
GND HIGH ORDER -:r-- - OSC B3-BO D4 D3 D2 D1 BP 

.(4 1 

-
v 
~ 

11A TC72 

Figure 1. TC7211AM Driving an 8-Digit LCD Display in MasterlSlave Configuration 

Input Configuration and Output Codes 
The TC7211 AM accepts a 4-bit, true binary (positive 

level = logic "1") input at pin 27 (LSB) through pin 30 (MSB). 
The binary input is decoded to the 7 -segment output known 
as Code B. The output display format is 0 to 9, -, E, H, L, 
P and blank display (see Table I). Segment assignments are 
shown in Figure 2. The TC7211 AM will correctly decode 
binary and BCD true codes to a 7-segment output. 

The TC7211 A accepts multiplexed binary or BCD input 
data at pin 27 (LSB) through pin 30 (MSB). Pins 31 (LSD) 
through 34 (MSD) are the digit select lines. When the digit 
select line is taken to logic "1", input data is decoded and 
stored in the enabled output latch of the selected digit. More 
than one digit selected line may be activated simulta
neously. The same character will be written into all selected 
digits. (See Figure 4 for decoder segment assignments.) 

Table I. Output Code 
83 82 81 80 Code 8 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 

V TELCOM SEMICONDUCTOR, INC. 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Table I. Output Code 
83 82 81 80 Code 8 

0 1 1 E 
1 0 0 H 
1 0 1 L 
1 1 0 P 
1 1 1 (Blank) 

Figure 2. Segment Assignment 

Special Order Decoder Option 

The TC7211A is mask-programmed to give the 16 
combinations of 7-segment output codes. For large volume 
orders (SOK pieces minimum), custom decoder options are 
available. Contact TelCom Semiconductor for details. 
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TC7211A 

4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TYPICAL APPLICATIONS 

0.1 !IF 

INPUT 

5-14 

0.1 
!IF 

v+=5vo-r-----------~========~~ 

188881 
37-40 

2-26 

28 SEGMENTS J' 
AND BACKPLANE 

35 

04 34 
= 

~~ D3~3~3~----------~H_~ 
~ D2P3~2~----------~H_, 

TC7211A D1P3:..:,1------+h 

DB3 30 r.:8~'s---V~+:"I24 

DB2 29 4's DC 
DB1 28 2's 23 
DBO 27 1's 20 

L... __ ":;':;;;"I ICM 

COUNT 8 7217 01 28 

STORE 02 27 

UP/ON 10 03 26 

RESET 14L-___ !D~4f2~5~--~ 

y+ 

Figure 3. LCD Display Interface to 4-Diglt Counter 

UR 28 
OR 27 

STROBE 26 
RUN/HOLD 25 

v~v 

OGNO 24 120 kHz = 3 
POL j:2~3+--:=::!!..L.J REAOINGSISEC 

CLOCK 22 CLOCK .- - I:D4Oi'l- - : 
BUSY 21 IN • 

01 20 
D2 19 

03 18 

17 

5 BP 

31 01 

03 

04 

28 SEGMENTS 
01-04 

SEG 

V 2,3,4 
6-26 

TC7211A 
37-40 

B3 
05 D4 
Bl TC7135 

B8 16 ------.1 30 

B2 B4 1~~ ________ !!fl~51-_!--II------_t----------~2~9 .. B2 
~ ________________ +--+ __ +-______ -r __________ ~28~Bl 

1/4 CD 4030 

+5y;;:'====lI[) 

Figure 4: 4-112 Digit ADC Interfaced to LCD 

27 BO 

35 GNO 

OSC 3~~_+5Y 
OPTIONAL 
CAP. 

y+ 1 

+5Y 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TYPICAL APPLICATIONS (Cont.) 

23 

POL 20 
D1 

D2 
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Figure 5. 4-112 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 
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Figure 6: LCD Interface to SY6522 VIA 
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TC7211AM 

BUS COMPATIBLE 4-DIGIT CMOS DECODER/DRIVER 

FEATURES 

• 4-Digit Non-Multiplexed 7-Segment LCD Outputs 
With Backplane Driver 

• Input and Digit Select Data Latches 
• RC Oscillator On-Chip Generates Backplane 

Drive Signal 
• Eliminates DC Bias Which Degrades LCD Life 
• Backplane Input/Output Pin Permits 

Synchronization of Cascaded Slave Device to 
a Master Backplane Signal 

• Binary and BCD Inputs Decoded to Code B 
(0 to 9, -, E, H, L, P, Blank) 

• Pin Compatible and Functionally Equivalent to 
ICM7211AM 

PIN CONFIGURATIONS 

E2 V 

01 

Cl 

81 

Al 

OSCILLATOR 

GND 

CHIP SELECT 2 (CS2) 

CHIP SELECT 1 (CS1) 

DIGIT SELECT 2 (DS2) 

DIGIT SELECT 1 (DS1) 

G2 TC7211AM (LCD) 83 1 
F2 82 DATA 
A3 81 INPUTS 

83 80 

C3 F4 

D3 G4 

E3 E4 

G3 04 

F3 C4 

A4 84 ---,---_.----

V TELCOM SEMICONDUCTOR, INC. 

GENERAL DESCRIPTION 

The TC7211AM (LCD Decoder/driver) is a CMOS di
rect drive, 4-digit, 7-segment display decoder and driver. 
The bus compatible making microprocessor controlled dis
plays possible. Two chip-select signals control data and 
digit-select code latching prior to decoding and display. 
External data latches are unnecessary. 

The TC7211 AM drives conventional LCDs. An RC os
cillator, divider chain, backplane driver, and 28-segment 
outputs are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane, but in-phase for an OFF segment and out-of
phase for an ON segment. The net DC voltage applied 
between driver segment and backplane is near zero maxi
mizing display lifetime. 

The four bit binary input is decoded into the seven 
segment alphanumeric code known as "Code B". The "Code 
B" output format results in a 0 to 9,-, E, H, L, P or blank 
display. True BCD or binary inputs will be correctly de
coded to the seven segment display format. 

ORDERING INFORMATION 

Driver Input Output 

Part No. Type Package Code Config. 

TC7211AMIPL LCD 40-PDIP Code B Data and 
Digit 
Select 
Latches 

5·17 
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FUNCTIONAL BLOCK DIAGRAM 

TC7211AM 
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BUS COMPATIBLE, 4-DIGIT 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TC7211AM 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................ +6.5V 

those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Input Voltage, Any Terminal 
(Note 2) .................................... V+ +0.3V, GND -O.3V 

NOTES: 1. This limit refers to that of the package and will not be realized 
during normal operation. 

Power Dissipation (Note 1) ........................... 1W at +70°C 
Operating Temperature Range ................ -20°C to +85°C 
Storage Temperature Range ................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ................. +300°C 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 

TABLE I: OPERATING CHARACTERISTICS 

2. Due to the SCR structure inherent in the CMOS process, 
connecting any terminal to voltages greater than V+ or less 
than GND may cause destructive latch-up. For this reason, it 
is recommended that inputs from external sources not oper
ating on the same power supply not be applied to the device 
before its supply is established, and, in multiple supply 
systems, the supply to the TC7211AM be turned on first. 

Test Conditions: All parameters measured with V+ = 5V, T A = 25°C 

Symbol Parameter Test Conditions Min Typ Max Unit 

Vsup Operating Voltage Range 3 5 6 V 

lop Operating Current Display Blank 10 50 f.lA 
losci Oscillator Input Current Pin 36 ±2 ±10 f.lA 
tRFS Segment Rise/Fall Time CL= 200 pF 0.5 f.lA 
tRFB Backplane Rise/Fall Time CL= 5000 pF 1.5 IJS 

fosc Oscillator Frequency Pin 36 Floating 16 kHz 

fBP Backplane Frequency Pin 36 Floating 125 Hz 

Input Characteristics 

VIH Logic "1" High Input Voltage 3 V 

VIL Logic "0" Low Input Voltage V 

IILK Input Leakage Current Pins 27-34 ±0.01 ±1 f.lA 
CIN Input Capacitance Pins 27-34 5 pF 

IBPLK BP Input Current Measured at Pin 5 With ±0.01 ±1 f.lA 
Leakage Pin 36 at GND 

CBPI BP Input Capacitance All Devices 200 pF 

"""T""" TELCOM SEMICONDUCTOR, INC_ 5-19 



BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TC7211AM 

TABLE I: OPERATING CHARACTERISTICS 
Test Conditions: All parameters measured with V+ = SV, T A = 2SoC 

AC Characteristics 

Symbol Parameter Test Conditions Min 

tCSA Chip Select Active Pulse Width (Note 3) 200 

tDS Data Setup Time 100 

tDH Data Hold Time 10 

tiCS Inter-Chip Select Time 2 

NOTE: 3. Other chip select (CS) is either held at logic zero or both CSI and CS2 driven together. 

TIMING DIAGRAMS 

CS1~ ~ 
(CS2) ''-tc;;;+:;::;~=~:=::;j_...J/ 

CS2 ~,.,.,...,..~, 
(CS1) 

DATAD~~~ ~,.,.,.,.,.,.,.,.,.,,",' 

SE~g8~ ~.:...::.o:...:....:...::.o:...:..., .... 

~DON'TCARE 

Figure 1: BUS Interface Timing Diagram 

OSCILLATOR "~)-'"""~)"""~,l-,""" ~ 
FREQUENCVJU" UUUU"UUU .. UUUU' 

I" 128CVCLEs_1 

IN:~~~~\:~~~ ----;1 1 L 
I-cV~tE~I+Cv~tE~ 

OFF SEGMENTS ----'1 1 L 
ON SEGMENTS ___ ...I 1...-_.....11 

Figure 2: LCD Display Waveforms 

Typ Max Unit 
- - ns 

- - ns 

0 - ns 

- - Ils 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

INPUT DEFINITIONS 

TC7211AM 

In this table, V+ and GND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

Input Pin No. Condition Function 

BO 27 V+ = Logic "1" 
GND = Logic "0" Ones (Least Significant) 

B1 28 V+ = Logic "1" 
GND = Logic "0" Twos 

B2 29 V+ = Logic "1" Data Input Bits 

GND = Logic "0" Fours 

B3 30 V+ = Logic "1" 
GND = Logic "0" Eights (Most Significant) 

OSC 36 Floating or with Oscillator input. Disables BP output devices, allowing segments to be 
external capacitor GND synchronized to an external signal input at the BP terminal (pin 5) 

DS1 31 V+ = Logical One DS2, DS1 = 00 Selects D4 
DS2, DS1 = 01 Selects D3 } 

DS2 32 GND = Logical Zero DS2, DS1 = 10 Selects D2 
DS2, DS1 = 11 Selects D1 Digit Select Inputs 

CS1 33 V+ = Inactive When both CS1 and CS2 are LOW, the data and digit select input 
latches are open or enabled. 

CS2 34 GND=Active On the rising of CS1 or CS2, data is latched, decoded and stored in 
the output drive latches. 

OUTPUT DEFINITIONS 
Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

Output Pin No. Function Output Pin No. Function 

A1 37 A Segment Drive Digit 1 (LSD) A3 13 A Segment Drive Digit 3 
B1 38 B 

1 1 1 

B3 14 B 

1 1 
C1 39 C C3 15 C 
D1 40 D D3 16 D 
E1 2 E E3 17 E 
F1 4 F F3 19 F 
G1 3 G G3 18 G 

A2 6 A Segment Drive Digit 2 A4 20 A Segment Drive Digit 4 (MSD) 
B2 7 B B4 21 B 
C2 8 C C4 22 C 
D2 9 D D4 23 D 
E2 10 E E4 24 E 
F2 12 F F4 26 F 
G2 11 G G4 25 G 

DIGIT ASSIGNMENT 

04 03 02 01 

A 

F9B 8BBB El'c - -' - - -0 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TYPICAL OPERATING CHARACTERISTICS CURVES 

30 

25 

20 

~ 15 
D-
9 

10 

5 

o 

Operating Supply Current 
vs Supply Voltage 

t- LCD DEVICES 
t-T~=~26oC · DISPLAY BLANK · t- PIN 36 OPEN >:-. 

I · 
J J 

. · / /) 
TA= +25°C 1/ h' 

1/ ~ 
, 

1/ ~~ 
~ ~ TA= +70°C 

o~ P' 
0 

1 2 3 4 5 6 
V+VOLTS 

BASIC OPERATION 

r--

7 

The TC7211 AM drives 4-digit, 7-segment LCDs. This 
device contains 28 individual segment drivers, a backplane 
driver, a self-contained oscillator, and a divider chain to 
generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver 
contain ratioed N- and P-channel transistors for identical ON 
resistance. The equal resistances eliminate the DC output 
driver component resulting from unequal rise and fall times. 
This ensures maximum LCD life. 

The backplane output driver can be disabled by ground
ing the OSCILLATOR input (pin 36). The 28 output segment 
drivers can therefore be synchronized directly to an input 
signal at the backplane (BP) terminal (pin 5). Several slave 
devices may be cascaded to the backplane output of a 
master device. The backplane signal may also be derived 
from an external source. These features permit interfacing to 
single backplane LCDs with characters in multiples of four. 

Each slave's backplane input represents only a 200 pF 
capacitive load to the master backplane driver (comparable 
to one additional segment). The number of slave devices 
drivable by a master device is therefore set by the larger 
display backplane capacitive load. The master backplane 
output will drive the display backplane of 16 one-half-inch 
characters with rise and fall times under 51lS. This represents 
a system with three slave devices and a fourth master device 
driving the backplane. (See Figure 1.) 

5-22 
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If more than four devices are slaved together, the 
backplane signal should be derived externally and all 
TC7211 AM devices slaved to it. The external drive signal 
must drive a high capacitive load with 11-ls to 2 IlS rise and 
fall times. The backplane frequency is normally 125 Hz. At 
lower display ambient temperatures, the frequency may be 
reduced to compensate for display response time. 

The on-chip RC oscillator free-runs at approximately 
16 kHz. A +128 circuit provides the 125 Hz backplane 
frequency. The oscillator frequency may be reduced by 
connecting an external capacitor between the oscillator 
terminal and V+. (See typical operating characteristics 
curves.) 

The free-running oscillator may be overridden (if de
sired) by an external clock. The backplane driver, however, 
must not be disabled during the external clock's negative or 
lOW portion, as this will result in a DC drive component 
being applied to the LCD, limiting the LCD's life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator input 
to swing the full supply voltage range. The oscillator input 
signal duty cycle is skewed so the LOW portion duration is 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

less than 1 (..lS. The backplane disable sensing circuit will not 
respond to such a short signal. 

V 
TC7211AM 

DIGIT 1 SELECT ____ ~---------I 

Figure 3. TC7211AM Driving an a-Digit LCD Display 
in MasterlSlave Configuration 

Input Configuration and Output Codes 

The TC7211AM accepts a 4-bit, true binary (positive 
level = logic "1") input at pin 27 (LSB) through pin 30 (MSB). 
The binary input is decoded to the 7 -segment output known 
as Code B. The output display format is 0 to 9, -, E, H, L, 
P and blank display (see Table I). Segment assignments are 
shown in Figure 2. The TC7211 AM will correctly decode 
binary and BCD true codes to a 7-segment output. 

The TC7211 AM is designed to interface with a data bus 
and display data under microprocessor control. Four data 
inputs (pins 27-30) and two digit select input bits (pins 31 
and 32) are written into input buffer latches. The rising edge 
of either chip select causes data to be latched, decoded and 
stored in the selected digit output data latch. The 2-bit digit 
code selects the appropriate output digit latch. The 4-bit 
display data word is decoded to the "Code B" 7-segment 
output format. 

For applications where bus compatibility is not required, 
refer to the TC7211AM (LCD) 4-digit decoder driver data 
sheet. This device is designed to accept multiplexed BCD! 
binary input data for display under the control of four sepa
rate digit select control signals. 

Binary Input 
B3 B2 B1 BO CodeB 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 

V TELCOM SEMICONDUCTOR, INC_ 

Binary Input 
B3 B2 B1 BO 

o 
o 

1 
1 
o 
o 
o 
o 

1 
1 
o 
o 
1 
1 
o 
o 

o 
1 
o 
1 
o 
1 
o 
1 
o 
1 

TC7211AM 

CodeB 

6 
7 
8 
9 

E 
H 
L 
P 

Blank 

Figure 2. Segment Assignment 

Special Order Decoder Option 

The TC7211 AM is mask programmed to give the 16 
combinations of 7 -segment output codes. For large volume 
orders (50K pieces minimum), custom decoder options are 
available. Contact TelCom Semiconductor for details. 
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Package Dimensions 

SOT-23-3 
MINI-MOLD PACKAGE 

, , 
0.4:±O.1 

--'1 1 1'-
-,------ ~~ 

~-t·~ 

l-L...--....-o...----------~---------- ------- --------
1~ T---"I~~ 

.. ~~ 
0.95 ~I 

1.9±o.2 

2.9±o.2 

SOT-89-3 
MINI-MOLD PACKAGE 

45+01 

1.670.2 r- 6~ 
I 

, 
I 

: r 1.O 
.-

--------~-------- ci X 
ctS - - - . +1 E L!) 

N L!) 
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..,r , 

, , , to .!: , , , ci E 
~ ~ 

, 
0.42±0.06 , 

~---. 
, 
~ 

, .. 0.42+0.06. i , , , , , , , , , 
0.47±0.06 , 

, ' , ... -.:.. ... 
1.5±0.1 : 1.5±0.1 
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lJ lO 

---.I~~ ~ 
°0 

-:t-

(0.8) 

1.1 ±O.2 

1.5±0.1 

r 

I-

---+ 
0.4 ±0.03 
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Package Dimensions Cont. 

6-4 

TO-92-3 
THROUGH-HOLE PACKAGE 

0.210 (5.33) I" 
0.170 (4.32) 

0.500 

~II."--.~' (12.70) 
MIN 

t Dc::::::J 0.205 (5.21) c::::::J I 
0.175 (4.45) ---.L. 

+ c::::::JT 
3 LEADS 

0.019 (0.48) 
0.016 (0.41) 

DIA 

0.105 (2.67) 
0.095 (2.41) 

0.055 (1.40) 
0.045 (1.14) 

SOT-23-5 
MINI-MOLD PACKAGE 

! ~I~ mum+m_uu 
C\i c; : 

~;;;;;;;;;~. ~~ 

~~ 
0.4 
±O.l 

0.8 
±O.l 

1.1 
+0.2 
-0.1 
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Package Dimensions Cont. 

SOT-89-5 
MINI-MOLD PACKAGE 

-----i---fDC--L----1~--, , , , , , , , , , , 

, , 
'... .'... .' , 1.5±0.1 : 1.5±0.1 ' 

8-Pin Gullwing DIP 

4 3 2 1 

~·-t 1 
0.270 (6.86) 0.400 (10.16) 
0.250 (6.35) 0.374 (9.50) 

~~-+ ! 
5 6 7 8 

0.380 (9.65) 
0.360 (9.14) 

0.300 (7.62) ..... 

0.050 (1.27) TYP..j /..-

~~ b do.155 (3.94) + 
0.070 (1.78) REFm 0.145 (3.68) t 

-.----- LJ L........J LJ 

0.035 (0.89) TYP J I..-J ~ L 0.02 (.5~) 
0.100 (2.54) 0.008 (.20) 

TYP 
0.035 (0.89) 

TYP 
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REF 

1 
T 

0.014 (0.36) 
0.008 (0.20) 

1.5±0.1 

0.44 MAX 

-I~ 
0.055 (1.40) 
0.035 (0.89) 
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Package Dimensions Cant. 

8-Pin CERDIP 

Inches mm 
Dimension Min Max Min Max 

A 0.370 0.400 9.40 10.16 
B 0.230 0.300 5.84 7.62 
C 0.160 0.200 4.06 5.08 
D 0.290 0.325 7.37 8.26 
L1 0.045 0.085 1.14 2.16 
L2 0.040 0.050 1.02 1.27 
L3 0.016 0.020 0.41 0.51 
LL 0.125 0.165 3.18 4.19 
S 0.090 0.110 2.29 2.79 

SP 0.020 0.040 0.51 1.02 
ES 0.015 0.045 0.38 1.14 
T 0.008 0.015 0.20 0.38 
W 0.360 0.400 9.14 10.16 
W 0.360 0.400 9.14 10.16 

8-Pin Plastic DIP 

--I I~S 
4 3 2 1 

Inches mm 
Dimension Min Max Min Max 

BID A 0.348 0.380 8.84 9.65 
B 0.240 0.260 6.10 6.60 
C 0.160 0.200 4.06 5.08 
D 0.290 0.310 7.37 7.87 

5 6 7 8 L1 0.045 0.085 1.14 2.16 
L2 0.040 0.050 1.02 1.27 
L3 0.015 0.022 0.38 0.56 
LL 0.100 0.150 2.54 3.81 
S 0.090 0.110 2.29 2.79 

SP 0.020 0.040 0.51 1.02 
ES 0.015 0.045 0.38 1.14 
T 0.008 0.015 0.20 0.38 
W 0.360 0.400 9.14 10.16 

S 
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Package Dimensions Cant. 

8-Pin sOle 

t r 1 

}------------I.0 11' I 
I ..... f---A--~.I 

ES 

Dimension 
A 
B 

B1 
B2 
C 
L3 
S 

SP 
ES 
T 
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SP 

450 7° (4\PLCS) 

0.37(0.015)? I' ~ 
BSC 

L... 

1 
T 
T 7" (4 PLCS) 

Inches mm 
Min Max Min Max 

0.189 0.197 4.80 5.00 
0.150 0.157 3.81 3.99 
0.181 0.205 4.60 5.21 
0.228 0.244 5.79 6.20 
0.053 0.069 1.35 1.75 
0.014 0.018 0.36 0.46 
0.049 0.051 1.24 1.30 
0.004 0.008 0.10 0.20 
0.018 0.022 0.46 0.56 
0.007 0.010 0.18 0.25 

7t 
3° - 6° 
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Package Dimensions Cont. 

14-Pin CERDIP 

--+-..----A-----.I 

ES D 

Inches mm 
Dimension Min Max Min Max 

A 0.740 0.780 18.80 19.81 
B 0.230 0.300 5.84 7.62 
C 0.160 0.200 4.06 5.08 
D 0.290 0.325 7.37 8.26 
L1 0.045 0.085 1.14 2.16 
L2 0.040 0.050 1.02 1.27 
L3 0.016 0.020 0.41 0.51 
LL 0.125 0.165 3.18 4.19 
S 0.090 0.110 2.29 2.79 

SP 0.020 0.040 0.51 1.02 
ES 0.015 0.045 0.38 1.14 
T 0.008 0.015 0.20 0.38 
W 0.360 0.400 9.14 10.16 
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Package Dimensions Cant. 

14-Pin Plastic DIP 

C:::::J 
ES- 1-

Inches mm 
Dimension Min Max Min Max 

A 0.745 0.770 18.92 19.56 
B 0.240 0.260 6.10 6.60 
C 0.140 0.200 3.56 5.08 
0 0.290 0.325 7.37 8.26 
L1 0.045 0.085 1.14 2.16 
L2 0.040 0.050 1.02 1.27 
L3 0.015 0.022 0.38 0.56 
LL 0.115 0.165 2.92 4.19 
S 0.090 0.110 2.29 2.79 

SP 0.020 0.040 0.51 1.02 
ES 0.015 0.045 0.38 1.14 
T 0.008 0.015 0.20 0.38 
W 0.360 0.400 9.14 10.16 
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Package Dimensions Cont. 

16-Pin sOle 

TIl 
PIN t:;:;:::;::;:;:1 • ~ 11 ~ 

.005 RAD MAX 

I. A. 1~ Sj 
Jc11J1JJLL~:::::Jc ,;.{-JJ ,1--- ) ll-f 

ES La ===r-L SEATING 
PLANE 

S 

Inches mm 
Dimension Min Max Min Max 

A 0.403 0.413 10.24 10.49 
8 0.292 0.300 7.42 7.62 
81 0.330 0.374 8.38 9.50 
82 0.400 0.410 10.16 10.41 
C 0.097 0.104 2.46 2.64 
L3 0.015 0.022 0.38 0.56 
S 0.049 0.051 1.24 1.30 

SP 0.006 0.012 0.15 0.30 
ES 0.028 0.030 0.71 0.76 
T 0.008 0.015 0.20 0.38 
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Package Dimensions Cont. 

40-Pin Plastic DIP 

-t 
B 

~"'II"""II""'II"""II"""II"""II'''''II''''''II'-~-~ 

~F=1L==1 t te fg,~_}T 
ES~ ~J~ lUI U rll,MMMNtMNtr~l=;== =s*-fp ------L- rW-I 

n~;~1 
L2 - .-s 

Inches mm 
Dimension Min Max Min Max 

A 2.035 2.065 51.69 52.45 
B 0.530 0.555 13.46 14.10 
C 0.165 0.205 4.19 5.21 
0 0.590 0.610 14.99 15.49 
L1 0.040 0.065 1.02 1.65 
L2 0.040 0.050 1.02 1.27 
L3 0.015 0.022 0.38 0.56 
LL 0.115 0.150 2.92 3.81 
S 0.090 0.110 2.29 2.79 

SP 0.020 0.040 0.51 1.02 
ES 0.015 0.045 0.38 1.14 
T 0.008 0.015 0.20 0.38 
W 0.660 0.700 16.76 17.78 
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O"mensions Cont. Package I 

44 PQFP 

A 

+ 
10° TYP. 
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Package Dimensions Cont. 

-------------:64-Pin Flat Package 

10"TYP. 

10"TYP. 
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Alphanumeric Package Type Index 

LM285 .................................................... 8-S0IC, TO-92-3 TC1411 .................................................... 8-PDIP, 8-S01C 
LM385 .................................................... 8-S0IC, TO-92-3 TC1411 N .................................................. 8-PDIP, 8-S01C 
TC04 ....................................... 8-S0IC, TO-52-2, TO-92-2 TC1412 .................................................... 8-PDIP, 8-S01C 
TC05 ....................................... 8-S0IC, TO-52-2, TO-92-2 TC1412N .................................................. 8-PDIP, 8-S01C 
TC15 ..................................................................... 8-S01C TC1413 .................................................... 8-PDIP, 8-S01C 
TC15C25 .......................................................... 16-CerDIP TC1413N .................................................. 8-PDIP, 8-S01C 
TC16 ..................................................................... 8-S01C TC1426 .................................................... 8-PDIP, 8-S01C 
TC17 ................................................ SOT-89-3, SOT-89-5 TC4401 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC18 ................................................ SOT-89-3, SOT-89-5 TC4403 ................................................. 8-CerDIP, 8-PDIP 
TC18C43 ......................................... 8-CerDIP, 14-CerDIP TC4404 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC18C46 .......................................................... 16-CerDIP TC4405 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC25C25 .............................................................. 16-PDIP TC4406 ................................. 8-CerDIP, 8-PDIP, 16-S01C 
TC28C43 ................................ 8-PDIP, 14-PDIP, 16-S01C TC4407 ................................. 8-CerDIP, 8-PDIP, 16-S01C 
TC28C46 .............................................. 16-PDIP, 16-S01C TC4420 ................. 8-CerDIP, 8-PDIP, 8-S0IC, TO-220-5 
TC35C25 ............................................................. 16-S01C TC4421 ............................... 8-CerDIP, 8-PDIP, TO-220-5 
TC38C43 ................................ 8-PDIP, 14-PDIP, 16-S01C TC4422 ............................... 8-CerDIP, 8-PDIP, TO-220-5 
TC38C46 .............................................. 16-PDIP, 16-S01C TC4423 ................................. 8-CerDIP, 8-PDIP, 16-S01C 
TC44 ................................ SOT-23-5, SOT-89-3, TO-92-3 TC4424 ................................. 8-CerDIP, 8-PDIP, 16-S01C 
TC45 .................................................. SOT -89-3, TO-92-3 TC4425 ................................. 8-CerDIP, 8-PDIP, 16-S01C 
TC46 ................................ SOT-23-5, SOT-89-3, TO-92-3 TC4426 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC47 .................................................................. SOT-23-5 TC4426A ................................. 8-CerDIP, 8-PDIP, 8-S01C 
TC54 ................................ SOT-23-3, SOT-89-3, TO-92-3 TC4427 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC55 ................................ SOT-23-3, SOT-89-3, TO-92-3 TC4427A ................................. 8-CerDIP, 8-PDIP, 8-S01C 
TC96C555 ............................... 8-CerDIP, 8-PDIP, 8-S01C TC4428 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC170 .................................................. 16-PDIP, 16-S01C TC4428A ................................. 8-CerDIP, 8-PDIP, 8-S01C 
TC232 ............................... 16-CerDIP, 16-PDIP, 16-S01C TC4429 ................. 8-CerDIP, 8-PDIP, 8-S0IC, TO-220-5 
TC426 ..................................... 8-CerDIP, 8-PDIP, 8-S01C TC4431 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC427 ..................................... 8-CerDIP, 8-PDIP, 8-S01C TC4432 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
TC428 ..................................... 8-CerDIP, 8-PDIP, 8-S01C TC4467 .............................. 14-CerDIP, 14PDIP, 16-S01C 
TC429 ................................................... 8-CerDIP, 8-PDIP TC4468 .............................. 14-CerDIP, 14PDIP, 16-S01C 
TC500 ............................... 16-CerDIP, 16-PDIP, 16-S01C TC4469 .............................. 14-CerDIP, 14PDIP, 16-S01C 
TC500A ............................. 16-CerDIP, 16-PDIP, 16-S01C TC4626 ................................ 8-CerDIP, 8-PDIP, 16-S01C 
TC520 .................................................. 14-PDIP, 16-S01C TC4627 ................................ 8-CerDIP, 8-PDIP, 16-S01C 
TC620 ...................................................... 8-PDIP, 8-S01C TC4803 ........................................ 8-PDIP, 8-Gullwing DIP 
TC621 ...................................................... 8-PDIP, 8-S01C TC4804 ........................................ 8-PDIP, 8-Gullwing DIP 
TC660 ...................................................... 8-PDIP, 8-S01C TC7106 ........... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC675 ............................... 14-CerDIP, 14-PDIP, 16-S01C TC7106A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC676 ............................... 14-CerDIP, 14-PDIP, 16-S01C TC7107 ........... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC811 ................................................. 40-PDIP, 44-POFP TC7107A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC818A ................................................................. 64-PFP TC7109 ........... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC818D ............................................................... 20-S01C TC7109A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-POFP 
TC820 ................................ 40-PDIP, 44-PLCC, 44-POFP TC7116 .............................. 40-PDIP, 44-PLCC, 44-POFP 
TC821 ................................ 40-PDIP, 44-PLCC, 44-POFP TC7116A ............................ 40-PDIP, 44-PLCC, 44-POFP 
TC822 ................................ 40-PDIP, 44-PLCC, 44-POFP TC7117 .............................. 40-PDIP, 44-PLCC, 44-POFP 
TC826 ................................................................... 64-PFP 
TC831 ................................ 40-PDIP, 44-PLCC, 44-POFP 
TC835 ................................... 28-PDIP, 44-POFP, 64-PFP 

TC7117A ............................ 40-PDIP, 44-PLCC, 44-POFP 6 
TC7126 .............................. 40-PDIP, 44-PLCC, 44-POFP 
TC7126A ............................ 40-PDIP, 44-PLCC, 44-POFP 

TC850 .............................. 40-CerDIP, 40-PDIP, 44-PLCC TC7129 .............................. 40 PDIP, 44-PLCC, 44-POFP 
TC901 ...................................................... 8-PDIP, 8-S01C TC7131 ............................................... 40-PDIP, 44-POFP 
TC911A .................................................... 8-PDIP, 8-S01C TC7135 ................................. 28-PDIP, 28-PLCC, 64-PFP 
TC911 8 .................................................... 8-PDIP, 8-S01C TC7136 .............................. 40-PDIP, 44-PLCC, 44-POFP 
TC913A .................................................... 8-PDIP, 8-S01C TC7136A ............................ 40-PDIP, 44-PLCC, 44-POFP 
TC9138 .................................................... 8-PDIP, 8-S01C TC7211A .............................................................. 40-PDIP 
TC962 ................................... 8-CerDIP, 8-PDIP, 16-S01C TC7211AM ........................................................... 40-PDIP 
TC1044S ................................. 8-CerDIP, 8-PDIP, 8-S01C TC7650 .............. 8-CerDIP, 8-PDIP, 14-CerDIP, 14-PDIP 
TC1410 .................................................... 8-PDIP, 8-S01C TC7652 .............. 8-CerDIP, 8-PDIP, 14-CerDIP, 14-PDIP 
TC1410N .................................................. 8-PDIP, 8-S01C TC7660 ................................... 8-CerDIP, 8-PDIP, 8-S01C 
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Alphanumeric Package Type Index Cont. 

TC7660S ................................. 8-CerDIP, 8-PDIP, 8-S01C 
TC7662A ............................................... 8-CerDIP, 8-PDIP 
TC7662B .................................................. 8-PDIP, 8-S01C 
TC8705 ............................................. 24-CerDIP, 24-PDIP 
TC9400 ............................. 14-CerDIP, 14-PDIP, 14-S01C 
TC9401 ............................. 14-CerDIP, 14-PDIP, 14-S01C 
TC9402 ............................. 14-CerDIP, 14-PDIP, 14-S01C 
TC9491 A ................................................. 8-S0IC,TO-92-3 
TC9491 B ................................................. 8-S0IC,TO-92-3 
TC14433 .......................... 24-CerDIP, 24-PDIP, 28-PLCC 
TC14433A ........................ 24-CerDlP, 24-PDIP, 28-PLCC 
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Alabama 

All American Semiconductor 
(205)837-1555 
(800)382-5303 

Future Electronics, Inc. 
(205) 830-2322 

Marshall Industries, Inc. 
(205) 881-9235 

Reptron Electronics 
(205) 722-9500 

Arizona 

Future Electronics 
(602) 968-7140 

Marshall Industries 
(602) 496-0290 

California 

All American Semiconductor 
(310) 320-0240 
(619) 458-5850 
(408) 441-1300 
(714) 453-1945 
(818) 706-1775 

Future Electronics, Inc. 
(714) 250-4141 
(818) 865-0040 
(619) 625-2800 
(916) 783-7877 
(408) 434-1122 

Marshall Industries, Inc. 
(916) 635-9700 
(408) 942-4600 
(714) 458-5301 
(818) 878-7000 
(619) 627-4148 

Reptron Electronics 
(800) 778-3412 

Western Micro Technology 
(408) 725-1660 
(714) 450-0300 
(818) 707-0731 
(619) 453-8430 

Colorado 

Future Electronics, Inc. 
(303) 232-2008 

Marshall Industries Inc. 
(303) 451-8383 
(719) 573-0904 

Connecticut 

All American Semiconductor 
(203) 791-3818 

Future Electronics, Inc. 
(203) 250-0083 

Marshall Industries, Inc. 
(203) 265-3822 

Florida 

All American Semiconductor 
(305) 429-2800 
(305) 621-8282 

Future Electronics, Inc. 
(813) 530-1222 
(305) 426-4043 
(407) 865-7900 

Marshall 
(305) 977-4880 
(407) 767-8585 
(813) 573-1399 

Reptron Electronics 
(305) 735-1112 
(813) 855-4656 

Georgia 

Future Electronics, Inc. 
(404) 441-7676 

Marshall Industries, Inc. 
(404) 923-5750 

Reptron Electronics 
(404) 446-1300 

Illinois 

All American Semiconductor 
(708) 852-7707 

Future Electronics, Inc. 
(708) 882-1255 

Marshall Industries, Inc. 
(708) 490-0155 

Reptron Electronics 
(708) 882-1700 

Indiana 

Marshall Industries 
(317) 388-9069 

Future Electronics, Inc. 
(317) 469-0447 

V TELCOM SEMICONDUCTOR, INC. 

TelCom U.S. Distributors 

Kansas 

Future Electronics, Inc. 
(913) 649-1531 

Marshall Industries, Inc. 
(913) 492-3121 

Maryland 

All American Semiconductor 
(301) 251-1205 

Future Electronics, Inc. 
(410) 290-0600 

Marshall Industries,lnc. 
(410) 880-3030 

Reptron Electronics 
(410) 290-5113 

Massachusetts 

All American Semiconductor 
(617) 275-8888 

Future Electronics, Inc. 
(508) 779-3000 

Marshall Industries,lnc. 
(508) 658-0810 

Western Micro Technology 
(617) 273-2800 

Michigan 

Future Electronics, Inc. 
(313) 261-5270 
(616) 698-6800 

Marshall Industries,lnc. 
(313) 525-5850 

Reptron Electronics 
(313) 525-2700 

Minnesota 

All American Semiconductor 
(612) 944-2151 

Future Electronics, Inc. 
(612) 944-2200 

Marshall Industries,lnc. 
(612) 559-2211 

Reptron Electronics 
(612) 559-0000 

Missouri 

Future Electronics, Inc. 
(314) 469-6805 
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TelCom U.S. Distributors (Con.t) 

New Jersey 

All American Semiconductor 
(609) 768-3649 

Future Electronics, Inc. 
(609) 596-4080 

Marshall Industries, Inc. 
(201) 882-0320 
(609) 234-9100 

Western Micro Technology 
(609) 596-7775 

New York 

All American Semiconductor 
(516) 434-9000 

Future Electronics, Inc. 
(516) 234-4000 
(716) 387-9550 
(315) 451-2371 

Marshall Industries, Inc. 
(607) 785-2345 
(716) 235-7620 
(516) 273-2695 

North Carolina 

All American Semiconductor 
(919) 870-5189 

Future Electronics, Inc. 
(704) 547-1107 
(919) 790-7111 

Marshall Industries, Inc. 
(919) 878-9882 

Western Micro Technology 
(919) 787-8512 

Ohio 

Future Electronics, Inc. 
(513) 426-0090 

Marshall Industries, Inc. 
(216) 248-1788 
(513) 898-4480 

Reptron Electronics 
(216) 349-1415 
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Oregon 

All American Semiconductor 
(503) 531-3333 
(800) 531-3334 

Marshalllndustries,lnc. 
(503) 644-5050 

Western Micro Technology 
(503) 629-2082 

Pennsylvania 

Reptron Electronics 
(215) 672-6055 

Texas 

All American Semiconductor 
(214) 231-5300 
(512) 335-2280 
(800) 335-2280 

Future Electronics, Inc. 
(512) 502-0991 
(214) 437-2437 
(713) 785-1155 

Marshalllndustries,lnc. 
(512) 837-1991 
(214) 705-0600 
(713) 467-1666 

Utah 

All American Semiconductor 
(801) 261-4210 
(800) 682-8313 

Marshall Industries, Inc. 
(801) 973-2288 

Washington 

Future Electronics, Inc. 
(206) 489-3400 

Marshall Industries, Inc. 
(206) 486-5747 

Western Micro Technology 
(206) 453-1699 

Wisconsin 

Future Electronics, Inc. 
(414) 879-0244 

Marshall Industries, Inc. 
(414) 797-8400 
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TelCom International Sales Representatives and Distributors 

Australia 

R&D Electronics 
035580444 

Truganini House 
026380077 

Austria 

Ing. E. Steiner 
Steiner Electronic Vertrieb GmbH 
02233/55 3660 

Belgium 

Tekelec Airtronic 
027256520 

Canada 

Future Electronics, Inc. 
(403) 250-5550 
(403) 438-2858 
(514) 694-7710 
(613) 820-8313 
(418) 877-6666 
(905) 612-9200 
(604) 294-1166 

Marshall Industries, Inc. 
(514) 694-8142 
(905) 612-1771 

China 

Leadertronics Company 
214397490 

Pong Yuen 
755321 3202 

Denmark 

Ditz Schweitzer 
042453044 

Finland 

Farnell Electronic Services 
0739100 

France 

Tekelec Airtronic 
0146232425 

Germany 

Adelco Elektronik GmbH 
041062024 

Future Electronics- Unterfohring 
089957270 

Semitron W. Rock GmbH 
0774280010 

Weisbauer Elektronik GmbH 
0231 579547 

Hong Kong 

Leadertronics Company 
23890800 

Dynatek Electronics Limited 
27966689 

Pong Yuen Electronic Co. 
23658810 

Ireland 

Future Electronics Ltd. 
0753687000 

Italy 

Velco SRL 
0444922922 

Japan 

Hirel Company, Ltd. 
332608401 

Tomen Electronics Corporation
Tokyo 
335063477 

Tomen Electronics Corporation
Osaka 
62083636 

Korea 

Vine Overseas Trading Corp. 
22661663 

Malaysia 

NIE Electronics (M) SDN BHD 
36212122 

Netherlands 

Tekelec Airtronic B.V. 
079310100 
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Norway 

Farnell Electronic Services 
022321270 

Singapore 

NIE Electronics (S) PTE LTD 
4833133 

Technology Solution PTE LTD 
2992833 

South Africa 

Communica (PTY) LTD 
123227613/21 

Spain 

Amitron Arrow S.A. 
034907494 

Sweden 

Farnell Electronic Services 
08830020 

IE Komponenter AB 
08804685 

Switzerland 

Fenner Elektronik AG 
0619750550 

Taiwan 

Timkuo Taiwan Ltd. 
27525577 

United Kingdom 

Future Electronics Ltd. 
0753687000 

Phoenix House 
0555751 566 

Sirretta Microelectronics 
0734258080 

Trident Microsystems Ltd. 
0737765900 
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America's 
Headquarters & Western United States 
TelCom Semiconductor, Inc. 
1300 Terra Bella Avenue 
Mountain View, CA 94043-1800 
TEL: (415) 968-9241 
FAX: (415) 967-1590 

Central United States 
TelCom Semiconductor, Inc. 
1104 South Mays, Suite 216 
Round Rock, TX 78664 
TEL: (512) 244-1178 
FAX: (512) 244-3142 

Eastern United States & Canada 
TelCom Semiconductor, Inc. 
800 Turnpike Street, Suite 300 
North Andover, MA 01845 
TEL: (508) 725-3488 
FAX: (508) 725-3484 

Latin America 
TelCom Semiconductor, Inc. 
6 Puddingstone Way 
Medway, MA 02053 
USA 
TEL: (508) 533-2199 
FAX: (508) 533-2285 

© TelCom Semiconductor, Inc. 1995 

European 
Headquarters and Central Europe 
TelCom Semiconductor GmbH 
Lochhamer Strasse 13 
0-82152 Martinsried 
Germany 
TEL: 49-89-89-56-500 
FAX: 49-89-89-56-5022 

Southern Europe 
TelCom Semiconductor, Inc. 
30, rue de Lowaige 
4340 Othee Awans 
Belgium 
TEL: 32-41-575418 
FAX: 32-41-576584 

Northern Europe 
TelCom Semiconductor, Inc. 
48, Parklands Avenue 
Worle; Weston super Mare; 
Avon BS 22 OPZ 
United Kingdom 
TEL: 44 (0) 1934-514232 
FAX: 44 (0) 1934-520385 

Pacific Rim 
Headquarters 
TelCom Semiconductor, Inc. 
10 Sam Chuk Street, 
Ground Floor 
Kowloon Hong Kong 
TEL: 852-2324-0122 
FAX: 852-22354-9957 

Printed in the U.S.A 


