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Introduction 

Since its founding in 1966, Gould AMI Semiconductors, headquartered in Santa Clara, California, has been a leader 
In the design and manufacture of custom metal-oxide-slllcon/very-large-scale Integrated (MOS/VLSI) circuits. 
Today, the company supports an entire continuum of application specific solutions-gate arrays, standard cell 
designs, interactive full custom circuits, and circuits fabricated from a customer's own tooling-with a goal of con· 
tinually reducing the risk, development span, and cost of application specific circuits. 

In addition, Gould AMI Is also a supplier of catalog MOS/VLSI devices that are synergistic with our custom 
capabilities. These devices include read-only memories (ROMs) and random-access memories (RAMs), and data 
communications and telecommunications circuits, Including modems and digital signal processors. By developing 
catalog parts that are synergistic with our custom products, Gould AMI can provide the broadest range of ch,ips 
needed to implement a specific system solution. 

With more than 3000 different customized ICs produced, Gould AMI ranks as the leading supplier of application 
specific integrated circuits (ASICs). The company's success in this area of semiconductor manufacture Is the 
result of technical expertise that is characterized by commitment to service. Gould AMI will work with a company at 
any stage of a product's design: from system concept to IC fabrication based on a customer's own tooling. 

Gould AMI has design centers In Cupertino, California; Jericho, New York; and Altamonte Springs, Florida, which 
will provide assistance to customers. Wafer fabrication is done at a new state-of-the art facility in Pocatello, Idaho. 
Circuit packaging and assembly operations are conducted in Manila, the Philippines. A joint venture company, 
Austria Microsystems International, located In Graz, Austria, serves the European common market with complete 
design and fabrication facilities. Another joint venture company in Tokyo, Japan, Asahi Microsystems Inc., also 
designs and will produce integrated circuits for Japan and countries of the Pacific Basin. 

This databook is intended for your information only, and is not 
necessarily the most current version of the data. For actual gate array 
circuit design, we recommend that you subscribe to our Gate Array 
Design Manual update service by filling out the card in the back of this 
data book. 
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Indices 



Numerical Index 

3µ Single-Metal HCMOS 
Gate Array 

Gate 
Cell Description Equiv. Page 

AA02 Pre-Routed Two Input AND Gate 1.5 2.5 
AA03 Pre-Routed Three Input AND Gate 2.5 2.6 
AA04 Pre-Routed Four Input AND Gate 2.5 2.7 

AN01 Pre-Routed AND·NOR Gate 2.5 2.8 
AN02 Pre-Routed AND-NOR Gate 1.5 2.9 

DF01 Pre-Routed D Flip-Flop 5.0 2.10 
DF02 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Set 5.0 2.12 
DF03 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Reset 5.0 2.14 
DF04 Pre-Routed D Fllp·Flop With Asynchronous 

Active Low Set And Active Low Reset 7.0 2.16 

DL01 Pre-Routed Latch With Q And QN 2.5 2.18 
DL18 Pre-Routed Latch With Set And Reset 3.5 2.20 
DL19 Pre-Routed Latch With Set 2.5 2.22 
DL1A Pre-Routed Latch With Reset 2.5 2.24 
DL1B Pre-Routed Latch With Active Low Set 2.5 2.26 
DL1C Pre-Routed Latch With Active Low Reset 2.5 2.28 
DL1D Pre-Routed Latch With Active Low Set 

and Reset 3.5 2.30 

EN01 Pre-Routed Exclusive NOR Gate 2.5 2.32 

E001 Pre-Routed Exclusive OR Gate 2.5 2.33 

1813 Input Pad With Protection Diode n/a 2.34 
1814 Input Pad With Protection Diode With 

P·Channel n/a 2.35 
1815 Input Pad With Protection Diode With 

N·Channel n/a 2.37 

llFO Pre-Routed Inverting Schmitt Trigger 1.5 2.39 
llF3 Pre-Routed TTL Lever Translator 2.5 2.40 

IN01 Single Pre-Routed Inverter 1.0 2.42 
IN02 Two Pre-Routed Inverters in Parallel 1.0 2.43 
IN03 Three Pre-Routed Inverters in Parallel 1.5 2.44 
IN04 Four Pre-Routed Inverters in Parallel 2.5 2.45 
IN05 Five Pre-Routed Inverters in Parallel 2.5 2.46 

1005 Tri-State Input-Output Buffer n/a 2.47 

IT02 Pre-Routed Inverter Driving A Transmission 
Gate 2.0 2.49 

MU20 Pre-Routed Two To One Multiplexer 1.0 2.50 
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Numerical Index 

3µ Single-Metal HCMOS Gate Array (Continued) 
Gate 

Cell Description Equiv. Page 

NA02 Pre-Routed Two Input NANO Gate 1.0 2.51 
NA03 Pre-Routed Three Input NANO Gate 1.5 2.52 
NA04 Pre-Routed Four Input NANO Gate 2.5 2.53 
NA05 Pre-Routed Five Input NANO Gate 2.5 2.54 

N002 Pre-Routed Two Input NOR Gate 1.0 2.55 
N003 Pre-Routed Three Input NOR Gate 1.5 2.56 
N004 Pre-Routed Four Input NOR Gate 2.5 2.57 
N005 Pre-Routed Five Input NOR Gate 2.5 2.58 

OB03 CMOS Output Buffer n/a 2.59 
OB07 Open Drain Output Buffer n/a 2.61 
OBOD Tri-State Output Buffer n/a 2.63 

ON01 Pre-Routed OR·NAND Gate 2.5 2.65 
ON02 Pre-Routed OR-NANO Gate 1.5 2.66 

OR02 Pre-Routed Two Input OR Gate 1.5 2.67 
OR03 Pre-Routed Three Input OR Gate 2.5 2.68 
OR04 Pre-Routed Four Input OR Gate 2.5 2.69 

PP01 Vss Ground Pin n/a 2.70 
PP02 Voo Power Pin n/a 2.71 

RSOO Pre-Routed Set-Reset NANO Gate Latch 2.5 2.72 
RS01 Pre-Routed NOR S R Latch 2.5 2.73 

TG01 Pre-Routed Transmission Gate 0.5 2.74 
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Cell Description 

AA02 Pre-Routed Two Input AND Gate 
AA03 Pre-Routed Three Input AND Gate 
AA04 Pre-Routed Four Input AND Gate 
AA05 Pre-Routed Five Input AND Gate 

AN01 Pre-Routed AND-NOA Gate 
AN02 Pre-Routed AND-NOA Gate 
AN03 Pre-Routed AND-NOA Gate 
AN04 Pre-Routed AND-NOA-NOR Gate 
AN05 Pre-Routed Four 3-ln AND's Into A 4-ln NOA 
AN06 Pre-Routed Three 3-ln AND's Into A 3-ln 

NOA 

A001 Pre-Routed AND-OR Gate 

DF01 Pre-Routed D Flip-Flop 
DF02 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Set 
DF03 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Reset 
DF04 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Set And Active Low Reset 
DF05 Pre-Routed D Flip-Flop With Asynchronous 

Set 
DF06 Pre-Routed D Flip-Flop With Asynchronous 

Reset 
DF07 Pre-Routed D Flip-Flop With Asynchronous 

Set And Reset 
DF08 Pre-Routed D Flip-Flop With Single Clock 
DF09 Pre-Routed D Flip-Flop With Asynchronous 

Active Low Set And Single Clock 
DFOA Pre-Routed D Flip-Flop With Asynchronous 

Active Low Reset And Single Clock 
DFOB Pre-Routed D Flip-Flop With Asynchronous 

Active Low Set, Active Low Reset, And 
Single Clock 

DFOC Pre-Routed D Flip-Flop With Asynchronous 
Set And Single Clock 

DFOD Pre-Routed D Flip-Flop With Asynchronous 
Reset and Single Clock 

DFOE Pre-Routed D Flip-Flop With Asynchronous 
Set, Reset, And Single Clock 
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Numerical Index 

3µ Double-Metal HCMOS 
Gate Array 

Gate 
Equiv. Page 

2.0 3.6 
2.0 3.7 
3.0 3.8 
3.0 3.9 

2.0 3.10 
2.0 3.11 
2.0 3.12 
3.0 3.13 
6.0 3.14 

5.0 3.15 

2.0 3.16 

4.0 3.17 

5.0 3.19 

5.0 3.21 

6.0 3.23 

5.0 3.25 

5.0 3.27 

6.0 3.29 
5.0 3.31 

6.0 3.32 

6.0 3.33 

7.0 3.34 

6.0 3.35 

6.0 3.36 

7.0 3.37 



Numerical Index 

3µ Double-Metal HCMOS Gate Array (Continued) 
Gate 

Cell Description Equiv. Page 

DL01 Pre-Routed Latch With Q And QN 2.0 3.38 
DL18 Pre-Routed Latch With Set And Reset 3.0 3.40 
DL19 Pre-Routed Latch With Set 3.0 3.42 
DL1A Pre-Routed Latch With Reset 3.0 3.44 
DL1B Pre-Routed Latch With Active Low Set 3.0 3.46 
DL1C Pre-Routed Latch With Active Low Reset 3.0 3.48 
DL10 Pre-Routed Latch With Active Low Set 

and Reset 3.0 3.50 

EN01 Pre-Routed Exclusive NOR Gate 3.0 3.52 

E001 Pre-Routed Exclusive OR Gate 3.0 3.53 

IB01 Pre-Routed CMOS Non-Inverting Input 
Buffer 1.0 3.54 

IB02 Pre-Routed CMOS Inverting Input Buffer 0.0 3.55 
IB04 Pre-Routed CMOS Inverting Input Buffer 0.0 3.56 
IB06 Pre-Routed CMOS Inverting Input Buffer 

With Pull Down 0.0 3.57 
IB07 Pre-Routed TIL Non-Inverting Input Buffer 1.0 3.58 
IB08 Pre-Routed TIL Inverting Input Buffer 0.0 3.59 
IBOA Pre-Routed TIL Inverting Input Buffer With 

Pull Up 0.0 3.60 
IBOC Pre-Routed TIL Inverting Input Buffer With 

Pull Down 0.0 3.61 

1111 Pre-Routed Clock Driver With A Single 
Inverter Followed By A Single Inverter 1.0 3.62 

1112 Pre-Routed Clock Driver With A Single 
Inverter Followed By A Single Inverter 2.0 3.63 

1113 Pre-Routed Clock Driver With A Single 
Inverter Followed By Three Inverters In 
Parallel 2.0 3.64 

1121 Pre-Routed Clock Driver With Two Inverters 
In Parallel Followed By A Single Inverter 2.0 3.65 

1122 Pre-Routed Clock Driver With Two Inverters 
In Parallel Followed By Two Inverters In 
Parallel 2.0 3.66 

1131 Pre-Routed Clock Driver With Three 
Inverters In Parallel Followed By A Single 
Inverter 2.0 3.67 
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Numerical Index 

3µ Double-Metal HCMOS Gate Array (Continued) 
Gate 

Cell Description Equiv. Page 

IN01 Single Pre-Routed Inverter 1.0 3.68 
IN02 Two Pre-Routed Inverters In Parallel 1.0 3.69 
IN03 Three Pre-Routed Inverters In Parallel 2.0 3.70 
IN04 Four Pre-Routed Inverters In Parallel 2.0 3.71 
IN05 Five Pre-Routed Inverters In Parallel 3.0 3.72 
IN06 Six Pre-Routed Inverters In Parallel 3.0 3.73 

1001 TTL Non-Inverting Bi-Directional Input/ 
Output Buffer With Positive Enable 10.0 3.74 

1002 TTL Inverting Bl-Directional Input/Output 
Buffer With Positive Enable 11.0 3.75 

1003 CMOS Non-Inverting Bi-Directional 
Input/Output Buffer With Positive Enable 8.0 3.76 

1004 CMOS Inverting Bi-Directional Input/Output 
Buffer With Positive Enable 8.0 3.77 

IT01 Non-Inverting Internal Tri-State Buffer 2.0 3.78 
IT02 Pre-Routed Inverter Driving A Transmission 

Gate 2.0 3.79 
ITOF Inverting Internal Tri-State Buffer 2.0 3.80 

MU23 Pre-Routed Two-To-One Multiplexer 2.0 3.81 

NA02 Pre-Routed Two Input NANO Gate 1.0 3.82 
NA03 Pre-Routed Three Input NANO Gate 2.0 3.83 
NA04 Pre-Routed Four Input NANO Gate 2.0 3.84 
NA05 Pre-Routed Five Input NANO Gate 3.0 3.85 
NA06 Pre-Routed Six Input NANO Gate 3.0 3.86 

N002 Pre-Routed Two Input NOR Gate 1.0 3.87 
N003 Pre-Routed Three Input NOR Gate 2.0 3.88 
N004 Pre-Routed Four Input NOR Gate 2.0 3.89 
N005 Pre-Routed Five Input NOR Gate 3.0 3.90 
N006 Pre-Routed Six Input NOR Gate 3.0 3.91 

OB03 CMOS Output Buffer n/a 3.92 
OB04 CMOS Inverting Output Buffer 2.0 3.93 
OB05 Open Drain Output Buffer n/a 3.94 
OB06 Inverting Open Drain Output Buffer 2.0 3.95 
OB07 Open Drain Output Buffer n/a 3.96 
OB08 Inverting Open Drain Output Buffer 2.0 3.97 
OB09 CMOS Tri-State Non-Inverting Output Buffer 

7.0 3.98 
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Numerical Index 

3µ Double-Metal HCMOS Gate Array (Continued) 
Gate 

Cell Description Equiv. Page 

OBOA CMOS Tri-State Inverting Output Buffer With 
Positive Enable 7.0 3.99 

ON01 Pre-Routed OR-NANO Gate 2.0 3.100 
ON02 Pre-Routed OR-NANO Gate 2.0 3.101 
ON03 Pre-Routed OR-NANO Gate 2.0 3.102 
ON04 Pre-Routed OR-NANO-NANO Gate 3.0 3.103 

OR02 Pre-Routed Two Input OR Gate 2.0 3.104 
OR03 Pre-Routed Three Input OR Gate 2.0 3.105 
OR04 Pre-Routed Four Input OR Gate 3.0 3.106 
OR05 Pre-Routed Five Input OR Gate 3.0 3.107 

PP01 Vss Ground Pin n/a 3.108 
PP02 Voo Power Pin n/a 3.109 

SROO Pre-Routed Set-Reset NANO Gate Latch 2.0 3.110 
SR01 Pre-Routed Set-Reset OR Gate Latch 2.0 3.111 
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Numerical Index 

Schematic Capture Aids 

Gate 
SCA Description Equiv. Page 

Count1 4-Bit Binary Counter 39 5.2 
Count2 4-Bit Binary Counter Presetable 53 5.4 
Count3 4-Bit Binary Counter Expandable 45 5.6 
Count4 4-Bit Binary Counter Presetable, Expandable 58 5.8 
DEC1 4-Bit Decade Counter 43 5.10 
DEC2 4-Bit Decade Counter With DIRECT LOAD 57 5.12 
DEC3 4-Bit Decade Counter With CARRYIN And 

CARRYOUT 49 5.14 
DEC4 4-Bit Decade Counter With DIRECT LOAD, 

CARRYIN, And CARRYOUT 62 5.16 

UDB1 4-Bit Binary Up/Down Counter 50 5.18 
UDB2 4-Bit Binary Up/Down Counter With DIRECT 

LOAD 63 5.20 
UDB3 4-Bit Binary Up/Down Counter With 

CARRYIN And CARRYOUT 70 5.22 
UDB4 4-Bit Binary Up/Down Counter With DIRECT 

LOAD, CARRYIN, and CARRYOUT 73 5.24 

UDD1 4-Bit Up/Down Decade Counter 65 5.26 
UDD2 4-Bit Up/Down Decade Counter With 

DIRECT LOAD 75 5.28 
UDD3 4-Blt Up/Down Decade Counter With 

CARRYIN and CARRYOUT 71 5.30 
UDD4 4-Bit Up/Down Decade Counter With 

DIRECT LOAD, CARRYIN and CARRYOUT 85 5.32 

10G138 3 to 8 Decoder 24 5.34 
10G139 2 to 4 Decoder 8 5.36 
10G148 8 to 3 Priority Encoder 46 5.38 
10G154 4 to 16 Decoder 56 5.40 
10G164 8-Bit Serial in Parallel Out Shift Register 55 5.42 
10G165 8-Bit Parallel/Serial In Serial Out Shift 

Register 78 5.44 
10G166 8-Bit Parallel/Serial Serial Out Shift Register 80 5.46 
10G182 Carry Lookahead Generator 38 5.48 
10G194 4-Bit Bi-Directional Universal Shift Register 65 5.50 
10G195 4-Bit Synchronous Universal Shift Register 44 5.52 
10G199 8-Bit Universal Shift Register 83 5.54 
10G91 8-Bit Serial Shift Register 40 5.56 
10G280 9-Bit Odd/Even Parity Generator/Check 51 5.58 
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1. Semicustom VLSI 

1.1 Introduction 

Gould AMI Semiconductors, headquartered in Santa 
Clara, California is the semiconductor industry leader 
in the design and manufacture of custom and semi· 
custom gate array and standard cell MOS/VLSI (metal· 
oxide-silicon/very-large-scale-integrated) circuits. 
Gould AMI fabricates integrated circuits for the 
leading computer manufacturers, telecommunications 
companies, automobile manufacturers and consumer 
product companies world-wide. Gould AMI is a wholly 
owned subsidiary of Gould Inc. 
With wafer fabrication and test facilities in Santa Clara 
(California), Pocatello (Idaho), and Graz (Austria) and 
assembly and test facilities in Manila (the Philippines) 
that include the latest semiconductor manufacturing 
equipment, Gould AMI can support a wide spectrum of 
customer applications in a cost effective way, indepen· 
dent of volume requirements. Figure 1.1 shows the 
economic tradeoffs of Gould AMl's custom and 
sem-icustom solutions. 

Figure 1.1. Cost vs Volume Alternatives 

10011 
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Gould AMI Technology is the most advanced in· 
tegrated software system for MOS/VLSI design 
available in the industry. It uses a common database 
for logic simulation, mask layout and test program 
generation, thereby, simplifying the conversion of a 
gate array design to a standard cell or full custom cir· 
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cuit, resulting in lower unit costs when the volume 
requirements warrant it. 

1.2 Gate Arrays 

Also known as "uncommitted logic arrays" or "master 
slices", gate arrays are late-mask-programmable 
devices that contain a predefined number of tran
sistors used to form combinatorial and sequential 
logic functions, by defining a specific interconnect 
pattern. Thus, wafers can be fabricated in large scale 
and placed in inventory for future customization. 
From the fabrication point of view, there is little dif· 
ference between gate arrays and late-mask· 
programmable ROMs, although these two types of in· 
tegrated circuits are quite different architecturally. 
While a ROM's architecture is based on a fixed AND 
and a mask-programmable OR array configuration only 
useful in combinatorial networks, gate arrays contain 
totally uncommitted devices and can be programmed 
to implement random logic functions as well as 
storage elements that can be controlled by common or 
independent clock signals, depending on the user's 
requirements. 
Gould AMI gate arrays are fabricated with advanced 
CMOS process technologies, thus offering all of the 
conventional advantages of CMOS, such as very low 
power dissipation, broad power supply voltage range, 
and high noise immunity. Furthermore, state-of-the-art 
3. and 2-micron array families offer circuit complexities 
of up to 10,000 2-input equivalent gates with perfor
mance characteristics superior to STL (Skottky
Transistor-Logic) devices, and approaching ECL 
(Emitter-Coupled-Logic) speeds. 
Gould AMl's family of 5-micron gate arrays operate 
over the widest power supply range (2.5 to 13.2 volts) 
available in the industry for Silicon-Gate CMOS arrays. 
There are six different members in this family, as 
shown in Table 1.1, with gate densities ranging from 
300 up to 1260 2-input equivalent gates. Specific 
details on device characteristics can be found in this 
semi-custom Design Manual. Table 1.2 shows the elec
trical characteristics of the 5-micron arrays. 

High performance and gate densities can be achieved 
with 3-micron gate arrays, which are fabricated with a 
state-of-the-art CMOS process that includes single and 
double metal interconnect options, and allows opera
tion from 2.5 to 5.5 volts over the full military range. 



As shown in Table 1.3, the single metal 3-micron array 
family consists of five members with gate densities 
ranging from 500 to 2500 2-input equivalent gates, and 
offer the most cost effective solution for applications 

Table 1.1. 5-Micron Gate Array Family 

Device Equivalent Bonding Low Power High Power 
Type Two-Input Pads Drivers Drivers 

UA-1 300 40 17 20 
UA-2 400 46 23 20 
UA-3 540 52 25 24 
UA-4 770 62 31 28 
UA-5 1000 70 35 32 
UA-6 1260 78 39 36 

Table 1.2 

Absolute Maximum Ratings, 5-Mlcron Gate Arrays 
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requiring 5 Volt operation. The overall performance of 
these arrays is, however, degraded by the use of poly
silicon "crossunders", which are needed to route 
signals under metal interconnect tracks or power 
buses, and can be a limiting factor in gate arrays with 
high component utilization, high gate counts or strin
gent performance requirements. 

In the double metal set of 3-micron arrays two layers of 
aluminum are used for interconnect purposes, and the 
switching characteristics of the circuit can be im
proved anywhere from 10% to 30% with respect to the 
single metal family, depending on the specific applica
tion. Moveover, the double metal arrays allow higher 
utilization of the uncommitted transitors, and gate den
sities of up to 4000 gates (See Table 1.4). 

Supply Voltage, V00 .................................................................. - .5V to+ 15V 
Input Voltage, V1N ................................................................... - .5V to V + .5V 
D.C. Input Current, ltN· ...................................................................... + 10mA 
Storage Temperature, T STG .•.•..•..•..•...•.........•.•..•..•.......•.•..•.....•..... - 65° to + 150°C 

D.C. Electrical Characteristics, 5-Micron Gate Arrays: 
Specified at V00 = 5V ± 10% or 10V ± 10%, Vss = OV, TA= -55° to + 125°C 

Symbol Parameter Yoo Min. Typ. Max. Unit Conditions 

Vol Low Level Output Voltage 0.05 v loL = 1.0µA 
High Power Output 5 0.4 v loL = 2.4mA 
High Power Output 10 0.5 v loL = 4.8mA 
Low Power Output 5 0.4 v loL = 0.8mA 
Low Power Output 10 0.5 v loL = 1.6mA 

VoH High Level Output Voltage V00 - .05 v loH = 1.0µA 
High Power Output 5 2.4 v loH = 1.6mA 
High Power Output 10 9.5 v loH = 1mA 
Low Power Output 5 2.4 v loH = .8mA 
Low Power Output 10 9.5 v loH = .4mA 

V1L Input Low Voltage 5 0.0 0.8 v TTL Input 
5 0.0 1.5 v CMOS Input 

10 0.0 3.0 v CMOS Input 

V1H Input High Voltage 5 2.0 Voo v TTL Input 
5 2.0 Voo v TTL Input 

10 7.0 Voo v CMOS Input 

l1N Input Leakage Current 5 -1 1 µA V1N = Voo or Vss 
loz High Impedance Output 

Leakage Current 5 -10 0.001 10 µA VoH = V00 or Vss 

C1N Input Capacitance 5 pF Any Input 
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Table 1.3. 3-Mlcron Single Metal Arrays 

Device No.Of LIO Bonding 
Type Gates Cels Pads 

GA500 540 40 40 
GA1000 1072 54 54 
GA1500 1500 64 64 
GA2000 2025 74 74 
GA2500 2500 84 84 

Table 1.4. 3-Mlcron Double Metal Arrays 

Device No. Of LIO Bonding 
Type Gates Cels Pads 

GA500D 520 40 44 
GA1000D 1152 64 68 
GA2000D 2070 84 88 
GA3000D 3080 102 110 
GA4000D 4080 120 124 

Table 1.5 

Absolute Maximum Ratings, 3-Mlcron Gate Arrays 
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Both families of 3·micron arrays offer total 1/0 flexibili· 
ty since every pin can be programmed to be any of the 
following interface functions: 

• TTLJLSTTL Output Driver 
• CMOS Output Driver 
• Open Drain Output 
• Tri-State Buffer 
• Bi-Directional Buffer 
• Analog Switch 
•TTL Input Buffer 
• CMOS Input Buffer 
• Voo Supply 
• Vss Supply 
In addition, the D.C. electrical characteristics of 
3-micron arrays (See Table 1.5) have been tailored to 
provide current sinking and sourcing capabilities com· 
mensurable with TTL systems requirements. 

Supply Voltage, V00 ..........................•..............................•....... - .5V to + 7V 
Input Voltage, V1N ................................................................. - .5V to V + .5V 
D.C. Input Current, l1N .................................................................... + 10mA 
Storage Temperature, T sTG ......................................................... -65° to + 150"C 

D.C. Electrical Characteristics, 3-Micron Gate Arrays: 
Specified at Voo = 5V ± 10%, Vss = OV, TA = - 55° to + 125°C 

Symbol Parameter Min. Typ. Max. Unit Conditions 

VoL Low Level Output Voltage 0.05 v ioL = 1.0µA 
VoH High Level Output Voltage 4.95 v loH = 1.QµA 

2.40 v loH = 5mA 
V1L Low Level Input Voltage 0.0 0.8 v TIL Interface 

0.0 1.5 v CM OS Interface 

V1H High Level Input Voltage 2.0 Voo v TIL Interface 
2.0 Voo v CMOS Interface 

l1N Input Leakage Current 1 µA V1N = Voo 
loz High Impedance Output 

Leakage Current 
-10 0.001 10 µA VoH = Voo or Vss 

C1N Input Capacitance 5 pF Any Input 

1.4 



A new family of gate arrays with drawn transistor chan
nel lengths of 2 µm (LEFF "" 1.5 m) is already in the 
development stages and expected to be released for 
prototyping in the second half of 1985. This new set of 
arrays will allow integration of logic designs of up to 
10,000 2-input-equivalent gates, with typical propaga
tion delays approaching ECL specifications. Table 1.6 
lists all the members in the 2-micron family. 

Table 1.6. 2-Micron Array Family 

Eq. VD Bonding 
Gates Cells Pads 

1.0K 60 68 
2.0K 76 84 
3.0K 96 104 
4.0K 108 120 
6.0K 132 144 
8.0K 168 184 

10.0K 192 208 

Figure 1.2. Semicustom Development Flow 

LOGIC SCHEMATIC 
LOGIC INPUT CONVERSION CAPTURE 

CUSTOMER-GENERATED TEST VECTORS 

O.C. & A.C. PARAMETRIC TESTS 
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1.3 Semicustom Circuit Development 

Recent advances in computer aided design (CAD) 
tools have greatly simplified the development of in
tegrated circuits, particularly gate arrays and standard 
cells, allowing turn-around times of four to six weeks 
from circuit schematic to final tested prototypes. 
Moreover, tasks that used to require extensive back
ground in integrated circuit design can now be under 
the control of system designers with little or no 
previous experience in semiconductor physics. 

Gould AMI has developed a totally integrated CAD 
system that allows the user to perform schematic data 
capture, logic simulation and timing verification, 
automated placement and routing of functional 
macros, followed by timing validation of circuit re
quirements, including parasitic resistance and 
capacitance associated with interconnect tracts. 

Figure 1.2 depicts the steps involved in developing a 
semicustom circuit using Gould AMI software 
capabilities. 

DELAY 

TIMING 
DATA 

HOLD GAPAR 

DATABASE G.A. PLACE/ROUTE 

CIPAR 
SIMAO s.c. 
LOGH: PLACE/ROUTE 

SIMULATION 

TESTFORM 

PATTERN 
FORMATTER 

TESTPRO 

PROGRAM 
GENERATOR 



The first task in the semicustom development phase is 
to format the circuit schematic or logic diagram in 
terms of precharacterized functional macros. This in
formation is then entered into the system using any of 
the commercially available CAE workstations that sup
port Gould AMI semicustom libraries. 

BOLT™ (Block Oriented Logic Translator) is a hardware 
description language and a compiler that allows 
unlimited macro nesting capabilities when describing 
the logic network in a hierarchical fashion. The BOLT 
logic description is compiled and the resulting HOLD 
(Hierarchically Organized Logic Database) file 
becomes the database common to all the design tools 
in the system. 

SIMAO™ is an event and table driven, MOS logic 
simulator that creates a logic model of the circuit to be 
validated from the HOLD database. Nodes may 
assume any one of six logic states 0, 1, X, L, H, and Z, 
thus allowing accurate simulation of transmission 
gates. 

Figure 1.3. 3·Micron Gate Array Customer Interfaces 
and Development Spans 
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Since each logic device in the model can be assigned 
propagation delays, SIMAO also allows timing verifica
tion, including race detection. 
GAPAR™ Is the software package that does automatic 
placement and routing of gate arrays to produce mask 
data. This software allows completion of at least 98% 
of the wiring connections on a 100% utilized double 
metal gate array. 
CIPAR™ is the counterpart of GAPAR for creating an 
error-free standard cell circuit mask layout. CIPAR 
(Custom Interactive Placement and Routing) is fully 
automatic though it allows correct-by-construct in
teractive operation for optimization for placement and 
routing of critical paths. This feature is also available in 
GAPAR. 
DELAY™ extracts from the layout database all the 
interconnect resistance and capacitance, which it 
feeds back to the HOLD file to allow circuit timing 
validation before the mask tooling is created. 
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TESTFORM™ generates compressed functional test 
patterns from the applied Input vectors and the 
simulated output vectors generated by SIMAO. 
TESTPRO™ allows off-line generation of D.C. 
parametric tests in the FACTOR test language used by 
Fairchild test systems. 
The test program generated by TESTPRO and the test 
pattern produced by TESTFORM are used to test 
semicustom circuits on Fairchild Sentry™ test 
systems. 
All Gould AMI semicustom circuits are first screened 
for functionality at the wafer level, and then fully tested 
after assembly, according to customer specifications. 
Though Gould AMl's CAD Software System is highly 
portable and compatible with the medium and low 
priced minicomputers, the system designer is not 
restricted to use the tools when developing a Gould 
AMI gate array or standard cell circuit. Instead, he can 
use any of the commercially available CAE worksta
tions that support Gould AMI semicustom libraries. 
Furthermore, with Gould AMI the designer is given 
total interface flexibility, since no restrictions are 
placed on the type of input data to be supplied by the 
customer, as shown in Figure 1.3. 

Figure 2.1. 3·Micron Double Metal Gate Array 
Architecture 
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2. Semicustom Architectures 

2.1 Gate Array Configurations 

A gate array die can be subdivided into two separate 
areas called the core and the periphery. 
The core contains the basic logic cells and the .nter
connect channels used to customize the devi:::e. It 
occupies the majority of the die area, and provides 
most of the signal processing capabilities on the chip. 
The outermost area of gate array is filled with the 
peripheral cells, used to interface with external com· 
ponents, and the power buses which distribute the 
supply voltages, V00 and Vss, throughout the circuit. 
Figure 2.1 shows the typical configuration of a 
3-micron double metal gate array. The core is formed 
by stepping across the die, in the horizontal and ver
tical direction, a predetermined number of core cells 
which are bounded by the peripheral cells on all four 
sides of the chip. The corners of the die are occupied 
by test devices, alignment and reduction marks, as 
well as Gould AM l's logo. 
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2.1.1. Gate Array Core Cells 

A gate array core cell contains a predetermined 
number of uncommitted transistor pairs, which are 
used to build logic gates and flip.flops by selecting the 
metal interconnect pattern for the required function. 
Figure 2.2 illustrates the basic organization of a 
3-micron single metal core cell, which consists of five 
transistor pairs subdivided into two blocks containing 
two and three pairs, respectively. This configuration 
allows highly efficient component usage when 
building sequential logic structures, since a data latch 
requires a fully utilized single cell. Yet this structure is 
also very efficient in building combinatorial gates with 
up to five inputs per cell. 

The P-channel devices are located at the top of the cell 
with the Voo bus running horizontally across the cell 
between the double set of drain/source contacts to the 
P-type diffusions. Contact from the V00 bus to the 
N-type substrate is made within each cell, thus, down 
bonding from the Voo pad to the die substrate is not 
required. 

The N-channel transistors occupy the bottom half of 
the cell, sitting in a P-well which is common to all cells 
within a row. The Vss bus is connected to the P-well 
within each core cell to minimize substrate drops, thus 
offering high latch-up protection. 
Note that all but one of the transistor pairs in the core 
cell share a common gate that can be used as a feed· 
through to cross cell rows. The reason for splitting the 
gates of one transistor pair is to facilitate the connec
tion of the 4 transistors, within the smallest cell block, 
as two transmission gates with a common drain/ 
source terminal, widely used in building latches and 
flip-flops. 
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Figure 2.2. 3-Micron Single Metal Core Cell 
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In addition to the device gates, there are two complete
ly uncommitted polysilicon underpasses in each cell, 
one on the left side of the active area, and the other 
between the 3 and 2 transistor pair blocks, that can be 
used to cross the cell without contacting any logic 
elements. 



Outside the active area there are 7 polysilicon under
passes oriented in the vertical or Y direction with five 
contacts for each underpass. This structure allows 
routing of ten metal tracks in the horizontal or X direc
tion without contacting any of the cross-unders. 
Figure 2.3 shows the configuration of a 3-micron 
double metal core cell which contains only 2 transistor 
pairs, and has been designed to allow high component 
usage as well as highly efficient automated placement 
and routing of the macros. For this purpose the 
number of total interconnect channels associated with 
a given core cell varies, depending on the location of 
the cell with respect to the center of the die. 

Figure 2.3. 3-Micron Double Metal Core Cell 

Statistically, cells in the center of the core will require 
more interconnect channels than those located near 
the periphery. Therefore, in 3-micron double metal 
arrays the cell rows in the center of the die have twice 
as many horizontal tracks as the ones on top and bot
tom of the core. The number of vertical tracks per cell, 
however, remains fixed independent of the cell coor· 
dinates. The interconnect channels in the horizontal or 
X direction are routed on the first metal layer, while ver· 
tical tracks run on the top layer of aluminum. Contact 
between the two layers is made through program· 
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mable via openings at each intersection of the vertical 
and horizontal channels. 

2. 1.2 Gate Array Peripheral Cells 

The criteria used in designing the interface cells for 
gate arrays was to offer maximum flexibility for pin 
assignment within constraints imposed by the use of 
prefabrication components. Thus, each peripheral cell 
can be used as a receiving or a transmitting port, or 
both. Moveover, any bonding pad within a gate array 
can be connected to the external V00 or Vss power sup
plies, and as mentioned before, internal and external 
power buses can be isolated from each other. 

Figure 2.4. Peripheral Cell for 3·Micron Single Metal 
Arrays 
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Figure 2.4 shows the component layout for a 3-micron 
single metal peripheral cell, which in terms of func· 
tions and sourcing and driving capabilities is no dif· 
ferent from the interface cell for double metal arrays. 



There are, however, minor differences between the two 
families with respect to the physical layout of the com
ponents and the material used to connect the internal 
logic to the peripheral components. In single metal 
this is accomplished by using polysilicon to cross 
under the power buses, and the switching character
istics of input and output buffers are not as good as 
double metal arrays where only aluminum is used for 
interconnect purposes. ,~ 

In reference to Figure 2.4, transistors T1 and T2 are the 
N-type and P-type transistors, respectively, which are 
used to form a pre-driver when using the cell as an out
put. T3 and T4 are the N-channel and P-channel drivers. 

TS and T6 are small transistors with relatively high 
"on" impedance that can be used as on-chip pull-down 
or pull-up, respectively. 

The N - and P + diodes are used to protect the chip 
against electrostatic discharges when the cell is used 
as an input. 

The peripheral cells are delimited on each side by the 
Voo and Vss power supply buses which are distributed 
over the entire chip forming concentric loops, and by 
proper interconnection of the available components 
any one of the following functions can be formed: 

• TTULSTTL Output Driver • TTL Input Translator 
• CMOS Output Driver • CMOS Receiver 
• Open-Drain Buffer • Voo Supply 
• Tri-State Buffer • Vss Supply 
• Analog Switch 

3. Semicustom Logic Design 

The design of a semicustom gate array or standard cell 
circuit is very similar to that of a printed circuit board 
using SSl/MSI components. After the functional be
havior for the circuit is specified, the system designer 
selects from a library of standard functions those 
which best fit the application, and a logic diagram is 
then generated. 

Functional verification of the logic and timing analysis 
of critical paths are, in many cases, performed at the 
breadboard levels. As circuit complexities increase, 
breadboarding can extend development cycles beyond 
reasonable limits, and logic simulation is used instead 
as a vehicle to validate the integrity of the logic design. 

The last step in the design phase is to determine the 
final layout configuration of the logic components. A 
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variety of software packages are available to perform 
this task, and system designers do not usually get in· 
volved in this phase of the development cycle. 

The three basic steps described above are essentially 
the same for printed circuit boards and semicustom 
devices alike, although the tools used in accom
plishing these tasks differ. 

This section describes the basic logic functions that 
are the foundation of complex combinatorial and se
quential structures, and outlines the main factors to be 
taken into consideration when converting an existing 
design, based on discrete components, to a CMOS 
semicustom circuit. The user is also introduced in this 
section to a hardware description language (BOLT) 
used at Gould AMI to create the logic database, and 
the main features of a proprietary logic simulator with 
assignable delays (SIMAO) are also outlined. 

3.1 Basic Logic Gates 

3.1.1 The CMOS Inverter 

The INVERTER is the most elementary logic gate in 
CMOS technology, and its implementation requires 
one P-channel and one N-channel transistor connected 
in series, as shown in Figure 3.1 (b). As long as the in
put voltage to the common gate of the devices is Voo 
or v55, only one of the transistors will be "on" while 
the other will be turned "off". Under these conditions 
the power dissipation is a function of leakage currents 
through reversed biased junctions on the device, and it 
is negligible for most practical purposes since these 
currents are typically in the femtoamp range. 

On the other hand, as the input voltage is switched 
from Vss to V00, or vice-versa, there is a range of 
values for which both transistors will be "on". During 
this time there is a low impedance path from the posi
tive to the negative supply "rails", and power will be 
dissipated. 

The transfer characteristics of Figure 3.1 (c) show that 
when both transistors are "on" there is a current spike 
which is a function of transistor geometries, supply 
voltage, and rise and fall times of the input signal. 

In addition to the power dissipation associated with 
current spikes during switching transitions, CMOS 
gates dissipate power when the output voltage swit· 
ches states, since the node capacitances need to be 
charged or discharged. Section 4.6 treats this topic in 
more detail. 



Figure 3.1. CMOS Inverter 
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3.1.2 Transmission Gate 

Unique to MOS technology, this logic element acts as 
a bidirectional switch widely used in multiplex
ing/demultiplexing applications. As with the CMOS in· 
verter, only two transistors are required to implement 
this function, but in this case the transistors are con
nected in parallel and the gates of the devices are con
trolled by signals of opposite polarities. Figure 3.2 
shows the logic symbol, circuit schematic, and truth 
table for a CMOS transmission gate. 

When the control signals at the gates of the N-channel 
and P-cn.annel transistors have the right polarity (i.e. 
G = 1, G = 0), both devices are "on" and signals can 
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Figure 3.2. CMOS Transmission Gate 
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Figure 3.3. Transmission Gate Configurations 
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propagate in both directions through a relatively low 
impedance path which depends on the size of the tran
sistors, and the voltage levels at the common drain/ 
source terminals of the gate. If G = 0 and G = 1, the 
transistors will be "off" and the gate will be in a high 
impedance state. 

Because of the high impedance characteristics of 
transmission gates in the "off" state, they can be used 
very efficiently in building multiplexers, or internal tri· 
state configurations, although the latter does normally 
require the use of drivers, as depicted in Figure 3.3. 

Transmission gates, also known as transfer gates or 
bidirectional switches, are widely used in CMOS tech· 
nologies to build latches and flip-flops, as will be seen 
later in this section. 

3.1.3 NANO Gates 

In general, to build a CMOS gate requires two comple· 
mentary transistors for every input to the gate. Except 
for transmission gates, these transistor pairs have a 
common polysilicon gate which is connected to the in
put signals. 



In the case of NANO gates the P-channel transistors 
are connected in parallel, and the N-channel devices in 
series. Thus, the output of a NANO gate is low only if 
all the inputs are high. 

In gate arrays the P- and N-channel transistors in the 
core have typically the same geometries; however, 
their driving capabilities are quite different due to in
herent properties of CMOS processes. The "on" im
pedance of P-channel transistors is approximately two 
to three times higher than that of N-channel devices. 
As shown in Figure 3.4, NANO gates have the weaker 
transistors connected in parallel, while the stronger 
ones are in series. The end result is that these logic 
elements tend to have more symmetrical propagation 
delays than other CMOS gates, and their use is recom
mended whenever close matching of rise and fall 
times or minimization of propagation delays are 
desired. 

Figure 3.4. 2·1nput NANO Gate 
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The number of inputs to the gate can be expanded by 
simply adding more N-channel devices in series, and 
an equal number of P-channel transistors in parallel. 
An example of a 4-input NANO is given in Figure 3.5. 
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Figure 3.5. 4-lnput NANO Gate 
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As the fan-in of a gate is increased, however, the 
parasitic capacitances and the "on" resistance of the 
devices connected in series will also increase, and the 
propagation delay of the gate will be affected. For 
NANO gates with more than 5 inputs the suggested 
implementation is the AND-NANO configuration 
shown in Figure 3.6 for an 8-input gate. 

The AND function, in CMOS, is obtained by using 
NANO gates followed by inverters, although this is 
transparent to the user since a fully characterized hard
ware macro for this function already exists in the gate 
arrays and standard cells libraries. 

Figure 3.6. S·lnput NANO Gate 
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3.1.4 NOR Gates 

The NOR gate realizes the same function for negative 
logic as the NANO gate does for positive logic. This is, 
the output of a NOR gate is high if all the inputs are 
low. 

Implementing a NOR gate in CMOS technology re
quires, once again, a pair of complementary transistors 
for every input. In this case, however, the P-channel 
transistors are connected in series and the N-channel 
in parallel. This configuration leads to asymmetrical 
waveforms, particularly in gate arrays, where the tran
sistor geometries are similar for P- and N-type due to a 
mismatch between the "on" impedances of the pull-up 
and pull-down devices. 

Figure 3.7. 2·1nput NOR Gate 

(a) LOGIC SYMBOL 

Yaa 

A---+----1.._....... 
Q 

(b) CIRCUIT SCHEMATIC 

A B Q 

0 0 1 
0 1 0 
1 0 0 
1 1 0 

(c) TRUTH TABLE 

1.13 

Gate Array Design Guide 

The asymmetrical characteristics of NOR gates are ac
centuated as the fan-in of the gate is increased, and 
critical paths should not be designed with NOR logic. 
Instead, one can use De Morgan's theorem to obtain a 
functional equivalence requiring inverters and AND 
gates as shown in Figure 3.8. If the true and com
plemented outputs of the signals driving the inverters 
are available, as would be the case in latches and flip
flops, the inverters of Figure 3.8 would not be required, 
and the component utilization would be minimized. 

Figure 3.8. 6·1nput NOR Gate Implementation 
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An alternate implementation of a six-input NOR gate, 
using OR-NOR logic is shown in Figure 3.9. This logic 
structure yields average propagation delays similar to 
the INVERTER-AND configuration previously dis
cussed, and uses fewer components, particularly for 
NOR functions with large fan-in. 

The output waveform produced by the OR-NOR logic 
structure is not as symmetrical as the one generated 
with the INVERTER-AND scheme, but it is consider
ably more symmetrical than that of a standard NOR im
plementation, where all the P-channel transistors are 
connected in series. 

The OR function is implemented in hardware with a 
NOR gate followed by an inverter; thus, signals trans
mitted through will undergo a double inversion, and 
the overall propagation delays are obtained by adding 



Figure 3.9. 6·1nput NOR Gate 
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the rising time of the first gate to the falling time of the 
second and vice versa. Since the mismatch between 
rising and falling signals of a NOR gate and an IN
VERTER are in the same direction, when used in series 
they produce waveforms with better symmetry than 
that of the individual gates. 

3.2 Complex Gates 

Series-parallel and parallel-series connection of tran
sistors having the same polarities, in CMOS tech
nology, result in logic structures with two logic levels 
being highly efficient in terms of component utiliza
tion. 

3.2.1 AND-NOR Gates 

The AND-NOR function can be obtained by connecting 
P-channel transistors in a parallel-series combination, 
while N-channel devices are connected in the opposite 
manner. 

Figure 3.10 shows the internal logic of the AND2NOR2 
function, where the pull-up portion of the complex gate 
is implemented by first connecting the P-channel tran
sistors for A and Bin parallel, and these in turn are con
nected in series with the P-type device whose input is 
driven by C. The corresponding pull-down devices for 
A and B are, on the other hand, connected in series 
with respect to each other, but in parallel with respect 
to the N-channel device associated with B. 

A 4-input wide AND-NOR function requires an addi
tional transistor pair, and its implementation is il
lustrated in Figure 3.11. 
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Figure 3.10. AND2NOR2 Function 
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3.2.2 OR-NANO Gates 

A dual of the AND-NOR function is realized by revers
ing the connection of p and n transistors described in 
the preceding paragraph. 

Figure 3.12 depicts the implementation of the 
OR2NAND2 functional macro. In this case, the 
P-channel transistors associated with inputs A and B 
are in series with each other, and in parallel with the 
PMOS transistor whose gate is connected to input C. 
This configuration is then reversed for the correspond
ing N-channel transistors to form the pull-down struc
ture of this complex gate. 

An expansion of the OR-NANO function described 
above is shown in Figure 3.13. In general, expanding 
the number of inputs to the OR gates requires series 
connection of additional P-type devices, and parallel 
connection of the corresponding N-channel tran
sistors, whereas increasing the fan-in of the NANO 
function is obtained by parallel and series connection 
to additional PMOS and NMOS devices. 



Figure 3.11. AND4NOR2 Implementation 
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Figure 3.12. OR2NAND2 Complex Gate 
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Figure 3.13. OR4NAND2 Function 
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Figure 3.14. EXCLUSIVE OR Function 
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3.2.3 EXCLUSIVE OR and EXCLUSIVE NOR Gates 

The output of an EXCLUSIVE OR gate Is high only if 
either one of the inputs Is high, but not both. For this 
reason, it is also known as the non-coincidence gate, 
since it detects inputs with complementary states, and 
it is widely used in building full adders, parity 
generators/checkers and ALUs. 

A straight-forward implementation of the EXCLUSIVE 
OR function, as suggested by the logic equation 
above, requires AND-OR logic involving the true and 
complemented states of the input signals. This con· 
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figuration is particularly useful in building synch
ronous counters, where the EXCLUSIVE OR function is 
used in conjuction with the outputs of flip-flops. 

Figure 3.15 illustrates an EXCLUSIVE OR function im
plemented with AND-OR functional macros, and an 
equivalent configuration using transmission gates. 
The first logic structure requires eleven transistor 
pairs, or 5V2 equivalent 2-input gates, versus only four 
pairs of complementary transistors (2 gates) when 
transmission gates are used. 

The high gate count associated with the logic circuit of 
Figure 3.15 (a) makes this structure highly inefficient 
and its use is not recommended. Instead, manipulation 
of the logic equation leads to an implementation that 
does not require both polarities of the input signals 
and can be implemented with 5 transistor pairs, or 2V2 
gates, as shown in Figure 3.16. 

Figure 3.15. EXCLUSIVE OR Implementations 
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Figure 3.16. EXCLUSIVE OR Function 
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The EXCLUSIVE NOR function is sometimes referred 
to as the equivalence gate, since its output is high only 
when both inputs have the same polarity. This function 
could be realized by simply inverting the EXCLUSIVE 
OR gates described above, but this configuration 
would not yield the minimum number of components. 
Instead, one can take advantage of the fact that when 
either one, but not both, of the inputs to an EX
CLUSIVE OR is complemented, the resulting function 
is the EXCLUSIVE NOR. Thus, a simple rearrangement 
of the internal connections of the true and the comple
ment of one of the input signals leads to the EX
CLUSIVE NOR configurations shown in Figure 3.17. 

Figure 3.17. EXCLUSIVE NOR Gate 
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3.3 Storage Elements 

The outputs of a sequential network depend not only 
on the present state of the input signals, but also on 
their past values. Therefore, sequential logic design re· 
quires memory elements which are used to store infor
mation regarding the previous states of the circuit. 

This seciton describes the basic elements commonly 
used in CMOS design for data storage. 

3.3.1 Latches 

The simplest memory element can be constructed 
with two cross-coupled NANO gates, as shown in 
Figure 3.18. The outputs of this circuit can assume one 
of two stable states, and for that reason it is some
times called a bistable multivibrator. This circuit, 
however, is more commonly known as SET-RESET 
latch. 

Figure 3.18. SET-RESET Latch 

Q 

s lf Q+ 

0 0 x 
0 1 1 
1 0 1 

1 1 Q 

X =INDETERMINATE 

(a) LOGIC DIAGRAM (b) STATE TABLE 

In this logic element, the condition of the outputs at 
any given time, other than during transitions, indicates 
which of the inputs was low just before the output was 
switched. Note that if Sand Rare both low, the state of 
the outputs is indeterminate; consequently, the input 
signals are not normally allowed to be low at the same 
time. 

Another type of storage element is the clocked latch, 
whose logic diagram and state table are given in Figure 
3.19. In its most elementary form this latch requires 
one pair of transmission gates, with complementary 
controls, plus two inverters. This memory cell is the 
basic building block of CMOS flip-flops, which will be 
described next. 
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Figure 3.19. Clocked Data Latch 
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When the control signals G and G are such that the 
transmission gate driven by the input data is "on", the 
latch becomes transparent and signals arriving at the 
input port will be transmitted to the output node. Dur
ing this time, the transmission gate on the feedback 
path is "off". 

As the control signals change states, the input trans
mission gate will be turned "off" while the one in the 
feedback path will turn "on", latching the data at the 
output of the inverter driving it. 

Preset and clear functions can be added to this 
memory element by simply using either a 2-input NOR 
or a NANO gate depending on whether active high or 
active low signals are required. Because of the in
herent speed advantages of NANO gates, the macros 
in the library have active low preset and clear func
tions. Shown below are the logic configurations for 
two clocked latches, one with reset only and the other 
with reset and set inputs. 

Figure 3.20. Clocked Latch With Asynchronous 

Clear 

(a) LOGIC DIAGRAM (b) LOGIC SYMBOL 



Figure 3.21. D·Latch With Asynchronous Preset and 

Clear 

(1) LOOIC CIRCUIT (b) LOOIC SYMBOL 

3.3.2 Fllp-Flops 

As long as the control signals G = 1 and G = 0, the 
data latches of Figures 3.19 and 3.21 will change state 
In response to any changes at the input port. In 
synchronous circuits, this feature might be particularly 
undesirable. This conflict can be resolved by using a 
master-slave configuration, Instead. 

The D flip-flop is the most commonly used storage ele
ment in CMOS technology, because its implementa· 
tion requires the least number of components. In fact, 
all other types of flip.flops are usually built with this 
memory element and external gates. Figure 3.22 
shows the basic structure of a master-slave flip.flop 
built out of two data latches triggered on opposite 
edges of the clock, thus isolating the slave stage from 
any changes occurring at the output of the master 
latch as a result of a change in the input data while the 
C signal is low. 

On the low to high transition of the clock, the contents 
of the master stage are transferred to the slave. At the 
same time the input transmission gate is turned "off" 
thus, changes in the input data cannot propagate to 
the output of the flip-flop. 

Data is setup on the negative going edge of the clock, 
and the time required is calculated by adding the prop
agation delays through the input transmission gate 
plus the two inverters in the master latch. The clock to 
output delay of the flip-flop is, on the other hand, ob· 
tained by adding the delays associated with one trans
mission gate and an inverter in the slave section. 

Asynchronous set and reset functions can easily be 
added to the flip-flop, by simply changing the inverters 
in the master and slave stages to NOR or NANO gates, 
depending on whether active high or low signals are 
desired. 
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Figure 3.22. D·Type Fllp-Flop 
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Figure 3.23. Fllp-Flop With Set And Reset 
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(a) LOGIC DIAGRAM 

(b) LOGIC SYMBOL 

Figure 3.24. Toggle Flip-Flop 

(a) LOGIC SYMBOL (b) TIMING DIAGRAM 



If the Q output of the D flip-flop is fed back to the input, 
as shown in Figure 3.24, the resulting configuration is 
called a "toggle flip-flop", since its output changes 
state with every incoming clock pulse. 

Note that the period of the output waveform, in the tog
gle flip-flop, is twice as long as the clock period; 
therefore, the output frequency is one half that of the 
clock signal. For this reason, this element is some
times referred to as a "modulo 2 counter" widely used 
in frequency synthesizers. 

Another type of flip-flop, particularly useful in building 
synchronous counters, is the JK. The state table of 
Figure 3.25 shows that, depending on the input signal 
conditions, this flip-flop can inhibit the data from 
changes at the clock input, or it can behave as either 
SET-RESET or toggle flip-flop. 

A straight-forward manipulation of the logic equation 
for the JK flip-flop leads to the configuration illustrated 
in Figure 3.25 (c). Here, a 0-type flip-flop and complex 
gate, identical to the one used to implement the EX
CLUSIVE OR function, emulate the behavior of a JK 
flip-flop, while minimizing the number or required com
ponents. 

Figure 3.25. JK Flip-Flop 
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Since the next state of a D flip-flop is always the same 
as the input data before the clock pulse, its 
characteristic equation is Q + = D. Thus, converting 
another flip-flop to a D-type plus some additional logic 
gates can easily be accomplished by equating the 
characteristic equations of both flip-flops, as il
lustrated in Figure 3.26 for a SET·RESET flip-flop. 
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Figure 3.26. S-R To D Flip-Flop Conversion 
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3.4 Logic Reconfiguration 

For many years, logic designers have been 
accustomed to use standard, off-the-shelf components 
designed to cover a wide range of applications. 
Because of the general nature of these devices, some 
the functions provided in the package end up not being 
utilized, with a consequent waste of P.C. board area 
associated with the unused pins. 

Moreover, the level of integration encountered on 
discrete devices is relatively low, and several packages 
per logic function would be needed to meet today's 
system requirements where it is common to find 32-bit 
wide logic structures. Since the number of packages 
on a board has a direct effect on system reliability, 
designers had to compromise between performance 
and dependability. 

State-of-the-art semicustom devices combine the logic 
flexibility achievable with gates and flip flops, with a 
level of integration equivalent to several thousand 
gates and upwards. Furthermore, present on-chip de
lays attainable with CMOS are already comparable to 
Schottky-Transistor-Logic speeds, and are expected to 
be in the subnanosecond range in the very near future. 

In semicustom design, the most efficient silicon usage 
is typically achieved by converting large functional 



blocks into their more primitive components, namely 
gates and flip-flops. Although standard cell libraries 
tend to offer more complex functional macros than 
gate arrays, as the complexity of the function is in
creased it becomes uneconomical to develop dedi
cated macros for all the possible variations of the 
basic function. Instead, user requirements are met by 
using "software macros" built from more basic ele
ments for mask layout purposes. 

Hence, the first step in a typical semicustom develop
ment is to prepare the schematic diagram in a form di
rectly compatible with the library of macros for the 
selected technology. In doing so, the logic designer 
needs to take into consideration several factors which 
will Influence the complexity as well as the perfor
mance of the circuit. 

Figure 3.27. Equivalent Gate Networks 
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Figure 3.28. OR Gate Equivalence 

3.4.1 Fan-In Considerations 

In describing the basic CMOS gates, it was mentioned 
that the performance of a gate is degraded as the num· 
ber of inputs to the gate is increased. As a rule, logic 
gates requiring more than 5 inputs should be imple
mented in two or more levels of logic by using simple 
transformation techniques derived from the basic 
theorems of Boolean algebra. 

Figure 3.27 shows how to convert 6-input CMOS gates 
into a 2-level network by straight application of the 
distributive law. 

If the complement of the input signals in an OR gate is 
available, one could use De Morgan's theorem to ob· 
tain an alternate 2-level network with better perfor
mance characteristics than the one shown on Figure 
3.28. 

3.4.2 Fan-Out Considerations 

Since the rise and fall times of a CMOS gate increase 
almost linearly with increasing load capacitance, cer
tain restrictions need to be imposed regarding the 
maximum number of unit loads that can be driven from 
a single gate. 

In describing the CMOS INVERTER, it was mentioned 
that as the input signal to the gate changes states, 
power is dissipated during the finite time where both 
transistors are "on", thereby creating a low impedance 
path between Voo and Vss· The longer it takes to 
switch the input signal, the longer the transistors will 
be "on", and the more power the gate will dissipate. 

On the other hand, if the rise and fall times of all the in
ternal nodes in .the circu.it are optimized, the power 
dissipation due to current spikes during input transi
tions can be minimized and, in most cases, neglected. 

In general, the speed degradation of a gate, rather than 
power dissipation, is the limiting factor when deter
mining the maximum allowable capacitive load at the 
output node. Therefore, it might be necessary to add 
redundant logic to the circuit to meet the speed re· 
quirements, depending on the particular application. 



The propagation delay of a CMOS gate can be approx
imated by: 

td = 

tdx = 
ktdx = 
c = 

td = tdx + ktdx C where 

Propagation delay of the gate in 
nanoseconds. 
No-load (Intrinsic) delay. 
Fan-Out dependent time delay (Ns/pF). 
Total output node capacitance in picofarads. 

In semicustom devices with only one layer of 
metallization, polysilicon underpasses are needed to 
route signals under metal tracks. When this happens, 
the designer must take into consideration the addi
tional delay introduced by the underpass resistance, 
which is two orders of magnitude higher than that of 
aluminum, and consequently cannot be neglected. 

The equation above implies that every underpass will 
cause the total delay to increase by approximately .3 
Ns/pF. Therefore, in order to optimize circuit perfor
mance critical paths should only be routed with metal 
interconnect, whenever possible. Statistically, how
ever, as the circuit complexity increases it becomes in
feasible to entirely eliminate the use of underpasses 
when routing signals in single metal gate arrays and 
standard cells. 

The number of underpasses in a given path is depen
dent both on the placement of the functional macros 
that generate and propagate the signal under con
sideration, and the fan-out of each gate in the signal 
path. Statistically, a critical path in a 3-micron single 
metal gate array is expected to contain no more than 
V2 of an underpass per fan-out of each gate in the path, 
whereas non-critical paths can be routed with no more 
than 1 V2 underpasses per fan-out per gate. Thus, if a 
critical signal propagates through three logic gates 
with fan-outs of 3, 4, and 2 respectively, the maximum 
number of underpasses in the path will be 1.5 for the 
first gate and 2 and 1 for the other gates, respectively. 
Moreover, the total delay of the first gate will increase 
by .45 Ns/pF, while the second and third gate delays 
will increase by .6 and .3 Ns/pF, respectively. 

These statistical figures of merit are normally used at 
the onset of a semicustom development for the pur
pose of determining if the circuit requirements are 
within the capabilities of 3-micron single metal CMOS 
technology. 
Nonetheless, one of the required steps in the develop
ment of every semicustom device is to perform post-
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layout timing validation of the logic to include all the 
parasitic resistance and capacitance due to intercon
nect tracks, which is extracted from the geometrical 
database. 

In double metal technology there are no polysilicon 
underpasses. The propagation delay equation is also: 

td = tdx + ktdx C 

Where C is the total output node capacitance of the 
gate, which is the sum of the individual contributions 
of the gate pairs connected to the node plus the inter
connect capacitance due to metal tracks. 

Again, the parasitic interconnect capacitance is not ac
tually known until the mask layout is completed, and 
statistical values are instead used in the initial stages 
of the design phase. The propagation delay vs. fan-out 
tables on the data sheets of Section 7 already include 
interconnect capacitance equivalent to 500µm of metal 
loading per fan-out. Hence, when using these tables a 
fan-out of 2, for instance, is equivalent to the 
capacitance associated with 2 gate-pairs plus 1000µm 
of metal interconnect. 

If the fan-out exceeds the values given on the tables, 
the output node capacitance per fan-out should be 
.25pF including metal interconnect. Thus, if the gate 
fan-out is 10 the total node capacitance should be 
2.5pF. 

As a rule of thumb, if a CMOS gate with heavy fan-out 
is part of critical paths on the chip, redundant circuitry 
should be added to minimize the propagation delay of 
the required signals. For example, assume that a 2 in
put NANO gate driving a 2-input NOR with a fan-out of 
15 is part of three critical paths in a CMOS semicustom 
circuit. Figure 3.29 shows a possible implementation 
where the NOR gate has been replicated three times, 
whereas the NANO gate has only been duplicated. 

Figure 3.29. Fan-Out Distribution 



The amount of redundancy introduced in the circuit 
because of fan-out versus speed trade-offs is entirely 
dependent on the individual application requirements, 
and the user is advised to study each case carefully. 
Note that every time a gate is duplicated the fan-out of 
the previous gate is increased; therefore, in some 
cases redundant gates might need to be added all the 
way back to the input pins. 

When long counters or shift registers are used in 
CMOS circuits, special care must be taken in minimiz
ing the skew between the opposite phases of the clock 
signal. As we saw in preceding paragraphs, both polari
ties of the clock are needed in CMOS registers to con
trol the transmission gates in the latches. Typically, 
one of the phases is derived from the other by using an 
INVERTER, and there will be a finite time when all the 
transmission gates in the flip-flop will be "on" 
simultaneously. If this time is long enough, due to ex
cessive skew in the clock drivers, master-slave flip
flops could become transparent latches, and the cir
cuit could malfunction. 

In some cases, flip-flop macros only require one edge 
of the clock, since the opposite edge is generated in
ternally. In the most general case, however, both 
polarities of the clock need to be generated outside 
the flip-flop. These clock drivers are standard functions 
in the cell libraries, but in gate arrays they are con
structed by paralleling inverters in a tree configuration, 
where the maximum load allowed on any given inverter 
is 2 flip-flops, which is equivalent to 4 gate-pairs. Also, 
as a rule, the clock signals are distributed through the 
chip without polysilicon crossunders, thus minimizing 
propagation delays. 

Keep in mind that one of the clock edges is derived 
from the other; hence, one of the clock drivers will 
have a heavier load than the other, since in addition to 
the flip-flops, it has to drive the inverters that generate 
the opposite clock signal. Thus, in building a clock tree 
one begins by figuring out the number of inverters 
needed to drive just the flip-flops, based on the rule 
outlined above of 2 flip-flops maximum per single in
verter, and then proceeds backwards in building the 
rest of the tree using the same rule of 4 gate-pairs per 
inverter, until the load of the final driver is less fhan 4 
gates. Figure 3.30 illustrates this technique, applied to 
a 64-bit shift register. The number inside the drivers 
indicates the number of paralleled inverters in a gate 
array. 
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Figure 3.30. Clock Tree for a 64-Bit Shift Register 
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3.4.3 Gate Count 

Over the years, the complexity of an integrated circuit 
was measured in terms of total number of transistors 
on the chip. For CMOS semicustom devices, however, 
it is common practice to use 2-input gates to describe 
the level of integration on the chip. 

To facilitate the task of determining the 2-input gate 
equivalence of a logic structure, conversion tables are 
provided for all Gould AMI macrocells, as well as for 
TIL and CMOS standard SSl/MSI functions. Table 3.1 
shows the gate equivalence of basic logic functions. 

Table .3.1. Gate Count for Basic CMOS Functions 

Basic Function Gate Equivalence 

Inverter .5 or 1 
Transmission Gate .5 or 1 
1 To 5-ln NAND .5 Per Input 
6 To 10-ln NAND .5 Per Input + 2 
1 To 5-ln NOR .5 Per Input 
6 To 10-ln NOR .5 Per Input + 2 
1 To 4-ln AND .5 Per Input + .5 
5 To 8-ln AND .5 Per Input + 2.5 
1 To 4-ln OR .5 Per Input + .5 
5 To 8-ln OR .5 Per Input + 2.5 
Exclusive OR/NOR 2.5 
AND-OR-INVERT .5 Per Input 
OR-AND-INVERT .5 Per Input 
2 TO 1 MUX 2 
Set-Reset Latch 2 
Data Latch With Set OR Reset 2.5 
Data Latch With Set AND Reset 3 
D Flip-Flop With Set OR Reset 5 
D Flip-Flop With Set AND Reset 6 or 7 
J-K Flip-Flop 8 

Inverters used to build drivers, as discussed in the 
preceding paragraph, can be counted as .5 gates per 
inverter; otherwise, their equivalent count should be 1 
gate, because of layout constraints. 
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Similarly, transmission gates with complementary Tabla 3.3. Gata Count for TIL Dlacretea 
control signals, as In multiplexers, can be counted as 
.5 gates, but If the control signals are Independent they 
are counted as a full gate. 

The equivalent gate count for CMOS and TTL standard 
devices, given on Table 3.2 and Table 3.3, respectively, 
Is based on the assumption that all the device func
tions are used. Furthermore, for counters and registers 
the given gate count already takes Into consideration 
the fan-In and fan-out !Imitations Inherent In CMOS 
semlcustom devices, covered In the preceding para
graphs. 

In most applications Implemented with discrete com
ponents some of the package pins are not normally ex
ercised; therefore, the Internal logic could be reduced 
accordingly, leading to a more efficient use of silicon. 
The easiest way to accomplish this task Is to refer to 
the logic diagrams for the specific devices, which are 
normally supplied on the data sheets. 

High voltage or current drivers have been deleted from 
the list of standard components, as well as memory 
devices, and Schmitt trigger buffers. If any of these 
components needs to be Integrated, consult Gould 
AMI for feasibility. 

Table 3.2. Gate Equlvalence for CMOS Standard Com· 
ponenta 

Part Gate Part Gate Part Gate Part Gate 
No. Equiv. No. Equiv. No. Equiv. No. Equiv. 

4000 4 4022 40 4069 3 40163 54 
4001 4 4024 40 4070 10 40174 35 
4002 4 4026 60 4071 6 40175 23 
4006 103 4027 23 4072 5 40192 65 
4007 2 4028 26 4073 6 40193 62 
4008 32 4029 80 4075 6 4510 82 
4009 3 4030 10 4076 49 4511 52 
4010 3 4032 63 4077 10 4512 23 
4011 4 4034 110 4078 6 4514 78 
4012 4 4035 39 4081 6 4515 78 
4013 12 4038 64 4082 5 4516 79 
4014 51 4040 66 4089 80 4518 44 
4015 58 4041 6 4094 86 4519 36 
4017 48 4042 13 4099 82 4520 42 
4018 41 4043 24 40106 30 4532 39 
4019 10 4044 24 40107 18 4555 15 
4020 77 4051 15 40160 59 4556 11 
4021 55 4068 6 40162 59 
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Part Date Part Date Part Date Part Date 
No. Equiv. No. Equiv. No. Equiv. No. Equiv 

7400 4 7470 14 74150 61 74248 62 
7401 4 7471 18 74151 28 74249 62 
7402 4 7472 14 74152 28 74251 32 
7403 4 7473 16 74153 24 74253 26 
7404 3 7474 12 74154 50 74257 18 
7405 3 7475 10 74155 20 74258 16 
7406 3 7476 16 74156 20 74259 68 
7407 6 7477 10 74157 15 74260 6 
7408 6 7478 18 74158 17 74261 72 
7409 6 7480 16 74159 50 74265 5 
7410 5 7482 26 74160 65 74266 12 
7411 6 7483 55 74161 60 74273 44 
7412 5 7485 50 74162 65 74276 38 
7415 6 7486 10 74163 60 74278 38 
7416 3 7487 17 74164 50 74279 10 
7417 6 7490 40 74165 70 74280 56 
7420 4 7491 50 74166 65 74281 163 
7421 5 7492 35 74167 60 74283 62 
7422 4 7493 21 74168 70 74290 41 
7423 7 7494 35 74169 70 74293 37 
7425 6 7495 40 74170 120 74295 41 
7426 4 7496 40 74173 40 74298 36 
7427 5 7497 110 74174 35 74299 132 
7428 4 7498 35 74175 25 74323 132 
7430 6 7499 45 74176 40 74348 49 
7432 6 74100 25 74177 38 74351 64 
7433 4 74102 26 74178 55 74352 26 
7437 4 74103 16 74179 55 74353 28 
7438 4 74106 18 74180 27 74363 25 
7440 4 74107 16 74181 104 74364 47 
7442 30 74108 18 74182 34 74373 33 
7443 30 74109 18 74183 15 74374 55 
7444 30 74110 12 74190 70 74375 10 
7445 30 74111 18 74191 66 74376 40 
7448 60 74112 18 74192 73 74377 72 
7449 50 74113 18 74193 67 74378 54 
7451 8 74114 18 74194 59 74379 40 
7452 7 74116 25 74195 38 74381 160 
7453 10 74120 15 74196 40 74386 12 
7454 9 74135 20 74197 38 74390 52 
7455 6 74136 10 74198 88 74393 42 
7460 5 74138 25 74199 86 74395 40 
7461 6 74139 22 74226 70 74398 36 
7462 9 74145 24 74245 52 74399 36 
7464 10 74147 35 74246 58 74670 125 
7465 10 74148 35 74247 58 



Fuse or field programmable devices can be subdivided 
into three different groups: PROMS, PALs, and FPLAs. 

All three types have the same basic architecture con
sisting of AND-OR arrays, where either or both of the 
arrays are user programmable, and they allow a level of 
integration approximately an order of magnitude 
higher than that achievable with SSl/MSI discretes. 

Typically, fuse programmable devices are customized 
by defining the Boolean expressions for the output 
functions, and the component utilization varies 
depending on the particular application. Therefore, to 
determine the equivalent number of 2-input gates for 
one of these devices, the Boolean expressions used in 
generating the fuse pattern need to be known. 

In general, the component utilization of field program
mable devices is somewhere between two and three 
hundred gates, although higher density components 
are being designed using CMOS technology. 

After all the internal circuitry in a semicustom device 
has been accounted for in terms of 2-input gates, an 
additonal gate per output driver should be added to the 
gate count, because of circuit design considerations. 
Likewise, input buffers should be counted as 1 gate for 
CMOS and 2 gates for TTL receivers. 

3.5 Net List Generation 

Gould AMI provides the most advanced computer 
aided design (CAD) tools available for MOS/VLSI 
design in an integrated system which supports gate 
arrays, standard cells, and full custom circuits. This 
system provides programs for logic simulation, 
automatic placement and routing, post-layout timing 
verification, and test program development. 

All the software programs operate from a Hierarchical
ly Organized Logic Database (HOLD) that contains a 
complete logical, electrical, and structural description 
of the circuit being developed. To generate this data
base the user first creates a textual description of the 
circuit using a hardware description language called 
BOLT (Block Oriented Logic Translator). 

Although the BOLT language supports a hierarchical 
circuit description approach with unlimited macro 
nesting capabilities, the logic simulation and timing 
verification packages require that the circuit be des
cribed at the logic level using existing logic macros, 
for the corresponding product family. 
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The BOLT file can be created using an ordinary text 
editor by first labeling each logic component in the cir
cuit with the BOLT syntax given on the data sheet for 
the associated macro. Even though the BOLT language 
is very flexible and allows the module name to be any
where in the node list, it is recommended to follow the 
format used on the data sheets with output nodes first, 
followed by the name and input nodes, in that order. A 
semicolon character is used to terminate the BOLT 
statement. Figure 3.31 shows the coding of an EXCLU
SIVE OR module. 

Figure 3.31. BOLT Syntax of an EXCLUSIVE OR 

Y .E02 A B; GATE ARRAYS 
Y .E02X A B; STANDARD CELLS 
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The next step is to assign a number or a name to each 
node in the circuit connected to other components. It 
is also recommended to label unused nodes, to facili
tate reading and checking the net list file. If a node is 
left unnamed, a question mark should be entered in 
the corresponding field of the BOLT statement for that 
component or module. 

Coding and checking the circuit are facilitated by sub
dividing the logic diagram into functional blocks 
chosen in such a way as to minimize the number of 
interconnections between blocks. By doing so, major 
portions of the circuit can be coded separately, and 
later combined to form the entire circuit. For very large 
circuits, this may be the only way to proceed because 
of the limitations on file size with some text editors. 

Figure 3.32 shows a circuit coding example of a 4-bit 
synchronous counter with asychronous clear, 
assumed to be part of a larger logic structure. The 
signals interfacing with other portions of the circuitry 
were assigned names, whereas the internal nodes 
were numbered following a left-to-right, top-to-bottom 
sequence. This is only a suggested procedure which 
makes the BOLT code easier to implement and check. 

The macro names used in this example indicate that 
3-micron technology had been chosen to implement 
the logic. 



Figure 3.32. 4-Bit Synchronous Counter 
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The BOLT language is a free format language. This 
means that single statements may be written on multi· 
pie lines, while multiple statements can be written on 
the same line. These features allow insertion of blank 
lines anywhere in the file to delimit sections for easy 
identification purposes. 

Comments are preceded and terminated by the % 
symbol, and are allowed to be inserted on any and all 
of the lines, mixed with the BOLT source code. 

Shown below is the BOLT net list for the 4·bit counter 
example of Figure 3.32. 

% 4-BIT SYNCHRONOUS COUNTER NET LIST % 
BEGIN 
00 OON .DHNLN2 5 2 1 CLR; 
01 01N .DHNLN2 6 2 1 CLR; 
02 02N .DHNLN2 9 2 1 CLR; 
03 03N .DHNLN2 12 2 1 CLR; 
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5 .AN 1 DO 3 00 4; 
6 .AN 1 01 3 4 8; 
9 .AN1 02 3 4 11; 
12 .AN1 03 3 4 14; 
8 .E02 7 01; 
11 .E02 10 02; 
14. E02 13 03; 
7 .IN 00; 
10 .Nfo.2 00 01; 
13 .NA3 00 01 02; 
1 .IN3 CLK: 
2 .IN21; 
3 .IN2 LOAD; 
4 .IN1 3; 

END; 

3.6 Logic Simulation 

Validation of logic networks, and development of test 
patterns are performed at Gould AMI with a proprietary 
software program called SIMAO (SIMulator with As· 
signable Delays) developed for MOS networks. 

SIMAO creates a logic model of a circuit from the user 
supplied BOLT file which is compiled and stored in a 
HOLD database. The logic model of the circuit is ex· 
tracted from this central database with no invervention 
from the user. Customer-generated input patterns are 
interactively entered into the system, and used to vali· 
date the functionality of the circuit. The user must 
specify simulation control and output formatting infer· 
mation, and the results are saved on the computer disk 
pack, for later use by the TESTFORM test pattern for· 
matter. 

Each logic device in the model can be assigned prop· 
agation delays, thus allowing for timing verification, in· 
eluding limited race detection. All SIMAO timing is 
understood in terms of integer-multiples of a user 
specified "Elementary Time Unit" (ETU). 

In SIMAO a node may assume any one of six logic 
states: 0, 1 X, L, H, and Z. The first three states repre· 
sent the normal driven states, with X being the result of 
a "clash" between O and 1. L, H, and Z represent float· 
ing logic states preserved by load capacitance at out· 
puts of transmission gates which are in the high impe· 
dance state. SIMAO assumes that a floating logic state 
will not decay as a result of leakage currents. 

The subject of logic simulation using SIMAO is treated 
in more detail in regularly scheduled training courses 
offered at Gould AMI. 



4. Circuit Design 
4.1 CMOS Input Protection 

Because of the Insulating layer of oxide between the 
gate and the body of a CMOS transistor, the equivalent 
Input network can be approximated by a low-leakage 
capacitor In parallel with a very high Impedance 
resistor. As a consequence, a typical CMOS gate Input 
Is susceptible to electrostatic charge build-up that can 
develop damaging voltage levels across the high Im· 
pedancelnput. 

If the breakdown voltage of the gate oxide Is exceeded, 
the gate can be permanently shorted to the substrate, 
and the circuit will stop functioning. 

To avoid this problem, all semlcustom devices are pro· 
tected against electrostatic discharge, with an Input 
network consisting of a series resistor and shunt 
diodes, as Illustrated In Figure 4.1. The resistor-diode 
combination clamps the Input voltage to within a diode 
drop from the power rails, thus preventing gate oxide 
ruptures due to electrostatic discharges In excess of 
2000 volts. 

Figure 4.1. Input Protection Network 
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The series resistor Is obtained by diffusing p + 
material Into the n-type substrate, thus creating a 
distributed diode whose cathode Is connected to Yoo 
when the power supply Is turned on. The presence of 
this diode Imposes certain limitations on the power-on 
sequence. That Is, Yoo should always be turned on 
before signals, particularly from low Impedance 
sources, are applied to the device inputs. Conversely, 
Input signals should be removed before turning Yoo 
off. Failure to do so could trigger a latch-up 
mechanism due to a parasitic SCA Inherent in all 
CMOS devices, which could be destructive. 
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Furthermore, to avoid excessive current through the 
shunt diodes, the maximum allowable Input current In 
a semlcustom device Is 10 milliamperes, and the 
quiescent Input voltage should not exceed Yoo or fall 
below Yss by more than .5 volts. 

4.2 Input Thresholds 

The threshold voltage of a CMOS transistor Is defined 
as the minimum gate voltage required to create a con· 
ductive channel between drain and source. This Is a 
process dependent parameter, and cannot be con· 
trolled by the circuit designer. 

The Input threshold of a CMOS logic gate Is, on the 
other hand, dependent on device geometries and, to a 
certain extent a controllable parameter for design pur· 
poses, since different types of gates have different 
thresholds. Typically, CMOS logic thresholds are 
specified as 30% and 70% of the supply voltage for 
maximum Y1L and minimum Y1H. respectively. That Is, 
for a device operating at 5 volts, a maximum "0" level 
would be 1.5 volts, whereas the minimum "1" level 
would be 3.5 volts. 

The specified input levels for TIL logic famllles are .8 
volts and 2.0 volts for maximum and minimum "O" and 
"1" levels, respectively. Since the minimum TIL 
"high" Input level Is lower than the minimum level 
recognized by a CMOS gate, level translation buffers 
are used when Interfacing CMOS semlcustom devices 
with TIL or LSTIL components. 

As long as the Input voltage to a CMOS logic gate Is 
within Yss + Yr and Yoo - Yr, where Yr Is the tran
sistor threshold defined above, the pull-up and pull· 
down devices will be both turned "on", and the 
equivalent network for the gate Is a voltage controlled 
resistor divider as shown In Figure 4.2. 

Figure 4.2. CMOS Network Equivalence 
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To recognize the TIL "1" level, the pull-down transistor 
of Figure 4.2 is made larger than the pull-up device, and 
the output voltage of the gate is thus shifted to a level 
that can be recognized by a CMOS gate. In standard 
cell level translators, the device channel length is the 
same for P and N-channel types, and impedance ratios 
are controlled by varying the channel width. 

In gate arrays, the device geometries are the same for 
both transistor types, and ratioing is accomplished by 
series-parallel combination of pull-up and pull-down 
devices. 

A typical gate array TTL level translator is shown in 
Figure 4.3, where the gate pull-up consists of a single 
P-channel device, whereas the pull-down is formed by 
paralleling four N-channel transistors. 

Figure 4.3. Gate Array Level Translator 

Level translators will dissipate power unless the input 
signals are switched all the way to the rails, and for a 
given V00 the gate current is dependent on the input 
voltage, as shown in Figure 4.4. Therefore, if power 
dissipation is an important consideration, it is recom
mended that a pull-up be connected to the gate input 
to fully switch off the P-channel device. 

4.3 Schmitt-Trigger Input Buffers 

Schmitt-trigger action takes place when a gate 
switches at different voltage levels for positive- and 
negative-going signals. This feature is typically re
quired when the device is to be operated in a noisy en
vironment, or when the input signals have long rise and 
fall times. 

Schmitt-trigger buffers are said to have hysteresis, 
which is defined as the voltage difference between the 
positive- and the negative-going thresholds. A Schmitt
trigger buffer, widely used in 3-micron single metal ar
rays, is shown in Figure 4.5, along with its transfer 
characteristics. 
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Figure 4.4. 100 vs. V1N for TTL Level Translator 
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4.4 Floating Inputs 
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The high input impedance characteristics of CMOS 
gates, along with leakage currents inherent in any 
semiconductor junction, will cause logic gates with 
floating inputs to be biased in the linear region where 
the pull-up and pull-down devices are both on. 

Besides increasing the overall power dissipation in the 
circuit, floating gates will have indeterminate output 
levels, and it is strongly recommended to use on-chip 
or off-chip components to terminate either to V00 or 
Vss those gate inputs that could be temporarily left 
open or unconnected. 

On-chip resistors for semicustom devices are obtained 
by biasing high impedance transistors into saturation. 
These resistors, however, are highly susceptible to 
threshold variations, and the equivalent impedance 
can vary by as much as 300% over the entire range of 
process variations. 



Figure 4.5. Schmitt-Trigger Input Buffer 
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(b) Transfer Characterisitics 

Figure 4.6 shows the maximum and minimum values 
of pull-up devices for the 3-micron family of gate arrays 
versus varying input voltage. The temperature effects 
on the equivalent impedance of these devices are also 
depicted in Figure 4.6. 

Standard cell libraries include input buffers with built
in pull-ups and pull-downs with similar characteristics 
as those for gate arrays. In both families, the 
equivalent impedance of these devices, when biased 
into saturation, is relatively large to minimize power 
consumption on the chip. 

Figure 4.7 illustrates the characteristics of pull-down 
devices for 3-micron single metal arrays over 
temperature. The two sets of curves shown corres
pond to the maximum and minimum values of the 
equivalent impedance of the saturated transistors, 
covering the entire spectrum of allowable process 
parameter deviations. 
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Figure 4.6. Gate Array Pull-Up Characteristics 
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Figure 4.7. Gate Array Pull-Down Characteristics 
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4.5 Output Drivers 

The basic CMOS output driver is, from the structural 
point of view, no different from the inverter discussed 
in the logic design section. However, in order to pro
vide enough driving capability to interface with bipolar 
families, the "push-pull" devices used to build the out· 
put drivers are several times bigger than the internal 
transistors. 

In most cases, the functional macros for semicustom 
output buffers already include pre-drivers used to scale 
down the load on internal gates, and the overall func
tion ends up being non-inverting. 

Variations of the basic type include: 

• Open-Drain Drivers 
• Tri-State Drivers 

The open-drain output buffer consists of a single 
N-channel transistor whose drain terminal, as its name 
indicates, is left floating while the source is connected 
to Vss-

Figure 4.8. Open Drain Output Buffer 
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Open-drain and emitter-follower drivers are widely 
used in asynchronous structures, where a common 
use for these buffers is the construction of wired-or 
logic. 

A tri-state buffer is constructed from the basic invert
ing driver by incorporating additional circuitry that 
allows turning off the pull-up and pull-down tran
sistors, simultaneously, thus leaving the output node 
floating. Three-state drivers are typically used when 
several circuits access a common signal line syn
chronously, for example, a memory data bus. 
The D.C. characteristics of semicustom drivers are 
specified in the corresponding data sheets, and to a 
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first-order approximation the drive capability of a given 
transistor is a function of its size, input level, and drain 
to source voltage. Normally, the input levels are either 
v00 orVss since leakage currents are to small to cause 
a significant voltage drop across the internal devices. 
Thus, the output drive becomes a function of geome
tries and output levels only. 

Since usually the device sizes for pull-up and pull
down drivers are different, their driving capabilities are 
also different and need to be considered separately. In 
any case, for a fixed device driven by internal logic, the 
sinking or sourcing currents depend on the output volt
age level. 

Figures 4.9 and 4.10 illustrate the characteristics of the 
pull-up and pull-down drivers used in the 3-micron 
family of gate arrays. The curves shown take into con
sideration worst case process parameters, and the de
vices are assumed to be operated at 4.5 volts. 

Figure 4.9. CMOS Tri-State Output Buffer 
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Although output drivers can be paralleled to increase 
sinking or sourcing currents, as these currents are in
creased, the voltage drop across the power rails can 
become significant, particularly in gate arrays where 
there are certain constraints imposed on the width of 
the power buses, and additional power pins might be 
required in order to preserve the noise margin of the 
device. 

Important consideration must also be given to the 
maximum current density through the power supply 
lines. In this respect, the thickness of the metal line in 
semicustom devices is fixed, and the allowable current 
density for any given line is one milliampere per 
micron of width. Violation of this basic rule can lead to 
reliability hazards, caused by aluminum electromigra
tion. 



Figure 4.10. 3-Micron Arrays Current Sinking 
Characteristics 
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4.6 Switching Current 

In describing a basic CMOS inverter, it was noted that 
when the output node changes states a current spike 
is generated. The duration of this current pulse is a 
function of the device geometries and the capacitive 
load for a fixed power supply. 

Semicustom devices are quite often used in bus 
oriented logic structures, where the total capacitive 
load associated with an output driver can sometimes 
exceed 200 picofarads. Since the transistors used to 
interface with external components have relatively 
large geometries, the current spikes generated by the 
output drivers are typically in the order of 20 to 40 
milliamperes. 

If several outputs with high capacitive load are 
switched simultaneously, the RMS value of the A.C. 
current can be large enough to cause significant 
voltage drops along the power supply lines, and in 
some cases it might exceed the recommended current 
density in the aluminum. In any case, when a situation 
like this is encountered, the internal logic should be 
isolated from these A.C. currents by providing a dif
ferent pair of power supply pins than the one used to 
operate the output drivers. 

Furthermore, to avoid reliability problems in some ap
plications, the drivers themselves might require 
several V00 and Vss pins depending on the number of 
outputs switching at once and the associated node 
capacitance. 

Figures 4.12 and 4.13 illustrate the duration of the cur
rent spikes on the 3-micron single metal gate array 
drivers as a function of the capacitive load. 

4.7 Power Dissipation 

a) Leakage Currents 
b) Transient Currents 
c) A.C. Currents 

The first component is the quiescent power dissipa
tion, which in CMOS devices is typically in the order of 
a few microwatts. 

Transient currents are those associated with input 
switching transitions, where the pull-up and pull-down 
transistors are both on simultaneously for a short per
iod of time, depending on device geometries as well as 
on frequency and rise and fall times of the input signal, 
and can be approximated by the following expression: 

P(V1N)= (Voo-2Vr) x lpEAK(TRISE + TFALL x F) 
2 

where: 
1.30 



Figure 4.12. N-Drlver Current Pulse vs. Output 
Capacitance 
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Voo = Operating Supply Voltage 
Vr = Transistor Threshold Voltage 
IPEAK = Maximum Non-Capacitive Transient Current 
F = Frequency of the Input Signal 

Typically, if the fan-out rules given in Section 3 are 
followed, the power dissipation due to transient spikes 
can in most cases, be neglected. 

The major contribution to power consumption in a 
CMOS circuit is, however, the transfer of energy stored 
at the output node capacitance. This energy is 1/2 CV, 
but since the capacitor is both charged and discharged 
every cycle, the amount of energy provided by the 
CMOS device per unit time is: 

Pd = C x V2 x F 
where C is the capacitive load, V the supply voltage, 
and F the frequency. 

To estimate the total power dissipation in a semi
custom device is definitely not a trivial effort, since all 
gates are not operating at the same frequency, and an 
individual calculation needs to be made for every 
single gate in the circuit. When dealing with several 
thousand gates, this task can only be handled by a 
computer. 
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In many cases, however, an approximate figure for the 
power consumption is good enough, in which case the 
circuit can be broken down into different sections 
where the gates operate more or less at the same fre· 
quency. The total power can then be calculated based 
on the percentage consumed in the individual sec
tions. 

Figure 4.13. Current Pulse Duration for P-Channel 
Driver 
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5. Testing 
5.1 Gould AMI Testing Procedures 

71.5 

The generation of a test program which will guarantee 
that a customer receives quality parts once his produc
tion begins actually starts in the initial stages of spec 
negotiation. It is important, at this point, for test 
engineering to get involved to insure that specifica
tions which can be designed can also be tested. The 
cognizant test engineer at Gould AMI will review each 
specification individually to ascertain whether or not 
the available test systems have the capability to fully 



test the part to spec. Once he has an approved, mutally 
agreed apon set of test parameters, the pin assign
ments are made to the tester channels and a perfor
mance board is designed which will interface the 
device to the tester. 

There are basically two types of tests which must be 
performed on each device - DC parametric tests and 
an AC functional test. The DC section of the test pro
gram ordinarily contains the following tests: 

1. Continuity/Shorts - This test insures that all 
device pins have been correctly bonded and no short 
circuits exist. 

2. Input Leakage - Insures that no Inputs have a 
leakage current greater than the specified value (usual
ly 1µA). 

3. Tri-State Leakage - For those pins which have 
bus sharing or act as both input and output pins (I/Os), 
a test is performed with both the p and n output tran
sistors off to guarantee that the leakage is less than 
10µA. 

4. Power Test - A static test is performed with the 
chip powered up and the inputs held high, low or float
ing, depending upon the specified conditions and the 
current flow measured. 

5. Output Level Tests - Tests performed on all out
put pins to insure that all output drivers are capable of 
sinking or sourcing the required amounts of current at 
the specified voltage levels. 

The AC functional tests are performed to guarantee 
that the logic which is implemented on the chip per
forms as it is supposed to, and will operate at the 
necessary speed. The quality of this check depends 
heavily on the quality of the test inputs received from 
the customer at the outset of the program. The cus
tomer supplied test inputs (vectors) are called a func
tional test pattern. This test pattern must be capable of 
detecting a high percentage of the possible logic 
faults to guarantee high quality functional testing. 

Once the performance board is built, the parametric 
tests written, and the timing values programmed, the 
functional pattern, which is generated from the logic 
simulation results, is inserted into the test program. 
The Gould AMI logic simulator (SIMAO) is run with the 
BOLT netlist and the input stimuli (vectors) generated 
by the person who knows the chip best - the logic de
signer. The input vectors are applied to the network 
simulation model and output states generated. From 
this point a formatting and compression program 
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called TESTFORM is run to produce a Sentry compati
ble test pattern which is output on a magnetic tape and 
given to the test engineer. The engineer then incor
porates this pattern into his "shell" test program and 
begins to debug the result. Part of his responsibility is 
to insure that the program meets the published guide
lines of the Gould AMI manufacturing organization. 
One such guideline is that the program has 3 different 
"switch" options, each representing a test performed 
at a different point in the production cycle. These are 
summarized below: 

Switch 1 (WAFER SORT) - This is the option selected 
for wafer level ("SORT") testing. The parameter value 
limits used in the wafer sort test may or may not equal 
the specification depending upon the speed and mar
ginality of the part. The distance between the bonding 
pads on the die and the tester channel increases at 
wafer sort due to the use of long interface cables. The 
extra capacitance and noise introduced by the long 
cables can degrade the performance enough to cause 
a good part to fail. For this reason, a careful correlation 
study is done to determine the best parameter limits 
for testing. Wafer sort testing is the most economical 
way to catch bad die, so the costs of assembly and 
final testing are limited to good die. 
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Switch 2 (FINAL TEST) - Once the tested wafers have 
been diced and assembled into individual packages, a 
"final test" must be performed. This is the last step 
before Quality Assurance checks the product; thus it 
must be a complete test which totally checks all para
meters included in the spec. Actually, the final test Is 
more stringent that the specification because of 
"guardbanding". Guardbanding is a procedure by 
which certain parametric and timing values are tight· 
ened to compensate for the possibility of marginal 
parts passing at final test and then failing the QA test 
(Switch 3) because of differences which may exist be· 
tween test systems. The Gould AMI sample plan for 
Quality Assurance requires that there be 0 failures at 
the QA checkpoint, which explains the necessity for 
guardbanding. 

Switch 3 (QA TEST) - This switch option is normally 
the only option which tests the part exactly to the cus
tomer specification. Customers can rely on Gould AMI 
to normally test 100% of production parts at limits 
more stringent that the customer spec. 



5.2 Test Capabilities 

Gould AMI performs all of their Semicustom testing on 
the Fairchild Sentry line of testers. Systems at the 
Gould AMI Santa Clara facility include 5 Sentry Vlls 
and 3 Series 21 s. All systems can test up to 60 pin 
devices, except one Series 21 which has 120 pin capa
bility. A table summarizing the capabilities of the test 
system is shown below. Pin counts in excess of 120 
pins are accomodated by multiplexing channels on the 
performance board. 

Feature Sentry VII Series 21 

Maximum Test Rate 10MHz 20MHz 
Max Test Rate (Multiplexed) 20MHz 40MHz 
Test Rate Resolution 10ns 5ns 
I /0 Switching Specs ±10ns ±3ns 
Timing Sets 1 16 
I /0 Registers (DA/DB) 2 16 
Masking Registers 2 16 
Maximum Clock Rate 30MHz 60MHz 
D.C. Measurement Ranges 4 6 
Maximum Pin Count 60 120 
Max Pin Count (Multiplexed) -84 -156 

Also available for device testing requiring higher 
speeds is the Genrad GR-16 tester at the Gould AMI 
wafer fabrication plant in Pocatello, Idaho. This tester 
can provide test rates of 30M Hz and presently has 96 
pin capability with expansion to 144 pins available. 

5.2.1 Test Limitations 

The limitations of today's VLSI test systems are 
seldom reached. Rather, the limiting factor in testing 
is the development time required to write and debug 
the test as well as the test time required to execute 
the test. Apart from the "Design for Testability" 
techniques, which facilitate efficient testing (dis
cussed in the next section), several recommenda
tions for defining test conditions to minimize testing 
problems are summarized below: 

1. VoL and VoH (Output CMOS high and low levels) 
- Conventional specifications call for both of these 
to be guaranteed to within .05 volts from the respec
tive voltage rail. While in reality this is not a problem 
for unloaded outputs, it can cause problems in a test 
environment because of test system resolution. The 
Sentry has voltage supply resolution in the range of 
40mV. So the supply voltage can range from 4.96 to 
5.04 volts, if programmed at 5V. In addition, the PMU 
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(Precision Measurement Unit) on the Sentry which 
measures voltage also has a measurement toler
ance. Adding to these tolerances, the effects of 
noise can result in a test which will fail parts that 
have in-spec VoL and VoH levels. It is best for testing 
purposes to put at least 100mV between the supply 
value and the expected output level. Gould AMI will 
usually perform a functional test with the device 
unloaded and then verify sink and source current 
capability by using the test system to force a current 
into or out of the outputs, thus simulating the static 
loaded conditions. However, any dynamic circuitry 
must still have loads on the performance board. 

2. Load Specifications - The Sentry has an in
herent 50pF capacitive load built into the test head. 
Many products, however, require speed paths to be 
checked with load capacitances as low as 5pF. This 
presents a testing problem because speed goes 
do~n as capacitive loading goes up; therefore, parts 
which actually meet the speed requirements can fail. 
For this reason, all test conditions related to output 
pin speeds should be derated to 50pF for test pur
poses. 

3. Avoid specifying a requirement for measure
ment of output pulse widths. While this test can be 
done, it requires a very time-consuming binary 
search routine on the Sentry to find the rising and 
falling edges of a pulse. 

4. Input frequencies must be integer multiples of 
each other to be incorporated into a functional pat
tern. It is impossible to have a 10MHz clock running 
at the same time a 3M Hz clock is required. 

The above recommendations cover the most fre
quently encountered types of test problems. 

5.3 Designing For Testability 

Design for Testability involves three main concepts: 

Initialization - The ability to set the state of the 
device under test (OUT) at the beginning of the test 
cycle. 

Controllability - The ability to set internal nodes of 
the OUT in a given state by external stimulus. 

Observability - The ability to observe at a OUT out
put, the state of an internal node. 

Here are some suggestions/solutions to overcome 
the implementation problem for each testability con
cept. 
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1. Initialization - It Is essentlal to set the state of 
the OUT at the beginning of a test cycle. This re
duces both testing time and the risk of lnvalld 
failures of good devices. If the OUT cannot be In
itialized, then a routine known as "match mode" 
must be used on the Sentry to apply a pattern to the 
OUT until it "matches" a pattern supplled by the test 
engineer. When a match occurs, the OUT is in a 
known state. There are two types of resets used in 
the Implementation of Semicustom products. These 
are the reset pin and a reset by a combination of 
stimuli on one or several other pins. 

a. Reset pin - Designing a reset pin into the cir· 
cuitry is the recommended way to guarantee initial
ization. This pin is connected internally to all of the 
storage elements and provides an immediate initial· 
ization of the OUT. The reset signal Is sent by the 
test system to initialize the OUT and start the test se
quence. A disadvantage of the use of a reset pin is 
that it requires an additional pin and reset; it adds a 
substantial amount of circuitry to the device. The re
set pin becomes especially costly when the designer 
has to go into the next larger pin count package to 
provide the reset pin. However, these disadvantages 
are often outweighed by the advantages of the fast· 
est possible reset sequence and the easiest in· 
itialization method. The tester only needs to send 
one pulse to the OUT rather than a whole sequence 
of reset commands. 

b. Reset by a Combination (Sequential reset) -
The variety of combinational reset techniques is 
limited only by the imagination and creativity of the 
designer. Two widely used techniques are discussed 
here. The first uses a reset pin, but in order to save 
some internal circuitry, the internal reset pin goes 
only to a limited number of devices. A complete re
set of the OUT requires a certain number of clock 
cycles during which known signals are propagated 
through the entire circuit. The implementation of 
this technique starts by the identification of serial 
synchronous delay lines and the study of the signals 
required to initiallze them in the chosen state. The 
length of the reset sequence is the length of the 
longest such line. The second example avoids using 
an additional reset pin, generally for package con
siderations. Here the reset sequence must be initial
ized by a combination of the input signals that can· 
not occur during the normal operation of the circuit. 
The advantages of the above techniques are that 
they: 
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a) use standard circuitry 

b) allow the designer the flexibility of deciding how 
to implement the reset function 

c) allow the test engineer to precondition the OUT 
into a known state at a known time 

2. Controllability - The first element of control· 
lablllty Is the ability to unconditionally reset the 
OUT. Another important controllability technique is 
the ability to externally place the OUT in any state re· 
quired to simplify testing. Several approaches can 
be used. One of the most popular methods of in· 
creasing controllability is the implementation of a 
"test mode". This can be achieved externally and re
quires a number of exclusive combinations of the In· 
puts at least equal to the number of states in the test 
mode. This can also be achieved by internally storing 
the test mode sequence of events and starting it by 
the reset pin. 

3. Observability - Observability of the outputs 
defines how easily the internal behavior of the 
device can be observed on the external pins. 
Numerous techniques exist that improve the observ
ability of a given circuit, and almost all of them are 
based on the transferring of the internal states to an 
external pin. The main limitation is the pin count or 
the extra circuitry reql!ired. However, the access to 
normally inaccessible Internal nodes can greatly in· 
crease the test coverage while at the same time, re
duce the overall test time. 

5.4 Test Pattern Formatting 

Once logic simulation has been completed, the 
designer must devise a set of input stimuli (test pat
tern) which will test enough of the internal nodes to 
insure that a part which passes the test pattern will 
work in the system. Once this test pattern has been 
written, it is submitted to Gould AMI for use by the 
test engineering department in writing the test pro
gram. To get the test program debugged as quickly 
as possible, the test pattern must be properly for· 
matted. Patterns which were not produced with 
Gould AMl's logic simulator (SIMAO), thus allowing 
the use of Gould AMl's test formatting program 
(TESTFORM), must be supplied to Gould AMI In a 
Sentry compatible format on a magnetic tape. Com
plete instructions for the formatting to be used and 
the acceptable tape formats can be found by refer
encing Gould AMI document number 4150073 en
titled "Generation of Sentry/Sentinel Functional 

I 



Test Patterns". This document is available from any 
salesman or Semicustom marketing engineer. 

If the circuit has been described in BOLT format and 
can therefore be run on SIMAO, the process is sim
pler. The input stimuli are coded into Gen-blocks, 
which are strings of binary data for each input. The 
format for a pin might read 40-0, 6-1, 2-0, which would 
mean that that input pin should receive 40 low pul
ses followed by 6 high pulses and then 2 low pulses. 
Given this input stimuli, the SIMAO program will 
generate output states based on the logic descrip
tion. In order to insure that the logic simulation 
results are correct, it is best to supply the expected 
output so a comparison can be made. If Gould AMI 
performs the logic simulation, then the test pattern 
inputs can be submitted in one of three ways: 

1. Timing Diagrams - Diagrams showing all input 
pins referenced to some test "period". 

2. Truth Table - Patterns of "1 's" and "O's" which 
reflect the operation of the chip. Normally, the high
est frequency OUT input signal determines the test 
period. Each line of the truth table must specify one 
OUT clock pulse, along with other input data, and 
SIMAO will provide the expected outputs. If the prop
agation delay of any output is longer than the basic 
test period, the expected output state will be pushed 
into the next test cycle. 

3. Gen-blocks - This is the input format for 
SIMAO. Information on this type of formatting can be 
obtained by consulting the Gould AMI SIMAO User's 
Manual. 

6. Packaging 
Gould AMI offers a broad range of standard and non
standard packages for semicustom devices. Table 6.1 
shows the various types of standard packages with 
their respective lead count. This table also illustrates 
the smallest package that can be used with a particular 
gate array. 

Dual-in-line packages are available in plastic, cerdip 
and ceramic, ranging in lead count from 8 to 64 for 
plastic, 14 to 40 for cerdip and 14 to 64 for ceramic DIP. 
Mini flat packs are Gould AMl's proprietary post 
molded, surface mounted packages and are available 
in plastic with 40 mil centers and lead counts ranging 
from 18 to 68 pins. Ceramic leadless chip carriers, pre
and post-molded, will be available in 68 and 84 leads in 
the near future. Leaded ceramic chip carriers are also 
available upon customer request. Ceramic pin grid 
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array packages are offered starting at 68 pins and go
ing up to 256 pins. Plastic pin grid array packages are 
expected to be in production by 01 '86. Cavity down 
pin grid array options are also available at Gould AMI. 

To determine if a particular gate array can fit in acer
tain package, all one needs to know is the die size of 
the gate array and the cavity size of the package. How
ever, the maximum cavity size varies depending on 
whether or not the down bonding option (see Section 
6.2) is required. 

In standard circuits, the die size for every design has to 
be calculated and is based on the number of gates, 
number of pads, level of interconnect and process 
technology. The calculated die size of the standard cell 
circuit is then compared with the cavity size of the de
sired package type. 

Semicustom products can also be ordered in wafer or 
die form if required. Gould AMI also develops non
standard package options for customers with very high 
volume requirements. 

Gate arrays operate over a broad range of voltages and 
temperatures. Supply voltages specified for the GA 
Series range from 2.5 to 5 V ( ± 10%). Temperatures 
can meet standard commercial requirements (0°C to 
70°C), industrial environmental needs ( - 40°C to 
85°C), or full military specifications ( - 55°C to 125°C). 

Burn-in, high reliablity screening, and full MIL-STD-883 
Class B Military screening are also offered. 

6.1 Package Families 

PLASTIC PACKAGE: 

Gould AM l's custom and standard MOS/VLSI products 
are available in economical, reliable silicon epoxy 
transfer-molded packages. Consistent with Gould 
AMl's policy of improving quality and reliability while 
staying on the historic semiconductor learning curve, 
Gould AMI now provides spot silver leadframes, con
ductive adhesive die attach, automated die attach and 
automatic wire bonding. In developing these capa
bilities, exhaustive evaluations have been made of 
numerous materials, processing technologies and de
vice performance after encapsulation. In addition, 
equally extensive production and reliability tests have 
been conducted, which include life and environmental 
tests in accourdance with MIL-STD-883B to insure 
package integrity. 
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Table 6.1. Gate Array Package Options 

Gate Array Matrix 
Thermal 

3µ Single Metal 3µ Double Metal Maximum Chip Characteristics 
Without Down 

Package Lead Spacing GA- GA- GA- GA- GA- GA- GA- GA- GA- Bond 9JA eJC 
Type Count (mils) 500 1000 1500 2000 2500 1000D 2000D 3000D 4000D (MILS x MILS) ('C/W) ('C/W) 

Plastic 14 100 . 140X170 121.8 47.0 
16 100 . 140X210 114.8 39.5 
18 100 . 140x210 125.1 57.5 
22 100 0 0 . . 220X240 83.0 36.7 
24 100 0 0 0 0 . 0 0 290x 280 102.1 42.5 
28 100 0 0 0 0 . 0 0 250X240 82.1 31.2 
40 100 0 0 0 0 0 0 0 0 340X330 79.9 31.9 
48 100 x 0 0 . 0 250X 260 . . 
64 100 x x 0 0 0 0 0 . 315X305 64.1 39.5 

Cerdip 22 100 . . . 200X 280 65.0 18.6 
24 100 0 0 0 0 . . . 250x390 51.6 15.8 
28 100 0 0 0 0 . . . 250X390 50.0 15.8 
40 100 0 0 0 0 . . . 260X345 38.3 10.1 

Ceramic 22 100 0 . . . 220X 260 56.5 11.1 
Side-Brazed 24 100 0 0 0 0 . . . 270x 280 42.5 9.0 

28 100 0 0 0 0 . . . 280x290 40.9 6.9 
40 100 0 0 0 0 . . . 320X360 37.1 8.2 
48 100 x 0 0 0 0 0 0 . 310X320 37.8 8.6 
64 100 x x 0 0 0 0 0 295x305 37.7 5.7 

Mini Flatpack 18 40 0 200x190 96.2 37.1 
22 40 0 200X190 96.2 37.1 
24 40 0 200X 190 96.2 37.1 
28 40 0 200X190 96.2 37.1 
40 40 0 0 0 0 0 0 0 0 . 240X 230 116.9 35.3 
44 40 x 0 0 0 0 0 0 0 0 240X230 116.9 35.3 
68 40 x x x 0 0 x 0 0 . 240x230 92.1 36.8 

Leadless Chip 24 50 0 . . 205x215 75.3 38.4 
Carrier 28 50 0 0 0 . . 0 . 220x230 . . 

40 40 0 0 0 . . 0 . 270X 280 40.5 . 
44 50 x 0 0 . . 0 . 270X280 . . 
48 40 x 0 0 0 0 0 0 . 320x330 . . 
68 50 x x x 0 0 x 0 0 0 370X380 25.4 . 
84 50 x x x x 0 x 0 0 0 360X370 . . 

Pin Grid Array 68 100 x x x 0 0 x 0 0 . 271 X261 24 . 
84 100 x x x x 0 x 0 0 0 380x370 21 . 

100 100 x x x x x x x . . 330X320 . . 
120 100 x x x x x x x x 0 413X403 . . 
144 100 x x x x x x x x x 442X452 . . 

Ceramic Flatpack 42 50 x . 196X206 53.9 14.7 

Plastic Molded 44 50 x . . . 
Leaded Chip- 68 50 x x x 0 0 x 0 . . . 
Carriers 84 50 x x x x 0 x 0 . . . 
Legend: O ~ No Restrictions X ~ Less Pads than Pins • ~ Consult Gould AMI 
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PLASTIC FEATURES: 

•Materials 
Epoxy compound 
- High temperature stability, low in ionics 
Gold Wire 
-1.3 mil 
Kovar or alloy 42 leadframes (copper leadframe) 
- 150 microinches min. spot silver on die attach pad 

and bonding fingers 
- 200 microinches min. semi-matte tin plate on 

external package leads 

Figure 6.1. Plastic Package 

SILVER PLATING GOLD BONDING WIRE 

BODY f' /"' ( 

"' TIN PLATING 

CERAMIC (LAMINATED) PACKAGE: 

• Sidebrazed - multilayer package 

LEAD FRAME 

The ceramic layers are punched in the green (unfired) 
state from a long ribbon or "tape". This tape is formed 
from a paste of approximately 90% alumina Al203. Con
ductor metallization to provide electrical connections 
between the lead tips at the cavity and the package ex
terior is then screened onto the appropriate green 
ceramic layer in a defined pattern. The layers are then 
stacked or laminated. The refractory metal brazing con
tracts are applied, and then the laminate is co-fired at 
approximately 1500°C. The leads are attached by braz
ing in high temperature ovens. Gold is spot plated on 
the die cavity and bonding fingers. 

LAMINATED CERAMIC FEATURES: 

• Laminated ceramic packages are generally used for 
high reliability functions and for prototype assem
blies. They are relatively easy to obtain and assem
ble. 

• Chip carriers were developed as a space saving pack
age alternative. SLAMS are a less expensive socket
able type of chip carrier. Additionally, pin grid arrays 
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are beginning to see wider use, especially for VLSIC, 
VHSIC and ULST applications which require high 
lead counts. 

• Additional features of these packages are hermetic 
seal with metal or ceramic lid and aluminum ultra
sonic bonding. 

Figure 6.2. Ceramic Package 

KOVAR OF BOND 
CERAMIC LIO WIRES DIE 

1ST A1,0, CERAMIC • LID 

GLASS 

/ 
AuSn SOLDER 

SEAL 

- N1 & Au PLATING 

PLATED KOVAR 
ALLOY 42 LID 

CuAg 
BRAZE REFRACTORY 

METALLIZATION 

CERDIP (PRESSED CERAMIC) PACKAGE: 

The two ceramic components of the cerdip package, 
the cap and base, are pressed from 90-94% pure Al~3 
powder and fired. Whereas the laminated package has 
the gold plated on, the cerdip has a gold paste fired to 
the die attach cavity. Glass is then glazed onto the land 
areas of the cerdip package, i.e., the top surface of the 
base and the bottom surface of the cap. This glass is 
the package sealant. 

Figure 6.3. Cerdip Package 

96'/o ALUMINA ISLAND GROUNO 
BA.SE BOND TO CAVITY 

METALLIZATION 

CORNING 7583 
SOLDER GLASS 

ALUMINUM 
METALLIZATION 

ON BONDING 
FINGERS 

I 

42 NICKEL-IRON 
ALLOY LCAD FRAME 

PLATED 200 MICROINCHES 
ELECTRONIC GRADE & TIN 



The combined cerdip base and lead frame serve the 
same purpose as the laminated ceramic package. 

The cerdip lead frame is first embedded in the glass on 
the cerdip base by heating in a furnace. This assembly 
is then die attached and lead bonded. The cap is then 
attached by heating in a furnace again. In each heat 
treatment, the glass on the ceramic parts softens and 
flows, creating a hermetic seal. Sealing temperature~ 
are generally higher for cerdip packages than for lami
nated packages. 

CERDIP FEATURES: 

Cerdip packages, in general, are the least expensive 
hermetic package, and are especially cost efficient in 
high volumes. Cerdip packages at Gould AMI utilize 
the latest glass and moisture control technology, and 
can be used where requirements include high reliabili
ty, low moisture, and improved thermal dissipation. 

CHIP CARRIER PACAKAGE: 

Chip carriers are the new industry standard in reducing 
package size. Built on the same concept as the highly 
reliable sidebraze ceramic package, the chip carrier is 
made of three layers of Al203 ceramic, refractory metal
lization and gold plating. The chip carrier also offers 
contact pads equally spaced on all four sides of the 
carrier resulting in increased package density, better 
electrical characteristics, and a more cost effective 
way of packaging IC devices. 

The package comes with a gold tin eutectic sealed 
metal lid or the low cost glass sealed ceramic lid creat
ing a standard hermetic cavity. 

It is available in 20, 24, 28, 40, 44, 68 and 84 lead stan
dard 3-layer versions, and 24, 28, 44 lead slam style on 
50 mil center lines to the JEDEC standards. 

Figure 6.4. Chip Carrier 
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6.2 Assembly Considerations 

A. DOWN BONDING: 

Down bonding is required in cases where the chip 
substrate is not connnected to Voo through diffusion 
"plugs" properly distributed across the entire die. A 
floating substrate could lead to potential latch-up due 
to the parasitic SCRs inherent in CMOS devices. To 
prevent this condition, down bonding is provided by 
means of connecting the substrate of the die to the 
v00 pin on the package. Depending on the package 
type, down bonding requires 20 to 60 mils of the cavity 
space, thus reducing the usable cavity area for die at
tach, accordingly. State-of-the-art gate arrays and stan
dard cells provide adequate substrate contacts 
through diffusion "plugs" and do not require down 
bonding, Table 6.1 shows the maximum cavity size 
without down bond. If, however, down bonding is re
quired on a die, consult the factory to determine the 
maximum usable cavity area. 

B. THERMAL RESISTANCE: 

Thermal resistance data for 8JA and 8Jc (resistance 
from junction to ambient and from junction to case 
respectively) is given in degrees centigrade per watt. 
Data is obtained in the following manner: 

Blocks of dice containing simple transistors are sliced 
out of wafers to cover an appropriate portion of the die 
attach area for each package type tested. A few of the 
transistors are bonded up and package assembly com
pleted. One transistor, located near the center of the 
die attach area, is selected as sensor. It is biased as a 
diode with constant current. With the package placed 
in a controlled and monitored temperature environ
ment a calibration curve of diode voltage versus 
temp~rature is obtained. When this stage of calibration 
is completed, the package is then placed in a stabil
ized, monitored, still air environment. Remaining tran
sistors, connected in parallel as diodes, are th~n 
powered up in incremental steps of power. As power 1s 
increased, the temperature of the package interior 
rises above the external ambient temperature and is 
monitored by means of the previously calibrated diode. 
This differential temperature between package interior 
and external ambient divided by the power applied is 
the definition of thermal resistance 8JA (resistance 
from junction to ambient) expressed in degrees cen
tigrade per watt of power dissipated internally. 8Jc 
(resistance from junction to case) is measured in a 
similar manner. In this case, however, the package is 
physically connected to a heat sink which is large 
enough to be considered infinite in size. In reality, 



when the heat sink surface is sufficiently large, the 
thermal resistance between it and the surrounding air 
is insignificantly small compared to the device con· 
nected to it. 

An example for utilizing eJA follows: 

eJA = 40°C/watt 

Maximum power expected to be dissipated = 1 watt 
Die temperature rise above external ambient = 
4o•c 
-- x 1 watt = 40°C 

watt 

If the ambient temperature is not expected to be 
greater than 70°C, an often assumed commercial 
temperature, then the internal die will rise to a max
imum of 40 + 70 or 110 degrees centigrade. 

C. POWER DISSIPATION 

The maximum power dissipation of a circuit is limited 
by the thermal resistance of the package in which it is 
used, and the maximum allowable junction tempera
ture: 

Where PMAX = maximum power dissipation (watts) 
TJMAX = maximum allowable junction 

temperature (0 C) 
TA = ambient temperature (0 C) 
8JA = thermal resistance of the chip 

(•CIW) 

Under normal conditions, junction temperatures of up 
to 150°C do not affect the reliability of the circuits. 
However, a lower limit may be specified for various 
reasons. 

Power derating curves for different package types are 
shown in Figure 6.5 

6.3 Package Reliability 

A. QUALITY ASSURANCE/RELIABILITY 

Gould AMl's Product Assurance Program is based on 
MIL-STD-8838, MIL·M-38510, and MIL·Q-9858A 
methods. Under this program, Gould AMI manufac
tures the highest quality MOS devices for all segments 
of the commercial and industrial market. Under special 
adaptations of the basic program, Gould AMI also 
manufactures high reliability devices to full military 
specifications, if requested. 
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Figure 6.5. Power Deratlng Curves 
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This program has a twofold purpose: to assure a con· 
sistently high quality, reliable product; and to assure 
that the product can be manufactured at a later date 
with the same degree of reliability. To effectively 
achieve these objectives, Gould AMI has developed a 
product assurance program consisting of three major 
functions: 

• Quality Control establishes that every method meets, 
or fails to meet, processing or production standards; 
Quality Control checks methods. 

•Quality Assurance establishes that every product 
meets, or fails to meet, product parameters; Quality 
Assurance checks results. 



• Reliability establishes that Quality Control and Quali
ty Assurance are effective; Reliability checks device 
performance. 

Each function has a different area of concern, but all 
share the responsibility for a reliable product. Cons
tant monitoring of all phases of production, with infor
mation feedback at all levels, allows fast and efficient 
detection of problems, evaluation and analysis, correc
tion, and verification of the corrections. The overall 
result is a line of products which is highly repeatable 
and reliable, with a very low reject level. 

To insure that this high level of reliability is main
tained, Gould AMI has an on-going program of 
monitors that evaluates device performance through 
stress testing. 

B. A SPECTRUM OF TEST METHODS: 
Operating Life Test: 
In order to predict the expected life of a device at a 
nominal stress, it is necessary to perform an operating 
life test. Time dependent random failure mechanisms 
are accelerated through the application of higher than 
normal temperatures while devices are under power. 
Because failures of semiconductors occur as a result 
of some chemical or physical reaction, we can des
cribe the temperature dependence of these mechan
isms by applying the Arrhenius reaction rate equation. 
Using the thermal activation energy for a failure 
mechanism, we can determine the acceleration factor 
of the operating life test with the following equation: 

Equation: 

E 1 - 1 F =exp 
T1 - T2 K 

F = Acceleration Factor 
E = Activation Energy in eV 
K = Boltzmans constant: 8.63 x 10 - 5 eV/° K 
T1 = Higher test temperature in °K 
T2 = Lower nominal temperature in °K 

Thus with the Arrhenius model we can predict the 
reliability of a device in terms of a failure rate ex
pressed in percent per 1000 hours (typically with 
60% confidence level). 

Furthermore, the on-going identification of prevalent 
failure modes allows the Reliability Department to 
make recommendations for improving the intrinsic 
reliability of circuit designs, layout and processes 
used to manufacture devices. This allows Gould AMI 
to further improve reliability through design in all its 
products. 
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Temperature and Humidity (85°C/85% RH) Test: 
The considerable cost savings achieved by encap
sulating an integrated circuit in molded plastic in
stead of a hermetically sealed package brings with it 
a trade-off of exposure of the passivated die surface 
to water vapor or other contaminates. 

Thus, temperature and humidity stressing under 
bias is used to evaluate design factors such as 
plastic molding compounds, integrity of the passiva
tion layers, and the interface between plastic and the 
lead frame. 

Major moisture related failure mechanisms include: 
•Corrosion of metallization. When ionic species, 

moisture and bias are present, eletrochemical cells 
can be established which cause corrosion of 
metallization. Corrosion rates can be accelerated 
by increases in temperature and moisture. 

•Charge separation on the surface of MOS struc-
tures can cause leakage from parasitic devices. 

Temperature Cycle Test: 
This test repeatedly exposes devices to large varia
tions in temperature during a specified period of 
time. Due to differences in thermal expansion coef
ficents between lead frames, silicon chip, molding 
compounds, die attach material, and bonding wires, 
the repeated thermal stresses may eventually lead to 
fatigue cracking in any of the above components. 
Therefore, this test evaluates thermal compatibility 
of materials throughout the life of the circuit. The 
test is also used to detect package defects as well 
as micro-cracks in metal deposition. 

Thermal Shock Test: 
The Thermal Shock test is similar to temperature 
cycling except that liquid media are employed re
sulting in a rapid heat transfer, shorter cycle time 
and greater thermal gradient. This test is used pri
marily to determine the compatibility of materials. 
Problems in workmanship at assembly steps such 
as die attach and wire bonding are also identified by 
this test. 

Autoclave Test: 
Autoclave is an unbiased acce,lerated moisture resis
tance test performed in an environment of saturated 
steam under about 15psi. It provides rapid saturation 
of the plastic by moisture. If there are reactants 
available, the device metal may corrode or mobile 
ionic contamination may cause malfunction in de
vices inadequately passivated. 
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Cell 

AA02 
AA03 
AA04 

AN01 
AN02 

DF01 
DF02 

DF03 

DF04 

DL01 
DL18 
DL19 
DL1A 
DL1B 
DL1C 
DL1D 

EN01 

Description 

Pre-Routed Two Input AND Gate 
Pre-Routed Three Input AND Gate 
Pre-Routed Four Input AND Gate 

Pre-Routed AND-NOR Gate 
Pre-Routed AND-NOR Gate 

Pre-Routed D Flip-Flop 
Pre-Routed D Flip-Flop With 
Asynchronous Active Low Set 
Pre-Routed D Flip-Flop With 
Asynchronous Active Low Reset 
Pre-Routed D Flip-Flop With 
Asynchronous Active Low Set And 
Active Low Reset 

Pre-Routed Latch With Q And QN 
Pre-Routed Latch With Set And Reset 
Pre-Routed Latch With Set 
Pre-Routed Latch With Reset 
Pre-Routed Latch With Active Low Set 
Pre-Routed Latch With Active Low Reset 
Pre-Routed Latch With Active Low Set 
and Reset 

Pre-Routed Exclusive NOR Gate 

E001 Pre-Routed Exclusive OR Gate 

IB13 Input Pad With Protection Diode 
IB14 Input Pad With Protection Diode With 

P-Channel 
IB15 Input Pad With Protection Diode With 

N-Channel 

llFO Pre-Routed Inverting Schmitt Trigger 
llF3 Pre-Routed TTL Lever Translator 

IN01 Single Pre-Routed Inverter 
IN02 Two Pre-Routed Inverters in Parallel 
IN03 Three Pre-Routed Inverters in Parallel 
IN04 Four Pre-Routed Inverters in Parallel 
IN05 Five Pre-Routed Inverters in Parallel 

1005 Tri-State Input-Output Buffer 

IT02 Pre-Routed Inverter Driving A 
Transmission Gate 

MU20 Pre-Routed Two To One Multiplexer 

2.2 

Cell 

NA02 
NA03 
NA04 
NA05 

N002 
N003 
N004 
N005 

OB03 
OB07 
OBOD 

ON01 
ON02 

OR02 
OR03 
OR04 

PP01 
PP02 

RSOO 
RS01 

TG01 

Selection Guide 

3µ Single-Metal HCMOS 
Gate Array 

Description 

Pre-Routed Two Input NANO Gate 
Pre-Routed Three Input NANO Gate 
Pre-Routed Four Input NANO Gate 
Pre-Routed Five Input NANO Gate 

Pre-Routed Two Input NOR Gate 
Pre-Routed Three Input NOR Gate 
Pre-Routed Four Input NOR Gate 
Pre-Routed Five Input NOR Gate 

CMOS Output Buffer 
Open Drain Output Buffer 
Tri-State Output Buffer 

Pre-Routed OR-NANO Gate 
Pre-Routed OR-NANO Gate 

Pre-Routed Two Input OR Gate 
Pre-Routed Three Input OR Gate 
Pre-Routed Four Input OR Gate 

Vss Ground Pin 
V DD Power Pin 

Pre-Routed Set-Reset NANO Gate Latch 
Pre-Routed NOR S R Latch 

Pre-Routed Transmission Gate 



The Gould AMI 311 Single Metal Gate Array Macro 
Library is a collection of high performance digital in
tegrated circuit building blocks. It is intended for use 
by logic, circuit, and MOS IC designers. Thus, anyone 
familiar with standard logic design methods can suc
cessfully design a gate array using these macros. 

The 3µ Single Metal Macro Cells are implemented with 
a P-well, CMOS process. They are intended primarly for 
5 volt ( + 10%) operation but will operate at voltages as 
low as 2.5 volts with reduced performance. Below is a 
description of the data and terms used in the data 
sheets. 

• PRE-ROUTED MACROS are the simpler functional 
blocks such as the basic gates, latches, and flip
flops. Since these macros have a pre-defined layout 
they can be accurately characterized for propaga
tion delays. 

• SOFTWARE MACROS are macros which incorporate 
several pre-routed macros to form more com
plicated functional blocks such as counters or shift 
registers. These macros are not pre-defined with 
respect to layout, so the automatic placement and 
routing software maintains optimum layout flex
ibility. Since layout is not pre-defined, estimates of 
propagation delays through these macros are 
arrived at by adding the delays of the individual pre
routed macros used in the software macros. 

• THE CELL NAME for each functional macro is 
displayed in the upper right hand corner of each 
data sheet. This is the same name that appears in 
the Bolt invocation. 

• THE LOGIC SYMBOL for each macro is displayed as 
it appears in the gate array library. 

• A TRUTH TABLE description of the logical functions 
for the cells is provided. 

• THE TABLE OF INPUT LOADING gives the number of 
equivalent unit loads for each logical input of the 
pre-routed macros. 

2.3 

Data Sheets 

3µ HCMOS Single-Metal 
Gate Array 

• THE EQUIVALENT GATE COUNT is the number of 
equivalent two input NANO gates in each cell. 

• BOLT SYNTAX is the invocation syntax of each 
macro cell. Notice these statements always end 
with a semi-colon, and the order of these inputs and 
outputs must be maintained. 

• THE SWITCHING CHARACTERISTICS give the prop
agation delay as a function of unit load. The unit 
load is the capacitance associated with a gate pair 
(i.e., the gate capacitance of an N-channel and a 
P-channel core transistor), plus an associated metal 
interconnection capacitance. All data is given for 
typical process, temperature, and power supply con
ditions. Both low-to-high transitions are shown. To 
find delays under other operating conditions 
derating curves must be used. 

• THE PROPAGATION DELAY EQUATION is used for 
calculating propagation delays when the load is dif
ferent from those explicitly given in the table. The in
trinsic propagation delay, tdx. is used when there is 
no ?u~pu~ loading, and ktdx' is a capacitive 
mult1pl1cat1on factor. As an example consider the 
two input NANO Gate with a fan-out of 5. To 
calculate the propagation delay for the high-to-low 
transition use tctx = 0.1 and ktdx = 1.8 so, 

tPHL = 0.1 + (1.8)(.25)(5) = 2.35ns. 

• A LOGIC SCHEMATIC is shown for the more com
plicated prerouted macros and the software macros 
not shown. 

• POWER SUPPLY MACROS (PP01, PP02) must be 
shown on each circuit. While no connections to 
these macros are necessary, one macro must be 
shown per power or ground pin. 

• DERATING CURVES are provided to account for 
changes in propagation delay as process, tempera
ture and power supply vary. 
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Description 

Pre-Routed Two Input AND Gate 

Logic Symbol 

:~o 
AA02 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .AA02 A B; 
Switching Characteristics: 

Truth Table 

A B 

L x 
x L 
H H 

Conditions: Voo=5V, TJ=25°C, Typical Process 

I 

Q 

L 
L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 1.8 2.5 3.2 3.9 
tPHL 2.2 2.5 2.8 3.1 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.5 

AA02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx ki,ix 

6.7 1.0 2.85 
4.4 1.9 1.20 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Three Input AND Gate 

Logic Symbol 

~D-o 
AAD3 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .AA03 A B C; 
Switching Characteristics: 

Truth Table 

A 8 c 
L x x 
x L x 
x x L 
H H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

L 
L 
L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 2.5 3.2 4.0 4.7 
tPHL 2.9 3.2 3.5 3.8 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.6 

AA03 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equivalent 
Input Unit Loads 

Any Input l 1 

Intrinsic Parameters 
8 tdx kt,ix 

7.6 1.8 2.92 
5.1 2.5 1.30 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed. Four Input AND Gate 

Logic Symbol Truth Table 

a o ·~ ~ AA04 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .AA04 A B C D; 
Switching Characteristics: 

A B 

L x 
x L 
x x 
x x 
H H 

c 
x 
x 
L 
x 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

x L 
x L 
x L 
L L 
H H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 3.4 4.1 4.9 5.6 
tPHL 3.2 3.6 3.9 4.2 

Propagation Delay Equation: tpx= tdx+ klclx x CL 

Unit Load= .25 pF Including statistical wiring capacitance 

2.7 

AA04 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 1 Equlvalent 
Input Unit Loads 

Any Input I 1 

Intrinsic Parameters 
8 tdx k~x 

8.6 2.7 2.97 
5.6 2.9 1.33 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed AND-NOR Gates 

Logic Symbol Truth Table 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .AN01 A B C D; 
Switching Characteristics: 

A B C 
H H H 
H H X 
X X H 

All Other 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

H L 
x L 
H L 

H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 6.6 8.1 9.5 11.0 
tPHL 1.3 1.8 2.3 2.7 

Propagation Delay Equation: tpx= tctx+ klilx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.8 

AN01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equlvalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx klcix 

16.8 5.2 5.80 
4.6 0.9 1.84 



•} GOULD 
AMII Semiconductors 

Description 

Pre-Routed AND-NOR Gates 

Logic Symbol 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .AN02 A 8 C; 
Switching Characteristics: 

Truth Table 

A B c 
H H H 
H H x 
x x H 

All Other 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Q 

L 
L 
L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 4.6 6.0 7.5 8.9 

tPHL 0.8 1.3 1.7 2.2 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.9 

AN02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 

Intrinsic Parameters 
8 tdx ki,ix 

14.7 3.1 5.80 
4.1 0.3 1.86 



•) GOULD 
~II Semiconductors 

Description 

Pre-Routed D Flip Flop 

Logic Symbol Truth Table 

n 0 

DFDI 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF01 D C CN; 
Switching Characteristics: 

c 
L 
I 
I 

CN 

H 
I 
I 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q QN 

x No Change 
L L H 
H H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c Q tPLH 3.0 3.4 3.9 4.3 
tPHL 2.4 2.6 2.9 3.1 

c QN tPLH 4.1 4.8 5.6 6.3 
tPHL 3.2 3.5 3.8 4.1 

I Set-Up To H 1.8 

Set-Up To L 2.2 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF Including statistical wiring capacitance 

2.10 

DF01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Intrinsic Parameters 
8 ldx k'ilx 

6.0 2.6 1.70 
4.1 2.2 1.00 

9.2 3.4 2.90 
5.3 2.9 1.20 



DF01 

DFOl: 

c CN 

_L_ INOl _l_ INOl 

D Q 

T CN 
INOl c INOl 

CN _L_ c _L 
QN 

T 
c CN 

2.11 



•) GOULD 
.AJMll Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Active Low Set 

Logic Symbol Truth Table 

l SN c 

- D s Qt--
H L 
H I 

- c H I 
L x __, c Qt-

DF02 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF02 D C CN SN; 
Switching Characteristics: 

CN 

H 
I 
I 
x 

D 

x 
L 
H 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q QN 

No Change 
L H 
H L 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c Q tPLH 3.4 4.2 4.9 5.7 
tPHL 3.1 3.5 4.0 4.5 

c QN tPLH 4.6 5.4 6.1 6.8 
tPHL 3.6 3.9 4.2 4.5 

SN Q tPLH 2.6 3.3 4.0 4.8 

SN Q tPHL 3.0 3.3 3.6 3.8 

I Set-Up To H 2.8 

Set-Up To L 3.0 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.12 

DF02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 2.5 
All Other 2 

Intrinsic Parameters 
8 tdx kt.ix 

8.6 2.7 2.99 
6.5 2.6 1.97 

9.6 3.9 2.85 
5.7 3.3 1.17 

7.6 1.9 2.85 

5.0 2.7 1.11 



DF02 

DF02: 

SN 
c 

_J_ INOl 
NA02 

D Q 

T T 
CN c INOl 

QN 

T T 
c CN 

2.13 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Active Low Set 

Logic Symbol Truth Table 

DFD3 RN 

- D 0 t-- H 
H 

- c H 

C: ii 0 
L 

---i 1--

T 
Equivalent Gate Count: 5 
Bolt Syntax: 0 ON .DF03 D C CN RN; 
Switching Characteristics: 

c 
L 
f 
f 
x 

CN 

H 
j 

j 

x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D 

x 
L 
H 
x 

Q ON 

No Change 
L H 
H L 
L H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c 0 tPLH 3.8 4.6 5.4 6.1 
tPHL 2.7 3.1 3.5 3.8 

c ON tPLH 4.7 5.4 6.2 6.9 
tPHL 4.1 4.5 5.0 5.4 

RN ON tPLH 3.5 4.2 4.9 5.5 

RN 0 tPHL 3.8 4.2 4.6 4.9 

I Set-Up To H 2.7 

Set-Up To L 3.1 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.14 

DF03 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Intrinsic Parameters 
8 tdx kt,ix 

9.2 3.0 3.10 
5.3 2.3 1.50 

9.8 4.0 2.90 
7.1 3.7 1.70 

8.2 2.8 2.70 

6.4 3.4 1.50 



DF03 

DF03: 

RN 

NA02 

D 0 

INOI 
T c 

CN c _J_ 
NA02 

ON 

T 
c CN 

2.15 



•)GOULD 
~II Semiconductors 

Description 

DF04 

3µ Single-Metal HCMOS 
Gate Arrays 

Pre-Routed D Flip Flop With Asynchronous Active Low Set And Active Low Reset 

Logic Symbol Truth Table 

DF04 l SN RN c CN 

- D s 0 1-- H H L H 
H H 1 I __, c H H 1 I 

--1 c R Q 1--
H L x x 
L H x x 

I L L x x 

Equivalent Gate Count: 7 
Bolt Syntax: Q QN .DF04 D C CN SN RN; 
Switching Characteristics: 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

D Q ON 

x No Change 
L L H 
H H L 
x L H 
x H L 
x Illegal 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c Q tPLH 4.5 5.2 6.0 6.7 
tPHL 3.1 3.5 4.0 4.5 

c QQ tPLH 5.3 6.1 6.8 7.5 
tPHL 4.8 5.3 5.7 6.2 

SN Q tPLH 2.2 2.9 3.6 4.4 

SN Q tPHL 4.6 5.1 5.7 6.2 

RN QN tPLH 3.6 4.3 5.0 5.7 

RN Q tPHL 4.9 5.4 6.0 6.5 

Set-Up To H 3.4 

Set-Up To L 3.6 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.16 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Intrinsic Parameters 
8 tdx k'cix 

9.8 3.7 3.05 
6.5 2.6 1.95 

10.4 4.6 2.89 
7.9 4.4 1.74 

7.3 1.4 2.95 

8.3 4.1 2.10 

8.4 3.0 2.71 

8.6 4.4 2.10 



DF04 

NA02 
NA02 

Q 
D 

T NA02 T 
CN c 

ON 

T T 
c CN 

2.17 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed Latch With O and ON 

Logic Symbol Truth Table 

n Q 

DLOI 

Equivalent Gate Count: 2.5 
Bolt Syntax: 0 ON .DL01 D G GN; 
Switching Characteristics: 

G 

L 
H 

GN 

H 
L 

Conditions: V DD= 5V, T J = 25°C, Typical Process 

D Q QN 

x No Change 
D D ON 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G 0 tLH 4.3 5.0 5.7 6.4 
tHL 3.1 3.4 3.7 3.9 

G ON tLH 2.8 3.2 3.6 4.0 
tHL 2.5 2.8 3.0 3.3 

D 0 tPLH 2.1 2.9 3.6 4.3 

D 0 tPHL 2.2 2.5 2.8 3.0 

D ON tPLH 1.9 2.3 2.7 3.2 

D ON tPHL 0.5 0.8 1.0 1.3 

Propagation Delay Equation: tpx = tdx + k1dx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.18 

DL01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Intrinsic Parameters 
8 tdx ki.i. 

9.3 3.6 2.85 
5.1 2.8 1.12 

5.7 2.4 1.65 
4.4 2.2 1.06 

7.2 1.4 2.90 

4.1 1.9 1.10 

4.8 1.5 1.67 

2.4 0.2 1.11 



DL01 

DLDI: INOI 

D ON 

G 
G J_ 

0 

GN 

2.19 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed Latch With Asynchronous Set And Reset 

Logic Symbol Truth Table 

DLIB l s 
___, D s 0 I-- L 

L __, G L 

6 
H - R H 

I 

Equivalent Gate Count: 3.5 
Bolt Syntax: Q .DL18 D G GN S R; 
Switching Characteristics: 

R G 

L L 
L H 
H x 
L x 
H x 

GN 

H 
L 
x 
x 
x 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

D Q 

x No Change 
D D 
x L 
x H 
x L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G Q tPLH 5.7 6.9 8.1 9.4 
tPHL 4.0 4.3 4.7 5.0 

D Q tPLH 4.0 5.2 6.5 7.7 
tPHL 3.3 3.6 4.0 4.3 

s Q tPLH 6.0 7.2 8.5 9.7 

R Q tPHL 1.2 1.5 1.9 2.2 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.20 

DL18 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 2.5 
All Other 1 

Intrinsic Parameters 
8 tdx kt.ix 

14.3 4.5 4.90 
6.3 3.7 1.30 

12.6 2.8 4.90 
5.6 3.0 1.30 

14.6 4.8 4.90 

3.5 0.9 1.30 



DL18 

s R 

DLIB: 

D 

T G 
G _J_ 

Q 

T 
GN 

2.21 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Set 

Logic Symbol Truth Table 

l 
- 0 s Q 1--

- G 

- 6 

DL19 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .DL19 D G GN S; 
Switching Characteristics: 

s G 

L L 
L H 
H x 

GN 

H 
L 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

x No Change 
D D 
x H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G Q tPLH 4.3 5.0 5.7 6.5 
tPHL 3.9 4.2 4.6 4.9 

D Q tPLH 2.5 3.2 3.9 4.7 
tPHL 3.2 3.5 3.9 4.2 

s Q tPLH 3.4 4.1 4.9 5.6 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.22 

DL19 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 2.5 
All Other 1 

Intrinsic Parameters 
8 tdx k'c!x 

9.4 3.6 2.90 
6.2 3.6 1.30 

7.6 1.8 2.90 
5.5 2.9 1.30 

8.5 2.7 2.90 



DL19 

s 
DL19: 

D 

T G IN02 
G _L 

___ .,._ ___ Q 

GN 

2.23 



•}GOULD 
~II Semiconductors 

Description 

Pre-Routed Latch With Reset 

Logic Symbol Truth Table 

DLlA R G GN D 

-D o~ -G -ii R 

I 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .DL 1A D G GN R; 
Switching Characteristics: 

L L H 
L H L 
H x x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

x 
D 
x 

Q 

No Change 
D 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G a tPLH 5.6 6.9 8.1 9.3 
tPHL 3.3 3.5 3.8 4.1 

D a tPLH 4.0 5.2 6.4 7.7 
tPHL 2.5 2.8 3.1 3.4 

R a tPLH 1.2 1.5 1.8 2.2 

Propagation Delay Equation: tpx= tdx+ k'clx x CL 

Unit Load= .25 pF Including statistical wiring capacitance 

2.24 

DL1A 

3µ, Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Intrinsic Parameters 
8 tdx k1c1. 

14.2 4.4 4.88 
5.2 3.0 1.11 

12.5 2.8 4.87 
4.6 2.2 1.20 

3.4 0.9 1.27 



DL1A 

R 

INDI 

D 
OLIA: 

G 
G J_ 

Q 

GN 

2.25 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Active Low Set 

Logic Symbol Truth Table 

l 
___, D s Q 1--

___, G 
___, 6 

DllB 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .DL 1 B D G GN SN; 
Switching Characteristics: 

SN G 

H L 
H H 
L x 

GN 

H 
L 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

0 Q 

x No Change 
0 0 
x H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G Q tPLH 4.3 5.0 5.7 6.4 
tPHL 3.7 4.1 4.6 5.0 

D Q tPLH 2.6 3.3 4.0 4.8 
tPHL 3.0 3.5 3.9 4.3 

SN Q tPLH 3.9 4.5 5.2 5.8 

Propagation Delay Equation: tpx = tdx +kt.ix x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.26 

DL1B 

3µ, Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

0 3 
All Other 1 

Intrinsic Parameters 
8 tdx k'c!x 

9.2 3.6 2.80 
6.7 3.3 1.70 

7.7 1.9 2.90 
6.1 2.6 1.80 

8.5 3.2 2.60 



DL1B 

SN 

DUB: D 

T 
G 

GN 

2.27 



•)GOULD 
~IJ Semiconductors 

Description 

Pre-Routed Latch With Active Low Reset 

Logic Symbol Truth Table 

DLlC 

___, 0 0 r-

--I G 

___, 6 if 

I 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .DL 1C D G GN RN; 
Switching Characteristics: 

RN G 

H L 
H H 
L x 

GN 

H 
L 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

0 Q 

x No Change 
0 0 
x L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G Q tPLH 4.5 5.3 6.0 6.7 
tPHL 3.4 3.6 3.9 4.2 

D a tPLH 3.0 3.7 4.4 5.1 
tPHL 2.6 2.9 3.2 3.5 

RN Q tPHL 3.0 3.3 3.6 3.9 

Propagation Delay Equation: tpx= tdx+ kt.:ix x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.28 

DL1C 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Intrinsic Parameters 
8 tdx k'ilx 

9.6 3.8 2.87 
5.3 3.1 1.12 

8.0 2.2 2.88 
4.6 2.3 1.15 

5.0 2.8 1.13 



DL1C 

RN 

D 

DllC: 

G 

L __ ..__ __ o 

GN 

2.29 



•) GOULD 
.AIMii Semiconductors 

Description 

Pre-Routed Latch With Active Low Set And Reset 

Logic Symbol Truth Table 

DLID l SN RN 

__, D s 0 I--
H H 
H H __, G H L 
L H ___, 6 R L L 

I 

Equivalent Gate Count: 3.5 
Bolt Syntax: Q .DL 1 D D G GN SN RN; 
Switching Characteristics: 

G 

L 
H 
x 
x 
x 

GN 

H 
L 
x 
x 
x 

Conditions: Voo=5V, TJ=25°C, Typical Process 

D Q 

x No Change 
D D 
x L 
x H 
x H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

D Q tPLH 4.8 5.5 6.3 7.0 
tPHL 4.1 4.6 5.2 5.7 

D QQ tPLH 3.2 3.9 4.7 5.4 
tPHL 3.5 4.0 4.6 5.1 

SN Q tPLH 4.1 4.8 5.5 6.1 

RN Q tPHL 4.6 5.1 5.7 6.2 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.30 

DL1D 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Intrinsic Parameters 
8 tdx k1,i. 

9.9 4.1 2.90 
7.9 3.5 2.20 

8.3 2.5 2.90 
7.2 3.0 2.10 

8.8 3.4 2.70 

8.3 4.1 2.10 



DL1D 

SN 

OLIO: 0 

T G 
G ...L 

.--------Q 

T 
GN 

2.31 



•}GOULD 
~II Semicooductors 

Description 

Pre-Routed Two Input Exclusive-NOR Gate 

Logic Symbol 

:~D-o 
ENOl 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .EN01 A B; 
Switching Characteristics: 

Truth Table 

A 

L 
L 
H 
H 

B 

L 
H 
L 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

H 
L 
L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 2.0 2.7 3.4 4.2 
tPHL 2.6 3.1 3.5 4.0 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.32 

EN01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 1 Equivalent 
Input Unit Loads 

Any Input T 2 

Intrinsic Parameters 
8 tdx ki.ix 

7.1 1.3 2.90 
5.8 2.2 1.84 



•) GOULD 
~[I Semiconductors 

Description 

Pre-Routed Two Input Exclusive-OR Gate 

Logic Symbol 

:=;D-o 
EOOl 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .E001 A B; 
Switching Characteristics: 

Truth Table 

A 

L 
L 
H 
H 

B 

L 
H 
L 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

L 
H 
H 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 4.0 5.4 6.9 8.3 
tPHL 2.7 3.0 3.4 3.7 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.33 

E001 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 2 

Intrinsic Parameters 
8 tdx ki.ix 

14.1 2.6 5.75 
5.1 2.4 1.35 



•}GOULD 
AMII Semicooductors 

Description 

Input Pad With Protection Diode. 

Logic Symbol 

~ 
A I PAO 1813 ' I Q 

Truth Table 

A 

H 
L I 

Q 

H 
L 

1813 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equlvalent 
Input Unit Loads 

N.A. 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .1813 A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25"C, Typical Process 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx k'itx 

Any Input a tPLH 
tPHL 

Propagation Delay Equation: tpx=tdx+k'<ixXCL 

Unit Load= .25 pF including statistical wiring capacitance 

NOTE: Delay not applicable because of external drive. 

2.34 



•}GOULD 
~II Semicooductors 

Description 

Input Pad With Protection Diode And P-Channel Transistor 

Logic Symbol 

.____________,! 0 
- 1814 . 

Truth Table 

A 

H 
L 

Q 

H 
L 

1814 

3µ, Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

N.A. 

Equivalent 
Unit Loads 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .1814 A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx kt,ix 

Any Input a tPLH 
tPHL 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

NOTE: Delay not applicable because of external drive. 

2.35 



250 

100 

c 
~ 
w 

150 <.) 
z c 
I-.,. 
;;; 
w = 

100 

50 

0 
5 

3-MICRDN SINGLE METAL GATE ARRAY 

Voo = 5.0V PULL-UP 
RESISTANCE VS V1N 

2 3 
V1N (VOLTS) 

4 

Gate Array Pull-Up Characteristics 

2.36 

1814 



•) GOULD 
AMII Semiconductors 

Description 

Input Pad With Protection Diode And N-Channel Transistor 

Logic Symbol 

VDD -1 
1815 

Truth Table 

A 

H 
L 

Q 

H 
L 

1815 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

N.A. 

Equivalent 
Unit Loads 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .1815 A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx k\:tx 

Any Input Q tPLH 
tPHL 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

NOTE: Delay not applicable because of external drive. 

2.37 



a 
~ ... 
u z c 
ti 
;;;,; ... = 

250 

50 

0 5 

3-MICRON SINGLE METAL GATE ARRAY 

Voo = 5.0V PULL DOWN 
RESISTANCE VS V1N 

2 3 4 

Gata Array Pull-Down Characteristics 

2.38 

5 

RMAx T = 25•c 

R MAX T = -55°C 
RMAX T = 125°C 
RMAX T = 70°C 
RMAX T = 25°C 
RMAX T = 55°C 

1815 
('" 



•} GOULD 
AMII Semicooductors 

Description 

Pre-Routed Inverting Schmitt Trigger 

Logic Symbol 

A ---B>- Q 

UFO 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .llFO A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 
Q 

L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 

Any Input Q tPLH 4.6 5.9 
tPHL 2.2 2.7 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF Including statistical wiring capacitance 

Trip Points 
V1H 

3.0V 
V1L 

1.6V 
HYSTERISIS 

1.4V 

2.39 

3 4 

7.3 8.6 
3.3 3.8 

llFO 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 2 .. 

Intrinsic Parameters 
8 tdx k~x 

12.4 3.3 5.40 
4.6 1.7 2.10 



•)GOULD 
~II Semiconductors 

Description 

Pre-Routed TIL Lever Translator 

Logic Symbol 

A+-Q 
llF3 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .llF3 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

I 
Q 

H 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 5.3 6.0 6.7 7.5 
tPHL 3.9 4.2 4.6 4.9 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.40 

llF3 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 4 

Intrinsic Parameters 
8 tdx kt,ix 

10.4 4.6 2.90 
6.3 3.5 1.40 



loo 
(mA) 

.6 .8 1.0 1.4 2.0 3.0 
V1N (VOLTS) 

loo VS. V1N FOR TTL Level Translators 

2.41 

llF3 

4.0 4.5 



•)GOULD 
AMII Semiconductors 

Description 

Single Pre-Routed Inverter 

Logic Symbol 

A-l>-0 
INOl 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IN01 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

I 
Q 

L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 1.6 2.4 3.1 3.8 
tPHL 0.1 0.5 0.9 1.2 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.42 

IN01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 1 

Intrinsic Parameters 
8 tdx ki,ix 

6.7 0.9 2.92 
2.6 0.0 1.43 



•}GOULD 
AMII Semiconductors 

Description 

Two Pre-Routed Inverters In Parallel 

Logic Symbol 

A-1>-Q 
IN02 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IN02 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 

Q 

L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 1.0 1.4 1.8 2.2 
tPHL 0.1 0.3 0.6 0.8 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.43 

IN02 

3µ, Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 2 

Intrinsic Parameters 
8 tdx k'ctx 

3.7 0.6 1.55 
1.7 0.0 0.90 



•).GOULD 
AMII Semiconductors 

Description 

Three Pre-Routed Inverters In Parallel 

Logic Symbol 

A-I>- 0 

IN03 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .IN03 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo=5V, TJ=25°C, Typical Process 

I 
Q 

L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 4 8 12 16 

Any Input Q tPLH 2.0 3.1 4.3 5.5 
tPHL 0.2 0.9 1.7 2.4 

Propagation Delay Equation: tpx = tdx + k'<ix x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.44 

IN03 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 3 

Intrinsic Parameters 
20 tdx k\tx 

6.7 0.8 1.20 
3.1 0.0 0.72 



•) GOULD 
AMII Semiconductors 

Description 

Four Pre-Routed Inverters in Parallel 

Logic Symbol 

A--[>- Q 

IN04 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .IN04 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 
a 
L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 4 8 12 16-.· ..... 
Any Input Q tPLH , 1.4 2.3. 3.2 4.1 

tPHL 0.2 0.8 1.4 2.0 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.45 

IN04 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 4 

Intrinsic Parameters 
20 tdx ~lctx 

5.0 0.5 0.90 
2.7 0.0 0.62 



•) OOULD··--------

AMII Semiconductors 

Description 

Five Pre-Routed Inverters in Parallel 

Logic Symbol 

A-t>-0 
IN05 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .IN05 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 
Q 

L 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 4 8 12 16 

Any Input Q tPLH 1.5 2.2 3.0 3.8 
tPHL 0.1 0.6 1.2 1.7 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.46 

IN05 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 5 

Intrinsic Parameters 
20 tdx ki.i,. 

4.6 0.7 0.80 
2.3 0.0 0.54 



•}GOULD 
.AJMll Semiconductors 

Description 

Tri-State Input-Output Buffer 

Logic Symbol 

eH>--i 
A I I • 
I vss Q;..._ ____ _. 

PIN 
PAO 

1005 

Truth Table 

A 

L 
L 
H 
H 

B Q 

H L 
L z 
L L 
H Illegal 

1005 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

B 3 
A 4 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .1005 A B; 
Switching Characteristics: 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Intrinsic Parameters 
FROM TO 50pF 100pF 150pF tdx kt,i, 

A Q tPLH 9.3 16.2 23.1 2.5 0.14 
tPHL 5.6 10.4 15.2 0.8 0.10 

ENABLE Q tpzH 8.4 15.2 22.1 1.5 0.14 
tpzL 5.7 11.4 17.0 0.1 0.11 

DISABLE Q tpLZ 0.6 0.6 0.00 
tpHz 1.8 1.8 0.00 

Symbol Parameters Conditions Min. Typ. Max. 

loss Output Leakage Current -10 µA + 10µA 

VoL Low Level Output Voltage loL=4.0 mA .4V 

VoH High Level Output Voltage loH=5.0 mA 2.4V 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.47 



·I Voo = 4.5 VOL TS 
Vos= 4.5 VOLTS 

• 2 

• 3 
TA= 125•c 

.4 
TA= 10°c 

-5 

los . 6 TA= 25•c 
[mA) 

• 7 

-8 

. 9 

• 10 TA= -55°C 

-11 

40 

30 

los 
(mA) 20 

10 

2 

2 3 4 
Vos!VI 

TA= -55°C 

Voo = 4.5 VOLTS 
Vos= 4.5 VOL TS 

3 
Vos[VOLTS) 

2.48 

4 

TA= 25•c 

TA= 10°c 

TA= 125•c 

5 

1005 

P-CHANNEL DRIVER 
SOURCING CHARACTERISTICS 

4.5 

N-CHANNEL DRIVER 
SINKING CHARACTERISTICS 

6 



•) GOULD 
AJMll Semiconductors 

Description 

Pre-Routed Inverter Driving a Transmission Gate. 

Logic Symbol 

~~J A~ I IT02 ~~ 

Equivalent Gate Count: 2 
Bolt Syntax: Q .IT02 A G GN; 
Switching Characteristics: 

Truth Table 

A 

A 
A 

G 

L 
H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

GN 

I 
Q 

H z 
L AN 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

G Q tPLH 2.3 3.3 4.4 5.4 
tPHL 1.2 1.7 2.3 2.8 

A Q tPLH 3.4 4.4 5.5 6.5 
tPHL 1.1 1.6 2.1 2.6 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.49 

IT02 

3µ, Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx k'cix 

9.5 1.3 4.10 
5.0 0.6 2.20 

10.6 2.4 4.10 
4.6 0.6 2.00 



•} GOULD 
~Mii Semiconductors 

Description 

Pre-Routed Two To One Multiplexer 

Logic Symbol Truth Table 

G 

MU20 

Equivalent Gate Count: 1 
Bolt Syntax: Q .MU20 A B G GN; 
Switching Characteristics: 

A B G GN 

A B L H 
A B H L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

B 
A 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A,B Q tPLH 1.6 2.2 2.8 3.4 
tPHL 1.1 1.6 2.1 2.5 

G Q tPLH 3.2 4.4 5.5 6.6 
tPHL 1.1 1.6 2.2 2.8 

GN Q tPLH 3.5 4.7 5.9 7.1 
tPHL 2.5 3.0 3.4 3.9 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.50 

MU20 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 2 

Intrinsic Parameters 
8 tdx k'ilx 

5.8 0.9 2.43 
4.4 0.6 1.91 

11.2 2.1 4.56 
5.1 0.5 2.28 

11.9 2.3 4.78 
5.7 2.0 1.84 



•) GOULD 
~II Semicooductors 

Description 

Pre-Routed Two Input NANO Gate 

Logic Symbol 

:::[J-o 
NA02 

Equivalent Gate Count: 1 
Bolt Syntax: Q .NA02 A B; 
Switching Characteristics: 

Truth Table 

A B 

L x 
x L 
H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

H 
H 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 2.2 2.9 3.6 4.4 
tPHL 0.5 1.0 1.5 1.9 

Propagation Delay Equation: tpx= tdx+ k1dx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.51 

NA02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 ldx ki.ix 

7.3 1.4 2.95 
3.8 0.1 1.84 



•) GOULD 
~II Semiconductors 

Description 

Pre-Routed Three Input NAND Gate 

Logic Symbol 

~=u-Q 
NAD3 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .NA03 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L x x 
x L x 
x x L 
H H H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Q 

H 
H 
H 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any ,Input Q tPLH 2.8 3.5 4.3 5.0 
tPHL 1.2 1.8 2.4 3.0 

Propagation Delay Equation: tpx = tdx + k1dx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.52 

NA03 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Intrinsic Parameters 
8 tdx k'ilx 

8.0 2.0 2.97 
5.4 0.6 2.43 



•) GOULD 
~Mii Semiconductors 

Description 

Pre-Routed Four Input NANO Gate 

Logic Symbol Truth Table 

B Q 'Y-~ NA04 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .NA04 A B C D; 
Switching Characteristics: 

A B 

L x 
x L 
x x 
x x 
H H 

c 
x 
x 
L 
x 
H 

Conditions: V DD= 5V, T J = 25°C, Typical Process 

D Q 

x H 
x H 
x H 
L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 3.4 4.2 5.0 5.7 
tPHL 2.2 3.0 3.8 4.6 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.53 

NA04 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input I 1 

Intrinsic Parameters 
8 tdx kt,i, 

8.8 2.6 3.08 
7.9 1.3 3.30 



•}GOULD 
~/I Semicooductors 

Description 

Pre-Routed Five Input NANO Gate 

Logic Symbol Truth Table 

'P---
A 

B L 

c Q x 

~ NA05 

x 
x 
x 
H 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .NA05 A B C D E; 
Switching Characteristics: 

B c 
x x 
L x 
x L 
x x 
x x 
H H 

D 

x 
x 
x 
L 
x 
H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

E Q 

x H 
x H 
x H 
x H 
L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 3.9 4.7 5.5 6.3 
tPHL 3.3 4.3 5.3 6.3 

Propagation Delay Equation: tpx= tdx+ k\jx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.54 

NA05 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equivalent 
Input Unit Loads 

Any Input T 1 

Intrinsic Parameters 
8 tdx kt,ix 

9.4 3.1 3.15 
10.2 2.3 3.99 



-} GOULD 
AMII Semiconductors 

Description 

Pre-Routed Two Input NOR Gate 

Logic Symbol 

:=r>-o 
N002 

Equivalent Gate Count: 1 
Bolt Syntax: Q .N002 A B; 
Switching Characteristics: 

Truth Table 

A B 

L L 
x H 
H x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 

Q 

H 
L 
L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 2.8 4.0 5.2 6.4 
tPHL 0.4 0.7 1.1 1.4 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.55 

N002 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equiv a lent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx kt,ix 

11.3 1.6 4.84 
2.8 0.1 1.37 



-) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Three Input NOR Gate 

Logic Symbol 

~D-o 
N003 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .N003 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L L L 
x x H 
x H x 
H x x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Q 

H 
L 
L 
L 

Max. Delay (ns) Parameter Number Of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 5.2 6.9 8.7 10.4 
tPHL 0.6 1.0 1.3 1.7 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.56 

N003 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx kt.ix 

17.2 3.5 6.82 
3.1 0.2 1.44 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Four Input NOR Gate 

Logic Symbol Truth Table 

lP-Q 
D NDD4 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .N004 A B C D; 
Switching Characteristics: 

A B 

L L 
x x 
x x 
x H 
H x 

c 
L 
x 
H 
x 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

L H 
H L 
x L 
x L 
x L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 8.3 10.7 13.2 15.6 
tPHL 0.7 1.0 1.4 1.8 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.57 

N004 

3µ. Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input I 1 

Intrinsic Parameters 
8 tdx klctx 

25.4 5.8 9.80 
3.3 0.3 1.50 



-) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Five Input NOR Gate 

Logic Symbol Truth Table 

·~ 
A 

B L 

c 0 x 

~ N005 

x 
x 
x 
H 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .N005 A B C D E; 
Switching Characteristics: 

B c 
L L 
x x 
x x 
x H 
H x 
x x 

D 

L 
x 
H 
x 
x 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

E Q 

L H 
H L 
x L 
x L 
x L 
x L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 12.4 15.3 18.2 21.1 
tPHL 0.9 1.2 1.5 1.9 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.58 

NOOS 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx ki.ix 

32.9 9.4 11.72 
3.2 0.5 1.36 



•) GOULD 
AJMll Semiconductors 

Description 

CMOS Output Buffer 

Logic Symbol Truth Table 

A 

~ L 
PIN H 

• 1 ,.~" I Q 

I 
Q 

L 
H 

0803 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 3 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .OB03 A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Intrinsic Parameters 
FROM TO 50pF 100pF 150pF tdx ki,ix 

A a tPLH 9.0 15.6 22.2 2.3 0.13 
tPHL 6.8 11.2 15.7 2.3 0.09 

A a tPLH 5.9 9.8 13.8 1.9 0.08 
(I TIL LOAD) tPHL 10.0 17.3 24.6 2.7 0.15 

Symbol Parameters Conditions Min. Typ. Max. 

loss Output Leakage Current -10 pA + 10,,A 

Vol Low Level Output Voltage loL= 1 pA .05V 

VoH High Level Output Voltage loH= 1 pA 4.95V 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.59 



0803 

-1 Voo = 4.5 VOL TS 
VGs = 4.5 VOLTS 

-2 

-3 
TA= 125°C 

-4 
TA= 70°C 

-5 

las -6 TA= 25°C P-CHANNEL DRIVER 

(mA) SOURCING CHARACTERISTICS 

- 7 

-8 

-9 

-10 TA= -55°C 

-11 

2 3 4 4.5 
Vos [VJ 

40 TA= -55°C 

Voo = 4.5 VOL TS 

30 VGs = 4.5 VOLTS 

las TA= 25°C N-CHANNEL DRIVER 

(mAJ 20 SINKING CHARACTERISTICS 

TA= 70°C 

TA= 125°C 

10 

2 3 4 5 6 
Vos (VOLTS) 

2.60 



•) GOULD 
.itM\I Semicooductors 

Description 

Open Drain N-Channel Output Buffer 

Logic Symbol Truth Table 

I elQ A 

H 
L 

·~· I I 0807 vss . 

I 
Q 

z 
L 

0807 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 3 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .OB07 A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Intrinsic Parameters 
FROM TO 50pF 100pF 150pF tdx kt,i, 

A Q tPHL 5.8 10.4 15.0 1.3 0.09 
(1 K Resistor) 

A Q tPHL 5.6 10.0 14.4 1.2 0.09 
(10K Resistor) 

A Q tpLZ 0.6 0.6 

Symbol Parameters Conditions Min. Typ. Max. 

loss Output Leakage Current -10 µA + 10µA 

Vol Low Level Output Voltage loL=4.0 µA .4V 

VoH High Level Output Voltage loH=5.0 µA 2.4V 

Propagation Delay Equation: tpx= tdx+ k1dx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.61 
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5 

N-CHANNEL DRIVER 
SINKING CHARACTERISTICS 
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•) GOULD 
AMII Semiconductors 

Description 

Tri-State Output Buffers 

Logic Symbol Truth Table 

.~ 
, I I 

I 

A 

L 
L 
H 
H 

OBOD 

B a 
H H 
L z 
L L 
H Illegal 

OBOD 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

B 3 
A 4 

Equivalent Gate Count: Contained within peripheral cells, no core devices used. 
Bolt Syntax: Q .OBOD A; 
Switching Characteristics: 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Intrinsic Parameters 
FROM TO 50pF 100pF 150pF tdx kt,i, 

A Q tPLH 9.3 16.2 23.1 2.5 0.14 
tPHL 5.6 10.4 15.2 0.8 0.10 

ENABLE Q tpzL 8.4 15.2 22.1 1.5 0.14 
tpzL 5.7 11.4 17.0 0.1 0.11 

DISABLE Q tpLZ 0.6 0.6 0.00 
tpHz 1.8 1.8 0.00 

Symbol Parameters Conditions Min. Typ. Max. 

loss Output Leakage Current -10 µA +10µA 

Vol Low Level Output Voltage loL=4.0 µA .4V 

VoH High Level Output Voltage loH=5.0 µA 2.4V 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.63 
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•) GOULD 
AJM\I Semiconductors 

Description 

Pre-Routed OR-OR-NANO Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .ON01 A B C D; 
Switching Characteristics: 

A B C 
L L X 
X X L 
L L L 
All Other 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

D Q 

x H 
L H 
L H 

L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input a tPLH 5.5 6.7 7.9 9.1 
tPHL 1.9 2.5 3.0 3.6 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.65 

ON01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 

Intrinsic Parameters 
8 tdx ki,.. 

14.0 4.3 4.82 
5.9 1.3 2.28 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed OR-NANO Gate 

Logic Symbol 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .ON02 A B C; 
Switching Characteristics: 

--- -------·--------

Truth Table 

A B C 
X X L 
H X H 
X H H 

Q 

H 
L 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q IPLH 4.0 5.2 6.4 7.7 
tPHL 0.8 1.3 1.8 2.3 

Propagation Delay Equation: tpx= tdx+ ktiix x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.66 

ON02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx ki.s,. 

12.6 2.8 4.91 
4.2 0.3 1.93 



-) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Two Input OR Gate 

Logic Symbol 

::D-o 
DRD2 

Equivalent Gate Count: 1.5 
Bolt Syntax: Q .OR02 A B; 
Switching Characteristics: 

Truth Table 

A B 

L L 
H x 
x H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Q 

L 
H 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 1.5 2.3 3.0 3.7 
tPHL 2.7 3.0 3.3 3.6 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.67 

OR02 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx k'ilx 

6.5 0.8 2.85 
4.9 2.3 1.30 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Three Input OR- Gate 

Logic Symbol 

~D-o 
DRD3 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .OR03 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L L L 
H x x 
x H x 
x x H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

L 
H 
H 
H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 1.7 2.4 3.1 3.8 
tpHL 3.8 4.2 4.6 5.0 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.68 

OR03 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx ki.ix 

6.7 0.9 2.88 
6.6 3.4 1.62 



•} GOULD 
~II Semiconductors 

Description 

Pre-Routed Four Input OR Gate 

Logic Symbol Truth Table 

'D-B 
c 0 

D OR04 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q .OR04 A B C D; 
Switching Characteristics: 

A B c 
L L L 
H x x 
x H x 
x x H 
x x x 

D 

L 
x 
x 
x 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

a 
L 
H 
H 
H 
H 

Max; Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

Any Input Q tPLH 2.1 2.8 3.6 4.3 
tPHL 7.5 8.0 8.6 9.1 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.69 

OR04 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Intrinsic Parameters 
8 tdx k'c!x 

7.4 1.4 2.88 
11.2 7.0 2.10 



•}GOULD 
~II Semicooductors 

Description 

Pre-Routed Set-Reset NANO Gate Latch 

Logic Symbol Truth Table 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q QN .RSOO RN SN; 
Switching Characteristics: 

SN RN 

L L 
L H 
H L 
H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q QN 

H H 
H L 
L H 
No Change 

RSOO 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx kt,i~ 

Any Input Q tPLH 2.6 3.3 4.0 4.7 7.4 2.0 2.72 
tPHL 2.8 3.0 3.2 3.4 4.3 2.6 0.82 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.70 



•)GOULD 
~II Semiconductors 

Description 

Pre-Routed Set-Reset NOR Gate Latch 

Logic Symbol 

Equivalent Gate Count: 2.5 
Bolt Syntax: Q QN .RS01 R S; 
Switching Characteristics: 

Truth Table 

S R 

H H 
H L 
L H 
L L 

Conditions: V00 = 5V, T J = 25"C, Typical Process 

Q QN 

L L 
H L 
L H 
No Change 

RS01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx ki,., 

Any Input a tPLH 3.4 4.6 5.8 7.1 12.0 2.1 4.92 
tPHL 0.6 0.9 1.2 1.5 2.8 0.2 1.26 

Propagation Delay Equation: lpx= ldx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.71 



•) GOULa---------------
.itMII Semiconductors 

I~ I 
PPOI 

.PPDI 

PP01 

3µ Single-Metal HCMOS 
Gate Arrays 

NOTE: ONE PP01 MUST BE USED PER GROUND (Vss) PIN. 

2.72 



•) GOULD 
.itMll Semiconductors 

---------------------------------------

PP02 

.PP02 

PP02 

3µ Single-Metal HCMOS 
Gate Arrays 

NOTE: ONE PP02 MUST BE USED PER POWER (Voo) PIN. 

2.73 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Transmission Gate 

Logic Symbol 

ii 

A~Q 
TGDI L~J 

G 

Equivalent Gate Count: 0.5 
Bolt Syntax: Q .TG01 A G GN; 
Switching Characteristics: 

Truth Table 

A G 

A L 
A H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

GN 

I 
Q 

H z 
L A 

Max. Delay (ns) Parameter Number Of Unit Loads (F) 
FROM TO 1 2 3 4 

A Q tPLH 1.4 1.9 2.4 3.0 
tPHL 0.9 1.3 1.7 . 2.1 

G,GN Q tPLH 3.8 5.2 6.6 8.1 
tPHL 2.4 2.8 3.3 3.7 

Propagation Delay Equation: tpx= tdx+ ktdx x CL 

Unit Load= .25 pF including statistical wiring capacitance 

2.74 

TG01 

3µ Single-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 2 
G,GN 1 

Intrinsic Parameters 
8 tdx kt,ix 

4.56 0.3 2.13 
3.74 0.5 1.62 

13.78 2.3 5.74 
5.38 2.0 1.69 



Gate Array Datasheets 

3µ Double-Metal HCMOS 
Gate Array 



Cell Description 

AA02 Pre-Routed Two Input AND Gate 
AA03 Pre-Routed Three Input AND Gate 
AA04 Pre-Routed Four Input AND Gate 
AA05 Pre-Routed Five Input AND Gate 

AN01 Pre-Routed AND-NOR Gate 
AN02 Pre-Routed AND-NOR Gate 
AN03 Pre-Routed AND-NOR Gate 
AN04 Pre-Routed AND-NOR-NOR Gate 
AN05 Pre-Routed Four 3-ln AN D's Into A 4-ln 

NOR 
AN06 Pre-Routed Three 3-ln AN D's Into A 3-ln 

NOR 

A001 Pre-Routed AND-OR Gate 

DF01 Pre-Routed D Flip-Flop 
DF02 Pre-Routed D Flip-Flop With 

Asynchronous Active Low Set 
DF03 Pre-Routed D Flip-Flop With 

Asynchronous Active Low Reset 
DF04 Pre-Routed D Flip-Flop With 

Asynchronous Active Low Set And 
Active Low Reset 

DF05 Pre-Routed D Flip-Flop With 
Asynchronous Set 

DF06 Pre-Routed D Flip-Flop With 
Asynchronous Reset 

DF07 Pre-Routed D Flip-Flop With 
Asynchronous Set And Reset 

DF08 Pre-Routed D Flip-Flop With Single Clock 
DF09 Pre-Routed D Flip-Flop With 

Asynchronous Active Low Set And 
Single Clock 

DFOA Pre-Routed D Flip-Flop With 
Asynchronous Active Low Reset And 
Single Clock 

DFOB Pre-Routed D Flip-Flop With 
Asynchronous Active Low Set, Active 
Low Reset, And Single Clock 

DFOC Pre-Routed D Flip-Flop With 
Asynchronous Set And Single Clock 

DFOD Pre-Routed D Flip-Flop With 
Asynchronous Reset and Single Clock 

DFOE Pre-Routed D Flip-Flop With 
Asynchronous Set, Reset, And Single 
Clock 

3.2 

Cell 

DL01 
DL18 
DL19 
DL1A 
DL1B 
DL1C 
DL1D 

EN01 

E001 

IB01 

IB02 
IB04 
IB06 

IB07 

IB08 
IBOA 

IBOC 

1111 

1112 

1113 

1121 

1122 

1131 

Selection Guide 

3µ Double-Metal HCMOS 
Gate Array 

Description 

Pre-Routed Latch With Q And QN 
Pre-Routed Latch With Set And Reset 
Pre-Routed Latch With Set 
Pre-Routed Latch With Reset 
Pre-Routed Latch With Active Low Set 
Pre-Routed Latch With Active Low Reset 
Pre-Routed Latch With Active Low Set 
and Reset 

Pre-Routed Exclusive NOR Gate 

Pre-Routed Exclusive OR Gate 

Pre-Routed CMOS Non-Inverting Input 
Buffer 
Pre-Routed CMOS Inverting Input Buffer 
Pre-Routed CMOS Inverting Input Buffer 
Pre-Routed CMOS Inverting Input Buffer 
With Pull Down 
Pre-Routed TTL Non-Inverting Input 
Buffer 
Pre-Routed TTL Inverting Input Buffer 
Pre-Routed TTL Inverting Input Buffer 
With Pull Up 
Pre-Routed TTL Inverting Input Buffer 
With Pull Down 

Pre-Routed Clock Driver With A Single 
Inverter Followed By A Single Inverter 
Pre-Routed Clock Driver With A Single 
Inverter Followed By A Single Inverter 
Pre-Routed Clock Driver With A Single 
Inverter Followed By Three Inverters In 
Parallel 
Pre-Routed Clock Driver With Two 
Inverters In Parallel Followed By A 
Single Inverter 
Pre-Routed Clock Driver With Two 
Inverters In Parallel Followed By Two 
Inverters In Parallel 
Pre-Routed Clock Driver With Three 
Inverters In Parallel Followed By A 
Single Inverter 



3µ Double-Metal HCMOS Gate Array (Continued) 

Cell 

IN01 
IN02 
IN03 
IN04 
IN05 
IN06 

1001 

1003 

1004 

IT01 
IT02 

ITOF 

Description 

Single Pre-Routed Inverter 
Two Pre-Routed Inverters In Parallel 
Three Pre-Routed Inverters In Parallel 
Four Pre-Routed Inverters In Parallel 
Five Pre-Routed Inverters In Parallel 
Six Pre-Routed Inverters In Parallel 

TTL Non-Inverting Bi-Directional Input/ 
Output Buffer With Positive Enable 
CMOS Non-Inverting Bi-Directional 
Input/Output Buffer With Positive Enable 
CMOS Inverting Bi-Directional 
Input/Output Buffer With Positive Enable 

Non-Inverting Internal Tri-State Buffer 
Pre-Routed Inverter Driving A 
Transmission Gate 
Inverting Internal Tri-State Buffer 

MU23 Pre-Routed Two-To-One Multiplexer 

NA02 Pre-Routed Two Input NANO Gate 
NA03 Pre-Routed Three Input NANO Gate 
NA04 Pre-Routed Four Input NANO Gate 
NA05 Pre-Routed Five Input NANO Gate 
NA06 Pre-Routed Six Input NANO Gate 

N002 Pre-Routed Two Input NOR Gate 
N003 Pre-Routed Three Input NOR Gate 
N004 Pre-Routed Four Input NOR Gate 
N005 Pre-Routed Five Input NOR Gate 
N006 Pre-Routed Six Input NOR Gate 

OB01 TTL Output Buffer 
OB02 TTL Inverting Output Buffer 
OB03 CMOS Output Buffer 
OB04 CMOS Inverting Output Buffer 
OB05 Open Drain Output Buffer 
OBOS Inverting Open Drain Output Buffer 
OB07 Open Drain Output Buffer 
OBOS Inverting Open Drain Output Buffer 

3.3 

Cell 

OB09 

OBOA 

ON01 
ON02 
ON03 
ON04 

OR02 
OR03 
OR04 
OR05 

PP01 
PP02 

SROO 
SR01 

Selection Guide 

Description 

CMOS Tri-State Non-Inverting Output 
Buffer With Negative Enable 
CMOS Tri-State Inverting Output Buffer 
With Positive Enable 

Pre-Routed OR-NANO Gate 
Pre-Routed OR-NANO Gate 
Pre-Routed OR-NANO Gate 
Pre-Routed OR-NANO-NANO Gate 

Pre-Routed Two Input OR Gate 
Pre-Routed Three Input OR Gate 
Pre-Routed Four Input OR Gate 
Pre-Routed Five Input OR Gate 

Vss Ground Pin 
Voo Power Pin 

Pre-Routed Set-Reset NANO Gate Latch 
Pre-Routed Set-Reset OR Gate Latch 



The Gould AMI 3µ, Double Metal Gate Array Macro 
Library is a collection of high performance digital in
tegrated circuit building blocks. It is intended for use 
by logic, circuit, and MOS IC designers. Thus, anyone 
familiar with standard logic design methods can suc
cessfully design a gate array using these macros. 

The 3µ, Double Metal Macro Cells are implemented 
with a P-well, CMOS process. They are intended 
primarly for 5 volt ( + 10%) operation but will operate at 
voltages as low as 2.5 volts with reduced performance. 
Below is a description of the data and terms used in 
the data sheets. 

• PRE-ROUTED MACROS are the simpler functional 
blocks such as the basic gates, latches, and flip· 
flops. Since these macros have a pre-defined layout 
they can be accurately characterized for propaga· 
tion delays. 

• SOFTWARE MACROS are macros which incorporate 
several pre-routed macros to form more com
plicated functional blocks such as counters or shift 
registers. These macros are not pre-defined with 
respect to layout, so the automatic placement and 
routing software maintains optimum layout flex
ibility. Since layout is not pre-defined, estimates of 
propagation delays through these macros are 
arrived at by adding the delays of the individual pre
routed macros used in the software macros. 

• THE CELL NAME for each functional macro is 
displayed in the upper right hand corner of each 
data sheet. This is the same name that appears in 
the Bolt invocation. 

• THE LOGIC SYMBOL for each macro is displayed as 
it appears in the gate array library. 

• A TRUTH TABLE description of the logical functions 
for the cells is provided. 

• THE TABLE OF INPUT LOADING gives the number of 
equivalent unit loads for each logical input of the 
pre-routed macros. 

3.4 

Data Sheets 

3µ HCMOS Double-Metal 
Gate Array 

• THE EQUIVALENT GATE COUNT is the number of 
equivalent two input NANO gates in each cell. 

• BOLT SYNTAX is the invocation syntax of each 
macro cell. Notice these statements always end 
with a semi-colon, and the order of these inputs and 
outputs must be maintained. 

• THE SWITCHING CHARACTERISTICS give the prop
agation delay as a function of unit load. The unit 
load is the capacitance associated with a gate pair 
(i.e., the gate capacitance of an N-channel and a 
P-channel core transistor), plus an associated metal 
interconnection capacitance. All data is given for 
typical process, temperature, and power supply con
ditions. Both low-to-high transitions are shown. To 
find delays under other operating conditions 
derating curves must be used. 

• THE PROPAGATION DELAY EQUATION is used for 
calculating propagation delays when the load is dif
ferent from those explicitly given in the table. The in
trinsic propagation delay, tdx• is used when there is 
no output loading, and K, is a capacitive multiplica
tion factor. As an example consider the two input 
NANO Gate with a fan-out of 5. To calculate the pro
pagation delay for the high-to-low transition use tdx 
= 0.6 and K = .44 so, 

tPHL = 0.6 + (.44)(5) = 2.Bns. 

• A LOGIC SCHEMATIC is shown for the more com
plicated prerouted macros and the software macros 
not shown. 

• POWER SUPPLY MACROS (PP01, PP02) must be 
shown on each circuit. While no connections to 
these macros are necessary, one macro must be 
shown per power or ground pin. 

• DERATING CURVES are provided to account for 
changes in propagation delay as process, tempera
ture and power supply vary. 
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•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Two Input AND Gate 

Logic Symbol 

~=0--o 
AA02 

Equivalent Gate Count: 2 
Bolt Syntax: Q .AA02 A B; 
Switching Characteristics: 

Truth Table 

A B 
L x 
x L 
H H 

Conditions: v00 = 5V, TJ = 25"C, Typical Process 

I 

Q 

L 
L 
H 

AA02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equlvalent 
Input UnH Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tc1x K 

Any Input Q tPLH 2.2 2.7 3.2 3.7 5.8 1.70 0.52 
tpHL 2.2 2.5 2.8 3.1 4.3 1.90 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.6 



•)GOULD 
~II Semicooductors 

Description 

Pre-Routed Three Input AND Gate 

Logic Symbol 

:D-o 
AA03 

Equivalent Gate Count: 2 
Bolt Syntax: Q .AA03 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L x x 
x L x 
x x L 
H H H 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

Q 

L 
L 
L 
H 

AA03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tpLH 3.3 3.8 4.4 4.9 7.1 2.80 0.55 
tPHL 2.8 3.1 3.5 3.8 5.1 2.50 0.31 

Propagation Delay Equation: tpx = tdx + K(F) 

3.7 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Four Input AND Gate 

Logic Symbol Truth Table 

B Q ·v-~ AA04 

Equlvalent Gate Count: 3 
Bolt Syntax: Q .AA04 A B C D; 
Switching Characteristics: 

A B 

L x 
x L 
x x 
x x 
H H 

c 
x 
x 
L 
x 
H 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

D Q 

x L 
x L 
x L 
L L 
H H 

AA04 

3µ Double-Me~:al HCMOS 
Gate Arrays 

Input Loading 

Logic Equlvalant 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 4.2 4.8 5.3 5.9 8.2 3.60 0.57 
tPHL 3.1 3.4 3.7 4.1 5.4 2.70 0.34 

Propagation Delay Equation: tpx = tdx + K(F) 

3.8 



•)GOULD 
AMII Semiconducton 

Description 

Pre-Routed Five Input AND Gate 

Logic Symbol Truth Table 

A 

'lf- L 
B x 
c 0 x 

: AA05 
x 
x 
H 

Equivalent Gate Count: 3 
Bolt Syntax: Q .AA05 A B C D E; 
Switching Characteristics: 

B c 
x x 
L x 
x L 
x x 
x x 
H H 

D 
x 
x 
x 
L 
x 
H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

E Q 

x L 
x L 
x L 
x L 
L L 
H H 

AAOS 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 5.8 6.4 7.0 7.7 10.1 5.20 0.62 
tPHL 3.4 3.8 4.1 4.5 6.0 3.00 0.38 

Propagation Delay Equation: tpx = tdx + K(F) 

3.9 



•}GOULD 
AM\I Semicooductors 

Description 

Pre-Routed AND-NOR Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 2 
Bolt Syntax: Q .AN01 A B C D; 
Switching Characteristics: 

A 

L 
L 
x 
x 
H 
x 

B 

x 
x 
L 
L 
H 
x 

c 
L 
x 
L 
x 
x 
H 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

D Q 

x H 
L H 
x H 
L H 
x L 
H L 

AN01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 5.3 6.3 7.3 8.2 12.2 4.30 0.98 
tPHL 2.1 2.5 2.9 3.4 5.1 1.60 0.42 

Propagation Delay Equation: tpx = tdx + K(F) 

3.10 



•) GOULD 
AMII Semicooductors 

Description 

Pre-Routed AND-NOR Gate 

Logic Symbol 

Equivalent Gate Count: 2 
Bolt Syntax: Q .AN02 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L x L 
x L L 
H H x 
x x H 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

Q 

H 
H 
L 
L 

AN02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q IPLH 3.9 4.8 5.7 6.7 10.5 2.90 0.95 
IPHL 1.6 2.1 2.5 3.0 4.8 1.10 0.46 

Propagation Delay Equation: tpx = tdx + K(F) 

Unit Load= .21 pF including statistical wiring capacitance 

3.11 



•) GOULD 
~JJ Semiconductors 

Description 

Pre-Routed AND-NOR Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 2 
Bolt Syntax: Q .AN03 A B C D; 
Switching Characteristics: 

A 

x 
x 
H 
x 
L 

B 

x 
x 
H 
L 
x 

c 
x 
H 
x 
L 
L 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

D Q 

H L 
x L 
x L 
L H 
L H 

AN03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

Any Input 

Equivalent 
Unit Loads 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 ldx K 

Any Input Q tPLH 6.4 7.8 9.2 10.6 16.3 5.00 1.41 
tPHL 1.8 2.3 2.7 3.1 4.9 1.40 0.43 

Propagation Delay Equation: tpx = tdx + K(F) 

3.12 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed 2 in AND, 2 in NOR into 2 in NOR 

Logic Symbol Truth Table 

Equivalent Gate Count: 3 
Bolt Syntax: Q .AN04 A B C D; 
Switching Characteristics: 

A 

x 
L 
L 
L 
L 
H 
H 
H 
H 

B 

x 
L 
L 
H 
H 
L 
L 
H 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

c D Q 

L L L 
x H H 
H x H 
x H H 
H x H 
x H H 
H x H 
x H L 
H x L 

AN04 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input a tPLH 3.6 4.6 5.6 6.7 10.8 2.60 1.02 
tPHL 3.0 3.3 3.6 3.9 5.2 2.60 0.33 

Propagation Delay Equation: tpx = tdx + K(F) 

3.13 



-} GOULD 
AMJI Semiconductors 

Description 

Pre-Routed Four 3-in ANDs, Into a 4-in NOR 

Logic Symbol Truth Table 

A 
B 
c A B C D E F G H I J K L Q 

D L X X L X X L X X L X X H 
E X L X X L X X L X X L X H 
F X X L X X L X X L X X L H 
G HHHXXXXXXXXX L 
H XXXHHHXXXXXX L I 
J XXXXXXHHHXXX L 

K XXXXXXXXXHHH L 
L 

Equivalent Gate Count: 6 
Bolt Syntax: Q .AN05 A B C D E F G H I J K L; 
Switching Characteristics: 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

ANOS 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 26.6 28.7 30.8 32.9 41.2 24.5 2.09 

tPHL 6.6 7.3 7.9 8.6 11.3 5.9 0.67 

Propagation Delay Equation: tpx = tdx + K(F) 

3.14 



•)GOULD 
AMII Semicooductors 

Description 

Pre-Routed Three 3-in ANDs, Into a 3-in NOR 

Logic Symbol Truth Table 

A Kl B A B C D E F G H I 
c L X X L X X L X X 
D X L X X L X X L X 
E 

~ 
X X L X X L X X L 

F H H H X X X X X X 
G X X X H H H X X X H XXXXXXHHH I 

Equivalent Gate Count: 5 
Bolt Syntax: Q .AN06 A B C D E F G H I; 
Switching Characteristics: 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Q 

H 
H 
H 
L 
L 
L 

ANOS 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equivalent 
Input Unit Loads 

Any Input I 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 16.0 17.5 19.1 20.7 27.1 14.4 1.59 
tPHL 5.3 6.0 6.7 7.4 10.1 4.7 0.68 

Propagation Delay Equation: tpx = tdx + K(F) 

3.15 



•)GOULD 
.itMII Semiconductors 

Description 

Pre-Routed AND-OR Gate 

Logic Symbol 

Equivalent Gate Count: 2 
Bolt Syntax: Q .A001 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
x x H 
L x L 
x L L 
H H x 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

Q 

H 
L 
L 
H 

A001 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.7 3.3 3.8 4.3 6.5 2.20 0.55 
tPHL 4.1 4.5 4.9 5.3 6.9 3.70 0.40 

Propagation Delay Equation: tpx = tdx + K(F) 

3.16 



•) GOULD 
~II Semiconductors 

Description 

Pre-Routed D Flip Flop 

Logic Symbol Truth Table 

fi "O" 

DFOl 

Equivalent Gate Count: 4 
Bolt Syntax: Q QN .DF01 D C CN; 
Switching Characteristics: 

c 
L 
I 
I 

CN 

H 
! 
! 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

D 0 ON 

x No Change 
L L H 
H H L 

DF01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c Q tPLH 2.8 3.3 3.9 4.4 6.6 2.20 0.55 
tpHL 2.3 2.7 3.0 3.4 4.9 1.90 0.38 

c QN tPLH 3.7 4.3 4.8 5.3 7.5 3.20 0.55 
tpHL 3.0 3.3 3.6 3.8 4.9 2.80 0.27 

I Set-Up tsu 2.7 

Propagation Delay Equation: tpx = tdx + K(F) 

3.17 



DF01 

c CN 

_l_ INOl _L INOl 

0 

T CN 
INOl c INOl 

CN _l_ c _L 
ON 

T 
c CN 

3.18 



•) GOULD 
AM\I Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Active Low Set 

Logic Symbol Truth Table 

l SN 

--1 D s Qt-- H 
H - c H 

- c Qt-- L 

DF02 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF02 D C CN SN; 
Switching Characteristics: 

c 
L 
I 
I 
x 

CN 

H 
I 
I 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D 

x 
L 
H 
x 

Q ON 

No Change 
L H 
H L 
H L 

DF02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c a tpLH 2.9 3.5 4.1 4.6 6.9 2.30 0.58 
tPHL 3.0 3.5 4.1 4.6 6.6 2.50 0.51 

c QN tPLH 4.4 5.0 5.5 6.1 8.3 3.90 0.56 
tPHL 3.2 3.5 3.8 4.1 5.2 2.90 0.29 

SN a tPLH 2.3 2.9 3.4 4.0 6.3 1.70 0.57 

SN QN tpHL 2.6 2.9 3.2 3.5 4.7 2.30 0.30 

Set-Up tsu 3.3 

Propagation Delay Equation: tpx = tdx + K(F) 

3.19 



DF02 

SN 
c 

_J_ INOl 
NA02 

0 0 

T T c 
CN c _j_ 

INOl 

ON 

T 
c CN 

3.20 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Active Low Reset 

Logic Symbol Truth Table 

DFD3 
RN 

--I D 0 r- H 
____, c H 

H 
--I c 1i 0 ~ L 

T 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF03 D C CN RN; 
Switching Characteristics: 

c 
L 
I 
I 
x 

CN 

H 
I 
I 
x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

D 
x 
L 
H 
x 

0 ON 

No Change 
L H 
H L 
L H 

DF03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c a tPLH 3.0 3.6 4.2 4.8 7.1 2.40 0.60 
tPHL 2.4 2.7 3.1 3.4 4.8 2.00 0.35 

c QN tPLH 3.8 4.4 5.0 5.5 7.8 3.20 0.57 
tPHL 3.9 4.3 4.8 5.2 7.1 3.40 0.46 

RN QN tPLH 3.4 4.0 4.5 5.0 7.2 2.90 0.55 

RN a tPHL 4.1 4.4 4.8 5.2 6.7 3.70 0.38 

Set-Up tsu 3.1 

Propagation Delay Equation: tpx = tdx + K(F) 

3.21 



DF03 

RN . CN 
NA02 _j_ INOI 

a 0 

T INOI 
T 

CN c NA02 

ON 

T 
c CN 

3.22 



•) GOULD 
AMII Semiconductors 

Description 

DF04 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed D Flip Flop With Asynchronous Active Low Set And Active Low Reset 

Logic Symbol Truth Table 

DFD4 

l SN RN c CN 

H H L H 
- D s Q 1-- H H I I 

H H f I - c H L x x 
- c ii 01-- L H x x 

L L x x 
I 

Equivalent Gate Count: 6 
Bolt Syntax: 0 ON .DF04 D C CN SN RN; 
Switching Characteristics: 

Conditions: Yoo= 5V, TJ = 25°C, Typical Process 

D Q ON 

x No Change 
L L H 
H H L 
x L H 
x H L 
x Illegal 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c 0 tPLH 3.1 3.7 4.3 4.9 
tPHL 3.0 3.5 4.0 4.6 

c ON tPLH 4.4 5.0 5.5 6.1 
tPHL 4.0 4.5 4.9 5.4 

SN 0 tPLH 2.3 2.8 3.4 4.0 

SN ON tPHL 3.2 3.7 4.1 4.6 

RN ON tPLH 2.4 3.0 3.5 4.1 

RN 0 tPHL 5.1 5.6 6.2 6.7 

Set-Up tsu 3.3 

Propagation Delay Equation: tpx = tdx + K(F) 

3.23 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Intrinsic Parameters 
8 tdx K 

7.3 2.50 0.60 
6.7 2.50 0.52 

8.2 3.90 0.55 
7.3 3.50 0.46 

6.3 1.70 0.57 

6.4 2.70 0.46 

6.2 1.90 0.55 

8.9 4.50 0.78 



DF04 

RN 
SN 

NAD2 NAD2 

0 
0 

T T c NAD2 

CN c _L 
ON 

T T 
c CN 

3.24 



•}GOULD 
AMII SemiconductOOi 

Description 

Pre-Routed D Flip Flop With Asynchronous Set 

Logic Symbol Truth Table 

l s 
~o s 0 1-- L 

L 
-c L 

H - c ij 1--

DF05 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF05 D C CN S; 
Switching Characteristics: 

c 
L 
I 
I 
x 

CN 

H 
I 
I 
x 

Conditions: Voo = 5V, T J = 25"C, Typical Process 

D Q ON 

x No Change 
L L H 
H H L 
x H L 

DFOS 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c Q tPLH 2.9 3.5 4.0 4.6 6.8 2.40 0.56 
tPHL 2.7 3.1 3.5 4.0 5.7 2.30 0.42 

c QN tPLH 5.6 6.6 7.6 8.6 12.6 4.60 1.01 
tPHL 3.2 3.5 3.8 4.1 5.2 2.90 0.28 

s Q tPLH 3.7 4.3 4.9 5.5 7.9 3.10 0.60 

s QN tPHL 1.1 1.4 1.7 2.0 3.3 0.80 0.31 

Set-Up tsu 4.0 

Propagation Delay Equation: tpx = tdx + K(F) 

3.25 



DFOS 

s 

N002 

D Q 

T INDI T 
CN c 

ON 

T T 
c CN 

3.26 



•} GOULD 
.itMll Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Reset 

Logic Symbol Truth Table 

DFD6 
R 

- D Qt-- L 

- c L 
L 

- c R jj~ 
H 

I 

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF06 D C CN R; 
Switching Characteristics: 

c 
L 
f 
f 
x 

CN 

H 
I 
I 
x 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

D 0 ON 

x No Change 
L L H 
H H L 
x L H 

DF06 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c Q tPLH 4.2 5.2 6.2 7.3 11.4 3.10 1.03 
tPHL 2.4 2.7 3.1 3.4 4.8 2.00 0.34 

c QN tPLH 3.8 4.4 5.0 5.5 7.8 3.20 0.57 
tPHL 3.9 4.2 4.5 4.9 6.2 3.60 0.32 

R QN tPLH 3.6 4.2 4.7 5.3 7.6 3.00 0.34 

R Q tPHL 0.9 1.2 1.6 1.9 3.4 0.50 0.57 

Set-Up tsu 3.5 

Propagation Delay Equation: tpx = tdx + K(F) 

3.27 



DF08 

R 
c 

J_ INDI ND02 

D Q 

CN c INOI 
CN _J_ c _l_ 

QN 

T 
c CN 

3.28 



•} GOULD 
~\I Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Set And Reset 

Logic Symbol Truth Table 

DF07 1 s R c 

- D s 
o~ 

L L L 
L L I 

- c L L t 
L H x - c R u t-- H L x 

I 
H H x 

Equivalent Gate Count: 6 
Bolt Syntax: Q QN .DF07 D C CN S R; 
Switching Characteristics: 

CN 

H 
I 
I 
x 
x 
x 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

0 

x 
L 
H 
x 
x 
x 

0 ON 

No Change 
L H 
H L 
L H 
H L 
Illegal 

DF07 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

0 3 
All Other 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c a tPLH 4.2 5.3 6.3 7.3 11.5 3.20 1.04 
tpHL 2.6 3.1 3.5 3.9 5.7 2.20 0.42 

c QN tPLH 5.6 6.6 7.6 8.6 12.6 4.60 1.01 
tPHL 4.0 4.3 4.6 4.9 6.2 3.70 0.32 

R QN tPLH 4.0 5.0 6.0 7.0 11.0 3.00 1.01 

R a tPHL 0.9 1.3 1.6 1.9 3.2 0.60 0.31 

s a tPLH 4.8 5.8 6.8 7.8 11.8 3.80 0.99 

s QN tpHL 1.1 1.4 1.7 2.0 3.3 0.80 0.31 

Set-Up tsu 4.0 

Propagation Delay Equation: tpx = tdx + K(F) 

3.29 



Df 07 

s 
R 

N002 N002 

0 
D 

CN T c 
CN J_ c _L 

ON 

T T 
c CN 
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•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed D Flip Flop With Slngle Clock 

Logic Symbol 

-D 01--
DFOB 

5 ___, c Q 1--

Equivalent Gate Count: 5 
Bolt Syntax: Q QN .DF08 D C; 
Switching Characteristics: 

Truth Table 

c 
L 
I 
I 

D 

x 
L 
H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Q QN 

No Change 
L H 
H L 

DF08 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
c 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c Q tPLH 6.5 7.0 7.6 8.1 10.3 5.90 0.55 
tPHL 6.0 6.4 6.7 7.1 8.6 5.60 0.38 

c QN tPLH 7.5 8.0 8.6 9.1 11.3 6.90 0.55 
tpHL 5.8 6.0 6.3 6.6 7.7 5.50 0.27 

Set-Up tsu 2.7 

Propagation Delay Equation: tpx = tdx + K(F) 

3.31 



•}GOULD 
AMII Semiconductors 

Description 

DF09 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed D Flip Flop With Asynchronous Active Low Set And Single Clock 

Logic Symbol Truth Table 

l 
~ D I 0 t-

DFD9 
6 

~ c o~ 

Equivalent Gate Count: 6 
Bolt Syntax: Q QN .DF09 D C SN; 
Switching Characteristics: 

SN c 
H L 
H t 
H t 
L x 

D 

x 
L 
H 
x 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

Q QN 

No Change 
L H 
H L 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c Q tPLH 5.6 6.2 6.7 7.3 
tPHL 6.7 7.2 7.7 8.2 

c QN tPLH 8.2 8.7 9.3 9.8 
tPHL 6.9 7.2 7.5 7.8 

SN Q tPLH 2.3 2.9 3.4 4.0 

SN QN tPHL 2.6 2.9 3.2 3.5 

Set-Up tsu 3.3 

Propagation Delay Equation: tpx = tdx + K(F) 

3.32 

Input Loading 

Lagle Equlvalant 
Input Unit Loads 

D 3 
SN 2. 
c 1 

Intrinsic Parameters 
8 tdx K 

9.6 5.00 0.58 
10.3 6.20 0.51 

12.1 7.60 0.58 
8.9 6.60 0.29 

6.3 1.70 0.57 

4.7 2.30 0.30 



•)GOULD 
AMII Semiconductors 

Description 

DFOA 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed D Flip Flop With Asynchronous Active Low Reset And Single Clock 

Logic Symbol Truth Table 

- D Q t--
DFDA 

6 __, c ii Q 1--

T 

Equivalent Gate Count: 6 
Bolt Syntax: Q QN .DFOA D C RN; 
Switching Characteristics: 

RN c 
H L 
H I 
H I 
L x 

D 
x 
L 
H 
x 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

Q ON 

No Change 
L H 
H L 
L H 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c Q tPLH 6.7 7.3 7.9 8.5 
tPHL 6.1 6.4 6.8 7.1 

c QN tPLH 7.5 8.0 8.6 9.2 
tPHL 7.6 8.0 8.5 8.9 

RN QN tPLH 3.4 4.0 4.5 5.0 

RN Q tPHL 4.1 4.4 4.8 5.2 

I Set-Up tsu 3.1 

Propagation Delay Equation: tpx = tdx + K(F) 

3.33 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
RN 2 
c 1 

Intrinsic Parameters 
8 tdx K 

10.9 6.10 0.60 
8.5 5.70 0.35 

11.5 6.90 0.57 
10.8 7.10 0.46 

7.2 2.90 0.55 

6.7 3.70 0.38 



•) GOULD 
AMII Semiconductors 

Description 

DFOB 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed D Flip Flop With Asynchronous Active Low Set, Active Low Reset, And Single Clock 

Logic Symbol Truth Table 

l SN RN 

D S Q 1--
H H - H H 

DFDB H H 
1 H L 

- c ii Q 1-- L H 

I 
L L 

Equivalent Gate Count: 7 
Bolt Syntax: Q QN .DFOB D C SN RN; 
Switching Characteristics: 

c 
L 
I 
I 
x 
x 
x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

D Q QN 

x No Change 
L L H 
H H L 
x L H 
x H L 
x Illegal 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

c a tPLH 6.8 7.4 8.0 8.6 
tPHL 6.7 7.2 7.8 8.3 

c QN tPLH 8.2 8.7 9.3 9.8 
tPHL 7.7 8.1 8.6 9.0 

SN a tPLH 2.3 2.8 3.4 4.0 

SN QN tPHL 3.2 3.7 4.1 4.6 

RN QN tPLH 2.4 3.0 3.5 4.1 

RN a tPHL 5.1 5.6 6.2 6.7 

Set·Up tsu 3.3 

Propagation Delay Equation: tpx = tdx + K(F) 

3.34 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
SN, RN 2 
c 1 

Intrinsic Parameters 
8 tdx K 

11.0 6.20 0.60 
10.4 6.20 0.52 

12.0 7.60 0.55 
10.9 7.20 0.46 

6.3 1.70 0.57 

6.4 2.70 0.46 

6.2 1.90 0.55 

8.8 4.50 0.78 



-} GOULD 
~II Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Set And Single Clock 

Logic Symbol Truth Table 

l 
__, D S 0 1--

DFDC 
6 

- c 01--

Equivalent Gate Count: 6 
Bolt Syntax: Q QN .DFOC D C S; 
Switching Characteristics: 

s c 
L L 
L I 
L I 
H x 

D 

x 
L 
H 
x 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

Q QN 

No Change 
L H 
H L 
H L 

DFOC 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
s 2 
c 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

c Q tPLH 6.7 7.2 7.8 8.3 10.6 6.10 0.56 
tPHL 6.4 6.8 7.3 7.7 9.4 6.00 0.42 

c QN tPLH 9.3 10.3 11.3 12.3 16.4 8.30 1.01 
tPHL 6.9 7.2 7.4 7.7 8.8 6.60 0.28 

s Q tPLH 3.7 4.3 4.9 5.5 7.9 3.10 0.60 

s QN tPHL 1.1 1.4 1.7 2.0 3.3 0.80 0.31 

Set-Up tsu 4.0 

Propagation Delay Equation: tpx = tdx + K(F) 

3.35 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Reset And Slngle Clock 

Logic Symbol Truth Table 

~D Q 1--
DFDD 

6 
- c R Q 1--

T 

Equivalent Gate Count: 6 
Bolt Syntax: Q QN .DFOD D C R; 
Switching Characteristics: 

R c 
L L 
L I 
L I 
H x 

D 

x 
L 
H 
x 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

Q QN 

No Change 
L H 
H L 
L H 

DFOD 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
R 2 
c 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 ldx K 

c Q tPLH 7.8 8.9 9.9 10.9 15.0 6.80 1.03 
tPHL 6.1 6.4 6.8 7.1 8.5 5.70 0.35 

c QN tPLH 7.5 8.0 8.6 9.2 11.5 6.90 0.57 
tPHL 7.6 8.0 8.3 8.6 9.9 7.30 0.33 

R QN tPLH 3.6 4.2 4.7 5.3 7.6 3.00 0.57 

R Q tPHL 0.9 1.2 1.6 1.9 3.3 0.50 0.35 

Set-Up tsu 3.5 

Propagation Delay Equation: tpx = tdx + K(F) 

3.36 



•) GOULD 
.AIMf ( Semiconductors 

Description 

Pre-Routed D Flip Flop With Asynchronous Set, Reset and Single Clock 

Logic Symbol Truth Table 

1 s 
D S 0 L - t-- L 

DFDE L 
7 L 

- c R 
Qt-- H 

H 

I 
Equivalent Gate Count: 7 
Boll Syntax: Q ON .DFOE D C S R; 
Switching Characteristics: 

R c 
L L 
L I 
L I 
H x 
L x 
H x 

D 

x 
L 
H 
x 
x 
x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Q ON 

No Change 
L H 
H L 
L H 
H L 
Illegal 

DFOE 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
S, R 2 
c 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 ldx K 

c Q IPLH 7.9 9.0 10.0 11.1 15.2 6.90 1.04 
tPHL 6.3 6.8 7.2 7.6 9.3 5.90 0.43 

c QN tPLH 9.3 10.3 11.3 12.3 16.3 8.30 1.00 
IPHL 7.7 8.0 8.4 8.7 10.0 7.40 0.32 

R QN tPLH 4.0 5.0 6.0 7.0 11.0 3.00 1.00 

R Q tPHL 0.9 1.3 1.6 1.9 3.2 

s Q tPLH 4.8 5.8 6.8 7.8 11.8 

s QN tPHL 1.1 1.4 1.7 2.0 3.3 

Set-Up tsu 4.0 

Propagation Delay Equation: tpx = tdx + K(F) 

0.60 0.32 

3.80 1.00 

0.80 O' 

I: 

I 
3.37 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With 0 and ON 

Logic Symbol Truth Table 

n Q 

DLDl 

Equivalent Gate Count: 2 
Bolt Syntax: 0 ON .DL01 D G GN; 
Switching Characteristics: 

G 

L 
H 

GN 

H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

t 0 Q QN 

x No Change 
0 0 ON 

DL01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

0 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G o tPLH 3.9 4.4 5.0 5.5 7.8 3.30 0.56 
tPHL 3.2 3.5 3.8 4.0 5.2 2.90 0.28 

G ON tPLH 2.9 3.4 4.0 4.6 6.9 2.30 0.57 
tPHL 2.4 2.8 3.1 3.5 4.9 2.10 0.35 

D o tPLH 2.7 3.1 3.8 4.3 6.5 2.10 0.55 
tPHL 2.6 2.9 3.2 3.4 4.6 2.30 0.28 

D ON tPLH 2.3 2.9 3.4 4.0 6.4 1.70 0.59 
IPHL 1.2 1.6 2.0 2.3 3.8 0.90 0.36 

Propagation Delay Equation: lpx = tdx + K(F) 

3.38 



DL01 

D QN 

Q 

T 
GN 

3.39 



-) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Set And Reset 

Logic Symbol Truth Table 

DLIB l s 
--1 D s Q 1-- L 

L 
--1 G L 

--1 ii 
H 

R H 

I 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL 18 D G GN S R; 
Switching Characteristics: 

R G 

L L 
L H 
H x 
L x 
H x 

GN 

H 
L 
x 
x 
x 

Conditions: V00 ;:;:; 5V, T J;:;:; 25°C, Typical Process 

D Q 

x No Change 
D D 
x L 
x H 
x L 

DL18 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q tPLH 5.0 6.0 7.0 8.0 12.0 4.00 1.01 
tPHL 3.8 4.1 4.5 4.8 6.1 3.50 0.32 

D Q tPLH 4.1 5.1 6.1 7.1 11.1 3.10 1.01 
tPHL 3.3 3.6 3.9 4.2 5.9 3.00 0.30 

s Q tPLH 6.2 7.2 8.3 9.3 13.3 5.20 1.01 

R Q tPHL 1.5 1.8 2.1 2.4 3.6 1.20 0.30 

Propagation Delay Equation: tpx;:;:; tdx + K(F) 

3.40 



DL18 

R 

0 

T G 
G _J_ 

T 
GN 

3.41 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Set 

Logic Symbol Truth Table 

l 
-o s Q 1--

-G 

__, il 

DL19 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL 19 D G GN S; 
Switching Characteristics: 

s G 

L L 
L H 
H x 

GN 

H 
L 
x 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

D Q 

x No Change 
D D 
x H 

DL19 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q IPLH 4.0 4.6 5.2 5.7 8.0 3.50 0.57 
IPHL 4.1 4.4 4.8 5.1 6.4 3.80 0.32 

D Q tPLH 2.6 3.2 3.7 4.3 6.4 2.10 0.55 
tPHL 3.4 3.7 4.0 4.3 5.5 3.10 0.30 

s Q tPLH 3.7 4.2 4.8 5.4 7.7 3.10 0.57 

Propagation Delay Equation: tpx = tdx + K(F) 

3.42 



DL19 

s 

D 

G IN02 
G _L 

Q 

T 
GN 

3.43 



•) GOULa--------

AMll Semiconductors 

Description 

Pre-Routed Latch With Reset 

Logic Symbol Truth Table 

OLIA R G GN D 

-D 0 I--

-G 

---1 ii R 

T 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL 1A D G GN R; 
Switching Characteristics: 

L L H 
L H L 
H x x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

x 
D 
x 

Q 

No Change 
D 
L 

DL1A 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equlvalent 
Input Unit Loads 

D 3 
AH Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q tPLH 5.5 6.5 7.5 8.4 12.4 4.50 0.99 
tPHL 3.2 3.5 3.8 4.1 5.3 2.90 1.30 

D Q tPLH 4.2 5.2 6.2 7.3 11.3 3.20 1.02 
tPHL 2.6 2.9 3.2 3.4 4.5 2.40 0.26 

R Q tPLH 1.7 2.0 2.3 2.6 3.8 1.40 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.44 



DL1A 

R 

INDl 

D 

...------- Q 

T 
GN 

3.45 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Active Low Set 

Logic Symbol Truth Table 

l 
- D s Qt--

- G 

- 6 

DLIB 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL 1 B D G GN SN; 
Switching Characteristics: 

SN G 

H L 
H H 
L x 

GN 0 

H x 
L 0 
x x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

No Change 
0 
H 

DL1B 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

0 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q tPLH 4.1 4.7 5.2 5.7 7.9 3.60 0.55 
tPHL 3.9 4.4 4.9 5.4 7.4 3.40 0.49 

D Q tPLH 2.7 3.3 3.8 4.3 6.5 2.20 0.55 
tPHL 3.2 3.7 4.2 4.6 6.5 2.80 0.47 

SN Q tPLH 3.6 4.2 4.7 5.2 7.3 3.10 0.52 

Propagation Delay Equation: tpx = tdx + K(F) 

3.46 



DL1B 

D 

GN 

L_ ___ 3.47 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Active Low Reset 

Logic Symbol Truth Table 

DLIC 

--1 D Qt--

--1 G 

--1 ii ii 

I 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL1C D G GN RN; 
Switching Characteristics: 

RN G 

H L 
H H 
L x 

GN 

H 
L 
x 

Conditions: v00 = 5V, T J = 25"C, Typical Process 

D Q 

x No Change 
D D 
x L 

DL1C 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G a tPLH 4.4 5.0 5.5 6.1 8.3 3.90 0.56 
tPHL 3.3 3.5 3.8 4.1 5.2 3.00 0.27 

D a tPLH 3.2 3.8 4.3 4.9 7.1 2.70 0.56 
tPHL 2.6 2.9 3.2 3.5 4.6 2.30 0.27 

RN a tPHL 3.1 3.4 3.7 4.0 5.1 2.80 0.21 

Propagation Delay Equation: tpx = td>.! + K(F) 

3.48 



DL1C 

D 

T G IN02 
G _L 

___ ....._ ___ Q 

GN 

3.49 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Latch With Active Low Set And Reset 

Logic Symbol Truth Table 

DllD l SN RN 

- D s Q~ H H 
H H 

--I G H L 

--I ii L H 
R L L 

I 

Equivalent Gate Count: 3 
Bolt Syntax: Q .DL1D D G GN SN RN; 
Switching Characteristics: 

G 

L 
H 
x 
x 
x 

GN 

H 
L 
x 
x 
x 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

D Q 

x No Change 
D D 
x L 
x H 
x H 

DL1D 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

D 3 
All Other 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q tpLH 5.0 5.5 6.0 6.6 8.8 4.40 0.55 
tPHL 4.1 4.6 5.0 5.5 7.3 3.60 0.46 

D Q tPLH 3.6 4.1 4.7 5.2 7.4 3.00 0.55 
tPHL 3.5 3.9 4.3 4.8 6.5 3.00 0.42 

SN Q tPLH 3.7 4.3 4.8 5.3 7.5 3.20 0.55 

RN Q tPHL 4.5 4.9 5.4 5.8 7.7 4.00 0.46 

Propagation Delay Equation: tpx = tdx + K(F) 

3.50 



DL1D 

RN SN 

0 

T G 
G J_ 

p 
N Q 

T 
GN 

3.51 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Exclusive NOR Gate 

Logic Symbol 

:~D--o 
ENO! 

Equivalent Gate Count: 3 
Bolt Syntax: Q .EN01 A B; 
Switching Characteristics: 

Truth Table 

A B 

L L 
L H 
H L 
H H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 

Q 

H 
L 
L 
H 

EN01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.4 4.0 4.5 5.1 7.4 2.90 0.56 
tPHL 3.2 3.7 4.1 4.6 6.6 2.70 0.48 

Propagation Delay Equation: tpx = tdx + K(F) 

3.52 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Exclusive OR Gate 

Logic Symbol 

:~D-o 
EOOl 

Equivalent Gate Count: 3 
Bolt Syntax: Q .E001 A B; 
Switching Characteristics: 

Truth Table 

A B 

L L 
L H 
H L 
H H 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

a 
L 
H 
H 
L 

E001 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input a IPLH 3.6 4.7 5.7 6.7 10.0 2.60 1.06 
IPHL 2.9 3.3 3.6 4.0 5.3 2.60 0.34 

Propagation Delay Equation: tpx = ldx + K(F) 

3.53 



•) GOULD 
AMII Semicooductors 

Description 

Pre-Routed CMOS Non-Inverting Input Buffer 

Logic Symbol 

~ I 1eo~AD 1 I 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IB01 A; 
Switching Characteristics: 

Truth Table 

A 
H 
L 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

I 
Q 

H 
L 

1801 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 1 Equivalent 
Input Unit Loads 

NA I 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 1.1 1.4 1.6 1.9 3.0 0.80 0.28 
tPHL 0.8 1.0 1.2 1.4 2.2 0.60 0.20 

Propagation Delay Equation: tpx = tdx + K(F) 

3.54 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed CMOS Inverting Input Buffer 

Logic Symbol 

~ A PIN Q 
PAD 

I 1802 I 

Equivalent Gate Count: 0 
Bolt Syntax: Q .IB02 A; 
Switching Characteristics: 

Truth Table 

A 
H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 
a 
L 
H 

1802 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

NA I 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 0.5 0.6 0.7 0.8 1.3 0.40 0.11 
tPHL 0.2 0.3 0.4 0.5 0.8 0.20 0.08 

Propagation Delay Equation: tpx = tdx + K(F) 

3.55 



-) GOULD 
AIM.II Semiconductors 

Description 

Pre-Routed CMOS Inverting Input Buffer With Pull-Up 

Logic Symbol 

I 
1804 

CMOS I 

Equivalent Gate Count: 0 
Bolt Syntax: Q .IB04 A; 
Switching Characteristics: 

Truth Table 

0 

A 

H 
L 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

Q 

L 
H 

1804 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

NA 

Equivalent 
Unit Loads 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any input Q tpLH 0.5 0.6 0.7 0.8 1.3 0.40 0.11 
tPHL 0.2 0.3 0.4 0.5 0.8 0.20 0.08 

Propagation Delay Equation: tpx = tdx + K(F) 

3.56 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed CMOS Inverting Input Buffer With Pull Down 

Logic Symbol 

A 

Equivalent Gate Count: 0 
Bolt Syntax: Q .IB06 A; 
Switching Characteristics: 

Truth Table 

A 
H 
L 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

a 
L 
H 

1806 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

NA 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 0.5 0.6 0.7 0.8 1.3 0.40 0.11 
tPHL 0.2 0.3 0.4 0.5 0.8 0.20 0.08 

Propagation Delay Equation: tpx = tdx + K(F) 

3.57 



111) GOULD 
.itMll Semiconductors 

Description 

Pre-Routed TIL Non-Inverting Input Buffer 

Logic Symbol 

~ I PAD I 
.1807 l , 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IB07 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

I 

Q 

H 
L 

1807 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 1 Equivalent 
Input Unit Loads 

NA I 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.6 3.9 4.1 4.4 5.5 3.30 0.28 
tPHL 3.8 4.0 4.2 4.4 5.2 3.60 0.20 

Propagation Delay Equation: tpx = tdx + K(F) 

3.58 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed TTL Inverting Input Buffer 

Logic Symbol 

~ ' 1 PAD 1808 I Q 

Equivalent Gate Count: 0 
Bolt Syntax: Q .1808 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 
Q 

L 
H 

1808 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

NA 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.3 3.6 3.9 4.2 5.6 2.90 0.32 
tpHL 2.5 2.8 3.0 3.2 4.1 2.30 0.21 

Propagation Delay Equation: tpx = tdx + K(F) 

3.59 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed TIL Inverting Input Buffer With Pull-Up 

Logic Symbol 

Equivalent Gate Count: 0 
Bolt Syntax: Q .IBOA A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

Q 

L 
H 

IBOA 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

NA 

Equlvalent 
Unit Loads 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.3 3.6 3.9 4.2 5.6 2.90 0.32 
tpHL 2.5 2.8 3.0 3.2 4.1 2.30 0.21 

Propagation Delay Equation: tpx = tdx + K(F) 

3.60 



•)GOULD 
itMll Semiconductors 

Description 

Pre-Routed TTL Inverting Input Buffer With Pull Down 

Logic Symbol 

A 

Equivalent Gate Count: 0 
Bolt Syntax: Q .IBOC A; 
Switching Characteristics: 

Truth Table 

A 
H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Q 

L 
H 

IBOC 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

NA 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.3 3.6 3.9 4.2 5.6 2.90 0.32 
tPHL 2.5 2.8 3.0 3.2 4.1 2.30 0.21 

Propagation Delay Equation: tpx = tdx + K(F) 

3.61 



•)GOULD 
~JI Semiconductors 

Description 

1111 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With a Single Inverter Followed By a Single Inverter 

Logic Symbol 

~QI 
A 0 I 1111 I 

Equivalent Gate Count: 1 
Bolt Syntax: Q QN .1111 A; 
Switching Characteristics: 

Truth Table 

A 

I H 
L 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

QN Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A Q tPLH 2.6 3.7 4.9 6.0 
tPHL 2.9 4.0 5.0 6.1 

A QN tPLH 2.2 3.0 3.7 4.4 
tPHL 0.9 1.3 1.7 2.1 

Propagation Delay Equation: tpx = tdx + K(F) 

3.62 

Input Loading 

Logic l Equlvalent 
Input Unit Loads 

A T 1 

Intrinsic Parameters 
8 tdx K 

10.6 1.40 1.14 
10.3 1.90 1.06 

7.4 1.50 0.73 
3.8 0.50 0.41 



•)GOULD 
AMIJ Semiconductors 

Description 

1112 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With Single Inverter Followed By Two Inverters In Parallel 

Logic Symbol 

~o• 
A Q 

I 1112 I 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .1112 A; 
Switching Characteristics: 

Truth Table 

A 

I H 
L 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

QN Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A a tPLH 2.2 3.0 3.8 4.6 
tpHL 2.9 3.8 4.6 5.5 

A QN tPLH 2.9 3.6 4.3 4.9 
tPHL 1.2 1.6 2.0 2.3 

Propagation Delay Equation: tpx = tdx + K(F) 

3.63 

Input Loading 

Logic t Equivalent 
Input Unit Loads 

A 1 

Intrinsic Parameters 
8 ldx K 

7.7 1.40 0.78 
9.0 2.00 0.86 

7.6 2.20 0.68 
3.9 0.80 0.38 



•)GOULD 
~II Semicooductors 

Description 

1113 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With Single Inverter Followed By a Three Inverters In Parallel 

Logic Symbol 

I I ON ~ A Q 

1 1113 I 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .1113 A; 
Switching Characteristics: 

Truth Table 

A 

I 
H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

QN Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A Q tPLH 2.1 2.6 3.1 3.6 
tPHL 2.7 3.2 3.8 4.4 

A ON tPLH 2.7 3.3 3.8 4.3 
tPHL 1.1 1.4 1.7 2.1 

Propagation Delay Equation: tpx = tdx + K(F) 

3.64 

Input Loading 

Lagle l Equivalent 
Input Unit Loads 

A T 1 

Intrinsic Parameters 
8 tdx K 

5.7 1.60 0.51 
6.8 2.10 0.58 

6.5 2.20 0.54 
3.3 0.70 0.33 



-} GOULD 
~II Semicooductors 

Description 

1121 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With Two Inverters In Parallel Followed By A Single Inverter 

Logic Symbol 

~o• 
A Q I 1121 I 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .1121 A; 
Switching Characteristics: 

Truth Table 

A 

I H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

ON Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A a tPLH 1.4 2.0 2.7 3.3 
IPHL 1.9 2.5 3.1 3.6 

A QN tPLH 1.6 1.9 2.3 2.6 
IPHL 0.4 0.6 0.9 1.1 

Propagation Delay Equation: tpx = tdx + K(F) 

3.65 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 2 

Intrinsic Parameters 
8 ldx K 

5.8 0.80 0.62 
5.9 1.40 0.57 

4.1 1.20 0.35 
2.1 0.10 0.24 



•}GOULD 
AMII Semiconductors 

Description 

1122 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With By Two Inverters In Parallel Followed By Two Inverters In Parallel 

Logic Symbol 

~QN 
A 0 

I 1122 I 

Equivalent Gate Count: 2 
Bolt Syntax: 0 ON .1122 A; 
Switching Characteristics: 

Truth Table 

A 

I H 
L 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

QN Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A 0 tPLH 2.5 3.2 3.8 4.5 
tPHL 3.2 4.0 4.8 5.5 

A ON tPLH 3.5 4.2 4.9 5.5 
tpHL 1.4 1.9 2.3 2.7 

Propagation Delay Equation: tpx = tdx + K(F) 

3.66 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 2 

Intrinsic Parameters 
8 tdx K 

7.1 1.90 0.65 
8.6 2.50 0.76 

8.3 2.80 0.68 
4.3 1.00 0.41 



•) GOULD 
~II Semicooductors 

Description 

1131 

3µ Double-Metal HCMOS 
Gate Arrays 

Pre-Routed Clock Driver With Three Inverters In Parallel Followed By A Single Inverter 

Logic Symbol 

~" A Q I 1131 I 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .1131 A; 
Switching Characteristics: 

Truth Table 

A 

I 
H 
L 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

QN Q 

L H 
H L 

Max. Delay (ns) Parameter Number of Unit Loads (F) 
FROM TO 1 2 3 4 

A a tPLH 1.7 2.7 3.6 4.5 
tPHL 2.0 . 2.6 3.2 3.8 

A QN tPLH 1.2 1.4 1.7 1.9 
tPHL 0.1 0.3 0.5 0.7 

Propagation Delay Equation: tpx = tdx + K(F) 

3.67 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 3 

Intrinsic Parameters 
8 tdx K 

8.2 0.80 0.92 
6.3 1.40 0.62 

2.9 0.90 0.24 
1.5 0.00 0.19 



•}GOULD 
AMII Semiconductors 

Description 

Single Pre-Routed Inverter 

Logic Symbol 

A--[>-0 
INDI 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IN01 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo::: 5V, TJ::: 25°C, Typical Process 

I 
Q 

L 
H 

IN01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Lagle Equivalent 
Input Unit Loads 

A 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

A a tPLH 1.3 1.9 2.4 2.9 4.7 0.60 0.53 
tPHL 0.6 0.9 1.3 1.6 3.0 0.30 0.33 

Propagation Delay Equation: tpx::: tdx(F) 

3.68 



•} GOULD 
~II Semiconductors 

Description 

Two Pre-Routed Inverters In Parallel 

Logic Symbol 

A-t>-0 
IN02 

Equivalent Gate Count: 1 
Bolt Syntax: Q .IN02 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 
Q 

L 
H 

IN02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

A Q tPLH 0.8 1.1 1.4 1.6 2.7 0.50 0.28 
tPHL 0.2 0.4 0.6 0.8 1.6 0.00 0.18 

Propagation Delay Equation: lpx = tdx + K(F) 

3.69 



•}GOULD 
AMII Semiconductors 

Description 

Three Pre-Routed Inverters In Parallel 

Logic Symbol 

A--[>-Q 
IN03 

Equivalent Gate Count: 2 
Bolt Syntax: Q .IN03 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo = 5V, T J = 25"C, Typical Process 

I 
Q 

L 
H 

IN03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 3 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 4 8 12 16 20 tdx K 

A Q tPLH 1.4 2.1 2.8 3.5 4.3 0.60 0.18 
tPHL 0.6 1.1 1.6 2.2 2.7 0.00 0.13 

Propagation Delay Equation: tpx = tdx + K(F) 

3.70 



•} GOULD 
~II Semiconductors 

Description 

Four Pre-Routed Inverters in Parallel 

Logic Symbol 

A---t>-Q 
IN04 

Equivalent Gate Count: 2 
Bolt Syntax: Q .IN04 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 

Q 

L 
H 

IN04 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 4 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 4 8 12 16 20 tdx K 

Any Input a tpLH 1.1 1.7 2.3 2.9 3.5 0.50 0.15 
tpHL 0.4 0.9 1.4 1.9 2.4 0.00 0.13 

Propagation Delay Equation: tpx = tdx + K(F) 

3.71 



•}GOULD 
~II Semiconductors 

Description 

Five Pre-Routed Inverters In Parallel 

Logic Symbol 

-D>-
IND5 

Equivalent Gate Count: 3 
Bolt Syntax: Q .IN05 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

I 

Q 

L 
H 

IN05 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 5 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 4 8 12 16 20 tdx K 

Any Input Q tPLH 1.0 1.54 2.06 2.58 3.1 0.50 0.13 
tPHL 0.4 0.8 1.2 1.6 2.0 0.00 0.10 

Propagation Delay Equation: tpx = tdx + ktdx x K(F) 

3.72 



•}GOULD 
~II Semiconductors 

Description 

Six Pre-Routed Inverters in Parallel 

Logic Symbol 

A-t>-Q 
IND6 

Equivalent Gate Count: 3 
Bolt Syntax: Q .IN06 A; 
Switching Characteristics: 

Truth Table 

A 

H 
L 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

I 
Q 

L 
H 

IN06 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 

t 
Equivalent 

Input Unit Loads 

A 6 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 4 8 12 16 20 tdx K 

A Q tPLH 0.9 1.4 1.8 2.2 2.7 0.50 0.11 
tPHL 0.2 0.5 0.8 1.1 1.5 0.00 0.08 

Propagation Delay Equation: lpx = tdx + K(F) 

3.73 



•)GOULD 
~II Semiconductors 

Description 

1001 

3µ Double-Metal HCMOS 
Gate Arrays 

TIL Non-Inverting Bi-Directional Input/Output Buffer With Positive Enable 

Logic Symbol 

Equivalent Gate Count: 10 
Bolt Syntax: Q 0 .1001 A E; 
Switching Characteristics: 

Truth Table 

Output 
A E 0 

x L z 
H H H 
L H L 

Conditions: Yoo= 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A 0 tPLH 16.8 
IPHL 10.8 

E 0 tpzH 16.2 
tpzL 9.6 

Input Loading 

Input Logic Equivalent 
0 Q Input Unit Loads 

A, E 2 
H H 0 4 
L L 

Capacitive Load Delay Coefficients 
100pF 150pF tdx k1dx 

26.3 35.8 7.30 0.19 
14.3 17.8 7.30 0.07 

25.7 35.2 6.70 0.19 
13.1 16.6 6.10 0.07 

Number of Unit Loads (F) Intrinsic Parameters 
1 

0 Q IPLH 3.9 
tPHL 3.2 

Propagation Delay Equation Out: tpx = tdx + ktdx x CL 
Propagation Delay Equation In: tpx = tdx + K(F) 

2 

4.5 
3.5 

3.74 

3 4 8 tdx K 

5.0 5.5 7.7 3.40 0.54 
3.9 5.5 5.5 2.90 0.32 



•} GOULD 
AMII Semiconductors 

Description 

1002 

3µ Double-Metal HCMOS 
Gate Arrays 

TTL Non-Inverting Bi-Directional Input/Output Buffer With Positive Enable 

Logic Symbol 

Equivalent Gate Count: 11 
Bolt Syntax: Q 0 .1002 A E; 
Switching Characteristics: 

Truth Table 

Output 
A E 0 

x L z 
H H L 
L H H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A 0 tPLH 17.7 
tPHL 12.7 

E 0 tpzH 16.2 
tpzL 9.6 

Input Loading 

Input Logic Equivalent 
0 Q Input Unit Loads 

A 1 
L H E 2 
H L 0 4 

Capacitive Load Delay Coefficients 
100pF 150pF tdx k~x 

27.2 36.7 8.20 0.19 
16.2 19.7 9.20 0.07 

25.7 35.2 6.70 0.19 
13.1 16.6 6.10 0.07 

Number of Unit Loads (F) Intrinsic Parameters 
1 

0 Q tPLH 4.3 
tpHL 4.7 

Propagation Delay Equation Out: tpx = tdx + ktdx x CL 
Propagation Delay Equation In: tpx = tdx + K(F) 

2 

4.6 
4.9 

3.75 

3 4 8 tdx K 

4.8 5.1 6.2 4.00 0.28 
5.1 5.3 6.1 4.50 0.20 



•}GOULD 
~JI Semiconductors 

Description 

1003 

3µ Double-Metal HCMOS 
Gate Arrays 

CMOS Non-Inverting Bi-Directional Input/Output Buffer With Positive Enable 

Logic Symbol 

Equivalent Gate Count: 8 
Bolt Syntax: Q 0 .1003 A E; 
Switching Characteristics: 

Truth Table 

Output 
A E 0 

x L z 
H H H 
L H L 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A 0 tPLH 11.1 
tPHL 7.1 

E 0 tpzH 10.0 
tpzL 7.3 

Input Loading 

Input Logic Equivalent 
0 Q Input Unit Loads 

A,E 2 
H H 0 2 
L L 

Capacitive Load Delay Coefficients 
100pF 150pF tdx kidx 

16.6 22.1 5.60 0.11 
10.1 13.1 4.10 0.06 

15.5 21.0 4.50 0.11 
10.8 14.3 3.80 0.07 

Number of Unit Loads (F) Intrinsic Parameters 
1 

0 Q tPLH 2.6 
tPHL 3.3 

Propagation Delay Equation Out: tpx = tdx + ktdx x CL 
Propagation Delay Equation In: tpx = tdx + K(F) 

2 3 

3.2 3.9 
4.0 4.8 

3.76 

4 8 ~x K 

4.5 7.1 1.90 0.65 
5.5 8.6 2.50 0.76 



•) GOULD 
.AJMll Semiconductors 

Description 

1004 

3µ Double-Metal HCMOS 
Gate Arrays 

CMOS Non-Inverting Bi-Directional Input/Output Buffer With Positive Enable 

Logic Symbol 

Equivalent Gate Count: 8 
Bolt Syntax: Q 0 .1004 A E; 
Switching Characteristics: 

Truth Table 

Output 
A E 0 

x L z 
H H 
L H H 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A 0 tPLH 12.0 
tPHL 9.0 

E 0 tpzH 10.0 
tpzL 7.3 

Input Loading 

Input Logic Equivalent 
0 a Input Unit Loads 

A 1 
L H E, 0 2 
H L 

Capacitive Load Delay Coefficients 
100pF 150pF tdx klclx 

17.5 23.0 5.50 0.11 
12.0 15.0 6.00 0.06 

15.5 21.0 4.50 0.11 
10.8 14.3 3.80 0.07 

Number of Unit Loads (F) Intrinsic Parameters 
1 

0 Q tPLH 0.8 
tPHL 0.2 

Propagation Delay Equation Out: tpx = tdx + ktdx x CL 
Propagation Delay Equation In: tpx = tdx + K(F) 

2 

1.1 
0.4 

3.77 

3 4 8 ~x K 

1.4 1.6 2.7 0.50 0.28 
0.6 0.8 1.6 0.00 0.20 



•) GOULD 
AMII Semiconductors 

Description 

Non-Inverter Internal Tri-State Buffer 

Logic Symbol 

~ 

Equivalent Gate Count: 2 
Bolt Syntax: Q .IT01 A E; 
Switch Ing Characteristics: 

Truth Table 

A E 

x L 
x H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

I 
Q 

z 
A 

IT01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 1 
E 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 ldx K 

A a tPLH 2.0 2.6 3.1 3.7 6.0 1.50 0.56 
tPHL 2.0 2.5 3.0 3.4 5.4 1.60 0.47 

E a Z·1 1.9 2.5 3.1 3.6 5.9 1.40 0.56 
Z·O 0.5 1.0 1.5 2.0 4.1 0.00 0.51 

Propagation Delay Equation: tpx = tdx + K(F) 

3.78 



•)GOULD 
.itMll Semiconductors 

Description 

Pre-Routed Inverter Driving a Transmission Gate 

Logic Symbol 

I 2 ~~ 
·~ 

Equivalent Gate Count: 2 
Bolt Syntax: Q .IT02 A G GN; 
Switching Characteristics: 

Truth Table 

A 

A 
A 

G 

L 
H 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

GN 

I 
Q 

H z 
L AN 

IT02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equlvalent 
Input Unit Loads 

Any Input T 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

G Q tPLH 1.8 2.4 3.1 3.8 6.5 1.10 0.68 
tPHL 1.0 1.4 1.8 2.3 4.0 0.50 0.43 

A Q tPLH 2.5 3.2 3.8 4.5 7.1 1.90 0.65 
IPHL 1.2 1.6 2.0 2.4 4.1 0.80 0.41 

Propagation Delay Equation: tpx = tdx + K(F) 

3.79 



•) GOULD 
AMII Semiconductors 

Description 

Inverting Internal Tri-State Buffer 

Logic Symbol 

~ ITOF 

Equivalent Gate Count: 2 
Bolt Syntax: Q .ITOF A E; 
Switching Characteristics: 

Truth Table 

A E 

x L 
x H 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

I 

Q 

z 
AN 

ITOF 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

A 1 
E 2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

A Q tPLH 4.8 5.9 6.9 8.0 12.2 3.80 1.05 
tPHL 1.9 2.4 2.8 3.3 5.2 1.40 0.47 

E Q Z-1 4.4 5.5 6.5 7.5 11.8 3.40 1.05 
Z-0 1.4 1.9 2.4 2.9 5.0 0.90 0.51 

Propagation Delay Equation: tpx = tdx + K(F) 

3.80 



•) GOULD 
~II Semiconductors 

Description 

Pre-Routed Two To One Multiplexer 

Logic Symbol 

Equivalent Gate Count: 2 
Bolt Syntax: Q .MU23 A B E; 
Switching Characteristics: 

Truth Table 

A B E 
A B H 
A B L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

a 
BN 
AN 

MU23 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

A, B 
E 

Equivalent 
Unit Loads 

4 
2 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

A Q tPLH 1.7 2.3 2.8 3.4 5.7 1.10 0.57 
tPHL 0.6 1.0 1.3 1.7 3.2 0.20 0.38 

E Q tPLH 2.8 3.4 4.0 4.5 6.8 2.30 0.56 
tPHL 2.1 2.5 2.8 3.1 4.4 1.80 0.33 

Propagation Delay Equation: tpx = tdx + K(F) 

3.81 



•) GOULD 
.itMIJ Semiconductors 

Description 

Pre-Routed Two Input NANO Gate 

Logic Symbol 

:=D-o 
NA02 

Equivalent Gate Count: 1 
Bolt Syntax: Q .NA02 A B; 
Switching Characteristics: 

Truth Table 

A B 

l x 
x l 
H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

I 

Q 

H 
H 
l 

NA02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 1.8 2.3 2.8 3.4 5.4 1.30 0.52 
tPHL 1.0 1.5 1.9 2.4 4.2 0.60 0.44 

Propagation Delay Equation: tpx = tdx + K(F) 

3.82 



•}GOULD 
AMII Semicooductors 

Description 

Pre-Routed Three Input NANO Gate 

Logic Symbol 

~3=)-o 
NAD3 

Equivalent Gate Count: 2 
Bolt Syntax: Q .NA03 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L x x 
x L x 
x x L 
H H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

H 
H 
H 
L 

NA03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input I 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.5 3.0 3.6 4.1 6.3 1.90 0.55 
tpHL 2.1 2.8 3.4 4.1 6.7 1.50 0.65 

Propagation Delay Equation: tpx = tdx + K(F) 

3.83 



•)GOULD 
AMII Semiconductors 

Description 

Pre-Routed Four Input NANO Gate 

Logic Symbol Truth Table 

B 0 'b-~ . NAD4 

Equivalent Gate Count: 2 
Bolt Syntax: Q .NA04 A B C D; 
Switching Characteristics: 

A B 

L x 
x L 
x x 
x x 
H H 

c 
x 
x 
L 
x 
H 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

D Q 

x H 
x H 
x H 
L H 
H L 

NA04 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equlvalant 
Input Unit Loads 

Any Input I 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q lPLH 2.7 3.3 3.9 4.4 6.7 2.20 0.56 
tPHL 3.0 3.9 4.7 5.5 8.8 2.20 0.82 

Propagation Delay Equation: tpx = tdx + K(F) 

3.84 



•} GOULD 
AMII Semiconductors 

Description 

Pre-Routed Five Input NANO Gate 

Logic Symbol Truth Table 

A 

tr-
L 
x 
x 
x 
x 
H 

Equivalent Gate Count: 3 
Bolt Syntax: Q .NA05 A B C D E; 
Switching Characteristics: 

B c 
x x 
L x 
x L 
x x 
x x 
H H 

D 

x 
x 
x 
L 
x 
H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

E Q 

x H 
x H 
x H 
x H 
L H 
H L 

NA05 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.1 3.7 4.3 5.0 7.5 2.50 0.62 
tPHL 4.1 5.2 6.2 7.3 11.5 3.00 1.06 

Propagation Delay Equation: tpx = tdx + K(F) 

3.85 



•}GOULD 
.itMll Semiconductors· 

Description 

Pre-Routed Six Input NANO Gate 

Logic Symbol Truth Table 

A B 

·~ 
L x 

B x L 
c 0 x x 

~ NA06 
x x 
x x 
x x 
H H 

Equivalent Gate Count: 3 
Bolt Syntax: Q .NA06 A B C D E F; 
Switching Characteristics: 

c 
x 
x 
L 
x 
x 
x 
H 

D 

x 
x 
x 
L 
x 
x 
H 

Conditions: Voo = 5V, T J = 25°C, Typical Process 

E F Q 

x x H 
x x H 
x x H 
x x H 
L x H 
x L H 
H H L 

NA06 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 3.3 4.0 4.6 5.2 7.7 2.70 0.62 
tPHL 5.9 7.2 8.4 9.6 14.5 4.70 1.22 

Propagation Delay Equation: tpx = tdx + K(F) 

3.86 



•}GOULD 
AMII Semiconductors 

Description 

Pre-Routed Two Input NOR Gate 

Logic Symbol 

::[)-- 0 

NDD2 

Equivalent Gate Count: 1 
Bolt Syntax: Q .N002 A B; 
Switching Characteristics: 

Truth Table 

A B 

L L 
x H 
H x 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

I 

Q 

H 
H 
L 

N002 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.4 3.4 4.3 5.2 8.9 1.50 0.92 
tPHL 0.8 1.1 1.4 1.8 3.1 0.50 0.31 

Propagation Delay Equation: tpx = tdx + K(F) 

3.87 



•) GOULD 
.AJMll Semiconductors 

Description 

Pre-Routed Three Input NOR Gate 

Logic Symbol 

i3J-o 
NDD3 

Equivalent Gate Count: 2 
Bolt Syntax: Q .N003 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L L L 
x x H 
x H x 
H x x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Q 

H 
L 
L 
L 

N003 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 6.7 6.1 7.5 8.9 14.5 3.30 1.41 
tPHL 1.0 1.3 1.6 1.9 3.1 0.70 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.88 



•}GOULD 
AMII Semicooductors 

Description 

Pre-Routed Four Input NOR Gate 

Logic Symbol Truth Table 

B 0 'D-~ NDD4 

Equivalent Gate Count: 2 
Bolt Syntax: Q .N004 A B C D; 
Switching Characteristics: 

A B 

L L 
x x 
x x 
x H 
H x 

c 
L 
x 
H 
x 
x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

D Q 

L H 
H L 
x L 
x L 
x L 

N004 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic J Equivalent 
Input Unit Loads 

Any Input I 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 7.5 9.3 11.1 12.8 20.0 5.70 1.79 
tPHL 1.1 1.6 1.8 2.1 3.3 0.80 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.89 



•) GOULD 
AMII Semiconductors 

Description 

Pre-Routed Five Input NOR Gate 

Logic Symbol Truth Table 

A 

~ 
L 
x 
x 
x 
x 
H 

Equivalent Gate Count: 3 
Bolt Syntax: Q .N005 A B C D E; 
Switching Characteristics: 

B c 
L L 
x x 
x x 
x H 
H x 
x x 

D 

L 
x 
H 
x 
x 
x 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

E Q 

L H 
H L 
x L 
x L 
x L 
x L 

N005 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 10.8 13.2 15.7 18.7 27.9 8.30 2.45 
tPHL 1.1 1.4 1.7 2.0 3.2 0.80 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.90 



•) GOULD 
~Mii Semiconductors 

Description 

Pre-Routed Six Input NOR Gate 

Logic Symbol Truth Table 

·~ 
A B 

B L L 

c Q 
x x 
x x 

; N006 
x x 
x x 
x H 
H x 

Equivalent Gate Count: 3 
Bolt Syntax: Q .N006 A B C D E F; 
Switching Characteristics: 

c 
L 
x 
x 
x 
H 
x 
x 

D 

L 
x 
x 
H 
x 
x 
x 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

E F Q 

L L H 
x H L 
H x L 
x x L 
x x L 
x x L 
x x L 

N006 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 ldx K 

Any Input Q tPLH 14.6 17.3 20.0 22.7 33.6 11.90 2.72 
tPHL 1.3 1.6 1.9 2.2 3.4 1.00 0.30 

Propagation Delay Equation: tpx = tdx + K(F) 

3.91 



•)GOULD 
AMII Semiconductors 

Description 

CMOS Output Buffer 

Logic Symbol Truth Table 

A 

I 0803 I L 

~ 
H 

A I CMOS IQ 

I 

Q 

L 
H 

0803 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

A I 5 

Equivalent Gate Count: Contained within peripheral cell, no core devices used. 
Bolt Syntax: Q .OB03 A; 
Switching Characteristics: 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Delay Coefficients 
FROM TO 50pF 100pF 150pF tdx ktdx 

A Q tPLH 6.9 11.6 16.5 2.00 0.10 
tPHL 5.3 8.4 11.6 2.20 0.10 

ITTL LOAD tPLH 4.9 8.0 11.2 1.70 0.10 
A Q tPHL 8.1 13.6 19.1 2.60 0.10 

Propagation Delay Equation: tpx = tctx + ktdx x CL 

3.92 



•}GOULD 
AMII Semiconductors 

Description 

CMOS Inverting Output Buffer 

Logic Symbol 

I 2 OB04I 

~ I CMOS I 

Equivalent Gate Count: 2 
Bolt Syntax: Q .OB04 A; 
Switching Characteristics: 

Truth Table 

A 

L 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A Q tPLH 8.3 
tPHL 5.7 

ITTL LOAD tPLH 6.0 
A Q tPHL 8.1 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

I 
Q 

H 
L 

Capacitive Load 
100pF 

13.3 
8.7 

9.0 
13.1 

3.93 

0804 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 

I 
Equivalent 

Input Unit Loads 

A T 4 

Delay Coefficients 
150pF tdx ktdx 

18.3 3.30 0.10 
11.7 2.70 0.06 

12.0 3.00 0.06 
18.1 3.10 0.10 



•)GOULD 
~II Semiconductors 

Description 

Open Drain Output Buffer 

Logic Symbol 

I ~DD I A~P 
PIN 

I "" PAD I~ 

Truth Table 

0805 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 
Input 

A 

Equivalent 
Unit Loads 

1 

Equivalent Gate Count: Contained within peripheral cell, no core devices used. 
Bolt Syntax: Q .OB05 A; 
Switching Characteristics: 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Intrinsic Parameters 
FROM TO SOpF 100pF 150pF tdx ktdx 

A Q tPLH 6.5 11.7 17.0 1.30 0.10 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

3.94 



•}GOULD 
AMII Semicooductors 

Description 

Inverting Open Drain Output Buffer 

Logic Symbol 

I~ ~ p ;~ Q 

oao6 1 

Equivalent Gate Count: 2 
Bolt Syntax: Q .OB06 A; 
Switching Characteristics: 

Truth Table 

A 

L 
H 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO SOpF 

A Q tPLH 7.6 

Propagation Delay Equation: lpx = ldx + ktdx x CL 

I 

Q 

H 
z 

Capacitive Load 
100pF 

12.8 

3.95 

0806 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 1 Equivalent 
Input Unit Loads 

A I 4 

Delay Coefficients 
150pF tdx ktdx 

18.0 2.40 .104 



•)GOULD 
~II Semiconductors 

Description 

Open Drain Output Buffer 

Logic Symbol 

I ~1N 10 

A i'V"I N 
I r--.._ I PAD I 
I vss 0807 

Truth Table 

0807 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l 
Input 

A I 

Equivalent 
Unit Loads 

5 

Equivalent Gate Count: Contained within peripheral cell, no core devices used. 
Bolt Syntax: Q .OB07 A; 
Switching Characteristics: 

Conditions: v00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load Delay Coefficients 
FROM TO 50pF 100pF 150pF tdx ktdx 

A Q tPHL 4.8 8.3 11.8 1.30 0.10 
1K RESISTOR 

A Q tPHL 4.7 8.0 11.4 1.30 0.10 
10K RESISTOR 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

3.96 



•)GOULD 
AMII Semicooductors 

Description 

Inverting Open Drain Output Buffer 

Logic Symbol 

I ej ~N 
PAD 

l 2 VSS DBDB 

Equivalent Gate Count: 2 
Bolt Syntax: Q .OBOS A; 
Switching Characteristics: 

Truth Table 

A 

L 
H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A Q tPLH 5.3 
1K RESISTOR 

A Q tPHL 5.2 
10K RESISTOR 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

I 
Q 

z 
L 

Capacitive Load 
100pF 

8.8 

8.5 

3.97 

0808 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic 

+ 
Equivalent 

Input Unit Loads 

A 4 

Delay Coefficients 
150pF tdx ktdx 

12.3 1.80 0.07 

11.7 1.80 0.067 



•) GOULD 
AMII Semiconductors 

Description 

CMOS Tri-State Non-Inverting Output Buffer With Negative Enable 

Logic Symbol 

IE 0809 I 
~ I CMOS PAD I 

Equivalent Gate Count: 7 
Bolt Syntax: Q .OB09 A EN; 
Switching Characteristics: 

Truth Table 

A 

x 
H 
L 

EN 

I 

Q 

H z 
L H 
L L 

Conditions: v00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter Capacitive Load 
FROM TO SOpF 100pF 

A Q tpLH 11.1 16.6 
tPHL 7.1 10.1 

EN Q tpzH 11.0 16.5 
tpzL 7.7 11.2 

Propagation Delay Equation: tpx = tdx + ktdx x CL 

3.98 

0809 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 2 

Delay Coefficients 
150pF tdx ktdx 

22.1 5.60 0.11 
13.1 4.10 0.06 

22.0 5.50 0.11 
14.7 4.20 0.07 



•)GOULD 
~II Semiconductors 

Description 

CMOS Tri-State Non-Inverting Output Buffer With Positive Enable 

Logic Symbol 

IE OBOA I 
~ I PAD I • CMOS • 

Equivalent Gate Count: 7 
Bolt Syntax: Q .OBOA A E; 
Switching Characteristics: 

Truth Table 

A E 

x L 
L H 
H H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

Max. Delay (ns) Parameter 
FROM TO 50pF 

A Q IPLH 15.3 
tPHL 10.2 

E Q lpzH 14.5 
lpzL 11.1 

Propagation Delay Equation: lpx = tdx + ktdx x CL 

I 

Q 

z 
H 
L 

Capacitive Load 
100pF 

20.8 
13.2 

20.0 
14.6 

3.99 

OBOA 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 2 

Delay Coefficients 
150pF tdx ktdx 

26.3 9.80 0.11 
16.2 7.20 0.06 

25.5 9.00 0.11 
18.1 7.60 0.07 



•}GOULD 
AMII Semicooductors 

Description 

Pre-Routed OR-NANO Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 2 
Bolt Syntax: Q .ON01 A B C D; 
Switching Characteristics: 

A 

H 
H 
x 
L 
x 

B 
x 
x 
H 
L 
x 

c 
H 
x 
H 
x 
L 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

D Q 

x L 
H L 
x L 
x H 
L H 

ON01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input a tPLH 5.1 6.0 7.0 7.9 11.7 4.10 0.95 
tPHL 2.1 2.6 3.0 3.4 5.2 1.70 0.42 

Propagation Delay Equation: tpx = tdx + K(F) 

3.100 
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AMII Semiconductors 

Description 

Pre-Routed OR-NANO Gate 

Logic Symbol 

I Q 

I 

Equivalent Gate Count: 2 
Bolt Syntax: Q .ON02 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
x x L 
x H H 
H x H 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

0 
H 
L 
L 

ON02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 4.1 5.1 6.1 7.1 11.0 3.10 0.98 
tPHL 1.6 2.1 2.6 3.0 4.9 1.10 0.46 

Propagation Delay Equation: tpx = tdx + K(F) 

3.101 
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~II Semiconductors 

Description 

Pre-Routed OR-NANO Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 2 
Bolt Syntax: Q .ON03 A B C D; 
Switching Characteristics: 

A 

x 
x 
L 
x 
H 

B 
x 
x 
L 
H 
x 

c 
x 
L 
x 
H 
H 

Conditions: V00 = 5V, T J = 25"C, Typical Process 

D Q 

L H 
x H 
x H 
H L 
H L 

ON03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.8 3.7 4.7 5.6 9.4 1.90 0.94 
tPHL 1.9 2.6 3.3 3.9 6.5 1.30 0.65 

Propagation Delay Equation: tpx = tdx + K(F) 

3.102 



•)GOULD 
~II Semiconductors 

Description 

Pre-Routed OR-NAND-NAND Gate 

Logic Symbol Truth Table 

Equivalent Gate Count: 3 
Bolt Syntax: Q .ON04 A B C D; 
Switching Characteristics: 

A 

x 
H 
x 
H 
L 
x 

B 

H 
x 
H 
x 
L 
x 

c 
x 
x 
L 
L 
x 
H 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

L L 
L L 
x L 
x L 
x H 
H H 

ON04 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tpLH 2.3 2.8 3.3 3.8 5.9 1.70 0.56 
tPHL 2.6 3.1 3.6 4.1 6.0 2.10 0.49 

Propagation Delay Equation: tpx = tdx + K(F) 

3.103 



•)GOULD 
~II Semiconductors 

Description 

Pre-Routed Two Input OR Gate 

Logic Symbol 

:=D--o 
DROZ 

Equivalent Gate Count: 2 
Bolt Syntax: Q .OR02 A B; 
Switching Characteristics: 

Truth Table 

A B 
L L 
x H 
H x 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

I 

Q 

L 
H 
H 

OR02 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input I 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 1.9 2.4 2.9 3.5 5.5 1.40 0.52 
tPHL 2.7 3.1 3.5 3.8 5.2 2.40 0.34 

Propagation Delay Equation: tpx = tdx + K(F) 

3.104 



•} GOULD 
AJMll Semiconductors 

Description 

Pre-Routed Three Input OR Gate 

Logic Symbol 

~D-o 
OR03 

Equivalent Gate Count: 2 
Bolt Syntax: Q .OR03 A B C; 
Switching Characteristics: 

Truth Table 

A B c 
L L L 
x x H 
x H x 
H x x 

Conditions: Voo = 5V, TJ = 25"C, Typical Process 

Q 

L 
H 
H 
H 

OR03 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input a tPLH 2.2 2.7 3.3 3.8 5.8 1.70 0.52 
tPHL 4.9 5.3 5.7 6.2 7.8 4.50 0.40 

Propagation Delay Equation: tpx = tdx + K(F) 

3.105 



•) GOULD 
AMIJ Semiconductors 

Description 

Pre-Routed Four Input OR Gate 

Logic Symbol Truth Table 

B Q 'P-~ DR04 

Equivalent Gate Count: 3 
Bolt Syntax: Q .OR04 A B C D; 
Switching Characteristics: 

A 8 

L L 
x x 
x x 
x H 
H x 

c 
L 
x 
H 
x 
x 

Conditions: V00 = 5V, T J = 25°C, Typical Process 

D Q 

L L 
H H 
x H 
x H 
x H 

OR04 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Max_ Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.3 2.8 3.4 3.9 5.9 1.80 0.52 
tPHL 6.6 7.1 7.6 8.2 10.3 6.10 0.52 

Propagation Delay Equation: tpx = tdx + K(F) 

3.106 



•) GOULD 
AIMii Semiconductors 

Description 

Pre-Routed Five Input OR Gate 

Logic Symbol Truth Table 

A 

'P-- l 
B x 
c Q x 

~ DRD5 
x 
x 
H 

Equivalent Gate Count: 3 
Bolt Syntax: Q .OR05 A B C D E; 
Switching Characteristics: 

B c 
l l 
x x 
x x 
x H 
H x 
x x 

D 
l 
x 
H 
x 
x 
x 

Conditions: Yoo= 5V, TJ = 25°C, Typical Process 

E Q 

l l 
H H 
x H 
x H 
x H 
x H 

OROS 

3µ, Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic l Equivalent 
Input Unit Loads 

Any Input T 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

Any Input Q tPLH 2.4 2.9 3.5 4.0 6.2 1.90 0.55 
tpHL 9.3 9.9 10.5 11.0 13.3 8.80 0.56 

Propagation Delay Equation: tpx = tdx + K(F) 

3.107 



•) GOULo---------------
AMII Semiconductors 

I~ I 
PPOI 

.PPOI 

PP01 

3µ Double-Metal HCMOS 
Gate Arrays 

NOTE: ONE PP01 MUST BE USED PER GROUND (Vss) PIN. 

3.108 



•) GOULa---------------
AMII Semiconductors 

PP02 

[!] 
.PP02 

PP02 

3µ Double-Metal HCMOS 
Gate Arrays 

NOTE: ONE PP02 MUST BE USED PER POWER (Voo) PIN. 

3.109 



•)GOULD 
~II Semiconductors 

Description 

Pre-Routed Set-Reset NANO Gate Latch 

Truth Table 

SN RN 

L L 
L H 
H L 
H H 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .SROO SN RN; 
Switching Characteristics: 

Conditions: V00 = 5V, TJ = 25°C, Typical Process 

Q QN 

H H 
H L 
L H 
No Change 

SROO 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

SN Q tPLH 2.2 2.7 3.2 3.8 5.9 1.60 0.53 
RN Q tPHL 3.0 3.4 3.9 4.3 6.1 2.60 0.45 

Propagation Delay Equation: tpx:::: tdx + K(F) 

3.110 



•} GOULD 
~II Semiconductors 

Description 

Pre-Routed NOR S R Latch 

Logic Symbol 
, .... s-----. 

SROl 

Equivalent Gate Count: 2 
Bolt Syntax: Q QN .SR01 R S; 
Switching Characteristics: 

Truth Table 

s R 

L L 
L H 
H L 
H H 

Conditions: Voo = 5V, TJ = 25°C, Typical Process 

Q ON 

No change 
L H 
H L 
L L 

SR01 

3µ Double-Metal HCMOS 
Gate Arrays 

Input Loading 

Logic Equivalent 
Input Unit Loads 

Any Input 1 

Max. Delay (ns) Parameter Number of Unit Loads (F) Intrinsic Parameters 
FROM TO 1 2 3 4 8 tdx K 

s Q tPLH 3.5 4.4 5.4 6.3 10.0 2.60 0.93 
R Q tpHL 1.0 1.3 1.6 1.9 3.2 0.70 0.31 

Propagation Delay Equation: tpx = tdx + K(F) 

3.111 
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Schematic Capture Aids 



SCA 

Count1 
Count2 
Count3 
Count4 
DEC1 
DEC2 
DEC3 

DEC4 

UDB1 
UDB2 

UDB3 

UDB4 

UDD1 
UDD2 

UDD3 

UDD4 

10G138 
10G139 
10G148 
10G154 
10G164 
10G165 

10G166 
10G182 
10G194 
10G195 
10G199 
10G91 
10G280 

Description 

4-Bit Binary Counter 
4-Bit Binary Counter Presetable 
4-Bit Binary Counter Expandable 
4-Bit Binary Counter Presetable, Expandable 
4-Bit Decade Counter 
4-Bit Decade Counter With DIRECT LOAD 
4-Bit Decade Counter With CARRYIN And 
CARRYOUT 
4-Bit Decade Counter With DIRECT LOAD, 
CARRYIN, And CARRYOUT 

4-Bit Binary Up/Down Counter 
4-Bit Binary Up/Down Counter With DIRECT 
LOAD 
4-Bit Binary Up/Down Counter With 
CARRYIN And CARRYOUT 
4-Bit Binary Up/Down Counter With DIRECT 
LOAD, CARRYIN, and CARRYOUT 

4-Bit Up/Down Decade Counter 
4-Bit Up/Down Decade Counter With 
DIRECT LOAD 
4-Bit Up/Down Decade Counter With 
CARRYIN and CARRYOUT 
4-Bit Up/Down Decade Counter With 
DIRECT LOAD, CARRYIN and CARRYOUT 

3 to 8 Decoder 
2 to 4 Decoder 
8 to 3 Priority Encoder 
4 to 16 Decoder 
8-Bit Serial in Parallel Out Shift Register 
8-Bit Parallel/Serial In Serial Out Shift 
Register 
8-Bit Parallel/Serial Serial Out Shift Register 
Carry Lookahead Generator 
4-Bit Bi-Directional Universal Shift Register 
4-Bit Synchronous Universal Shift Register 
8-Bit Universal Shift Register 
8-Bit Serial Shift Register 
9-Bit Odd/Even Parity Generator/Check 

4.2 

Selection Guide 

Schematic Capture Aids 



I. Introduction 

Schematic capture aids (SCA) are pre-captured and 
pre-simulated functional blocks. They are intended 
to reduce the time required for logic conversion, 
schematic capture, and logic simulation. Since they 
have not been characterized with respect to timing, 
propagation delays for the individual SCA's have not 
been supplied. In order to calculate propagation 
delays a user must use data from the pre
characterized macros which make up an SCA. 

Since Gould AMI requires that each wire name in a 
circuit be unique, TEC files have been created to 
facilitate the changing of wire names. THE WIRE 
NAMES ON THE ORIGINAL DRAWINGS SHOULD 
NOT CHANGE AS THIS WILL RENDER THE 
ASSOCIATED TEC FILE OBSOLETE. 

The data sheets for each SCA contain all the 
necessary information for successful usage. This in
cludes: 

• Description 
• Equivalent Gate Count 
• Functional Description 

• Truth Table 

• Drawing of the SCA 

In addition, a table of contents is provided for the 
user's convenience. 

Schematic Capture Aids 
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SCA COUNT1 

Description 

Count1 Four Bit Binary Counter 

Equivalent Gate Count: 39 

Functional Description 

Count1 is a four bit synchronous binary counter with asynchronous RESET. This counter consists of 4 D flip-flops 
with appropriate gate networks feeding the D inputs. When RESET is high, all output changes occur as a result of a 
low to high clock transition. When RESET is low, It overrides all other inputs and sets the outputs low. 

Truth Table 

c R D D D D 
L E 4 3 2 1 
0 s 0 0 0 0 
c E u u u u 
K T T T T T 

x L L L L L 
t H L L L H 
t H L L H L 
t H L L H H 
• • • 
• • • 
• • • 

H H H H H 
H L L L L 
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SCA COUNT2 

Description 

Count2 Four Bit Binary Counter with DIRECT LOAD 

Equivalent Gate Count: 53 

Functional Description 

Count2 is a four bit synchronous binary counter with asynchronous RESET and direct load (LOO). This counter con
sists of 4 D fllp-flops with appropriate gate networks feeding the D Inputs. When RESET is high and LOO is low the 
output changes with the rising edge of the clock. When RESET is low, it overrides all other inputs and the outputs 
are set low. When RESET and LOO are high, data at inputs DATAIN1-DATAIN4 is loaded, with the rising clock edge, 
to the outputs D10UT-D40UT. If LOO is made low before the next clock cycle, the output will start counting from 
the number which was loaded. 

Truth Table 

c R L 0 0 0 0 0 0 0 0 
L E 0 A A A A 4 3 2 1 
0 s 0 T T T T 0 0 0 0 
c E A A A A u u u u 
K T I I I I T T T T 

N N N N 
1 2 3 4 

x L x x x x x L L L L 
I H L x x x x L L L H 
I H L x x x x L L H L 
I H L x x x x L L H H 
• • • • • 
• • • • • 
• • • • • 

H L x x x x H H H H 
H H x x x x L L L L 
H H 01 02 03 04 04 03 02 01 
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SCA COUNT3 

Description 

Count3 Four Bit Binary Counter With CARRYIN and CARRYOUT 

Equivalent Gate Count 45 

Functional Description 

Count3 is a four bit synchronous counter with asynchronous RESET, CARRYIN, and CARRYOUT. This counter con
sists of 4 D flip-flops with appropriate gate networks feeding the D inputs. When RESET and CARRYIN are high, the 
output changes with the leading clock edge. On the 16th count, CARRYOUT becomes high for one cycle. When 
RESET is low it overrides all other inputs and outputs are set low. When RESET is high and CARRYIN is low, the 
output remains in its previous state. 

Truth Table 

c R c c D D D D 
L E A A 4 3 2 1 
0 s R R 0 0 0 0 
c E R R u u u u 
K T y y T T T T 

I 0 
N u 

T 

x L x L L L L L 
I H H L L L L H 
I H H L L L H L 
I H H L L L H H 
• • • • 
• • • • 
• • • • 

H H L H H H L 
H H H H H H H 
H L L H H H H 
H H L L L L L 
H L H Holds Previous State 
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SCA COUNT4 

Description 

Count4 Four Bit Binary Counter with DIRECT LOAD, CARRYIN and CARRYOUT 

Equivalent Gate Count: 58 

Functional Description 

Count4 is a four bit binary synchronous counter with asynchronous RESET, DIRECT LOAD (LOO), CARRYIN, and 
CARRYOUT. When RESET and CARRYIN are high and LOO is low, the output changes with the leading clock edge. 
On the 16th count CARRYOUT becomes high for one cycle. When RESET is low, it overrides all other inputs and 
outputs are set low. When RESET is high, CARRYIN and LOO are low, the output remains in its past state. When 
RESET and LOO are high, data at inputs DATAIN1-DATAIN4 are loaded, with the leading clock edge, to the outputs 
D10UT-D40UT. If LOO is made low before the next cycle, the output will start counting from the number which was 
loaded. 

Truth Table 

c R L c 0 0 0 0 c 0 0 0 0 
L E 0 A A A A A A 4 3 2 1 
0 s 0 R T T T T R 0 0 0 0 
c E R A A A A R u u u u 
K T y I I I I y T T T T 

I N N N N 0 
N 1 2 3 4 u 

T 

x L x x x x x x L L L L L 
I L H x x x x L L L L H 
I L H x x x x L L L H L 
I L H x x x x L L L H H 
• • • • • • • • 
• • • • • • • • 
• • • • • • • • 

L H x x x x L H H H L 
L H x x x x H H H H H 
L L x x x x L H H H H 
L H x x x x L L L L L 
L L x x x x L Hold Previous State 
H H 01 02 03 D4 -04030201 
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Description 

DEC1 Four Bit Decade Counter 

Equivalent Gate Count: 43 

Functional Description 

SCA DEC1 

DEC1 Is a four bit synchronous decade counter with asynchronous RESET. This counter consists of 4 D flip-flops 
with appropriate gate networks feeding the D inputs. When RESET is high the output changes with the rising clock 
edge. This modulo 10 counter counts from 0·9 then resets to zero. When RESET is low, it overrides all other inputs 
and the outputs are set low. 

Truth Table 

c R D D D D 
L E 4 3 2 1 

s 0 0 D D 
E u u u u 
T T T T T 

x L L L L L 
I H L L L L 
I H L L H L 
• • • 
• • • 
• • • 

H H L L L 
H H L L H 
H L L L L 
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SCA DEC2 

Description 

DEC2 Four Bit Decade Counter with DIRECT LOAD 

Equivalent Gate Count: 57 

Functional Description 

DEC2 Is a four bit synchronous decade counter with asynchronous RESET and DIRECT LOAD (LOO). This counter 
consists of D flip.flops with appropriate gate networks feeding into the D inputs. When RESET is high and LOO is 
low, the output changes with the rising clock edge. This modulo 10 counter counts from 0·9 then resets to zero. 
When RESET is low, it overrides all other inputs and the outputs are set low. When RESET and LOO are high, data at 
the inputs DATAIN1·DATAIN4 are loaded with the rising clock edge, to the outputs D10UT·D40UT. If LOO is made 
low before the next clock cycle, the output will start counting from the number which was loaded. 

Truth Table 

c R L 0 0 0 0 0 0 0 0 
L E 0 A A A A 4 3 2 1 

s 0 T T T T 0 0 0 0 
E A A A A u u u u 
T I I I I T T T T 

N N N N 
1 2 3 4 

x L x x x x x L L L L 
I H L x x x x L L L H 
I H L x x x x L L H L 
I H L x x x x L L H H 
• • • • • 

'"·'f(( • • • • • 
• • • • • 

H L x x x x H L L H 
H L x x x x L L L L 
H L 01 02 03 04 04 03 02 01 
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SCA DEC3 

Description 

DEC3 Four Bit Decade Counter With CARRYIN and CARRYOUT 

Equivalent Gate Count: 49 

Functional Description 

DEC3 is a four bit synchronous counter with asynchronous RESET, CARRYIN, and CARRYOUT. The counter con
sists of 4 D flip-flops with appropriate gate networks feeding the D inputs. When RESET and CARRYIN are high the 
output changes with the rising clock edge. This modulo 10 counter counts from 0-9 then resets to zero. On the 10th 
count, CARRYOUT becomes high for one cycle. When RESET is low, it overrides all other inputs, and outputs are 
set low. When RESET is high and CARRYIN is low, the output remains in its past state. 

Truth Table 

c R c c D D D D 
L E A A 4 3 2 1 

s R R D D D D 
E R R u u u u 
T y y T T T T 

I D 
N u 

T 

x L x L L L L L 
I H H L L L L H 
I H H L L L H L 
I H H L l L H H 
• • • • 
• • • • 
• • • • 

H H H H L L H 
H L L H L L H 
H H L L L L L 
H L L Holds Previous State 
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SCA DEC4 

Description 

DEC4 Four Bit Decade Counter with DIRECT LOAD, CARRYIN and CARRYOUT 

Equivalent Gate Count: 62 

Functional Description 

DEC4 is a four bit synchronous decade counter with asynchronous RESET, DIRECT LOAD (LOO), CARRYIN, and 
CARRYOUT. The counter consists of 4 D flip-flops with appropriate gate networks feeding into the D inputs. When 
RESET and CARRYIN are high and LOO is low, the output changes with the rising clock edge. The modulo 10 
counter counts from 0-9 then resets to zero. On the 10th count CARRYOUT becomes high for one cycle. When 
RESET is low, it overrides all other inputs and outputs are set low. When RESET and LOO are high, data at inputs 
DATAIN1-DATAIN4 are loaded, with the rising clock edge, to the outputs D10UT-D40UT. When RESET is high, and 
CARRYIN and LOO are low, the output remains in its past state. 

Truth Table 

c R c L 0 0 0 0 c 0 0 0 0 
L E A 0 A A A A A 4 3 2 1 

s R 0 T T T T R 0 0 0 0 
E R A A A A R u u u u 
T y I I I I y T T T T 

I N N N N 0 
N 1 2 3 4 u 

T 

x L x x x x x x L L L L L 
t H H H x x x x L L L L H 
t H H H x x x x L L L H L 
t H H H x x x x L L L H H 
• • • • • • 
• • • • • • 
• • • • • • 

H H H x x x x H H L L H 
H L H x x x x L H L L H 
H H H x x x x L L L L L 
H L H x x x x L Hold Previous State 
H H L 01 02 03 04 04 03 02 01 
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SCA UDB1 

Description 

UDB1 Four Bit Binary Up/Down Counter 

Equivalent Gate Count: 50 

Functional Description 

UDB1 is a four bit synchronous binary up/down counter with asynchronous RESET. This counter consists of 4 D 
flip-flops with appropriate gate networks feeding into the D inputs. When RESET is high the output changes with 
the rising clock edge. If UPDNBAR is high the output with will count forward and if UPDNBAR is low, the output will 
count backward. When RESET is low, it overrides all other inputs and outputs are set low. 

Truth Table 

c R u D D D D 
L E p 4 3 2 1 

s D D D D D 
E N u u u u 
T B T T T T 

A 
R 

x L x L L L L 
t H L H H H H 
t H L H H H L 
t H L H H L H 
t H L H H L L 
• • • • 
• • • • 
• • • • 

H L L L L L 
H L H H H H 
H H L L L L 
H H L L L H 
H H L L H L 

• • • • 
• • • • 
• • • 

H H H H H H 
H H L L L L 
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SCA UDB2 

Description 

UDB2 Four Bit Binary Up/Down Counter With DIRECT LOAD 

Equivalent Gate Count: 63 

Functional Description 

UDB2 is a four bit synchronous binary up/down counter with asynchronous RESET and DIRECT LOAD (LOO). This 
counter consists of 4 D flip-flops with appropriate gate networks feeding into the D inputs. When RESET is high and 
LOO is low, the output will count backwards. When RESET is low, it overrides all other inputs and outputs are set 
low. When RESET and LOO are high, data at inputs DIN1-DIN4 are loaded to the outputs D10UT-D40UT. If LOO is 
made low before the next clock cycle, the output will start counting forward or backward (depending on the state of 
UPDNBAR) from the number which was loaded. 

Truth Table 

c R L u 0 0 0 0 0 0 0 0 
L E 0 p I I I I 4 3 2 1 

s 0 0 N N N N 0 0 0 0 
E N 4 3 2 1 u u u u 
T B T T T T 

A 
R 

x L x x x x x x L L L L 
t H L L x x x x H H H H 
t H L L x x x x H H H L 
t H L L x x x x H H L H 
t H L L x x x x H H L L 
• • • • • 
• • • • • 
• • • • • 

H L L x x x x L L L L 
H L L x x x x H H H H 
H L H x x x x L L L L 
H L H x x x x L L L H 
H L H x x x x L L H L 

• • • • • • 
• • • • • • 
• • • • • • 

H L H x x x x H H H H 
H L H x x x x L L L L 
H H H 04 02 02 01 04 03 02 01 

5.20 
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SCA UDB3 

Description 

UDB3 Four Bit Binary Up/Down Counter With CARRYIN and CARRYOUT 

Equivalent Gate Count: 70 

Functional Description 

UDB3 is a four bit synchronous binary up/down counter with asynchronous RESET, CARRYIN, and CARRYOUT. 
This counter consists of 4 D flip-flops with appropriate gate networks feeding into the D inputs. When RESET and 
CARRYIN are high, the outputs change with the rising clock edge. If UPDNBAR is high, the output will count for
ward and if UPDNBAR is low, the output will count backward. When RESET is low, it overrides all other inputs and 
the outputs are set low. When RESET is high and CARRYIN is low, the output remains in past state. 

Truth Table 

c R c u c D D D D 
L E A p A 4 3 2 1 

s R D R D D D 0 
E R N R u u u u 
T y B y T T T T 

I A 0 
N R u 

T 

x L x x L L L L L 
t H H L L H H H H 
t H H L L H H L H 
t H H L L H H L L 
• • • • • 
• • • • • 
• • • • • 

H H L H L L L L 
H L L L L L L L 
H H L L H H H H 
H H L L H H H L 
H H H H H H H H 
H L H L H H H H 
H H H L L L L L 
H H H L L L L H 
H H H L L L H L 
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SCA UDB4 

Description 

UDB4 Four Bit Binary Up/Down Counter with DIRECT LOAD, CARRYIN and CARRYOUT 

Equivalent Gate Count: 73 

Functional Description 

UDB4 is a four bit synchronous binary up/down counter with asynchronous RESET, DIRECT LOAD (LOO), CARRY-
IN, and CARRYOUT. This counter consists of 4 D flip-flops with appropriate gate networks feeding into the D in-
puts. When RESET and CARRYIN are high and LOD is low, the output changes with the rising edge of the clock. If 
UPDNBAR is high, the output counts forward, and if UPDNBAR is low, the output counts backward. CARRYOUT 
becomes high for one cycle when all outputs are high (16th forward count). When RESET is low it overrides all other 
inputs, and the outputs are set low. When RESET and LOO are high, data at inputs ADATA-DDATA are loaded, with 
the rising clock edge, to the outputs D10UT-D40UT. If LOD is made low before the next clock cycle, the output will 
start counting forward or backward (depending on the state of UPDNBAR) from the number which was loaded. 
When CARRYIN and LOD are low, and RESET is high, the output remains in its past state. 

Truth Table 

c R c L u 0 c B A c 0 0 0 0 
L E A 0 p 0 0 0 0 A 4 3 2 1 

s R 0 0 A A A A R 0 0 0 0 
E R N T T T T R u u u u 
T y B A A A A y T T T T 

I A 0 
N R u 

T 

x L x x x x x x x L L L L L 
I H H L L x x x x L H H H H 
I H H L L x x x x L H H H L 
I H H L L x x x x L H H L H 
I H H L L x x x x L H H L L 
• • • • • • 
• • • • • • 
• • • • • • 

H H L L x x x x H L L L L 
H L L L x x x x L L L L L 
H H L L x x x x L H H H H 
H H L L x x x x L H H H L 
H H L H x x x x H H H H H 
H L L H x x x x L H H H H 
H H L H x x x x L L L L L 
H H L H x x x x L L L L H 
H H L H x x x x L L L H L 
H H H H 04 03 02 01 04 03 02 01 
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SCA UDD1 

Description 

UDD1 Four Bit Up/Down Decade Counter 

Equivalent Gate Count: 65 

Functional Description 

UDD1 is a four bit synchronous binary up/down decade counter with asynchronous RESET. This counter consists 
of 4 D flip-flops with appropriate gate networks feeding Into the D inputs. When RESET is high, the output changes 
with the rising clock edge. If UPDNBAR is high, the output with will count forward and If UPDNBAR is low, the out
put will count backward. This modulo 10 counter counts from 0-9 (or 9-0) then resets to zero. When RESET is low, It 
overrides all other inputs and the outputs are set low. 

Truth Table 

c R u D D D D 
L E p 4 3 2 1 

s D 0 0 0 0 
E N u u u u 
T B T T T T 

A 
R 

x L x L L L L 
I H L L L H 
I H L L H L 
I H L L H H 

• 
• 
• 

H H L L H 
H L L L L 
L H L L H 
L H L L L 

• 
• 
• 

L L L L L 
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SCA UDD2 

Description 

UDD2 Four Bit Up/Down Decade Counter With DIRECT LOAD 

Equivalent Gate Count: 75 

Functional Description 

UDD2 is a four bit synchronous up/down counter with asynchronous RESET and DIRECT LOAD (LOO). This counter 
consists of 4 D flip-flops with appropriate gate networks feeding into the D inputs. When RESET is high and LOO is 
low, the output changes with the rising clock edge. If UPDNBAR is high, the output counts forward and if 
UPDNBAR is low, the output counts backward. This modulo 10 counter counts from 0-9 (or 9-0) then resets to zero. 
When RESET is low, it overrides all other inputs and outputs are set low. When RESET and LOO are high, data at in-
puts D11N-D41N is loaded to the outputs D10UT-D40UT. If LOO is made low before the next cycle, the counter will 
start counting forward or backward (depending on the state of UPDNBAR) from the loaded number. 

Truth Table 

c R L u 0 0 0 0 0 0 0 0 
L E 0 p 4 3 2 1 4 3 2 1 

s 0 0 I I I I 0 0 0 0 
E N N N N N u u u u 
T B T T T T 

A 
R 

x L x x x x x x L L L L 
1 H L H x x x x L L L H 
1 H L H x x x x L L H L 
1 H L H x x x x L L H H 

• • 
• • 
• • 
H L H x x x x H L L H 
H L L x x x x L L L L 
H L L x x x x H L L H 
H L L x x x x H L L L 
• • 
• • 
• • 
H L L x x x x L L L L 
H H x 04 03 02 01 04 03 02 01 
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SCA UDD3 

Description 

UDD3 Four Bit Up/Down Decade Counter With CARRYIN and CARRYOUT 

Equivalent Gate Count: 71 

Functional Description 

UDD3 is a four bit synchronous up/down decade counter with asynchronous RESET, CARRYIN, and CARRYOUT. 
This counter consists of 4 D flip-flops with appropriate gate networks feeding the D inputs. When RESET and 
CARRYIN are high, outputs change with the rising clock edge. If UPDNBAR is high the output counts forward and if 
UPDNBAR is low, the output counts backward. This modulo 10 counter counts from 0-9 (or9·0) then resets to zero. 
CARRYOUT becomes high for one clock cycle when the output reads 9 (10th count). When RESET is low, it over-
rides all other inputs and the outputs are set low. When RESET is high and CARRYIN is low, the output remains in 
its past state. 

Truth Table 

c R u c c D D D D 
L E p A A 4 3 2 1 

s D R R D 0 0 0 
E N R R u u u u 
T B y y T T T T 

A I 0 
R N u 

T 

x L x x L L L L L 
I H H H L L L L H 
I H H L L L H L 
I H H L L L H H 
• • • • 
• • • • 
• • • • 

H H H H L L H 
H L L H L L H 
H H L L L L L 
H H L L L L H 
L H H L L L L 
L L L L L L L 
L H L H L L H 
L H L H L L L 
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SCA UDD4 

Description 

UDD4 Four Bit Up/Down Decade Counter with DIRECT LOAD, CARRYIN and CARRYOUT 

Equivalent Gate Count: 85 

Functional Description 

UDD4 is a four bit synchronous up/down decade counter with asynchronous RESET, DIRECT LOAD (LOO), CARRY-
IN, and CARRYOUT. This counter consists of 4 D flip-flops with appropriate gate networks feeding into the D in-
puts. When RESET and CARRYIN are high and LOO is low, the output changes with the rising clock edge. If 
UPDNBAR is high, the output will count forward, and If UPDNBAR is low, the output wlll count backward. This 
modulo 10 counter counts 0-9 (or 9-0) then resets to zero. CARRYOUT become high for one cycle when the output 
reads 9 (10th count). When RESET is low It overrides all other inputs and the outputs are set low. When RESET is 
high and CARRYIN is low, the output remains in its past state. When RESET and LOO are high, data at inputs 
ADATA-DDATA are loaded to outputs D10UT-D40UT. If LOO is made low before the next cycle, the output will start 
counting forward or backward (depending on the state of UPDNBAR) from the number loaded. 

Truth Table 

c R u L c 0 c B A c 0 0 0 0 
L E p 0 A 0 0 0 0 A 4 3 2 1 

s 0 0 R A A A A R 0 0 0 0 
E N R T T T T R u u u u 
T B y A A A A y T T T T 

A I 0 
R N u 

T 
x L x x x x x x x L L L L L 
I H H L H x x x x L L L L H 
I H H L H x x x x L L L H L 
I H H L H x x x x L L L H H 
• • • • • • • 
• • • • • • • 
• • • • • • • 

H H L H x x x x H H L L H 
H H L L x x x x L H L L H 
H H L H x x x x L L L L L 
H H L H x x x x L L L L H 
H L L H x x x x H L L L L 
H L L L x x x x L L L L L 
H L L H x x x x L H L L H 
H L L H x x x x L H L L L 
H x H x 04 03 02 01 L 04 03 02 01 
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SCA 10G138 

Description 

3 to 8 Decoder 

Equivalent Gate Count: 24 

Functional Description 

The 10G138 is a 3 to 8 Decoder/Demultiplexer with three enable inputs. When G1 is high, GZAN and G2BN are low; 
one of the outputs (YO-Y7) will be low, depending on the states of A, B, and C. If GZAN or G2BN are high, or if G1 is 
low, all outputs will be high. 

Truth Table 

G G G A B c y y y y y y y y 
A 2 1 D 1 2 3 4 5 6 7 
z B 
N N 

H x x x x x H H H H H H H H 
x H x x x x H H H H H H H H 
x x L x x x H H H H H H H H 
L L H L L L L H H H H H H H 
L L H H L L H L H H H H H H 
L L H L H L H H L H H H H H 
L L H H H L H H H L H H H H 
L L H L L H H H H H L H H H 
L L H H L H H H H H H L H H 
L L H L H H H H H H H H L H 
L L H H H H H H H H H H H L 
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SCA 10G139 

Description 

2 to 4 Decoder 

Equivalent Gate Count: 8 

Functional Description 

The 10G139 is a 2 to 4 Decoder with active low enable. When GN is low, one of the outputs (YO-Y3) will be low, 
depending on the state of A and B. When GN is high, all outputs are high. 

Truth Table 

G A B y y y y 
N 0 1 2 3 

H x x H H H H 
L L L L H H H 
L H L H L H H 
L L H H H L H 
L H H H H H L 
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SCA 10G148 

Description 

8 to 3 Priority Encoder 

Equivalent Gate Count: 46 

Functional Description 

The 10G148 is an 8 to 3 Priority Encoder with Enable input and Enable output for cascading purposes. The GS 
(Group Signal) is active low when any of the inputs are low. It serves to indicate when any of the inputs are active. 
When El is high, all outputs are high and when El is low, the outputs depend on the states of inputs 0-7, as indicated 
in the table. 

Truth Table 

E A A A G E 
I 0 2 3 4 5 6 7 2 1 0 s 0 

H x x x x x x x x H H H H H 
L H H H H H H H H H H H H L 
L x x x x x x x L L L L L H 
L x x x x x x L H L L H L H 
L x x x x x L H H L H L L H 
L x x x x L H H H L H H L H 
L x x x L H H H H H L L L H 
L x x L H H H H H H L H L H 
L x L H H H H H H H H L L H 
L L H H H H H H H H H H L H 
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SCA 10G154 

Description 

4 to 16 Decoder 

Equivalent Gate Count: 56 

Functional Description 

The 10G154 is a 4 to 16 Decoder with two active low enable inputs. When G1 and G2 are low, one of the outputs 
(Y1-Y16) will be low, depending on the state of A, B, C, and D. When G1 and/or G2 are high, all outputs are high. 

Truth Table 

G G A B c D y y y y y y y y y y y y y y y y 
2 0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

L L 'L L L L L H H H H H H H H H H H H H H H 
L L H L L L H L H H H H H H H H H H H H H H 
L L L H L L H H L H H H H H H H H H H H H H 
L L H H L L H H H L H H H H H H H H H H H H 
L L L L H L H H H H L H H H H H H H H H H H 
L L H L H L H H H H H L H H H H H H H H H H 
L L L H H L H H H H H L H H H H H H H H H 
L L H H H L H H H H H H L H H H H H H H H 
L L L L L H H H H H H H H L H H H H H H H 
L L H L L H H H H H H H H H L H H H H H H 
L L L H L H H H H H H H H H H L H H H H H 
L L H H L H H H H H H H H H H H L H H H H 
L L L L H H H H H H H H H H H H H L H H H 
L L H L H H H H H H H H H H H H H H L H H 
L L L H H H H H H H H H H H H H H H H L H 
L L H H H H H H H H H H H H H H H H H H L 
L H x x x x H H H H H H H H H H H H H H H 
H L x x x x H H H H H H H H H H H H H H H 
H H x x x x H H H H H H H H H H H H H H H 
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SCA 10G164 

Description 

8 Bit Serial-In Parallel-out Shift Register 

Equivalent Gate Count: 55 

Functlonal Description 

The 10G164 Is a Serial-in Parallel-out 8 Bit Synchronous Shift Register with Asynchronous CLR. Data can be 
entered through A or B, and outputs can be taken at all 8 stages. When CLR is high, each rising clock edge shifts 
data right, and enters the logical AND of A+ B Into QA. When CLR is low, it overrides all other inputs and outputs 
are set low. 

Truth Table 

c c A B a a a 
L L A B H 
R K 

L x x x L L L 
H L x x QAD QBD QHO 
H t H H H QAN QGN 
H t L x L QAN QGN 
H t x L L QAN QGN 

QAD, QBO, QHD = Level of QA, QB, QH bafarv tha lndicatad steady-state Input conditions werv establshed 

QAN, QGN - Level of QA or QG bafarv tha most rvcant transition of the clock; Indicates a one-bit shift 
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SCA 10G165 

Description 

8 Bit Parallel/Serial-in Serial-out Shift Register 

Equivalent Gate Count: 78 

Functional Description 

The 10G165 is an 8 Bit Synchronous Parallel or Serial-in/Serial-out Shift Register. Parallel inputing occurs asynch
ronously when LOADN is low. When LOADN is high, serial shifting to output QH occurs on the rising edge of the 
clock, and new data enters serially via SERIN. The 2 input OR clock can be used to combine two clock sources or 
one input can act as a single clock. 

Truth Table 

L c c 
0 L L 
A K K 
D I 
N N 

H 

L x x 
H L L 
H L 1 
H L 1 
H H x 

s 
E 
R 
I 
N 

x 
x 
H 
L 
x 

A ... H 

a ... h 
x 
x 
x 
x 

INTERNAL OUTPUTS 
QA QB 

a 
QAO 
H 
L 

QAO 

b 
QBO 
QAN 
QAN 
QBO 

OUTPUT 
OH 

h 
QHO 
QGN 
QGN 
QHO 

QAO, QBO, QHO = Level of QA, QB, OH before the indicated steady-state input conditions were established 

QAN, QGN = Level of QA or QG before the most recent transHlon of the clock; indicates a one-bit shift 
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Description 

8 Bit Parallel/Serial-in Serial-out Shift Register 

Equivalent Gate Count: 80 

Functional Description 

SCA 10G166 

The 10G166 is aR 8 Bit Synchronous Parallel/Serial-input Serial-output Shift Register with reset. Parallel inputing at 
inputs A-H occurs asynchronously when LOADN is low. When LOADN is high, serial shifting to output QH occurs 
on the rising edge of the clock, and new data enters serially via SERIN. The 2 input OR clock can be used to com
bine two clock sources, or by holding one input low, can be used as a single clock source. When CLR is high, all 
outputs are set low. 

Truth Table 

c L c c 
L 0 L L 
R A K K 

D I 
N N 

H 

H x x x 
L x L L 
L L L I 
L H L I 
L H L I 
L x H I 

s 
E 
R 
I 
N 

x 
x 
x 
H 
L 
x 

PARALLEL INTERNAL OUTPUTS 
A ... H QA QB 

x L L 
x QAO QBO 

a ••• h a b 
x H QAN 
x L QAN 
x QAO QBO 

OUTPUT 
OH 

L 
OHO 
h 

QGN 
QGN 
OHO 

QAO, QBO, OHO = Level of QA, QB, OH before the indicated steady-state input conditions were establshed 

QAN, QGN = Level of QA or QG before the most recent b'ansilion of the clock; Indicates a one-bit shift 
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Description 

Carry Lookahead Generator 

Equivalent Gate Count: 38 

Functional Description 

SCA 10G182 

The 10G182 is a Carry Lookahead Generator. It is generally used with the 10G181 4-bit ALU to provide high speed 
lookahead over word length of more than four bits. It accepts up to four pairs of Carry Propagate (XO-X3) and Carry 
Generate (YO-Y3) signals, with active high Carryin (CN). It provides anticipated active high carries (CNX-CNZ) and 
has Carry Propagate (X) and Generate (Y) outputs. The logic operations provided at outputs are: 

Truth Table 

c y x y x y x y x c c c x y 
N 0 0 1 1 2 2 3 3 N N N 

x y z 
x L x H 
H x L H 

Al Other Combinations L 

x x x L x H 
x L x x L H 
H x L x L H 

All Other Combinations L 

x x x x x L x H 
x x x L x x L H 
x L x x L x L H 
H x L x L x L H 

Al Other Combinations L 

L L L L L 
Al Other Combinations H 

x x x x x L x L 
x x x L x x L L 
x L x x L x L L 
L x L x L x L L 

All Other Combinations H 
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Description 

4 Bit Bidirectional Universal Shift Register 

Equivalent Gate Count: 65 

Functional Description 

SCA 10G194 

The 10G194 is a 4 Bit Synchronous Bidirectional Universal Shift Register with clear. This shift register consists of 4 
D flip-flops and appropriate gate networks feeding into the D inputs. It may be used in Serial-Serial, Shift Left, Shift 
Right, Serial-Parallel, Parallel-Serial, and Parallel-Parallel shift register applications. When S1 and SO are both low, 
the outputs remain in their past states, and when SO and S1 are both high, inputs A-D are parallel loaded asyn
chronously. When SO is low and S1 is high, data is shifted left and data at input LEFT are shifted into 03 with the ris· 
ing clock edge. Similarly, when SO is high and S1 is low, data are shifted right, and data at input RIGHT are shifted 
into 01. When CLR is low, it overrides all other inputs and outputs are set low. 

Truth Table 

c s s c L R A B C D QA QB QC QC 
L I D L E I 
R K F G 

T H 
T 

L x x x x x x x x x L L L L 
H x x L x x x x x x QAD QBO QCO QDO 
H H H I x x a b c d a b c d 
H L H I x H x x x x H QAN QBN QCN 
H L H I x L x x x x L QAN QBN QCN 
H H L I H x x x x x QBN QCN QDN H 
H H L I L x x x x x QBN QCN QDN L 
H L L x x x x x x x QAO QBO QCO QDO 

QAO, QBO, QHO = Level of QA, QB, QH before the indicated steady-state input conditions were established 

QAN, QGN = Level of QA or QG before the most recent transition of the clock; indicates a one-bit shift 
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SCA 10G195 

Description 

4 Bit Synchronous Universal Shift Register 

Equivalent Gate Count: 44 

Functlonal Description 

The 10G195 is a 4 Bit Synchronous Universal Shift Register with reset. It consists of 4 D flip-flops with appropriate 
gate networks feeding the D inputs. It may be used in Serial-Serial, Serial-Parallel, Parallel-Serial, and Parallel
Parallel shift register applications. When LOADN is low, data at inputs A·D are loaded Into the D Flip-Flops. When 
LOADN is high, data enters the first flip-flop QA via the JK Inputs, and Is shifted RIGHT with the rising clock edge. 
The JK Inputs may be tied together for D-type inputs. When CLR is low, it overrides all other inputs and outputs are 
set low. 

Truth Table 

c L c J K A B C D QA QB QC QD QDN 
L 0 L 
R A K 

D 
N 

L x x x x x x x x L L L L H 
H L r x x a b c d a b c d if 
H H L x x x x x x QAD QBD QCD QDD ODD 
H H I L H x x x x QAO QAO QBN QCN IJCN 
H H r L L x x x x L QAN QBN QCN QCN 
H H r H H x x x x H QAN QBN QCN QCN 
H H r H L x x x x ilAN QAN QBN QCN QCN 

5.52 



SCA 10G195 

CL< 

IN02 
CLR 

•• QB 
QC QC OBN 

5.53 



-} GOULD 
AMII Semicooductors 

SCA 10G199 

Description 

8 Bit Universal Shift Register 

Equivalent Gate Count: 83 

Functional Description 

The 10G199 is an 8 Bit Synchronous Universal Shift Register with active high reset. This register consists of 4 D flip
flops with appropriate gates feeding into the D inputs. It may be used in Serial-Serial, Parallel-Serial, Serial-Parallel, 
and Parallel-Parallel shift register applications. When LOADN is low, data at inputs A-H are parallel loaded into the 
D flip-flops. When LOADN is high, data enter the first flip-flop QA via the JK inputs, and is shifted right with the ris
ing clock edge. The JK inputs may be tied together for D-type flip-flops. The 2 input OR clock can be used to com
bine two clock sources, or by holding one input low, can be used as a single clock source. When CLR is high, all 
outputs are set low. 

Truth Table 

c L c c J K A ... H Q Q Q ... Q 
L 0 L L A B c H 
R A K K 

D I 
N N 

H 
H x x x x x x L L L L 
L x L L x x x QAO QBO QCO QHO 
L L L I x x a ... h a b c h 
L H L I L H x QAN QAO QBN QGN 
L H L I L L x L QAN QBN QGN 
L H L I H H x H QAN QBN QHN 
L H L I H L x QAN QAN QBN QGN 
L x H I x x x QAO QBO QCO QHO 

QAO, QBO, QHO = Level of QA, QB, QH before the indicated steady-state input conditions were established 

QAN, QGN = Level of QA or QG before the most recent transition of the clock; indicates a one-bit shift 
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Description 

8 Bit Serial Shift Register 

Equivalent Gate Count: 40 

Functional Description 

SCA 10G91 

The 10G91 is an 8 Bit Synchronous Serial Shift Register. This shift register consists of 8 D flip-flops connected in 
series. Data can be entered at A or Band output can be taken at OH or QHN. Each rising clock edge shifts data 
right, and enters the logical AND of A+ B into the first D flip-flop. 

Truth Table 

A B Q Q 

at Tn H H 
N 

(at Tn + 8 counts) 

H H H L 
L x L H 
x L L H 

Note: Tn = reference bit lime, clock low; 
Tn + 8 = bit lime after 8 low-to-high clock transitions 
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SCA 10G280 

Description 

9 Bit Odd/Even Parity Generator/Check 

Equivalent Gate Count: 51 

Functlonal Description 

The 10G280 is an 9-Bit Odd/Even Parity Generator/Check. If the number of high inputs at A·I is even, EVEN will be 
high and if the number of high inputs is odd, ODD will be high. 

Truth Table 

Number of Inputs A· 1 
Thal Are High 

0, 2, 4, 6, B 
1, 3, 5, 7, 9 

ODD EVEN 

L 
H 

H 
L 
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~t Gould AMI we are continually searching for more effec
tive methods of providing protection for MOS devices. Pre
sent configurations of protective devices are the result of 
years of research and review of field problems. 

Although the oxide breakdown voltage may be far beyond 
the ~oltage levels encountered in normal operation, ex
cessive voltages may cause permanent damage. Even 
though Gould AMI has evolved the best designed protective 
device possible, we recognize that it is not 100% effective. 

A large number of failed returns have been due to mis
application of biases. In particular, forward bias conditions 
cause excessive current through the protective devices, 
which in turn will vaporize metal lines to the inputs. Careful 
inspection of the device data sheets and proper pin deslgna· 
lion should help reduce this failure mode. 

Gate ruptures caused by static discharge also account for a 
large percentage of device failures in customers' manufac
turing areas. Precautions should be taken to minimize the 
possibility of static charges occurring during handling and 
assembly of MOS circuits. 

To assi~t our customers in reducing the hazards which may 
be detrimental to MOS circuits, the following guidelines for 
handling MOS are offered. The precautions listed here are 
used at Gould AMI. 

1. All benches used for assembly or test of MOS circuits 
are covered with conductive sheets. WARNING: Never 
expose an operator directly to a hard electrical ground. 
For safety reasons, the operator must have a resistance 
of at least 100K Ohms between himself and hard elec
trical ground. 

2. All entrances to work areas have grounding plates on 
door and/or floor, which must be contacted by people 
entering the area. 

3. Conductive straps are worn inside and outside of 
employees' shoes so that body charges are grounded 
when entering work area. 

4. Anti-static neutralized smocks are worn to eliminate 
the possibility of static charges being generated by 
friction of normal wear. Two types are available· Dupont 
anti-static nylon and Dupont neutralized 65% pblyester/ 
35% cotton. 

5. Cotton gloves are worn while handling parts. Nylon 
gloves and rubber finger cots are not allowed. 

6. Humidity is controlled at a minimum of 35% to help 
reduce generation of static voltages. 

7. All parts are transported in conductive trays. Use of 
plastic containers is forbidden. Axial leaded parts are 
stored in conductive loam, such as Velofoam#7611. 

B.2 

Guide to MOS Handling 

8. All equipment used in the assembly area must be 
thoroughly grounded. Attention should be given to 
equipment that may be inductively coupled and gen
erate stray voltages. Soldering irons must have ground
ed tips. Grounding must also be provided for solder 
posts, reflow soldering equipment, etc. 

9. During assembly of ICs to printed circuit boards, it is 
advisable to place a grounding clip across the fingers 
of the board to ground all leads and lines on the board. 

10. Use of carpets should be discouraged in work areas, 
but in other areas may be treated with anti-static solu
tion to reduce static generation. 

11. MOS parts should be handled on conductive surfaces 
and the handler must touch the conductive surface 
before touching the parts. 

12. In addition, no power should be applied to the socket or 
board while the MOS device is being inserted. This per
mits any static charge accumulated on the MOS device 
to be safely removed before power is applied. 

13. MOS devices should not be handled by their leads 
unless absolutely necessary. If possible, MOS devices 
should be handled by their packages as opposed to 
their leads. 

14. In general, materials prone to static charge accumu-
lation should not come in contact with MOS devices. 

These precautions should be observed even when an MOS 
device is suspected of being defective. The true cause of 
failure cannot be accurately determined if the device is 
damaged due to static charge build-up. 

It should be remembered that even the most elaborate 
physical prevention techniques will not eliminate device 
failure if personnel are not fully trained in the proper handl
ing of MOS. 

This is a most Important point and 
should not be overlooked. 

More information can be obtained by contacting the Pro
duct Assurance Department. 

Gould AMI Semiconductors 
3800 Homestead Road 
Santa Clara, California 95051 
Telephone (408) 246-0330 
TWX 910-338-0024 or 910-338-0018 



MOS Processes 

Process Descriptions 

Each of the major MOS processes is described on the 
following pages. First, the established production proven 
processes are described, followed by those advanced pro
cesses, which are starting to go into volume production 
now. In each case, the basic processes is described first, 
followed by an explanation of its advantages, applications, 
etc. 

use today in some devices. Several versions of this process 
have evolved since its earliest days. A thin slice (8 to 10 
mils) of lightly doped N-type silicon wafer serves as the sub
strate or body of the MOS transistor. Two closely spaced, 
heavily doped P-type regions, the source and drain, are 
formed within the substrate by selective diffusion of an im
purity that provides holes as majority electrical carriers. A 
thin deposited layer of aluminum metal, the gate, covers the 
area between the source and drain regions, but is electrically 
insulated from the substrate by a thin layer (1000-15000A) of 
silicon dioxide. The P-Channel transistor is turned on by a 
negative gate voltage and conducts current between the 
source and the drain by means of holes as the majority 
carriers. 

P-Channel Metal Gate Process 

Of all the basic MOS processes, P-Channel Metal Gate is 
the oldest and the most completely developed. It has served 
as the foundation for the MOS/LSI industry and still finds 

Figure B.1. Summary of MOS Process Characteristics 

P-CHANNEL METAL GATE 

VARIATIONS: 
1. High Threshold (HiVr) 
2. Low Threshold (LoV,) 

1 
ION IMPLANTED P-CHANNEL METAL GATE 

1. With enhancement and depletion mode devices 
on same chip 

SILICON GATE 
(Usually with Ion Implantation) 

VARIATIONS: 
1. With buried interconnect layer 
2. With enhancement and depletion mode devices 

on same chip 
3. Selective Fox (Field Oxidation) 
4. Four Vr Process 

CMOS 

VARIATIONS: 
1. Planar, N+IP+ Poly 
2. Selective Fox, N+Poly 
3. Selective Fox, N+ Poly, isolated P·Well 

I MATERIALS: N·SILICON SUBSTRATE - 11111 FOR HIGH Vr. 11001 FOR 

~~:M~~UM GATE, SOURCE, ANO DRAIN CONTACTS. 
PERFORMANCE: POOR SPEEO-POWER PRODUCT: v,1vTF TRADEOFF. 
COMPLEXITY: TYPICALLY 15 OR LESS PROCESS STEPS. 

I 
MATERIAL S: SAME AS ABOVE, ALWAYS 11111 SILICON. 
PERFORMA NCE: LOWER Vr BY ALTERING Oe TERM; HIGH VTF OF 11111 

SILICON; ENHANCEMENT AND DEPLETION MODE TRAN· 
SISTORS POSSIBLE 

COMPLEXIT Y: OVER 15, LESS THAN 20 PROCESS STEPS. 

SILICON GATE 
p CHANNEL PERFORMANCE: LOWER Vr THROUGH tMs TERM, BUT HIGH I MATERIALS: 11111 SUBSTRATE, DOPEO POLYCRYSTALLINE 

/ 

VTF OF 11111 SILICON 
COMPLEXITY: 15·20 PROCESS STEPS, BUT OVER 25 WITH 

COMBINED ENHANCEMENT AND DEPLETION ! MOOE DEVICES 
MATERIALS: 11001 P·SILICON SUBSTRATE, ODPING POLY· 

SILICON GATE, ION IMPLANTED FIELO 

N·CHANNEL PERFORMANCE: FAST CIRCUITS, THROUGH HIGH MOBILITY(µ) 
OF ELECTRONS 

COMPLEXITY: SAME AS P-CHANNEL SiGATE FOR OLDER 
PROCESSES. 20·25 PROCESS STEPS FOR 
NEWER PROCESSES. 

r .... 
MATERIAL 
COMPLEX! 
SPECIAL P 

NCE: LOW POWER, HIGH SPEED. HIGH VOLTAGE PROCESSES FOR POWER 
SUPPLIES UP TO 13.5V; LOW VOLTAGE PROCESSES FOR POWER SUPPLIES 
UP TO 5.5V. 

S: 11001 N·SILICON SUBSTRATE, ION IMPLANTED P·WELL 
TY: OVER 25 PROCESS STEPS 
RDCESS: LINEAR CAPACITORS FDR SWITCHED CAPACITOR 
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SPEED ROM. 



The basic P-Channel metal gate process can be subdivided 
into two general categories: High-threshold and low· 
threshold. Various manufacturers use different techniques 
(particularly so with the low threshold process) to achieve 
similar results, but the difference between them always 
rests in the threshold voltage Vr required to turn a tran
sistor on. The high threshold Vr is typically - 3 to - 5 volts 
and the low threshold Vr is typically - 1.5 to - 2.5 »Olts. 

The original technique used to achieve the difference in 
threshold voltages was by the use of substrates with dif· 
ferent crystalline structures. The high Vr process used [111] 
silicon whereas, the low Vr process used [100] silicon. The 
difference in the silicon structure causes the surface 
charge between the substrate and the silicon dioxide to 
change in such a manner that it lowers the threshold 
voltages. 

One of the main advantages of lowering Vr is the ability to 
interface the device with TTL circuitry. However, the use of 
[100] silicon carries with it a distinct disadvantage also. 
Just as the surface layer of the [100] silicon can be inverted 
by a lower Vr, so it also can be inverted at other random 
locations-through the thick oxide layers-by large volt
ages that may appear in the metal interconnections bet
ween circuit components. This is undesirable because it 
creates parasitic transistors, which interfere with circuit 
operation. The maximum voltage that can be carried in the 
interconnections is called the parasitic field oxide thres
hold voltage VrF• and generally limits the overall voltage at 
which a circuit can operate. This, then, is the main factor 
that limits the use of the (100] low Vr process. A drop in VrF 
between a high Vr and low Vr process may, for example, be 
from - 28V to -17V. 

The low Vr process, because of its lower operating 
voltages, usually produces circuits with a lower operating 
speed than the high Vr process, but is easier to interface 
with other circuits, consumes less power, and therefore is 
more suitable for clocked circuits. Both P-Channel metal 
gate processes yield devices slower in speed than those 
made by other MOS processes, and have a relatively poor 
speed/power product. Both processes require two power 
supplies in most circuit designs, but the high Vr process, 
because it operates at a high threshold voltage, has excel
lent noise immunity. 

Ion Implanted P·Channel Metal Gate Process 

The P-Channel Ion implanted process uses essentially the 
same geometrical structure and the same materials as the 
high Vr P-Channel process, but includes the ion implanta
tion step. The purpose of ion implantation is to introduce 
P-type impurity ions into the substrate in the limited area 
under the gate electrode. By changing the characteristics 
of the substrate in the gate area, it is possible to lower the 
threshold voltage Vr of the transistor, without influencing 
any other of its properties. 
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Figure B.2. shows the ion implantation step in a diagram
matic manner. It is performed after the gate oxide is grown, 
but before the source, gate, and drain metallization deposi
tion. The wafer is exposed to an ion beam which penetrates 
through the thin gate oxide layer and implants ions into the 
silicon substrate. Other areas of the substrate are pro
tected both by the thicker oxide layer and sometimes also 
by other masking means. ion implantation can be used with 
any process and, therefore could, except for the custom of 
the industry, be considered a special technique, rather than 
a process in itself. 

Figure B.2. Diagram of Ion Implantation Step 

BORON (MYPE) IONS FROM IMPLANTER ACCELERATOR 

IONS IMPLANTED HERE 

The implantation of P·type ions into the substrate, in effect, 
reduces the effective concentration of N-type ions in the 
channel area and thus lowers the Vr required to turn the 
transistor on. At the same time, it does not alter the N-type 
ion concentration elsewhere in the substrate and therefore, 
does not reduce the parasitic field oxide threshold voltage 
VrF (a problem with the low Vr P-Channel Metal Gate pro
cess, described above). The [111] silicon usually is used in 
ion-implanted transistors. 

In fact, if the channel area is exposed to the ion beam long 
enough, the substrate in the area can be turned into P-type 
silicon (while the body of the substrate still remains N-type) 
and the transistor becomes a depletion mode device. In any 
circuit some transistors can be made enhancement type, 
while others are depletion type, and the combination is a 
very useful circuit design tool. 

The Ion-implanted P-Channel Metal Gate process is very 
much in use today. Among all the processes, it represents a 
good optimization between cost and performance and thus 
is the logical choice for many common circuits, such as 
memory devices, data handling (communication) circuits, 
and others. 



Because of its low Vr, it offers the designer a choice of us
ing low power supply voltages to conserve power or in
crease supply voltages to get more driving power and thus 
increase speed. At low power levels it is more feasible to 
implement clock generating and gating circuits on the chip. 
In most circuit designs only a single power supply voltage 
is required. 

N·Channel Process 

Historically, N-Channel process and its advantages were 
known well at the time when the first P-Channel devices 
were successfully manufactured; however, it was much 
more difficult to produce N-Channel. One of the main 
reasons was that the polarity of intrinsic charges in the 
materials combined in such a way that a transistor was on 
at OV and had a Vr of only a few tenths of a volt (positive). 
Thus, the transistor operated as a marginal depletion mode 
device without a well-defined on/off biasing range. 
Attempts to raise Vr by varying gate oxide thickness, in
creasing the substrate doping, and back biasing the sub
strate, created other objectionable results and it was not 
until research into materials, along with ion implantation, 
silicon gates, and other improvements came about that 
N-Channel became practical for high density circuits. 

The N-Channel process gained its strength only after the 
P-Channel process, ion implantation, and silicon gate all 
were already well developed. N-Channel went into volume 
productions with advent of the 4K dynamic RAM and the 
microprocessor, both of which required speed and high 
density. Because P-Channel processes were nearing their 
limits in both of these respects, N-Channel became the 
logical answer. 

The N-Channel process is structurally different from any of 
the processes described so far, in that the source, drain, 
and channel all are N-type silicon, whereas the body of the 
substrate is P-type. Conduction in the N-Channel is by 
means of electrons, rather than holes. 

The main advantage of the N-Channel process is that the 
mobility of electrons is about three times greater than that 
of holes and, therefore, N-Channel transistors are faster 
than P-Channel. In addition, the increased mobility allows 
more current flow in a channel of any given size, and there
fore N-Channel transistors can be made smaller. The posi
tive gate voltage allows an N-Channel transistor to be com
pletely compatible with TTL. 

Although metal gate N-Channel processes have been used, 
the predominant N-Channel process is a silicon gate pro
cess. Among the advantages of silicon gate is the possibility 
of a buried layer of interconnect lines, in addition to the nor
mal aluminum interconnnections deposited on the surface 
of the chip. This gives the circuit designer more latitude in 
layout and often allows the reduction of the total chip size. 
Because the polysilicon gate electrode is deposited in a 
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separate step, after the thick oxide layer is in place, the 
simultaneous deposition of additional polysilicon intercon
nect lines is only a matter of masking. These interconnect 
lines are buried by later steps, as shown in Figure B.3. 

Figure B.3. Crossection of an N·Channel Silicon 
Gate MOS Transistor 

(a) TRANSISTOR READY FOR SOURCE ANO DRAIN DIFFUSIONS 

P SUBSTRATE 

(b) FINISHED TRANSISTOR 

One minor limitation associated with the buried intercon
nect lines is their location. Because the source and drain 
diffusions are done after the polysilicon is deposited [see 
(a) of Figure B.3] the interconnect lines cannot be located 
over these diffusion regions. 

A second advantage of a silicon gate is associated with the 
reduction of overlap between the gate and both the source 
and drain. This reduces the parasitic capacitance at each 
location and improves speed, as well as power consump
tion characteristics. Whereas in the metal gate process, the 
P region source and drain diffusion must be done prior to 
deposition of the gate electrode, in silicon gate process, 
the electrode is in place during diffusion, see (a) of Figure 
B.3. Therefore, no planned overlap for manufacturing 
tolerance purposes need exist and the gate is said to be 
self-aligned. The only overlap that occurs is due to the nor
mal lateral extension of the source and drain regions during 
the diffusion process. 

The silicon-gate process produces devices that are more 
compact than metal gate, and are slightly faster because of 
the reduced gate overlap capacitance. Because the basic 
silicon gate process is relatively simple, it is also economi
cal. It is a versatile process that is used in memory devices 
and most any other circuit. 



In addition to Its use in large memory chips and micropro
cessors, N-Channel has become a good general purpose 
process for circuits In which compactness and high speed 
are important. 

CMOS 

The basic CMOS circuit is an Inverter, which consists of 
two adjacent transistors-one an N-Channel, the other a 
P-Channel, as shown In Figure B.4. The two are fabricated 
on the same substrate, which can be either N or P type. 

The CMOS Inverter in Figure B.4 is fabricated on an N-type 
silicon substrate In which a P "tub" is diffused to form the 
body for the N-Channel transistor. All other steps, including 
the use of silicon gates and Ion implantation, are much the 
same as for other processes. 

The main advantage of CMOS Is extremely low power con
sumption. When the common input to both gate electrodes 
is at a logic 1 (a positive voltage) the N-Channel transistor is 
biased on, the P·Channel Is off, and the output is near 
ground potential. Conversely, when the input Is at a logic O 
level, Its negative voltage biases only the P·Channel tran
sistor on and the output is near the drain voltage + V00. In 
either case, only one of the two transistors is on at a time 
and thus, there Is virtually no current flow and no power 
consumption. Only during the transition from one logic 
level to the other are both transistors on and current flow In· 
creases momentarily. 

Silicon Gate CMOS is also fast approaching speeds of 
blpolarTIL circuits. On the other hand, the use of two Iran· 
sistors In every gate makes CMOS slightly more complex 
and costly, and requires more chip size. For these reasons, 
the original popularity of CMOS was In SSI logic elements 
and MSI circuits- logic gates, Inverters, small shift 
registers, counters, etc. These CMOS devices constitute a 
logic family In the same way as TIL, ECL, and other bl polar 
circuits do; and In the areas of very low power consumption, 
high noise Immunity, and simplicity of operation, are still 
widely accepted by discrete logic circuit designers. 

Low power CMOS circuits made the watch circuit possible 
and also have been used in space exploration, battery 
operated consumer products, and automotive control 
devices. As experience was gained with CMOS, tighter 
design rules and reduced device sizes have been imple· 
mented and now VLSI circuits, such as 16K RAM memories 
and microprocessors, are being manufactured In volume. 

CMOS circuits can be operated on a single power supply 
voltage, which can be varied from + 2.5 to about + 13.5 
volts with the high voltage processes, with a higher voltage 
giving more speed and higher noise Immunity. Low voltage 
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processes allow single power supply voltages from + 1.5 to 
+5.5 volts. 

The first Implementation of an Inverting gate Is a process 
that uses both n + top+ polysilicon. The basic structure is 
a first-generation approach to which a selective field· 
oxidation process has been added. 

Figure B.5 shows the plan and section views of the three
device gate portion. Because the P-Well In the top view 
spans both N-Channel devices, It Is referred to as ubl· 
quitous, and the process is called Ubiquitous P-Well. 

In this planar process, p + guard rings are used to reduce 
surface leakage. Polysilicon cannot cross the rings, how
ever, so that bridges must be built. Note the use of p + 
polyslllcon in the P·Channel areas. The plan view shows the 
construction of the bridges linking p + to metal to n +. 
(Were the process to be used for a low-voltage, first
generation application like a watch circuit, the guard rings 
would not be necessary and polyslllcon could directly con
nect N-Channel and P-Channel devices; however, to ensure 
good ohmic contact from one type of polysilicon to another, 
polyslllcon-diode contacts must be capped with metal.) 

This process provides a buried contact (n + polysllicon to 
n + diffusion) that can yield a circuit-density advantage. 
However, neither of the other two second-generation 
approaches provides burled contacts. Therefore, If a layout 
in this process is to be compatible with the others, the 
buried contact must be eliminated. Though there will be a 
penalty in real estate, the gain for custom applications is a 
great increase in the number of available CMOS vendors. 

The n + ·Only Polyslllcon Approach 

Both of the second-generation CMOS processes that follow 
are variants of the n +-only, selective-field-oxide approach. 
One closely resembles the p + n + Ubiqultous-P-Wel I pro
cess, since it, too, has a Ubiquitous P-Well that Is implanted 
before the field oxidation and thus runs under the field 
oxide. The other, called isolated P-Well, has separate wells 
for each N·Channel device that are Implanted after field 
oxidation. 

Figure B.6 shows the section and plan views of then+ -only 
Ublqultous·P-Well approach used to build the gate of Figure 
B.4. This is the 5µm process recommended by AMI and 
others for new, high-performance CMOS designs. The lay
out is simpler than with then+ /p + polyslllcon Ubiquitous
Well approach (there are no buried contacts and no 
polyslllcon-diode contacts), and It occupies less area for 
the same line widths. Also, since the process permits im· 
planting In the field region, no guard rings are required. 



Polysilicon can thus cross directly from P- to N-Channel 
device areas without the need for bridges or polysilicon
dioxide contacts. 

A variant of the all n + (See Figure B.7) polysilicon process 
just discussed uses basically the selective field-oxide 
approach except that the P-Wells are not continuous under 
the field-oxide areas; they are instead bounded by field-
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oxide edges. Since the P-Wells are naturally isolated from 
one another, the process is called n + poly-isolated P-Well. 
The isolated wells must all be connected to ground; if they 
are left floating, circuit malfunctions are bound to occur. 
The grounding is done either with p + diffusions or with 
top-side metalization that covers a p + -to-P-Wel I contact 
diffusion. 

Figure B.4. Crossection and Schematic Diagram of a CMOS Inverter 
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Figure B.5. n + /p + Polysllicon Approach 
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Figure B.6. n + - Only Polysllicon Approach 
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ALL NEW HIGH-PERFORMANCE CMOS CIRCUITS WILL USE ONE 
TYPE OF POLYSILICON. THIS VERSION HAS A UBIQUITOUS 
P-WELL: THAT IS, SERIES N-CHANNEL DEVICES SIT IN A COMMON 
P-WELL, WHICH, IMPLANTED BEFORE FIELD OXIDATION, RUNS 
UNDER THE FIELD OXIDE. THIS IS AMI'S PREFERRED CMOS PRO· 
CESS FORMAT FOR ALL NEW DESIGNS. 
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Figure B.7. Isolated Wells 
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THE THIRD CMOS APPROACH ISOLATES ALL N-CHANNEL DEVICES 
IN SEPARATE P·WELLS, SINCE THE ISOLATED WELLS MUST BE 
DOPED MUCH MORE HEAVILY THAN THOSE OF THE UBIQUITOUS· 
WELL APPROACH, n +·TO P·WELL CAPACITANCE IS GREATER 
AND SWITCHING SPEEDS LOWER. THIS IS AN n + ·ONLY 
POLYSILICON PROCESS. 

B.10 



MOS Processes 

In the Isolated-Well process, the P-Wells must be doped 
much more heavily than In the Ubiquitous-Well process. One 
result Is a higher junction capacitance between the n + 
areas and the wells that both slows switching speeds and 
raises the power dissipation of a device. Even though the 
speed loss could be compensated for by slightly shorter 
channel lengths, the operating power still remains high. 

Table 1. Layout Compatibility Concerns for 
CMOS Processes 

Although currently available from Gould AMI and other 
manufacturers, the Isolated-Well process Is In fact not 
recommended for new designs by Gould AMI. Its layout 
takes up more area than does one using the Ubiquitous-Well 
approach, even though Its P-Well to p +-area spacing Is 
slightly less. 

Figure B.8. Comparative Data on Major MOS Processes 
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7.5 Micron CMOS Process Parameters 

Low Yr High Vy 

Parameter Min. Max. Min. Max. Comments 

Vrn .55 .85 1.0 1.5 N·ehannel Threshold at 1µA 50 x 7.5µ Device (Volts) 

VTP -.4 - .95 - .8 -1.4 P·ehannel Threshold at 1µA 50 x 7.5µ Device (Volts) 

VTF 8 15 Poly Field Threshold at 1µA 50 x 10µ Device (Volts) 

Bvoss 24 - 28 - Drairi-SoLlrce Breakdown {Volts) 

Rolff P+ 30 39 28 33 Diffusion Resistivity Q/D 
N+ 9 15 9.1 12.6 Diffusion Resistivity Q/D 

RPOLY P+ 118 172 80 140 Poly Resistivity Q/ D 
N+ 30 60 29 39 Poly Resistivity Q/ D 

Tox 1300 1200 Gate Oxide Thickness, In Angstroms 

Xj P+ 1.8' 1.8' Junction Depth, Inµ 
N+ 2.0' 2 o• Junction Depth, Inµ 

Operating Voltage - 5 5 12 In Volts 

Max Rating - 5.5 - 13.2 In Volts 

Process Designator eTA eTA eTE eTE 

I 'Typical) 

CMOS I Process Parameters 

General Purpose Double Poly NAND ROM 

High V Low V High V Low V High V Low V 
Parameter Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. comments 

Vrn 0.7 1.3 0.5 1.1 0.7 1.3 0.5 1.1 0.7 1.3 0.5 1.1 N·Channel Threshold 50 x 5µ Device 
(Volts) 

VTP -0.7 -1.3 -0.5 -1.1 -0.7 -1.3 -0.5 -t.1 -0.7 -t.3 -0.5 -1.1 P-Channel Threshold 50 x 51-1 Device 
(Volts) 

VTf 17 - 7 - 17 - 7 - 17 - 7 - Poly Field Threshold (Volts) 

Bvoss 17 - 7 - 17 - 7 - 17 - 7 - Drain-Source Breakdown (Volts) 

Ro1FF P+ 15 35 15 35 15 35 15 35 15 35 15 35 Diffusion Resistivity Q/ D 
N+ 35 80 35 80 35 80 35 80 35 80 35 80 Diffusion Resistivity Q/ D 

RpQLY 15 45 t5 45 15 45 15 45 15 45 15 45 Poly Resistivity Q/D (All poly is N +) 

Tox 750 850 750 850 750 850 750 850 750 850 750 850 Gate Oxide Thickness. In Angstroms 

Xj P+ 1.2* 1.2' 1.2' 1.2' 1.2* 1.2* Junction Depth, Inµ 
N+ 1.5· 1.5' 1.5· 1.5' 1.5' 1.5' Junction Depth, Inµ 

Operating Voltage 2.2 13.2 1.5 5.5 2.2 13.2 1.5 5.5 2.2 13.2 t .5 5.5 In Volts 

Max Rating - 13.2 - 5.5 - t 3.2 - 5.5 - 13.2 - 5.5 In Volts 
Process Designator eVA eVA eVH eVH eVB eVB evE evE eVD eVD eve eve 

('Typ1Cal1 

CMOS II Process Parameters (P·Well) 

Single Metal Double Metal 

Parameter Min. Max. Min. Max. Comments 

Vrn 0.6 1.0 0.6 1.0 N·ehannel Threshold (Volts) 

VTP -0.6 -1.0 -0.6 -1.0 P·ehannel Threshold (Volts) 

VTf 14.0 - t2.0 - Poly Field Threshold (Volts) 

BVoss t2.0 - 100 - Drain-Source Breakdown {Volts) 

Rm FF P+ 50 t 00 50 100 Diffusion Resistivity O/ D 
N+ t5 40 t 5 40 Diffusion Resistivity O/ D 

RpQLY 15 30 15 30 Poly Resistivity, n!':J (All Poly is N +) 

Tox 450 550 450 550 Gate Oxide Thickness, In Angstroms 

x, P+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 
N+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 

Operating Voltage 2.25 11.0 2.25 5.5 In Volts 

Max Rating - t1 .0 - 7.5 In Volts 

Process Designator ees, eeF, ecG CeD CCF Has Double Poly Capacitor 
CCG Has Poly Capacitor and Depletion N-Channel 
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6 & 5 Micron SIGate NMOS Process Parameters 

6 Micron 5 Micron 

16.67/Process 
Law Vy High Vy Shrink 

Parameter Min. Max. Min. Max. Min. Max. Min. Max. Comments 

VTE 0.6 1.0 0.8 1.2 .75 1.25 0.6 1.0 Extrapolated Enhancement Threshold on a 50 x 6µ Transistor (Volts) 

Vrn -3.0 -4.0 -2.5 -3.5 -2.5 -3.5 -2.5 -3.5 Extrapolated Deple1ion Threshold on a 50 x 50µ Transistor (Volts) 

Vrn - - - - - - -.2 -.2 Intrinsic Device Threshold 50 x 6µ Transistor (Volts) 

Vrno - - - - - - -4.35 -3.65 Deep Depletion Threshold (Volts) 

VTF 13 40 13 40 12 30 10 - Poly Field Threshold (Volts) 

Bvoss 14 - 14 - 12 - 10 - Drain-Source Breakdown on 50 x 50µ Transistor 

Ro1FF 8 14 8 14 8 14 8 25 N + Region Resistivity Q/D 

RPDLY 20 40 20 40 20 40 20 40 N + Doped Poly Resistivity QID 

Tox 1000 1150 1000 1150 750 850 750 850 Gate Oxide Thickness, In Angstroms 

Xj 1.2 1.6 1.2 1.6 0.8 1.2 0.8 1.2 Junction Depth, Inµ 

Operating Voltage 5 12 5 12 5 12 5 12 In Volts 

Max Rating 13.2 13.2 13.2 13.2 In Volts 

Process Designator NVC NVC NVD NVD NVS NVS NEAi NEC 

NMOS I & NMOS II Process Parameters 

NMDS I NMOS I 
4Vy Std. 4Vy Std. 

Parameter Min. Max. Min. Max. Min. Max. Min, Max. Comments 

VTE 0.6 1.D 0.6 1.0 0.6 1.0 0.6 1.0 Extrapolated Enhancement Threshold Voltage on a 50 x 4µ 
Transistor (4µ Processes) 
or 50 x 3µ Transistor (3µ Processes) (Volts) 

Vrn -3.5 -2.5 -3.5 -2.5 -3.5 -2.5 -3.5 -2.5 Exlrapolated Threshold 50 x 50µ Device (Volts) 

Vrn -0.15 +0.15 NIA NIA -0.15 +0.15 NIA NIA Extrapolated Threshold 50 x 6µ Device (Volts) 

Vrno -4.35 -3.65 NIA NIA -4.85 -4.15 NIA NIA Extrapolated Threshold 50 x 50µ Device (Volts) 

VTF 7.5 - 7.5 - 7.5 - 7.5 - Poly Field Threshold (Volts) 

Bvoss 7.5 - 7.5 - 7.5 - 7.5 - Punch Through Voltage 50 x 4µ Device ( 4µ Processes) 
or 50 x 3µ Device (3µ Processes) (Volts) 

Rm FF 15 30 15 30 15 30 15 30 Diffusion Resistivity Q/D 

RpQLY 20 50 20 50 20 40 20 40 Poly Resistivity Q/D 

Tox 650 750 650 750 450 550 450 550 Gate Oxide Thickness, In Angstroms 

Xj 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5 N + Junction Depth, Inµ 

Operating Voltage - 5112 - 5112 - 5 - 5 In Volts 

Max Rating - 5.5113.2 - 5.5113.2 - 5.5 - 5.5 In Volts 

Process Designator NOD NOD NOE NOE NCC NCC NCA NCA 

7.5 Micron Metal Gate PMOS Process Parameters 

D Implant 1 Implant 2 Implant 
High Vy Med Vy Law Vy 

Parameter Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Comments 

VTE -3.25 -4.95 -2.8 -4.2 -1.8 -2.5 -1.0 -1.8 -1.2 -2.0 1 0s~ 1µA 

Vrn NIA NIA NIA NIA NIA N/A NIA NIA 4.0 5.0 Depletion Measurement on a 5011 Transistor (Volts) 

VTF 30 - 25 - 17 - 25 - 25 - Field Threshold (Volts) 

Bvoss 30 - 30 - 30 - 22 - 22 - Drain-Source Breakdown (Volts) 

Ro1FF 30 60 30 60 30 60 30 60 30 60 Sheet Resislivity QID 

lostmA 1.25 2.55 0.8 2.2 0.8 2.0 2.8 4.0 2 4 Drain-Source Current (mA) 

BvoxG 120 - 80 - 100 - 90 - 90 - Gate Oxide Breakdown (Volts) 

XjJ 1.7 1.9 1.7 1.9 1.7 1.9 1.7 1.9 1.7 1.9 Junction Depth, In /1 

Process Designator PMC PMC PMT PMT PMD PMO PNR PNR POG POG 
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CMOS II Process Parameters (N·Well) 

Single Malll Double Mtlll 

Pllr1m111r Min. Max. Min. Max. COmments 

Vrn 0.6 1.0 0.6 1.0 N·Channel Threshold (Volts) 

V1p -0.6 -1.0 -0.6 -1.0 P·Channel Threshold (Volts) 

V1F 14.0 - 12.0 - Poly Field Threshold (Volts) 

BVoss 12.0 - 10.0 - Drain-Source Breakaown (Volts) 

Ro1FF P+ 50 100 50 100 Diffusion Resistivity D/ D 
N+ 15 40 15 40 Diffusion Resistivity DID 

RPOLV 15 30 15 30 Poly Resistivity' DID (All Poly is N +) 

Tox 390 460 390 460 Gate Oxide Thickness, In Angstroms 

X1 P+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 
N+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 

Operating Voltage 2.25 11.0 2.25 5.5 In Volts 
Max Rating - 11.0 - 7.5 In Volts 
Process Designator CCN/CCO CCP CCO Has Double Poly capacitor 

CMOS Ill ProceH Parameters (Twln·Tub) 

Slng11Mlfll DDullle Malll 

P11ram111r Min. Mii. Min. Mii. COmments 

VrN 0.5 1.0 0.5 1.0 N·Channel Threshold (Volts) 

V1p -0.5 -1.0 -0.5 -1.0 ?-Channel Threshold (Volts) 

V1F 10.0 - 10.0 - Poly Field Threshold (Volts) 

BVoss 8.0 - 8.0 - Draln·Source BreakdOwn (Volts) 

Ro1FF P+ 60 100 60 100 Diffusion Resistivity a/ D 
N+ 40 60 40 60 Diffusion Resistivity !I/ D 

RPOLV 20 30 20 30 N + Poly Siiicon Resistivity Di D (All Poly Is N + ) 

Tox 270 330 270 330 Gate Oxide Thickness, In Angstroms 

X1 P+ 0.25 0.35 0.25 0.35 Junction Depth, In Microns 
N+ 0.25 0.40 0.35 0.40 Junction Depth, In Microns 

Operating Voltage 2.25 5.5 2.25 5.5 In Volts 
Max Rating - 7.0 - 7.0 In Volts 
Process Designator CBA, CBC CBB. CBD CBA & CBS Use P·type Substrate 

CBC & CBD Use N·type Substrate 

Technology Comparlslon 

NMOS CMOS 

Fhturl NMOS I NMOS I CMOS I CMOS I CMOSI 
Channel I Effect) 2.4 1.9 3.0 2.1 1.5 
Length Drawn) 3.5 3.0 5.0 3.0 2.0 
Field OX Pitch (µm) 7.5 6.0 10.0 6.0 4.5 
Poly Pitch (µm) 7.5 6.0 10.0 6.0 4.0 
Metal Pitch (µm) 8.5 7.0 10.0 7.0 5.0 

8.0 9.0 5.0 
Channel Width (Drawn) (µm) 4.0 3.0 5.0 3.0 2.5 
Contact Size (µm) 4X4 3X3 5x5 3x3 2X2 
Inverter Delay (ns) (f0•1) 2.5 1.5 2.9 1.7 1.2 

Power Supply (V) 5·12 5 5·12 5·10 5 

Gate OX Thickness (A) 700 500 BOO 500 300 
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Introduction 
Quality is one of the most used, least understood, and 
variously defined assets of the semiconductor industry. At 
Gould AMI we have always known just how important 
effective quality assurance, quality control, and reliability 
monitoring are in the ability to deliver a repeatably reliable 
product. Particularly, through the manufacture of custom 
MOS/LSI, experience has proved that one of the most im
portant tasks of quality assurance is the effective control 
and monitoring of manufacturing processes. Such control 
and monitoring has a twofold purpose: to assure a con
sistently good product, and to assure that the product can 
be manufactured at a later date with the same degree of 
reliability. 
To effectively achieve these objectives, Gould AMI has 
developed a Product Assurance Program consisting of 
three major functions: 

• Quality Control 
• Quality Assurance 
• Reliability 

Each function has a different area of concern, but al I share 
the responsibility for a reliable product. 

The Gould AMI Product Assurance Program 

The program is based on MIL-STD-883, MIL-M-38510, and 
MIL-Q-9858A methods. Under this program, Gould AMI 
manufactures highest quality MOS devices for all seg
ments of the commercial and industrial market and, under 
special adaptations of the basic program, also manufac
tures high reliability devices to full military specifications 
for specific customers. 
The three aspects of the Gould AMI Product Assurance 
Program-Quality Control, Quality Assurance, and 
Reliability-have been developed as a result of many years 
of experience in MOS device design and manufacture. 
Quality Control establishes that every method meets or 
fails to meet, processing or production standards-QC 
checks methods. 
Quality Assurance establishes that every method meets, or 
fails to meet, product parameters-QA checks results. 
Reliability establishes that QA and QC are effec
tive-Reliability checks device performance. 
One indication that the Gould AMI Product Assurance Pro
gram has been effective is that NASA has endorsed Gould 
AMI products for flight quality hardware since 1967. The 
Lunar Landers and Mars Landers all have incorporated 
Gould AMI circuits, and Gould AMI circuits have also been 
utilized in the Viking and Vinson programs, as well as many 
other military airborne and reconhaissance hardware 
programs. 

Quality Control 
The Quality Control function in Gould AMl's Product 
Assurance Program involves constant monitoring of all 
aspects of materials and production, starting with the raw 
materials purchased, through all processing steps, to 
device shipment. There are three major areas of Quality 
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Control: 

• Incoming Materials Control 
• Microlithography Control 
• Process/Assembly Control 

Incoming Materials Control 

All purchased materials, including raw silicon, are checked 
carefully to various test and sampling plans. The purpose 
of incoming materials inspection is to ensure that all items 
required for the production of Gould AMI MOS circuits 
meet such standards as are required for the production of 
high quality, high reliability devices. 
Incoming inspection is performed to specifications agreed 
to by suppliers of all materials. The Quality Control group 
continuously analyzes supplier performance, performs 
comparative analysis of different suppliers, and qualifies 
the suppliers. 

Tests are performed on all direct material, including 
packages, wire, lids, eutectics, and lead frames. These 
tests are performed using a basic sampling plan in accor
dance with MIL-S-19500, generally to a Lot Tolerance Per
cent Defective (LTPD) level of 10%. The AQL must be 
below 1 % overall. 
Two incoming material inspection sequences illustrate the 
thoroughness of Gould AMI Quality Control: 

• Purchased packages are first inspected visually. Then, 
dimensional inspections are performed, followed by a 
full functional inspection, which subjects the packages 
to an entire production run simulation. Finally, a full 
electrical evaluation is made, including checks of the in
sulation, resistance, and lead-to-lead isolation. A 
package lot which passes these tests to an acceptable 
L TPD level is accepted. 

• Raw silicon must also pass visual and dimensional 
checks. In addition, a preferential etch quality inspec
tion is performed. For this inspection, the underlayers 
of bulk silicon are examined for potential anomalies 
such as dislocation, slippage or etch pits. Resistivity of 
the silicon is also tested. 

Microlithography Control 
Microlithography involves the processes which result in 
finished working plates, used for the fabrication of wafers. 
These processes are pattern or artwork generation, photo
reduction, and the actual printing of the working plates. 
Pattern generation now is the most common practice at 
Gould AMI. The circuit layout is digitized and stored on a 
tape, which then is read into an automated pattern 
generator which prints a highly accurate 10x reticle direct
ly. 
In cases where the more traditional method of artwork 
generation is used whether Rubylith, Gerber Plots, Gould 
AMI generated or customer generated-the artwork is 
thoroughly inspected. It is checked for level-to-level 
registration and dimensional tolerances. Also, a close 
visual inspection of the workmanship is made. Gould AMI 
artwork is usually produced at 200x magnification and 



must conform to stringent design rules, which have been 
developed over a period of years as part of the process con
trol requirements. 
Acceptable artwork is photographically reduced to a 20x 
magnification, and then further to a 10x magnification. The 
resulting 10x reticles are then used for producing 1x 
masters. The masters undergo severe registration com
parisons to a registration master and all dimensions are 
checked to insure that reductions have been precise. Dur
ing this step, image and geometry are scrutinized for miss
ing or faded portions and other possible photographic 
omissions. 
For a typical N-Channel silicon gate device, master sets 
are checked at all six geometry levels in various combina
tions against each other and against a proven master set. 
Allowable deviations within the die are limited to 0.5 
micron, deviations within a plate are limited to 1 micron, 
and all plate deviations are considered cumulatively. 
Upon successful completion of a device master set, it is 
released to manufacturing where the 1x plates are printed. 
A sample inspection is performed by manufacturing on 
each 30-plate lot and the entire lot is returned to Quality 
Control for final acceptance. Quality Control performs 
audits on each manufacturing inspector daily, by sample 
inspection techniques. 
The plates can be rejected first by manufacturing when the 
30-plate lots are inspected, or by Quality Control when the 
lots are submitted for final acceptance. If either group re
jects the plates, they are rescreened and then undergo the 
same inspection sequence. In the rescreening process, the 
plates undergo registration checks; visual checks for pin 
holes, protrusions, and faded or missing images, as well as 
all critical dimension checks. 

Process Control 
Once device production has started in manufacturing, 
Gould AMI Quality Control becomes Involved in one of the 
most important aspects of the Product Assurance Pro
gram-the analysis and monitoring of virtually all pro
duction processes, equipment, and devices. 
Process controls are performed in the fabrication area, by 
the Quality Control Fabrication Group, to assure 
adherence to specifications. This Involves checks on 
operators, equipment and environment. Operators are 
tested for familiarity with equipment and adherence to pro
cedure. Equipment is closely checked both through 
calibration and maintenance audits. Environmental control 
involves close monitoring of temperature, relative humidi
ty, water resistivity and bacteria content, as well as particle 
content in ambient air. All parameters are accurately con
trolled to minimize the possibility of contamination or 
adverse effects due to temperature or humidity excesses. 
Experience has proven that such close control of the 
operators, equipment, and environment is highly effective 
towards improved quality and Increased yields. 
In addition to the specification adherence activities of the 
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Figure 1. Flowchart of Product Assurance 
Program Implementation 
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QC Fabrication Group, A QC Laboratory performs constant 
process monitoring of virtually every step of all processes. 
Specimens are taken from all production steps and critical
ly evaluated. Sampling frequency varies, depending on the 
process, but generally, oxidation, diffusion, masking and 
evaporization are the most closely monitored steps. 
Results are supplied both to manufacturing and engi
neering. When evidence of a problem occurs, QC provides 
recommendations for corrections and follows up the 
corrective action taken. 
Optical Inspections are performed at several steps; quality 
control limits are based on a 10% LTPD. The chart in 
Figure 1 shows process steps and process control points. 

Quality Assurance 
The Quality Assurance function in the Product Assurance 
Program involves checking the ability of manufactured 
parts to meet specifications. In addition, the QA group also 
is responsible for calibration of all equipment, and for the 
maintenance of Gould AMI internal product specifications, 
to assure that they are always in conformance with 
customer specifications or other Gould AMI specifica
tions. 

After devices undergo 100% testing in manufacturing, they 
are sent to Quality Assurance for acceptance. Lots are 
defined, and using the product specifications, sample 
sizes are determined, along with the types of tests to be 
performed and the test equipment to be used. Lots must 
pass QA testing to a 0.04% AQL. 

Three types of tests are performed on the samples: 
visual/mechanical, parametric, and functional. All tests are 
performed both at room temperature and at elevated 
temperature. In addition, a number of other special temper
ature tests may be performed if required by the specifica
tion. 

To perform the tests, QA uses Gould AMI PAFT test 
systems, ROM test systems, Macrodata testers, Fairchild 
Sentry, L TX Santlnal, XINCOM systems, Teradyne test 
systems, and various bench test units. In special instances 
a part may also be tested in a real life environment In the 
equipment which is to finally utilize it. 

If a lot is rejected during QA testing, it is returned to the 
production source for an electrical rescreening. It Is then 
returned to QA for acceptance but is identified as a resub
mitted lot. If it fails again, corrective action In engineering 
is initiated. As evidence of the problem is detected, the 
parts may also be traced all the way back to the wafer run 
to analyze the cause. 

When a lot is acceptable, it is sent to packaging and then 
to finished goods. When parts leave finished goods, they 
are again checked by the QA group to a 10% LTPD with 
visual/mechanical tests. Also, all supporting documenta
tion for the parts is verified, including QA acceptance, 
special customer specifications, certificates of com
pliance, etc. Only after this last check are devices con
sidered ready for plant clearance. 
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If there are customer returns, they are first sample tested 
by QA to determine the cause of the return. (Many times an 
invalid customer test will incorrectly cause returns.) 
Selected return samples are sent to Reliability for failure 
analysis. 

Reliability 
!he Reliability function in the Product Assurance Program 
involves process qualification, device qualification, 
package qualification, reliability program qualification and 
failure analysis. To perform these functions Gould AMI 
Reliability group is organized into two major areas: 

• Reliability Laboratory 
• Failure Analysis 

Reliability Laboratory 

Gould AMI Reliability Laboratory is responsible for the 
following functions. 

• New Process Qualification 
• Process Change Qualification 
• Process Monitoring 
• New Device Qualification 
• Device Change Qualification 
• New Package Qualification 
• Device Monitoring 
• Package Change Qualification 
• Package Monitoring 
• High Reliability Programs 

There are various closely interrelated and Interactive 
phases involved in the development of a new process, 
device, package or reliability program. A process change 
may affect device performance, a device change may affect 
process repeatability, and a package change may affect 
both device performance and process repeatability. To be 
effective, the Reliability Laboratory must monitor and 
analyze all aspects of new or changed processes, devices, 
and packages. It must be determined what the final effect 
is on product reliability, and then evaluate the merits of the 
innovation or change. 

Process Qualification 

For example, Gould AMI Research and Development group 
recommends a new process or process alteration when it 
feels that the change can result in product Improvement. 
The Reliability Laboratory then performs appropriate 
environmental and electrical evaluations of a new process. 
Typically, a special test vehicle, or "rel chip'', generated by 
R&D during process development, is used to qualify the 
recommended new process or process change. 
The rel chip is composed of circuit elements similar to 
those that may be required under worst-case circuit design 
conditions. The rel chip elements are standard for any 
given process, and thus allow precise comparisons bet
ween diffusion runs. The following is an example of what is 
Included on a typical rel chip: 

• A discrete inverter and an MOS capacitor 



• A large P-N junction covered by an MOS 
capacitor. 

• A large P-N junction area (identical to the junc
tion area above, but without the MOS capacitor) 

• A large area MOS capacitor over substrate 
• Several long contact strings with different con

tact geometries 
• Several long conductor geometries, which cross 

a series of eight deeply etched areas 

Each circuit element of a rel chip allows a specific test to 
be performed. As an example, the discrete inverter and 
MOS load device accommodate power life tests. As a con
sequence, any type of parameter drift can be observed. The 
MOS capacitor, covering the large P-N junction, can serve 
to indicate the presence of contamination in the oxide, 
under the oxide, or in the bulk silicon. If unusual drift is 
evidenced, the location of contamination can be deter
mined through analysis of the additional MOS capacitor 
and the large P-N junction area. The metal conductor inter
connecting contacts is useful for life testing under 
relatively high current conditions. It facilitates the detec
tion of metal separation when moisture or other contam
inants are present. 
The conductors crossing deeply etched areas allow the 
checking of process control. Rather than depending upon 
optical inspection of metal quality, burned out areas caus
ed by high currents are readily identified and provide a 
quantitative measure of metal quality. 
If the Reliability Laboratory determines that a recom
mended new process or process change is viable for 
manufacturing purposes, further analysis is necessary to 
determine that production devices can be manufactured in 
high volume, in a repeatable and reliable manner. 

Process Monitoring 

In addition to process qualification, the Reliability group 
also conducts ongoing process monitoring programs. 
Once every 90 days each major production process is eval-
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uated using rel chips as test vehicles. The resulting test 
data is analyzed for parameter limits and process stability. 
In this manner Gould AMI can help assure repeatability and 
high product quality. 

Package Qualifications 

New packages are also qualified before they are adopted. 
To analyze packages, a qualification matrix is designed, 
according to which the new package and an established 
package (used for control) are tested concurrently. The test 
matrix consists of a full spectrum of electrical and environ
mental stress tests, in accordance with MIL-STD-883. 

Failure Analysis 

Another important function of the Reliability group is 
failure analysis. Scanning electron microscopes, high 
power optical microscopes, diagnostic probe stations, and 
other equipment is used In failure analysis of devices sub
mitted from various sources. It is the function of the 
Reliability group to determine the cause of failure and 
recommend corrective action. 
The Reliability group provides a failure analysis service for 
the previously mentioned in-house programs and for the 
evaluation of customer returns. All Gould AMI customers 
are provided a failure analysis service for any part that fails 
within one year from date of purchase and the results of 
the analysis are returned in the form of a written report. 

Summary 
The Product Assurance Program at Gould AMI is oriented 
towards process control and monitoring, and the evalua
tion of devices. The Program consists of three major func
tions: Quality Control, Quality Assurance, and Reliability. 
Constant monitoring of ail phases of production, with 
information feedback at all levels, allows fast and efficient 
detection of problems, evaluation and analysis, correction, 
and verification of the correction. The overall result is a line 
of products which are highly repeatable and reliable, with a 
very low reject level. 



Packaging 

Introduction 

Plastic Packages 
Gould AMI'S plastic packages utilize transfer molded epoxy novalacs to provide the highest quality and most 
reliable plastic encapsulated custom and standard ICs available. Features include copper leadframes with sopot 
silver on P-DIPs, PCCs and SOICs utilizing a conductive adhesive with automated die bonding. This variety gives 
you the flexibility you desire, and assures you the best thermal and electrical performance available for your ap
plication. 

Plastic Dual-In-Line Package 
The Gould AMI plastic dual-in-line package is the Materials of the leadframe, the package body, and the 
equivalent of the widely accepted industry standard, die attach are all closely matched in thermal expansion 
refined by Gould AMI for MOS/VLSI applications. The coefficients to provide optimum response to various 
package consists of a plastic body, transfer-molded thermal conditions. During manufacture every step of 
directly onto the assembled leadframe and die. The the process is rigorously monitored to assure max
leadframe is copper alloy, with external pins tin plated. imum quality of the Gould AMI plastic package. 
Internally, there is a 150µ1n. silver spot on the die at· Available in 8, 14, 16, 18, 20, 22, 24, 28, 40, 48 and 64 pin 
tach pad and on each bonding fingertip. Gold bonding f' r JEDEC t d d p DIPS 100 
wire is attached with the thermosonic gold ball bon- con igura ions, our s an ar · are on 
ding technique. 

BODY 

SPOT 
SILVER 

PLATING 

mil centers. 
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Plastic Chip Carrier 
For gate arrays, standard cell designs and custom ICs, transfer molded and thermosonically wire bonded. Die 
our new Plastic Chip Carrier (PCC) meets you need for is mounted on a copper leadframe and external leads 
a quality surface-mount quad package to support com- are tin plated. 
plex integrated circuits requiring high lead counts. An Available in 441 68 and 84 pin configurations, our 
added benefit is the PCC's J-form leads which make it JEDEC standard PCCs are on 50 mil centers. 
Ideal for easy handling and shipping. The PCC is 

BODY 

Small Outline IC Package 
Our small-outline integrated circuit (SOIC) package is quires dense placement of chips on boards to fulfill 
the smallest dual-in-line package available, and is an heavy electronic capability requirements. The SOIC 
excellent choice for maximum board density. It can be uses the standard gull wing lead form. 
automatically surface mounted on your printed circuit Available in 16 and 28 pin configurations, our JEDEC 
board and is ideal for the automotive, telecommunica- standard SOICs are on 50 mil centers. 
tions and computer industries, or any industry that re-

TIN 
PLATING 
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Pin Grid Array 
Built on the same concept as the ceramic side brazed Most commonly supplied with an Al20 3 ceramic body, 
package, the Pin Grid Array is also suitable for high gold plating on the lead and die cavity, and sealed with 
reliability applications but provides the opportunity for a gold-tin eutectic solder on a Kovar/alloy 42 lid. 
high density packaging with very high pin counts. The Available in 68, 84, 100, 120 and 144 pin configurations. 
unique lead design makes it compatible with socket in· 
sertion mounting. 

ALUMINUM (Al) 
WIRE BOND 

SOLDER 
SEALING 

BODY 

GOLD PLATE 
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Introduction 

Ceramic Packages 
The ceramic and cerdip packages provided by Gould AMI are commonly used for high reliability applications. 
Glass or solder eutectic sealing and ceramic body yields excellent hermeticity characteristics, thereby insuring 
against device failure from moisture penetration .. Gould AMI supplied a full range of ceramic packages to meet 
many applications. 

Ceramic Package 
Industry standard high performance, high reliability package. Package leads are available with gold or tin 
package, made of three layers of Al20 3 ceramic and plating for socket insertions or soldering. 
nickel-plated refractory metal. Either a low temperature Available in 14, 16, 18, 22, 24, 28, 40, 48 and 64 pin con
glass sealed ceramic lid or a gold tin eutectic sealed figurations. 
Kovar lid is used to form the hermetic cavity of this 

Cerdip Package 

1ST. Al2 03 CERAMIC LID 

Cu Ag 
BRAZE 

The Cerdip dual-in-line package has the same high per
formance characteristics as the standard three-layer 
ceramic package yet is a cost-effective alternative. It is 
a military approved type package with excellent reli
ability characteristics. 

REFRACTORY 
METALLIZATION 

Ni & Au PLATING' 

PLATED KOVAR r ALLOY 42 LEAD 

The package consists of an Alumina (Al20 3) base and 
the same material lid, hermetically fused onto the base 
with low temperature solder glass. 
Available in 14, 16, 18, 22, 24, 28 and 40 pin configura
tions. 

1. ALUMINUM WIRE TO 

ALUMINUM 
METALLIZATION 
ON BONDING 
FINGERS 

2. GOLD WIRE GROUND BOND 
TO CAVITY METALLIZATION 
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Chip Carrier Package 
Chip carriers are the new Industry standard in reducing packaging IC devices. 
package size. Built on the same concept as the highly Th k 
reliable side-braze ceramic package, It is made of three e pac age comes with a gold tin eutectic sealed 
layers of A~o3 ceramic, refractory metalization and metal lid or the low cost glass sealed ceramic lid 
gold platlng.llie chip carler also offers contact pads creating a standard hermetic cavity. 
equally spaced on all four sides of the carrier resulting Available in 20, 24, 28, 40, 44, 48, 52, 68 and 84 LD stan· 
in increased package density, better electrical dard 3-layer versions on 50 mil center lines to JEDEC 
characteristics, and a more cost effective way of standards. 

8.Pln Plastic 

MULTILAYER CHIP CARRIER 

14·Pln Plastic 
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24-Lead Chip Carrier 
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28-Pln Ceramic 
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52-Lead Chip Carrier 
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66·Lead Plastic Chip Carrier 
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Terms of Sale 

TERMS OF SALE JANUARY 1984 

1. ACCEPTANCE: THE TEAMS OF SALE CONTAINED HEREIN APPLY TO ALL QUOTATIONS MADE 
AND PURCHASE ORDERS ENTERED INTO BY THE SELLER. SOME OF THE TERMS SET OUT HERE 
MAY DIFFER FROM THOSE IN BUYER'S PURCHASE ORDER AND SOME MAY BE NEW. THIS 
ACCEPTANCE IS CONDITIONAL ON BUYER'S ASSENT TO THE TEAMS SET OUT HERE IN LIEU OF 
THOSE IN BUYER'S PURCHASE ORDER. SELLER'S FAILURE TO OBJECT TO PROVISIONS CON
TAINED IN ANY COMMUNICATION FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE 
PROVISIONS OF THIS ACCEPTANCE. ANY CHANGES IN THE TERMS CONTAINED HEREIN MUST 
SPECIFICALLY BE AGREED TO IN WRITING BY AN OFFICER OF THE SELLER BEFORE SECOM· 
ING BINDING ON EITHER THE SELLER OR THE BUYER. All orders or contracts must be approved 
and accepted by the Seller at Its home office. These terms shall be applicable whether or not they are 
attached to or enclosed with the products to be sold or sold hereunder. Prices for the items called for 
hereby are not subject to audit. 

2. PAYMENT: 
(a) Unless otherwise agresd, all Invoices are due and payable thirty (30) days from date of In· 

voice. No discounts are authorized. Shipments, dellverles, and performance of work shall at all times 
be subject to the approval of the Seller's credit department and the Seller may at any time decline to 
make any shipments or deliveries or perform any work except upon receipt of payment or upon terms 
and conditions or security satisfactory to such department. 

(b) If, In the judgment of the Seller, the financial condition of the Buyer at any time does not 
justify continuation of production or shipment on the terms of payment originally specified, the Seller 
may require full or partial payment In advance and, In the event of the bankruptcy or Insolvency of the 
Buyer or In the event any proceeding Is brought by or against the Buyer under the bankruptcy or lnsol· 
vency laws, the Seller shall be entitled to cancel any order then outstanding and shall receive relm· 
bursement for Its cancellation charges. 

(c) Each shipment shall be considered a separate and Independent transaction, and payment 
therefore shall be made accordingly. lf shipments are delayed by the Buyer, payments shall become 
due on the date when the Seller is prepared to make shipment. If the work covered by the purchase 
order Is delayed by the Buyer, payments shall be made based on the purchase price and the percen· 
tage of completion. Products held for the Buyer shall be at the risk and expense of the Buyer. 

3. TAXES: Unless otherwise provided herein, the amount of any present or future sales, revenue, ex· 
else or other taxes, fees, or other charges of any nature, Imposed by any public authority, (national, 
state, local or other) applicable to the products covered by this order, or the manufacture or sale there
of, shall be added to the purchase price and shall be paid by the Buyer, or In lieu thereof, the Buyer 
shall provide the Seller with a tax exemption certificate acceptable to tlie taxing autliorlty. 

4. F.O.B. POINT: All sales are made F.O.B. point of shipment. Seller's tltte passes to Buyer, and 
Seller's llablllty as to delivery ceases upon making delivery of material purchased liereunder to carrier 
at shipping point, the ca~rler acting as Buyer's agent. All claims for damages must be filed with the 
carrier. Shipments will normally be made by Parcel Post, United Parcel Service (UPS), Air Express, or 
Air Freight. Unless specific Instructions from Buyer specify wlilch of the foregoing methods of ship
ment Is to be used, the Seller will exercise lils own discretion. 

5. DELIVERY: Shipping dates are approximate and are based upon prompt receipt from Buyer of all 
necessary Information. In no event will Seller be liable for any re-procurement costs, nor for delay or 
non-delivery, due to causes beyond Its reasonable control Including, but not limited to, acts of God, 
acts of civil or mllltary authority, priorities, fires, strikes, lockouts, slow-downs, shortages, factory or 
labor conditions, yield problems, and Inability due to causes beyond the Seller's reasonable control to 
obtain necessary labor, materials, or manufacturing facilities. In the event of any such delay, the date 
of delivery shall, at the request of the Seller, be deferred for a period equal to the time lost by reason of 
the delay. 

In the event Seller's production Is curtalled for any of the above reasons so that Seller cannot 
deliver the full amount released hereunder, Seller may allocate production deliveries among Its 
various customers then under contract for slmllar goods. Tlie allocation will be made In a commer· 
clally fair and reasonable manner. When allocation has been made, Buyer wlll be notified of the 
estimated quota made available. 

8. PATENTS: The Buyer shall hold the Seller harmless against any expense or loss resulting from In· 
fringement of patents, trademarks, or unfair competition arising from compliance with .Buyer's 
designs, specifications, or Instructions. Tlie sale of products by the Seller does not convey any 
license, by Implication, estoppal, or otherwise, under patent claims covering combinations of said 
products wltli other devices or elements. 

Except as otherwise provided In the preceding paragraph, the Seller shall defend any suit or pro
ceeding brought against the Buyer, so far as based on a claim that any product, or any part thereof, 
furnished under this contract constitutes an Infringement of any patent of tlie United States, If noti· 
fled promptly In writing and given autliorlty, Information, and assistance (at the Seller's expense) for 
defense of same, and the Seller shall pay all damages and costs awarded therein against the Buyer. In 
case said product, or any part thereof, Is, In such suit, held to constitute Infringement of patent, and 
the use of said product Is enjoined, the Seller shall, at Its own expense, either procure for the Buyer 
the rlgnt to continue using said product or part, replace same with non-Infringing product, modify It so 
It becomes non-Infringing, or remove said product and refund the purchase price and the transporta
tion and Installation costs tliereof. In no event shall Seller's total liability to the Buyer under or as a 
result of compliance wltli the provisions of tlils paragraph exceed the aggregate sum paid by the 
Buyer for the allegedly infringing product. The foregoing states the entire llablllty of the Seller for 
patent Infringement by the said products or any part thereof. THIS PROVISION IS STATED 1N LIEU OF 
ANY OTHER EXPRESSED, IMPLIED, OR STATUTORY WARRANTY AGAINST INFRINGEMENT AND 
SHALL BE THE SOLE AND EXCLUSIVE REMEDY FOR PATENT INFRINGEMENT OF ANY KIND. 

7. INSPECTION: Unless otherwise specified and agreed upon, tlie material to be furnished under this 
order shall be subject to the Seller's standard Inspection at the place of manufacture. If It has been 
agreed upon and specified In this order that Buyer ls to Inspect or provide for Inspection at place of 
manufacture such Inspection shall be so conducted as to not Interfere unreasonably wltli Seller's 
operations and consequent approval or rejection shall be made before shipment of the material. 
Notwithstanding the foregoing, If, upon receipt of such material by Buyer, the same shalt appear not 
to conform to the contract, the Buyer shall lmmedlate1y notify the Seller of such conditions and afford 
the Seller a reasonable opportunity to Inspect the material. No material shall be returned without 
Seller's consent. Seller's Return Material Authorization form must accompany such returned material. 
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8. LIMITED WARRANTY: The Seller warrants that the products to be dellvered under this purchase 
order will be tree from defects In materlal and workmanship under normal use and service. Seller's 
obligations under this Warranty are limited to replaclng or repairing or glvlng credit for, at Its option, at 
Its factory, any of said products which shall, wltliln one (1) year after shipment, be returned to the 
Seller's factory of origin, transportation charges prepaid, and which are, after examination, disclosed 
to the Seller's satisfaction to be thus defective. THIS WARRANTY IS EXPRESSED IN LIEU OF ALL 
OTHER WARRANTIES EXPRESSED, STATUTORY, OR IMPLIED, INCLUDING THE IMPLIED WAR· 
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, AND OF AL;_ 
OTHER OBLIGATIONS OR LIABILITIES ON THE SELLER'S PART, AND IT NEITHER ASSUMES NOR 
AUTHORIZES ANY OTHER PERSON TO ASSUME FOR THE SELLER ANY OTHER LIABILITIES IN 
CONNECTION WITH THE SALE OF THE SAID ARTICLES. This Warranty shall not apply to any of 
such products which shall have been repaired or altered, except by the Seller, or which shall have 
been subjected to misuse, negligence, or accident. The aforementioned provisions do not extend the 
or\glnal warranty period of any product :avhlch has either been repaired or replaced by Seller. 

It is understood that If this order calls for the delivery of semiconductor devices which are not 
finished and fully encapsulated, that no warranty, statutory, expressed or Implied, Including the Im
plied warranty of merchantability and fitness for a particular purpose, shall apply. All such devices are 
s_old as Is where ts. 

9. PRODUCTS NOT WARRANTED BY SELLER: Tlie second paragraph of Paragraph 6, Patents, and Par· 
agraph 8, Limited Warranty, above apply only to Integrated circuits of Seller's own manufacture. IN 
THE CASE OF PRODUCTS OTHER THAN INTEGRATED CIRCUITS OF SELLER'S OWN MANUFAC
TURE, SELLER MAKES NO WARRANTIES EXPRESSED, STATUTORY OR IMPLIED INCLUDING THE 
IMPLIED WARRANTIES OF MERCHANTABILITY, FREEDOM FROM PATENT INFRINGEMENT AND 
FITNESS FOR A PARTICULAR PURPOSE. Such products may be warranted by the original manufac· 
turer of such products. For further Information regarding the possible warranty of such products con· 
tact Seller. 

10. PRICE ADJUSTMENTS: Seller's unit prices are based on certain material costs. These materials In· 
elude, among other things, gold packages and silicon. Adjustments shall be as follows: 

(a) Gold. The price at the time of shipment sliall be adjusted for Increases In the cost of gold In 
accordance with Seller's current Gold Price Adjustment List. This adjustment will be shown as a 
separate line item on each Invoice. 

(b) Other Materials. In the event of significant Increases In other materials, Seller reserves the right 
to renegotiate tlie unit prices. 1f tlie parties cannot agree on such Increase, then neither party shall 
have any further obligations with regard to the delivery or purchase of any units not then scheduled 
for production. 

11. VARIATION IN QUANTITY: If this order calls for a product not llsted in Seller's current catalog, or for 
a product which Is specially programmed tor Buyer, It Is agreed that Seller may ship a quantity which 
Is five percent (5%) more or less tlian the ordered quantity and that such quantity shipped will be 
accepted and paid tor In full satisfaction of each party's obllgatlon hereunder for the quantity order. 

12. CONSEQUENTIAL DAMAGES: In no event shall Seller be liable for special, Incidental or consequen
tial damages. 

13. GENERAL: 
(a) The valldlty, performance and construction of these terms and all sales hereunder shall be 

governed by the laws of the State of Callfornla. 
(b) The Seller represents that wltli respect to the production of articles and/or performance of the 

services covered by this order It will fully comply with an requirements of the Fair Labor Standards Act 
of 1938, as amended, Wiiiiams-Steiger Occupational Safety and Health Act of 1970, Executive Orders 
11375 and 11246, Section 202 and 204. 

(c) The Buyer may not unilaterally make changes In tlie drawings, designs or specifications for the 
Items to be furnished hereunder without Seller's prior consent. 

(d) Except to tlie extent provided In Paragraph 14, below, this order Is not subject to cancellation or 
termination for convenience. 

(e) If Buyer ls In breach of Its obllgatlons under this order, Buyer shall remain liable for all unpaid 
cliarges and sums due to Seller and will reimburse Seller for all damages suffered or !ncurred by 
Seller as a result of Buyer's breach. The remedies provided liereln shall be In addition to all other legal 
means and remedies available to Seller. 

(I) Buyer acknowledges that all or part of the products purchased hereunder may be manufactured 
and/or assembled at any of Seller's facllltles domestic or foreign. 

(g) Unless otherwise agreed In a writing signed by both Buyer and Seller, Seller shall retain title to 
and possession of all toollng of any kind (lncludlng but not limited to masks and pattern generator 
tapes) used In the production of products furnished hereunder. 

(h) Buyer, by accepting these products, certifies that he will not export or re-export the products 
furnished hereunder unless he complies fully with all laws and regulations of the United States 
relating to such export or re-export, lncludlng but not limited to the Export Administration Act of 1979 
and tlie Export Administration Regulations of the U.S. Department of Commerce. 

(I) Seller shall own all copyrights In or relating to each product developed by Seller whether or not 
such product Is developed under contract with a third party. 

14. GOVERNMENT CONTRACT PROVISIONS: If Buyer's orlglnal purcliase order Indicates by contract 
number, that it Is placed under a government contract, only the following provisions of the current 
Defense Acquls!tlon Regulations are applicable In accordance wltli the terms thereof, with an appro
priate substitution of parties, as Ilia case may be · Le., "Contracting Officer" shall mean "Buyer", 
"Contractor" shall mean "Seller", and the term "Contract" shall mean this order: 

7·103.1, Definitions; 7-103.3, Extras; 7·103.4, Variation In Quantity; 7·103.8, Assignment of Clalms; 
7·103.9, Additional Bond Security; 7-103.13, Renegotiation; 7·103.15, Rhodesia and Certain Com mu· 
nlst Areas; 7·rn3.16, Contract Work Hours and Safety Standards Act· Overtime Compensation; 
7-103.17, Walsh-Healey PubUc Contracts Act; 7·103.18, Equal Opportunity Clause; 7·103.19, Oftl. 
clals Not to Benefit; 7·103.20, Covenant Against Contingent Fees; 7·103.21, Termination for Conve
nience of the Government (only to the extent that Buyer's contract Is terminated for the conve
nience of the government); 7-103.22, Authorization and Consent; 7·103.23, Notice and Assistance 
Regarding Patent Infringement; 7·103.24, Responsibility tor Inspection; 7·103.25, Commercial Biiis 
of Lading Covering Shipments Under FOB Origin Contracts; 7·103.27, Listing ot Employment 
Openings; 7-104.4, Notice to tlie Government of Labor Disputes: 7·104.11, Excess Profit; 7·104.15, 
Examination of Records by Comptroller General; 7·104.20, Utlllzatlon of Labor Surplus Area Con· 
earns. 



Worldwide Sales Offices 

UNITED ST ATES 
Northwest Region 
HEADQUARTERS-3800 Homestead Road, Santa Clara, California 95051 ............................. (408) 246-0330 

TWX: 910-338-0018 

CALIFORNIA, 2960 Gordon Avenue, Santa Clara 95051 ......................................... . 
WASHINGTON, 10900 N.E. 8th Street, Suite 900, Bellevue 98004 ................................. . 
Southwest Region 
CALIFORNIA, 2850 Pio Pico Drive, Suite L, Carlsbad 92008 ...................................... . 
CALIFORNIA, 4529 Angeles Crest Highway, Suite 307, La Canada 91011 .......................... . 
ARIZONA, 7950 E. Redfield Road, Scottsdale 85260 ........................................... . 
Central Region 
COLORADO, 7346A So. Alton Way, Englewood 80112 .......................................... . 
ILLINOIS, 500 Higgins Road, Suite 210, Elk Grove Village 60007 .................................. . 
MICHIGAN, 29200 Vassar Avenue, Suite 221, Livonia 48152 ..................................... . 
MINNESOTA, 5275 Edina Industrial Blvd., Suite 103, Edina 55435 ................................ . 
Southeastern Region 
FLORIDA, 139 Whooping Loop, Altamonte Springs 32701 ....................................... . 
FLORIDA, 2300 W. Sample Road, Suite 215, Pompano Beach 33067 .............................. . 
NORTH CAROLINA, 5711 Six Forks Road, Suite 210, Raleigh 27609 ............................... . 
ALABAMA, 555 Sparkman Drive, Suite 822, Huntsville 35805 .................................... . 
TEXAS, 351 S. Sherman Street, Suite 106, Richardson 75081 .................................... . 

TEXAS, 8705 Shoal Creek Blvd., Suite 218, Austin 78758 ....................................... . 
Mid·Atlantic Area 
PENNSYLVANIA, 25 Skippack Pike, Suite 105, Ambler 19002 .................................... . 
MARYLAND, 5457 Twin Knolls Road, Suite 201, Columbia 21044 ................................. . 
OHIO, 100 East Wilson Bridge Road, Suite 225, Worthington 43085 .............................. . 
Northeastern Region 
NEW YORK, 20F Robert Pitt Drive, Suite 208, Monsey 10952 .......................................... . 
NEW YORK, 300 Jericho Turnpike, Second Floor, Jericho 11753 ....................................... . 
MASSACHUSETTS, 24 Muzzey Street, Lexington 02173 ............................................... . 
CANADA, Ottawa, Ontario K2G 2H9 ......................................................... . 

EUROPE 
HEADQUARTERS-Austria Microsystems International GmbH, Schloss Premstatten 
8141 Unterpremstatten, Austria ........................................................... . 

Sales Offices 
ENGLAND, AMI Microsystems, Ltd., AMI House, 56-58 Prospect Place., Swindon, Wiltshire SN1 3JZ ... . 
SWEDEN, AMI Microsystems Ltd., Fabriksvagen 7S, 17148 Solna, Stockholm ..................... . 
WEST GERMANY, AMI Microsystems GmbH, Rosenkavalier Platz 18, 8000 Munchen 81, Munich ...... . 
WEST GERMANY, AMI Microsystems GmbH, Fahltskamp 6, 2080 Pinneberg 6, Hamburg ............ . 
FRANCE, AMI Microsystems, S.A.R.L., 124 Avenue de Paris, 94300 Vincennes ..................... . 
ITALY, AMI Microsystems S.R.L., Piazzale Lugano, 9, 20158 Milano .............................. . 

Japan and Pacific Basin 
JAPAN, Asahi Microsystems, Inc., 17F, Imperial Tower, 1-1-1, Uchisaiwai-Cho, Chiyoda-Ku, Tokyo 100 .. 

B.36 

or 91 0-338-0024 
(408) 738-4151 
(206) 462-8870 

(619) 434-6031 
(818) 952-1126 
(602) 996-5638 

(303) 694-0629 
(312) 437-6496 
(313) 478-4220 
(612) 893-1214 

(305) 830-8889 
(305) 979-8775 
(919) 847-9468 
(205) 830-1435 
(214) 231-5721 
(214) 231-5285 
(512) 467-6977 

(215) 643-0217 
(301) 964-2322 
(614) 436-0330 

(914) 352-5333 
(516) 937-1750 
(617) 861-6530 

(613) 727-1577 

(43)3136/3666 

(0793) 37852 
(08) 7349595 

(089) 91 90 64 
(04101) 24960 
(01) 374 00 90 

(02) 3761275 
or 3763022 

(81) 3-507-2371 



Domestic Representatives 

CANADA, Burnaby B.C.. . . . . . . . . . . . . . . . . . . . . . . . . . Woodbery Elect. Sales Ltd ................... . 
CANADA, Mississauga, Ontario . . . . . . . . . . . . . . . . . . Vitel Electronics .......................... . 
CANADA, Ottowa, Ontario . . . . . . . . . . . . . . . . . . . . . . . Vitel Electronics .......................... . 
CANADA, St. Laurent, Quebec. . . . . . . . . . . . . . . . . . . . Vitel Electronics .......................... . 
CANADA, Stittsville, Ontario..................... Vitel Electronics .......................... . 
IOWA, Cedar Rapids................... . . . . . . . . . R.F. Welch Co ............................. . 
MASSACHUSETTS, Tyngsboro. . . . . . . . . . . . . . . . . . . . Comptech ................................ . 
NEW YORK, N. Syracuse. . . . . . . . . . . . . . . . . . . . . . . . . Advanced Components ..................... . 
PUERTO RICO, San Juan............... . . . . . . . . . . Electronic Tech. Sales, Inc .................. . 
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(604) 430-3302 
(416) 676-9720 
(613) 592-0090 
(514) 331-7393 
(613) 582-0090 
(319) 377-1575 
(617) 649-3030 
(315) 699-2671 
(809) 790-4300 



Domestic Distributors 

ALABAMA, Huntsville. . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ...................... . 
ALABAMA, Huntsville . . . . . . . . . . . . . . . . . . . . . . . . . . Klerulff ................................. . 
ARIZONA, Phoenix . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
ARIZONA, Phoenix . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber ............................... . 
ARIZONA, Scottsdale. . . . . . . . . . . . . . . . . . . . . . . . . . . Western Mlcrotechnology .................. . 
ARIZONA, Tempe ............................... Anthem Electronics ....................... . 
CALIFORNIA, Canoga Park . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
CALIFORNIA, Chatsworth . . . . . . . . . . . . . . . . . . . . . . . Anthem Electronics ...................... . 
CALIFORNIA, Chatsworth . . . . . . . . . . . . . . . . . . . . . . . Kierulff ................................. . 
CALIFORNIA, Cupertino . . . . . . . . . . . . . . . . . . . . . . . . Western Microtechnology ................. . 
CALIFORNIA, Irvine . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
CALIFORNIA, Los Angeles . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
CALIFORNIA, San Jose . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
CALIFORNIA, Sacramento. . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ...................... . 
CALIFORNIA, San Diego . . . . . . . . . . . . . . . . . . . . . . . . Anthem Electronics ...................... . 
CALIFORNIA, San Diego . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
CALIFORNIA, San Jose . . . . . . . . . . . . . . . . . . . . . . . . . Anthem Electronics ...................... . 
CALIFORNIA, Santa Clara . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
CALIFORNIA, Tustin . . . . . . . . . . . . . . . . . . . . . . . . . . . Anthem Electronics ...................... . 
CALIFORNIA, Tustin . . . . . . . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ....................... . 
CANADA, Alberta, Calgary . . . . . . . . . . . . . . . . . . . . . . Future Electronics ........................ . 
CANADA, British Columbia, Vancouver . . . . . . . . . . . Future Electronics, Inc .................... . 
CANADA, Ontario, Downsview . . . . . . . . . . . . . . . . . . . Casco Electronics, Ltd. . ................... . 
CANADA, Ontario, Downsvlew . . . . . . . . . . . . . . . . . . . Future Electronics, Inc. . .................. . 
CANADA, Ottawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Future Electronics, Inc. . .................. . 
CANADA, Quebec, Montreal . . . . . . . . . . . . . . . . . . . . Cesco Electronics, Ltd. . ................... . 
CANADA, Quebec, Point Claire . . . . . . . . . . . . . . . . . . Future Electronics, Inc .................... . 
CANADA, Quebec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cesco Electronics, Ltd. . ................... . 
COLORADO, Englewood ......................... Anthem Electronics ....................... . 
COLORADO, Englewood ......................... Klerulff Electronics ........................ . 
COLORADO, Englewood ........................ Schweber ............................... . 
CONNECTICUT, Danbury . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
CONNECTICUT, Wallingford . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ....................... . 
FLORIDA, Altamonte Springs . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
FLORIDA, Ft. Lauderdale . . . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ....................... . 
FLORIDA, Hollywood . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
FLORIDA, St. Petersburg . . . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ....................... . 
GEORGIA, Norcross . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
GEORGIA, Norcross . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
ILLINOIS, Itasca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics .................•...... 
ILLINOIS, Elk Grove Village . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
IOWA, Cedar Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
KANSAS, Overland Park . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
MARYLAND, Linthicum. . . . . . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ........................ . 
MARYLAND, Gaithersburg . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
MASSACHUSETTS, Bedford ..................... Schweber Electronics ..................... . 
MASSACHUSETTS, Biiierica . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
MICHIGAN, Livonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
MINNESOTA, Edina . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
MINNESOTA, Edina . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
MISSOURI, Earth City. . . . . . . . . . . . . . . . . . . . . . . . . . . Scheweber ............................... . 
MISSOURI, Maryland Heights . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
NEW HAMPSHIRE, Manchester ................... Schweber Electronics ...................... . 
NEW JERSEY, Fairfield ......................... Kierulff Electronics ....................... . 
NEW JERSEY, Fairfield . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
NEW JERSEY, Mt. Laurel . . . . . . . . . . . . . . . . . . . . . . . . Klerulff ................................. . 
NEW YORK, Farmingdale . . . . . . . . . . . . . . . . . . . . . . . Nu-Horizons ............................. . 
NEW YORK, Rochester . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
NEW YORK, Westbury L.I. . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
NORTH CAROLINA, Raleigh . . . . . . . . . . . . . . . . . . . . . Klerulff Electronics ....................... . 
NORTH CAROLINA, Raleigh . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
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(205) 882-2200 
(205) 883-6070 
(602) 437-0750 
(602) 997-4874 
(602) 948-4240 
(602) 244-0900 
(213) 999-4702 
(213) 700-1000 
(213) 341-2211 
(408) 725-1660 
(714) 863-0220 
(213) 725-0325 
(415) 971-2600 
(916) 929-9732 
(619) 453-4871 
(619) 278-2112 
(408) 946-8000 
(408) 748-4700 
(714) 730-8000 
(714) 731-5711 
(403) 235-5325 
(604) 438-5545 
(416) 661-0220 
(416) 663-5563 
(613) 820-8313 
(514) 735-5511 
(514) 694-7710 
(418) 687-4231 
(303) 790-4500 
(303) 790-4444 
(303) 799 0258 
(203) 792-3742 
(203) 265-1115 
(305) 331-7555 
(305) 486-4004 
(305) 921-0301 
(813) 576-1966 
(404) 447-5252 
(404) 449-9170 
(312) 250-0500 
(312) 364-3750 
(319) 373-1417 
(913) 492-2922 
(301) 636-5800 
(301) 840-5900 
(617) 275-5100 
(617) 935-5134 
(313) 525-8100 
(612) 941-5280 
(612) 941-7500 
(314) 739-0526 
(314) 739-0855 
(603) 625-2250 
(201) 575-6750 
(201) 227-7880 
(609) 235-1444 
(516) 694-2500 
(716) 424·2222 
(516) 334-7474 
(919) 872-8410 
(919) 867·0000 



Domestic Distributors 

OHIO, Beachwood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
OHIO, Cleveland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
OHIO, Dayton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff ................................. . 
OHIO, Dayton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sch weber Electronics ...................... . 
OKLAHOMA, Tulsa . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
OKLAHOMA, Tulsa ............................. Schweber Electronics ...................... . 
OREGON, Beaverton . . . . . . . . . . . . . . . . . . . . . . . . . . . Western Micro ........................... . 
OREGON, Lake Oswego . . . . . . . . . . . . . . . . . . . . . . . . Anthem ................................. . 
OREGON, Portland . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
PENNSYLVANIA, Horsham ...................... Schweber Electronics ..................... . 
PENNSYLVANIA, Pittsburgh ...................... Schweber Electronics ...................... . 
TEXAS, Austin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
TEXAS, Austin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
TEXAS, Dallas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
TEXAS, Dallas ................................ Schweber Electronics ..................... . 
TEXAS, Houston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
TEXAS, Houston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ..................... . 
UTAH, Salt Lake City . . . . . . . . . . . . . . . . . . . . . . . . . . . Anthem ................................. . 
UTAH, Salt Lake City . . . . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
WASHINGTON, Redmond ........................ Anthem Electronics ....................... . 
WASHINGTON, Redmond ....................... Western Micro ........................... . 
WASHINGTON, Tukwila . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
WISCONSIN, Brookfield. . . . . . . . . . . . . . . . . . . . . . . . . Schweber Electronics ...................... . 
WISCONSIN, Waukesha . . . . . . . . . . . . . . . . . . . . . . . . Kierulff Electronics ....................... . 
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(216) 464-2970 
(216) 587-6558 
(513) 439-0045 
(513) 439-1800 
(918) 252-7537 
(918) 622-8000 
(503) 629-2082 
(503) 684-2661 
(503) 641-9150 
(215) 441-0600 
(412) 782-1600 
(512) 835-2090 
(512) 458-8253 
(214) 343-2400 
(214) 661-5010 
(713) 530-7030 
(713) 784-3600 
(801) 973-8555 
(801) 973-6913 
(206) 643-4800 
(206) 881-6737 
(206) 575-4420 
(414) 784-9020 
(414) 784-8160 



International Representatives & Distributors 

ARGENTINA, Buenos Aires . . . . . . . . . . . . . . . . . . . . . . YEL S.R.L. . .............................. . 
AUSTRALIA, Victoria ............................... Rifa Pty. Ltd ................................... . 
BRAZIL, Sao Paulo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ltaucom ................................ . 
CHILE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Victronics Ltda. . ......................... . 
DENMARK, Glostrup . . . . . . . . . . . . . . . . . . . . . . . . . . . ITT Unicomp ............................. . 
ENGLAND, Derby . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Quarndon Electronics Ltd .................. . 
ENGLAND, Pangbourne . . . . . . . . . . . . . . . . . . . . . . . . Regisbrooke Ltd. . ........................ . 
FINLAND, Helsinki . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Satt Helsinki ............................ . 
FRANCE, Sevres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tekelec Airtronic ......................... . 
HONG KONG, Kowloon . . . . . . . . . . . . . . . . . . . . . . . . . Electrocon Products Ltd. . ................. . 
INDIA, Nagar, Punjab . . . . . . . . . . . . . . . . . . . . . . . . . . Semiconductor Complex Ltd ............... . 
ISRAEL, Tel Aviv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Professional Elect. Ltd.(P.E.L.) .............. . 
ITALY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . International Commerce Co ................ . 
JAPAN, Tokyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lnternix, Inc .............................. . 
MEXICO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dicopel S.A. ............................. . 
NETHERLANDS, Badhoevedere . . . . . . . . . . . . . . . . . . Techmation Elec. NV ...................... . 
NETHERLANDS, Rotterdam . . . . . . . . . . . . . . . . . . . . . DMA Nederland, BV ....................... . 
NEW ZEALAND, Auckland . . . . . . . . . . . . . . . . . . . . . . . David P. Reid (NZ) Ltd. . .................... . 
NORWAY, Oslo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rifa-Hoyem A/S .......................... . 
SINGAPORE, Singapore . . . . . . . . . . . . . . . . . . . . . . . . Dynamar Int' I. Ltd ......................... . 
SOUTH AFRICA, Transvaal . . . . . . . . . . . . . . . . . . . . . . Promilect ............................... . 
SOUTH KOREA, Seoul . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kortronics Enterprise ......................... . 
SPAIN, Madrid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Actron .................................. . 
SWEDEN, Spanga . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.B. Rifa ................................ . 
SWITZERLAND, Zurich . . . . . . . . . . . . . . . . . . . . . . . . . W. Moor AG ............................. . 
TAIWAN, Taipei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Promoter Co., Ltd ............................. . 
WEST GERMANY, Berlin ........................ Aktiv Elektronik GmbH .................... . 
WEST GERMANY, Frankenthal . . . . . . . . . . . . . . . . . . . Gleichman .............................. . 
WEST GERMANY, Munich . . . . . . . . . . . . . . . . . . . . . . . Dema Electronic GmbH ................... . 
WEST GERMANY, Viersen . . . . . . . . . . . . . . . . . . . . . . . Mostron Halbieitervertriebs ................ . 
YUGOSLAVIA, Ljubljana . . . . . . . . . . . . . . . . . . . . . . . . ISKRA/Standardllskra IEZE ................ . 
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(54) 1-46 2211 
61-3-480-1211 

(011) 13014 
56(2)36440-30237 

02 4531 22 
(0332) 32651 

07357 4841477 
358 032300 

(01) 534.75.35 
3- 687214-6 

91 (172) 87 495 
972 348 2241 

(81) 3-369-1101 
(903) 561-3211 

(04189) 2222 
010-361288 
(9) 488049 

010 472 413 755 
(65) 746 6188 
(011) 485712 

2-634-5497 
254 68 03 04 

00468 752 2500 
(01) 8406644 
(02) 7670101 

(030) 6845088 
(06233)24277 

(089) 272 40 53 
(0216) 217024 
(051) 551-353 






