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Index to Products

Part Page File
No. Description No. No.
CDM5332 4K x 8 ROM 653 1366
CDM5332PE 4K x 8 ROM 84 1552
CDM5333 4K x 8 ROM 653 1366
CDM5364,A 8K x 8 ROM 659 1467
CDM5365 8K x 8 ROM 665 1466
CDM6116A 2K x 8 RAM 574 1472
CDM6117A-3 2K x 8 RAM 579 1509
CDM6118A-3 2K x 8 RAM 584 1508
CDMé6264 8K x 8 RAM 589 1505
CDM53128 16K x 8 ROM 670 1454
CDM53256 32K x 8 ROM 675 1453
CDP1802A, AC 8-Bit Microprocessor 15 1305
CDP1802BC 8-Bit Microprocessor 36 1342
CDP1804AC 8-Bit Microcomputer 56 1371
CDP1804PCE 8-Bit Microcomputer 84 15652
CDP1805AC 8-Bit Microprocessor 85 1370
CDP1806AC 8-Bit Microprocessor 85 1370
CDP1822,C 256 x 4 RAM 595 1074
CDP1823,C 128 x 8 RAM 601 1198
CDP1824,C 32 x 8 RAM 607 1103
CDP1826C 64 x 8 RAM 613 1311
CDP1831,C 512 x 8 ROM 680 1104
CDP1832,C 512 x 8 ROM 684 1145
CDP1833,C,BC 1K x 8 ROM 687 1135
CDP1834,C 1K x 8 ROM 691 1143
CDP1835C 2K x 8 ROM 694 1267
CDP1837C 4K x 8 ROM 700 1381
CDP1851,C Programmable I/O Interface 291 1056
CDP1852,C Byte-Wide 1/0 Port 303 1166
CDP1853,C 1 of 8 Decoder 311 1189
CDP1854A,AC Programmable UART 315 1193
CDP1855,C 8-Bit Programmable Multiply/Divide Unit 332 1053
CDP1856,C 4-Bit Bus Buffer/Separator 345 1192
CDP1857,C 4-Bit Bus Buffer/Separator 345 1192
CDP1858,C 4-Bit Latch & Decoder Memory Interface 350 1127
CDP1859,C 4-Bit Latch & Decoder Memory Interface 350 1127
CDP1863,C 8-Bit Programmable Counter 357 1179
CDP1866,C 4-Bit Latch & Decoder Memory Interface 363 1112
CDP1867,C 4-Bit Latch & Decoder Memory Interface 363 1112
CDP1868,C 4-Bit Latch & Decoder Memory Interface 363 1112
CDP1869C Video Interface System (VIS) 371 1197
CDP1870C Video Interface System (VIS) 371 1197
CDP1871A,AC Keyboard Encoder, ASCIII Hex 390 1374
CDP1872C High-Speed 8-Bit Input Port 398 1255
CDP1873C High-Speed Decoder 1 of 8 403 1248
CDP1874C High-Speed 8-Bit Input Port 398 1255
CDP1875C High-Speed 8-Bit Output Port 398 1255
CDP1876C Video Interface System (VIS) 371 1197
CDP1877,C Programmable Interrupt Controller (PIC) 407 1319

CDP1878,C Dual-Timer Counter 416 1341
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Product Overview

RCA offers an all CMOS line of microprocessor,
microcomputer, memory, and peripheral integrated
circuits for use in a broad range of diverse indus-
trial, consumer, and military applications. These
devices offer the user all the advantages unique to
CMOS technology, including:

B Low power drain—makes CMOS integrated
circuits a natural choice for battery-operated
systems, battery backed-up systems, and sys-
tems in which heat dissipation is a prime
consideration.

® High noise immunity and wide operating temp-
erature range (-55°C to +125°C)—allows
CMOS integrated circuits to be used in the
most demanding industrial environments.

m  Wide operating voltage range—reduces the
need for expensive regulated power supplies
and there-by allows the design engineer
greater freedom to concentrate on other as-
pects of system design.

CDP1800 Series

The RCA CDP1800 series offers the most com-
plete line of CMOS microprocessor, microcomputer
and associated memory and peripheral devices in
the industry. The heart of the series is the
CDP1802A central processing unit (CPU). This
unit, which features CMOS register-based architec-
ture, offers 16 internal registers to facilitate data
manipulation and to reduce the need for additional
devices. The need for external devices is even
further reduced by use of on-chip clock, DMA,
and single phase operation.

The CDP1804A microcomputer incorporates all
the features of the CDP1802A augmented by addi-
tional hardware and increased performance cap-
abilities. The additional hardware includes 2-kilo-
bytes of ROM, a 64-byte RAM array, an 8-bit
presettable down-counter, and 32 additional soft-
ware instructions which add subroutine call and
return capability, enhance data transfer manipula-
tion, control counter modes and interrupt arbitra-
tion and provide BCD arithmetic capability.

Also available, are two other 8-bit microprocessors
that are functional and performance enhancements
of the CDP1802A. The CDP1805A features an on-
board RAM and Counter/Timer. The CDP1806A
has all the features of the CDP1805A, but contains
no on-board RAM.

The microprocessor and microcomputer devices
use CMOS technology, designed on a single chip
to maintain low power drain. They are intended for
multi-system applications requiring general-pur-
pose CPU-s, large memory address space, and
extensive external 1/O for use with optimized
peripherals.

RCA’s CDP1800-series memory/microprocessor
product line offers the system designer exceptional
flexibility in hardware/software tradeoffs. In addi-
tion to microprocessors and microcomputers, this
product line includes a hardware multiply/divide
unit (MDU), a programmable 1/0O, video and key

board interface circuits, latches and decoders, uni-
versal asynchronous receiver-transmitters (UARTS),
buffers, separators, and a broad complement of.
directly interfaceable random-access memories
(RAMs) and read-only memories (ROMs).

CDP6800 Series

RCA also offers the CDP6800 family of CMOS
microprocessors, microcomputers, and peripherals
primarily intended for single-chip system applica-
tions requiring limited space, minimum memory,
on-board 1/0, and minimum external 1/0. The
series offers pin-for-pin replacements for Motor-
ola’s MC146805, MC68HCO05 and MC68HCO04 series
of microprocessors, microcomputers, and peripher-
als. This family of parts includes the CDP6805E2
8-Bit Microprocessor; the CDP6805F2 8-Bit Micro-
computer (1K ROM); the CDP6805G2 8-Bit Micro-
computer (2K ROM); the CDP68HCO5D4 and
CDP68HCO5D2 8-Bit Microcomputers featuring
on-chip ROM, RAM, 16-bit timer, asynchronous
serial communications interface (CDP68HCO5D2),
synchronous serial peripheral interface, and 24 bi-
directional 1/0 lines; the CDP68HC04P2 and
CDP68HCO4D4P3 8-Bit Microcomputers contain-
ing on-chip clock, ROM, RAM, I/0 and timer; the
CDP68HC68T1 Serial Real-Time Clock/RAM; the
CDP68HC68R1 and CDP68HC68R2 Serial Peri-
pheral Interface (SPI) RAMs; the CDP68HC68A1
10-Bit A/D Converter; the CDP6818 Real-Time
Clock plus RAM; the COP6823 Parallel Interface
1/0; and the CDP65516 2Kx8 Mask Programmable
ROM. Additional types will be added as they be-
come available.

General-Purpose Memories

In addition to the memories designed to interface
directly with CDP1800-series microprocessors and
microcomputers, RCA also offers a line of general-
purpose memories. These memories include indus-
try-standard ROMs that can be mask-programmed
to meet customer application requirements. These
ROMs feature: low-power CMOS technology with
high-noise immunity and full-temperature-range
characteristics; space-efficient NAND stack mem-
ory cells providing small chip size for cost effective-
ness; and JEDEC standard pin outs for interchange-
ability - with industry-standard NMOS ROMs and
EPROMs.

The list of memories also includes fully static
CMOS RAMs with densities up to 8K-bytes, low
operating power, low standby current, and mem-
ory retention for 2-volt minimum standby battery
voltage.

Memory/Microprocessor

Surface-Mounted Packages

RCA's broad CMOS memory/microprocessor pro-
duct line now includes standard CDP- and CDM-
series chips in a new generation of IC miniaturized
packages.

Microprocessors, microcomputers, memories, and
peripherals are now offered in two versions of the
surface-mounted-package configuration as follows:
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Product Classification Chart

Part Number  Description Page No. Part Number  Description Page No.
Microprocessors Peripherals (Cont’'d)
CDP1802A,AC 8-Bit 15 CDP1855,C 8-Bit Programmable Multiply/ 332
CDP1802BC 8-Bit 36 Divide Unit (MDU)
CDP1805AC  8-Bit with RAM and Counter/ 85 CDP1856,C 4-Bit Bus Buffer/Separator 345
Timer CDP1857,C 4-Bit Bus Buffer/Separator 345
CDP1806AC  8-Bit with RAM and Counter/ 85 :
Timer CDP1869C Video Interface System (VIS) 371
CDP6805E2 8-Bit with RAM, 1/0, Counter/ 201 CDP1870C Video Interface System (VIS) 371
Timer CDP1876C Video Interface System (VIS) 371
CDP6805E3 8-Bit with RAM, I/0, Counter/ 234
Timer CDP1871A,AC Keyboard Encoder, ASC111 Hex 390
CDP1863,C 8-Bit Programmable Counter 357
. CDP1878,C Dual Counter-Timer 416
Microcomputers CDP1879,C-1  Real-Time Clock 429
CDP1804AC 8-Bit with RAM, ROM, Counter/ 56 CDP6818 Real-Time Clock with RAM, 500
Timer MOTEL Bus
CDP1804PCE 8-Bit 84 CDP6848,C Dual Counter-Timer, MOTEL Bus 533
CDP68HC04P2 8-Bit with RAM, ROM, 1/0, 110 CDP68HC68T1 SPI Real-Time Clock 482
Counter/Timer
CDP68HC04P3 8-Bit with RAM, ROM, 1/0, 110 CDP1877,C Programmable Interrupt Controller 407
Counter/Timer
CDP68HCO05C4 8-Bit with RAM, ROM, 1/0, 113 CDP68HC68A1 SPI A/D Converter 480
Counter/Timer
CDP68HCO05D2 8-Bit with RAM, ROM, 1/0, 198 RAMs
Counter/Timer
CDP6805F2  8-Bit with RAM, ROM, /0, 236 CDP1822,C 256 x4 595
Counter/Timer CDP1823,C 128 x 8 601
CDP6805G2  8-Bit with RAM, ROM, 1/0, 262 CDP1824,C 32x8 607
Counter/Timer CDP1826C 64 x 8 613
CDM6116A 2K x 8 574
. CDM6117A-3 2K x 8 579
Peripherals CDM6118A-3 2K x 8 584
CDP1851,C  Programmable I/O Interface 201 CDM6264 8K x8 589
CDP1852C  Byte-Wide I/O Port 303 MWS5101 256 x 4 628
CDP1872C  8-Bit Input Port 398 MWS5101A 256 x 4 635
CDP1874C  8-Bit Input Port 398 MWs5s114 TKx4 642
83,’§;§Z§° g:}; .f;”l‘rﬁ’t‘;‘r;‘;;‘ 2?3 CDP68HC68R1 SPI RAM 128-Bytes 621
CDP68HC68R2 SPI RAM 256-Bytes 621
CDP1853,C 1 of 8 Decoder 311
CDP1858,C 4-Bit Latch & Decoder 350
CDP1859,C  4-Bit Latch & Decoder 350 Mask-Programmable ROMs
CDP1866,C 4-Bit Latch & Decoder 363 CDM53128 16K x 8 670
CDP1867,C 4-Bit Latch & Decoder 363 CDM53256 32K x 8 675
CDP1868,C 4-Bit Latch & Decoder 363 CDM5332 4K x 8 653
CDP1873C 1 of 8 Binary Decoder 403 CDMS5332PE 4K x 8 84
CDP1881,C 6-Bit Latch & Decoder 445 CDM5333 4K x 8 653
CDP1882,C 6-Bit Latch & Decoder 445 CDM5364,A 8K x 8 659
CDP1883,C 7-Bit Latch & Decoder 451 CDM5365 8K x 8 665
CDP1854A, AC Programmable UART 315 CPD1831,C 512x 8 680
CDP6402,C Programmable UART 456 CDP1832,C 512x8 684
CDP65C51 Asynchronous Communications 464 CDP1833,C,BC 1K x 8 687
Interface Adapter CDP1834,C 1K x 8 691
CDP6853 Asynchronous Communications 548 CDP1835C 2K x 8 694
Interface Adapter, (ACIA), CDP1837C 4K x 8 700

MOTEL Bus CDP65516 2K x 8 706




10 CMOS Microprocessors, Memories and Peripherals

Operating and Handling Considerations

RCA CMOS Integrated Circuits

This Note summarizes important operating recom-
mendations and precautions which should be followed in
the interest of maintaining the high standards of
performance of solid state devices.

The ratings included in RCA Solid State Devices data
bulletins are based on the Absolute Maximum Rating
System, which is defined by the following Industry
Standard (JEDEC) statement:

Absolute-Maximum Ratings are limiting values of

operating and environmental conditions applicable to

any electron device of a specified type as defined by its
published data, and should not be exceeded under the
worst probable conditions.
The device manufacturer chooses these values to provide
acceptable serviceability of the device, taking no
responsibility for equipment variations, environmental
variations, and the effects of changes in operating
conditions due to variations in device characteristics.

The equipment manufacturer should design so that
initially and throughout life no absolute-maximum value
for the intended service is exceeded with any device under
the worst probable operating conditions with respect to
supply voltage variation, equipment component variation,
equipment control adjustment, load variation, signal
variation, environmental conditions, and variations in
device characteristics.

It is recommended that equipment manufacturers
consult RCA whenever device applications involve
unusual electrical, mechanical or environmental operating
conditions.

General Considerations
The design flexibility provided by these devices makes

possible their use in a broad range of applications and
under many different operating conditions. When
incorporating these devices in equipment, therefore,
designers should anticipate the rare possiblity of device
failure and make certain that no safety hazard would
result from such an occurence.

The small size of most solid state products provides
obvious advantages to the designers of electronic
equipment. However, it should be recognized that these
compact devices usually provide only relatively small
insulation area between adjacent leads and the metal
envelope. When these devices are used in moist or
contaminated atmospheres, therefore, supplemental
protection must be provided to prevent the development
of electrical conductive paths across the relatively small
insulating surfaces.

The metal shells of the TO-5 style package often used
for integrated circuits usually has the substrate or most
negative supply voltage connected to the case. Therefore,
consideration should be given to the possibility of shock
hazard if the shells are to operate at voltages appreciably
above or below ground potential. In general, in any
application in which devices are operated at voltages
which may be dangerous to personnel, suitable

precautionary measures should be taken to prevent direct
contact with these devices.

Devices should not be connected into or disconnected
from circuits with the power on because high transient
voltages may cause permanent damage to the devices.

TESTING PRECAUTIONS

In common with many electronic components, solid-
state devices should be operated and tested in circuits
which have reasonable values of current limiting
resistance, or other forms of effective current overload
protection. Failure to observe these precautions can
cause excessive internal heating of the device resulting in
destruction and/ or possible shattering of the enclosure.

Mounting

Integrated circuits are normally supplied with lead-tin
plated leads to facilitate soldering into circuit boards. In
those relatively few applications requiring welding of the
device leads, rather than soldering, the devices may be
obtained with gold or nickel plated Kovar® leads.* It
should be recognized that this type of plating will not
provide complete protection against lead corrosion in the
presence of high humidity and mechanical stress.

BTrade Name: Westinghouse Corp.
*Mil-M-38510A, paragraph 3.5.6.1(a), lead material

The aluminum-foil-lined cardboard “sandwich pack”
employed for static protection of the flat-pack also
provides some additional protection against lead
corrosion, and it is recommended that the devices be
stored in this package until used.

When integrated circuits are welded onto printed
circuit boards or equipment, the presence of moisture
between the closely spaced terminals can result in
conductive paths that may impair device performance in
high-impedance applications. Itis therefore recommended
that conformal coatings or potting be provided as an
added measure of protection against moisture penetration.

In any method of mounting integrated circuits which
involves bending or forming of the device leads, it is
extremely important that the lead be supported and
clamped between the bend and the package seal, and that
bending be done with care to avoid damage to lead
plating. In no case should the radius of the bend be less
than the diameter of the lead, or in the case of rectangular
leads, such as those used in RCA 14-lead and 16-lead
flat-packages, less than the lead thickness. It is also
extremely important that the ends of the bent-leads be
straight to assure proper insertion through the holes in
the printed-circuit board.

Handling

All CMOS gate inputs have a resistor/diode gate
protection network. All transmission gate inputs and all
outputs have diode protection provided by inherent p-n
junction diodes. These diode networks at input and
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Package and Ordering Information

Packages

D Suffix )
Dual-In-Line Size-Brazed Ceramic Packages

16-, 18-, 22-, 24-, 28-, and 40-lead versions

E Suffix
Plastic Dual-In-Line Packages

16-, 18-, 22-, 24-, and 40-lead versions

Q Suffix
Plastic Chip-Carrier

44-Lead version

Ordering Information

RCA CMOS microprocessor and memory integrated
circuits are available in one or more of the following
package styles and are identified by the Suffix Letters
indicated: dual-in-line side-brazed ceramic, dual-in-line
welded-seal ceramic, dual-in-line plastic, flat-pack ceramic,
leadless chip-carrier ceramic and in chip form. The

D Suffix
Dual-In-Line Welded-Seal Ceramic Packages

16- and 24-lead versions

N Suffix
Smali-Outline Plastic Package (S.0.P.)

24- and 28-lead versions

SUFFIX
PACKAGE LETTERS
Dual-In-Line Welded-Seal or D
Side-Brazed Ceramic
Dual-In-Line Plastic E
Small-Outline Plastic N
Plastic Chip-Carrier Q

available package styles for any specific type are given in
the technical data for that type.

When ordering CMOS devices, it is important that the
appropriate suffix letter be affixed to the type number of
the device required. For example, a CDP1802A in a dual-
in-line ceramic package will be identified as the
CDP1802AD.




RCA CMOS 8-BIT MICROPROCESSORS/MICROCOMPUTERS

DIRECT MAX. |INSTRUCTION %;ﬁ:.
ADDRESSABLE | ON-CHIP | ON-CHIP y TIMER/ BUS : SERIAL
cLock TIME INTER- PRE- RANGE |LATCHED | PIN
DEVICE EXTERNAL RAM ROM COUNTER MUX/ INTER-
FREQ. | MIN/MAX. |RUPTS SCALER DEG.C | VOLINE |COUNT
MEM. BYTES | BYTES BITS NON FACE
K-BYTES MHz (s) (MAX.
RATING)
CDP1802A 64 - — 3.2 5.0/7.5 o - — NON | -55t0+125| — 40 | Q-Line
CDP1802B 64 - - 5.0 3.2/4.8 . - — NON |-55t0+125| — 40 | Q-Line
CDP1804A 64 64 2048 5.0 3.2/16.0 . 8 DIV.32 |NON |-85to+125| — 40 | Q-Line
CDP1805A 64 64 - 5.0 3.2/16.0 . 8 DIV.32 |NON |-85t0+125| — 40 | Q-Line
CDP1806A 64 - - 5.0 3.2/16.0 . 8 DIV.32 |NON |-55to+125| — 40 | Q-Line
CDP6805E2 8 112 — 50 2.0/10.0 v 8  |PROGRAM|MUX | oto+70| 16 40
-40to + 85
CDP6805E3 64 112 — 5.0 2.0/10.0 v 8  |PROGRAM|MUX | Oto+ 70| 13 40
-40to + 85
CDP6805F2 - 64 1089 40 2.0/10.0 v 8 |PROGRAM| — | oto+70| 16 28
-40to + 85
CDP6805G2 - 112 2106 40 2.0/10.0 v 8 |PROGRAM| — | oto+ 70| 32 40
CDP68HCO5D2* — 9% 2176 42 95/5.23 v 16 |PROGRAM| — |-55to+125| 24 40 SPI
CDP68HC05C4* — 176 4160 42 95/5.23 v 16 |PROGRAM| — |[-55to+125| 24 40 | spiscl
CDP68HC04P2 — 32 1024 11.0 8.7/218 v 8 |PROGRAM| — | oto+ 70| 20 28
CDP68HC04P3 - 128 2048 11.0 87/21.8 v 8 |PROGRAM| — | Oto+ 70| 20 28

(*) Multiply Instruction in the 68HC05D2 and 68HC05C4
(v) Vectored address

vi

sjesayduad pue saLowal ‘s10ss2904doIdiN SOND



16 CMOS Microprocessors, Memories and Peripherals

CDP1802A, CDP1802AC

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp):
(All voltages referenced to Vgg terminal)

L7 TN —0.5to +11V
L0 0B 12 0 —05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS —0.5to Vpp +0.5V

DC INPUT CURRENT, ANY ONE INPUT ... 0tittnettttinetten ettt tettnee ettt tttnaeestaneeeraietseetesennieneeenns +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For TA=—401t0 +60°C (PACKAGE TYPE E) ... .uuitiinnttttie ettt ettt ettt etaneettiaieeeerninnreenes

For TA=+60to +85°C (PACKAGE TYPEE) ................

For TA=—55t0 +100°C (PACKAGE TYPED) ...............

For TA=+100 to +125°C (PACKAGE TYPE D)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR TA=FULL PACKAGE-TEMPERATURE RANGE .........0iiiiiiiiiitiiiiiiiii ittt ittttttttttiiaierereaeeeaens 100 mW
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE D —55to +125°C

PACKAGE TYPE E
STORAGE TEMPERATURE RANGE (Tstg)
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16£1/32 in. (1.59£0.79 Mmm) from CASE fOr 10 S MABX. .. vvvvvrerervrnrnrreeerereseseseneneoesereseseseresns +265°C

OPERATING CONDITIONS at Tpo=-40°C to +85°C
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges:

—40 to +85°C
—65to +150°C

CONDITIONS LIMITS
CHARACTERISTIC -Veel Vob CDP1802A CDP1802AC UNITS
) v) Min. Max. Min. Max.
DC Operating Voltage _ _ 4 105 4 6.5
Range v
Input Voltage Range — — Vss VDD Vss VDD
Maximum Clock Input Rise
or Fall Time, tp,tf 410105 | 4t0 10.5 . 1 _— 1
5 5 5 — 5 —
Minimum Instruction Time2 5 10 4 — — — us
10 10 2.5 — —_ —
) 5 5 — - 400 — 400 KBytes
Maximum DMA Transfer 5 10 — 500 — — per
Rate 10 10 | — 800 — — | second
Maximum Clock Input 5 5 DC 3.2 DC 3.2
Frequency, foL, Load 5 10 DC 4 — — MHz
Capacitance (CL)=50 pF 10 10 DC 6.4 — —

1Vc;c must never exceed Vpp. ) )
2Equals 2 machine cycles—one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3
machine cycles—one Fetch and two Execute operations. ’

AMBIENT TEMPERATURE (Ta)= 25°C| T

N LOAD CAPACITANCE (C() = 50pF
3 ST
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g B THL, m“"',\,w- 1oV
g TITHL Winnannun;
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AMBIENT TEMPERATURE (TA) —-°C LOAD CAPACITANCE (CL)— pF
92CS-33866 92¢5-29596
Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load

as a function of temperature. capacitance.
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Fig. 6 - Typical power dissipation as a function of clock
frequency for BRANCH instruction and IDLE instruction.

Fig. 7 - Typical change in propagation delay as a
function of a change in load capacitance.
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Fig. 8 - CDP1802A block diagram.
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Fig. 9 - Basic dc timing waveforms, one instruction cycle.
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CDP1802A, CDP1802AC

ARCHITECTURE

The CPU block diagram is shown in Fig. 8. The principal
feature of this system is a register array (R) consisting of
sixteen 16-bit scratchpad registers. Individual registers in
the array (R) are designated (selected) by a 4-bit binary
code from one of the 4-bit registers labeled N, P, and X. The
contents of any register can be directed to any one of the
following three paths:

1. the external memory (multiplexed, higher-order byte

first, on to 8 memory address lines);
2. the D register (either of the two bytes can be gated to

3. the increment/decrement circuit where it is increased
or decreased by one and stored back in the selected
16-bit register.

The three paths, depending on the nature of the instruction,
may operate independently or in vanous combinations in
the same machine cycle.

With two exceptions, CPU instructions consist of two 8-
clock-pulse machine cycles. The first cycle is the fetch
cycle, and the second—and third if necessary—are execute
cycles. During the fetch cycle the four bits in the P
designator select one of the 16 registers R(P) as the current
program counter. The selected register R(P) contains the
address of the memory location from which the instruction
is to be fetched. When the instruction is read out from the
memory, the higher-order 4 bits of the instruction byte are
loaded into the I register and the lower-order 4 bits into the
N register. The content of the program counter is auto-
maticallyincremented by one so that R(P) is now “pointing”
to the next byte in the memory.

The X designator selects one of the 16 registers R(X) to
“point” to the memory for an operand (or data) in certain
ALU or I/0 operations.

The N designator can perform the following five functions
depending on the type of instruction fetched:

1. designate one of the 16 registers in R to be acted upon
during register operations;

2. indicate to the 1/0 devices a command code or device-
selection code for peripherals;

3. indicate the specific operation to be executed during
the ALU instructions, types of tests to be performed
during the Branch instructions, or the specific operation
required in a class of miscellaneous instructions (70-73
and 78-7B);

4. indicate the value to be loaded into P to designate a new
register to be used as the program counter R(P);

5. indicate the value to be loaded into X to designate a new
register to be used as data pointer R(X).

Theregistersin R can be assigned by a programmer in three
different ways: as program counters, as data pointers, oras
scratchpad locations (data registers) to hold two bytes of
data.

Program Counters

Any register can be the main program counter; the address
of the selected register is held in the P designator. Other
registersin R can be used as subroutine program counters.
By a single instruction the contents of the P register can be
changed to effect a “call” to a subroutine. When interrupts
are being serviced, register R(1) is used as the program
counter for the user’s interrupt servicing routine. After
reset, and during a DMA operation, R(0) is used as the
program counter. At all other times the register designated
as program counter is at the discretion of the user.

Data Pointers

The registers in R may be used as data pointers to indicatea
locationin memory. The register designated by X (i.e., R(X))
points to memory for the following instructions (see Table

I):

1. ALU operations F1-F5, F7, 74,75, 77;

2. output instructions 61 through 67;

3. input instructions 69 through 6F;

4. certain miscellaneous instructions — 70-73, 78, 60, FO.
The register designated by N (i.e., R(N)) points to memory
for the “load D from memory"” instructions ON and 4N and
the “Store D” instruction SN. The register designated by P
(i.e., the program counter) is used as the data pointer for
ALU instructions F8-FD, FF, 7C, 7D, 7F. During these
instruction executions, the operation is referred to as “data
immediate”.

Another important use of R as a data pointer supports the
built-in Direct-Memory-Access (DMA) function. When a
DMA-In or DMA-Out request is received, one machine
cycle is “stolen”. This operation occurs at the end of the
execute machine cycle in the current instruction. Register
R(0) is always used as the data pointer during the DMA
operation. The data is read from (DMA-Out) or written into
(DMA-In) the memory location pointed to by the R(0)
register. At the end of the transfer, R(0) is incremented by
one so that the processor is ready to act upon the next DMA
byte transfer request. This feature in the 1800-series
architecture saves a substantial amount of logic when fast
exchanges of blocks of data are required, such as with
magnetic discs or during CRT-display-refresh cycles.

Data Registers

When registers in R are used to store bytes of data, four
instructions are provided which allow D to receive from or
write into either the higher-order- or lower-order-byte
portions of the register designated by N. By this mechanism
(together with loading by data immediate) program pointer
and data pointer designations are initialized. Also, this
technique allows scratchpad registers in R to be used to hold
general data. By employing increment or decrement instruc-
tions, such registers may be used as loop counters.

The Q Flip Flop

An internal flip flop, Q, can be set or reset by instruction and
can be sensed by conditional branch instructions. The output
of Q is also available as a microprocessor output.

Interrupt Servicing

Register R(1) is always used as the program counter whenever
interrupt servicing is initiated. When an interrupt request.
occurs and the interrupt is allowed by the program (again,

nothing takes place until the completion of the current
instruction), the contents of the X and P registers are stored
in the temporary register T, and X and P are set to new values;
hex digit 2 in X and hex digit 1 in P. Interrupt Enable .is
automatically de-activated to inhibit further interruptiorns.
The user's interrupt routine is now in control; the contents of
T may be saved by means of a single instruction (78) in the
memory location pointed to by R(X). Atthe conclusion of the
interrupt, the user’s routine may restore the pre-interrupted
value of X and P with a single instruction (70 or 71). The
Interrupt-Enable flip flop can be activated to permit further
interrupts or can be disabled to prevent them.
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INSTRUCTION SET

The CPU instruction summary is given in Table I. Hexadecimal
notation is used to refer to the 4-bit binary codes.

In all registers bits are numbered from the least significant bit
(LSB) to the most significant bit (MSB) starting with 0.

R(W): Register designated by W, where
W=NorX, orP

CMOS Microprocessors, Memories and Peripherals

R(W).0: Lower-order byte of R(W)
R(W).1: Higher-order byte of R(W)
Operation Notation
M(R(N)) — D; R(N) + 1 = R(N)
This notation means: The memory byte pointed to by R(N) is
loaded into D, and R(N) is incremented by 1.

TABLE I — INSTRUCTION SUMMARY (See Notes following table, pp. 11 and 12)

oP
INSTRUCTION MNEMONIC CODE OPERATION

MEMORY REFERENCE

LOAD VIA N LDN ON M(R(N))—D; FOR N NOT 0

LOAD ADVANCE LDA 4N M(R(N))~D; (RN)+1 —R(N)

LOAD VIA X LDX FO M(R(X))~D

LOAD VIA X AND ADVANCE LDXA 72 M(R(X))~D; R(X)+1—~R(X)

LOAD IMMEDIATE LDI F8 M(R(P))—~D; R(P)+1—R(P)

STORE VIA N STR 5N D—~M(R(N))

STORE VIA X AND STXD 73 D—~M(R(X)); R(X)=1—R(X)

DECREMENT

REGISTER OPERATIONS

INCREMENT REG N INC N R(N)F1=R(N)

DECREMENT REG N DEC 2N R(N)—1—R(N)

INCREMENT REG X IRX 60 R(X)+1—~R(X)

GET LOW REG N GLO 8N R(N).0—~D

PUT LOW REG N PLO AN D—R(N).0

GET HIGH REG N GHI oN R(N).1~D

PUT HIGH REG N PHI BN D—R(N).1

LOGIC OPERATIONS §

OR OR F1 M(R(X)) OR D—~D

OR IMMEDIATE ORI F9 M(R(P)) OR D—D;
R(P)+1—~R(P)

EXCLUSIVE OR XOR F3 M(R(X)) XOR D—D

EXCLUSIVE OR IMMEDIATE XRI FB M(R(P)) XOR D—D;
R(P)+1—~R(P)

AND AND F2 M(R(X)) AND D—D

AND IMMEDIATE ANI FA M(R(P)) AND D—D;
R(P)+1—R(P)

SHIFT RIGHT SHR F6 SHIFT D RIGHT, LSB(D)~DF,
O—~MSB(D)

SHIFT RIGHT WITH CARRY SHRC 768 SHIFT D RIGHT, LSB(D)—DF,
DF—~MSB(D)

RING SHIFT RIGHT RSHR

SHIFT LEFT SHL FE SHIFT D LEFT, MSB(D)—DF,
0—LSB(D)

SHIFT LEFT WITH CARRY SHLC 7E§ SHIFT D LEFT, MSB(D)~DF,
DF—LSB(D)

RING SHIFT LEFT RSHL
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TABLE I — INSTRUCTION SUMMARY (Cont'd)

oP
INSTRUCTION MNEMONIC CODE OPERATION
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P))~R(P).0
(EF7=Vgg) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M(R(P))—~R(P).0
(EF3=Vce) ELSE R(P)+1—~R(P)
BRANCH INSTRUCTIONS—LONG BRANCH
LONG BRANCH LBR co M(R(P))~R(P).1
M(R(P)+1)~R(P).0
NO LONG BRANCH (SEE LSKP) NLBR cs§ R(P)+2—R(P)
LONG BRANCH IF D=0 LBZ c2 IF D=0, M(R(P))—~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—~R(P)
LONG BRANCH IF D NOT 0 LBNZ CA IF D NOT 0, M(R(P))~R(P).1
M(R(P)+1)—~R(P).0
ELSE R(P)+2—~R(P)
LONG BRANCH IF DF=1 LBDF c3 IF DF=1, M(R(P))~R(P).1
M(R(P)+1)—R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF DF=0 LBNF cB IF DF=0, M(R(P))~R(P).1
M(R(P)+1)—~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF Q=1 LBQ ct IF Q=1, M(R(P))~R(P).1
M(R(P)+1)—~R(R).0
ELSE R(P)+2—~R(P)
LONG BRANCH IF Q=0 LBNQ co IF Q=0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—~R(P)
SKIP INSTRUCTIONS
SHORT SKIP (SEE NBR) SKP 388§ R(P)+1—R(P)
LONG SKIP (SEE NLBR) LSKP css R(P)+2—R(P)
LONG SKIP IF D=0 Lsz CE IF D=0, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF D NOT 0 LSNZ cé IF D NOT 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF DF=1 LSDF CF IF DF=1, R(P)+2~R(P)
ELSE CONTINUE
LONG SKIP IF DF=0 LSNF c7 IF DF=0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF Q=1 Lsa cb IF Q=1, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF Q=0 LSNQ cs IF Q=0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF IE=1 LSIE cc IF IE=1, R(P)+2—~R(P)

ELSE CONTINUE
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Notes for TABLE I

1. Long-Branch, Long-Skip and No Op instructions are counter. This effects a branch within the current 256-

the only instructions that require three cycles to
complete (1 fetch +2 execute).

Long-Branch instructions are three bytes long. The
first byte specifies the condition to be tested; and the
second and third byte, the branching address.

The long-branch instructions can:
a) Branch uncondijtionally
b) Test for D=0 or D=0
c) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1
e) effect an unconditional no branch

If the tested condition is met, then branching takes
place; the branching address bytes are loaded in the
high- and low-order bytes of the current program
counter, respectively. This operation effects a branch
to any memory location.

If the tested condition is not met, the branching
address bytes are skipped over, and the next in-
struction in sequence is fetched and executed. This
operation is taken for the case of unconditional no
branch (NLBR).

. The short-branch instructions are two bytes long. The
first byte specifies the condition to be tested, and the
second specifies the branching address.

The short-branch instruction can:
a) Branch unconditionally
b) Test for D=0 or D=0
c) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1
e) Test the status (1 or 0) of the four EF flags
f) Effect an unconditional no branch

if the tested condition is met, then branching takes
place; the branching address byte is loaded into the
low-order byte position of the current program

byte page of the memory, i.e., the page which holds the
branching address. If the tested condition is not met,
the branching address byte is skipped over, and the
next instruction in sequence is fetched and executed.
This same action is taken in the case of unconditional
no branch (NBR).

. The skip instructions are one byte long. There is one

Unconditional Short-Skip (SKP) and eight Long-Skip
instructions.

TheUnconditional Short-Skip instruction takes 2 cycles
to complete (1 fetch + 1 execute). Its action is to skip
over the byte following it. Then the next instruction in
sequenceis fetched and executed. This SKP instruction
is identical to the unconditional no-branch instruction
(NBR) except that the skipped-over byte is not
considered part of the program.

The Long-Skip instructions take three cycles to
complete (1 fetch +2 execute).

They can:
a) Skip unconditionally
b) Test for D=0 or D0
c) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1
e) Test for IE=1

If the tested condition is met, then Long Skip takes
place; the curient program counter is incremented
twice. Thus two bytes are skipped over and the next
instruction in sequence is fetched and executed. If the
tested condition is not met, then no action is taken.

Execution is continued by fetching the next instruction
in sequence.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp=-40 to +85°C, C_=50 pF, Vpp+5%, except as noted.

CMOS Microprocessors, Memories and Peripherals

Vee Vbp LIMITS
CHARACTERISTIC V) ) Typ.. Max. UNITS
Propagation Delay Times:
5 5 200 300
Clock to TPA, TPB tPLH. tPHL 5 10 150 250
10 10 100 150
5 5 600 850
Clock-to-Memory High-Address Byte tPLH, tPHL 5 10 400 600
10 10 300 400
5 5 250 350
Clock-to-Memory Low-Address Byte Valid tPLH, tPHL 5 10 150 250
10 10 100 150
5 5 200 300
Clock to MRD tPHL 5 10 150 250
10 10 100 150
5 5 200 350
Clock to MRD tPLH 5 10 150 290
10 10 100 175
5 5 200 300
Clock to MWR tPLH, tPHL 5 10 150 250
10 10 100 150
5 5 300 450
Clock to (CPU DATA to BUS) Valid tPLH, tPHL 5 10 250 350
10 10 100 200
ns
5 5 300 450
Clock to State Code tPLH: tPHL 5 10 250 350
10 10 150 250
5 5 250 400
Clock to Q tPLH: tPHL 5 10 150 250
10 10 100 150
5 5 300 550
Clock to N (0-2) tPLH: tPHL 5 10 200 350
10 10 150 250
Minimum Setup and Hold Times:
5 5 —20 25
Data Bus Input Setup tsu 5 10 0 50
10 10 —10 40
5 5 150 200
Data Bus Input Hold tH" 5 10 100 125
10 10 75 100
5 5 0 30
DMA Setup tsu 5 10 0 20
10 10 0 10
5 5 150 250
‘DMA Hold " 5 10 100 200
10 10 75 125
5 5 —75 0
Interrupt Setup tsu 5 10 —50 0
10 10 —25 0

.Typucal values are for Tp=25°C and nominal Vpp.

Maximum limits of minimum characteristics are the values above which all devices function.
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES
DATA MEMORY N
STATE 1 N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESG
s1 RESET 0—I,N,Q.X.P; 00 XXXX 1 1 0 A
1—~I1E
S1 INITIALIZE 0000—R 00 XXXX 1 1 0 B
NOT PROGRAMMER
ACCESSIBLE
S0 FETCH MRP—I, N; MRP RP 0 1 0 [
RP+1—RP
0 0 IDL IDLE MRO RO 0 1 0 D3
0 1-F LDN MRN—-D MRN RN 0 1 0] 3
1 0-F INC RN+1—RN FLOAT RN 1 1 0 1
2 0-F DEC RN—1—RN FLOAT RN 1 1 0 1
3 0-F | SHORT TAKEN;
BRANCH MRP—RP.0 MRP RP 0 1 0
NOT TAKEN; 3
RP+1—RP
4 0-F LDA MRN-D; MRN RN 0 1 ] 3
RN+1—BN
5 0-F STR D—MRN D RN 1 0 0 2
s1 6 0 IRX RX+1—RX MRX RX 0 1 0 2
1 ouT 1 1
2 ouT 2 2
3 ouT3 3
4 ouT 4 MRX-BUS; MRX RX 0 1 4 6
5 ouTs RX+1—RX 5
6 ouTs 6
6 7 QuUT 7 7
9 INP 1 DATA 1
A INP 2 FROM 2
B INP3 110 3
(o] INP 4 BUS—MRX,D DEVICE RX 1 0 4 5
D INP 5 5
E INP 6 6
F INP 7 7
0 RET MRX—(X,P); MRX RX 0 1 0 3
RX+1—RX; 1—IE
1 DIS MRX—(X,P); MRX RX 0 1 0 3
RX+1—RX; 0—IE
7 2 LDXA MRX-D; MRX RX 0 1 0 3
RX+1—RX
3 STXD D—~MRX; D RX 1 0 0 2
RX—1—RX
4 ADC MRX+D+ MRX RX 0 1 0 3
DF—DF,D
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES (CONT'D)

DATA MEMORY N
STATE | | N | MNEmONIC | OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS|
D | oF SEP N=P NN RN 1 1 0 1
E 0-F SEX N—X NN RN 1 1 Q 1
0 LDX MRX~D MRX RX 0 1 ) 3
1 OR MRX OR D~D
2 AND MRX AND D~D
3 XOR MRX XOR D~D MRX RX 0 1 0 3
4 ADD MRX+D—DF,D
5 SD MRX-D—DF,D
7 SM D—MRX—DF,D
S1 6 SHR LSB(D)—DF; FLOAT RX 1 1 0 1
0~MSB(D)
F 8 LDI MRP-D;
RP+1—RP
9 ORI MRP OR D—D;
RP+1—RP
A ANI MRP AND D—D;
RP+1-RP
B XRI MRP XOR D—D; MRP RP 0 1 0 3
RP+1-—-RP
c ADI MRP+D~DF,D;
RP+1—RP
D so! MRP-D~DF,D;
RP+1—RP
F sMmi D—MRP~DF,D;
RP+1—RP
E SHL MSB(D)~DF; FLOAT RP 1 1 0 1
0~LSB(D)
DMA IN BUS—MRO; DATA FROM RO 1 0 0 F, 7
2 RO+1-RO 1/0 DEVICE
DMA OUT MRO-—BUS; MRO RO - 0 1 0 F. 8
R0+1—-R0O
S3 INTERRUPT X,P—T, 0—IE FLOAT RN 1 1 0 9
1—P; 2—X
S1 LOAD IDLE M(R0O-1) RO—1 0 1 0 E3
(CLEAR, WAIT=0)
NOTES:

. |[E=1, TPA, TPB suppressed, state=S1.
BUS=0 for entire cycle.
. Next state always S1.
. Wait for DMA or INTERRUPT.
Suppress TPA, wait for DMA.
IN REQUEST has priority over OUT REQUEST.
. Number refers to machine cycle. See Fig. 13 timing waveforms for machine cycles 1 through 9.

OETMOOD >
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MACHINECYCLE | CYCLE n I CYCLE (n+1) I

INSTRUCTION _ | FETCH (S0) | EXECUTE (S1) |
wo | - .
NO-N2 |/ N-9-F \
MWR | I
ooreor 7Y ] I

ALLOWABLE MEMORY ACCESS VALID OUTPUT
l MEMORY MEMORY ’
| READ CYCLE peiy WRITE CYCLE |
*User-generated signal
92CS—2960
No. § Input-cycle timing waveforms.
o 1 2 3 4 5 & 7 O 1 2 3 4 5 6 7 0 1
cock ~ LML UMy ur
TPA || [ ]
MACHINE
CYCLE I CYCLEn I CYCLE (n + 1) T
INSTRUCTION _| FETCH (SO) [ EXECUTE (S1) 1

WRD 1 —
NO - N2 / ] N 1.7 \

ALLOWABLE MEMORY ACCESS

oxtnsus 7727 7 - Zagmn |
[ 1

VALID DATA FROM MEMORY
DATA STROBE* ALLOWABLE MEMORY ACCESS 1_ VALID OUTPUT

(MRD - TPB - N)

' [
o MEMORY MEMORY
READ CYCLE ™~ -t B — ‘

*User-generated signai
//A “Don't Care” or internal delays
92CS-29602

High-impedance state

l§

No. 6 Output-cycle timing waveforms.

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued.
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Preliminary Data

CMOS 8-Bit Microprocessor

m Minimum instruction fetch-execute time of 3.2 us
(maximum clock frequency=>5 MHz) at Vpp=5 V
= Any combination of standard RAM and ROM up to 65,536 bytes
m Operates with slow memories, up to 775 ns access time at fo; =5 MHz
m 8-bit parallel organization with bidirectional
data bus and multiplexed address bus
m 16 x 16 matrix of registers for use as
multiple program counters, data pointers, or data registers
m On-chip DMA, interrupt, and flag inputs
m Programmable single-bit output port

cLOCK HT 20— Vpp
WAIT 2 39— XTAL
CLEAR 3 38— DMA IN
Q—4 37|— DMA OUT Features:
sct— 5 36— INTERRUPT
SCO— 6 35— MWR
MRD — 7 34— TPA
8US 7 —| 8 33— TPB
BUS 6 — 9 32f— MA7
8US 5 —10 31— MA6
BUS 4 — 11 30— MAS
8US 3 — 12 29}— MA4
BUS 2 —13 28— ma3
BUS | —{14 27— MA2
8USO —I15 26— mal
Vee —16 25— MAO
Ne — 17 24— EFI
NI —18 23|: EF2
NO — 19 22 EF3
vss —120 21 EFG
TOP VIEW
92CS-27467RI
Terminal Assignment » 91 easy-to-use instructions

The RCA-CDP1802BC LSI CMOS 8-bit register-oriented
central-processing unit (CPU) is designed for use as a
general-purpose computing or control element in a wide
range of stored-program systems or products.

The CDP1802BC includes all of the circuits required for
fetching, interpreting, and executing instructions which
have been stored in standard types of memories. Extensive
input/output (1/0) control features are also provided to
facilitate system design.

The 1800 series architecture is designed with emphasis on
the total microcomputer system as an integral entity so that

systems having maximum flexibility and minimum cost can
be realized. The 1800 series CPU also provides a syn-
chronous interface to memories and external controllers
for 1/0 devices, and minimizes the cost of interface con-
trollers. Further, the I/O interface is capable of supporting
devices operating in polled, interrupt-driven, or direct
memory-access modes.

The CDP1802BC has a recommended operating voltage
range of 4 to 6.5 volts. These types are supplied in 40-lead
dual-in-line side-brazed ceramic packages (D suffix), and
40-lead dual-in-line plastic packages (E suffix).

ADDRESS BUS !

MAO-7 MAO-7 MAO-4
~ cDPI8S2
: > INPUT PORT CS2 NO
DATA _CSt
MRD ‘MRD MRD
COPIBO2 COPI833 COPI824
8-BIT CPU | K-ROM 32 BYTE RAM
DATA  CSI MWR MWR
copigsz  ©S2[¢ =N —
OUTPUT PORT CEO cs
CLOCK—] ——TPB TPA TPA
DATA DATA DATA
B-BIT_DATA BUS
: 92CM-3468IRI

Fig. 1 - Typical CDP1802BC small microprocessor system.

File Number 1342
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STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, except as noted.

CONDITIONS LIMITS
vVce,
CHARACTERISTIC Vour VIN Vbbb CDP1802BC UNITS
) ) ) Min. | Typ.® | Max.
Quiescent Device Current IDD - — 5 — 1 200 HA
Output Low Drive (Sink) Current loL
—_— 0.4 0,5 5 1.1 2.2 -
(Except XTAL) mA
XTAL 0.4 5 5 170 350 — UA
Output High Drive (Source) Current  IoH 46 05 5 —027 | 055 _ mA
(Except XTAL)
XTAL 4.6 0 5 -125 | —250 — uA
Output Voltage Low-Level VoL — 0,5 5 — 0 0.1
Output Voltage High Level VoH — 0,5 5 4.9 5 —_
Input Low Voltage ViL | 0.54.5 - 5 — — 1.5 \
Input High Voltage ViH 0.54.5 - 5 3.5 — —
CLEAR Input Volta'ge . VH _ _ 5 04 05 _
Schmitt Hysteresis
Input Leakage Current IIN I:nyt 0,5 5 - +10-4 | +1
pu
A
3-State Output Leakage Current louT 0,5 0,5 5 - +10-4 +1 H
Total Power Dissipation, f=5 MHzA - — 5 — 15 30 mw
Minimum Data Retention Voltage VDR VDD=VDR . 2 2.4 v
Data Retention Current IDR Vpp=24V - 0.5 — HA
Input Capacitance CIN - 5 7.5 oF
Output Capacitance Cout - 10 15
*Typical values are for TA=25°C and nominal Vpp.
Aldle “00" at M(0000), C_=50 pF.
DRAIN-TO-SOURCE VOLTAGE (Vpg)-V
-5 -4 -3 -2 - 0 AMBIENT TEMPEE&YURE-—4O TO +85°C L, NSRS EaN

w
OUTPUT HIGH (SOURCE) CURRENT ( Iyl mA

OUTPUT LOW (SINK) CURRENT (g )-mA

1 2 'S
DRAIN-TO-SOURCE VOLTAGE (Vpg)—V
92CS-34664 92C$-34665

Fig. 4 - Minimum output high (source) current characteristics. Fig. 5 - Minimum output low (sink) current characteristics.
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SIGNAL DESCRIPTIONS

BUS 0 to BUS 7 (Data Bus):

8-bit bidirectional DATA BUS lines. These lines are used for
transferring data between the memory, the microprocessor,
and 1/0 devices.

NO to N2 (I/0) Lines):

Activated by an I/0 instruction to signal the I/O control logic
of a data transfer between memory and I/0 interface. These
lines can be used to issue command codes or device
selection codes to the 1/O devices (independently or
combined with the memory byte on the data bus when an I/0
instruction is being executed). The N bits are low at all times
except when an I/O instruction is being executed. During this
time their state is the same as the corresponding
bits in the N register.

The direction of data flow is defined in the I/O instruction by
bit N3 (internally) and is indicated by the level of the MRD
signal.

MRD=Vcc: Data from I/0 to CPU and Memory
MRD=Vgg: Data from Memory to I/0

EF1 to EF4 (4 Flags):

These inputs enable the 1/0 controllers to transfer status
information to the processor. The levels can be tested by the
conditional branch instructions. They can be used in con-
junction with the INTERRUPT request line to establish
interrupt priorities. These flags can also be used by 1/0
devices to “call the attention” of the processor, in which case
the program must routinely test the status of these flag(s).
The flag(s) are sampled at the beginning of every S1 cycle.

INTERRUPT, DMA-IN, DMA-OUT (3 I/0 Requests)

These inputs are sampled by the CDP1802BC during the
interval between the leading edge of TPB and the leading
edge of TPA.

Interrupt Action: X and P are stored in T after executing
currentinstruction; designator X is set to 2; designator P is set
to 1; interrupt enable is reset to 0 (inhibit); and instruction
execution is resumed. The interrupt action requires one
machine cycle (S3).

DMA Action: Finish executing current instruction; R(0)
points to memory area for data transfer; data is loaded into or
read out of memory; and increment R(0).

Note: In the event of concurrent DMA and Interrupt requests,
DMA-IN has priority followed by DMA-OUT and then
Interrupt.

SCO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1) fetching an
instruction, or 2) executing an instruction, or 3) processing a
DMA request, or 4) acknowledging an interrupt request. The
levels of state code are tabulated below. All states are valid at
TPA. H=V¢(c, L=Vss.

State Code Lines
State Type SC1 SCo
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H

TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by I/O controllers to interpret
codes and to time interaction with the data bus. The trailing
edge of TPA is used by the memory system to latch the
higher-order byte of the 16-bit memory address. TPA is
suppressed in IDLE when the CPU is in the load mode.

MAO to MA?7 (8 Memory Address Lines):

In each cycle, the higher-order byte of a 16-bit CPU memory
address appears on the memory address lines MAO-7 first.
Those bits required by the memory system can be strobed
into external address latches by timing pulse TPA. The low-
order byte of the 16-bit address appears on the address lines
after the termination of TPA. Latching of all 8 higher-order
address bits would permit a memory system of 64K bytes.

MWR (Write Pulse):

A negative pulse appearing in a memory-write cycle, after the
address lines have stabilized.

MRD (Read Level):

A low level on MRD indicates a memory read cycle. It can be
used to control three-state outputs from the addressed
memory which may have a common data input and output
bus. If amemory does not have a three-state high-impedance
output, MRD is useful for driving memory/bus separator
gates. It is also used to indicate the direction of data transfer
during an 1/0 instruction. For additional information see
Table I.

Q:

Single bit output from the CPU which can be set or reset
under program control. During SEQ or REQ instruction
execution, Q is set or reset between the trailing edge of TPA
and the leading edge of TPB.

CLOCK:

Input for externally generated single-phase clock. A typical
clock frequency is 5 MHz at Vcc= Vpp=5 volts. The
clock is counted down internally to 8 clock pulses per
machine cycle.

XTAL:

Connection to be used with ciock input terminal, for an
external crystal, if the on-chip oscillator is utilized. The
crystalis connected between terminals 1 and 39 (CLOCK and
XTAL) in parallel with a resistance (10 megohms typ.).
Frequency trimming capacitors may be required at terminals
1 and 39. For additional information, see ICAN-6565.

WAIT, CLEAR (2 Control Lines):

Provide four control modes as listed in the following truth
table:

CLEAR WAIT MODE

L L LOAD

L H RESET
H L PAUSE
H H RUN

VDD, Vss, Ve (Power Levels):

The internal voltage supply Vpp is isolated from the
Input/Output voltage supply V¢ so that the processor may
operate at maximum speed while interfacing with peripheral
devices operating atlower voltage. Vo must be less than or
equal to Vpp. All outputs swing from Vgs to Vcc. The
recommended input voltage swing is Vgs to V.
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CPU Register Summary

D 8 Bits Data Register (Accumulator) N 4 Bits Holds Low-Order Instr. Digit
DF 1 Bit Data Flag (ALU Carry) | 4 Bits Holds High-Order Instr. Digit
B 8 Bits Auxiliary Holding Register T 8 Bits Holds old X, P after Interrupt
R 16 Bits | 1 of 16 Scratchpad Registers (X is high nibble)
P 4 Bits Designates which register is IE 1 Bit Interrupt Enable

Program Counter Q 1 Bit Output Flip Flop
X 4 Bits Designates which register is

Data Pointer

CDP1802 Control Modes

The WAIT and CLEAR lines provide four control modes as
listed in the following truth table:

CLEAR WAIT MODE
L L LOAD
L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
Load

Holds the CPU in the IDLE execution state and allows an I/0
device to load the memory without the need for a “bootstrap”
loader. It modifies the IDLE condition so that DMA-IN
operation does not force execution of the next instruction.

Reset

Registers |, N, Q are reset, IE is set and 0's (Vgg) are placed
on the data bus. TPA and TPB are suppressed while reset is
held and the CPU is placed in S1. The first machine cycle
after termination of reset is an initialization cycle which
requires 9 clock pulses. During this cycle the CPU remainsin
S1 and registers X, P, and R(0) are reset. Interrupt and DMA
servicing are suppressed during the initialization cycle. The
nextcycleisan S0, S1, oran S2 but never an S3. With the use
of a 71 instruction followed by 00 at memory locations 0000
and 0001, this feature may be used to reset |IE, so as to
preclude interrupts until ready for them. Powerup reset can
be realized by connecting an RC network directly to the
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10.

Vee
CDPI802BC
Rs CLEAR The RC time constant
3 should be greater than
c the oscillator start-up time
I (typically 20 ms).

92CS-34669RI

Fig. 10 - Reset diagram.

Pause

Stops the internal CPU timing generator on the first negative
high-to-low transition of the input clock. The oscillator
continues to operate, but subsequent clock transitions are
ighored.

Run

May be initiated from the Pause or Reset mode functions. If
initiated from Pause, the CPU resumes operation on the first
negative high-to-low transition of the input clock. When
initiated from the Reset operation, the first machine cycle
following Reset is always the initialization cycle. The initial-
ization cycle is then followed by a DMA (S2) cycle or fetch
(S0) from location 0000 in memory.

RUN-MODE STATE TRANSITIONS

The CDP1802BC CPU state transitions whenin the RUN and
RESET modes are shown in Fig. 11. Each machine cycle
requires the same period of time, 8 clock pulses, except the
initialization cycle, which requires 9 clock pulses. The
execution of an instruction requires either two or three
machine cycles, SO followed by a single S1 cycle or two S1
cycles. S2 is the response to a DMA request and S3 is the
interrupt response. Table 11 shows the conditions on Data
Bus and Memory-Address lines during all machine states.

IDLEeDMASINT

FORCE S1
(LONG BRANCH,
LONG SKIP, NOP, ETC)

INTeDMA

INTsDMA

PRIORITY: FORCE S0, $1
MA IN

DMa ouT 92Cs-33872

Fig. 11 - State transition diagram.
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TABLE I — INSTRUCTION SUMMARY (Cont'd)
oP
INSTRUCTION MNEMONIC CODE OPERATION
ARITHMETIC OPERATIONS $
ADD ADD F4 M(R(X))+D—DF, D
ADD IMMEDIATE ADI FC M(R(P))+D—DF,D; R(P)+1—R(P)
ADD WITH CARRY ADC 74 M(R(X))+D+DF—DF, D
ADD WITH CARRY, IMMEDIATE ADCI 7C M(R(P))+D+DF—~DF, D
R(P)+1—R(P)
SUBTRACT D SD F5 M(R(X))—D—DF, D
SUBTRACT D IMMEDIATE SDI FD M(R(P))—D—DF, D;
R(P)+1-R(P)
SUBTRACT D WITH BORROW sDB 75 M(R(X))—D—(NOT DF)—DF, D
SUBTRACT D WITH sDBI 7D M(R(P))—D—(NOT DF)—DF, D;
BORROW, IMMEDIATE R(P)+1—R(P)
SUBTRACT MEMORY SM F7 D—M(R(X))—~DF, D
SUBTRACT MEMORY IMMEDIATE SMI FF D—M(R(P))—DF, D;
R(P)+1—R(P)
SUBTRACT MEMORY WITH BORROW | SMB 77 D—M(R(X))—(NOT DF)—DF, D
SUBTRACT MEMORY WITH SMmBI 7F D—M(R(P))—(NOT DF)—DF, D
BORROW, IMMEDIATE R(P)+1—R(P)
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH BR 30 M(R(P))—~R(P).0
NO SHORT BRANCH (SEE SKP) NBR 38§ R(P)+1—R(P)
SHORT BRANCH IF D=0 BZ 32 IF D=0, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF D NOT 0 BNZ 3A IF D NOT 0, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF DF=1 BDF 33§ IF DF=1, M(R(P))~R(P).0
SHORT BRANCH IF POS OR ZERO BPZ s ELSE R(P)+1—R(P)
SHORT BRANCH IF EQUAL OR BGE
GREATER
SHORT BRANCH IF DF=0 BNF 38§ IF DF=0, M(R(P))—~R(P).0
SHORT BRANCH IF MINUS BM $ ELSE R(P)+1—R(P)
SHORT BRANCH IF LESS BL
SHORT BRANCH IF Q=F BQ 31 IF Q=1, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF Q=0 BNQ 39 IF Q=0, M(R(P))—~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1=1 B1 34 IF EF1=1, M(R(P))—R(P).0
(EF1=Vgs) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1=0 BN1 3c IF EF1=0, M(R(P))~R(P).0
(EF1=Vee) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF2=1 B2 35 IF EF2=1, M(R(P))~R(P).0
(EF2=Vgg) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF2=0 BN2 3D IF EF2=0, M(R(P))~R(P).0
(EF2=Vce) "ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1, M(R(P))—~R(P).0
(EF3=vgg) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF3=0 BN3 3E IF EF3=0, M(R(P))—R(P).0
(EF3=Vge) ELSE R(P)+1—=R(P)
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TABLE I — INSTRUCTION SUMMARY (Cont'd)

op
INSTRUCTION MNEMONIC CODE OPERATION

CONTROL INSTRUCTIONS

IDLE DL oo# WAIT FOR DMA OR INTERRUPT;
M(R(0))~BUS

NO OPERATION NOP ca4 CONTINUE

SETP SEP DN N—P

SET X SEX EN N—X

SETQ SEQ 7B 1-Q

RESET Q REQ 7A 0-Q

SAVE SAV 78 T-M(R(X))

PUSH X,P TO STACK MARK 79 (X,P)=T; (X,P)~M(R(2))
THEN P—X; R(2)~1—R(2)

RETURN RET 70 M(R(X))~(X,P); R(X)+1—R(X)
1—IE

DISABLE DIS 71 M(R(X))~(X,P); R(X)+1—R(X)
0—~IE

INPUT-OUTPUT BYTE TRANSFER

OUTPUT 1 ouT 1 61 M(R(X))~BUS;R(X)+1—~R(X); N LINES=1
OUTPUT 2 ouT2 62 M(R(X))—~BUS;R(X)+1—~R(X); N LINES=2
OUTPUT 3 ouT3 63 M(R(X))~BUS;R(X)+1-R(X); N LINES=3
OUTPUT 4 OouT 4 64 M(R(X))~BUS;R(X)+1—~R(X); N LINES=4
OUTPUT 5 ouTs 65 M(R(X))—~BUS;R(X)+1—~R(X); N LINES=5
OUTPUT 6 ouTs 66 M(R(X))—~BUS;R(X)+1—~R(X); N LINES=6
OUTPUT 7 ouT7 67 M(R(X))~BUS;R(X)+1—~R(X); N LINES=7
INPUT 1 INP 1 69 BUS—M(R(X)); BUS—D; N LINES=1
INPUT 2 INP 2 6A BUS—M(R(X)); BUS—D; N LINES=2
INPUT 3 INP 3 68 BUS--M(R(X)); BUS—~D; N LINES=3
INPUT 4 INP 4 6C BUS—M(R(X)); BUS—D; N LINES=4
INPUT 5 INP 5 6D BUS—M(R(X)); BUS—D; N LINES=5
INPUT 6 INP 6 6E BUS—M(R(X)); BUS—D; N LINES=6
INPUT 7 INP 7 6F BUS—M(R(X)); BUS—~D; N LINES=7

$THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CANALTERTHEDF. AFTER
AN ADD INSTRUCTION:

DF=1 DENOTES A CARRY HAS OCCURRED

DF=0 DENOTES A CARRY HAS NOT OCCURRED

AFTER A SUBTRACT INSTRUCTION:

DF=1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER

DF=0 DENOTES A BORROW. D IS TWO'S COMPLEMENT

THE SYNTAX “—(NOT DF)" DENOTES THE SUBTRACTION OF THE BORROW

§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED.

#AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST
(INTERRUPT, DMA-IN, OR DMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED
AND THE I/O REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED.

Notes for TABLE I

1. Long-Branch, Long-Skip and No Op instructions are
the only instructions that require three cycles to
complete (1 fetch +2 execute).

Long-Branch instructions are three bytes long. The
first byte specifies the condition to be tested; and the
second and third byte, the branching address.

The long-branch instructions can:
a) Branch unconditionally
b) Test for D=0 or D#0
c) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1

e) effect an unconditional no branch

If the tested condition is met, then branching takes
place; the branching address bytes are loaded in the
high- and low-order bytes of the current program
counter, respectively. This operation effects a branch
to any memory location.

If the tested condition is not met, the branching
address bytes are skipped over, and the next in-
struction in sequence is fetched and executed. This
operation is taken for the case of unconditional no
branch (NLBR).
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
.ALL MACHINE STATES

CMOS Microprocessors, Memories and Peripherals

) DATA MEMORY N
STATE 1 N | MNEMONIC | OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESG
s1 RESET 0~I,N.QX,P; 00 XXXX 1 1 0 A
1~IE
s1 INITIALIZE 0000—R 00 XXXX 1 1 0 B
NOT PROGRAMMER
ACCESSIBLE
S0 FETCH MRP—I, N; MRP RP 0 1 0 c
RP+1—RP
0 0 IDL IDLE MRQ RO 0 1 0 D3
0 1-F LDN MRN—D MRN RN 0 1 0 3
1 0-F INC . RN+1—~RN FLOAT RN 1 1 0 1
2 O-F DEC RN-1=AN FLOAT RN 1 1 0 1
3 o-F | SHORT TAKEN;
BRANCH MRP—RP.0 MRP RP 0 1 0
NOT TAKEN; 8
RP+1-~RP
4 0-F LDA MRN—D; MRN RN 0 1 0 3
RN+1—RN
5 0-F STR D~MRN D RN 1 0 0 2
s1 8 0 IRX RX+1—RX MRX RX 0 1 0 2
1 ouUT 1 1
2 ouT?2 2
3 ouT3 3
4 ouT 4 MRX—BUS; MRX RX 0 1 4 6
5 ouTs RX+1—RX 5
6 ouT 6 6
6 7 ouT? 7
9 INP 1 DATA 1
A INP 2 FROM 2
B INP 3 1/0 3
c INP 4 BUS—MRX,D DEVICE RX 1 0 4 5
D INP 5 5
E INP 6 6
F INP 7 7
0 RET MRX—(X,P); MRX RX 0 1 0 3
RX+1—RX; 1~IE
1 DIS MRX—(X,P); MRX RX 0 1 0 3
RX+1—RX; 0—IE
7 2 LDXA MRX—D; MRX RX 0 1 0 3
RX+1—RX
3 STXD D~MRX; D RX 1 0 0 2.
RX—1~RX
4 ADC MRX+D+ MRX RX 0 1 0 3
DF—DF,D
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES (CONT'D)

DATA MEMORY | N
STATE ! N MNEMONIC OPERATION BUS ADDRESS MRD I\WV_R LINES NOTESG
D 0-F SEP N—P NN RN 1 1 0 1
E 0-F SEX N—X NN RN 1 1 Q 1
0 LDX MRX-D MRX RX 0 1 0 3
1 OR MRX OR D—D
2 AND MRX AND D—D
3 XOR MRX XOR D—D MRX RX 0 1 0 3
4 ADD MRX+D—DF,D
5 sD MRX—D—DF,D
7 SM D—MRX—DF,D
S1 6 SHR LSB(D)—DF; FLOAT RX 1 1 0 1
0—MSB(D)
F 8 LDI MRP-D;
RP+1—RP
9 ORI MRP OR D-D;
RP+1—-RP
A ANI MRP AND D—D;
RP+1—~RP
B XRI MRP XOR D—D; MRP RP 0 1 0 3
RP+1—RP
(e} ADI MRP+D—DF,D;
RP+1—RP
D SDI MRP—D—DF,D;
RP+1—RP
F SMI D—MRP--DF,D;
RP+1—RP
E SHL MSB(D)—DF; FLOAT RP 1
0—-LSB(D)
DMA IN BUS—MRO; DATA FROM RO F. 7
$2 RO+1—~R0 1/0 DEVICE
DMA OUT MRO—BUS; MRO RO F.8
RO+1—R0O
S3 INTERRUPT X,P—T; 0—IE FLOAT RN 9
1—P; 2—X :
S1 LOAD IDLE M(R0—1) RO—1 E3
(CLEAR, WAIT=0)
NOTES:
A. |IE=1, TPA, TPB suppressed, state=S1.
B. BUS=0 for entire cycle.
C. Next state always S1.
D. Wait for DMA or INTERRUPT.
E. Suppress TPA, wait for DMA.
F. IN REQUEST has priority over OUT REQUEST.
G. Number refers to machine cycle. See Fig. 14 timing waveforms for machine cycles 1 through 9.
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MACHINE CYCLE _| CYCLE n | CYCLE (n+ 1) I
INSTRUCTION _| FETCH (S0) | EXECUTE (S1) |
MRD [

NO-N2 [ N=9-F \
MWR J S R
MEMORY
ooreor LY. ym ]
ALLOWABLE MEMORY ACCESS VALID OUTPUT

L___ MEMORY |_ MEMORY ’

| READ CYCLE I WRITE CYCLE |
“User-generated signal

92CS—-2960I
No. 5 Input-cycle timing waveforms.
o 1 2 3 4 5 & 7 0 1 2 3 4 5 6 7 0 1
TPA 1 |
PB 1 ™
MACHINE
CYCLE 1 CYCLEn 1 CYCLE (n+ 1) T
INSTRUCTION __] FETCH (S0) ] EXECUTE (51) |

weo L 1 N
NO - N2 [ No1-7 \

ALLOWABLE MEMORY ACCESS

oatasus 70T vl Y ﬁ:ﬁ_

A
ALLOWABLE MEMORY ACCESS 1_ VALID DATA FROM MEMORY

DATA STROBE " VALID OUTPUT
(MRD - TPB-N) | | |
MEMORY MEMORY
| T READCYCLE S T T UReapcyete T )
|
“User-generated signal
W “Don‘t Cate” or internal delays
% s
92CS-29602

- High impedance state

No. 6 Output-cycle timing waveforms.

Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued.
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TERMINAL ASSIGNMENT

CMOS 8-Bit Microcomputer With

cLock — T~ 40— Vpp
WAIT — 2 39— XTAL . H
dtm—: e taw On-Chip RAM, ROM, and Counter/Timer
o EHT R Performance Features:
sus 7 o W e u Instruction time of 3.2 us, -40 to +85°C
o B - m 123 instructions-upwards sofware compatible with
BUS 4 —{ 11 30— MAS CDP1802, CDP1805A, and CDP1806A
BusI R B s = BCD arithmetic instructions
BUS | —|14 27— ma2 m Low-power IDLE mode
TwEie 25— wao = Pin compatible with CDP1802, CDP1805A, and CDP1806A
e 2= E—E except for terminal 16.
No —] 19 22— EF3 w 64K-byte memory address capability
vss —{20 21— EF4 m 2 K bytes of on-chip ROM

TOP VIEW

The RCA-CDP1804AC is a functional and performance
enhancement of the CDP1802, CDP1805A, and
CDP1806A CMOS 8-bit register-oriented microprocessor
series and is designed for use in a wide variety of general-
purpose applications.

The CDP1804AC hardware enhancements include a 2K-
byte ROM, a 64-byte RAM, and a 8-bit presettable down
counter. The Counter/Timer, which generates an internal
interrupt request, can be programmed for use in time-
base, event-counting, and pulse-duration measurement
applications. The Counter/Timer underflow output can
also be directed to the Q output terminal.

The CDP1805AC and CDP1806AC which are identical to
the CDP1804AC, except for the on-chip memory, should
be used for CDP1804AC development purposes.

MAO - MA7
N CONTROL

12 MRD

CDPI804AC
8-BIT CPU MWR

copissl WITH ROM,

PIO RAM, AND
COUNTER,  TPA
TIMER
ouT
EMS
BUSO- BUS? BUSO - BUS?

928-34980 = 64 bytes of on-chip RAM

m 16 x 16 matrix of on-board registers
m  On-chip crystal or RC controlled oscillator
m  8-bit Counter/Timer

The CDP1804AC software enhancements include 32 more
instructions than the CDP1802. The 32 additional
software instructions include subroutine call and return
capability, enhanced data transfer manipulation,
counter/timer control, improved interrupt handling,
single-instruction loop counting, and BCD arithmetic.

Upwards software and hardware compatibility are
maintained when substituting a CDP1804AC for other
CDP1800-series microprocessors. Pinout is identical
except for the replacement of Vcc with EMS/ME.

The CDP1804AC has an operating voltage range of 4 V to
6.5 V and is supplied in a 40-lead hermetic dual-in-iine
ceramic package (D suffix), and in a 40-lead dual-in-line
plastic package (E suffix).

ADDRESS BUS |
—

- SEERRR - !
|

<7 U
|'FA0-M_AFI :'_riAo-M_Aﬂ
|
| | | I
——— — ——»WRD p———-—»&lm |

|

L 1 ROM Ly WWR I
_____,]lTPA : | Raw {
| CEO‘————-—D'I—S I
I —— -7 i
| suso-sus? L BUS0-BUS? |

—TT {_IT

JL "

8-BIT DATA BUS

|
_)92CM-3498I

\-—OPTIONAL EXPANSION MEMORY ———/

Fig. 1 - Typical COP1804AC microprocessor system.

File Number 1371
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Voo * 5%, Except as noted

CONDITIONS LIMITS
CHARACTERISTIC CDP1804ACD, UNITS
CDP1804ACE 7
Vo VIN Vop
v) V) v) Min. Typ.* Max.
Quiescent Device Current loo — 0,5 5 — 50 200 uA
Output LO—W—_D—I’I—VO (Sink) Current loL 0.4 0.5 5 16 4 B
(Except XTAL)
"XTAL Output lou 0.4 5 5 0.2 0.4 — A
Output HEE_P_”W (Source) Current lon 46 0.5 5 16 4 _
(Except XTAL)
XTAL lom 4.6 0 5 -0.1 -0.2 —
Output Voltage Low-Leve! Vou — 0,5 5 — 0 0.1
Output Voltage High Level Vowu — 0,5 5 4.9 5 =
Input Low Voltage (BUS 0 — BUS 7, EMS/ME) Vi |0.5,4.5 — 5 — - 15
Input High Voltage (BUS 0 — BUS 7, EMS/ME) Vi |0.5,4.5 — 5 3.5 — —
Schmitt Trigger Input Voitage \'
(Except BUS 0 — BUS 7, EMS/ME)
Positive Trigger Threshold Ve 2.2 2.9 3.6
Negative Trigger Threshold Vn 05,45 - 5 0.9 1.9 2.8
Hysteresis Vi 0.3 0.9 1.6
Input Leakage Current Iin — 0.5 5 — +0.1 +5 A
3-State Output Leakage Current lout 0,5 0,5 5 — +0.2 +5 H
Input Capacitance Cin — — — — 5 7.5 oF
Output Capacitance Cour — — — — 10 15
Tﬁ&%‘ Power Dissipationa _ _ 5 _ 35 50 W
Tdle ™00 at M{0000) - — 5 — 12 18
Minimum Data Retention Voltage Vor Voo = Vor —_ 2 24 \
Data Retention Current lor Vop =24 — 25 100 uA

*Typical values are for Ta = 25°C and nominal Vpo.
AExternal Clock: =5 MHz, ty,t=10 ns. C| =50 pF.
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TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

rleTERNAL RAM READ CYCLE TINTERNAL RAM WRITE CYCLE j
00 10 20 30 40 50 60 70 00 10 20 30 40 50 60 70
ol " 2 3 4 51 e T ol 1" 2 3 4 51 6l 7

TPA 1 | 1
Tee Inn 1
|
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I
I
|
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A[')A[E:EOSRSY [ HieH BYTE | LOW BYTE

MRDT |

MWR

| HicH BYTE | LOW BYTE |

L
[ L LI

VALID DATA FROM MEMORY —f—a—j—e—f
DATA BUS [/ 7 V7]  vauo pata from cpu |

“NOTE FOR RUN (RAM ONLY) MODE:

'ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71,
INDEPENDENT OF ME.

NOTE FOR RUN (ROM/RAM) MODE:

INTERNAL MEMORY DATA WILL APPEAR ON THE DATA BUS AFTER CLOCK 92C5-34983
PULSE 31.

*

m

Fig. 3 - Internal memory operation timing waveforms for COP1804AC.
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*FOR RUN (ROM/RAM) MODE ONLY. —
NOTE: FOR THE RUN (RAM ONLY) MODE ME MUST BE HIGH DURING
EXTERNAL MEMORY ACCESSES.

92CS-34984

Fig. 4 - External memory operation timing waveforms for CDP1804AC.

SIGNAL DESCRIPTIONS

Bus 0 to BUS 7 (Data Bus): interface. These lines can be used to issue command
codes or device selection codes to the I/O devices. The N
8-bit bidirectional DATA BUS lines. These lines are used bits are low at all times except when an I/0 instruction is
for transferring data between the memory, the being executed. During this time their state is the same as
microprocessor, and 1/0 devices. the corresponding bits in the N register. The direction of

data flow is defined in the I/O instruction by bit N3

NO to N2 (I/O) Lines): (internally) and is indicated by the level of the MRD

Activated by an I/0 instruction to signal the I/0 control signal:
logic of a data transfer between memory and 1/0 MRD = Vop:  Input data from 1/0 to CPU and Memory

MRD = Vss: Output data from Memory to 1/0
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EMS (External Memory Select) RUN (ROM/RAM) Mode
This active low output is used for external memory
expansion. It is low when external memory is being
addressed and high at all other times. It is initiated 1.5
clock periods after TPA (at which time all addresses are
stable) and terminates at the end of the cycle. Use of EMS
for memory selection allows 3.5 clock cycles for data
access.

Note that in the RUN (ROM/RAM) mode data from the
internal ROM or RAM, when selected, will appear on the
data bus after clock 31.

Voo, Vss, (Power Levels):

Vss is the most negative supply voltage terminal and is
normally connected to ground. Vpp is the positive supply
voltage terminal. All outputs swing from Vss-to Vop. The
recommended input voltage swing is from Vss to Vpp.

ARCHITECTURE

Fig. 2 shows a block diagram of the CDP1804AC. The
principal feature of this system is a register array (R)
consisting of sixteen 16-bit scratchpad registers.
Individual registers in the array (R) are designated
(selected) by a 4-bit binary code from one of the 4-bit
registers labeled N, P, and X. The contents of any register
can be directed to any one of the following paths:
1. the external memory (multiplexed, higher-order byte
first, on to 8 memory address lines)
2. the D register (either of the two bytes can be gated to
D)~
3. the increment/decrement circuit where it is increased
or decreased by one and stored back in the selected
16-bit register
4. to any other 16-bit scratch-pad register in the array.
The four paths, depending on the nature of the
instruction, may operate independently or in various
combinations in the same machine cycle.

Most instructions consist of two 8-clock-pulse machine
cycles. The first cycle is the fetch cycle, and the second—
and more if necessary—are execute cycles. During the
fetch cycle the four bits in the P designator select one of
the 16 registers R(P) as the current program counter. The
selected register R(P) contains the address of the
memory location from which the instruction is to be
fetched. When the instruction is read out from the
memory, the higher-order 4 bits of the instruction byte
are loaded into the I register and the lower-order 4 bits
into the N register. The content of the program counter is
automatically incremented by one so that R(P) is now
“pointing” to the next byte in the memory.

The X designator selects one of the 16 registers R(X) to
“point” to the memory for an operand (or data) in certain
ALU or I/0 operations.
The N designator can perform the following five functions
depending on the type of instruction fetched:
1. designate one of the 16 registers in R to be acted
upon during register operations
2. indicate to the I/0 devices a command code or
device-selection code for peripherals
3. indicate the specific operation to be executed during
the ALU instructions, types of tests to be performed
during the Branch instructions, or the specific
operation required in a class of miscellaneous
instructions
4. indicate the value to be loaded into P to designate a
new register to be used as the program counter R(P)
5. indicate the value to be loaded into X to designate a
new register to be used as data pointer R(X).

The registers in R can be assigned by a programmer in
three different ways as program counters, as data
pointers, or as scratchpad locations (data registers) to
hold two bytes of data.

Program Counters

Any register can be the main program counter; the
address of the selected register is held in the P
designator. Other registers in R can be used as
subroutine program counters. By a single instruction the
contents of the P register can be changed to effect a
“call” to a subroutine. When interrupts are being serviced,
register R(1) is used as the program counter for the user's
interrupt servicing routine. After reset, and during a DMA
operation, R(0) is used as the program counter. At all
other times the register designated as program counter is
at the discretion of the user.

Data Pointers

The registers in R may be used as data pointers to
indicate a location in memory. The register designated by
X (i.e., R(X)) points to memory for the following
instructions (see Table I):

. ALU operations

. output instructions

. input instructions

. register to memory transfer

. memory to register transfer

. interrupt and subroutine handling.

The register designated by N (i.e., R(N)) points to
memory for the “load D from memory” instructions ON
and 4N and the “Store D” instruction 5N. The register
designated by P (i.e., the program counter) is used as the
data pointer for ALU instructions F8-FD, FF, 7C, 7D, 7F,
and the RLDI instruction 68CN. During these instruction
executions, the operation is referred to as “data
immediate”.

Another important use of R as a data pointer supports the
built-in Direct-Memory-Access (DMA) function. When a
DMA-In or DMA-Out request is received, one machine
cycle is “stolen”. This operation occurs at the end of the
execute machine cycle in the current instruction. Register
R(0) is always used as the data pointer during the DMA
operation. The data is read from (DMA-Out) or written
into (DMA-In) the memory location pointed to by the R(0)
register. At the end of the transfer, R(0) is incremented by
one so that the processor is ready to act upon the next
DMA byte transfer request. This feature in the
CDP1804AC architecture saves a substantial amount of
logic when fast exchanges of blocks of data are required,
such as with magnetic discs or during CRT-display-
refresh cycles.

oA WN -

Data Registers

When registers in R are used to store bytes of data,
instructions are provided which allow D to receive from or
write into either the higher-order- or lower-order-byte
portions of the register designated by N. By this
mechanism (together with loading by data immediate)
program pointer and data pointer designations are
initialized. Also, this technique allows scratchpad
registers in R to be used to hold general data. By
employing increment or decrement instructions, such
registers may be used as loop counters. The new RLDI,
RLXA, RSXD, and RNX instructions also allow loading,
storing, and exchanging the full 16-bit contents of the R
registers without affecting the D register. The new DBNZ
instruction allows decrementing and branching-on-not-
zero of any 16-bit R register also without affecting the D
register.
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Counter/Timer and Controls (See Fig. 6)

This logic consists of a presettable 8-bit down-counter
(Modulo N type), and a conditional divide-by-32
prescaler. After counting down to (01)+e the counter
returns to its initial value at the next count and sets the
Counter Interrupt Latch. It will continue decrementing on
subsequent counts. If the counter is preset to (00)+e a full
256 counts will occur.

During a Load Counter instruction (LDC) if the counter
was stopped with a STPC instruction, the counter and its
holding register (CH) are loaded with the value in the D
register and any previous counter interrupt is cleared. If
the LDC is executed when the counter is running, the
contents of the D register are loaded into the holding
register (CH) only and any previous counter interrupt is
not cleared. (LDC resets the Counter Interrupt Latch only
when the counter is stopped). After counting down to
(01)+16 the next count will load the new initial value into
the counter, set the Counter Interrupt Latch, and
operation will continue.

The Counter/Timer has the following five programmable
modes:

1. Event Counter 1: Input to counter is connected to
the EF1 terminal. The high-to-low transition
decrements the counter.

2. Event Counter 2: Input to counter is connected to
the EF2 terminal. The high-to-low transition
decrements the counter.

3. Timer: Inputto counter is from the divide-by-32
prescaler clocked by TPA. The prescaler is
decremented on the low-to-high transition of TPA.
The divide-by-32 prescaler is reset when the
counter is in a mode other than the Timer mode,
system reset, or stopped by a STPC.

4. Pulse Duration Measurement 1: Input to counter
connected to TPA. Each low-to-high transition of

TPA decrements the counter if the input signal at
EF1 terminal (gate input) is low. On the transition of
EF1 to the positive state, the count is stopped, the
mode is cleared, and the interrupt request latched.
If the counter underflows while the input is low,
interrupt will also be set, but counting will continue.

5. Pulse Duration Measurement 2: Operation is
identical to Pulse Duration Measurement 1, except
EF2 is used as the gate input.

The modes can be changed without affecting the stored
count.

Those modes which use EF1 and EF2 terminals as inputs
do not exclude testing these flags for branch instructions.

The Stop Counter (STPC) instruction clears the counter
mode and stops counting. The STPC instruction should
be executed prior to a GEC instruction, if the counter is in
the Event Counter Mode 1 or 2.

In addition to the five programmable modes, the
Decrement Counter instruction (DTC) enables the user to
count in software. In order to avoid conflict with counting
done in other modes, the instruction should be used only
after the mode has been cleared by a Stop Counter
instruction.

The Enable Toggle Q instruction (ETQ) connects the Q-
line flip-flop to the output of the counter, such that each
time the counter decrements from 01 to its next value, the
Q output changes state. This action is independent of the
counter mode and the Interrupt Enable flip-flops. The
Enable Toggle-Q condition is cleared by an LDC with the
Counter/Timer stopped; system Reset, or a BCI with
Cl=1. Note that SEQ and REQ instructions are
independent of ETQ.—they can Set or Reset Q while the
counter is running.

TO INTERRUPT LATCH

INH

DOWN

READ

ouT

8-BIT

1coumen
LOAD ‘ LOC

COUNTER
UNDERFLOW
- Q OUTPUT
C Q\_’
QFF
ETQ
[} T

92CM-34738

Fig. 6 - Counter/Timer diagram for CDP1804AC.
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RUN
May be initiated from the Pause or Reset mode functions.
CDPIBO4AC If initiated from Pause, the CPU resumes operation at the
The RC time constant point it left off. If paused at TPA, it will resume on the
_% should be greater next high-to-low clock transition, while if paused at TPB,
than the oscillator it will resume on the next low-to-high clock transition.
start-up time (See Fig. 12). When initiated from the Reset operation, the
| > > (typlcally 20 ms). first machine cycle following Reset is always the
initialization cycle. The initialization cycle is then

followed by a DMA (S2) cycle or fetch (S0) from location
92C5-38098 0000 in memory.

SCHMITT TRIGGER INPUTS

All inputs except BUS 0 — BUS 7 and ME contain a
Schmitt Trigger circuit, which is especially useful on the

Fig. 11 - Reset/Run (RAM only) diagram.

PAUSE CLEAR input as a power-up RESET (See Fig. 10 and 11)
Pause is a low power mode which stops the internal CPU and the CLOCK input (See Fig. 7 and 8).

timing generator and freezes the state of the processor.

The CPU may be held in the Pause mode indefinitely. STATE TRANSITIONS

Hardware pause can occur at two points in a machine The CDP1804AC state transitions are shown in Fig. 13.
cycle, on the low to high transition of either TPA or TPB. Each machine cycle requires the same period of time, 8
A TPB pause can also be initiated by software with the clock pulses, except the initialization cycle (INT) which
execution of an IDLE instruction. In the pause mode, the requires 9 clock pulses. Reset is asynchronous and can
oscillator continues to run but subsequent clock be forced at any time.

transitions are ignored. TPA and TPB remain at their
previous state (see Fig. 3).

Pause is entered from RUN (RAM only) by droppin
WAIT low, and from RUN (ROM/RAM) by raising éLEAﬁ
high. Appropriate setup and hold times must be met.

If Pause is entered while in the event counter mode, the
appropriate Flag transition will continue to decrement the
counter.

Hardware-initiated pause is exited to RUN (RAM only) by
raising the Wait line, and the RUN (ROM/RAM) by
lowering CLEAR. Pause entered with-an IDLE instruction
requires DMA, TNTERRUPT or RESET to resume
execution.
TPA PAUSE TIMING  enter  RESUME

PAUSE RUN

§1 RESET

(LONG BRANCH,
LONG SKIP, NOP, RSXD, ETC)

e e INT - DMA + FORCE S1
DMACIDLE®INT o
FORCE S1

CLOCK )
70/ 71 \oo/ ol | ause\ 10/ 11 ] 20/ 21 \ 30
TPA 'PLH—>1 F | tPHL
| |
| | PRIORITY: RESET INT*DMA
WA—IT ! | | ‘FDO?RCESILN
- A IN -
. ﬂf ] EA out 92CS-34778R1
'SU 'H o | INT
~ Rtsy
TPB PAUSE TIMING eyter  ReEsume
PAUSE RUN

Fig. 13 - State transition diagram.

92CM-31944RI

t
V]
sy | MW i‘ 5 !

NOTE:
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG.

Fig. 12 - Pause mode timing waveforms.
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Table | — INSTRUCTION SUMMARY (Cont'd)

NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION
LOGIC OPERATIONS (Note 5) (Contd)
SHIFT LEFT WITH CARRY 2 SHLC 7EA SHIFT D LEFT, MSB(D)—DF,
RING SHIFT LEFT 2 RSHL } DF—-LSB(D)
ARITHMETIC OPERATIONS (Note 5)
ADD 2 ADD Fa M(R(X))*D—~DF, D
DECIMAL ADD 4 DADD €8F4 | M(R(X))+D—DF, D
DECIMAL ADJUST—DF, D
ADD IMMEDIATE 2 ADI FC M(R(P))+D—DF, D; R(P)+1—~R(P)
DECIMAL ADD IMMEDIATE 4 DADI 68FC | M(R(P))+D—DF,D
R(P)+1—R(P)
DECIMAL ADJUST—DF, D
ADD WITH CARRY 2 ADC 74 M(R(X))+D+DF—DF, D
DECIMAL ADD WITH CARRY 4 DADC 6874 | M(R(X))+D+DF—DF, D
DECIMAL ADJUST—DF, D
ADD WITH CARRY, IMMEDIATE 2 ADCI 7C M(R(P))+D+DF—DF, D
R(P)+1—R(P)
DECIMAL ADD WITH CARRY, 4 DACI 687C | M(R(P))+D+DF—DF, D
IMMEDIATE R(P)+1—~R(P)
DECIMAL ADJUST—DF, D
SUBTRACT D 2 SD F5 M(R(X))-D—DF, D
SUBTRACT D IMMEDIATE 2 sDI FD M(R(P))-D—DF, D;
R(P)+1—R(P)
SUBTRACT D WITH BORROW 2 sSDB 75 M(R(X))-D-(NOT DF)—~DF, D
SUBTRACT D WITH 2 SDBI 7D M(R(P))-D-(NOT DF)~DF, D;
BORROW, IMMEDIATE R(P)+1—R(P)
SUBTRACT MEMORY 2 SM F7 D-M(R(X))~DF, D
DECIMAL SUBTRACT MEMORY 4 DSM 68F7 | D-M(R(X))—DF, D
DECIMAL ADJUST—DF, D
SUBTRACT MEMORY IMMEDIATE 2 SMI FF D-M(R(P))~DF, D;
R(P)+1—~R(P)
DECIMAL SUBTRACT MEMORY, 4 DSMI 68FF | D-M(R(P))~DF, D
IMMEDIATE R(P)+1~R(P)
DECIMAL ADJUST—DF, D
SUBTRACT MEMORY WITH BORROW 2 sMB 77 D-M(R(X))-(NOT DF)—DF, D
DECIMAL SUBTRACT MEMORY 4 DSMB 6877 | D-M(R(X))-(NOT DF)—~DF, D
WITH BORROW DECIMAL ADJUST—DF, D
SUBTRACT MEMORY WITH 2 SMBI 7F D-M(R(P))-(NOT DF)—DF, D
BORROW, IMMEDIATE R(P)+1~R(P)
DECIMAL SUBTRACT MEMORY 4 DSBI 687F | D-M(R(P))-(NOT DF)—DF, D
WITH BORROW, IMMEDIATE R(P)+1~R(P)
DECIMAL ADJUST—DF, D
BRANCH INSTRUCTIONS — SHORT BRANCH
SHORT BRANCH 2 BR 30 M(R(P))~R(P).0
NO SHORT BRANCH (SEE SKP) 2 NBR 384 | R(P)+1—R(P)
SHORT BRANCH IF D = 0 2 BZ 32 IF D = 0, M(R(P))—=R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF D NOT 0 2 BNZ 3A IF D NOT 0, M(R(P))~R(P).0
ELSE R(P)+1—R(P)

AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.
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Table I — INSTRUCTION SUMMARY (Cont'd)
NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
SKIP INSTRUCTIONS
SHORT SKIP (SEE NBR) 2 SKP 384 | R(P)+1—R(P)
LONG SKIP (SEE NLBR) 3 LSKP ces | R(P)+—R(P)
LONG SKIPIFD=0 3 LSz CE IF D = 0, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF D NOT 0 3 LSNZ cé IF D NOT 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF DF = 1 3 LSDF CF IF DF = 1, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF DF = 0 3 LSNF c? IF DF = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIPIFQ =1 3 Lsa cD IF Q= 1, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIPIFQ =0 3 LSNQ cs IF Q =0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF MIE = 1 3 LSIE cc | IFMIE=1,R(P)*2~R(P)
ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE 2 IDL 00* | STOP ON TPB; WAIT FOR DMA OR
INTERRUPT; BUS FLOATS
| NO OPERATION 3 NOP C4 | CONTINUE
[SETP 2 SEP DN | N—P
SET X 2 SEX EN N—X
SET Q 2 SEQ 78 1-Q
RESET Q 2 REQ 7A 0~Q
PUSH X, P TO STACK 2 MARK 79 (X, P)=T; (X, P)=M(R(2))
THEN P—X; R(2)=1—R(2)
TIMER/COUNTER INSTRUCTIONS
LOAD COUNTER 3 LbC 6806° | CNTR STOPPED: D—~CH, CNTR;
0=CI.CNTR RUNNING; D—~CH
GET COUNTER 3 GEC 6808 | CNTR—D
STOP COUNTER 3 STPC 6800 | STOP CNTR CLOCK;
0-+32 PRESCALER
DECREMENT TIMER/COUNTER 3 DTC 6801 | CNTR-1~CNTR
SET TIMER MODE AND START 3 STM 6807 | TPA+32— CNTR
SET COUNTER MODE 1 AND START 3 SCM1 6805 | EF1— CNTR CLOCK
SET COUNTER MODE 2 AND START 3 sSCcM2 6803 | EF2—CNTR CLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 | TPA.EF1— CNTR CLOCK;
AND START EF1 « STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2—~ CNTR CLOCK;
AND START EF2 « STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809* | IF CNTR =01+ NEXT

CNTRCLOCK A

:Q-Q

AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.

#An IDLE instruction initiates an S1 cycle. All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All
outputs remain in their previous states, MRD, MWR, EMS are set to a logic ‘1" and the data bus floats. The processor will continue to IDLE until
an 1/0 request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated and the

1/0 request is serviced, and the normal operation is resumed. (To respond toan INTERRUPT during an IDLE, MIE and either CIE or XIE must

be enabled).

® ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCI + (Cl = 1).

ClI = Counter Interrupt, XI = External Interrupt.
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NOTES FOR TABLE I

1.

Long-Branch, Long-Skip and No Op instructions
require three cycles to complete (1 fetch + 2 execute).

Long-Branch instructions are three bytes long. The
first byte specifies the condition to be tested; and the
second and third byte, the branching address.

The long-branch instructions can:

. Branch unconditionally

. Test for D=0 or D#0

. Test for DF=0 or DF=1

. Test for Q=0 or Q=1

. Effect an unconditional no branch

If the tested condition is met, then branching takes
place; the branching address bytes are loaded in the
high-and-low-order bytes of the current program
counter, respectively. This operation effects a branch
to any memory location.

If the tested condition is not met, the branching address
bytes are skipped over, and the next instruction in
sequence is fetched and executed. This operation is
taken for the case of unconditional no branch (NLBR).

OQ 0T

. The short-branch instructions are two or three bytes

long. The first byte specifies the condition to be tested,
and the second specifies the branching address, except
for the branches on interrupt. For those, the first two
bytes specify the condition to be tested and the third
byte specifies the branching address.

The short branch instruction can:

. Branch unconditionally

. Test for D=0 or D#0

. Test for DF=0 or DF=1

. Test for Q=0 or Q=1

. Test the status (1 or 0) of the four EF flags

. Effect an unconditional no branch

. Test for counter or external interrupts (BCI, BXI)

If the tested condition is met, then branching takes
place; the branching address byte is loaded into the
low-order byte position of the current program counter.
This effects a branch within the current 256-byte page
of the memory, i.e., the page which holds the branching
address. If the tested condition is not met, the branching
address byte is skipped over, and the next instructionin
sequence is fetched and executed. This same action is
taken in the case of unconditional no branch (NBR).

Q 00U ®

. The skip instructions are one byte long. There is one

Unconditional Short-Skip (SKP) and eight Long-Skip
instructions.

The Unconditional Short-Skip instruction takes 2 cycles
to complete (1 fetch + 1 execute). Its action is to skip
over the byte following it. Then the next instruction in
sequence isfetched and executed. This SKP instruction
is identical to the unconditional no-branch instruction
(NBR) except that the skipped-over byte is not con-
sidered part of the program.

The Long-Skip instructions take three cycles to com-
plete (1 fetch + 2 execute).

CMOS Microprocessors, Memories and Peripherals

They can:

. Skip unconditionally
. Test for D=0 or D#0

. Test for DF=0 or DF=1
. Test for Q=0 or Q=1

. Test for MIE=1

If the tested condition is met, then Long Skip takes
place; the current program counter is incremented
twice. Thus two bytes are skipped over and the next
instruction in sequence is fetched and executed. If the
tested condition is not met, then no action is taken.
Execution is continued by fetching the next instruction
in sequence.

P00 ®

. Instruction 6800 through 68FF take a minimum of 3

machine cycles and up to a maximum of 10 machine
cycles. In all cases, the first two cycles are fetches and
subsequent cycles are executes. The first byte (68) of
these two-byte op codes is used to generate the second
fetch, the second byte is then interpreted differently
than the same code without the 68 prefix. DMA and INT
requests are not serviced until the end of the last
execute cycle.

. Arithmetic Operations:

The arithmetic and shift operations are the only
instructions that can alter the content of DF. The syntax
‘(NOT DF)’ denotes the subtraction of the borrow.
Binary Operations:
After an ADD instruction —
DF=1 denotes a carry has occurred. Result is
greater than FFqe.
DF=0 denotes a carry has not occurred.
After a SUBTRACT instruction —
DF=1 denotes no borrow. D is a true positive
number.
DF=0 denotes a borrow. D is in two's complement
form.

Binary Coded Decimal Operations:

After a BCD ADD instruction —
DF=1 denotes a carry has occurred. Result is
greater than 99+0.
DF=0 denotes a carry has not occurred.

After a BCD SUBTRACT instruction —
DF=1 denotes no borrow. D is a true positive
decimal number.

(Example) 99 D
-88 M(R(X))
11 D DF=1
DF=0 denotes a borrow. D is in ten’'s complement
form.
(Example) 88 D
-99  M(R(X)
89 D DF=0

89 is the ten's complement of 11, which is the
correct answer (with a minus value denoted by
DF=0).
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DYNAMIC ELECTRICAL CHARACTERISTICS at T = -40 to +85°C; C. = 50 pF; Input t,, t; = 10ns;
Input Pulse Levels = 0.1 V to Vpp -0.1 V; Vop = 5 V, £5%.

LIMITS
CHARACTERISTIC CDP1804AC UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB teLn, teHL 150 275
Clock-to-Memory High-Address Byte teun, trHL 325 550
Clock-to-Memory Low-Address Byte tem, trHL 275 450
Clock to MRD teun, teHL 200 325
Clock to MWR teun, tene 150 275 ns
Clock to (CPU DATA to BUS) : teun, tere 375 625
Clock to State Code teun, tene 225 400
Clock to Q teum, tPHL 250 425
Clock toN teuH, teHL 250 425
Clock to Internal RAM Data to BUS teLh, teHL 420 650
Clock to EMS teLn, trHL 275 450
Minimum Set Up and Hold Times:®
Data Bus Input Set-Up tsu -100 0
Data Bus Input Hold th 125 225
DMA Set-Up tsy -75 0
DMA Hold th 100 175
ME Set-Up tsu 125 225
ME Hold th 0 50
Interrupt Set-Up tsu -100 0 ns
Interrupt Hold th 100 175
WAIT Set-Up tsu 20 50
EF1-4 Set-Up tsu -125 0
EF1-4 Hold th 175 300
Minimum Pulse Width Times:®
CLEAR Pulse Width twe 100 175 ns
CLOCK Pulse Width twi 75 100
*Typical values are for Ta = 25°C and nominal Voo.
®Maximum limits of minimum characteristics are the values above which all devices function.
TIMING SPECIFICATIONS as a function of T (T = 1/fcLock) at Ta = -40 to +85°C, Vpp = 5 V, £5%.
LIMITS
CHARACTERISTIC CDP1804AC UNITS
Min. Typ.e
High-Order Memory-Address Byte Set-Up to TPA ( Time tsu 2T-275 2T-175
MRD to TPA tsu T/2-100 T/2-75
High-Order Memory-Address Byte Hold After TPA Time th T/2+100 T/2+75
ns
Low-Order Memdry-Address Byte Hold After WR Time th T+240 T+180
CPU Data to Bus Hold After WR Time tH T+150 T+110
Required Memory Access Time Address to Data tacc | 4.5T-440 4.5T-330

eTypical values are for Ta = 25° C and nominal Vpp.
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TABLE IL. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)
DATA | MEMORY N
STATE | | N__ | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR |LINES
S1#1 TAKEN: MRP—B; RP+1—RP| __ MRP RP 0 1 0
2 0-3, LONG [TAKEN:B—RP.1;MRP—RP.0| M(RP+1) RP+1 0 7 0
S1#1 8-B | BRANCH | NOT TAKEN RP+1—RP MRP RP 0 1 0
#2 NOT TAKEN: RP+1=RP_| _M(RP+1) RP+1 0 1 0
s | © 5 TAKEN: RP+1—<RP MRP RP 0 1 0
#2 6 LONG TAKEN: RP+1—~RP M(RP+1) RP+1 0 1 0
7 SKIP
S1#1 c NOT TAKEN: NO MRP RP 0 1 0
D OPERATION
#2 E NOT TAKEN: NO M(RP+1) RP+1 0 3 )
F OPERATION
S1#1 NO OPERATION MRP RP 0 7 0
#2 4 NOP NO OPERATION M(RP+T) RP+1 0 1 0
D | oF SEP N=P NN AN 3 7 0
E | oF SEX N=X NN AN 1 1 0
0 LDX MRX—D MRX RX 0 i )
1 OR MRX OR D—~D
2 AND MRX AND D—D
3 XOR MRX XOR D—D MRX RX 0 1 0
4 ADD MRX+D—DF, D
5 SD MRX-D—DF, D
7 SM D-MRX—DF; D
S1 F 6 SHR LSB(D)~DF, 0~MSB(D) | HIGH Z RX 1 1 0
8 LDI MRP—D; RP+1—~RP
9 ORI MRP OR D—D; RP+1—~RP
A ANl | MRP AND D—D; RP+1—RP
B XAl | MRP XOR D—D; RP+1~RP|  MRP RP 0 1 0
c ADI MRP+D~DF, D; RP+1—RP
D Sol MRP-D—DF, D; RP+1—RP
F SMI D-MRP—DF, D; RP+1—RP
E SHL MSB(D)—DF; 0~LSB(D) | HIGHZ RP 1 1 0
DMA IN BUS—MRO;, RO+1—R0 | DATA FROM RO 7 0 )
s2 1/0 DEVICE
DMA OUT MRO—BUS; RO+1—R0 MRO RO 0 1 0
S3 INTERRUPT X.P—T; 0~MIE HIGH Z RN 1 1 )
1-P; 2—X
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)

paTA | memory | | __ | N~
STATE | 1 N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
S1#1 RN.0, RN.1=T, B HIGH Z RN 1 1 0
2 RX+1—RX HIGH Z RX 1 1 0
3 B, T-RP.1, RP.0 HIGH Z RP 1 1 0
9 | oF SRET
44 MRX—B; RX+1—~RX M(RX+1) AX+1 0 1 0
P B—T. MRX—B M(RX+1) RX+2 0 1 0
7% B. T-RN.O. AN.A HIGH Z RN 1 1 0
STH RN.O, RN.1—T, B HIGH Z RN 1 1 0
72 A | oF RSXD T—MRX; RX-1=RX RN.O RX 1 0 0
3 B~MRX; RX-1—RX RN.1 RX-1 1 0 0
ST RN.O, RN.1=T, B HIGH Z RN 1 1 0
#2 B 0-F RNX B, T-RX.1, RX.0 HIGH Z RX 1 1 0
S1#1 MRP—B; RP+1—RP MRP RP 0 1 0
2 c | oF RLDI B—T, MRP—B: RP+1—RP__| M(RP+1) RP+1 0 1 Q
#3 B, T-RN.0, RN.1; RP+1=RP | HIGH Z AN 1 1 0
STH MRX+D—DF.D MRX_ RX 0 1 0
#2 F 4 DADD  |'5ECIMAL ADJUST—DF, D | HIGH Z RP 1 1 0
STA D-MRX—DF, D MAX RX 0 1 0
#2 F 7 DSM  I'BECIMAL ADJUST—DF. D | HIGH Z RP 1 1 0
STH MRP+D—DF, D,
F c DADI RP+1—BP_ MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF,D | HIGHZ RP+1 1 1 0
STH D-MRP—DF, D
F F DSMI RP+1—RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF,D | HIGHZ RP+1 1 1 0
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CDP1804AC Mask-Programming

The ROM pattern for the CDP1804AC may be submittedon a
suitable media, such as a punched card deck, floppy diskette,
or EPROM as outlined below in the Programming Options

In addition to specifying the 2K-byte ROM pattern, the
address space for the ROM and RAM must also be defined.
The locations of ROM and RAM in the CDP1804AC are
determined by AND-gate decoders which decode the upper
memory addresses and are programmable at the time of
ROM pattern masking during device fabrication. The logical

values of the decoder inputs are selectable as 1 or P
(positive), 0 orN (negative), or X (don't care). A 5-bit decoder
is used for the ROM selection, so the ROM can be placed at
one or more of the 32 available 2K-byte blocks within the
65,536 locations of memory. Similarly, the RAM has a 10-bit
decoder and can be selected at one or more of the available
64-byte blocks. If the RAM is located within the ROM space,
only the RAM will be enabled at the locations where both
are mapped. The RAM may also be selectively disabled.

Programming Options

Address Options

The logic levels of high-order address bits are mask
programmable in the CDP1804AC. The high (1), low (0), or
“don't care” (X) logic status of the high-order address bits is
dependent upon the desired starting address of the 2K-byte
ROM block and the 64-byte RAM block. The desired logic
levels for the high-order address bits (A15through A6) can be
selected by use of the ROM information sheet, as follows:

1. Translate the upper five hexadecimal starting address of
the ROM block into binary.

2. Translate the upper ten hexadecimal starting addresses
of the RAM block into binary.

3. Circle the corresponding 1or0incolumns 28through 43
on the ROM Information Sheet, Part B.

Multiple mapping can be achieved by choosing X (don't care)
for one or more of the high-order address lines; this choice
will cause the ROM or RAM block to appear in more than one
location in the 64K memory space. The RAM may also be
disabled completely by programming the RAM enable bit
(Col. 43) to a 0.

SPECIAL NOTE

Indicate your RAM starting address on the ROM information
sheet, circling the address blocks under the RAM heading.

Data Programming Instructions

When a customer submits instructions for programming
RCA custom ROM'’s, the customer must also complete the
relevant parts of the ROM information sheet and submit this
sheet together with the programming instruction. Program-
ming instructions may be submitted in any one of three ways,
as follows:

1. Computer card deck — use standard 80-column com-
puter punch cards.

2. Floppy diskette — diskette information must be generated
on an RCA CDP1800-series microprocessor development

3. Master device—aROM, PROM, or EPROM that contains
the required programming information.

The requirements for each method are explained in detail in
the following paragraphs:

Computer Card Method

Use standard 80-column computer cards. Each card deck
must contain, in order, a title card, an option card, a data-
format card, and data cards. Punch the cards as specified in
the following charts:

system.
Title Card
Column No. Data
1 Punch T
2-5 leave blank
6-30 *Customer Name (start at 6)
31-34 *leave blank
35-54 *Customer Address or Division (start at 35)
55-58 *leave blank
59-63 *RCA custom selection number (5 digits) (Obtained from RCA Sales Office)
64 *leave blank
65-71 *RCA device type, without CDP prefix (e.g., 1804ACE)
72 Punch an opening parenthesis (
73 Punch 8
74 Punch a closing parenthesis )
75-78 leave blank
79-80 Punch a 2-digit decimal number to indicate the deck number;
the first deck should be numbered 01

+ See ROM Information Sheet (Part A)
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Data Programming Instructions (Cont'd)

1234567891011121314151617181920212223242526272829303132333435363738394041424344454647484950515253545556575859606162636465666768697071727374757677787980
TITLE CARD | [ [ ]
OPTIONCARD | [ | |
DATA FORMAT CARD
I7] Tisyl |7 [# Rlclal | [slmlvic] Imlz[/]/]/ g11]2]36| 1/19lole]alclel(|9]) a9/
o|AT|{olv] kclo|Pl/ | 2]o]4|A /lolo|/|o|o]ojolojo|o]|0]o|0|O ol/
Alrial lelelala [ Wlelx| (Plols 4 o/
[Flojolof 1712¥Fle] 13[3[/[p| |FI2IEl2] FIALZIF| |AIR)/ 16| WMI3|FIE] [3[3|4[4] |7|2IF|9]i o/
910]lo] |Pl01B12] F1#17]2| |3[c|o Ol£|512] |Flbl3lo| |AlEI3 |0 41217 |F|A]/]o]i o/
7l0j2lo| [3j2]2(9] |712|~|A] |s|elF|9] [o]o|3]o] [PIEIFI4] IF[Al4]o] [3lAl2l6] 9(2IF19(; 0}/
1910l3lo] 0] oloi8l¢| |8|Fl812| 1512lpls| |318|9]2] |5lelFle| |FlelFle] BlAl/]7] ol/
||| DATA
:|[|CARDS
?17lo| /(31241 |clFlFlel loj2lFlel FIElFIs| [313ElF| lofelFle] [BI913lo| |1/ 1RIF]i ol/
70| Islelglo] |71 |P[4 plalel [Aelols| [4|olals| [3lolel7| [FlFlFlF| |FIFIFIF] U o0/
N
i
ADDRESS DATA
1234567891011121314151617 181920 2122 23 24 25 26 27 28 29 30 31 3233 34 35 36 37 38 39 40 41 4243 44 4546 47 48 49 50 515253 54 5556 57 58 59 60 616263648586 676860 7071727374 757677 78 79 80

92CL-35189

Sample Card-Deck Printout

Floppy-Diskette Method

The diskette contains the ROM address and data inform-
ation. Title, option, and data-format information, which
would otherwise be punched on computer cards, must be
submitted on the ROM Information Sheet. In addition,
specify the RCA Development System used to generate the
diskette (CDP18S005, CDP18S007, or CDP18S008) and
supply a track number or file name, If possible, include a
printout of the program for verification purposes. The
format of the address and data information is essentially the
same as that shown on the Sample Card-Deck Printout with
the addition of a carriage-return character at the end of
each line and an end-of-file character (DC3) at the end of
the file.

Master-Device Method

Data may be submitted on a master ROM, PROM, or
EPROM device. Title, option, and data-format information,
which would otherwise be punched on computer cards,
must be submitted on the ROM Information Sheet. In
addition, specify the master device type; RCA will accept
Intel types 1702, 2332A, 2704, 2708, 2716, 2732, 2758,
Supertex CM3200, TI 4732, Motorola MCM68732, and
Motorola MCM68A332, or their equivalents. If more than
one ROM pattern is stored in the master device, the starting
address and size of each pattern must be stated on separate
ROM Information Sheets. If the master-device is smaller
than 2K bytes, the starting address of each master-device
must be clearly identified.
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CDP1804PCE, CDM5332PE
Micro Concurrent Pascal

CMOS Microcomputer and Extension

Features:

Micro Concurrent Pascal (mCP) interpreter code

Many of the instructions are 1/O control specific

1800-Series CMOS benefits and technology

On-board p-code interpreter

Eliminates need for disk-based system

Substantial reduction in code space required for
run-time routine

m [ ower parts count for equivalent functions

The CDP1804PCE 8-bit Microcomputer and the
CDMS5332PE 4K x 8 ROM are a CMOS preprogrammed
two-chip firmware set developed by RCA. The two-chip
set contains a pseudo-code (p-code) interpreter that
facilitates the use of a high-level language called Micro
Concurrent Pascal (mCP) in end-use systems. The
interpreter is divided into two sections: core and
extension. The first section of the interpreter, core,
resides in the on-chip 2K ROM of the CDP1804PCE. The
second section of the interpreter, extension, is provided

Benefits:

s Allow multi-tasking in an interpreter driven system

m Code directed at functions in the system (simplify
control)

m  Up to 64K addressing capability

s Five times faster software development than
assembly language

®  Substantial cost reduction - (system portability, IC’s
instead of diskette)

by an external 4K ROM (CDM5332PE) designed to work
with the core, and extends support to the complete mCP
language.

For additional information refer to RCA publications:
“Using Micro Concurrent Pascal in RCA Development
Systerrs with the CDP1804P1 and CDM5332P1", AB-
7149. RCA data bulletins CDP1804A and CDM5332, file
numbers 1371 and 1366, respectively.

ADDRESS BUS

MAO-MAS
MAO - MA7

ll MAO-MA7 MAO- MA7

MWR » [¢¢] cs $1CS
MRD CST — P WE
TPA _ »|oF
P OE e
CDM5332PE CDM6116
CDPIBO4PCE cop188l 4K ROM 2K RAM
MPU LATCH /
DECODER
L—CE _——
= A8 - A8-All >A8-AIO
All -
BUS
DATA BUS ]

92CM—-35928R1

Functional Diagram of Micro Concurrent Pascal system

File Number 1552
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo):

(Voltage referenced t0 Vss TOIMINAL) ... o.uuinettiitttett it iiteetetanaenstotenesenetonuesnaeenseeeneeassneennas -05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS ..-0.5t0o Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT ..t itiitttitttitttitteietaanetesisiateeinseanesoiaesiaeiasseosetensnseaneens +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-401t0 +60°C (PACKAGE TYPE E) ... ttuitittittiiitntittttti i titieatetanttiaitasieieieienesasasenenanss 500 mW

FOr Ta=+60 +85°C (PACKAGE TYPEE) . tiittiiitiiiiiiieteenntaeneneaonnaesennnens Derate Linearly at 12 mW/°C to 200 mW

FOr Ta=-5510+100°C (PACKAGE TYPE D). \ttutittieittititeittiteiteetneantnneeneeneraeneasensensssonneesensensens 500 mW

For Ta=+100t0 +125°C (PACKAGE TYPE D) . .itiiiitiiiiiiiiiiiiini i i Derate Linearly at 12 mW/° C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta= FULL PACKAGE-TEMPERATURE RANGE (All Package TYPES) v vt trtintenreninrineineneinenronnennennennnns 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

(YO 0N = I ] = -55 to +125°C

PA CKAGE TY PE E .ottt ettt e e et e -40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) «  + v et vvnttttetttittt ettt ettt eititet it tearetianeterasaseeeeennnans -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case for 10 S MaAX. . ..vvuitvrt ittt innent et eiinnennereennennens +265°C

RECOMMENDED OPERATING CONDITIONS at Tp = -40 to +85°C
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

CONDITION LIMITS
CHARACTERISTIC CDP1805ACD, CDP1805ACE UNITS
CDP1806ACD, CDP1806ACE
Voo
V) MIN. MAX.
DC Operating Voltage Range — 4 6.5 v
Input Voltage Range — Vss Voo
Minimum Instruction Time* (fc.=5 MHz) 5 3.2 — us
Maximum DMA Transfer Rate 5 — 0.625 Mbytes/s
Maximum Clo?k Input Frequency, 5 DG 5
Load Capacitance (CL) = 50 pF MHz
Maximum External Counter/mer__ 5 DC 2
Clock Input Frequency to EF1, EF2 teux

*Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip,
NOP, and “68” family instructions, which are more than two cycles.
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1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS

—
—_—l 1 m CONTROL

ME FOR CDPI805AC MA6 MA4 MA2 MAO  EFI EF3 D—-QAUT
Vpp FOR CDPI806AC MATASLM“ MAIl Eiz Ei4 mlm_T CLEAR WAIT
! Yt ¥
CDPI1805AC | MUX
ONLY | I I CLOCK le— cLOCK
o LoGIC
r N TTAL
| h-}u-rage . ] =X TAL
1 ~———————— -
_ RAM 1 CONTROL AND ——sco]_ SooEs
t—» SCI
TIMING  LOGIC
- Q LoGIC
MODE £r2 _’:P‘; SYSTEM
CONTROL o T
- ) TPA To > MWR | TIMING
+32 INTERRUPT INSTRUCTION [—»MRD
LOGIC DECODE

: Lt
TTRO10] REdar £
J[RM.0| R
R2).1[R(2).0 l
E DECR|—T T c NO 1/0
F_I— LATCH
R(9).I[R(9).0 AND x| T P I NI ~ComMaNDs
E RALTRALO oecove| | @ || ® [|@ || @ N2
1 T
11
RIELIRENO
R(F_)-IFR(F-).O
1

8-BIT BIDIRECTIONAL DATA BUS

92CM-34988

Fig. 2 - Block diagram for COP1805AC and CDP1806AC.

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

"INTERNAL RAM READ CYCLE TINTERNAL RAM WRITE CYCLE ‘—\
00 10 20 30 40 50 60 70 '00 10 20 30 40 50 60 _ 70

CLOCK
o i 2 3 4 sl el 7 o Il 2 3 4 s 6 7
TPA l |
i
TPB J—;_L 1
As‘rf;‘ggg [ HiGH BYTE | LOW BYTE | | HIGH BYTE | LOW BYTE [
[ I I T
|
MWR | 1 [
|
* —
ME
i Lt T 1T
VALID DATA FROM MEMORY —f=e——e=—{
DATA BUS I’/ A ]’/ /] VALID DATA FROM CPU [7/
92CM-34989
*NOTE

ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA
OUT OPERATION IS PERFORMED ON INTERNALRAMDATA, TO ALLOWDATA
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71,
INDEPENDENT OF ME.

* FOR CDPIBO5AC ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805AC and CDP1806AC.
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EF1 to EF4 (4 Flags):

These inputs enable the I/0 controllers to transfer status
information to the processor. The levels can be tested by
the conditional branch instructions. They can be used in
conjunction with the INTERRUPT request line to establish
interrupt priorities. The flag(s) are sampled at the end of
every SO cycle. EF1 and EF2 are also used for event
counting and pulse-width measurement in conjunction
with the Counter/Timer.

INTERRUPT, DMA-IN, DMA-OUT (3 I/0 Requests)

DMA-IN and DMA-OUT are sampled during TPB every S1,
S2,and S3cycle. INTERRUPT issampled during TPB every
S1and S2 cycle.

Interrupt Action: X and P are stored in T after executing
current instruction; designator X is set to 2; designator P is
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and
instruction execution is resumed. The interrupt action
requires one machine cycle (S3).

DMA Action: Finish executing current instruction; R(0)
points to memory area for data transfer; data is loaded into
or read out of memory; and R(0) is incremented.

Note: In the event of concurrent DMA and INTERRUPT
requests, DMA-IN has priority followed by DMA-OUT and
then INTERRUPT. (The interrupt request is not internally
latched and must be held true after DMA.)

SCO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1) fetching an
instruction, or 2) executing an instruction, or 3) processing
a DMA request, or 4) acknowledging an interrupt request.
The levels of state code are tabulated below. All states are
valid at TPA.

State Type State Code Lines
SCt SCO
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
H=Vpp, L=Vss.

TPA, TPB (2 Timing Puilses):

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by I/0 controllers to interpret
codes and to time interaction with the data bus. The trailing
edge of TPA is used by the memory system to latch the
high-order byte of the multiplexed 16-bit memory address.

MAO to MA7 (8 Memory Address Lines):

In each cycle, the higher-order byte of a 16-bit memory
address appears on the memory address lines MAQ-7 first.
Those bits required by the memory system can be strobed
into external address latches by timing pulse TPA. The
low-order byte of the 16-bit address appears on the address
lines 1/2 clock after the termination of TPA.

MWR (Write Pulse):

A negative pulse appearing in a memory-write cycle, after
the address lines have stabilized.

MRD (Read Level):

Alow level on MRD indicates a memory read cycle. It can be
used to control three-state outputs from the addressed
memory and to indicate the direction of datatransferduring
an 1/0 instruction.

Q:

Single bit output from the CPU which can be set or reset,
under program control. During SEQ and REQ instruction
execution, Q is setor reset between the trailing edge of TPA
and the leading edge of TPB. The Q line can also be
controlied by the Counter/Timer underflow via the Enable
Toggle Q instruction.

The Enable Toggle Q command connects the Q-line flip-
flop to the output of the counter, such that each time the
counter decrements from 01 to its next value, the Q line
changes state. This command is cleared by a LOAD
COUNTER (LDC) instruction with the Counter/Timer
stopped, a CPU reset, oraBRANCH COUNTER INTERRUPT
(BCI) instruction with the counter interrupt flip-flop set.

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is5 MHz at Vop=5V. The clock is
counted down internally to 8 clock pulses per machine
cycle.

XTAL:

Connection to be used with clock input terminal, for an
external crystal, if the on-chip oscillator is utilized.

WAIT, CLEAR (2 Control Lines):

Provide four control modes as listed in the following truth
table:

CLEAR WAIT MODE
L L NOT ALLOWED
L H RESET
H L PAUSE
H H RUN

ME (Memory Enable CDP1805AC Only):

This active low input is used to select or deselect the
internal RAM. It must be active prior to clock 70 for an
internal RAM access to take place. Internal RAM data will
appear on the data bus during the time that ME is active
(after clock 31). Thus, if this data is to be latched into an
external device (i.e., duringan OUTPUT instruction or DMA
OUT cycle), ME should be wide enough to provide enough
time for valid data to be latched. The internal RAM is
automatically deselected after clock 71."ME is ineffective
when MRD « MWR =1.

Theinternal RAMis notinternally mask-decoded. Decoding
of the starting address is performed externally, and may
reside in any 64-byte block of memory.

Vpp (CDP1806AC Only):

This input replaces the ME signal of the CDP1805AC and
must be connected to the positive power supply.

VDD, Vss, (Power Levels):

Vss is the most negative supply voltage terminal and is
normally connected to ground. Vpp is the positive supply
voltage terminal. All outputs swing from Vss to Vpp. The
recommended input voltage swing is from Vss to Vpp.
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Register Summary

D 8 Bits Data Register (Accumulator)
DF 1 Bit Data Flag (ALU Carry)
B 8 Bits Auxiliary Holding Register
R 16 Bits 1 of 16 Scratchpad Registers
P 4 Bits Designates which Register is
Program Counter
X 4 Bits Designates which Register is
Data Pointer
N 4 Bits Holds Low-Order Instr. Digit
1 4 Bits Holds High-Order Instr. Digit
T 8 Bits Holds old X, P after Interrupt
(X is high nibble)
Q 1 Bit Output Flip-Flop
CNTR | 8-Bits Counter/Timer
CH 8 Bits Holds Counter Jam Value
MIE 1 Bit Master Interrupt Enable
CIE 1 Bit Counter Interrupt Enable
XIE 1 Bit External Interrupt Enable
CIL 1 Bit Counter Interrupt Latch

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing isinitialized. When an interrupt
request occurs and the interrupt is allowed by the program
(again, nothing takes place until the completion of the
current instruction), the contents of the X and P registers
are stored in the temporary register T, and X and P are set to
new values; hex digit 2 in X and hex digit 1 in P. Master
Interrupt Enable is automatically deactivated to inhibit
further interrupts. The user's interrupt routine is now in
control; the contents of T may be saved by means of asingle
SAV instruction (78) in the memory location pointed to by
R(X) or the contents of T, D, and DF may be saved using a
single DSAV instruction (6876). At the conclusion of the
interrupt, the user's routine may restore the pre-interrupted
value of X and P with either a RET instruction (70) which
permits further interrupts, or a DIS instruction (71), which
disables further interrupts.

CMOS Microprocessors, Memories and Peripherals

Interrupt Generation and Arbitration
(See Fig. 5)

Interrupt requests can be generated from the following
sources:
1. Externally through the interrupt input (Request not
" latched)
2. Internally due to Counter/Timer response (Request is
latched)
a. Onthetransition from count (01)+etoits next value
(counter underflow) —
b. Onthe A transition of EF1 in pulse measure-
ment mode 1 _
c. Onthe £ transition of EF2 in pulse measure-
ment mode 2

Foran interrupt to be serviced by the CPU, the appropriate
Interrupt Enable flip-flops must be set. Thus, the External
Interrupt Enable flip-flop must be set to service an external
interrupt request, and the Counter Interrupt Enable flip-flop
must be set to service an internal Counter/Timer interrupt
request. In addition, the Master Interrupt Enable flip-flop
(as used in the CDP1802) must be set to service either type
of request. All 3 flip-flops are initially enabled with the
application of a hardware reset, and, can be selectively
enabled or disabled with software: CIE, CID instructions for
the CIE flip-flop; XIE, XID instructions for the XIE flip-flop;
RET, DIS instructions for the MIE flip-flop.

Short branch instructions on Counter Interrupt (BCl) and
External Interrupt (BXI) can be placed in the user’sinterrupt
service routine to provide a means of identifying and
prioritizing the interrupt source. Note, however, that since
the External Interrupt request is not latched, it must remain
active until the short branch is executed if this priority
arbitration scheme is used.

Interrupt requests can also be polled if automatic interrupt
service is not desired (MIE=0). With the Counter Interrupt
and External Interruptshort branch instructions, the branch
will be taken if an interrupt request is pending, regardless of
the state of any of the 3 Interrupt Enable flip-flops. The
latched counter interrupt request signal will be reset when
the branch is taken, when the CPU is reset, or with a LDC
instruction with the Counter stopped. Note, that exiting a
counter-initiated interrupt routine without resetting the
counter-interruptlatch will resultin immediately re-entering
the interrupt routine.

I
s
RESET masTeR ¢
INTERRUPT
S$3 ENABLE COUNTER
___I:D— e UNDERFLOW
st T s o BT
PULSE MODE EFBzC_'[ INT%RRUPT
RESET%D'R (c1L) cr
CIE s LDC+ COUNTER
COUNTER STOPPED
RESET INTERRUPT
oo ENABLE
(CIE)
T0 BRANCH INTERRUPT
NT REQUESTS
EXTERNAL INT TO Branct
EXTERNAL
RESET INTERRUPT
XID ENABLE

FF
(XIE)

92CM-33888R2

Fig. 5 - Interrupt logic-controi diagram for COP1805AC and CDP1806AC.
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On-Board Clock (see Figs. 7, 8 and 9)

Clock circuits may use either an external crystal or an RC
network.

A typical crystal oscillator circuit is shown in Fig. 7. The
crystal is connected between terminals 1 and 39 (CLOCK
and XTAL)in parallel with aresistance, RF (1 megohm typ.).
Frequency trimming capacitors, Civ and Cour, may be
required at terminals 1 and 39. For additional information
on crystal oscillators, see ICAN-6565.

Because of the Schmitt Trigger input, an RC oscillator can
be used as shown in Fig. 8. The frequency is approximately
1/RC {(see Fig. 9).

RF
CLOCK XTAL
9
XTAL
SN | Cour
I5pF = SMHz PARALLEL 7T~ 27pF
RESONANT

CRYSTAL =

92Cs-38099

Fig. 7 - Typical 5§ MHz crystal oscillator.

C
I 92CS-31056

Fig. 8 - RC network for oscillator.
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92Cs-34172

Fig. 9 - Nominal component values as a function
of frequency for the RC oscillator.

CONTROL MODES
CLEAR WAIT MODE
L L NOT ALLOWED
L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
RESET

The levels on the CDP1805A and CDP1806A external signal
lines will asynchronously be forced by RESET to the
following states:

Q=0 SC1, 8C0=0, 1 BUS 0-7=0

MRD=1 (EXECUTE) MA0-7=RO.1

TPB=0 NO, N1, N2=0,0,0 TPA=0
MWR=1

Internal changes caused by RESET are:

I, N instruction register is cleared to 00. XIE and CIE are set
to allow interrupts following initialize. CIL is cleared (any
pending counter interrupt is cleared), counter is stopped,
the counter mode is cleared, and ETQ is disabled.

Initialization Cycle

The first machine cycle followiing termination of RESET is
an initialization cycle which requires 9 clock pulses. During
this cyclethe CPU remainsin S1andthe following additional
changes occur:

I - MIE

X, P —T (The old value of X, P will be putinto T. This only

has meaning following an orderly Reset with power

applied).

X, P, RO - 0 (X, P, and RO are cleared).
Interrupt and DMA servicing is suppressed during the
initialization cycle. The next cycle is an SO or an S2 but
neveran S1orS3. The use of a71instruction followed by 00
at memory locations 0000 and 0001, may be used to reset
MIE so as to preclude interrupts until ready for them.

Reset and Initialize do not affect:
D (Accumulator)
DF
R1,R2,R3, R4, R5, R6,R7,R8,R9, FA, RB, RC,RD, RE, RF
CH (Counter Holding Register)
Counter (the counter is stopped but the value is
unaffected)

Power-up Reset/Run Circuit

Power-up Reset/Run can be realized with the circuit shown
in Fig. 10.

CDPIBO5AC
CDPIBOBAC

H>-

92CS5-34991

The RC time constant
should be greater
than the oscillator
start-up time
(typically 20 ms).

Fig. 10 - Reset/run diagram.
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INSTRUCTION SET

The CDP1805AC and CDP1806AC instruction summary is R(W).0: Lower-order byte of R(W)
giveninTabie I. Hexadecimal notation is used to refer to the R(W).1: Higher-order byte of R(W)
4-bit binary codes. Operation Notation
In all registers bits are numbered from the least significant M (R(N))=D; R(N) + 1"fR(N)
bit (LSB) to the most significant bit (MSB) starting with 0. This notation means: The memory byte pointed to by R(N)
R(W): Register designated by W, where : is loaded into D, and R(N) is incremented by 1.
W=N or X, or P
TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17)
NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC CODE OPERATION
MEMORY REFERENCE
LOAD IMMEDIATE 2 LDI F8 M(R(P))—D; R(P)+1—-R(P)
REGISTER LOAD IMMEDIATE 5 RLDI 68CN® M(R(P))=R(N).1; M(R(P))+1—
R(N).0; R(P)+2—~R(P)
LOADVIAN 2 LDN ON M(R(N))—D; FOR N NOT 0
LOAD ADVANCE 2 LDA 4N M(R(N))—D; R(N)+1—=R(N)
LOAD VIA X 2 LDX FO M(R(X))—~D
LOAD VIA X AND ADVANCE 2 LDXA 72 M(R(X))=D; R(X)+1—~R(X)
REGISTER LOAD VIA X AND 5 RLXA 686N" M(R(X))—~R(N).1; M(R(X)+1)—
ADVANCE R(N).0; R(X))+2—R(X)
STORE VIAN 2 STR 5N D—M(RN))
STORE VIA X AND DECREMENT 2 STXD 73 D—M(R(X)); R(X)-1—R(X)
REGISTER STORE VIA X AND 5 RSXD 68AN® R(N).0—M(R(X)); R(N).1—~
DECREMENT M(R(X)-1); R(X)-2—R(X)
REGISTER OPERATIONS
INCREMENT REG N 2 INC 1N R(N)+1—R(N)
DECREMENT REG N 2 DEC 2N R(N)-1—=R(N)
DECREMENT REG N AND LONG 5 DBNZ 682N R(N)-1—=R(N); IF R(N) NOT 0,
BRANCH IF NOT EQUAL 0 M(R(P))—~R(P).1, M(R(P)+1)—
R(P).0, ELSE R(P)+2—R(P)
INCREMENT REG X 2 IRX 60 R(X)+1—=R(X)
GET LOW REG N 2 GLO 8N R(N).0—D
PUT LOW REG N 2 PLO AN D—R(N).0
GET HIGH REG N 2 GHI 9N R(N).1—D
PUT HIGH REG N 2 PHI BN D—R(N).1
REGISTER N TO REGISTER X COPY 4 RNX 68BN® R(N)—R(X)
LOGIC OPERATIONS (Note 5)
OR 2 OR F1 M(R(X)) OR D—D
OR IMMEDIATE 2 ORI F9 M(R(P)) OR D—D;
R(P)+1—R(P)
EXCLUSIVE OR 2 XOR F3 M(R(X)) XOR D—D
EXCLUSIVE OR IMMEDIATE 2 XRI FB M(R(P)) XOR D—D;
R(P)+1—R(P)
AND 2 AND F2 M(R(X)) AND D—~D
AND IMMEDIATE 2 ANI FA M(R(P)) AND D—D;
R(P)+1—R(P)
SHIFT RIGHT 2 SHR F6 SHIFT D RIGHT, LSB(D)~DF,
0—~MSB(D)
SHIFT RIGHT WITH CARRY 2 SHRC } 764 SHIFT D RIGHT, LSB(D)~—DF,
RING SHIFT RIGHT 2 RSHR DF—MSB(D)
SHIFT LEFT 2 SHL FE SHIFT D LEFT, MSB(D)—DF,
0—LSB(D)

®Previous contents of T register are destroyed during instruction execution.
AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.
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Table | — INSTRUCTION SUMMARY

NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd
SHORT BRANCH IF DF = 1 2 BDF 334 IF DF = 1, M(R(P))~R(P).0
SHORT BRANCH IF POS OR ZERO 2 BPZ .‘ ELSE R(P)+1—R(P)
SHORT BRANCH IF EQUAL OR 2 BGE
GREATER
SHORT BRANCH IF DF = 0 2 BNF 3BA IF D = 0, M(R(P))~R(P).0
SHORT BRANCH IF MINUS 2 BM } ELSE R(P)+1—R(P)
SHORT BRANCH IF LESS 2 BL
SHORT BRANCH IFQ = 1 2 BQ 31 IF Q= 1, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IFQ =0 2 BNQ 39 IF Q = 0, M(R(P))—~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1 = 1 2 B1 34 IF EF1 = 1, M(R(P))~R(P).0
(EF1 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1 =0 2 BN1 3C IF EF1 = 0, M(R(P))~R(P).0
(EF1 = Vop) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF2 = 1 2 B2 35 IF EF2 = 1, M(R(P))~R(P).0
(EF2 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF2 =0 2 BN2 3D IF EF2 = 0, M(R(P))~R(P).0
(EF2 = Voo) v ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P))~R(P).0
{(EF3 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 =0 2 BN3 3E IF EF3 = 0, M(R(P))—~R(P).0
(EF3 = Voo) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P))~R(P).0
(EF4 = Vss) ELSE R(P)+1~R(P)
SHORT BRANCH IF EF4 =0 2 BN4 3F IF EF4 = 0, M(R(P))~R(P).0
(EF4 = Vpp) ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BCI 683E* | IF Cl=1, M(R(P))—~R(P).0; 0~CI
COUNTER INTERRUPT ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BXI 683F | IF XI=1, M(R(P))~R(P).0
EXTERNAL INTERRUPT ELSE R(P)+1—R(P)
BRANCH INSTRUCTIONS — LONG BRANCH
LONG BRANCH 3 LBR co M(R(P))—=R(P).1, M(R(P)+1)~R(P).0
NO LONG BRANCH (SEE L5KP) 3 NLBR csA R(P)+2—R(P)
LONG BRANCH IFD =0 3 LBZ c2 IF D = 0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF D NOT 0 3 LBNZ CA IF D NOT 0, M(R(P))~R(P).1
M(R(P)+1)—R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF DF = 1 3 LBDF c3 IF DF = 1, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF DF = 0 3 LBNF cB IF DF = 0, M(R(P))—~R(P).1
M(R(P)+1)=R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IFQ = 1 3 LBQ c1 IF Q= 1, M(R(P))—R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IFQ =0 3 LBNQ co IF Q= 0, M(R(P))—~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)

AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.
® ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCl » (Cl=1).
Cl = Counter Interrupt, XI = External Interrupt.
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Table I — INSTRUCTION SUMMARY

NO. OF
. MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
INTERRUPT CONTROL
EXTERNAL INTERRUPT ENABLE 3 XIE 680A | 1—=XIE
EXTERNAL INTERRUPT DISABLE 3 XID 680B | 0—XIE
COUNTER INTERRUPT ENABLE 3 CIE 680C | 1~CIE
COUNTER INTERRUPT DISABLE 3 cib 680D | 0—~CIE
RETURN 2 RET 70 M(R(X))~X, P;
R(X)+1—R(X); 1~MIE
DISABLE 2 DIS 71 M(R(X)—~X, P;
R(X)+1—~R(X); 0~MIE
SAVE 2 SAV 78 T—M(R(X))
SAVE T, D, DF 6 DSAV 6876% | R(X)-1=R(X), T=M(R(X)),
R(X)-1—~R{X), D—M (R(X)),
R(X)-1—R(X), SHIFT D
RIGHT WITH CARRY, D—M(R(X))
INPUT-OUTPUT BYTE TRANSFER
OUTPUT 1 2 OouT 1 61 M(R(X))~BUS; R(X)+1—R(X);
, N LINES = 1
OUTPUT 2 2 ouT 2 62 M(R(X))~BUS; R(X)+1~R(X);
N LINES = 2
OUTPUT 3 2 ouT3 63 M(R(X))~BUS; R(X)+1~R(X);
N LINES =3
OUTPUT 4 2 ouT 4 64 M(R(X))~BUS; R(X)+1—=R(X);
N LINES = 4
OUTPUT 5 2 ouTs 65 M(R(X))—~BUS; R(X)+1—R(X);
v NLINES=5
OUTPUT 6 2 ouTs 66 M(R(X))~BUS; R(X)+1~R(X);
N LINES = 6
OUTPUT 7 2 ouT? 67 M(R(X))=~BUS; R(X)+1~R(X);
N LINES = 7
INPUT 1 2 INP 1 69 BUS—~M(R(X)); BUS—D;
N LINES = 1
INPUT 2 2 INP 2 6A BUS—M(R(X)); BUS—D;
N LINES =2
INPUT 3 2 INP 3 68 BUS—~M(R(X)); BUS—D;
N LINES = 3
INPUT 4 2 INP 4 6C BUS—M(R(X)); BUS—D;
N LINES = 4
INPUT 5 2 INP 5 6D BUS—M(R(X)); BUS—D;
N LINES = 5
INPUT 6 2 INP B 6E BUS—M(R(X)); BUS—D;
N LINES = 6
INPUT 7 2 INP7 6F BUS—~M(R(X)); BUS—D;
NLINES =7
CALL AND RETURN
STANDARD CALL 10 SCAL 688N® | R(N).0—~M(R(X));
R(N).1~M(R(X)-1):
R(X)-2—R(X); R(P)—R(N);
THEN M(R(N))—~R(P).1;
M(R(N)+1)—R(P).0;
R(N)+2—~R(N)
STANDARD RETURN 8 SRET 689N | R(N)—=R(P); M(R(X)+1)—R(N).1;
M(R(X)+2)—R(N).0;
R(X)+2—R(X)

®Pprevious contents of T register are destroyed during instruction execution.
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Fig. 13 - Objective dynamic timing waveforms for CDP1805AC and CDP1806AC.
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES
DATA | MEMORY |___|__ | N
STATE| 1 N | mNEMONIC OPERATION BUS ADDRESS |MRD | MWR | LINES
RESET 0—Q.I,N, COUNTER 00 UNDEFINED | 1 1 0
PRESCALER, CIL;
s1 1~CIE. XIE

INITIALIZE X, P—T THEN 004 UNDEFINED | 1 1 0

NOT PROGRAMMER | 0—X, P: 1~MIE, 0000~R0

ACCESSIBLE

) FETCH MRP—I, N; RP+1—RP MRP RP 0 1 0
0 0 iDL STOP AT TPB HIGH Z RO 1 1 0

WAIT FOR DMA OR INT
0 1F LDN MRN—D MRN RN 0 1 0
1 OF INC RN+1—=RN HIGH Z RN 1 1 0
2 |_oF DEC RN-1—=RN HIGH Z RN 1 1 0
3 | 0F | SHORT TAKEN: MRP—RP.0 MRP RP 0 1 0

BRANCH | NOT TAKEN: RP+1—RP
4 | _oF LDA MRN—D; RN+1—RN MRN AN 0 1 0
5 | oF STR D—MRN D RN 1 0 0
6 0 IRX RX+1—RX MRX RX 1 1 0
1 ouT 1 1
2 ouT2 2
3 ouT3 3
4 ouT 4 MRX—BUS; RX+1—~RX MRX RX 0 1 4
5 ouTs 5
6 ouTs 6
6 7 ouT? 7
9 INP 1 1
A INP 2 2
B INP 3 DATA 3
c INP 4 BUS—MRX, D FROM RX 1 0 4
§1 D INP 5 1/0 5
E INP 6 DEVICE 6
F INP7 7
0 RET MRX—X,P; RX+1—RX MRX RX 0 1 0

1=MIE
1 DIs MRX—X.P; RX+1—RX MRX RX 0 1 0
0—MIE
2 LDXA MRX—D; RX+1—RX MRX RX 0 1 0
3 STXD D—MRX; RX-1=RX D RX 1 0 0
4 ADC MRX+D+DF—DF, D MRX RX 0 1 0
5 SbB MRX—D—DFN—DF, D MRX RX 0 1 0
6 SHRC | LSB(D)—~DF; DF=MSB(D) | HIGH Z RX 1 1 0
7 SMB D—~MRX—DFN—DF, D MRX RX 0 1 0
7 8 SAV T—MRX T RX 1 0 0
9 MARK X.P—T, MR2; P—X T R2 1 0 0
R2-1—R2

A REQ 0—-Q HIGH Z RP 1 1 0
B SEQ 1-Q HIGH Z RP 1 1 0
c ADCI | MRP+D+DF—DF, D; RP+1 MRP RP 0 1 0
D SDBI | MRP-D-DFN—DF, D, RP+1 | MRP RP 0 1 0
E SHLC | MSB(D)—DF, DF-LSB(D) | HIGHZ RP 1 1 0
F SMBI__| D-MRP-DFN—DF, D;RP+1_|__MRP RP 0 1 0
8 | oF GLO RN.0~D RN.0 RN 1 1 0
9 | oF GHI RN.1—D RN.1 RN 1 1 0
A | _oF PLO D—RN.0 D RN 1 1 0
B | OF PHI D—RN.1 D RN 1 1 0

A = Data bus floats for first 2-1/2 clocks of the 9 clock initialization cycle; all zeros for remainder of cycle.




106 i CMOS Microprocessors, Memories and Peripherals

CDP1805AC, CDP1806AC
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)
DATA MEMORY | ___ N
STATE | | N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“68" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
0 STPC | STOP COUNTER CLOCK; | HIGH Z RO 1 1 0
0—+32 PRESCALER
1 DTC CNTR—1—~CNTR HIGH Z R1 5 1 0
2 SPM2__| CNTR-1 ON EF2 AND TPA | HIGHZ R2 1 1 0
3 SCM2 CNTR-1ONEF20T01__| HIGHZ R3 1 1 0
4 SPM1__| CNTR-1 ON EF1 AND TPA | HIGHZ R4 1 1 0
5 SCM1 CNTR-1ONEF10TO1_ | HIGHZ R5 1 1 0
s1 0 6 Lbc Cg;‘f;'RS:BQEPIED- D—~CH, D R6 1 1 0
CNTR RUNNING: D~CH
7 ST™ CNTR-1 ON TPA+32 HIGH Z R7 1 1 0
8 GEC CNTR—D CNTR R8 1 1 0
9 ETQ IFCNTRTHRUO:@—Q | HIGRZ R9 1 7 0
A XIE 1-XIE HIGH Z RA 1 1 0
B XID 0—XIE AIGH Z RB 1 1 0
c CIE 1=CIE HIGH Z RC 1 1 0
D CID 0—CIE HIGH Z RD 1 1 0
ST# RN-1—RN HIGH Z RN 1 1 0
73 MRP—B; RP+1—~RP MRP RP 0 1 0
#3 2 o-F DBNZ 1 akeN: B—RP.1, MRP—=RP.0 MEP+1) AP 0 ! 0
NOT TAKEN: RP+1—~RP
BCI TAKEN: MRP—RP.0;
E 0~Cl MRP RP 0 1 0
S1 3 NOT TAKEN: RP+1—~RP
TAKEN: MRP—RP.0
F BXI NOT TAKEN: RP+1—~RP MRP RP 0 ! 0
ST#1 MRX—B, RX+1=RX MAX RX 0 1 0
#2 6 0-F RLXA | B—T, MRX—B, RX*1=RX | M(RX+1) RX+1 0 1 0
#3 B, T—~RN.0, RN.1 HIGH Z RN 1 1 0
S1#1 +D+DF—DF. D _ MRAX RX 0 1 0
#2 7 4 DADC  'DECIMAL ADJUST—DF,D | HIGH Z RP 1 1 1
S1#1 RX-1—=RX RIGH Z RX 1 1 0
#2 T—MRX; RX-1—RX T RX-1 1 0 0
73 7 6 DSAV D=MRX; AX-1=RX 3] RX-2 1 0 0
SHIFT D RIGHT WITH
CARRY
4 D—MRX D RX-3 1 0 0
st | , s | R=MBX-(NOT DFI=DF,D | WX RX 0 1 0
#2 DECIMAL ADJUST—DF, D | HIGHZ RP 1 1 0
S1#1 MRP+D+DF—DF, D;
7 c DACI RP+1—RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF, D | HIGHZ RP+1 1 1 0
S11 D-MRP-(NOT DF)—DF, D:
7 F DSBI RP+1—RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF, D | HIGH Z RP+1 1 1 0
S1#1 RN.O,RN.1—T, B HIGH Z RN 1 1 0
w2 T—MRX; RX-1—RX AN.O RX 1 0 0
¥3 B—MRX, RX-1—RX RN.1 RX-1 1 0 0
4 8 0-F SCAL RP.0, RP.1=T,B HIGH Z RP 1 1 0
5 B, T~RN.1, RN.O HIGH Z RN 1 1 0
#6 MRN—B; RN+1—RN MRP RP 0 1 0
7 BT, MRN—B: RN+1=RN__| M(RP+1) RP+1 0 1 0
#8 B, T=RP.0, RP.1 HIGH Z RP 1 1 0
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Instruction Summary

0 J1 ] 2]3] 4] 5 [ 6] 7] 8 [ 9 ]A]lBJ]clole€e]cF
0 |ipL LDN

INC
DEC

BR [ BQ [ Bz [BDF] B1 | B2 | B3 | B4 | SKP [ BNQ [ BNZ | BNF | BN1 | BN2 | BN3 | BN4
LDA
STR

IRX ouT * INP
RET | DIS [LDXA[sTXD] ADC | spB [sHRc] sMB [ sav [MARK] REQ | seqQ [ADCI] spBI [sHLC] SMBI

GLO
GHI
PLO
PHI
LBR[LBQ | LBZ [LBDF] NOP [LSNQJLSNZ] LSNF [ LskP [LBNQ]LBNZ]LBNF] LSIE | LSQ [ LSZ | LSDF
SEP
SEX
LDX | oR [AND][XOR[ADD] sD [SHR] sM | LbI [ ORI [ ANI [ XRI [ ADI | SDI [ SHL | smi

MM{OO|@|[>|©|® [N [& WL

‘68’ LINKED OPCODES (DOUBLE FETCH)

STPC| DTC [SPM2]|SCM2] SPM1 [ SCM1 [ LDC | STM | GEC | ETQ [ XIE [ XID JCEE JCID | — | —
DBNZ

— [ 1T T T T -T T _-T_-—T-T_-T—-T=Tsc]sx
RLXA

— | — [ — T — Toanc] — Josavlpsme] — [ — [ — T — T[oaci[ — [ — [pssI
SCAL
SRET
RSXD

RNX
RLDI
— [ -] —-—T—Toaop] — [ = JosM[ — [ — [ — [ — [oani] — | — Tosmi

O(m |» |© [ [N|jo |Jw|nv (o

-n

‘68’ IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS.
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TERMINAL ASSIGNMEN
Vgs —| ! 28— RESET
IRG — 2 27— PA7
Voo— 3 26— PAB

EXTAL —| 4 25— PAS
xTAL — & 24— PAd
MDs —| & 23— PA3
TIMER —{ 7 22— PA2
PCO— 8 21— pa1
pct — 9 20f— PAO
pPCc2—{ 10 19— PB7
Pc3s — 11 18 |— PB6
PBO— 12 17— PBS
PBY — 13 16— PB4
PB2 —114 15— PB3
TOP VIEW

92CS - 38100

The CDP68HC04P2 and CDP68HC04P3 HCMOS*
microcomputers (MCUs) are very low-cost single-chip
microcomputers. These 8-bit microcomputers contain a
CPU, on-chip CLOCK, ROM, RAM, I/0, and TIMER. They
are designed for the user who needs an economical
microcomputer with the proven capabilities of the

T

CDP6800-based instruction set.

Product Preview

CMOS Microprocessors, Memories and Peripherals

8-Bit HCMOS Microcomputers

Features:

Low power HCMOS

Power-saving Stop and Wait modes

Pin compatible with the industry

type MC6804P2

RAM: CDP68HCO04P2-32 bytes
CDP68HC04P3-128 bytes

User ROM: CDPR68HC04P2-1024 bytes

CDP68HC04P3-2048 bytes
64 bytes of ROM for look-up tables

20 TTL/CMOS compatible
bidirectional 1/0 lines
(eight lines are LED compatible)
On-chip clock generator
Similar to CDP6800 series
Byte-efficient instruction set
Easy to program
True bit manipulation
10 powerful addressing modes

The RCA-CDP68HC04P2 and CDP68HCO04P3 are
equivalent and are direct replacements for the industry
types MC68HC04P2 and MC68HCO04P3.

*HCMOS-High-Density CMOS Silicon Gate
*This type wiil be supplied in a 28-lead, small-outline

plastic package, S.0O.P. (N-suffix). Schedule availability

The CDP88HC04P2" and the CDP68HC04P3" are is mid-1985.
supplied in 28-lead hermetic dual-in-line side-brazed
ceramic packages (D suffix) and 28-lead dual-in-line
plastic packages (E suffix).
XTAL EXTAL  RESET MDS-INT
TIMER—3_ Prescaler Timer/
7 8 Counter
s Timer Control 1—’ Oscnllalor—h
PBO
Accumulator | PB1
CPU (<> PB2 Port
Data | Port
Indirect Control ] Or 8 ‘:.» igz |/BO
PAD <> g Register »p fes | €0 L pB5 Lines
PA1 <] 1nd [« P86
P ndirect
ort PA2 <& Port | Data Register &> pg7
A PA3 € o —e I8
110 pAs <> o ! cPU 64 x 8
Lines pAS <—»] "0 | Red Stack Data ROM
PA6 <> o ac
PA7 > PCO Port
Data Port
Coumer — o | C [ c
ount Reg | Reg [€> PC2 1/0
4 igh PCH ALU [€—» PC3 [ines
User Program Program
ROM * —4 Counter
8 Low pCL
Self Check ROM ) RAM
* User Program ROM area: CDP68HCO04P2 = 1024 x 8 - CDP68HC04P3 = 2048 x 8 92CM- 38129

“* RAM area: CDP68HCO04P2 = 32 x 8 - CDP68HC04P3 = 128 x 8

Fig. 1 - Block diagram.

File Number 1554
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INSTRUCTION SET

Addressing Modes Flags
Short Bit Set Bit- Test Register

Mnemonic Inherent | Immediate Oirect Direct Clear Branch Indirect Extended Relative Z C

ADD X X X A A
AND X X X A hd
ASLA Assembler converts this to "ADD $FF” . .
BCC X . .
BCLR X . .
BCS X . [
BEQ X . *
BHS Assembler converts this to "BCC™ . .
BLO Assembler converts this to “BCS’" . .
BNE X . .
BRCLR X . A
BRSET X . A
BSET X . .
CLRA Assembler converts this to "“'SUB $FF" A A
CLRX Assembler converts this to "MVI $80,40" . .
CLRY Assembler converts this to ““MVI $81,40" . .
CMP X X X A A
OMA X A A
DEC X X X A .
DECA Assembler converts this to "DEC $FF"" A .
DECX Assembler converts this to “DEC $80' A .
DECY Assembler converts this to "DEC $81" A .
INC X [ x I T X A .
INCA Assembler converts this to “INC $FF" A 3
INCX Assembler converts this to "'INC $80" A .
INCY. Assembler converts this to "INC $81" A .
JMP X . .
JSR X . .
LDA X X X X A .
LOXI Assembler converts this to "MVI $80, DATA" . 0
LOYI Assembler converts this to “MVI $81,DATA" . .
MVI X X . .
NoP Assembler converts this to “BEQ (PC) + 1" . 0
ROLA X A A
RTI X A A
RTS X . .
STA X X X A .
sus X X X A A
TAX g Assembiler converts this to "STA $80" . .
TAY Assembler converts this to "STA $81" . 0
TXA Assembler converts this to "'LDA $80" . .
TYA ’ Assembler converts this to "'LDA $81" d ]

Flag Symbols Z= Zero, C = Carry Borrow. A = Test and Set (f True, Cleared Otherwise, ® = Not Affected
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CDP68HCO5C4

SOFTWARE FEATURES (Continued)
® True Bit Manipulation
® Addressing Modes with Indexed Addressing for Tables
® Efficient Instruction Set
® Memory Mapped I/0
[ J
[ ]

Two Power-Saving Standby Modes
Upward Software Compatible with the CDP6805 CMOS Family

TCMP OSC1 0SC2
35f Internal 39‘ 33f

Internal

Processor -
Timer Clock Oscillator -3 Processor
TCAP —=37-3» System and Clock 1
2 RESET
l '———————L RQ
PAO ¢ 1;2 3 Accumulator <_g£73_, PCO
PA1 <Ig>] 8 A sy pci o
Port  pA? €= CPU Data | port [€2>PC2 o
A pA3 (__8_) Port Da‘ta Index Control o Q 25 PC3 g
/0 pas «—La A | Dir —9 Register o <24 > pca
Lines pAs «—2| Reg | Reg 8 — eg eg 23 PpeE Lines
PAD 2> Condition ) 2 > P
PA7 <— 5 Register CC - le2l > PC7
12 Stack o rPotD JeE—r07
PBO (—? g Pointer ¢ .
PB1 <> — _Sd 4—-———50 RDI (PDO)
Port P82 <155 Port | Data e Svstem |32 700 (PD1)
B P& 1 B Dir ——4L 5 ?—ll:SherpCH 4—32—> MISO (PD2)
/0 PB4 4—-3—» I ALU | _SP e Mosi (PD3
Lines PB5 <Ll 9 9 Program System ‘_._)34 SCK (PD4)
PB6 ('&) C?.unter l€—=—— SS (PD5)
PB7 <—2p 8 Low pcL Baud Rate
° l — Generator
4160 x 8 1576%8 Internal
ROM tatic Processor
RAM Clock
240 x 8
Self-Check
ROM

Figure 1-1. CDP68HCO05C4 Microcomputer Block Diagram
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2.1.6 0SC1, 0SC2

The CDP68HCO5C4 can be configured to accept either a crystal input or an RC network to control
the internal oscillator. The internal clocks are derived by a divide-by-two of the internal oscillator fre-
quency (fosc).

2.1.6.1 CRYSTAL. The circuit shown in Figure 2-1(b) is recommended when using a crystal. The
internal oscillator is designed to interface with an AT-cut parallel resonant quartz crystal resonator
in the frequency range specified for fosc in 9.7 or 9.8 Control Timing. Use of an external CMOS
oscillator is recommended when crystals outside the specified ranges are to be used. The crystal
and components should be mounted as close as possible to the input pins to minimize output
distortion and startup stabilization time. Refer to 9.5 or 9.6 for Vpp specifications.

2MHz | 4 MHz | Units
RSMAX 400 75 Q
Cp 5 7 pF
Cq 0.008 0.012 uF
Cosc1 15-40 15-30 pF
Cosc2 15-30 156-25 pF
Rp 10 10 MQ
Q 30 40 K

(a) Crystal Parameters

CDP68HCO5C4 L €1 Rg
0sC 0SC2 0SC2 _rvm_-”_/vw— 0SC1
38 39
39 Rp 38 —e o *r——
AA- “
—i[j—o
38 ML 39
Cosc1—j:L T Coscz [t
= — (c) Equivalent Crystal Circuit

(b) Crystal Oscillator Connections

CDP68HCO5C4 CDP68HCO5C4
0SsC1 0sC2 0SC1 0SC2
I | 39 las
39 38
R Unconnected
(d) RC Oscillator Connections ‘< External Clock

(e) External Clock Source Connections

Figure 2-1. Oscillator Connections
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2.1.6.2 RC. If the RC oscillator option is selected, then a resistor is connected to the oscillator pins
as shown in Figure 2-1(d). The relationship between R and fosc is shown in Figure 2-2.

18D

Figure 2-2. Typical Frequency vs Resistance For
RC Oscillator Option Only

2.1.6.3 EXTERNAL CLOCK. An external clock should be applied to the OSC1 input with the OSC2
input not connected, as shown in Figure 2-1(e). An external clock may be used with either the RC or
crystal oscillator option. The tOxQV or t|LCH specifications do not apply when using an external
clock input. The equivalent specification of the external clock source should be used in lieu of
tOXQOV or t|LCH-

2.1.7 PAO-PA7

These eight 1/0 lines comprise port A. The state of any pin is software programmable and all port A
lines are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING
paragraph below for a detailed description of |/O programming.

2.1.8 PBO-PB7

These eight lines comprise port B. The state of any pin is software programmable and all port B lines
are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING
paragraph below for a detailed description of I/O programming.

2.1.9 PCO-PC7

These eight lines comprise port C. The state of any pin is software programmable and all port C lines
are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING
paragraph below for a detailed description of I/O programming.

2.1.10 PDO-PDS5, PD7

These seven lines comprise port D, a fixed input port that is enabled during power-on. All enabled
special functions (SPI and SCI) affect the pins on this port. Four of these lines, PD2/MISO,
PD3/MOSI, PD4/SCK, and PD5/SS, are used in the serial peripheral interface (SPI) discussed in




$0000 0000
Ports
170 7 Bytes
32 Bytes
$001F 0031 Unused
$0020 0032 3 Bytes
User \
ROM \
48 Bytes \
$00aF 0079 Serial Peri
pheral
50050 0080 Interface
\ 3 Bytes
RAM \
176 Bytes .
\ Serial
\ Communications
$00BF | __ _ _ _| o Interface
$00CO 0192 \ 5 Bytes
Stack A\

64 Bytes .
$OOFF 0255 \ Timer
$0100 0256 \ 10 Bytes

User
ROM \
4096 Bytes \ Unused
4 Bytes
S10FF 4351 \
$1100 4352
Unused
3584 Bytes
STEFF 7935
$1F00 7936 )
Self Check
SIWFDF L. . . . — _|
$1FEO !
Self-Check 256 Bytes
Vectors
$1FEF 8175
$1FFO User 8176
Vectors
1
SIFFF 6 Bytes 8191 J

Port A Data Register

Port B Data Register

Port C Data Register

Port D Fixed Input Register

Port A Data Direction Register

Port B Data Direction Register

Port C Data Direction Register

Unused

Unused

Unused

Serial Peripheral Control Register

Serial Peripheral Status Register

Serial Peripheral Data 1/0 Register

Serial Communications Baud Rate Register

Serial Communications Control Register 1

Serial Communications Control Register 2

Serial Communications Status Register

Serial Communications Data Register

Timer Control Register

Timer Status Register

Input Capture High Register

Input Capture Low Register

Output Compare High Register

Output Compare Low Register

Counter High Register

Counter Low Register

Alternate Counter High Register

Alternate Counter Low Register

Unused

Unused

Unused

Figure 2-4. Address Map

Unused

$00
$01
$02
$03
$04
$05
$06
$07
$08
$09
$0A
$0B
$0C
$0D
$OE
$OF
$10
$H
$12
$13
$14
$15
$16
$17
$18
$19
$1A
$1B
$1C
$1D
$1E
$1F
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2.4.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used to hold operands, results of the arithmetic
calculations, and data manipulations.

2.4.2 Index Register (X)

The X register is an 8-bit register which is used during the indexed modes of addressing. It provides
an 8-bit value which is used to create an effective address. The index register is also used for data
manipulations with the read-modify-write type of instructions and as a temporary storage register
when not performing addressing operations.

2.4.3 Program Counter (PC)

The program counter is a 13-bit register that contains the address of the next instruction to be
executed by the processor.

2.4.4 Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address of the next free locations on the push-
down/pop-up stack. When accessing memory, the seven most significant bits are permanently
configured to 0000011. These seven bits are appended to the six least significant register bits to pro-
duce an address within the range of $O0FF to $00CO. The stack area of RAM is used to store the
return address on subroutine calls and the machine state during interrupts. During external or
power-on reset, and during a reset stack pointer (RSP) instruction, the stack pointer is set to its up-
per limit ($00FF). Nested interrupt and/or subroutines may use up to 64 (decimal) locations. When
the 64 locations are exceeded, the stack pointer wraps around and points to its upper limit ($00FF),
thus, losing the previously stored information. A subroutine call occupies two RAM bytes on the
stack, while an interrupt uses five RAM bytes.

2.4.5 Condition Code Register (CC)

The condition code register is a 5-bit register which indicates the results of the instruction just

executed as well as the state of the processor. These bits can be individually tested by a program

and specified action taken as a result of their state. Each bit is explained in the following
. paragraphs. . ’

2.4.5.1 HALF CARRY BIT (H). The H bit is set to a one when a carry occurs between bits 3 and 4 of
the ALU during an ADD or ADC instruction. The H. bit is useful in binary coded decimal
subroutines.

2.4.5.2 INTERRUPT MASK BIT (l). When the | bit is set, all interrupts are disabled. Clearing this bit
enables the interrupts. If an external interrupt occurs while the | bit is set, the interrupt is latched
and is processed after the | bit is next cleared; therefore, no interrupts are lost because of the | bit
being set. An internal interrupt can be lost if it is cleared while the | bit is set (refer to SECTION 4
PROGRAMMABLE TIMER, SECTION 5 SERIAL COMMUNICATIONS INTERFACE, and SECTION
6 SERIAL PERIPHERAL INTERFACE for more information).
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RESET
1.0puF
RESET M “q
IRQ P —
4 =
310k
NC vpp 22 +5V
20 pF
osct 22 I -
{ =
TCAP ::10M D 4 MHz
CDP68HC05C4 9 I
4 F
PA7 osco |8 ] P
5
PAG % (See Note) =
6 PD7 ——] +5V
PA5 35 =
7 TCMP p— = 47K
PA4 I Y
8 PD5/SS
PA3 ¢ 33 ™ y
4
o oy PD4/SC ——-W\r-j32 1 ok IN3904
10 PD3/MOSI =AWV
PA1 31
11 PD2/MISO
PAO 30
PD1/TDO __—I
pDO/RDI 2 =
12 28 x> 47k
PBO PCO ~ -5V
13 27 w 4.7k
| PB1 PC1 ~ {-.‘-:-;-kMN———-o
<
10k 2 14} pg2 pc2 |22 ——— 4
1 15 2 % 47k
= PB3 PC3 — N
18/ ppa pca }22
7] pBs pcs 2
18 pge pcs 122
1
191 pg7 pC7 F2
Vss
Lo

NOTE: The RC Oscillator Option may also be used in this circuit.

Table 2-2. Self-Check Results

Figure 2-7. Self-Check Circuit Schematic Diagram

PC3 | PC2 | PC1 | PCO Remarks

1 0 0 1 Bad I/0

1 0 1 0 Bad RAM

1 0 1 1 | Bad Timer

1 1 0 0 | Bad SCI

1 1 0 1 Bad ROM

1 1 1 0 | Bad SPI

1 1 1 1 | Bad Interrupts or IlRQ Request
Flashing Good Device
Ail Others Bad Device, Bad Port C, etc.

0 Indicates LED on; 1 Indicates LED is off.




|
|
VbD /:V ' : ’
Mj//l{/////////////// 777777777 777777777777777777777777777777

:toxov: 4084 tcyc : :
: : E* teye *’
pgfégsic'n Mo 7w ur

Internal N
Address 1FFE 1FFF New PC 1FFE 1FFE 1FFE 1FFE 1FFF ew
Bus* ) PC

Internal N N o o
Data ew ew p PCH p
Bus* PCH PCL Code PCL Code

l€—— R —>

RESET \ . /

*Internal timing signal and bus information not available externally.
**(OSC1 line is not meant to represent frequency. It is only used to represent time.
** *The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence.

Figure 3-1. Power-On Reset and RESET
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3.2.1 Hardware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are not in the strictest sense an interrupt;
however, they are acted upon in a similar manner. Flowcharts for hardware interrupts are shown in
Figure 3-2, and for STOP and WAIT are provided in Figure 3-3. A discussion is provided below.

(a) — A low input.on the RESET input pin causes the program to vector to its starting address
which is specified by the contents of memory locations $1FFE and $1FFF. The | bitin the
condition code register is also set. Much of the MCU is configured to a known state dur-
ing this type of reset as previously described in RESETS paragraph 3.1.

(b} STOP — The STOP instruction causes the oscillator to be turned off and the processor
to ““sleep’” until an external interrupt (TRQ) or reset occurs.

{c}  WAIT — The WAIT instruction causes all processor clocks to stop, but leaves the
Timer, SCI, and SPI clocks running. This ‘rest’’ state of the processor can be cleared by
reset, an external interrupt (IRQ), Timer interrupt, SPI interrupt, or SCl interrupt. There
are no special wait vectors for these individual interrupts.

3.2.2 Software Interrupt (SWI)

The software interrupt is an executable instruction. The action of the SWI instruction is similar to
the hardware interrupts. The SWI is executed regardless of the state of the interrupt mask (I bit) in
the condition code register. The interrupt service routine address is specified by the contents of
memory location $1FFC and $1FFD.

3.2.3 External Interrupt

If the interrupt mask (I bit) of the condition code register has been cleared and the external interrupt
pin (TRQ) has gone low, then the external interrupt is recognized. When the interrupt is recognized,
the current state of the CPU is pushed onto the stack and the | bit is set. This masks further inter-
rupts until the present one is serviced. The interrupt service routine address is specified by the con-
tents of memory location $1FFA and $1FFB. Either a level-sensitive and negative edge-sensitive
trigger, or a negative edge-sensitive only trigger are available as a mask option. Figure 3-4 shows
both a functional and mode timing diagram for the interrupt line. The timing diagram shows two dif-
ferent treatments of the interrupt line (TRQ) to the processor. The first method shows single pulses
on the interrupt line spaced far enough apart to be serviced. The minimum time between pulses is a
function of the number of cycles required to execute the interrupt service routine plus 21 cycles.
Once a pulse occurs, the next pulse should not occur until the MCU software has exited the routine
(an RTI occurs). The second configuration shows several interrupt lines “‘wire-ORed"’ to form the
interrupts at the processor. Thus, if after servicing one interrupt the interrupt line remains low, then
the next interrupt is recognized.

NOTE
The internal interrupt latch is cleared in the first part of the service routine; therefore, one
(and only one) external interrupt pulse could be latched during tj_|L and serviced as soon
as the | bit is cleared.
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( Stop

y

y

Stop Oscillatot
And All Clocks

Clear | Bit

Oscillator Active
Timer, SCI, And SPI
Clocks Active
Processor Clocks Stopped

Reset

Yes

External
Interrupt
(IRQ)

i

CMOS Microprocessors, Memories and Peripherals

) =

Reset

External
Interrupt
(IRQ)

Yes

Timer
Interrupt

y

Turn On Oscillator
Wait for Time
Delay to Stabilize

Restart
Processor Clock

Y

&

(1) Fetch Reset Vector or
(2) Service Interrupt
a. Stack
b. Set | Bit
c. Vector to Interrupt
Routine

(1) Fetch Reset Vector or
(2) Service Interrupt

a. Stack

b. Set | Bit

c. Vector to Interrupt SPI
Routine Interrupt

Figure 3-3. STOP/WAIT Flowcharts
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3.2.4 Timer Interrupt

There are three different timer interrupt flags that will cause a timer interrupt whenever they are set
and enabled. These three interrupt flags are found in the three most significant bits of the timer

status register (TSR, location $13) and all three will vector to the same interrupt service routine
($1FF8-$1FF9).

All interrupt flags have corresponding enable bits (ICIE, OCIE, and TOIE) in the timer control
register (TCR, location $12). Reset clears all enable bits, thus preventing an interrupt from occurring
during the reset time period. The actual processor interrupt is generated only if the | bit in the condi-
tion code register is also cleared. When the interrupt is recognized, the current machine state is
pushed onto the stack and | bitis set. This masks further interrupts until the present one is serviced.
The interrupt service routine address is specified by the contents of memory location $1FF8 and
$1FF9. The general sequence for clearing an interrupt is a software sequence of accessing the
status register while the flag is set, followed by a read or write of an associated register. Refer to
SECTION 4 PROGRAMMABLE TIMER for additional information about the timer circuitry.

3.2.5 Serial Communications Interface (SCI) Interrupts

An interrupt in the serial communications interface (SCI) occurs when one of the interrupt flag bits
in the serial communications status register is set, provided the | bit in the condition code register is
clear and the enable bit in the serial communications control register 2 (location $0F) is enabled.
When the interrupt is recognized, the current state of the machine is pushed onto the stack and the
| bit in the condition code register is set. This masks further interrupts until the present one is ser-
viced. The SCl interrupt causes the program counter to vector to memory location $1FF6 and $1FF7
which contains the starting address of the interrupt service routine. Software in the serial interrupt
service routine must determine the priority and cause of the SCl interrupt by examining the interrupt
flags and the status bits located in the serial communications status register (location $10). The
general sequence for clearing an interrupt is a software sequence of accessing the serial com-
munications status register while the flag is set followed by a read or write of an associated register.
Refer to SECTION 5 SERIAL COMMUNICATIONS INTERFACE for a description of the SCl system
and its interrupts.

3.2.6 Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SPI) occurs when one of the interrupt flag bits in the
serial peripheral status register (location $0B) is set, provided the | bit in the condition code register
is clear and the enable bit in the serial peripheral control register (location $0A) is enabled. When the
interrupt is recognized, the current state of the machine is pushed onto the stack and the | bit in the
condition code register is set. This masks further interrupts until the present one is serviced. The
SPI interrupt causes the program counter to vector to memory location $1FF4 and $1FF5 which
contains the starting address of the interrupt service routine. Software in the serial peripheral inter-
rupt service routine must determine the priority and cause of the SPI interrupt by examining the
interrupt flag bits located in the SPI status register. The general sequence for clearing an interrupt is
a software sequence of accessing the status register while the flag is set, followed by a read or write
of an associated register. Refer to SECTION 6 SERIAL PERIPHERAL INTERFACE for a description
of the SPI system and its interrupts.
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SECTION 4
PROGRAMMABLE TIMER

4.1 INTRODUCTION

The programmable timer, which is preceded by a fixed divide-by-four prescaler, can be used for
many purposes, including input waveform measurements while simultaneously generating an out-
put waveform. Pulse widths can vary from several microseconds to many seconds. A block diagram
of the timer is shown in Figure 4-1 and timing diagrams are shown in Figures 4-2 through 4-5.

Because the timer has a 16-bit architecture, each specific functional segment (capability) is
represented by two registers. These registers contain the high and low byte of that functional seg-
ment. Generally, accessing the low byte of a specific timer function allows full control of that func-
tion; however, an access of the high byte inhibits that specific timer function until the low byte is
also accessed.

NOTE

The | bitin the condition code register should be set while manipulating both the high and
low byte register of a specific timer function to ensure that an interrupt does not occur.
This prevents interrupts from occurring between the time that the high and low bytes are
accessed.

The programmable timer capabilities are provided by using the following ten addressable 8-bit
registers (note the high and low represent the significance of the byte). A description of each
register is provided below.

Timer Control Register (TCR) location $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and
Alternate Counter Low Register location $1B.
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4.2 COUNTER

The key element in the programmable timer is a 16-bit free running counter, or counter register,
preceded by a prescaler which divides the internal processor clock by four. The prescaler gives the
timer a resolution of 2.0 microseconds if the internal processor clock is 2.0 MHz. The counter is
clocked to increasing values during the low portion of the internal processor clock. Software can
read the counter at any time without affecting its value.

The double byte free running counter can be read from either of two locations $18-$19 (called
counter register at this location), or $1A-$1B (counter alternate register at this locatian). A read se-
quence containing only a read of the least significant byte of the free running counter ($19,$1B) will
receive the count value at the time of the read. If a read of the free running counter or counter alter-
nate register first addresses the most significant byte ($18,$1A) it causes the least significant byte
($19,$1B) to be transferred to a buffer. This buffer value remains fixed after the first most significant
byte “read”’ even if the user reads the most significant byte several times. This buffer is accessed
when reading the free running counter or counter alternate register least significant byte ($19 or
$1B), and thus completes a read sequence of the total counter value. Note that in reading either the
free running counter or counter alternate register, if the most significant byte is read, the least
significant byte must also be read in order to complete the sequence.

The free running counter is configured to $FFFC during reset and is always a read-only register.
During a power-on-reset (POR), the counter is also configured to $FFFC and begins running after
the oscillator startup delay. Because the free running counter is 16 bits preceded by a fixed divide-
by-four prescaler, the value in the free running counter repeats every 262,144 MPU internal pro-
cessor clock cycles. When the counter rolls over from $FFFF to $0000, the timer overflow flag (TOF)
bit is set. An interrupt can also be enabled when counter rollover occurs by setting its interrupt
enable bit (TOIE).

4.3 OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is made up of two 8-bit registers at locations
$16 (most significant byte) and $17 (least significant byte). The output compare register can be used
for several purposes such as, controlling an output waveform or indicating when a period of time
has elapsed. The output compare register is unique in that all bits are readable and writable and are
not altered by the timer hardware. Reset does not affect the contents of this register and if the com-
pare function is not utilized, the two bytes of the output compare register can be used as storage
locations.

The contents of the output compare register are compared with the contents of the free running
counter once during every four internal processor clocks. If a match is found, the corresponding
output compare flag (OCF) bit is set and the corresponding output level (OLVL) bit is clocked (by
the output compare circuit pulse) to an output level register. The values in the output compare
register and the output level bit should be changed after each successful comparison in order to
control an output waveform or establish a new elapsed timeout. An interrupt can also accompany a
successful output compare provided the corresponding interrupt enable bit, OCIE, is set.

After a processor write cycle to the output compare register containing the most significant byte
($16), the output compare function is inhibited until the least significant byte ($17) is also written.
The user must write both bytes (locations) if the most significant byte is written first. A write made
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A read of the least significant byte ($15) of the input capture register does not inhibit the free
running counter transfer. Again, minimum pulse periods are ones which allow software to read the
least significant byte ($15) and perform needed operations. There is no conflict between the read of
the input capture register and the free running counter transfer since they occur on opposite edges
of the internal processor clock.

4.5 TIMER CONTROL REGISTER (TCR)

The timer control register (TCR, location $12) is an 8-bit read/ write register which contains five con-
trol bits. Three of these bits control interrupts associated with each of the three flag bits found in
the timer status register (discussed below). The other two bits control: 1) which edge is significant
to the input capture edge detector (i.e., negative or positive), and 2) the next value to be clocked to
the output level register in response to a successful output compare. The timer control register and
the free running counter are the only sections of the timer affected by reset. The TCMP pin is forced
low during external reset and stays low until a valid compare changes it to a high. The timer control
register is illustrated below followed by a definition of each bit.

7 6 5 4 3 2 1 0
L 1ce [ oce [ toe ] o J o J o J oG o] s1i2
B7, ICIE If the input capture interrupt enable (ICIE) bit is set, a timer interrupt is enabled

when the ICF status flag (in the timer status register) is set. If the ICIE bit is
clear, the interrupt is inhibited. The ICIE bit is cleared by reset.

B6, OCIE If the output compare interrupt enable (OCIE) bit is set, a timer interrupt is
enabled whenever the OCF status flag is set. If the OCIE bit is clear, the inter-
rupt is inhibited. The OCIE bit is cleared by reset.

B5, TOIE If the timer overflow interrupt enable (TOIE) bit is set, a timer interrupt is
enabled whenever the TOF status flag (in the timer status register) is set. If the
TOIE bit is clear, the interrupt is inhibited. The TOIE bit is cleared by reset.

B1, IEDG The value of the input edge (IEDG) bit determines which level transition on pin
37 will trigger a free running counter transfer to the input capture register.
Reset does not affect the IEDG bit.
0= negative edge
1= positive edge

BO, OLVL The value of the output level (OLVL) bit is clocked into the output level register
by the next successful output compare and will appear at pin 35. This bit and
the output level register are cleared by reset.

0= low output
1=high output
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SECTION 5
SERIAL COMMUNICATIONS INTERFACE (SCI)

5.1 INTRODUCTION

A full-duplex asynchronous serial communications interface (SCI) is provided with a standard NRZ
format and a variety of baud rates. The SCI transmitter and receiver are functionally independent,
but use the same data format and bit rate. The serial data format is standard mark/space (NRZ)
which provide one start bit, eight or nine data bits, and one stop bit. “’Baud’’ and “'bit rate’’ are used
synonymously in the following description.

5.1.1 SCI Two Wire System Features

® Standard NRZ (mark/space) format.

Advanced error detection method includes noise detection for noise duration of up to 1/16 bit
time.

Full-duplex operation (simultaneous transmit and receive).

Software programmable for one of 32 different baud rates.

Software selectable world length (eight or nine bit words).

Separate transmitter and receiver enable bits.

SCI may be interrupt driven.

Four separate enable bits available for interrupt control.

5.1.2 SCI Receiver Features

® Receiver wake-up function (idle or address bit).
® [dle line detect.

® Framing error detect.

® Noise detect.

® Overrun detect.

® Receiver data register full flag.

5.1.3 SCI| Transmitter Features

® Transmit data register empty flag.
® Transmit complete flag.
® Break send.

Any SCI two-wire system requires receive data in (RDI) and transmit data out (TDO).
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Figure 5-2. Examples of Start Bit Sampling Technique
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Figure 5-3. Sampling Technique Used on All Bits

assumed to be idle. (A noise flag is set if one of the three verification samples detects a logic high,
thus a valid start bit could be assumed and a noise flag still set.) The receiver clock generator is con-
trolled by the baud rate register (see Figures 5-6 and 5-7); however, the serial communications inter-
face is synchronized by the start bit (independent of the transmitter).

Once a valid start bit is detected, the start bit, each data bit, and the stop-bit are sampled three
times at RT intervals of 8RT, 9RT, and 10RT (1RT is the position where the bit is expected to start)
as shown in Figure 5-3. The value of the bit is determined by voting logic which takes the value of
the majority of samples (two or three out of three). A noise flag is set when all three samples on a
valid start bit or a data bit or the stop bit do not agree. (As discussed above, a noise flag is also set
when the start bit verification samples do not agree.)

5.5 START BIT DETECTION FOLLOWING A FRAMING ERROR

If there has been a framing error without detection of a break (10 zeros for 8-bit format or 11 zeros
for 9-bit format), the circuit continues to operate as if there actually were a stop bit and the start
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5.6 TRANSMIT DATA OUT (TDO)

Transmit data out is the serial data which is presented from the internal data bus via the SCI and
then to the output pin. Data format is as discussed above and shown in Figure 5-1. The transmitter
generates a bit time by using a derivative of the RT clock, thus producing a transmission rate equal
to 1/16 that of the receiver sample clock.

5.7 REGISTERS

There are five different registers used in the serial communications interface (SCI) and the internal
configuration of these registers is discussed in the following paragraphs. A block diagram of the
SCI system is shown in Figure 5-6.

5.7.1 Serial Communications Data Register (SCDAT)

7 6 5 4 3 2 1 0
l Serial Communications Data Register —l s

The serial communications data register performs two functions in the serial communications inter-
face; i.e. it acts as the receive data register when it is read and as the transmit data register when it
is written. Figure 5-6 shows this register as two separate registers, namely: the receive data register
(RDR) and the transmit data register (TDR). As shown in Figure 5-6, the TDR (transmit data
register) provides the parallel interface from the internal data bus to the transmit shift register and
the receive data register (RDR) provides the interface from the receive shift register to the internal
data bus.

When SCDAT is read, it becomes the receive data register and contains the last byte of data
received. The receive data register, represented above, is a read-only register containing the last
byte of data received from the shift register for the internal data bus. The RDRF bit (receive data
register full bit in the serial communications status register) is set to indicate that a byte has been
transferred from the input serial shift register to the serial communications data register. The
transfer is synchronized with the receiver bit rate clock (from the receive control) as shown in Figure
5-6. All data is received least-significant-bit first.

When SCDAT is written, it becomes the transmit data register and contains the next byte of data to
be transmitted. The transmit data register, also represented above, is a write-only register contain-
ing the next byte of data to be applied to the transmit shift register from the internal data bus. As
long as the transmitter is enabled, data stored in the serial communications data register is transfer-
red to the transmit shift register (after the current byte in the shift register has been transmitted).
The transfer from the SCDAT to the transmit shift register is synchronized with the bit rate clock
(from the transmit control) as shown in Figure 5-6. All data is transmitted least-significant-bit first.

5.7.2 Serial Communications Control Register 1 (SCCR1)

7 6 5 3 2 1 0

LRBITBI—];[WAKE]—|—I—J$OE

The serial communications control register 1 (SCCR1) provides the control bits which: 1) determine
the word length (either 8 or 9 bits), and 2) selects the method used for the wake-up feature. Bits 6
and 7 provide a location for storing the ninth bit for longer bytes.
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B7, R8 If the M bit is a one, then this bit provides a storage location for the ninth bit in
the receive data byte. Reset does not affect this bit.

B6, T8 If the M bit is a one, then this bit provides a storage location for the ninth bit in
the transmit data byte. Reset does not affect this bit.

B4, M The option of the word length is selected by the configuration of this bit and is
shown below. Reset does not affect this bit.
0=1 start bit, 8 data bits, 1 stop bit
1=1 start bit, 9 data bits, 1 stop bit

B3, WAKE This bit allows the user to select the method for receiver “wake up’’. If the
WAKE bit is a logic zero, an idle line condition will ““wake up’’ the receiver. If
the WAKE bit is set to a logic one, the system acknowledges an address bit
(most significant bit). The address bit is dependent on both the WAKE bit and
the M bit level (table shown below). (Additionally, the receiver does not use the
wake-up feature unless the RWU control bit in serial communications control
register 2 is set as discussed below.) Reset does not affect this bit.

Wake M Method of Receiver “Wake-Up"’

0 X | Detection of an idle line allows the next data byte received
to cause the receive data register to fill and produce an
RDRF flag.

1 0 | Detection of a received one in the eighth data bit allows an
RDRF flag and associated error flags.

1 1 | Detection of a received one in the ninth data bit allows an
RDRF flag and associated error flags.

5.7.3 Serial Communications Control Register 2 (SCCR2)

7 6 5 4 3 2 1 0
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The serial communications control register 2 (SCCR2) provides the control bits which: individually
enable/disable the transmitter or receiver, enable the system interrupts, and provide the wake-up
enable bit and a "send break code’ bit. Each of these bits is described below. (The individual flags
are discussed in the 5.7.4 Serial Communications Status Register.)

B7, TIE When the transmit interrupt enable bit is set, the SCI interrupt occurs provided
TDRE is set (see Figure 5-6). When TIE is clear, the TDRE interrupt is disabled.
Reset clears the TIE bit.

B6, TCIE When the transmission complete interrupt enable bit is set, the SCI interrupt
occurs provided TC is set (see Figure 5-6). When TCIE is clear, the TC interrupt
is disabled. Reset clears the TCIE bit.
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5.7.4 Serial Communications Status Register (SCSR)

7 6 5 4 3 2 1 0
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The serial communications status register (SCSR) provides inputs to the interrupt logic circuits for
generation of the SCI system interrupt. In addition, a noise flag bit and a framing error bit are also
contained in the SCSR.

B7, TDRE The transmit data register empty bit is set to indicate that the contents of the
serial communications data register have been transferred to the transmit serial
shift register. If the TDRE bit is clear, it indicates that the transfer has not yet
occurred and a write to the serial communications data register will overwrite
the previous value. The TDRE bit is cleared by accessing the serial communica-
tions status register (with TDRE set), followed by writing to the serial com-
munications data register. Data can not be transmitted unless the serial com-
munications status register is accessed before writing to the serial communica-
tions data register to clear the TDRE flag bit. Reset sets the TDRE bit.

B6, TC The transmit complete bit is set at the end of a data frame, preamble, or break
condition if:
1. TE=1, TDRE=1, and no pending data, preamble, or break is to be
transmitted; or
2. TE=0, and the data, preamble, or break (in the transmit shift register)
has been transmitted.

The TC bit is a status flag which indicates that one of the above conditions has
occurred. The TC bit is cleared by accessing the serial communications status
register (with TC set), followed by writing to the serial communications data
register. It does not inhibit the transmitter function in any way. Reset sets the
TC bit.

B5, RDRF When the receive data register full bit is set, it indicates that the receiver serial
shift register is transferred to the serial communications data register. If multi-
ple errors are detected in any one received word, the NF, FE, and RDRF bits
will be affected as appropriate during the same clock cycle. The RDRF bit is
cleared when the serial communications status register is accessed (with RDRF
set) followed by a read of the serial communications data register. Reset clears
the RDRF bit.

B4, IDLE When the idle line detect bit is set, it indicates that a receiver idle line is
detected (receipt of a minimum number of ones to constitute the number of
bits in the byte format). The minimum number of ones needed will be 10
(M=0) or 11 (M=1). This allows a receiver that is not in the wake-up mode to
detect the end of a message, detect the preamble of a new message, or to
resynchronize with the transmitter. The IDLE bit is cleared by accessing the
serial communications status register (with IDLE set) followed by a read of the
serial communications data register. The IDLE bit will not be set again until
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SCRO-SCR2 bits. Together, these five bits provide multiple, baud rate combinations for a given
crystal frequency.

B5, SCP1 These two bits in the baud rate register are used as a prescaler to increase the

B4, SCPO range of standard baud rates controlled by the SCRO-SCR2 bits. A table of the
prescaler internal processor clock division versus bit levels is provided below.
Reset clears SCP1-SCPO bits (divide-by-one).

Internal Processor
SCP1| SCPO Clock Divide By

0 0 1
0 1 3
1 0 4
1 1 13

B2, SCR2 These three bits in the baud rate register are used to select the baud rates of
B1, SCR1 both the transmitter and receiver. A table of baud rates versus bit levels is
BO, SCRO shown below. Reset does not affect the SCR2-SCRO bits.

Prescaler Output
SCR2 | SCR1|SCRO Divide By
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

The diagram of Figure 5-7 and Tables 5-1 and 6-2 illustrate the divided chain used to obtain the baud
rate clock (transmit clock). Note that there is a fixed rate divide-by-16 between the receive clock
(RT) and the transmit clock (Tx). The actual divider chain is controlled by the combined SCPO-SCP1
and SCRO-SCR2 bits in the baud rate register as illustrated. All divided frequencies shown in the
first table represent the final transmit clock (the actual baud rate) resulting from the internal pro-
cessor clock division shown in the ““divide-by’’ column only (prescaler division only). The second
table illustrates how the prescaler output can be further divided by action of the SCI select bits
(SCRO-SCR2). For example, assume that a 9600 Hz baud rate is required with a 2.4576 MHz exter-
nal crystal. In this case the prescaler bits (SCPO-SCP1) could be configured as a divide-by-one or a
divide-by-four. If a divide-by-four prescaler is used, then the SCRO-SCR2 bits must be configured
as a divide-by-two. This results in a divide-by-128 of the internal processor clock to produce a 9600
Hz baud rate clock. Using the same crystal, the 9600 baud rate can be obtained with a prescaler
divide-by-one and the SCRO-SCR2 bits configured for a divide-by-eight.

NOTE
The crystal frequency is internally divided-by-two to generate the internal processor
clock.
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SECTION 6
SERIAL PERIPHERAL INTERFACE (SPI)

6.1 INTRODUCTION AND FEATURES

6.1.1 Introduction

The serial peripheral interface (SPI) is an interface built into the CDP68HC05C4 MCU which allows
several COP68HC05C4 MCUs, or CDP68HCO5C4 plus peripheral devices, to be interconnected within
a single “black box’’ or on the same printed circuit board. In a serial peripheral interface (SPI),
separate wires (signals) are required for data and clock. In the SPI format, the clock is not included
in the data stream and must be furnished as a separate signal. An SPI system may be configured in
one containing one master MCU and several slave MCUs, or in a system in which an MCU is
capable of being either a master or a slave.

Figure 6-1 illustrates two different system configurations. Figure 6-1a represents a system of five
different MCUs in which there are one master and four slaves (0, 1, 2, 3). In this system four basic
lines (signals) are required for the MOSI (master out slave in), MISO (master in slave out), SCK
(serial clock), and SS (slave select) lines. Figure 6-1b represents a system of five MCUs in which
three can be master or slave and two are slave only.

6.1.2 Features

® Full duplex, three-wire synchronous transfers
® Master or slave operation

® 1.05 MHz (maximum) master bit frequency
® 2.1 MHz (maximum) slave bit frequency

® Four programmable master bit rates

® Programmable clock polarity and phase

® End of transmission interrupt flag

® \Write collision flag protection

® Master-Master mode fault protection capability

6.2 SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) discussed above are described in the following
paragraphs. Each signal function is described for both the master and slave mode.

6.2.1 Master Out Slave In (MOSI)

The MOSI pin is configured as a data output in a master (mode) device and as a data inputin a slave
(mode) device. In this manner data is transferred serially from a master to a slave on this line; most
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significant bit first, least significant bit last. The timing diagrams of Figure 6-2 summarize the SPI
timing diagram shown in Section 9, and show the relationship between data and clock (SCK). As
shown in Figure 6-2, four possible timing relationships may be chosen by using control bits CPOL
and CPHA. The master device always allows data to be applied on the MOSI line a half-cycle before
the clock edge (SCK) in order for the slave device to latch the data.

NOTE

Both the slave device(s) and a master device must be programmed to similar timing
modes for proper data transfer.

When the master device transmits data to a second (slave) device via the MOSI line, the slave
device responds by sending data to the master device via the MISO line. This implies full duplex
transmission with both data out and data in synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted is replaced by the byte received and
eliminates the need for separate transmit-empty and receiver-full status bits. A single status bit
(SPIF) is used to signify that the I/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR bit in the serial peripheral control register

(SPCR, location $0A). When a device is operating as a master, the MOSI pin is an output because
the program in firmware sets the MSTR bit to a logic one.

Sck
(CPOL=0, CPHA=0)
SCK
(CPOL=0, CPHA= 1)
SCK
(CPOL=1, CPHA=0)
scK
(CPOL=1, CPHA=1)
MISO/ ‘ 4
MOS! / j
MSB 6 5 4 3 2 1 LSB

I N N S (R I

internal strobe for data capture (all modes)

Figure 6-2. Data Clock Timing Diagram




160 CMOS Microprocessors, Memories and Peripherals
CDP68HCO5C4

software error; however, a system could be configured which would contain a default master which
would automatically “‘take-over’’ and restart the system.

6.2.4 Serial Clock (SCK)

The serial clock is used to synchronize the movement of data both in and out of the device through
its MOSI and MISO pins. The master and slave devices are capable of exchanging a data byte of in-
formation during a sequence of eight clock pulses. Since the SCK is generated by the master
device, the SCK line becomes an input on all slave devices and synchronizes slave data transfer.
The type of clock and its relationship to data are controlled by the CPOL and CPHA bits in the serial
peripheral control register (location $0A) discussed below. Refer to Figure 6-2 for timing.

The master device generates the SCK through a circuit driven by the internal processor clock. Two
bits (SPRO and SPR1) in the serial peripheral control register (location $0A) of the master device
select the clock rate. The master device uses the SCK to latch incoming slave device data on the
MISO line and shifts out data to the slave device on the MOSI line. Both master and slave devices
must be operated in the same timing mode as controlled by the CPOL and CPHA bit in the serial
peripheral control register. In the slave device, SPRO, SPR1 have no effect on the operation of the
serial peripheral interface. Timing is shown in Figure 6-2.

6.3 FUNCTIONAL DESCRIPTION

A block diagram of the serial peripheral interface (SPI) is shown in Figure 6-3. In a master configura-
tion, the master start logic receives an input from the CPU (in the form of a write to the SPI rate
generator) and originates the system clock (SCK) based on the internal processor clock. This clock
is also used internally to control the state controller as well as the 8-bit shift register. As a master
device, data is parallel loaded into the 8-bit shift register (from the internal bus) during a write cycle
and then shifted out serially to the MOSI pin for application to the slave device(s). During a read cy-
cle, data is applied serially from a slave device via the MISO pin to the 8-bit shift register. After the
8-bit shift register is loaded, its data is parallel transferred to the read buffer and then is made
available to the internal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives a logic low (from a master device) at the SS
pin and a system clock input (from the same master device) at the SCK pin. Thus, the slave is syn-
chronized with the master. Data from the master is received serially at the slave MOSI pin and loads
the 8-bit shift register. After the 8-bit shift register is loaded, its data is parallel transferred to the
read buffer and then is made available to the internal data bus during a CPU read cycle. During a
write cycle, data is parallel loaded into the 8-bit shift register from the internal data bus and then
shifted out serially to the MISO pin for application to the master device.

Figure 6-4 illustrates the MOSI, MISO, and SCK master-slave interconnections. Note that in Figure
6-4 the master SS pin is tied to a logic high and the slave SS pin is a logic low. Figure 6-1 provides a
larger system connection for these same pins. Note that in Figure 6-1, all SS pins are connected to a
port pin of a master/slave device. In this case any of the devices can be a slave.
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Figure 6-4. Serial Peripheral Interface Master-Slave Interconnection

6.4 REGISTERS

There are three registers in the serial parallel interface which provide control, status, and data
storage functions. These registers which include the serial peripheral control register (SPCR, loca-
tion $0A), serial peripheral status register (SPSR, location $0B), and serial peripheral data 1/0
register (SPDR, location $OC) are described below.

6.4.1 Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 ! 0
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The serial peripheral control register bits are defined as follows:

B7, SPIE When the serial peripheral interrupt enable bit is high, it allows the occurrence
of a processor interrupt, and forces the proper vector to be loaded into the pro-
gram counter if the serial peripheral status register flag bit (SPIF and/or MODF)
is set to a logic one. It does not inhibit the setting of a status bit. The SPIE bit is
cleared by reset.

B6, SPE When the serial peripheral output enable control bit is set, all output drive is ap-
plied to the external pins and the system is enabled. When the SPE bit is set, it
enables the SPI system by connecting it to the external pins thus allowing it to
interface with the external SPI bus. The pins that are defined as output depend
on which mode (master or slave) the device is in. Because the SPE bit is cleared
by reset, the SPI system is not connected to the external pins upon reset.

B4, MSTR The master bit determines whether the device is a master or a slave. If the
MSTR bit is a logic zero it indicates a slave device and a logic one denotes a
master device. If the master mode is selected, the function of the SCK pin
changes from an input to an output and the function of the MISO and MQOSI
pins are reversed. This allows the user to wire device pins MISO to MISO, and
MOSI to MOSI, and SCK to SCK without incident. The MSTR bit is cleared by
reset; therefore, the device is always placed in the slave mode during reset.
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The transfer of data is initiated by the master device writing its serial peripheral
data register.

Clearing the SPIF bit is accomplished by a software sequence of accessing the
serial peripheral status register while SPIF is set and followed by a write to or a
read of the serial peripheral data register. While SPIF is set, all writes to the
serial peripheral data register are inhibited until the serial peripheral status
register is read. This occurs in the master device. In the slave device, SPIF can
be cleared (using a similar sequence) during a second transmission; however, it
must be cleared before the second SPIF in order to prevent an overrun condi-
tion. The SPIF bit is cleared by reset.

B6, WCOL The function of the write collision status bit is to notify the user that an attempt
was made to write the serial peripheral data register while a data transfer was
taking place with an external device. The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A “‘read collision”” will never occur since
the received data byte is placed in a buffer in which access is always syn-
chronous with the MCU operation. If a ""write collision’” occurs, WCOL is set
but no SPI interrupt is generated. The WCOL bit is a status flag only.

Clearing the WCOL bit is accomplished by a software sequence of accessing
the serial peripheral status register while WCOL is set, followed by 1) a read of
the serial peripheral data register prior to the SPIF bit being set, or 2) a read or
write of the serial peripheral data register after the SPIF bit is set. A write to the
serial peripheral data register (SPDR) prior to the SPIF bit being set, will result
in generation of another WCOL status flag. Both the SPIF and WCOL bits will
be cleared in the same sequence. If a second transfer has started while trying to
clear (the previously set) SPIF and WCOL bits with a clearing sequence con-
taining a write to the serial peripheral data register, only the SPIF bit will be
cleared.

A collision of a write to the serial peripheral data register while an external data
transfer is taking place can occur in both the master mode and the slave mode,
although with proper programming the master device should have sufficient in-
formation to preclude this collision.

Collision in the master device is defined as a write of the serial peripheral data
register while the internal rate clock (SCK) is in the process of transfer. The
signal on the SS pin is always high on the master device.

A collision in a slave device is defined in two separate modes. One problem
arises in a slave device when the CPHA control bit is a logic zero. When CPHA
is a logic zero, data is latched with the occurrence of the first clock transition.
The slave device does not have any way of knowing when that transition will
occur; therefore, the slave device collision occurs when it attempts to write the
serial peripheral data register after its SS pin has been pulled low. The SS pin
of the slave device freezes the data in its serial peripheral data register and does
not allow it to be altered if the CPHA bit is a logic zero. The master device must
raise the SS pin of the slave device high between each byte it transfers to the
slave device.
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6.4.3 Serial Peripheral Data I/O Register (SPDR)
7 6 5 4 3 2 1 0
| Serial Peripheral Data I/0 Register | soc

The serial peripheral data 1/0 register is used to transmit and receive data on the serial bus. Only a
write to this register will initiate transmission/reception of another byte and this will only occur in
the master device. A slave device writing to its data I/ O register will not initiate a transmission. At
the completion of transmitting a byte of data, the SPIF status bit is set in both the master and slave
devices. A write or read of the serial peripheral data |/ O register, after accessing the serial peripheral
status register with SPIF set, will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy of the received data byte in the shift
register is being moved to a buffer. When the user reads the serial peripheral data I/ O register, the
buffer is actually being read. During an overrun condition, when the master device has sent several
bytes of data and the slave device has not internally responded to clear the first SPIF, only the first
byte is contained in the receive buffer of the slave device; all others are lost. The user may read the
buffer at any time. The first SPIF must be cleared by the time a second transfer of data from the
shift register to the read buffer is initiated or an overrun condition will exist.

A write to the serial peripheral data I/ O register is not buffered and places data directly into the shift
register for transmission.

The ability to access the serial peripheral data I/ O register is limited when a transmission is taking
place. Itis important to read the discussion defining the WCOL and SPIF status bits to understand
the limits on using the serial peripheral data I/ O register.

6.5 SERIAL PERIPHERAL INTERFACE (SPI) SYSTEM CONSIDERATIONS

There are two types of SPI systems; single master system and multi-master systems. Figure 6-1
illustrates both of these systems and a discussion of each is provided below.

Figure 6-1a illustrates how a typical single master system may be configured, using an CDP6805
HCMOS family device as the master and four CDP6805 HCMOS family devices as slaves. As shown,
the MOSI, MISO, and SCK pins are all wired to equivalent pins on each of the five devices. The
master device generates the SCK clock, the slave devices all receive it. Since the CDP6805 HCMOS
master device is the bus master, it internally controls the function of its MOSI and MISO lines, thus
writing data to the slave devices-on the MOSI and reading data from the slave devices on the MISO
lines. The master device selects the individual slave devices by using four pins of a parallel port to
control the four SS pins of the slave devices. A slave device is selected when the master device
pulls its SS pin low. The SS pins are pulled high during reset since the master device ports will be
forced to be inputs at that time, thus disabling the slave devices. Note that the slave devices do not
have to be enabled in a mutually exclusive fashion except to prevent bus contention on the MISO
line. For example, three slave devices, enabled for a transfer, are permissible if only one has the
capability of being read by the master. An example of this is a write to several display drivers to clear
a display with a single 1/0 operation. To ensure that proper data transmission is occurring between
the master device and a slave device, the master device may have the slave device respond with a
previously received data byte (this data byte could be inverted or at least be a byte that is different
from the last one sent by the master device). The master device will always receive the previous
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SECTION 7
EFFECTS OF STOP AND WAIT MODES ON THE
TIMER AND SERIAL SYSTEMS

7.1 INTRODUCTION

The STOP and WAIT instructions have different effects on the programmable timer, serial com-
munications interface (SCI), and serial peripheral interface (SPI) systems. These different effects
are discussed separately below.

7.2 STOP MODE

When the processor executes the STOP instruction, the internal oscillator is turned off. This halts
all internal CPU processing including the operation of the programmable timer, serial communica-
tions interface, and serial peripheral interface. The only way for the MCU to “‘wake up’’ from the
stop mode is by receipt of an external interrupt (logic low on IRQ pin) or by the detection of a reset
(logic low on RESET pin or a power-on reset). The effects of the stop mode on each of the MCU
systems (Timer, SCI, and SPI) are described separately.

7.2.1 Timer During Stop Mode

When the MCU enters the stop mode, the timer counter stops counting (the internal processor
clock is stopped) and remains at that particular count value until the stop mode is exited by an inter-
rupt (if exited by reset the counter is forced to $FFFC). If the stop mode is exited by an external low
on the TRQ pin, then the counter resumes from its stopped value as if nothing had happened.
Another feature of the programmable timer, in the stop mode, is that if at least one valid input cap-
ture edge occurs at the TCAP pin, the input capture detect circuitry is armed. This action does not
set any timer flags or “wake up’’ the MCU, but when the MCU does “"wake up"’ there will be an ac-
tive input capture flag (and data) from that first valid edge which occurred during the stop mode. If
the stop mode is exited by an external reset (logic low on RESET pin), then no such input capture
flag or data action takes place even if there was a valid input capture edge (at the TCAP pin) during
the MCU stop mode.

7.2.2 SCI During Stop Mode

When the MCU enters the stop mode, the baud rate generator which drives the receiver and
transmitter is shut down. This essentially stops all SCI activity. The receiver is unable to receive and
transmitter is unable to transmit. If the STOP instruction is executed during a transmitter transfer,
that transfer is halted. When the stop mode is exited, that particular transmission resumes (if the
exit is the result of a low input to the {RQ pin). Since the previous transmission resumes after an IRQ
interrupt stop mode exit, the user should ensure that the SCI transmitter is in the idle state when the
STOP instruction is executed. If the receiver is receiving data when the STOP instruction is
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SECTION 8
INSTRUCTION SET AND ADDRESSING MODES

8.1 INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can be divided into five differentvtypes: register/
memory, read-modify-write, branch, bit manipulation, and control. The following paragraphs
briefly explain each type. All the instructions within a given type are presented in individual tables.

All of the instructions used in the CDP6805 CMOS Family are used in the COP68HCO5C4 MCU, plus
an additional one; the multiply (MUL) instruction. This instruction allows for unsigned multiplica-
tion of the contents of the accumulator (A) and the index register (X). The high order product is
then stored in the index register and the low order product is stored in the accumulator. A detailed
definition of the MUL instruction is shown below.

Operation: X: A< X*A
Description:  Multiplies the eight bits in the index register by the eight bits in the accumulator
to obtain a 16-bit unsigned number in the concatenated accumulator and index

register.
Condition
Codes: H: Cleared
I Not affected
N: Not affected
Z. Not affected
C: Cleared
Source
Form(s): MUL
Addressing Mode Cycles Bytes Opcode
Inherent " 1 $42

8.1.1 Register/ Memory Instructions

Most of these instructions use two operands. The first operand is either the accumulator or the in-
dex register. The second operand is obtained from memory using one of the addressing modes. The
operand for the jump unconditional (JMP) and jump to subroutine (JSR) instructions is the pro-
gram counter. Refer to Table 8-1.

8.1.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the
modified value back to memory or to the register. The test for negative or zero (TST) instruction is
an exception to the read-modify-write sequence since it does not modify the value. Refer to Table
8-2.




Table 8-2. Read-Modify-Write Instructions

Addressing Modes

Inherent (A) Inherent (X) Direct (h:ro‘dce):fes?m (8_;‘390’(;‘;“)
Op ¥ # Op # ¥ Op ¥ # Op t 4 Op ] *
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement, DEC 4A o3 5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR 4F T3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate NEG 0 1 3 50 1 3 0 2 5 70 1 5 60 2 6
(2's Complement)
Rotate Left Thru Carry ROL 49 1 3 59 1 3 29 2 79 1 5 69 2 6
Rotate Right Thry ROR 26 1 3 56 ! 3 36 2 5 76 1 5 66 2 6
Carry
Logical Shift Left LSL 48 o3 58 ! 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 IREE 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negatve ST 4D 1 3 |80 ! 3 | 3o 2 4 70 : 4 leo | 2 5
or Zero |
Multiply MUL 42 1 " - - - - - — _ — — — _

¥OSOJH89dAad

(4%

sjesayduad pue saLowa ‘si0ssadoidoidip SOND



174 CMOS Microprocessors, Memories and Peripherals
CDP68HCO5C4

8.1.5 Control Instructions

These instructions are register reference instructions and are used to control processor operation
during program execution. Refer to Table 8-5.

Table 8-5. Control Instructions

Inherent
Function Mnemonic Cgse By‘tes Cy:le s
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLi SA 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

8.1.6 Alphabetical Listing
The complete instruction set is given in alphabetical order in Table 8-6.

8.1.7 Opcode Map
Table 8-7 is an opcode map for the instructions used on the MCU.

8.2 ADDRESSING MODES

The MCU uses ten different addressing modes to provide the programmer with an opportunity to
optimize the code to all situations. The various indexed addressing modes make it possible to locate
data tables, code conversion tables, and scaling tables anywhere in the memory space. Short
indexed accesses are single byte instructions, while the longest instructions (three bytes) permit ac-
cessing tables throughout memory. Short absolute (direct) and long absolute (extended) address-
ing are also included. One and two byte direct addressing instructions access all data bytes in most
applications. Extended addressing permits jump instructions to reach all memory. Table 8-7 shows
the addressing modes for each instruction, with the effects each instruction has on the condition
code register.

The term "effective address’”’ (EA) is used in describing the various addressing modes, and is
defined as the byte address to or from which the argument for an instruction is fetched or stored.
The ten addressing modes of the processor are described below. Parentheses are used to indicate
""contents of’’ the location or register referred to; e.g., (PC) indicates the contents of the location
pointed to by the PC. An arrow indicates "'is replaced by"’, and a colon indicates concatenation of
two bytes.
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8.2.1 Inherent

In inherent instructions, all the information necessary to execute the instruction is contained in the
opcode. Operations specifying only the index register or accumulator, and no other arguments, are
included in this mode.

8.2.2 Immediate

In immediate addressing, the operand is contained in the byte immediately following the opcode.
Immediate addressing is used to access constants which do not change during program execution
(e.g., a constant used to initialize a loop counter).

EA=PC+1, PC=PC+2

8.2.3 Direct

In the direct addressing mode, the effective address of the argument is contained in a single byte
following the opcode byte. Direct addressing allows the user to directly address the lowest 256
bytes in memory with a single two byte instruction. This includes all on-chip RAM and I/ O registers,
and 128 bytes of on-chip ROM. Direct addressing is efficient in both memory and time.
EA=(PC+1); PC+PC +2
Address Bus High<0; Address Bus Low=(PC+ 1)

8.2.4 Extended

In the extended addressing mode, the effective address of the argument is contained in the two
bytes following the opcode. Instructions with extended addressing modes are capable of referenc-
ing arguments anywhere in memory with a single three-byte instruction.

EA=(PC+1):(PC+2); PC<+PC+3
Address Bus High<«(PC+ 1); Address Bus Low=(PC+ 2)

8.2.5 Indexed, No Offset

In the indexed, no offset addressing mode, the effective address of the argument is contained in the
8-bit index register. Thus, this addressing mode can access the first 266 memory locations. These
instructions are only one byte long. This mode is used to move a pointer through a table or to
address a frequently referenced RAM or I/0 location.
EA=X; PC<PC+1
Address Bus High-0; Address Bus Low=X

8.2.6 Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte following the opcode to that of the index
register; therefore, the operand is located anywhere within the lowest 511 memory locations. For
example, this mode of addressing is useful for selecting the mth element in a n element table. All in-
structions are two bytes. The content of the index register (X) is not changed. The content of
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added to the PC if the specified bit is set or cleared in the specified memory location. This single
three byte instruction allows the program to branch based on the condition of any bit in the first 266
locations of memory.

EA1=(PC+1)
Address Bus High=-0; Address Bus Low=(PC+ 1)
EA2=PC+3+(PC+2); PC<«EA2 if branch taken;
otherwise, PC<PC+ 3
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9.4 POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=TA+(PDega) (n
Where:

TA=Ambient Temperature, °C
6JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PI/0
PINT=Iccx Vce, Watts — Chip Internal Power
P1/0 = Power Dissipation on Input and Output Pins — User Determined

For most applications P|;0 < P|NT and can be neglected.

An approximate relationship between Pp and T (f P/ is neglected) is:

PD=K = (T +273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 0 a°PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by
measuring Pp (at equilibrium) for a known T a. Using this value of K the values of Pp and T can be
obtained by solving equations (1) and (2) iteratively for any value of TA.

9.5 DC ELECTRICAL CHARACTERISTICS (Vpp=5.0 Vdc +10%, Vg5 =0 Vdc,

TA= —56°C to + 125°C unless otherwise noted) Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, I pad =10.0 pA VoL - - 0.1 \Y
VoH |{Vpp-0.1 - - \
Output High Voltage
(I oad=0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP VoH |VpD-08 - - v
(ILoad= 1.6 mA) PD1-PD4 VoH |VpD-08 - - v
Output Low Voltage
(ILoag=1.6 mA} PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP VoL - - 0.4 %
Input High Voltage
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, RESET, 0OSC1| V|4 10.7xVpp - VoD \
Input Low Voltage
PAQO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, RESET, OSC1| V). Vss - 0.2xVpp \Y
Total Supply Current (C =50 pF on Ports, no dc Loads, tcyc=500 ns, ‘
(ViL=0.2V, ViH=Vpp-0.2V)
RUN DD - 5 78D mA
WAIT (See Note) DD - 15 18D mA
STOP (See Note) DD - 1.0 78D uA
1/0 Ports Hi-Z Leakage Current _
PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4 I - - +10 A
Input Current
RESET, IRQ, TCAP, OSC1, PDO, PDS, PD7 lin — - 11 uA
Capecitance
Ports (as input or output) Cout - - 12 pF
RESET, IRQ, TCAP, OSC1, PDO-PD5, PD7 Cin - - 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, V| =0.2V, V|y=Vpp-0.2 V.
2. No load on TCMP, C| =20 pF on OSC2.
3. OSC1 is a square wave with Vj =0.2 V, V|q=Vpp-0.2 V.
4. TE=RE=SPE=0
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9.7 CONTROL TIMING (Vpp=5.0 Vdc +10%, V§s=0 Vdc, TaA= —55 to_+125°C)
Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc - 4.2 MHz

External Clock Option fosc dc 4.2 MHz
Internal Operating Frequency

Crystal (fogc ¥ 2) fop - 2.1 MHz

External Clock (fosc =+ 2) fop dc 2.1 MHz
Cycle Time (See Figure 3-1) teye 480 — ns
Crystal Oscillator Startup Time (See Figure 3-1) tOXoVv = 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) tiILCH — 100 ms
RESET Pulse Width (See Figure 3-2) tRL 15 — toye
Timer

Résolution* * ) tRESL 4.0 — teye

Input Capture Pulse Width (See Figure 9-4) tTH, tTL | 125 - ns

Input Capture Pulse Period (See Figure 9-4) tTLTL *x - teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) tLIH 125 - ns
Interrupt Pulse Period (See Figure 3-4) HLiL * — teye
OSC1 Pulse Width tOH. tOL 90 - ns

* The minimum period t|| || should not be less than the number of cycle times it takes to execute the interrupt service routine plus

21 teye.
** Sincceyg 2-bit prescaler in the timer must count four internal cycles (tgyc), this is the limiting minimum factor in determining the timer
resolution.

** *The minimum period tT| T should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 toyc.

77777777777 7777777

l€— tRL —»

RESET -jR ;

[ tiLIH —3>

< tLCH > 4064 toye —>1

(e —h\

Internal
Clock

1FFEX 1FFE X1FFF4 x

Nt
RESET or Interrupt
NOTES: Vector Fetch

1. Represents the internal gating of the OSC1 pin.
2. TRQ pin edge-sensitive mask option.

3. TRQ pin level and edge-sensitive mask option.

4. RESET vector address shown for timing example.

IO G G

Figure 9-3. Stop Recovery Timing Diagram
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9.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5)
(VDD=5.0 Vde +10%, Vss=0 Vdc, TA= —55 to + 125°) Lirits
Num. Characteristic Symbol Min Max Unit
Operating Frequency
Master fop(m) dc 1.05 MHz
Slave fopts) dc 2.1 MHz
1 Enable Lead Time
Master Yead(m) * - ns
Slave (CPHA=0) tlead(S0) 240 - ns
Slave (CPHA=1) tlead(S1) 100 - ns
2 Enable Lag Time
Master Yag(m) * - ns
Slave (CPHA=0) Yag(S0) 0.0 - ns
Slave (CPHA =1) tag(S1) 126 - ns
3 Clock (SCK) High Time
Master tw(SCKH)m| TBD - ns
Slave tw(SCKH)s TBD - ns
4 Clack (SCK) Low Time
Master tw(sckL)m| TBD - ns
Slave tw(SCKL)s TBD - ns
5 Data Setup Time (Inputs)
Master tsu(m) 100 - ns
Slave tsuls) 100 - ns
6 Data Hold Time (Inputs)
Master thim) 100 - ns
Slave this) 100 - ns
7 Access Time
Slave ta - TBD ns
8 Disable Time (Hold Time to High-Impedance State)
Slave tdis - T8D ns
9 Data Valid
Master (Before Capture Edge) tv(B)m 78D - ns
Slave (After Enable Edge)* * tv(B)s - 200 ns
10 Data Valid
Master (After Capture Edge) ty(A) 78D — ns
" Rise Time (20% Vpp to 70% Vpp, CL =200 pF)
SPI Outputs (SCK, MOSI, MISO) trm - 100 ns
SPI Inputs (SCK, MOSI, MISO, §3) trs - 2.0 us
12 Fall Time (70% Vpp to 20% Vpp. CL =200 pF)
SPI Outputs (SCK, MOSI, MISO) tm - 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) tfs — 2.0 us
13 Output Data Hold (After Enable Edge)
Master tho(m) 0 - ns
Slave tho(s) 0 - ns

*Signal production depends on software.
* * Assumes 200 pF load on all SPI pins.
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SECTION 10
ORDERING INFORMATION

10.1 INTRODUCTION

The following information is required when ordering a custom MCU. The information may be
transmitted to RCA in the following media:

EPROM(s), 2716 or 2732

To initiate a ROM pattern for the MCU, it is necessary to first contact your local field service office,
local salesperson, or your local RCA representative.

10.1.1 EPROMSs

The 2716 or 2732 type EPROMs, programmed with the customer program (positive logic sense for
address and data), may be submitted for pattern generation. The EPROMs must be clearly marked to
indicate which EPROM corresponds to which address space. Figure 10-1 illustrates the markings for the
three 2716 EPROMs required to emulate the CDP68HC0O5C4 MCU.

After the EPROM(s) are marked, they should be placed in conductive IC carriers and securely
packed. Do not use styrofoam. '

N\ 1 [ ]
XXX XXX XXX
0020 0800 1000

XXX = Customer ID

Figure 10-1. EPROM Marking Example
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10.5.3. On receipt of items outlined in 10.5.2. above, the following will be sent to the customer for
approval:

® Data printout or verification EPROM(s) if requested.
® ROM Verification Form

The MicroComputer (ROM Pattern) verification form must be completed, signed and returned to RCA
within 30 days. Production of the custom MicroComputer will commence following the receipt by RCA
of the completed MicroComputer (ROM Pattern) Verification Form. If the customer had requested
MicroComputer prototypes on the original Purchase Order, they will be supplied prior to starting wafers
for production quantities. If the customer wishes RCA to proceed directly to production and waive
either the MicroComputer (ROM Pattern) verification data cycle or the prototype submission, or have
the items occur in parallel with starting production, this must be indicated on the original Purchase
Order. The customer's liability, in the event a pattern change or a reduction in quantity ordered is
necessary, the customer liability is outlined in the section on Customer Liability.

10.5.4. Customer Liability:

When a MicroComputer order is placed, the customer assumes the financial responsibility for the total
order. If the customer changes MicroComputer (ROM Pattern) or reduces the quantity ordered, a
cancellation charge will apply to all work-in-process. The following typical cancellation charges,
dependent upon how far into the manufacturing cycle the order has progressed when cancelled.

Manufacturing Step Cancellation Charges
Mask Generation Mask Charge
Wafer Fabrication Mask Charge plus 70% of the unit price per die (wafers).

Assembly-Production Mask Charge plus 70% of the unit price per die (wafers), 90% of the unit
Final Test price per assembled devices plus 95% of the unit price per net
tested devices.
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10.7 BRANDING:

CMOS Microprocessors, Memories and Peripherals

The packages (DIC or DIP) in which RCA custom MicroComputers are supplied are branded with both
the basic type number and an RCA custom part number. Please refer to both numbers when discussing

a custom MicroComputer order with RCA representatives. RCA can accommodate special require-
ments of customers. The standard format is as follows:

Basic Part—>] CDPB88HC05C4 RCA XXXXXXXX Sp(e:;?’f’é‘;aid
Number RCA XXXXX 4 Custom P/N—™T RCA XXXX
415 +——— 3-Digit————t 415
Date Code

*Customer Special Brand (up to 10 characters for DIC, 13 characters for DIP).
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TERMINAL ASSIGNMENT

TOP VIEW

The CDP68HC05D2 Microcomputer Unit (MCU) belongs

Advance Information/
Preliminary Data

CMOS High-Performance Silicon-Gate
8-Bit Microcomputer

Features:

m  Typical power:
Operating, 25 mW
WAIT, 17.5 mW
STOP, 5 uWw

Fully static operation

96 bytes of on-chip RAM

2176 bytes of on-chip ROM

28 bidirectional I/0 lines

2.1 MHz internal operating
frequency

to the CDP6805 Family of Microcomputers. This 8-bit

MCU contains on-chip oscillator CPU, RAM, ROM, /O,

and Timer. The fully static design allows operation at

frequencies down to DC, further reducing its already low-
power consumption. It is a low-power processor designed
for low-end to mid-range applications in the

TCMP

st

Internal

CMOS Microprocessors, Memories and Peripherals

Internal 16-bit timer
Serial Peripheral Interface (SPI)
External (TRQ), timer,

Port B, and Serial Interrupts
Self check mode
Single 2.5 to 6 volt supply
RC or crystal on-chip oscillator
8 x 8 multiply instruction
True bit manipulation
Indexed addressing for tables
Memory mapped I/0

telecommunications, consumer, automotive, and

industrial markets where very low power consumption

0SC1 osc2

Internal

constitutes an important factor.

The CDP68HCO05D?2 is supplied in a 40-lead hermetic
dual-in-line side brazed ceramic package (D suffix), and
in a 40-lead dual-in-line plastic package (E suffix).

P
Timer rgj::cs:or Oscillator Processor
TCAP —37 System Clock 1
RESET
h&——’ 2 Ra
11
o S0 Accumulator 2 pco
Port b =g 2l Pt
o1t pA2 €23 PU 26 ort
A pa3 w8 Port | Data Index antrol Data | Port <—Zs—> PC2 ¢
<=3 PC3
110 pa4 73 A Dir |4 Regster — Dir C 4 1/0
Lines 6 3| Reg | Reg 8 X Reg | Reg [€2 PC4 | oo
PAS <€—2 20 boe
PA6 5 Condition 4-22—*
PA7 m Code 55> PC6
| 5 Register CC le2l > PC7
cPU
Stack 36 PD7
PBO ;g > 6 Pointer s -
PB1 w2 Port le. 29
Port  PB2 w1t Program 1 Dgit'a o lg~£2— TOSC1 (PDO)
8 pg3 w2y Port | Data Counter o » TOSC2 (PD1) ,
110 PB4 «byf B | Dir \—& |5 Hoh pcH ALU 9 | Reg > MISO (PD21) (1
Reg | Re — > MOS! (PD3)
Lines PBS 4—%-) 9 9 f:rogram SCK {PDA) System
PB6 el ounter 2 05
PB7 <23 8 Low pcL <
T I T System
2176 x 8 96 x 8 Internal
ROM SR':‘;: Processor
240 x 8 Clock
Self-Check
ROM
92CS-38117

Fig. 1 - CDP68HC05D2 CMOS microcomputer block diagram.

File Number 1557
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CDP6805 FAMILY
CDP68HC05C4 | CDP68HCO05D2 | CDP6805E2 | CDP6805E3 | CDP6805F2 | CDP6805G2
Technology CMOSs CMOS CMOS CMOS CMOS CMOSs
Number of Pins 40 40 40 40 28 40
On Chip RAM (Bytes) 176 96 112 112 64 112
On-Chip User ROM (Bytes) 4K 2K None None 1K 2K
External Bus None None Yes Yes None None
Bidirectional I/0O Lines 28 28 16 13 16 32
‘Undirectional I/0 Lines 3 3 None None 4 Inputs None
Other I/O Features Timer, SPI, Timer, SPI| Timer Timer Timer Timer
SCI
External Interrupt Inputs 1 1 1 1 1 1
STOP and WAIT Yes Yes Yes Yes Yes Yes
v
+
ss — +
PORT SERIAL RAM POR l El
CDP68HCE8R1 e NN NN |opEN DRAIN
CDP68HCO5D2 3P N | sOFTWARE
scK 1 12“*—1: N N N ™ | PROGRAMMABLE
Mos! ol b 2 x OUTPUTS
MIso
PORT 1 I
REAL TIME —
PORT CLOCK LCD DRIVER PORT —
CDP68HCE8TH B N
2le
iy ._4 o
KEYBOARD || o
LCD DISPLAY INTERRUPT | 92CS-37512R1
92CS-37515 Fig. 4 - Keyboard interface.

Fig. 3 - Serial peripheral interface (SPI) bus system.

SERIAL

SERIAL 1 | SERIAL
RAM REALTGOME | expansioN |
—
POWER 1 ]—
owN SERIAL
INTERRUPT BUS
DISPLAY
—» DIAL PULSE INTERFACE
cPU —> MUTE
OSCILLATOR CDP68HCO5D2
COST AND
STATUS LCcD
INFORMATION | DISPLAY

R
OSCILLATOR

TIME

ety

VS,

KEYBOARD
(MAX. 64 KEYS)

92CS-37511

1/0 FOR CONTROL
AND EXPANSION

Fig. 5 - Block diagram of a telephone system.
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MAXIMUM RATINGS (voltages referenced to Vsg)
Ratings Symbol Value Unit
Supply Voltage VbD -0.3t0 +8.0 \"
All Input Voltages Except OSC1 Vin Vgg-0.5to Vpp+0.5 \
Current Drain Per Pin Excluding Vpp'and Vss ! 10 mA
Operating Temperature Range TLto TH
CDP6805E2 TA 0to 70 °C
CDP6805E2C —40 to 85
Storage Temperature Range Tstg —55 to +150 °C

DC ELECTRICAL CHARACTERISTICS 3.0 V (Vpp=3.0 Vdc, V§s=0, TA=0° to 70°C, unless otherwise noted)

Characteristics Symbol Min Max Unit
Output Voltage I 0aD =< 10.0 gA VoL - 01 %
VOH Vpp-0.1 —

Total Supply Current (C|=50 pF — no DC loads) tcyc=56 us

Run (V) =0.2V, Viy=Vpp-0.2 V) IDD — 1.3 mA

Wait (Test Conditions — See Note Below) DD — 200 A

Stop (Test Conditions — See Note Below) IpD - 100 pA -
Output High Voltage

(ILoAD=0.25 mA) A8-A12,B0-B7 VOH 2.7 - v

(lLoaD=0.1 mA) PAO-PA7, PBO-PB7 VOH 2.7 - \

(ILoAD=0.25 mA) DS, AS, R/W VOH 27 — i
Output Low Voltage

(ILoAD=0.26 mA) A8-A12, BO-B7 VoL - 0.3 \

(ILoAD=0.25 mA) PAO-PA7, PBO-PB7 VoL - 0.3 \

(ILoAD=0.25 mA) DS, AS, R/W VoL - 0.3 \
Input High Voltage

PAQ-PA7, PBO-PB7, BO-B7 ViH 2.1 — \

TIMER, TRQ, RESET ViH 25 — v

0sC1 ViH 2.1 — \
Input Low Voltage (All inputs) ViL — 0.5 \
Frequency of Operation

Crystal fosc 0.032 1.0 MHz

External Clock fosc DC 1.0 MHz
Input Current

RESET, TR, Timer, 0SC1 lin - t! A
Three-State Output Leakage

PAO-0A7, PBO-PB7, BO-B7 TsL - £10 #A
Capacitance

RESET, [RQ, Timer Cin - 8.0 PF
Capacitance

DS, AS, R/W, AB-A12, PAO-PA7, PBO-PB7, BO-B7 Cout - 120 PF

NOTE: Test conditions for Quiescent Current Values are:
Port A and B programmed as inputs.
V|L=0.2 V for PAO-PA7, PBO-PB7, and BO-B7.
ViH=Vpp - 0.2V for RESET, TRQ, and Timer.
0OSC1 input is a squarewave from Vgg+0.2 V to Vpp — 0.2 V.
0SC2 output load (including tester) is 35 pF maximum.
Wait mode Ipp is affected linearly by this capacitance.
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TABLE 1 — CONTROL TIMING (Vgg=0, TA=0° to 70°C)

Vpp=3V Vpp=5V + 10%
fosc=1MHz fosc=5 MHz
Characteristics Symbol Min Typ Max Min Typ Max Unit

1/0 Port Timing — Input Setup Time (Figure 3) tpyASL | 500 — — 250 _ — ns
Input Hold Time (Figure 3) tASLPX 100 — - 100 - — ns
Output Delay Time (Figure 3) tASLPV = — 0 — — 0 ns
Interrupt Setup Time (Figure 6) tLASL 2 — — 0.4 — - us
Crystal Oscillator Startup Time (Figure 5) tOXOV — 30 300 — 15 100 ms
Wait Recovery Startup Time (Figure 7) HVASH — — 10 — — 2 us
Stop Recovery Startup Time (Crystal Oscillator) (Figure 8)} tj_ ASH — 30 300 — 15 100 ms
Required Interrupt Release (Figure 6) tDSLIH - - 5 — — 1.0 S
Timer Pulse Width (Figure 7) tTH. tTL 0.5 - - 0.5 - - toyc
Reset Pulse Width (Figure 5) tRL 5.2 — — 1.06 — — us
Timer Period (Figure 7) tTLTL 1.0 - - 1.0 - - teye
Interrupt Pulse Width Low (Figure 16) YLIH 1.0 — — 1.0 - - teye
Interrupt Pulse Period (Figure 16) LI * - - * - - teye
Oscillator Cycle Period (1/5 of teyc) toLOL 1000 — — 200 — - ms
OSC1 Pulse Width High tOH 350 - - 75 - - ns
OSC1 Pulse Width Low toL 350 - - 75 - - ns

The minimum period tj || should not be less than the number of toyc Cycles it takes to execute the interrupt service routine plus 20 teyc
cycles.

Vpp=4.5V
TTL Equivalent CMOS Equivalent
Test Point

Test

Point
I C
Pin Ry Rz c

PAO-PA7, PBO-PB7 | 11.3k | 2.1k 50 pF Cj?gop;.FP:gzg,ggg;Bgs as. /T
BO-B7, A8-A12, =130 pF, AB-AY2, , DS, AS,

R/W, DS, AS 25k | 2k | 130pF with Vpp =5V +10%

92CS-38016

Fig. 2 - Equivalent test-load circuits.
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Fig. 4 - Bus timing waveforms.

92Cs-38018

295089ddO

90C

sjesayduiad pue saLIoWa ‘s10559901d0IdIN SOIND



}-—n————*—n+1—*w-n+2—*-n+3——*¥n+4—*—--n+5—*—n+6—*——n +77*—n+8~*—n+9—-(

As_ Mo .. NN n.__mn._ g
S I e IR s NN s AN s AN e AN s SN e NN s NN s SN e WY e SN s I e BN

Unmux
ALBATL X \ / X X7 XXX
U Next Op Code Address 1F 1F Int Routine Int Routine t *
. UYLASL Starting Addr Last Addr DSLIH
IRQ or TCR7 / I\ ]
Mux BO-B7
Address/Data X-EX 80 )CX E
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92CS-38020
*1DSLIH — The interrupting device must release the IRQ line within this time io0 prevent subseguent recognition of the same interrupt
Fig. 6 - IRQ and TCRy interrupt timing waveforms.
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Fig. 7 - Timer interrupt after WAIT instruction timing waveforms.

€35089dAdO

802

sjesaydirad pue ssLowWd ‘s10s$8904d0IdIN SOIND



210 CMOS Microprocessors, Memories and Peripherals

CDP6805E2

FUNCTIONAL PIN DESCRIPTION

Vpp and V§s — VpD and VSS provide power to the
chip. Vpp provides power and Vggs is ground.

jRQ (Maskable Interrupt Request) — IRQ is a level-
sensitive and edge sensitive input which can be used to re-
quest an interrupt sequence. The MPU completes the cur-
rent instruction before it responds to the request. IF IRQ is
low and the interrupt mask bit (I-bit) in the Condition Code
Register is clear, the MPU begins an interrupt sequence at
the end of the current instruction. The interrupt circuit
recognizes both a "Wire ORed"" level as well as pulses on the
IRQ line (see Interrupt Section for more details). [RQ requires
an external resistor to Vpp for “Wire OR"" operation.

RESET — The RESET input is not required for start-up but
can be used to reset the MPU's internal state and provide an
orderly software start-up procedure. Refer to the RESET
section for a detailed description.

TIMER — The TIMER input is used for clocking the on-
chip timer. Refer to TIMER section for a detailed description.

AS (Address Strobe) — Address Strobe (AS) is an output
strobe used to indicate the presence of an address on the
8-bit multiplexed bus. The AS line is used to demultiplex the
eight least significant address bits from the data bus. A latch
controlled by Address Strobe should capture addresses on
the negative edge. This output is capable of driving one stan-
dard TTL load and 130 pF and is available at fogc +5 when
the MPU is not in the WAIT or STOP states.

DS (Data Strobe) — This output is used to transfer data to
or from a peripheral or memory. DS occurs anytime the MPU
does a data read or write. DS also occurs when the MPU
does a data transfer to or from the MPU'’s internal memory.
Refer to Table 2 and Figure 4 for timing characteristics. This
output is capable of driving one standard TTL load and

130 pF. DS is a continuous signal at fogc +5 when the
MPU is not in WAIT or STOP state. Some bus cycles are
redundant reads of op code bytes.

R/W (Read/Write) — The R/W output is used to indicate
the direction of data transfer for both internal memory and
1/0 registers, and external peripheral devices and memories.
This output is used to indicate to a selected peripheral
whether the MPU is going to read or write data on the next
Data Strobe (R/W low=processor write; R/W
high = processor read). The R/W output is capable of driving
one standard TTL load and 130 pF. The normal standby state
is Pead (high).

A8-A12 (High Order Address Lines) — The A8-A12 output
lines constitute the higher order non-muitiplexed addresses.
Each output line is capable of driving one standard TTL load
and 130 pF.

B0-B7 (Address/Data Bus) — The BO-B7 bidirectional
lines constitute the lower order addresses and data. These
lines are multiplexed, with address present at Address
Strobe time and data present at Data Strobe time. When in
the data mode, these lines are bidirectional, transferring data
to and from memory and peripheral devices as indicated by
the R/W pin. As outputs in either the data or address
modes, these lines are capable of driving one standard TTL
load and 130 pF.

0SC1, OSC2 - The CDP6805E2 provides for two types
of oscillator inputs — crystal circuit or external clock. The
two oscillator pins are used to interface to a crystal circuit, as
shown in Figure 5. If an external clock is used, it must be
connected to OSC1. The input at these pins is divided by five
to form the cycle rate seen on the AS and DS pins. The fre-
quency range is specified by fosc. The OSC1 to bus transi-
tions relationships are provided in Figure 9 for system
designs using oscillators slower than 5 MHz.

0scC1 I [ ] l
} ] \
AS
v <
DS J
h Y
R/W x
i ’ MPU*
80-87 —— Mux. Addr \ Read
MPU Read L ‘ Data r
BO-B7
MPU Write Mux. Addr MPU Write Data
* Read data “latched” on DS fall. 92C5-38023

Fig. 9 - OSCT1 to bus transitions timing waveforms.




212

CMOS Microprocessors, Memories and Peripherals

* Output

CDP6805E2
Data Direction
/C—. Register
Bit
T Latched
A ° < — Output
nd
From Data Bit
CPU
-y
AN

1/0
N’

92CS-38026

Fig. 11 - Typical 1/O port circuitry.

TABLE 3 — 1/0 PIN FUNCTIONS

1/0 Pin Functions

The I/0 pin 1s in input mode. Data is written
into the output data latch.

Data 1s written into the output data latch and
output to the I/0 pin.

The state of the I/0 pin 1s read

R/W |DDR
0 0
0 1
1 0
1 1

The 1/0 pin 1s in an output mode The output
data latch is read.

MEMORY ADDRESSING

The CDP6805E2 is capable of addressing 8192 bytes of
memory and |/0O registers. The address space is divided into
internal memory space and external memory space, as
shown in Figure 12.

The internal memory space is located within the first 128
bytes of memory (first half of page zero) and is comprised of
the 1/0 port locations, timer locations, and 112 bytes of
RAM. The MPU can read from or write to any of these loca-
tions. A program write to on-chip locations is repeated on
the external bus to permit off-chip memory to duplicate the
content of on-chip memory. Program reads to on-chip loca-
tions also appear on the external bus, but the MPU accepts
data only from the addressed on-chip location. Any read
data appearing on the input bus is ignored.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power up, the stack pointer is set to $7F
and it is decremented as data is pushed onto the stack.
When data is removed from the stack, the stack pointer is in-
cremented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allotted stack locations for interrupts and/or subroutine
stacking purposes, the unused bytes are usable for program
data storage.

All memory locations above location $007F are part of the
external memory map. In addition, ten locations in the |/O
portion of the lower 128 bytes of memory space, as shown

in Figure 12, are part of the external memory map. All of the
external memory space is user definable except the highest
10 locations. Locations $1FF6 to $1FFF of the external ad-
dress space are reserved for interrupt and reset vectors (see
Figure 12).

REGISTERS

The CDP6805E2 contains five registers as shown in the
programming model in Figure 13. The interrupt stacking
order is shown in Figure 14.

ACCUMULATOR (A) — This Accumulator is an 8-bit
general purpose register used for arithmetic calculations and
data manipulations.

INDEX REGISTER (X) — The X register is an 8-bit register
which is used during the indexed modes of addressing. It
provides an 8-bit operand which is used to create an effective
address. The index register is also used for data manipula-
tions with the Read/Modify/Write type of instructions and
as a temporary storage register when not performing ad-
dressing operations.

PROGRAM COUNTER (PC) — The program counter is a
13-bit register that contains the address of the next instruc-
tion to be executed by the processor.
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0
A I Accumulator
0

oy ] e— )

X ] Index Register
12 0
l PC ] Program Counter
12 6 0
[oTololo] of of 1] SP | stack Pornter
CC

7 1C | Condition Code Register
L———Carry/Borrow
Zero
Negative

Interrupt Mask

Halt Carry
92CS-38028

Fig. 13 - Programming model.

Stack
. . |
1 I 1 ] ! l Condition Code Register N
E Accumulator T
Increasing Memary T R E Decreasing Memary
Addresses U Index Register g Addresses
Rlofo]o] PCH 0
N P
PCL T
Unstack
NOTE: Since the Stack Pointer decremants during pushes, the PCL1s
stacked first, followed by PCH, etc Pulling from the stack i1sin
92CS-38029

the reverse order

Fig. 14 - Stacking order.

STACK POINTER (SP) — The stack pointer is a 13-bit
register containing the address of the next free location on
the stack. When accessing memory, the seven most-
significant bits are permanently set to 0000001. They are ap-
pended to the six least-significant register bits to produce an
address within the range of $007F to $0040. The stack area of
RAM is used to store the return address on subroutine calls
and the machine state during interrupts. During external or
power-on reset, and during a "‘reset stack pointer’’ instruc-
tion, the stack pointer is set to its upper limit ($007F). Nested
interrupts and/or subroutines may use up to 64 (decimal)
locations, beyond which the stack pointer “wraps around’’
and points to its upper limit thereby losing the previously
stored information. A subroutine call occupies two RAM
bytes on the stack, while an interrupt uses five bytes.

CONDITION CODE REGISTER (CC) — The condition
code register is a 5-bit register in which each bit is used to in-
dicate the results of the instruction just executed. These bits
can be individually tested by a program and specific action

taken as a result of their state. Each of the five bits is explain-
ed below.

Half Carry Bit (H) — The H-bit is set to a one when a carry
occurs between bits 3 and 4 of the ALU during an ADD or
ADC instruction. The H-bit is useful in Binary Coded Decimal
addition subroutines.

Interrupt Mask Bit (I) — When the |-bit is set, both the ex-
ternal interrupt and the timer interrupt are disabled. Clearing
this bit enables the above interrupts. If an interrupt occurs
while the I-bit is set, the interrupt is latched and will be pro-
cessed when the I-bit is next cleared.

Negative Bit (N) — When set, this bit indicates that the
result of the last arithmetic, logical, or data manipulation was
negative (bit 7 in the result is a logical one).

Zero Bit (Z) — When set, this bit indicates that the result
of the last arithmetic, logical, or data manipulation was zero.
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Interrupt No
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Force Interrupt

Execution, Set
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Fetch Timer

*
Vector ~Note
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Interrupt
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Instruction

l

*
NOTE: The clear of TCR bit 7 must be accomplished with software. 820538030

Fig. 15 - Interrupt and instruction processing flowchart.
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STOP — The STOP instruction places the CDP680SE2 in
a low power consumption mode. In the STOP function the
internal oscillator is turned off, causing all internal process-
ing and the timer to be halted; refer to Figure 17. The DS and
AS lines go to a low state and the R/W line goes to a high
state. The multiplexed address/data bus goes to the data in-
put state. The high order address lines remain at the address
of the next instruction. The MPU remains in the STOP mode
until an external interrupt or reset occurs; refer to Figure 8
and 17.

During the STOP mode, timer control register (TCR) bits 6
and 7 are altered to remove any pending timer interrupt re-
quests and to disable any further timer interrupts. External
interrupts are enabled in the condition code register. All
other registers and memory remain unaltered. All 1/0 lines

remain unchanged.

Stop Oscillator
And All Clocks
TCR Bit 7—0
Bit 6—1
Clear | Mask

Reset?

External
Interrupt?

Turn on Oscillator
Wait for Time
Delay to Stabilize

Fetch External Interrupt
or Reset Vector

Fig. 17 - Stop function flowchart.

WAIT — The WAIT instruction places the CDP6805E2 in
a low power consumption mode, but the WAIT mode con-

92CS-38032

sumes somewhat more power than the STOP mode; refer to
Table 1. In the WAIT function, the internal clock is disabled
from all internal circuitry except the Timer circuit; refer to
Figure 18. Thus, all internal processing is halted except the
Timer which is allowed to count in a normal sequence. The
R/W line goes to a high state, the multiplexed address/data
bus goes to the data input state, and the DS and AS lines go
to the low state. The high order address lines remain at the
address of the next instruction. The MPU remains in this
state until an external interrupt, timer interrupt, or a reset oc-
curs; refer to Figures 7 and 18.

During the WAIT mode, the I-bit in the condition code
register is cleared to enable interrupts. All other registers,
memc.y, and /O lines remain in their last state. The timer
may be enabled to allow a periodic exit from the WAIT
mode.If an external and a timer interrupt occur at the same
time, the external interrupt is serviced first; then, if the timer
interrupt request is not cleared in the external interrupt
routine, the normal timer interrupt (not the timer WAIT inter-
rupt) is serviced since the MCU is no longer in the WAIT
mode.

TIMER

The MPU timer contains a single 8-bit software program-
mable counter with 7-bit software selectable prescaler. The
counter may be preset under program control and
decrements towards zero. When the counter decrements to
zero, the timer interrupt request bit, .i.e., bit:7 of the Timer
Control Register (TCR) is set. Then if the timer interrupt is
not masked, i.e., bit 6 of the TCR and the I-bit in the Condi-
tion Code Register are both cleared, the processor receives
an interrupt. After completion of the current instruction, the
processor proceeds to store the appropriate registers on the
stack, and then fetches the timer vector address from loca-
tions $1FF8 and $1FF9 in order to begin servicing the inter-
rupt, unless it was in locations $1FF6 and $1FF7 the WAIT
mode.

The counter continues to count after it reaches zero,
allowing the software to determine the number of internal or
external input clocks since the timer interrupt request bit was
set. The counter may be read at any time by the processor
without disturbing the count. The contents of the counter
becomes stable prior to the read portion of a cycle and does
not change during the read. The timer interrupt request bit
remains set until cleared by the software. If this happens
before the timer interrupt is serviced, the interrupt is lost.
TCR7 may also be used as a scanned status bit in a non-
interrupt mode of operation (TCR6=1).

The prescaler is a 7-bit divider which is used to extend the
maximum length of the timer. Bit O, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input. The processor
cannot write into or read from the prescaler; however, its
contents are cleared to all “0's"" by the write operation into
TCR when bit 3 of the written data equals 1, which allows for
truncation-free counting.

The Timer input can be configured for three different
operating modes, plus a disable mode depending on the
value written to the TCR4, TCR5 control bits. Refer to the
TIMER CONTROL REGISTER section.

Timer Input Mode 1 — If TCR4 and TCR5 are both pro-
grammed to a ‘0", the input to the Timer is from an internal
clock and the Timer input is disabled. The internal clock
mode can be used for periodic interrupt generation, as well
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Selected by ~ Selected by TCRO,
TCR4, TCR5 TCR1, TCR2
External o
e 8 Bits
Interrupt
Control
Prescaler
[ 7 Bits
Tlmemal
Clock ‘
R Int
Cleared by Write ead nterrupt
TCR3

N
Software Functions
NOTES:
1. Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external input.
2. Counter is written to during Data Strobe (DS) and counts down continuously.

92CS-38034
Fig. 19 - Timer block diagram.
Timer Control Register (TCR) TCR5 TCR4
1 0 0 0 jInternal clock (AS) to Timer
0 1 |AND of internal clock (AS) and TIMER
TCR7|TCR6|TCR5 | TCR4 ] TCR3 | TCR2| TCR1| TCRO pin to Timer
o ) . ) . , 1 0 Inpufs to Timer disabled
All bits in this register except bit 3 are Read/Write bits. p T TIMER pin to Timer
TCR7 — Timer interrupt request bit: bit used to indicate ) ) .
the timer interrupt when it is logic "'1"". Refer to Figure 19 for Logic Representation.

1 — Set whenever the counter decrements to zero, or un-
der prograin control.

0 — Cleared on external reset, power-on reset, STOP in-
struction, or program control.

TCR3 — Timer Prescaler Reset bit: writinga 1" to this bit
resets the prescaler to zero. A read of this location always in-
dicates a “0.” (Unaffected by RESET.)

TCR6 — Timer interrupt mask bit: when this bit is a logic

1" it inhibits the timer interrupt to the processor. TCR2, TCR1, TCRO — Prescaler address bits: decoded to

1 — Set on external reset, power-on reset, STOP instruc- select one of eight taps on the prescaler. (Unaffected by
tion, or program control. RESET.)

0 — Cleared under program control. Prescaler

TCR5 — External or internal bit: selects the input clock TCR2 | TCR1 | TCRO | Result
source to be either the external timer pin or the internal 0 0 0 +1
clock. (Unaffected by RESET.) 0 0 ! +2

1 — Select external clock source. 0 1 0 +4

0 — Select internal clock source (AS). 0 1 1 +8

1 0 0 +16

TCR4 — External enable bit: control bit used to enable the 1 0 1 +30
external timer pin. (Unaffected by RESET.) -

. . 1 1 0 +~64

1 — Enable external timer pin. .

0 — Disable external timer pin. ! ! ! ~128




TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes

" . Indexed Indexed Indexed
immediate Direct Extended {No Offset) (8-Bit Offset) {16-Bit Offset)
Op # # Op # # Op S # Op # # Op # # Op # #
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 3 Ccé 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - — B7 2 4 c7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - - BF 2 4 F 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and ADC

Carry to A A9 2 2 B9 2 3 9 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory suB A0 2 2 BO 2 3 Cco 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract Memory from

A with Borrow SBC A2 2 2 B2 2 3 Cc2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B4 2 3 Cc4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR Memory | gog A8 | 2 2 | B8 | 2 3 | | 3 a | 8| 1 3 | s | 2 4 | b8 | 3 5

with A
Arithmetic Compare A | cpp | A1 | 2 2 | 81| 2 3 a3 | 4 | R o 3 e | o2 4 | b1 | 3 5

with Memory
A”v‘v'.‘{»?e&‘én‘fé’r’? pare X CcPX A3 2 2 B3 2 3 | c3 3 4 F3 1 3 E3 2 4 D3 3 5
Bit Test Memory with -

A (Logical Compare) BIT AS 2 2 B5 2 3 c5 3 4 F5 1 3 E5 2 4 D5 3 5
Jump Unconditional JMP — - - BC 2 2 cc 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR — - — BD 2 5 CD 3 6 FD 1 5 ED 2 6 o]} 3 7

TABLE 5 — READ/MODIFY/WRITE INSTRUCTIONS
Addressing Modes
. Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4A 1 3 B5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 TF 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate
(2's Complement) NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6
Rotate Right Thru
Carry ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative
or Zero TST 4D 1 3 5D 1 3 3D 2 4 70 1 4 6D 2 5

¢35089dA0O
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TABLE 9 — INSTRUCTION SET
Addressing Modes Condition Codes

Bit Bit
) ) . Indexed Indexed | Indexed
Mnemonic | Inherent | Immediate | Direct Extended | Relative (No Offset) | (8 Bits) | (16 Bits) Set/ | Test &

Clear | Branch

e o

N

N
(]

ADC X
ADD X
AND X
ASL
ASR
BCC
BCLR X
BCS
BEQ
BHCC
BHCS
BHI
BHS
BIH
BIL
BIT X X X X X X
BLO |
BLS
BMC
BMI
BMS
BNE
BPL
BRA
BRN R L - - T e el
BRCLR v
BRSET )
BSET e e e - - - - EEEE . . X
BSR 3
cLe
CLl
CLR
CMP X
CoM X
CPX X
DEC X
EOR X
INC X
JMP
JSR
LDA
[oX
LSt
LSR
NEG |
NOP
ORA 3
ROL
ROR
RSP
AT
RTS
SBC X X X T X X X
SEC _ [N S R -
SEl X -
STA X X - X X X
sTOP X
STX
SUB X
SWI
TAX
TST
TXA
WAIT

X
X
X

X
X
X

[>< | >

XXX X XX
XXX x| X
< | X | x| X

>

DK XXX XXX X

DX XX XXX X [

XX

x> >

>
X

x| X
X} XXX
X| XX |Xx:

IR 4 P q Pl o Dd D S D g P d DS D4 P Pl
XXX X X X X X x| X< | T X<

X XXX

X IX| X ><>(>(>(><>(>(>(>(>(><‘><)<>(=

XX X
x| x|

XX XXX

>

x>
XX
X |[x
XX
x| X

o/o[0(0/0/e/o/e/e/e|0/c/e/-0/e/e/ oo e eeeleeeeeseoeoeeeeeeeoeooeoeoeesossseeseeeeeese>>
olelele| -~ e[e|o|e|—|e/e|e|-0|e|e e e e e ee ee e e eeeeeeceeeeeeoeoseeeeeesoososeesoeeseossoeosee

.0>..>>.>O.>O'\'O>>>.>o>>>..>>>>>>o............OQ.>......O0.0>>>>>
o[o|o|o/o[>|0[e 00— |> 0 e>[> 0l 0>>|>|0 o 0o o e e |0 ec|ee>> e e e eeeeeeeosseeseemeseae:>:>m0:>>

00>00>>0>0.>0'vo>>>0>>>>>..>>>>>>a.....o.....000.>00.0..0000>>>>>

XXX X X
>
x
>

Condition Code Symbols
H  Half Carry (From Bit 3)
| Interrupt Mask
N Negative (Sign Bit)
Z Zero
C Carry/Borrow

Test and Set if True. Cleared Otherwise
Not Affected

Load CC Regster From Stack

Cleared

Set

-0~ g
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Indexed, 8-bit Offset — Here the EA is obtained by adding
the contents of the byte following the opcode to that of the
index register. The operand is therefore located anywhere
within the lowest 511 memory locations. For example, this
mode of addressing is useful for selecting the m-th elementin
an n element table. All instructions are two bytes. The con-
tents of the index register (X) is not changed. The contents
of (PC+ 1) is an unsigned 8-bit integer. One byte offset in-
dexing permits look-up tables to be easily accessed in either
RAM or ROM.

EA=X+(PC+1); PC—PC+2
Address Bus High—K; Address Bus Low~ X+ (PC+ 1)
Where: K= The carry from the addition of X+ (PC+ 1)

Indexed, 16-Bit Offset — In the indexed, 16-bit offset ad-
dressing mode the effective address is the sum of the con-
tents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This addressing mode
can be used in a manner similar to indexed 8-bit offset, ex-
cept that this three byte instruction allows tables to be
anywhere in memory (e.g., jump tables in ROM).'The con-
tent of the index register is not changed.

EA=X+[(PC+1):(PC+2)]; PC—PC+3
Address Bus High—(PC+ 1) +K;
Address Bus Low—X+ (PC+2)
Where: K = The carry from the addition of X+ (PC+ 2)

Relative — Relative addressing is only used in branch in-
structions. In relative addressing the contents of the 8-bit
signed byte following the opcode (the offset) is added to the
PC if and only if the branch condition is true. Otherwise,
control proceeds to the next instruction. The span of relative
addressing is limited to the range of — 126 to + 129 bytes
from the branch instruction opcode location.

EA=PC+2+(PC+1); PC—EA if branch taken;
otherwise PC—PC+2

Bit Set/Clear — Direct addressing and bit addressing are
combined in instructions which set and clear individual
memory and /0 bits. In the bit set and clear instructions, the
byte is specified as a direct address in the location following
the opcode. The first 266 addressable locations are thus ac-
cessed. The bit to be modified within that byte is specified
with three bits of the opcode. The bit set and clear instruc-
tions occupy two bytes, one for the opcode (including the bit
number) and the second to address the byte which contains
the bit of interest.

EA=(PC+1); PC—PC+2
Address Bus High—0; Address Bus Low~—(PC+ 1)

Bit Test and Branch — Bit test and branch is a combina-
tion of direct addressing, bit addressing and relative address-
ing. The bit address and condition (set or clear) to be tested
is part of the opcode. The address of the byte to be tested is
in the single byte immediately following the opcode byte
(EA1). The signed relative 8-bit offset is in the third byte (EA2) and
is added to the PC if the specified bit is set or clear in the
specified memory location. This single three byte instruction
allows the program to branch based on the condition of any
bit in the first 266 locations of memory.

EA1=(PC+1)
Address Bus High—0; Address Bus Low—(PC+ 1)
EA2=PC+3+ (PC+2); PC—EA2 if branch taken;
otherwise PC—~PC+ 3

SYSTEM CONFIGURATION
Figures 20 through 256 show in general terms how the
CDP6805E2 bus structure may be utilized. Specified inter-
face details vary with the various peripheral and memory
devices employed.

Address
Decode
Chip
Enable
CE
- A
AB-A1Z| Address Typical CMOS
CDP6805E2 Peripheral
CMOS
Microprocessor
B80-87 Address/Data Bus ADO-AD7
AS Address Strobe AS
DS Data Strobe DS
RIW Read/Write o{r/W
®G Interrupt /G
oscijm— — L19MHz __ Jevour
RESET‘—T——' RESET

Fig. 20 - Connection to CMOS peripherals.

92CS-38035
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BO-B7 Address/Data Bus Data {Qo-Q7
CMOS
CDP6805E2
1 Non-Muxed
Address A0-A7 ROM or
EPROM
AB-A12 Address A8
Read/ Output
R/ WriteRead Address Enable | <
Data Strobe Decode
DS >
Address Chip
AS Strobe Enable 3

92CS-38038
Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM.
CDP6805E2 CMOS
CMOs Static
Microprocessor RAMs
80-B7 Address/Data Bus DO~D7
Address \V4
b
ag fStrobe Octal ;:> AO-A7
Latch
A8-A12 Address A8
y A9
Chip
Address Enable |._
Decode E
Data Strobe Write
DS -8 —
Read/ W
— | Write
R/W
92CS-38039

Fig. 24 - Connection to static CMOS RAMs.
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Table 11 provides a detailed description of the information
present on the Bus, the Read/Write (R/W) pin and the Load
Instruction (LI) pin during each cycle for each instruction.

This information is useful in comparing actual with ex-

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION

CMOS Microprocessors, Memories and Peripherals

pected results during debug of both software and hardware
as the control program is executed. The information is
categorized in groups according to addressing mode and
number of cycles per instruction.

Address Mode Cycles | Cycle # Address Bus AWM Data Bus
Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op Code Address +1 1 0 Op Code Next Instruction
COM ROR 3 Op Code Address +1 1 0 Op Code Next Instruction
DEC INC TST
;?éPC(L:El SSEE(I: 5 1 | Op Code Address 1 1 | Op Code )
RSP WAIT NOP TXA 2 Op Code Address +1 1 0 Op Code Next Instruction
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Op Code Next Instruction
RTS 6 3 Stack Poﬁnter 1 0 Irrelevant Data
4 Stack Pointer +1 1 0 Irrelevant Data
5 Stack Pointer +2 1 0 Irrelevant Data
6 New Op Code Address 1 0 New Op Code
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Stack Pointer 0 0 Return Address (LO Byte)
4 Stack Pointer —1 0 0 Return Address (HI Byte)
SWI 10 5 Stack Pointer —2 0 0 Contents of Index Register
6 Stack Pointer —3 0 0 Contents of Accumulator
7 Stack Pointer —4 0 0 Contents of CC Register
8 Vector Address 1FFC (Hex) 1 0 Address of Int. Routine (HI Byte)
9 Vector Address 1FFD (Hex) 1 0 Address of Int. Routine (LO Byte)
10 Interrupt Routine Starting Address H 0 Interrupt Routine First Opcode
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Stack Pointer 1 0 Irrelevant Data
4 Stack Pointer +1 1 0 Irrelevant Data
RTI 9 5 Stack Pointer +2 1 0 Irrelevant Data
6 Stack Pointer +3 1 0 Irrelevant Data
7 Stack Pointer +4 1 0 Irrelevant Data
8 Stack Pointer +5 1 0 Irrelevant Data
9 New Op Code Address 1 0 New Op Code
Immediate
ADC EOR CPX
ADD LDA LDX 2 1 Op Code Address 1 1 Op Code
AND ORA BIT 2 Op Code Address +1 1 0 Operand Data
SBC CMB SUB
Bit Set/Clear
1 Op Code Address 1 1 Op Code
BSET n 2 Op Code Address + 1 1 0 Address of Operand
BCLR n 5 3 Address of Operand 1 0 Operand Data
4 Address of Operand 1 0 Operand Data
5 Address of Operand 0 0 Manipulated Data
Bit Test and Branch
1 Op Code Address 1 1 Op Code
BRSET n 2 Op Code Address +1 1 0 Address of Operand
BRCLR n 5 3 Address of Operand 1 0 Operand Data
4 Op Code Address +2 1 0 Branch Offset
5 Op Code Address +2 1 0 Branch Offset
Relative
sCcamoNE R 1 oo cose paus NIREE:
BIL BMC BRN BHCS 3 2 | Op Code Address +1 1 0 | Branch Offset
BIH BMI BMS BRA 3 Op Code Address +1 1 0 Branch Offset
1 | Op Code Address 1 1 | Op Code
2 Op Code Address + 1 1 0 Branch Offset
BSR 6 3 | Op Code Address +1 1 0 Branch Offset
4 Subroutine Starting Address 1 0 First Subroutine Op Code
5 Stack Pointer 0 0 Return Address (LO Byte)
6 Stack Pointer —1 0 0 Return Address (HI Byte)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

Address Mode JLCycles |Cyc|eo r/] Address Bus l AW I u l Data Bus
Indexed 8-Bit Offset
1 Op Code Address 1 1 Op Code
JMP 3 2 | Op Code Address +1 1 0 | Offset
3 Op Code Address +1 1 0 Offset
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX 4 2 Op Code Address +1 1 0 Offset
AND ORA CMP 3 | Op Code Address + 1 1 0 Offset
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
STA 2 Op Code Address +1 1 0 Offset
STX 5 3 Op Code Address +1 1 0 Offset
4 Op Code Address +1 1 0 Offset
5 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset
TST 5 3 Op Code Address + 1 1 0 Offset
4 Index Register + Offset 1 0 Operand Data
5 Op Code Address +2 1 0 Op Code Next Instruction
1 Op Code Address 1 1 Op Code
;Sslﬁ LNSERG 2 Op Code Address +1 1 0 Offset
CLR ROL 6 3 Op Code Address +1 1 0 Offset
COM ROR 4 Index Reg!ster + Offset 1 0 Current Operand Data
DEC INC 5 Index Register + Offset 1 0 Current Operand Data
6 Index Register + Offset 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Offset
JSR 6 3 Op Code Address +1 1 0 Offset )
4 Index Register + Offset 1 0 1st Subroutine Op Code
5 Stack Pointer 0 0 Return Address LO Byte
6 Stack Painter —1 0 0 Return Address HI Byte
Indexed, 16-Bit Offset
1 Op Code Address 1 1 Op Code
IMP 4 2 Op Code Address + 1 1 0 Offset (HI Byte)
3 Op Code Address +2 1 0 Offset (LO Byte)
4 Op Code Address +2 1 0 Offset (LO Byte)
ADC CMP SUB 1 Op Code Address 1 1 Op Code
ADD EOR SBC 2 Op Code Address +1 1 0 Offset (HI Byte)
AND ORA 5 3 | Op Code Address +2 1 0 | Offset (LO Byte)
CPX LDA 4 Op Code Address +2 1 0 Offset (LO Byte)
BIT LDX 5 Index Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Offset (H! Byte)
STA 6 3 | Op Code Address +2 1 0 | Offset (LO Byte)
STX 4 Op Code Address +2 1 0 Offset (LO Byte)
5 Op Code Address +2 1 0 Offset (LO Byte)
6 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Offset (HI Byte)
3 Op Code Address + 2 A 0 Offset (LO Byte)
JSR 7 4 Op Code Address +2 1 0 Offset (LO Byte)
6 | Index Register + Offset 1 0 | 1st Subroutine Op Code
6 Stack Pointer 0 0 Return Address (LO Byte)
7 Stack Pointer —1 0 0 Return Address (HO Byte)
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Advance Information/

CDP6805E3 Preliminary Data
ey — T oo CMOS 8-Bit Microprocessor
TRQ — 2 39}— osct
X Y Hardware Features:
A A et » 64K address space version of CMOS 6805E2
as7 B s Typical full speed operating power of 35 mW @ 5 V
a3 — o 32/— PB4 n  Typical WAIT mode power of 5§ mW
ras o o A n  Typical STOP mode power of 25 uW
a2 —12 29— Pe7 m 112 bytes of on-chip RAM
At R0 = 13 bidirectional I/0 lines
nze —is 26— 82 u Internal 8-bit timer with software programmable 7-bit prescaler
Al —ple s s External timer input
as —is 23— 83 w  Full external and timer interrupts
o A s Multiplexed address/data bus
e s Master reset and power-on reset
sxcs-an7e u  Capable of addressing up to 64K bytes of external memory
TERMINAL ASSIGNMENT . sggﬂ,’;/ﬁ'gg’c‘ff,&‘}%’; supply
= 40-pin dual-in-line package

The CDP6805SE3 Microprocessor Unit (MPU) belongs tothe Software Features:

CDP6805 Family of Microcomputers. This 8-bit fully static Similar to the CDP680SE?2, F2, G2.

and expandable microprocessor contains a CPU, on-chip Efficient use of program space

RAM, I/0, and TIMER. Itis a low-power, low-cost processor Versatile interrupt handling

designed for mid-range applications in the consumer, True bit manipulation

automotive, industrial, and communications markets where Addressing modes with indexed addressing for tables
very low power consumption constitutes an important factor. Efficient instruction set

The major features of the CDP6BO5SE3 are listed under Memory mapped 1/0
“Hardware Features” and “Software Features”. Two power savings standby modes
0SC1 0sc2 RESET LI IRQ
37 Timer/ 39| 38 1 3 2
TIMER 7Prescalev I§ Counter
Timer Control Osciliator
28 g B0
14 e 51
PAQ «a—8 L. Mux 2% 82
B =
PA1 @ e Accumulator D(:‘vse % Multiplexed
12 Port Dat 8 A CPU — o283 Address/
PA2 @< o ata Control 24 Data
Port 1 A Dir Index <o B4 Bus
A PA3®—8  peg Reg Register 23
110 pas Qg o B X [ =85
Lines Condition _2—2§BG
Code 21
5 Register c¢ cpu e=—epg7
Stack
Pointer sp 19 A8
Program Address | 18 g,
Counter 'P_‘ Drve W A9 AdBdress
3% 5 High pCH| ' A10 us
PBO «——0 = ALU 16
35 rogram e AT
PB1 @@= Counter 15
34 Port Data 8 Low PCL & A12
pot B * 8 D ® o pta
B Posele Reg Reg l "
110 32 hd —a» A4
Ln PB4 @ ,
nes pps @] |7 g» A15
.30-
Pee 29, _6_. AS Address Strobe
pp7 @ e
¢ ‘AZA:AB L C::Isrol | %@ DS  Data Strobe (62)
| 5 @ R/W Read/Write
Fig. 1 - Block diagram.
92CS-37185
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Advanced Information/
CDP6805F2 Preliminary Data
reseT—{1 =~ 28— vp
IRG— 2 27— TIMER - ape
Jws s CMOS High-Performance Silicon-Gate
SC| — —
0sc2—5 24— PC2 -
se—s e 8-Bit Microcomputer
PAY —17 22— PBO Hardware Features:
::; 1 : ZL :::‘2 » Typical full speed operating power ® Internal 8-bit timer with software
pad —10 19 — pB3 ,of 10mWat5V programmable 7-bit prescaler
Pas — 11 18 — PB4 » Typical WAIT mode power of 3 mW m External timer input
PAE — 12 17 b— P85 u Typical STOP mode power of 5 uW m External and timer interrupts
PA7—13 16 [— PB6 u 64 bytes of on-chip RAM ® Master reset and power-on reset
Vgs —14 15 |— P87 u 1089 bytes of on-chip ROM m Single 3 to 6 volt supply
TOP VIEW  g2¢s-35031 m 16 bidirectional 1/0 lines = On-chip oscillator
TERMINAL ASSIGNMENT u 4 input-only lines = 1 us cycle time
The CDP6805F2 Microcomputer Unit (MCU) belongs to the Software Features:
CDP6805 Family of CMOS Microcomputers. This 8-bit ® Versatile interrupt handling
MCU contains on-chip oscillator CPU, RAM, ROM, I/0, and u True bit manipulation
Timer. Fully static design allows operation at frequencies = 10 addressing modes
down to DC, further reducing its already low-power m Efficient instruction set
consumption. It is alow-power processor designed for low- » Memory-mapped 1/0
end to mid-range applicationsin the consumer, automotive, m User-callable self-check routines
industrial, and communications markets where very low = Two power-saving standby modes
power consumption constitutes an important factor.
0SsC1  0sC2 RESET NUM TRQ
TIMER 2L}  Prescaer | gé:‘::é ) l4 Ts 1 3 2
8 Timer Control 1—-[ Oscillator
Zy-pa0
Accumulator Data Port 200 FBl o
A cPU . Direction] B 19 Egg gn
Index Control —— Register |Register 1—1—8-)P84 /0
6 Register <_>:(7; Egg Lines
PAQ <> pilie
pory PA1 <€ Port | Data Condrtion < >re
PA2€E» A [pirection Code
/0 iﬁi: 5>|Register [Register}—¢ |5 Register  cc cpU
Lines p A Stack
223 - A Pointer 2500
Port j€—5¢
Program C 1—2-22'58
Counter Register “—"3
3 High  pCH ALU (——g-PCB
Program
Counter
8 Low  pcL
J{ .
T
1089 %8 92CS-37994
ROM RAM
Self-Check
ROM

Fig. 1 - CDP6805F2 CMOS microcomputer block diagram.
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DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc +10%, Vsg=0Vdc, TA=T| to TH, unless otherwise noted) (See Note 1)
Characteristics Symbol Min Max | Unit
Output Voltage, || gag=10.0 pA VoL - 0.1
VOoH Vpp-0.1 -
| Output High Voltage (I| gad= — 200 pA) PAQ-PA7, PBO-PB7 VOH 4.1 — v
Output Low Voltage, (I gad =800 uA) PAO-PA7, PBO-PB7 VoL — 0.4 \%
Input High Voltage
Ports PAO-PA7, PBO-PB7, PCO-PC3 v Vpp-2 VpD v
TIMER, TRQ, RESET H | vpp-08 |VDD
0SC1 Vpp-15 (VDD
Input Low Voltage, All Inputs ViL Vss 0.8 \
Total Supply Current (C|_=50 pF on Ports, No dc Loads, tcyc=1 us)
RUN (Measured During Self-Check, V| =0.2 V, Vi4y=Vpp-0.2 V) | - 5 mA
WAIT (See Note 2) DD - 2 | mA
STOP (See Note 2) - 200 | pA
1/0 Ports Input Leakage — PAQ-PA7, PBO-PB7 L - +10| wA
Input Current — RESET, TRQ, TIMER, OSC1, PCO-PC3 in - +1 | uA
Output Capacitance — Ports A and B Cout — 12 | pF
Input Capacitance — RESET, IRQ, TIMER, OSC1, PCO-PC3 Cin — 8 pF

NOTES:

1. Electrical Characteristics for Vpp=3 V available soon.

2. Test Conditions for Ipp are as follows:
All ports programmed as inputs
ViL=0.2 V (PAO-PA7, PBO-PB7, PCO-PC3)
VIH=Vpp-0.2 V for RESET, TRQ, TIMER
OSC1 input is a square wave from 0.2 V to Vpp—-0.2 V
0SC2 ouitput load =20 pF (WAIT Ipp is affected linearly by the OSC2 capacitance)

TABLE 1 — CONTROL TIMING CHARACTERISTICS (Vpp=5 Vdc +10%, V55=0, TA=T[ to Ty, fosc=4 MHz, toy=1ps)

Characteristics Symbol Min Max | Unit

Crystal Oscillator Startup Time (See Figure 5) tOX0V - 100 | ms
Stop Recovery Startup Time — Crystal Oscillator (See Figure 6) tiLCH — 100 | ms
Timer Pulse Width (See Figure 4). tTH, tTL 0.5 — | teye
Reset Pulse Width (See Figure 5) tRL 1.5 = | teyc
Timer Period (See Figure 4] TLTL 1 = | teyc
Interrupt Pulse Width (See Figure 15) YLIH 1 = | teye
Interrupt Pulse Period (See Figure 15) tLIL * - | teve
0SC1 Pulse Width (See Figure 7) tOH. tOL 100 — ns
Cycle Time teyc 1000 - ns
Frequency of Operation

Crystal fosc - 4 | MHz

External Clock dc 4

*The minimum period, i L, should not be less than the number of teyc Cycles it takes to execute the interrupt service routines plus 20 tcyc
cycles.
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iRQ
B —
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1920 teye ———f
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" YLCH

$2%
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L

%* Internal timing signals not available externally.

**Represents the internal gating of the OSC1 input pin.

92CSs-37999

Fig. 6 - Stop recovery.

FUNCTIONAL PIN DESCRIPTION

Vpp and Vss

Power is supplied to the MCU using these two pins. Vpp
is power and Vgg is ground.

TRQ (MASKABLE INTERRUPT REQUEST)

TRQis photomask option selectable with the choice of in-
terrupt sensitivity being both level and negative edge or
negative edge only. The MCU completes the current instruc-
tion before it responds to the request. If IRQ is low and the
interrupt mask bit (I bit) in the condition code register is
clear, the MCU begins an interrupt sequence at the end of
the current instruction.

If the photomask option is selected to include level sen-
sitivity, then the TRQ input requires an external resistor to
VpD for ““wire-OR"" operation. See the Interrupt section for
more detail.

RESET

The RESET input is not required for start-up but can be
used to reset the MCU's internal state and provide an order-
ly software start-up procedure. Refer to the Resets section
for a detailed description.

TIMER

The TIMER input may be used as an external clock for the
on-chip timer. Refer to the Timer section for a detailed
description.

NUM (NON-USER MODE)

This pin is intended for use in self-check only. User ap-
plications should leave this pin connected to ground through
a 10 kilohm resistor.

0SC1, 0scC2

The CDP6805F2 can be configured to accept either a
crystal input or an RC network. Additionally, the internal
clocks can be derived from either a divide-by-two or divide-
by-four of the external frequency (fosc)- Both of these op-
tions are photomask selectable.

RC — If the RC oscillator option is selected, then a resistor
is connected to the oscillator pins as shown in Figure 7(b).
The relationship between R and fosc is shown in Figure 8.

CRYSTAL — The circuit shown in Figure 7(a) is recom-
mended when using a crystal. The internal oscillator is
designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fosc in
the electical characteristics table. Using an external CMOS
oscillator is suggested when crystals outside the specified
ranges are to be used. The crystal and components should
be mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Crystal fre-
quency limits are also affected by Vpp. Refer to Table 1,
Control Timing Characteristics, for limits.

EXTERNAL CLOCK — An external clock should be ap-
plied to the OSC1 input with the OSC2 input not connected,
as shown in Figure 7(c). An external clock may be used with
either the RC or crystal oscillator mask option. toxQv or
tiILCH do not apply when using an external clock input.

PAO-PA7

These eight 1/0 lines comprise Port A. The state of any pin
is software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.
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PBO-PB7

These eight lines comprise Port B. The state of any pin is
software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

PCO-PC3

These four lines comprise Port C, a fixed input port. When
Port C is read, the four most-significant bits on the data bus
are "1s" . There is no data direction register associated with
TBD Port C.

INPUT/OUTPUT PROGRAMMING

Any Port A or B pin may be software programmed as an
input or output by the state of the corresponding bit in the
port data direction register (DDR). A pin is configured as an
output if its corresponding DDR bit is set to a logic 1. A
pin is configured as an input if its corresponding DDR bit is

R (kQ) cleared to a logic ‘0. At reset, all DDRs are cleared, which
Fig. 8 - Frequency vs. resistance for configures all port pins as inputs. A port pin configured as an
RC oscillator option only. output will output the data in the corresponding bit of its

port data latch. Refer to Figure 9 and Table 2.

fosc (MHz)

(a)

Data Direction
r <> Register

Bit

Output
Internal ——d Data . Output
CDP6805F2 Latch

Connections

(b)
Typical Port 7 6 5 4 3 2 1 0
Data Direction I DDR7|DDR sl DDR 5| DDR 4| DDR 3| DDR 2 | DDR 110011 0
T T T T T T T ]
Typical Port
Register
Pin P7 P86 P5 P4 P3 P2 P11 PO
Fig. 9 - Typical 1/O port circuitry. 926s-38001
TABLE 2 — 1/0 PIN FUNCTIONS
R/W | DDR 1/0 Pin Function
0 0 The I/0 pin is in input mode. Data I1s written into the output data latch.
Y 1 Data is written into the output data latch and output to the 170 pin.
1 0 The state of the I/0 pin is read.
1 1 The I/0 pinis in an output mode. The output data latch 1s read:
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MEMORY

The CDP6805F2 has a total address space of 2048 bytes
of memory and 1/0 registers. The address space is shown in
Figure 11. -

The first 128 bytes of memory (first half of page zero) is
comprised of the 1/0 port locations, timer locations, and 64
bytes of RAM. The next 1079 bytes comprise the user ROM.
The 10 highest address bytes contain the reset and interrupt
vectors.

CMOS Microprocessors, Memories and Peripherals

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to $7F
and it is decremented as data is pushed on the stack. When
data is removed from the stack, the stack pointer is in-
cremented. A maximum of 32 bytes of RAM are available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or subroutine
stacking purposes, the unused bytes are available for pro-
gram data storage.

0 $0000 0 Port A Data Register $0000
Access 1/0 Ports -

Via Timer 1 Port B Data Register $0001
Page 0 127 RAM S007F 2 1111 | ponc $0002
Direct 128 —_— ¥

Addressing $008? 3 Unused $0003
255 SOOFF 4 Port A Data Direction Register $0004
256 $0100 5 Port B Data Direction Register $0005
1079 Bytes *
User ROM 6 Unused $0006
7 Unused ¥ $0007
8 Timer Data Register $0008
9 Timer Control Register $0009
1206 $04B6 10 $000A
1207 $0487
73 Bytes 34 thgi
3 nuse
1279 Self-Check ROM SO4FF
1280 $0600 63 $003F
64 $0040
640 Bytei RAM
Unused (64 Bytes)
:g;g $077F
118 Bytes $0760 | 9% :gg
2097 | _ Self-Check ROM | so7r5 7
2038 | Timer Interrupt From Wait State Only $07F6 $07F7 _ -
e — — — — — — — — — et 1
User Timer Interrupt $07F8 $07F9 / -
Defined T T Texermal nterr SO7FA $07FB z
Interrupt o _External Interrupt | P < Stack (32 Bytes Max)
Vectors SWI $07FC $07FD P
2047 RESET $O7FE $O7FF * $S007F

* Reads of unused locations undefined

127

Fig. 11 - Address map.

92CS-38003




246 , CMOS Microprocessors, Memories and Peripherals

CDP6805F2

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register which in-
dicates the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of their state. Each bit is explained in
the following paragraphs.

HALF CARRY BIT (H) — The H bitissetto a1 when a
carry occurs between bits 3 and 4 of the ALU during an ADD
or ADC instruction. The H bit is useful in binary coded
decimal subroutines.

INTERRUPT MASK BIT (I) — When the | bit is set, both
the external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the | bit is set, the interrupt is latched and is
processed when the | bit is next cleared.

NEGATIVE (N) — Indicates that the result of the last
arithmetic, logical, or data manipulation is negative (bit 7 in
the result is a logical 1”).

ZERO (2) — Indicates that the result of the last arithmetic,
logical, or data manipulation is zero.

CARRY/BORROW (C) — Indicates that a carry or borrow
out of the arithmetic logic unit (ALU) occurred during the
last arithmetic operation. This bit is also affected during bit
test and branch instructions, shifts, and rotates.

RESETS

The CDP6805F2 has two reset modes: an active low ex-
ternal reset pin (RESET) and a power-on reset function; refer
to Figure 5.

RESET

The RESET input pin is used to reset the MCU to provide
an orderly software start-up procedure. When using the ex-
ternal reset mode, the RESET pin must stay low for a
minimum of one tgL. The RESET pin is provided with a
Schmitt Trigger input to improve its noise immunity.

POWER-ON RESET

The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision

for a power-down reset. The power-on circuitry provides for
a 1920 tcyc delay from the time of the first oscillator opera-
tion. If the external RESET pin is low at the end of the 1920
time out, the processor remains in the reset condition.
Either of the two types of reset conditions causes the
following to occur:
® Timer control register interrupt request bit (TCR7) is
cleared to a 0"
® Timer control register interrupt mask bit (TCR8) is set
toa’1".
® All data direction register bits are cleared to a ‘0" All
ports are defined as inputs.
® Stack pointer is set to $7F.
® The internal address bus is forced to the reset vector
($7FE, $7FF).
® Condition code register interrupt mask bit (1) is set to a
",
® STOP and WAIT latches are reset.
® External interrupt latch is reset.
All other functions, such as-other registers (including out-
put ports), the timer, etc., are not cleared by the reset condi-
tions.

INTERRUPTS

Systems often require that normal processing be inter-
rupted so that some external event may be serviced. The
CDP6805F2 may be interrupted by one of three different
methods, either one of two maskable interrupts (external in-
put or timer) or a non-maskable software interrupt (SWI).

Interrupts cause the processor registers to be saved on the
stack and the interrupt mask set to prevent additional inter-
rupts. The RTl instruction causes the register contents to be
recovered from the stack and return to normal processing.
The stacking order is shown in Figure 13.

Unlike RESET, hardware interrupts do not cause the cur-
rent instruction execution to be halted, but are considered
pending until the current instruction execution is complete.

When the current instruction is complete, the processor
checks all pending hardware interrupts and if unmasked,
proceeds with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external in-
terrupt is serviced first. The SWI is executed as any other in-
struction. Refer to Figure 14 for the interrupt and instruction
processing sequence.
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EXTERNAL INTERRUPT

Either level- and edge-sensitive or edge-sensitive only in-
puts are available as mask options. If the interrupt mask bit
of the condition code register is cleared and the external in-
terrupt pin (IRQ) is “low” or a negative edge has set the in-
ternal interrupt flip-flop, then the external interrupt occurs.
The action of the external interrupt is identical to the timer
except that the service routine address is specified by the
contents of $7FA and $7FB. Figure 15 shows both a func-
tional diagram and timing for the interrupt line. The timing
diagram shows two different treatments of the interrupt line
(TRQ) to the processor. The first method is single pulses on
the interrupt line spaced far enough apart to be serviced. The
minimum time between pulses is a function of the length of
the interrupt service routine. Once a pulse occurs, the next
pulse should not occur until the MPU software has exited the
routine (an RTI occurs). This time (tj| ) is obtained by ad-
ding 20 instruction cycles (tcyc) to the total number of cycles
it takes to complete the service routine including the RT! in-

struction; refer to Figure 15. The second configuration
shows many interrupt lines ‘‘wire ORed"’ to form the inter-
rupts at the processor. Thus, if after servicing an interrupt
the IRQ remains low, then the next interrupt is recognized.

SOFTWARE INTERRUPT (SWI)

The software interrupt is an executable instruction. The
action of the SW| instruction is similar to the hardware inter-
rupts. The SW1 is executed regardless of the state of the in-
terrupt mask in the condition code register. The service
routine address is specified by the contents of memory loca-
tions $7FC and $7FD.

The following three functions are not strictly interrupts,
however, they are tied very closely to the interrupts. These
functions are RESET, STOP, and WAIT.

RESET — The RESET input pin and the internal power-on
reset function each cause the program to vector to an in-
itialization program. This vector is specified by the contents

(a) Interrupt Functional Diagram

Level Sensitive

Mask Option
Voo
L D Qf
Interrupt Pin C
Q
R

External
Interrupt
Request

| Bit (CCR)

/7_J——Power-0n Reset
External Reset

mExterna| Interrupt

Being Serviced

(b) Interrupt Mode Diagram

RQ g YLIH

et ||| ————————

Edge Condition
The minimum pulse width (t)| |4) is one
teyc. The period tLIL should not be less
than the number of tcyc cycles it takes to
execute the interrupt service routine plus
20 teyc cycles.

—

Mask Optional Level Sensitive

If after servicing an interrupt the fRQ re-
mains low, then the next interrupt is

recognized.

—

92CS-38007

Fig. 15 - External interrupt.
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Wait

Oscillator Active
Clear I-Bit
Timer Clock Active
All Other Clocks
Stop

CDP6805F2

Reset?

External
Interrupt?

Restart
Processor Clocks

Fetch External
Interrupt, Reset,
or Timer Interrupt
Vector (from Wait
Mode only)

Timer
Interrupt?
(TCR Bit
7=1

TCR
Bit 6=0?

92CS-38009

Fig. 17 - WAIT function flowchart.

periodic interrupt generation as well as a reference in fre-
quency and event measurement. The internal clock is the in-
struction cycle clock. During a WAIT instruction, the internal
clock to the timer continues to run at its normal rate.

TIMER INPUT MODE 2

With TCR5=0 and TCR4=1, the internal clock and the
TIMER input pin are ANDed to form the timer input signal.
This mode can be used to measure external pulse widths.
The external timer input pulse simply turns on the internal
clock for the duration of the pulse. The resolution of the
count in this mode is + one internal clock and therefore, ac-
curacy improves with longer input pulse widths.

TIMER INPUT MODE 3
If TCR5=1 and TCR4=0, all inputs to the timer are dis-
abled.

TIMER INPUT MODE 4

If TCR5=1 and TCR4=1, the internal clock input to the
timer is disabled and the TIMER input pin becomes the input
to the timer. The timer can, in this mode, be used to count
external events as well as external frequencies for generating
periodic interrupts. The counter is clocked on the falling
edge of the external signal.

Figure 18 shows a block diagram of the timer subsystem.
Power-on reset and the STOP instruction invalidate the con-
tents of the counter.
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READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a register,
modify or test its contents, and write the modified value
back to memory or to the register. The test for negative or
zero (TST) instruction is an exception to the read-modify-
write sequence since it does not modify the value. Refer to
Table 5.

BRANCH INSTRUCTIONS

Most branch instructions test the state of the condition
code register and, if certain criteria are met, a branch is ex-
ecuted. This adds an offset between — 127 and + 128 to the
current program counter. Refer to Table 6.

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any bit which
resides in the first 128 bytes of the memory space where all
port registers, port DDRs, timer, timer control, and on-chip
RAM reside. An additional feature allows the software to
test and branch on the state of any bit within the first 256
locations. The bit set, bit clear, and bit test and branch func-
tions are implemented with a single instruction. For the test
and branch instructions, the value of the bit tested is also
placed in the carry bit of the condition code register. Refer to
Table 7.

CONTROL INSTRUCTIONS

These instructions are register reference instructions and
are used to control processor operation during program ex-
ecution. Refer to Table 8.

OPCODE MAP

Table 9 is an obcode map for the instructions used on the
MCU.

ALPHABETICAL LISTING

The complete instruction set is given in alphabetical order
in Table 10.

ADDRESSING MODES

The MCU uses ten different addressing modes to provide
the programmer with an opportunity to optimize the code to
all situations. The various indexed addressing modes make it
possible to locate data tables, code conversion tables, and
scaling tables anywhere in the memory space.. Short indexed
accesses are single-byte instructions while the longest in-
structions (three bytes) permit tables throughout memory.
Short and long absolute addressing is also included. Two-
byte direct addressing instructions access all data bytes in
most applications. Extended addressing permits jump in-
structions to reach all memory. Table 10 shows the address-
ing modes for each instruction with the effects each instruc-
tion has on the condition code register. An opcode map is
shown in Table 9.

The term “‘Effective Address’”’ (EA) is defined as the byte
address to or from which the argument for an instruction is
fetched or stored. The ten addressing modes of the pro-
cessor are described below. Parentheses are used to indicate

"contents of,” an arrow indicates "is replaced by,” and a

colon indicates “concatenation of two bytes."”

INHERENT

In inherent instructions, all the information necessary to
execute the instruction is contained in the opcode. Opera-
tions specifying only the index registers or accumulator and
no other arguments are included in this mode.

IMMEDIATE
In immediate addressing, the operand is contained in the
byte immediately following the opcode. Immediate address-
ing is used to access constants which do not change during
program execution (e.g., a constant used to initialize a loop
counter).
EA=PC+1;, PC+—PC+2

DIRECT

In the direct addressing mode, the effective address of the
argument is contained in a single byte following the opcode
byte. Direct addressing allows the user to directly address
the lowest 256 bytes in memory with a single two-byte in-
struction. This includes all on-chip RAM and 1/0 registers
and 128 bytes of on-chip ROM. Direct addressing is efficient
in both memory and time.

EA=(PC+1); PC+PC+2

Address Bus High<—0; Address Bus Low=—(PC+ 1)

EXTENDED

In the extended addressing mode, the effective address of
the argument is contained in the two bytes following the op-
code. Instructions with extended addressing modes are
capable of referencing arguments anywhere in memory with
a single three-byte instruction.

EA=(PC+1):(PC+2); PC+—PC+3
Address Bus High<—(PC+ 1); Address Bus Low <—(PC+2)

INDEXED, NO-OFFSET

In the indexed, no-offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is used to move a'pointer through a table or
to address a frequently referenced RAM or 1/0 location.

EA=X; PC<PC+1
Address Bus High<=—0; Address Bus Low =X

INDEXED, 8-BIT OFFSET

Here the EA is obtained by adding the contents of the byte
following the opcode to that of the index register, therefore,
the operand is located anywhere within the lowest 511
memory locations. For example, this mode of addressing is
useful for selecting the mth element in an n element table. All
instructions are two bytes. The content of the index register




TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes

. ; Indexed Indexed Indexed
Direct Extended
Immediate irec (No Offset) (8-Bit Offset) (16-Bit Offset)
Op # t Op # # Op 4 # Op * * Op ] ' Op ] t
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 3 [¢3) 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 c7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - = BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 cB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and ADC
Carry to A A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory SuB A0 2 2 B8O 2 3 Cco 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract Memory from 2
A with Borrow SBC A2 2 2 B2 2 3 c2 3 4 F2 1 3 £2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B4 2 3 c4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR Memory EOR r8 | 2 2 B8 2 3 c8 3 4 F8 1 3 €8 2 4 D8 3 5
with A
Arithmetic Compare A
with Memory CMP Al 2 2 B1 2 3 Cc1 3 4 F1 1 3 E1 2 4 D1 3 5
rr——
A o™ * | cpx A3 | 2 2 B3 | 2 3 | 3| 3 4 F3 1 3 g3 | 2 4 | D3 | 3 5
Bit Test Memory with BIT As | 2 2 85 2 3 s | 3 4 F5 1 3 £5 2 4 o5 | 3 5
A (Logical Compare)
Jump Unconditional JMP - - - BC 2 2 cc 3 3 FC 1 2 EC 2 3 DC 3
Jump to Subroutine JSR - — — BD 2 5 CD 3 6 FD 1 5 ED 2 6 DD 3 7
TABLE 5 — READ-MODIFY-WRITE INSTRUCTIONS
Addressing Modes
. Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4aA 1 3 5A 1 3 3A 2 5 7A 1 5 BA 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate NEG 40 1 3 50 1 3 30 2 5 70 3 5 60 2 6
(2's Complement)
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 5 79 1 5 69 2 6
Roéaa(r?ymgm Thre ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 | 2 6
Arnthmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative ST 4D 1 3 50 1 3 3D 2 4 ) 1 4 6D 2 5
or Zero
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TABLE 9— INSTRUCTION SET OPCODE MAP

Bit Branch Read-Modify-Write — Control - Register/ Memory
A 0 —F 8 9 | A —E E ! Hi
Low 0000 0001 0010 o011 0100 0101 0110 o1 1000 . 1001 1010 , 1011 1100 1101 110 111 Low
5 13 5 k] 7 T
0 BRSETO BSETO BRA NEG NEG NEG NEG NEG RTI sus suB Sus sus sus SuB 0
0000 B‘I’5 2 1 IN! 1 INH X1 X lNl’ei 2 IM% Dlg 3 ﬂl 3 ng 2 Ix: 1 % 0000
1 BRCLRO BCLRO BRN RTS CmP CMmP CMP CMmP CMP CmP 1
0001 BT5 2 5 INH 2 |Mh; 2 Dl‘; 3 EXT {3 X212 |X: ] I); 0001
2 BRSET1 BSET1 BHI SBC sBC SBC SBC SBC SBC 2
0010 3 B1g |2 L . 5 5 . . 2y} o {a B3 22 LSRR X 0010
3 BRCLR1 BCLR1 BLS COoM COMA COMX COM COM Swi CPX CPX CPX CPX CPX CPX 3
0011 3 BTg 2 |2 DI g 1 lNl; 1 INI; l)(é I)E(: IN 2 |th 2 DL% 3 EXT | 3 IX% 2 IX: 1 X Qo011
4 BRSET2 | BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 BTg 2 L 2 PDIR |1 INH | 1 INH 1X1 1X 2 thg 2 D|f; 3 ﬂ} 3 X212 I)L: 1 l!; 0100
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0101 Bt% 2 5 o 5 5 < 5 2 |MM2 2 mg EXT |3 X2l 2 |x‘L 1 Jzé 0101
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LD. LDA LDA LDA 6
’__QLLQ 3 Bfg 2 2 E_E_g 1 IN!; 1 IN); |Xé I)é 7 2 IMM | 2 le‘: 3 EXT |13 X212 IX;) 1 l): 0110
7 BRCLR3 | BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
[0 3 BT% 2 415'2' 2 E.E! 1 1 INH | 1 |Ng lx(\s |>g 1 |N|; 5 2 DIR gg% 3 xX2] 2 |x: 1 D:: 111
8 BRSET4 BSET4 BHCC LSt LSLA LSLX LSL LSL cLC EOR EOR EOR . EOR EOR EOR 8
{1000 3 BTg 2 ﬂ.ﬁ% & I5 1 INg 1 INH IXé I)é 1 INI; 2 Ith 2 Dlg 3 _EXT} 3 I)(5 2 IX: 1 I); 1000
4
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC -ADC ADC ADC ADC ADC 9
1001 3 BTg 2 lg 1 |Nr; 1 |NP; Ixé I)é 1 INHZI 2 Ith 2 D|F:§! 3 EXT| 3 lxg 2 IX: 1 |)§ 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
|__1010 3 BT% 2 2 DIR | 1 INH | 1 INH X1 X 1 ﬁb; 2 IMN; 2 DR |3 EXT| 3 |x§ 2 |x: 1 u; 1010
B BRCLRS BCLRS BMI SEl ADD ADD ADD ADD ADD ADD 8
1011 3 BT% 2 ﬁ_&%_ Rl = = 3 5 1 |NI; 2 IMM | 2 DIF; 3 EXT |3 X212 I)(:|i 1 I); 1011
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP [
1100 BT% 2 E_S% R DIR [ 1 IN% 1 INI; IX; I); 1 INI; & 2 DlT': 3 EXT | 3 IX; 2 l)(é 1 I)é 1100
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BT% 2 b R |1 INH| 1 INH X1 X 5 1 INH | 2 REL | 2 D_Il; 3 EXT |3 1X2] 2 l)(: 1 I); 1101
E BRSET7 BSET? BIL sTOP LDX LDX LDX LDX LDX LDX E
110 3 BTg 2 R 5 5 3 3 3 INH 5 2 IMM | 2 DIR“ 3 EXT| 3 X2 IX; 1 l); 110
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX
1 3 BT8B REL | 2 DIR | 1 INH | 1 INH X1 1X INH |1 INH 2 DIR | 3 EXT | 3 IX2 | 2 X141 X m
Abbreviations for Address Modes LEGEND
I:‘AH Inherent F < Opcode in Hexadecimal
IMM Immediate
DIR Direct m 3
EXT Extended in Bi
REL  Relative Mnemonic ——————3 SUB/ 0 Opcode in Binary
BSC  Bit Set/Clear Bytes ———>¢ 1 X 0000 <]
BTB Bit Test and Branch Cycles /
1X Indexed (No Offset) v Address Mode
1X1 Indexed, 1 Byte (8-Bit) Offset 538011
X2 Indexed, 2 Byte (16-Bit) Offset 9208

¢45089dAaO

952

sjesaydiad pue sapowspy ‘8105$9904d0IdIN SOWD
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To minimize power consumption, allunused ROM locations
should contain zeros.

MASTER-DEVICE METHOD

EPROM—A 2716 EPROM, programmed with the customer
program (positive logic sense for address and data), may be
submitted for pattern generation. Fill out Customer Informa-
tion of ROM Information Sheet. Note that the first 128

(0000-007F) bytes of the EPROM correspond to the
CDP6805F2 internal RAM and I/0 ports and will be ignored
when generating ROM masks. The 831 unused and self-
check bytes (04B7-07F5) will also be ignored when gen-
erating ROM masks. The EPROM should be placed in a
conductive IC carrier and securely packed. Do not use
styrofoam.

2716

XXX=Customer ID

0000

Fig. 1a - EPROM marking.

OPTION LIST

Select one in each section.

Internal Oscillator Input
O Crystal
O Resistor

Internal Divide
O +4
a =2

Interrupt
[0 Edge-Sensitive
O Level- and Edge-Sensitive
VECTOR LIST
Timer Interrupt from Wait State Only

ROM INFORMATION SHEET
Select the options for your MCU from the following list. A manufacturing mask will be generated from this information.

Column 28 of Option Card
OorN
1orP

Column 29 of Option Card
OorN
1orP

Column 30 of Option Card
OorN
1orP

Timer Interrupt

External Interrupt

Swi

RESET

CUSTOMER INFORMATION
Customer Name

Address

City i State.

Phone ( )

Extension

Contact Ms./Mr.

Customer Part No.

PATTERN MEDIA
[ 6805F2
O EPROM
0O Card Deck
O Other*

“Other media require factory approval.

Signature

Title
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DATA PROGRAMMING INSTRUCTIONS (Cont'd)

DATA CARDS
The data cards contain the hexadecimal data to be programmed into the ROM device.
Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes.

Column No. Data Column No. Data

1-4 Punch the starting address 26-27 2 hex digits of 9th WORD
in hexadecimal for the 28-29 2 hex digits of 10th WORD
following data.” 30 Blank

5 Blank 31-32 2 hex digits of 11th WORD

6-7 2 hex digits of 1st WORD 33-34 2 hex digits of 12th WORD

8-9 2 hex digits of 2nd WORD 35 Blank

10 Blank 36-37 2 hex digits of 13th WORD

11-12 2 hex digits of 3rd WORD 38-39 2 hex digits of 14th WORD

13-14 2 hex digits of 4th WORD 40 Blank

15 Blank 41-42 2 hex digits of 15th WORD

16-17 2 hex digits of 5th WORD 43-44 2 hex digits of 16th WORD

18-19 ] 2 hex digits of 6th WORD 45 Semicolon, blank if last card

20 Blank

21-22 2 hex digits of 7th WORD 46-78 Blank

23-24 2 hex digits of 8th WORD 79-80 Punch 2 decimal digits

25 Blank as in title card

*The address block must start at 0080 and run through 04B6. Column 4 must be zero. One additional card starting at 07F0 is required to
specify vectors. Note that as the sample program card shows, both the 04B0 and 07F0 card must contain 16 data words. Zeros are used tofill
unused locations 04B7-04BF and 07F0-07FS.

OPTION DATA CARD

1234567 891011121314151617 18 19 20 2122 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 5556 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74 7576 77 78 79,80|

u RC |elx|almip|Le rlc|a| [s]s|o] |s[M[v|e 219(q|a|a| |o|s|Fl2 [AE)M) o)1
olr[Tt|o|n| |clo|P (6|80 (S|Fl2 NiP(n N\ 2|1
D|ATIA [FlorM|a[T| |H[e(x]| [Plo|s . o1
0lelg| Rlo| 1| |2|2|s|3| [4|4is|5| |6|6|7|7 8|2|9| |AlA|B ciclp E|E|F|F|} [N
glolale| |12z |sle[7[8] [A|=|c|o Fle| |ojc[Bla| |8[5[7 4(3]2]1] |o|ojalal; OBTAIN FROM 2|1
: RCA SALES
oluiele| gei[\] [2[2]3]3] [4]4]s|s| |e|e|e]e] |¢[e|e]e] |o|o]e|e| [o]eo]¢| |2]o|o]e]5 ot
o|7iFle| lowla |o|e|o(a| |o|e|s|e| |#|7[pic]| |o|7(=|e]| |o|7|e|4| |o|7[els| [o|«|2|2) (!
ol ™N N~ N
TIMER INTERRUPT FROM | TIMER INTERRUPT | EXTERNAL| SWI | RESET DECK NUMBER
WAIT STATE ONLY INTERRUPT (OPTIONAL) T'|

1234567891011121314 151617 18 1920 2122 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 40 4142 43 44 45 4647 48 49 50 5152 53 54 5556 57 5859 60 6162 6364 656667 68 697071727374 7576 77 78 79 80
92CL-35134
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TERMINAL ASSIGNMENT

TOP VIEW

The CDP6805G2 Microcomputer Unit (MCU) belongs to
the CDP6805 Family of Microcomputers. This 8-bit MCU

CMOS High-Performance Silicon-Gate
8-Bit Microcomputer

Features:

m Typical full speed operating power

of 15mWatsV

Fully static opera

2106 bytes of on-

contains on-chip oscillator CPU, RAM, ROM, 1/0, and
Timer. The fully static design allows operation at
frequencies down to DC, further reducing its already low- important factor.

Typical WAIT mode power of 4 mW
Typical STOP mode power of 5§ uW

112 bytes of on-chip RAM

32 bidirectional 1/0 lines

High current drive ) = Addressing modes with indexed
Internal 8-bit timer with software

programmable 7-bit prescaler

tion

External timer input
External and timer interrupts
Self-check mode

Master reset and power-on reset
Single 3 to 6 volt supply
On-chip oscillator with RC or crystal
chip ROM mask options

True bit manipulation

addressing for tables

CMOS Microprocessors, Memories and Peripherals

power consumption. It is a low-power processor designed
for low-end to mid-range applications in the consumer,

automotive, industrial, and communications markers

where very low power consumption constitutes an

0SC1 0sc2 RESET NUM IRQ
1

. : 39| 3 3 2
TIMER —»| _ Prescaler Timer/
7 8 Counter
Timer Control Oscillator
PRO € 12, 28 pCo
Accumulator « >
P81 <——%—> g e ‘_ZT" PCl
Port  PB2 <€— Dat CPU Data | Port [®5=— pC2
B PR3 w—»f Port | Data Index Control Dr | ¢ € pc3
16 B Dir 9 Register 1 24
170 PB4 1—17—> A 8 g Reg | Reg (—23——> PC4
Lines  PB5 < Reg | Reg T <5 pC
Pes 19 O(?o:jéon <—->21 PC6
PB7 € 5 Register CC - pC7
. Stack 29
PAO g Pointer s l€———>» PDO
< 10) 30
P Al 9 Program ‘—‘)31 PD1
ot pay 4——5* Port | Data Counter Data | Port [€55 PD2
A PA3 €=—>» A Dr e |s High pcH ALU o—{ Drr D |<57> PD3
7 33
110 pas €—=3 Reg | Reg 5 Reg | Reg €5, PD4
. 6 rogram
Lines pas (—5> Counter (——35—> PD5
PA6 <€ 8 Low pcL (_36“-» PD6
PA7 l j€«——> pD7
2106 x 8 112 x8
ROM RAM
198x 8
Self-Check
ROM Fig. 1 - CDP6805G2 CMOS microcomputer block diagram.

Port

170
Lines

Port

170
Lines

File Number 1364
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DC ELECTRICAL CHARACTERISTICS (Vpp=3 Vdc, Vg§s=0 Vdc, TA=0° to 70° C unless otherwise noted)
Characteristics Symbol Min Max Unit
Output Voltage I gads 1 wA VoL - 0.1 \
VOH Vpp—-0.1 - \
Output High Voltage
_ VOH 14 - Y]
(ILoag= — 50 wA) PBO-PB7, PCO-PC7
{ILoad = -0.5 mA) PAO-PA7, PDO-PD3 VOH 14 - v
(ILoad= -2 mA) PD4-PD7 VOH 14 - \
Output Low Voltage J
(ILoad= 300 pA) All Ports VoL - 0.3 v
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PD7
Input High Voltage
Ports PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 ViH 2.7 VpD \i
TIMER, IRQ, RESET Vil _ VDD v
osc1 ViH — VDD \
Input Low Voltage All Inputs ViL Vss 0.3 v
Total Supply Current (no dc Loads, tcyc=5 us)
RUN (measured during self-check, V| =0.1 V, V|4=Vpp-0.1 V) DD _ 1 mA
WAIT (See Note) DD - 05 mA
STOP (See Note) DD _ 150 uA
1/0 Ports Input Leakage
PAQ-PA7, PBO- PB7, PCO-PC7, PDO-PD7 L - +10 nA
Input Current
RESET, IRQ, TIMER, OSC1 lin - $1 uA
Capacitance
Ports Cout — 12 pF
RESET, IRQ, TIMER, 0SC1 Cin - 8 pF
DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc £ 10%, Vgg=0 Vdc, TA=0°to 70° C unless otherwise noted)
Characteristics Symbol Min Max Unit ;
Output Voltage || gad=10pA VoL - 0.1 \
VOH Vpp—0.1 — \%
Output High Voltage
{ILoag= — 100 4Al PBO-PB7, PCO-PC7 VoH 24 - v
(ILoad= —2 mA) PAO-PA7, PDO-PD3 VoH 24 - v
(TLoad= —8 mAJ] PD4-PD7 Vou 24 - v
Output Low Voltage
(I oad =800 pA) All Ports VoL - 0.4 \
PAQO-PA7, PBO-PB7, PCO-PC7, PDO-PD7
Input High Voltage
Ports PAO-PA7, PB0-PB7, PCO-PC7, PDO-PD7 VIiH Vpp -2 VDD \
TIMER, IRQ, RESET, OSC1 ViH Vpp-0.8 VDD v
Input Low Voltage All Inputs Vi Vgs 0.8 \
Total Supply Current (C| =50 pF
on Ports, no dc Loads, teyc=1 ps)
RUN (measured during selt-check,

ViL=0.2V, VIH=Vpp-0.2 V) IDD — 6 mA
WAIT (See Note) DD — 3 mA
STOP_(See Note) IpD - 250 pA

1/0 Ports Input Leakage
PAQ-PA7, PBO- PB7, PCO-PC7, PDO-PD7 i — +10 uA
Input Current
RESET, IRQ, TIMER, OSC1 lin — +1 uA
Capacitance
Ports Cout — 12 pF
RESET, IRQ, TIMER, 0SC1 Cin - 8 pF
NOTE: Test conditions for Ipp are as follows: VIH = Vpp-0.2 V for RESET, TRQ, TIMER
All ports programmed as inputs OSC1 input is a squarewave from 0.2 V to Vpp—0.2 V
ViL = 0.2V (PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7) 0SC2 output load = 20 pF (wait Ipp s affected linearly by the

0SC2 capacitance).
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M 777

EDGE- teye A

(ED
SENSITIVE
ONLY \_/
TRQ
OR ticH 1920 toye

% INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY,
%% REPRESENTS THE INTERNAL GATING OF THE OSCI INPUT PIN.

2

92Cs-38101

Fig. 6 - Stop recovery and power-on RESET.

FUNCTIONAL PIN DESCRIPTION

VpD and Vss

Power is supplied to the MCU using these two pins. Vpp
is power and Vgg is ground.

0scC1, osc2

The CDP6805G2 can be configured to accept either a
crystal input or an RC network. Additionally, the internal
clocks can be derived by either a divide-by-two or divide-
by-four of the external frequency (fosc). Both of these

iRQ (MASKABLE INTERRUPT REQUEST)

TRQ is mask option selectable with the choice of interrupt
sensitivity being both level- and negative-edge or negative-
edge only.The MCU completes the current instruction
before it responds to the request. If IRQ is low and the inter-
rupt mask bit (I bit) in the condition code register is clear, the
MCU begins an interrupt sequence at the end of the current
instruction.

If the mask option is selected to include level sensitivity,
then the [RQ input requires an external resistor to Vpp for
"wire-OR"" operation. See the Interrupt section for more
detail.

RESET

The RESET input is not required for start-up but can be
used to reset the MCU'’s internal state and provide an orderly
software start-up procedure. Refer to the Reset section for a
detailed description.

TIMER

The TIMER input may be used as an external clock for the
on-chip timer. Refer to Timer section for a detailed descrip-
tion.

NUM — NON-USER MODE

This pin is intended for use in self-check only. User ap-
plications should connect this pin to ground through a 10 kQ
resistor.

options are mask selectable.

RC — If the RC oscillator option is selected, then a resistor
is connected to the oscillator pins as shown in Figure 7(b).
The relationship between R and fogc is shown in Figure 8.

CRYSTAL — The circuit shown in Figure 7(a) is recom-
mended when using a crystal. The internal oscillator is
designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fogc in
the electrical characteristics table. Using an external CMOS
oscillator is suggested when crystals outside the specified
ranges are to be used. The crystal and components should
be mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Crystal fre-
quency limits are also affected by Vpp. Refer to Control
Timing Characteristics for limits. See Table 1.

EXTERNAL CLOCK — An external clock should be ap-
plied to the OSC1 input with the OSC2 input not connected,
as shown in Figure 7(c). An external clock may be used with
either the RC or crystal oscillator mask option. toxQy or
t|LCH do not apply when using an external clock input.
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PAO-PA7

These eight I/0 lines comprise Port A. The state of any
pin is software programmable. Refer to Input/Output Pro-
gramming section for a detailed description.

PBO-PB7

These eight lines comprise Port B. The state of any pin is
software programmable. Refer to Input/Output Program-
ming section for a detailed description.

PCO-PC7

These eight lines comprise Port C. The state of any pin is
software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

CMOS Microprocessors, Memories and Peripherals

PDO-PD7

These eight lines comprise Port D. PD4-PD7 also are
capable of driving LED’s directly. The state of any pin is soft-
ware programmable. Refer to the Input/Output Programing
section for a detailed description.

INPUT/OUTPUT PROGRAMMING

Any port pin may be software programmed as an input or
output by the state of the corresponding bit in the port Data
Direction Register (DDR). A pin is configured as an output if
its corresponding DDR bit is set to a logic '1.” A pin is con-
figured as an input if its corresponding DDR bit is cleared to
a logic ‘0." At reset, all DDRs are cleared, which configures
all port pins as inputs. A port pin configured as an output
will output the data in the corresponding bit of its port data
latch. Refer to Figure 9 and Table 2.

Data Direction
/ <«—>| Register
Bit
Output
Internal —> Data Output
CDP6805G2 Latch
Connections
Input
110
Pin
(a)
Typical Port 7 6 5 4 3 2 ! 0
Data Direction | ppg 7| DDR6 I DDR5 | DDR 4l DDR3 l DDR 2| DDR 1| DDR 0
Register

[

l

L [ [ ]

Typical Port
Register

Vo

P7 P

'

P56

(b)

]
Pl

P-4 P3 P2 P11 PO

Fig. 9 - Typical port 1/O circuitry.

TABLE 2 — 1/0 PIN FUNCTIONS

R/W | DDR 1/0 Pin Function
0 0 The I/0 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the |I/0 pin.
1 0 The state of the I/0 pin is read.
1 1 The 1/0 pin is in an output mode. The output data latch is read
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TABLE 3 — SELF-CHECK RESULTS
PD3 PD2 PD1 PDO Remarks
1 0 1 0 Bad I/0
1 0 1 1 Bad Timer
1 1 0 0 Bad RAM
1 1 0 1 Bad ROM
1 1 1 0 Bad Interrupt or Request Flag
All Cycling Good Part
All Others Bad Part
0 50000
1/0 Ports 0 Port A Data
Access Timer
Via RAM 1 Port B Data
Pa_ge 0 127 ﬂ’: 2 Port C Data
Direct 128 $0080
Addressing \ 3 Port D Data
EEE 2096 Bytes $O0FF 4 Port A Data Direction
26 User ROM $0100
5 Port B Data Direction
6 Port C Data Direction
2223 $08AF 7
2224 50880 Port D Data Direction
80 Bytes 8 Timer Data
2303 Self-Check ROM SOBFF 9 Timer Control
2304 $0900 10
5760 Bytes 6 Bytes
Unused*® Unused*
15
16
RAM
(112 Bytes)
8063 $1F7F
8064 118 Bytes $1F80 63
64 P
8 Self-Check ROM $1FF5 -
g181 | _ _ _ _Sel-Check ROM = = .
8182 | Timer Interrupt From Wait State OnlyT $1FF6- $1FF7 P
P-— — —— — ————— 1
User Timer Interrupt $1FF8-$TFF9 Phd
Defined —— — — ' P
Interrupt | __ ExternalInterrupt STFFA-S1FFB .~ Stack (84 Bytes Max)
Vectors SWiI $1FFC-$1FFD /
8191 RESET S1FFE-$1FFF *

*Reads of unused locations undefined.

127

Fig. 11 - Address map.

$0000
$0001

$0002
$0003

$0004
$0005
$0006
$0007

$0008
$0009
$000A

$000F
$0010

$003F
$0040

$007F
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machine state during interrupts. During external or power-
on reset, and during a "reset stack pointer”’ instruction, the
stack pointer is set to its upper limit ($007F). Nested inter-
rupts and/or subroutines may use up to 64 (decimal) loca-
tions, beyond which the stack pointer “‘wraps around’* and
points to its upper limit thereby losing the previously stored
information. A subroutine call occupies two RAM bytes on
the stack, while an interrupt uses five bytes.

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register which in-
dicates the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of their state. Each bit is explained in
the following paragraphs.

HALF CARRY BITS (H) — The H-bit is set to a one when
a carry occurs between bits 3 and 4 of the ALU during an
ADD or ADC instruction. The H-bit is useful in binary coded
decimal subroutines.

INTERRUPT MASK BIT (I) — When the I-bit is set, both
the external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the I-bit is set, the interrupt is latched and is
processed when the I-bit is next cleared.

NEGATIVE (N) — Indicates that the result of the last
arithmetic, logical, or data manipulation is negative (bit 7 in
the result is a logical one).

ZERO (Z) — Indicates that the result of the last arithmetic,
logical, or data manipulation is zero.

CARRY/BORROW (C) — Indicates that a carry or borrow
out of the arithmetic logic unit (ALU) occurred during the
last.arithmetic operation. This bit is also affected during bit
test and branch instructions, shifts, and rotates.

RESETS

The CDP6805G2 has two reset modes: an active low
external reset pin (RESET) and a power-on reset function;

refer to Figure 5.

RESET
The RESET input pin is used to reset the MCU to provide
an orderly software start-up procedure. When using the ex-
ternal reset mode, the RESET pin must stay low for a mini-
= mum of one teyc. The RESET pin is provided with a Schmitt
Trigger input to improve its noise immunity.

POWER-ON RESET

The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for a power-down reset. The power-on circuitry provides for
a 1920 teyc delay from the time of the first oscillator opera-
tion. If the external RESET pin is low at the end of the 1920
teyc time out, the processor remains in the reset condition.

%* Any current instruction including SWI.

Either of the two types of reset conditions causes the
following to occur:

—Timer control register interrupt request bit TCR7 is
cleared to a “'0.”

— Timer control register interrupt mask bit TCR6 is set to a
e

— All data direction register bits are cleared to a “0."" All
ports are defined as inputs.

— Stack pointer is set to $007F.

—The internal address bus is forced to the reset vector
($1FFE, $1FFF).

— Condition code register interrupt mask bit (1) is set to a
PR

— STOP and WAIT latches are reset.

— External interrupt latch is reset.

All other functions, such as other registers (including out-
put ports), the timer, etc., are not cleared by the reset condi-
tions.

INTERRUPTS

The CDP6805G2 may be interrupted by one of three
different methods: either one of two maskable hardware
interrupts (external input or timer) or a nonmaskable
software interrupt (SWI). Systems often require that
normal processing be interrupted so that some external
event may be serviced.

Interrupts cause the processor registers to be saved
on the stack and the interrupt mask (I bit) set to prevent
additional interrupts. The RTI instruction causes the
register contents to be recovered from the stack
followed by a return to normal processing. The stack
order is shown in Figure 13.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted, but are
considered pending until the current instruction
execution is complete.

Note

The current instruction is considered to be the one
already fetched and being operated on.

When the current instruction is complete, the
processor checks all pending hardware interrupts and
if unmasked (I bit clear), proceeds with interrupt
processing; otherwise, the next instruction is fetched
and executed. Note that masked interrupts are latched
for later interrupt service.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the
external interrupt is serviced first. The SWI is executed
the same as any other instruction and as such takes
precedence over hardware interrupts only if the | bitis
set (hardware interrupts masked). Refer to Figure 14 for
the interrupt and instruction processing sequence.
__Table 4 shows the execution priority of the RESET,
IRQ and timer interrupts, and instructions (including
the software interrupts, SWI). Two conditions are
shown, one with the | bit set and the other with | bit
clear; however, in either case RESET has the highest
priority of execution. If the | bit is set as per Table 4(a),
the second highest priority is assigned to any instruction
including SWI._This is illustrated in Figure 14 which
shows thatthe IRQ or Timer interrupts are not executed
when the | bit is set. If the | bit is cleared as per Table
4(b), the priorities change in that the next instruction
(SWI or other instruction) is not fetched until after the
IRQ and Timer interrupts have been recognized (and
serviced). Also, when the | bit is clear, if both TRQ and
Timer interrupts are pending, the IRQ interrupt is
always serviced before the Timer interrupt.
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Note

Processing is such that at the end of the current
instruction execution, the | bit is tested and if set the
nextinstruction (including SWI) isfetched. If the | bitis
cleared, the hardware interrupt latches are tested, and
if no hardware interrupt is pending, the program falls
through and the next instruction is fetched.

TIMER INTERRUPT

If the timer interrupt mask bit (TCR8) is cleared, then
each time the timer decrements to zero (transitions
from $01 to $00) an interrupt request is generated. The
actual processor interrupt is generated only If the
interrupt mask bit of the condition code register is also
cleared. When the interrupt is recognized, the current
state of the machine is pushed onto the stack and the
interrupt mask bit in the condition code register is set.
This masks further interrupts until the present one is
serviced. The processor now vectors to the timer
interrupt service routine. The address for this service
routine is specified by the contents of $1FF8 and $1FF9
unless the processor is in a WAIT mode in which case
the contents of $1FF6 and $1FF7 specify the timer
service routine address. Software must be used to clear
the timerinterrupt request bit (TCR7). Atthe end of the
timer interrupt service routine, the software normally
executes an RTI instruction which restores the machine
state and starts executing the interrupted program.

EXTERNAL INTERRUPT

If the interrupt mask bit of the condition code register
is cleared and the external interrupt pin (IRQ) is low,

then the external interrupt occurs. The action of the
external interruptisidentical to the timer interrupt with
the exception that the service routine address is
specified by the contents of $1FFA and $1FFB. Eithera
level- and edge-sensitive trigger (or edge-sensitive
only) are available as mask options. Figure 15 shows
both a functional diagram and timing for the interrupt
line. The timing diagram shows two different treatments
of the interrupt line (IRQ) to the processor. The first
method is single pulses on the interrupt line spaced far
enough apart to be serviced. The minimum time between
pulsesis a function of the length of the interrupt service
routine. Once a pulse occurs, the next pulse should not
occuruntil the MPU software has exited the routine (an
RTI occurs). This time (tiuL) is obtained by adding 20
instruction cycles (teyc) to the total number of cycles is
takes to complete the service routine including the RTI
instruction; refer to Figure 15. The second configuration
shows many interrupt lines “wire-ORed” to form the
interrupts at the processor. Thus, if after servicing an
interrupt the TRQ remains low, then the next interrupt is
recognized.

SOFTWARE INTERRUPT (SWI)

The software interrupt is an executable instruction.
The action of the SWI instruction is similar to the
hardware interrupts. The SWI is executed regardless of
the state of the interrupt mask in the condition code
register. The service routine address is specified by the
contents of memory locations $1FFC and $1FFD. See
Figure 14 for interrupt and instruction processing
flowchart.

(a) Interrupt Functional Diagram

Level Sensitive

Mask Option

VoD

I
Interrupt Pin # C

ol

External
Interrupt
Request

| Bit (CCR)

/7_J—Power-0n Reset
External Reset
w\_External Interrupt

Being Serviced

(b) Interrupt Mode Diagram Edge Condition

(The minimum pulse width (t)_ 4 is one
teyc. The period tj | should not be
less than the number of toyc cycles it
takes to execute the interrupt service rou-
tine plus 20 teyc cycles.)

(1

RO o tLIH

. [ | || e

2) IRQ (MPU) l

—

Mask Optional Level Sensitive
(If after servicing an interrupt the TRQ re-
mains low, then the next interrupt is re-
cognized)

—

Fig. 15 - External interrupt,
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Wait

Oscillator Active
Clear |-Bit
Timer Clock Active
All Other Clocks
Stop

Reset?

External
Interrupt?

Timer
Interrupt?
(TCR Bit
7=1

TCR
Bit 6=0?

Restart
Processor Clocks

Fetch External
Interrupt Reset,
or Timer Interrupt
Vector (from Wait
Mode only)

Fig. 17 - Wait function flowchart.

TIMER INPUT MODE 2 TIMER INPUT MODE 4
With TCR4=1 and TCR5=0, the internal clock and the If TCR4=1 and TCR5=1, the internal clock input to the
TIMER input pin are ANDed together to form the timer input Timer is disabled and the TIMER input pin becomes the in-

signal. This mode can be used to measure external pulse put to the Timer. The timer can, in this mode, be used to
widths. The external pulse simply turns on the internal clock count external events as well as external frequencies for

for the duration of the pulse. The resolution of the count in generating periodic interrupts. The counter is clocked on the

this mode is +1 clock and, therefore, accuracy improves falling edge of the external signal.

with longer input pulse widths. Figure 18 shows a block diagram of the Timer subsystem.
Power-on Reset and the STOP instruction cause the counter

TIMER INPUT MODE 3 to be set to $FO.

If TCR4=0 and TCR5=1, then all inputs to the Timer are
disabled.
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INSTRUCTION SET

The MCU has a set of 61 basic instructions. They can be
divided into five different types: register/memory,
read/modify/write, branch, bit manipulation, and control.
The following paragraphs briefly explain each type. All the
instructions within a given type are presented in individual
tables.

REGISTER/MEMORY INSTRUCTIONS

Most of these instructions use two operands. One
operand is either the accumulator or the index register. The
other operand is obtained from memory using one of the ad-
dressing modes. The operand for the jump unconditional
(JMP) and jump to subroutine (JSR) instructions is the
program counter. Refer to Table 5.

READ/MODIFY/WRITE INSTRUCTIONS

These instructions read a memory location or a register,
modify or test its contents, and write the modified value
back to memory or to the register. The test for negative or
zero (TST) instruction is an exception to the
read/modify/write sequence since it does not modify the
value. Refer to Table 6.

BRANCH INSTRUCTIONS

Most branch instructions test the state of the Condition
Code Register and if certain criteria are met, a branch is ex-
ecuted. This adds an offset between + 128 and — 127 to the
current program counter. Refer to Table 7.

BIT MANIPULATION INSTRUCTIONS

The MPU is capable of setting or clearing any bit which
resides in the first 266 bytes of the memory space, where all
port registers, port DDR's, timer, timer control, and on-chip
RAM reside. An additional feature allows the software to
test and branch on the state of any bit within these 256 loca-
tions. The bit set, bit clear and bit test and branch functions
are all implemented with a single instruction. For the test
and branch instructions the value of the bit tested is also
placed in the carry bit of the Condition Code Register. Refer
to Table 8 for instruction cycle timing.

CONTROL INSTRUCTIONS

These instructions are register reference instructions and
are used to control processor operation during program ex-
ecution. Refer to Table 9 for instruction cycle timing.

ALPHABETICAL LISTING
The complete instruction set is given in alphabetical order
in Table 11.

OPCODE MAP
Table 10 is an opcode map for the instructions used on
the MCU.

ADDRESSING MODES

The MCU uses ten different addressing modes to give the
programmer an opportunity to optimize the code to all situa-
tions. The various indexed addressing modes make it possi-
ble to locate data tables, code conversion tables and scalling
tables anywhere in the memory space. Short indexed ac-
cesses are single byte instructions, while the longest instruc-
tions (three bytes) permit tables throughout memory. Short

and long absolute addressing is also included. One and two
byte direct addressing instructions access all data bytes in-
most applications. Extended addressing permits jump in-
structions to reach all memory. Table 11 shows the address-
ing modes for each instruction, with the effects each in-
struction has on the Condition Code Register. An opcode
map is shown in Table 10.

The term “Effective Address” (EA) is used in describing
the various addressing modes, which is defined as the byte
address to or from which the argument for an instruction is
fetched or stored. The ten addressing modes of the pro-
cessor are described below. Parentheses are used to indicate
“contents of,” an arrow indicates "'is replaced by’ and a col-
on indicates concatenation of two bytes.

INHERENT

In inherent instructions all the information necessary to
execute the instruction is contained in the opcode. Opera-
tions specifying only the index register or accumulator, and
no other arguments, are included in this mode.

IMMEDIATE

In immediate addressing, the operand is contained in the
byte immediately following the opcode. Immediate address-
ing is used to access constants which do not change during
program execution (e.g., a constant used to initialize a loop
counter).

EA=PC+1;, PC—PC+2

DIRECT

In the direct addressing mode, the effective address of the
argument is contained in a single byte following the opcode
byte. Direct addressing allows the user to directly address
the lowest 266 bytes in memory with a single two byte in-
struction. This includes all on-chip RAM and 1/0 registers
and 128 bytes of on-chip ROM. Direct addressing is efficient
in both memory and time.

EA=(PC+1); PC—~PC+2
Address Bus High—0; Address Bus Low—(PC+ 1)

EXTENDED

In the extended addressing mode, the effective address of
the argument is contained in the two bytes following the op-
code. Instructions with extended addressing modes are
capable of referencing arguments anywhere in memory with
a single three byte instruction.

EA=(PC+1):(PC+2); PC—PC+3
Address Bus High—(PC+1); Address Bus Low—(PC+2)

INDEXED, NO-OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first 266
memory locations. These instructions are only one byte long
and therefore are more efficient. This mode is used to move
a pointer through a table or to address a frequency refer-
enced RAM or I/0 location.

EA=X; PC—PC+1
Address Bus High—0; Address Bus Low X




TABLES - Addressing Modes
REGISTER/MEMORY INSTRUCTIONS \mmediate Direct Extonded Indexed Indexed Indexed
(No Offset) (8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # * Op # # Op # *
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 Cc7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and ADC

Carry to A A9 2 2 B9 2 3 co 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory SuB A0 2 2 BO 2 3 Cco 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract Memory from .

A with Borrow SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B4 2 3 Cca 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR Memoy | gor A8 | 2 2 | 88| 2 3 | e8| 3 o | | 1 3 | e | 2 4 | o8 | 3 5
Arithmetic Compare A | cyip | A1 | 2 2 | 81| 2 3 ol 3 4 | R 1 3 | & 2 4 | o1 | 3 5

with Memory
A omP® X | cpx A3 | 2 2 B3 | 2 3 | c3| s 4 F3 1 3 B | 2 4 | o3| 3| s
Bit Test Memory with

A (Logical Compare) BIT Ab 2 2 B5 2 3 C5 3 4 F5 1 3 ES 2 4 D5 3 5
Jump Unconditional JMP -, - - BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4

| Jump to Subroutine JSR — | — — BD 2 5 CD 3 6 FD 1 5 ED 2 6 DD 3 7
TABLE 6 - "
Addressing Modes
READ/MODIFY/WRITE INSTRUCTIONS o
inherent (A) Inherent (X) Direct Indexed Indexed
nheren eren rec {No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4A 1 3 b5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate B
(2's Complement) NEG 40 1 3 50 1 3 30 2 5 70 i 5 60 2 6
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6
R"éi‘r‘fymgh‘ Thru ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative ST 4D 1 3 |80 1 3 | 3 2 4 ) 1 4 |60 | 2 5
___or Zero
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TABLE 10 - INSTRUCTION SET OPCODE MAP

Bit ipulation | Branch Read/Modify/Write Control Register/ Memory
B R| Qi‘ﬂ INH ] X1 X INH INH IMM DIR EXT 1X2 1X1 1X
] 0 4 7 8 9 A B C D E Hi
Low 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 111 Low
] T ] 3 3 5 3
0 BRSETO BSETO BRA NEG NEG NEG NEG NEG RTI SuB SuB SuB SuB SuB suB 0
0000 3 BIB |2 4&3%__2____!1515_ IR { 1 INH | 1 INH X1 X {1 |Nr61 2 IMr\g Dlg 3 EXT |3 lxg X111 1X. Q000 |
5
1 BRCLRO BCLRO BRN RTS CmP CMP CMP CMP CMP CMP 1
0001 3 Btg 2 J_R% 1 INH 2 IMM | 2 DR |3 EXI 3 X2 X1l n; 0001
2 BRSET1 BSET1 BHI SBC SBC SBC sBC SBC S8C 2
0010 3 BTg 2 B_S_g__z_ﬁﬂs 3 5 3 ; 2 IM?\g 2 DIR | 3 EXT |3 |xg X1l X 0010
3 BRCLR1 BCLR1 BLS COM COMA COMX oM COM SwWi CPX CPX CPX CPX CPX CPX 3
Qo011 T < 2 REGL | 2 IR | 1 INH] 1 iNI; lXé I)é 1 INH 2 IMM | 2 DR |3 EXT | 3 1X2 X111 |)§ 0011
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 BYg 2 B_S%_ Rl L 2 DIR | 1 INH | 1 INH | 2 X1 X 2 thg 2 DIF; 3 EXT | 3 ()(‘z> I)(l 1 1X 0100
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0101 3 BTa 2 B_S_% R b 5 3 3 3 5 2 IMM | 2 DR | 3 EXT | 3 1X2 X111 Ié 0101
6 BRSETBJ BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
Q110 3 BTg 2 a_s_g__z_n_aa__ B 1 INr; 1 IN0-3| 2 |><é ')é - 2 MM | 2 Dlﬁ 3 EXT| 3 1X2 X101 |§ 0110
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BTg 2 B_S_g__z___ﬁ_ﬂé 2 Dlg 1 INH | 1 INQ; 2 I)(‘l5 I)E(’ INP-Z| 5 2 Dlg 3 EXT |3 X2 le 1 I)é o
8 BRSET4 BSET4 BHCC LSsL LSLA LSLX LSL LSL cLC EOR EOR EOR EOR EOR EOR
1000 3 BT% 2 % _L__RE%_ 2 Dlg 1 INP; 1 INI; 2 IXé l)é INl; 2 IMNZ\ 2 DR | 3 EXT | 3 IXg X141 X 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTg 2 E§% 2 Bﬁ{g_ 2 DII; 1 INP; 1 INU; 2 Ixé |)E(> INH | 2 Ith 2 DIR |3 EXT| 3 1X2 IX1 1 I):({ 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
1010 3 Bl’g 2 ‘p_ag__z__k% 2 DIR | 1 INH | 1 INH | 2 X1 IX |m; 2 IMM | 2 DIR |3 EXT| 3 X2 |x1 1 :); 1010
B BRCLRS | BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
1011 3 81’% 2 BSC Ri L = 3 3 5 5 \Nl; 2 MM | 2 DR |3 EX; 3 1X2 IX; 1 l); 1011
[4 BRSET6 | BSET6 BMC INC INCA INCX INC INC RSP JMP JIMP JMP JMP JMP
1100 3 BT% 2 S| 2 REL | 2 [)IR4 1 INI; 1 \Nr; 2 IXE‘. I); IN*; - 2 DIR |3 EXT| 3 1X2 I)(é 1 I)é 1100
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1o 3 BT% 2 B_S_g_ Rl L R |1 INH] 1 INH | 2 X1 X 5 INH | 2 FlEIi 2 UII?i 3 EXT| 3 1x§ I)(} 1 I); 1101
E BRSET7 BSET? BIL STOP LDX LDX LDX LDX LDX LDX E
1 3 BB {2 2 REL 1 INH 2 MM | 2 DIR | 3 EXT| 3 1X IX1 |1 1X 1110
5 5 3 5 3 3 5 5 7 7 5 6 5
F BRCLR7 | BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
11 3 BTB | 2 BSC | 2 REL | 2 DIR | 1 INH | 1 INH | 2 1X1 IX 1 INH INH 2 DIR | 3 EXT| 3 1X2 X1 X mn
Abbreviations for Address Modes LEGEND
INH Inherent Opcode in Hex i
adecimal
IMM  Immediate F =
DIR Direct m
EXT Extended 3 -
! . Opcode in Bi
REL Relative Mnemonic ———— SUB 0 P Binary
BSC Bit Set/Clear Bytes ————»¢ 1 IX 0000 <€
BTB Bit Test and Branch /
IX Indexed (No Offset) Cycles Address Mode
1X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset
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CDP6805 FAMILY

CDP68HC05C4 | CDP68HC05D2 | CDP6805E2 | CDP680SE3 | CDP6805F2 | CDP6805G2
Technology CMOS CMOS CMOS CMOS CMOS CMOS
Number of Pins 40 40 40 40 28 40
On Chip RAM (Bytes) 176 96 112 112 64 112
On-Chip User ROM (Bytes) 4K 2K None None 1K 2K
External Bus None None Yes Yes None None
Bidirectional I/0 Lines 28 28 16 13 16 32
Undirectional I/0 Lines 3 3 None None 4 Inputs None
Other I/O Features Timer, SPI, Timer, SPI Timer Timer Timer Timer
SCI

External Interrupt Inputs 1 1 1 1 ' 1 1
STOP and WAIT Yes Yes Yes Yes Yes Yes
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DATA CARDS
The data cards contain the hexadecimal data to be programmed into the ROM device.
Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes.
Column No. Data Column No. Data
1-4 Punch the starting address 26-27 2 hex digits of 9th WORD
in hexadecimal for the 28-29 2 hex digits of 10th WORD
following data.” 30 Blank
5 Blank 31-32 2 hex digits of 11th WORD
6-7 2 hex digits of 1st WORD 33-34 2 hex digits of 12th WORD
8-9 2 hex digits of 2nd WORD 35 Blank
10 Blank 36-37 2 hex digits of 13th WORD
11-12 2 hex digits of 3rd WORD 38-39 2 hex digits of 14th WORD
13-14 2 hex digits of 4th WORD 40 Blank
15 Blank 41-42 2 hex digits of 15th WORD
16-17 2 hex digits of 5th WORD 43-44 2 hex digits of 16th WORD
18-19 2 hex digits of 6th WORD 45 Semicolon, blank if last card
20 Blank
21-22 2 hex digits of 7th WORD 46-78 Blank
23-24 2 hex digits of 8th WORD 79-80 Punch 2 decimal digits
25 Blank as in title card

*The address block must start at 0080 and run through 08AF. Column 4 must be zero. One additional card starting at 1FFO0 is required to
specify vectors. Note that as the sample program card shows, the 1FF0 card must contain 16 data words. Zeros are used to fill unused
locations 1FFO — 1FFS.

To minimize power consumption, all unused ROM locations should contain zeros.

OPTION DATA CARD

1234567 8910111213 14151617 18 1920 21 22 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46 47 48 49 50 5152 53 54 5556 57 58 59 60 6162 63 64 65 66 67 68 69 70 71727374 7576 77 78 79 80|

u rlcia| Ts[s[o] [s[mv]L] qlala[alq] |o|s|c|2 s ol
blpiriolM fclolrle(8|0|5 |6 [2 P|P|N| ol
DAl [Florlm|Alr| [He o|s o1
ooed 191123 KS|e|7| |8l7[Al8 P Fle|ojc| |B|a|q|8] [7]e|s|4] tef; 4L
elolale] 2o |!] [2]2]3]3] |4]4|s]s| lele|7]|7| |8|8]a|a] |Alalels| le|c|olo] [elelr|e]; OBTAIN FROM o[t
- RCA SALES H
8AlA [FIElDC| |BIA|2|8| |7]elBl4] |3|2|! Fle|pjc Bla(qi8| |7]e|s|4| |3|2|1 |85 D1
1[FlFle| elololg [o|o|9) o8|0(2| |g|8[plc| [8]8lE|@| |ol8|e4| |9|8|ElB| [2l6[8]® ]
e L e e ||
TIMER INTERRUPT FROM | TIMER INTERRUPT EXTERNAL | | |SWI | [ JRESET DECK NUMBER
WAIT STATE ONLY INTERRUPT (OPTIONAL) T |

123456 78091011121314151617 18 1920 2122 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46 47 48 49 50 5152 53 54 5556 57 5859 60 6162 63 64 65 66 67 68 6970 7172 7374 7576 77 78 79 80|
92CL-35135
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RCA CMOS Peripherals
Can be used with CMOS and NMOS Processors

MICROPROCESSOR BUS
MULTIPLEXED NON-MULTIPLEXED
MOTEL BUS
RCA  |MOTOROLA| INTEL NSC800 Z80 6500
8048 8051
RCA DESCRIPTION 80C4880C51 INPUT | FANOUT:
1/0 TYPE AND 8049 8085 LEVELS (TTL
FUNCTION 1802A 80C49 80C85 6502 LOADS)
1804A 6805 8088 NSC800 Z80 65C02
1/0 PORTS
CDP1851 PROGRAMMABLE 1/0 PORT YES NOTE 1 NOTE 1 NOTE 1 YES YES CMOS 1
CDP1852 BYTE-WIDE I/0 PORT YES YES YES YES YES YES CMOSs 1
CDP1872 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3
CDP1874 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3
CDP1875 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3
CDP6823 PARALLEL INTERFACE NO YES YES YES NO NO CMOs 1
(MOTEL BUS)
MEMORY
1/0 DECODERS
CDP1853 N-BIT 1 OF 8 DECODER YES YES YES YES YES YES CMOS 1
CDP1858 4-BIT LATCH/DECODER YES YES YES YES YES YES CMOs 1
CDP1859 4-BIT LATCH/DECODER YES YES YES YES YES YES CMOS 1
CDP1866 4-BIT LATCH/DECODER YES YES YES YES YES YES CMOS 1
CDP1867 4-BIT LATCH/DECODER YES YES YES YES YES YES CMOs 1
CDP1868 4-BIT LATCH/DECODER YES YES YES YES YES YES CMOS 1
CDP1873 1 OF 8 BINARY DECODER YES YES YES YES YES YES CMOS 3
CDP1881 6-BIT LATCH/DECODER YES YES YES YES YES YES CMOs 1
CDP1882 6-BIT LATCH/DECODER YES YES YES YES YES YES CMOS 1
CDP1883 7-BIT LATCH/DECODER YES YES YES YES YES YES CMOS 1
SERIAL I/0 :
CDP1854A UART YES YES YES YES YES YES | CMOS 1
CDP6402 UART YES YES YES YES YES YES CMOS 1
CDP85C51 UART (WITH BAUD RATE GEN.) YES USE 6853 | USE 6853 | USE 6853 YES YES TTL 1
CDP6853 UART (MOTEL BUS), WITH USE 65C51 YES YES YES USE 65C51| USE 65C51 TTL 1
BAUD RATE GEN.
MULTIPLY/
DIVIDE
CDP1855 8-BIT PROGRAMMABLE MDU YES NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 CMOS 1
BUFFERS
CDP1856 4-BIT BUS BUFFER SEPARATOR YES YES YES YES YES YES CMOS 1
CDP1857 4-BIT BUS BUFFER SEPARATOR YES YES YES YES YES YES CMOS 1
VIDEO
CONTROL
CDP1869 VIDEO INTERFACE SYSTEM (VIS) YES NO NO NO NO NO CMOS
CDP1870 VIDEO INTERFACE SYSTEM (VIS) YES NO NO NO NO NO CMOS
CDP1876 VIDEO INTERFACE SYSTEM (VIS) YES NO NO NO NO NO CMOS
KEYBOARD
INTERFACE
CDP1871A KEYBOARD ENCODER YES YES YES YES YES YES CMOS
TIMER
FUNCTIONS
CDP1863 8-BIT PROG. FREQ. GEN. YES YES YES YES YES YES CMOS | 1
CDP1878 DUAL COUNTER-TIMER YES USE 6848 | USE 6848 | USE 6848 YES YES CMOS | 1
CDP1879 REAL TIME CLOCK YES USE 6818 | USE 6818 | USE 6818 YES YES CMOS 1
CDPeé818 REAL TIME CLOCK/RAM NOTE 1 YES YES YES NOTE 1 NOTE 1 CMOS 1
(MOTEL BUS)
CDP6848 DUAL COUNTER-TIMER USE 1878 YES YES YES USE 1878 | USE 1878 | CMOS 1
CDP68HCE8T1 | SERIAL REAL-TIME CLOCK/RAM YES YES YES YES YES YES CMOS 1
A/D
CONVERTER SERIAL 8-CHANNEL
CDP68HC68A1 | A/D CONVERTER YES YES YES YES YES YES CMOS 1
INTERRUPT
CONTROL
CDP1877 PROGRAMMABLE YES NO NO NO NO NO CMOS 1
INTERRUPT CONTROLLER (PIC)

NOTES: 1. Yes but requires additional “glue parts”. 2.1 TTL load, |.E. < 0.4V at 1.6mA.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp)
(Voltage referenced to Vgg Terminal)

[0 3 -0.5to +11V

(0] o 1 2 -05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS . -0.5to Vpp t0.5V
DC INPUT CURRENT, ANY ONE INPUT L ..ottt ittt et ettt iy 10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For TA =-401t0 +60°C (PACKAGE TYPE E) ... ittt it i et e e 500 mW

For Ta = +60 t0 +85°C (PACKAGE TYPEE) ...t iiiiiii s Derate Lineary at 12 mW/°C to 200 mW

ForTA =-5510100°C (PACKAGE TYPE D) .o \uittinttit ittt ettt e e e e s 500 mW

ForTA =+100t0 +125°C (PACKAGE TYPE D) ..ottt i Derate Lineary at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPE) ......vvvniriiriiniinitiitei i, 40 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D, H oottt ittt e -55 to +125°C

PACKAGE TYPE E oottt ettt ettt ittt e e s -40 to +85°C
STORAGE TEMPERATURE RANGE (Tgtg) .+« +« v ettt ettt et ittt -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32 inch (1.59 £ 0.79 mm) from case for 10 S MaX. ...t vutiiiit ittt it +265°C

OPERATING CONDITIONS at TA = Full Package-Temperature Range. For maximum reliability, operating conditions should
be selected so that operation Is always within the following ranges:

LIMITS
CHARACTERISTIC CDP1851 CDP1851C UNITS
MIN. MAX. MIN. MAX.
DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss VpbD Vss VDD
A0
le——>
DATA A
BUS “_Alz’
DATA —>
BUS A3
BUFFER SECTION A4
A5
A . A6
—— < A7 ;
READY
1 ‘lsmoae'l
CLOCK
s — MODE
Ra0?| ADDRESS E CONTROL
RAI DECODE STATUS
wriio AND REGISTERS
YRR READ/
s % loaic
B
CLEAR > ]
l I
Ly Bl
L PR TIg
4_—A INT INTERRUPT SECTION « B: ;
8 T MASKING B >
— AND [
Logic |, 87 >
PETIT
(STROBE,

92CM-34326R!

Fig. 1 - Functional diagram for CDP1851 and CDP1851C.
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FUNCTIONAL DESCRIPTION (Cont'd)

Output Mode

A peripheral STROBE pulse sent to the PIO generates an
interrupt to signal the CPU that the peripheral device is
ready for data. The CPU executes the proper output or store
instruction. Data are than read from memory and placed on
the bus. The data are latched into the port buffer at the end
of the window when RE/WE = 0 and WR/RE = 1. The RDY
line is also set at this time, indicating to the peripheral that
thereis datain the port buffer. The INT line is deactivated at
the beginning of the window. After the peripheral reads
valid port data, it can send another STROBE pulse, clearing
the RDY line and activating the INT line as in the input
mode.

Bidirectional Mode

This mode programs port A to function as both an input and
output port. The bidirectional feature allows the peripheral
to control port direction by using both sets of handshake
signals. The port A handshaking pins are used to control
input data from peripheral to PIO, while the port B
handshaking pins are used to control output data from PIO
to peripheral. Data are transferred in the same manner as
the input and output modes. Since A INT is used for both

input and output, the status register must be read to

determine what condition caused A INT to be activated (see
Table V).

Bit—Programmable Mode

This mode allows individual bits of port A or port B to be
programmed as inputs or outputs. To output data to bits
programmed as outputs, the CPU loads a data byte into the
8 bit port asin the output mode (no handshaking). Only bits
programmed for outputs latch this data. Data must be stable
when reading from bits programmed as inputs, since the
input bits do not latch. When the CDP1851 inputs data to the
CPU the CPU also reads the output bits latched during the
last output cycle. The RDY and STROBE lines may be used
for 1/0 by using the STROBE/RDY I/0 control byte in table
Il. An additional feature available in the bit-programmable
mode is the ability to generate interrupts based on
input/output byte combinations. These interrupts can be
programmed to occur on logic conditions (AND, OR,
NAND, and NOR) generated by the eight 1/0 lines of each
port (The STROBE and RDY lines cannot generate
interrupts).

P8 TPB ——» A RDY
MRD WR/RE I——» B ROY
MWR RD/WE l&—— A STROBE
TPA CLOCK l¢——— B STROBE
AO RAO
. RAI PORT AQ —AT
A2 ;
CDPI80OO A3 rfg.o‘
FAMILY vy .
we coPlasl N poerpo-g7
A5 b—r
J\-y — vV
A7 cs
Vop
10 kQ
I BINT
INT AINT
BUS 0-7 BUS 0-7
BUS 0—7
L___{trB —— A ROY
WR/RE ——> B RDY
RD/WE [&——— A STROBE
ADDRESS REGISTER S;gCK [¢——— B STROBE
ADDRESS SELECTS RAI
PORT AO —A7
8001 NO. | CONTROL/ cs of 0
STATUS REG =
AINT
8002 NO. | PORT A T
_ > PORT BO-B7
8003 NO.| PORT B
NO. 2 CONTROL/ PIO
8004 NO. 2
TAT .
STATUS Re6 COPISSI
8008 NO. 2 PORT A
800C NO. 2 PORT B
92CM-31924

Fig. 2 - Memory space 1/0. This configuration allows up to four CDP1851s to occupy
memory space 8XXX with no additional hardware (A4 - A5 and A6 - A7 are used as
RAO and RAT1 on the third and fourth PIO'’s).
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TABLE | [RA1=0, RA0=1]
MODE SET * 7 6 5 4 3 2 1 0
Input 0 0 X Set B Set A X 1 1
Output 0 1 X Set B Set A X 1 1
Bit-Programmable 1 1 X Set B Set A X 1 1
Bidirectional 1 0 X X Set A X 1 1
* Modes should be set in order as shown in Table |
If either port is set for bit-programmable mode, the two following control bytes should immediately follow:
TABLE Il [RA1=0, RA0=1]
. . 7 6 5 4 3 2 1 0
Bit-Programming
1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
STROBE/RDY 1/0 Control& D7 D6 D5 D4 D3 D2 D1 DO
AQutput = 1 Alnput =0
(D0) =0
(D1) 0=PortA, 1=PortB
(D2) 0=Nochange to RDY line function, 1 = Change per bit (D6)
(D3) 0=No change to STROBE line function, 1 = Change per bit (D7)
(D4) RDY line output data (D6 must equal 1 when outputting data)
(D5) STROBE line output data (D7 must equal 1 when outputting data)
(D6) RDY line used as:
Output =1
Input =0
(D7) STROBE line used as:
Output =1
Input =0
If interrupts will be used for either bit-programmed port, the following control bytes should be loaded:
TABLE Il [RA1=0, RA0=1]

INTERRUPT CONTROL 7 6 5 4 3 2 1 0
Logical Conditions and Mask 0 D6 D5 D4 D3 1 0 1
(D3) 0=PortA, 1=PortB
(D4) 0 =No change in mask, 1 = Mask follows (See TABLE llla)

(D5) (D6) 0,0=NAND;1,0=0R;0,1=NOR;1,1=AND
TABLE llla [RA1=0, RA0=1]
INTERRUPT CONTROL 7 6 5 4 3 2 1 0
Mask Register B7 B6 B5 B4 B3 B2 B1 BO
(It D4 = 1) Mask Mask Mask Mask Mask Mask Mask Mask

It Bn Mask = 1 then mask Bit (forn = 0to 7)
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FUNCTION PIN DEFINITION (Cont'd)

B INT — B INTERRUPT (Output):

A low-level voltage at this output indicates the presence of
one of the interrupt conditions listed in Table Ill. This
outputis alsoan open-drain NMOS device and must be tied
to a pullup resistor.

B RDY — B READY (Output):

This output is a handshaking or data bit 1/0 line in the
bit-programmable mode.

B STROBE (Input):

Aninput handshaking line for port Bin the input and output
modes, and for port Awhenitisin the bidirectional mode. It
can be used as a data bit I/0 line in the bit-programmable
mode except when port A is not programmed as
bidirectional.

B0O—BT:
Data input or output lines for port B.

Vss:
Ground

A0O—AT:
Data input or output lines for port A.
A STROBE (Input):

An input handshaking line for port A in the input, output,
and bidirectional modes. It can also be used as a data bit I/0
line when port A is in the bit-programmable mode.

A RDY — A READY (Output):
A output handshaking line or data bit 1/0 line.
TPB (Input):

A positive input pulse used as a data load, set, or reset
strobe.

WR/RE — WRITE/READ ENABLE (Input):

A positive input used to write data from the CDP1851 to the
CPU bus.

RD/WE — READ/WRITE ENABLE (Input):

A positive input used to read data from the CPU bus to the
CDP1851 bus.

Vpp:
Positive supply voltage.

Ho RAO A RDY
Ni RAI F——>»EBRDY
N2 cs l——— A STROBE
TPA CLOCK ¢——B STROBE
1RD RD/WE
— N
TPE $WR/RE >PORT AQ-AT
L|ree
1851
CDP1802 CoPI8 :j>PoRT BO-E7
Voo
10 kQ m
T [ AINT
8US 0-7 BUS 0-7
BUS 0-7
RAO ———» A RDY
RAI ——B RDY
cs [e——— A sTROBE
CLOCK {&—— B STROBE
RD/WE

DPCRT AO-A7
> “ORT BO-B7

| WR/RE
L P8

CDPI85I

L

92CM-3i925

Fig. 3 - 1/0 space /0.




300 CMOS Microprocessors, Memories and Peripherals

CDP1851, CDP1851C

1kQ
NPUT 50% 50%
AINT T Oa SIGNAL !
50 pF 1
x T | | 1 i
= | 0% | 50%
s . i I 3
BINT L Os AB | | eINT | |
50 pF il = twinT e toTiNT
CDPIB5! I
= 92¢s-31927

Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms.
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toisT = = tysTpI

DATA-IN j X
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CLOCK=(TPA) I l
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WR/RE=(MRD) | | I
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i
|
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|
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i
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i '
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paTA BUS ——o X

92CM-31928

Fig. 5 - Input mode timing waveforms.
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] L

WR/RE = (WRD) | _|

i
WINT === ISTINT —=
RDY ! I | |
| ! t [
| | STROY == |
| :
STROBE R
| PRV i |
: —twree !
==t —tyeL : : wsT
CLOCK = (TPA) | |
) | I
'Hcscu——j - |
| I
cs ; y |
=i fescL ~— ! !
! ! !
DATA- OUT | B )’( VALID DATA OUT
b t ! !
= twreL -
\
I
|
I
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|
i
i

|
!
I
|
MEMORY SPACE
|
RD/WE = (MWR) T
|
| tww ¥
WR/RE = (TPB) i | |
1/0 SPACE | :
. — == tRweL~— I
RD/WE = (MRD) | | !

I‘"AW"‘ == thaw =
J

{ v .
VALID PORT ADDR
RAI/RAO X ST, ADOR

]
—tow — = ~'how

=
{ {
DATA BUS ———Q VALID DATA X

* WRITE IS THE OVERLAP OF WR/RE =1 AND RD/WE =0

92CM- 31920

Fig. 6 - Output mode timing waveforms.
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A CLEAR control is provided for resetting
the port’s register (D00-DO7 = 0) and ser-
vice request flip-flop (input mode: SR/
SR=1 and output mode: SR/SR=0).

The CDP1852 is functionally identical to
the CDP1852C. The CDP1852 has arecom-
mended operating voltage range of 4to 10.5
volts, and the CDP1852C has a recom-

CMOS Microprocessors, Memories and Peripherals

mended operating voltage range of 4 to 6.5
volts.

The CDP1852 and CDP1852C are supplied
in 24-lead, hermetic, dual-in-line ceramic
packages (D suffix), in 24-lead dual-in-line
plastic packages (E suffix). The CDP1852C
is also available in chip form (H suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo)
(Voltage referenced to Vss Terminal

[0 = - -05to+11V
[0 o - 1 -05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS .. .ot -0.5to Vop +0.5V
DC INPUT CURRENT, ANY ONE INPUT ..ottt ireiaenes +10 mA
POWER DISSIPATION PER PACKAGE (Pp):
For Ta=-401t0+60°C (PACKAGE TYPEE) .....ovviiiiiiiiiiiiiiiiiiiiiiiinin e 500 mW
For Ta = +60 to +85°C (PACKAGE TYPEE)............ Derate Linearly at 12 mW/°C to 200 mW
For Ta=-551t0+100°C (PACKAGE TYPE D) ...iviiuiiriiii i 500 mW

For Ta = +100 to + 125°C (PACKAGE TYPE D)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPES D, H

PACKAGE TYPE E ....oviviiiieieiiiininnns.
STORAGE TEMPERATURE RANGE (Tatg) «..v.....

LEAD TEMPERATURE (DURING SOLDERING):

................................ -65to+150°C

-55to+125°C
.—40 to +85°C

At distance 1/16 = 1/32 inch (1.59 £ 0.79 mm) from case for 10 s max.........c..ovvevuens +265°C

RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range.
For maximum reliability, operating conditions should be selected so that operation is always

within the following ranges:

LIMITS
CHARACTERISTIC CDP1852 CDP1852C UNITS

Min. Max. Min. Max.
DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss Voo Vss Voo

c51/C51* Loy bEvice 1235 5r/sR"
SELECT [——#{ CONTROL
csz 34| OECOE

8-8IT

ool
Do2

o3 DATA X outhuT ot
v
pIa REGISTER ORIVERS [ 7> 004
DIS oos
o6 B> 008
o7 s 007
* POLARITY DEPENDS ON MODE
MODE 0| MODE |
PI| csi | €S
P23 3R SR 92CS- 27574R|

Fig. 2 - Block diagram of CDP1852.




CMOS Microprocessors, Memories and Peripherals

306
CDP1852, CDP1852C
STATIC ELECTRICAL CHARACTERISTICS at To = —40 to +85°C (Cont'd)
CONDITIONS LIMITS
CHARACTERISTIC | Vo | Vin | Voo CDP1852 CDP1852C UNITS
(V) [ (V) | (V) | Min. | Typ.* |Max.|Min.| Typ.* | Max.
Input Current, — 05| 5 — — +1 | — —_ *1
Iin — (0,10} 10 ~— —_ +2 | — —_ -
3-State Output
Leakage Current, | 05 [ 05| 5 — — | 21| — —_ +1 UA
lout 0,10 (0,10 10 — - | 2| — — —
Operating — |05} 5 — 130 {300 — [ 150 | 300
Current, lpp1t — |0,10] 10 — 550 | 800 | — — —
Input
Capacitance, Cin — - | — — 5 75| — 5 7.5 pF
Output
Capacitance, Cour - — | — — 5 75| — — —

*Typical values are for Ta = 25°C and nominal Vopp.

tlow = low = 1 pA.

$Operating current is measured at 2 MHz in an CDP1802 system with open outputs and a

program of 6N55, BNAA, 6N55, 6NAA, ------ X

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vpp = £ 5%,
t, t = 20 ns, Viu = 0.7 Voo, Vi = 0.3 Vop, CL = 100 pF, and 1 TTL Load

CHARACTERISTIC Voo LIMITS UNITS
(V) | Min. | Typ* | Max.
MODE 0 — Input Port (Fig. 4)
Minimum Select Pulse Width, tsw 5 — 180 360
10 — 90 180
Minimum Write Pulse Width, tww 5 —_ 90 180
10 — 45 90
Minimum Clear Pulse Width, tcr 5 — 80 160
10 — 40 80
Minimum Data Setup Time, tos 5 — -10 0
10 — -5 0
Mininum Data Hold Time, ton 5 _ 75 150
10 — 35 75 ns
Data Out Hold Time, toonT 5 30 185 370
10 15 100 200
Propagation Delay Times, tein, tewL: 5 30 185 370
Select to Data Outt, tspo 10 15 100 200
Clear to SR, Tasr 5 — 170 340
10 — 85 170
Clock to SR, tcsr 5 _— 110 220
10 — 55 110
Select to SR, tssn 5 — 120 240
10 — 60 120

+Minimum value is measured from CS2, maximum value is measured from CS1/CS1
*Typical values are for Ta = 25° C and nominal Vpp.

INPUT PORT MODE 0 — TYPICAL OPERATION

General Operation

When the mode control is tied to VSS, the
CDP1852 becomes an input port. In this
mode, the peripheral device places data
into the CDP1852 with a strobe pulse and
the CDP1852 signals the microprocessor
that data is ready to be transferred on the

strobe's trailing edge via the SR output line.
The CDP1802 then issues an input instruc-
tion that enables the CDP1852 to place the
information from the peripheral device on
the data bus to be entered into a memory
location and the accumulator of the
microprocessor.
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DYNAMIC ELECTRICAL CHARACTERISTICS at To = —40 to +85°C, Vop = 5%,
t, tr =20 ns, Viu = 0.7 Vpp, Vie = 0.3 Vpp, CL = 100 pF, and 1 TTL Load

CMOS Microprocessors, Memories and Peripherals

CHARACTERISTIC Voo LIMITS UNITS
v) | Mmin. | Typ* | Max.
MODE 1 — Output Port (Fig. 6)
Minimum Clock Pulse Width, tcuk 5 — 130 260
10 — 65 130
Minimum Write Pulse Width, tww 5 — 130 260
10 — 65 130
Minimum Clear Pulse Width, tcir 5 —_ 60 120
10 — 30 60
Minimum Data Setup Time, tos 5 — -10 0
10 — -5 0
Minimum Data Hold Time, ton 5 - 75 150
10 — 35 75 ns
Minimum Select-after-Clock 5 — -10 0
Hold Time, tsu 10 — -5 0
Propagation Delay Times, tpLn, teHe: 5 — 140 280
Clear to Data Out, troo 10 — 70 140
Write to Data Out, twpo 5 — 220 440
10 — 110 220
Data In to Data Out, tooo 5 — 100 200
10 — 50 100
Clear to SR, trsr 5 bt 120 240
10 — 60 120
Clock to SR, tcsr 5 o 120 240
10 — 60 120
Select to SR, tssa 5 — 120 240
10 — 60 120

*Typical values are for Ta = 25° C and nominal Vpp.

OUTPUT PORT MODE 1 — TYPICAL OPERATION

General Operation

Connecting the mode control to Vpp config-
ures the CDP1852 as an output port. The
output drivers are always on in this mode,
s0 any data in the 8-bit register will be pres-
ent at the data-out lines when the CDP1852
is selected. The N line and MRD connec-
tions between the CDP1852 and CDP1802
remain the same as in the input mode con-
figuration, but now the clock input of the
CDP1852 is tied to the TPB output of the

CDP1802 and the SR output of the
CDP1852 will be used to signal the periph-
eral device that valid data is present on its
input lines. The microprocessor issues an
output instruction, and data from the mem-
ory is strobed into the CDP1852 with the
TPB pulse. When the CDP1852 is de-
selected, the SR output goes high to signal
the peripheral device.
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—

NI

NO

N

N

N2

N

/

SELECT

65 \

2NN

/

SR

92CM- 31293RI

Fig. 8 - Execution of a “65" output instruction showing momentary selection of input port “D".

Application Information

In a CDP1800 series microprocessor-based
system where MRD ‘is used to distinguish
between INP and OUT instructions, an INP
instruction is assumed to occur at the be-
ginning of every 1/0 cycle because MRD
starts high. Therefore, at the start of an
OUT instruction, which uses the same 3-bit
N code as that used for selection of aninput
port, the input device is selected for a short
time (see Fig. 8). This condition forces SR
low and sets the internal SR latch (see Fig.
3). In a small system with unique N codes

TPA l_! Il M i
e L| M M M
cE M
EN¥# )
ouTPUT

* OUTPUT ENABLED WHEN EN = HIGH
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG.1)

92Cs-29024

Fig. 9 - CDP1853 timing waveforms.

for inputs and outputs, this situation does
not arise. Using the CDP1853 N-bit decoder
or equivalent logic to decode the N lines
after TPA prevents dual selection in larger
systems (see Fig. 9 and Fig. 10).

2 out o

1 OF 8

——ouT |
& out 2

DECODER|__7

3 L ouT 3
N D |12 ouT 4
——OouT 5

——O0uT 6
—2-out 7

92C$-29022

Fig. 10 - CDP1853 functional diagram.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (V
(All voltage values referenced to VSs terminal

[ 3 . P —05t0o+11V
Lo . TP —05t0+7V
INPUT VOLTAGE RANGE, ALLINPUTS ... ...t ii e —0.5t0 Vpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT . ... . i e e e innes £10mA
OPERATING-TEMPERATURE RANGE (Tp): o
CERAMIC PACKAGES (D SUFFIX TYPES) ...ttt iieiiee i ciieaeennnn —55to + 12500
PLASTIC PACKAGES (E SUFFIX TYPES) .................................. —40 to + 85°C
STORAGE TEMPERATURE RANGE (T .................................... —65to+150 C
LEAD TEMPERATURE (DURING SOLDERING) o
At distance 1/16 £1/32 inch (1.5910.79 mm) fromcase for 10smax. ..................... +265 C

STATIC ELECTRICAL CHARACTERISTICS at TA = —40 to +85°C. Except as noted

CONDITIONS LIMITS
CHARACTERISTIC CDP1853 CDP1853C UNITS
Vo VIN VDD t 1
(V) | (V) [(V) [Min. |Typ. |Max. | Min. [Typ. |Max.
Quiescent Device — — 5 |— 1 10| — 5 50 A
Current, I - - 10| — 10| 100| — - B
Output Low Drive
(Sink) Current, 0.4 0,5 5 (1.6 3.2| - 1.6 3.2 — mA
oL 0.5 [0,170{ 10 (2.6 52| - - - -
Output High Drive
(Source Current) 46 | 05 5 [-1.15| 23| — |-1.15] 23| - mA
loH 95 (0,10 10 |-2.6 | -5.2| - - — -
Output Voltage
Low-Level A - 105 5| — 0|01 - 0| 0.1
VoL — 10,10 | 10 | _ o |01 _ _ _
Qutput Voltage v
High Level — 0,5 5| 4.9 5 — | 49 5 -
VoH - 10,70 10| 99| 10 - - - -
Input Low Voltage 0.5,45 — 5 — -1 15| - - 1.5
ViL 19 | — 10 — - 3 - — — v
Input High Voltage 0.5,4.5| — 5| 35 - - |35 | — -
VIH 19 | - 10 7 — -1 - 1= -
Input Leakage Any | 0,5 5 - - 1| - - 1
Current IIN Input {0,170 | 10 - - S - - uA
Operating Current 05 |05 5 —| 560|100 | — 50 100 A
lop1" 010010 0] —|[B0|30| - [ - | - | *
Input Capacitance - - - - 5| 75| — 5 75| pF
Cin
Output Capacitance
c - - - -1 10 15 — 10 15 pF
ouT

1t Typical values are for TA= 25°C and nominal voltage.
Operating current measured in a CDP1802 system at 2MHz with outputs floating.

A |0L= 'OH= 1#A

CMOS Microprocessors, Memories and Peripherals



314 CMOS Microprocessors, Memories and Peripherals
CDP1853, CDP1853C

CDP1800 SERIES

TPA P8 NO Ni N2 TPB_MRD

Voo
CLOCK A CLOCKB CE NO NI N2
CDPI853
0 1 26 7
(X111}
_' ‘l READ VIA
CSi cs2 CSI €S2 | 6F INSTRUCTION
copiss2 | a COPIB52
LOAD VIA OUTPUT INPUT
{pata DATA
67 INSTRUCTION PORT 7 L PORT 7
DATA
AVAILABLE SR 3
MODE TPB jo—d < MODE _|+— STROBE
B
¥ 5 ¥
Vpp L Li =  CLOCK

L L
5 CDPI852 INPUT AND OUTPUT PORTS
. r T

L : !

— READ VIA
cs2 TSI CSl €S2 | 69 INSTRUCTION

LonD Via COPI8S52 S COPI8S2
hteron o (T K] Ko

<*«—SR

AVAILABLE

MODE_7Pe| [e— STROBE
¥
Voo cLock
N—
7 OUTPUT PORTS 7 INPUT PORTS 92CM-29025R1

Fig. 5 — N-bit decoder in a one-level 1/0 system.

NOTE : SYSTEM SHOWN WILL SELECT
UP TO 56 INPUT AND 48 OUTPUT
PORTS. WITH ADDITIONAL DECODING
THE TOTAL NUMBER OF INPUT
AND OUTPUT PORTS CAN BE

CDP IBOOSERIES FURTHER EXPANDED.

NO,Ni,N2 TPA TPB MRD BUS

_—
DATA BUS,
TPA cCcsi
Sopias3 coPigs2
DECODED | s2 INTERCONNECTED
"61" INSTRUCTION AS IN FIGURE 4
EXX1X)
LOCK A
LOCK 8 p
Laice 1/0
No, NI, N2 coPIgs3 N 7 INpuT,
"62-6F" 6 OUTPUT
v INST. PORTS
LOCK A
LOCK B
cE ) 1/0
No, NI, N2 | cories3 7 INPUT,
) ‘62-6F" 6 OUTPUT
4 INST. PORTS
SECTIONS gg-7 .
-
LOCK A
LOCK B
cE N 1/0
No, NI, N2 ~ |coPiesy 7 INPUT,
“> "62-6F" 6 OUTPUT
pov— INST. PORTS

Fig. 6 — Two-level 1/0 using CDP1853 and CDP1852.
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MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)
(Voltage referenced to Vgg Terminal)

[0 o B P —0.5t0 +11V

[0 o BT PPN —0.5to +7V
INPUT VOLTAGE RANGE, ALL INPUTS 4. ittt ittt tetnrtnnensroseneanennssneneeseennsanaens —0.5to Vpp +0.5 V
DC INPUT CURRENT, ANY ONE INPUT Lttt ittt tuerunenneeessnnssassoensonenasonesnstasssnsenseanssaas +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For TA=—4010 +60°C (PACKAGE TYPEE) .. vt vtuuittnrunernneenenneneonneneenennoanesneesnesnneanennnes 500 mW

For TA=+601t0 +85°C (PACKAGE TYPEE) .. .ivivinvnnnnonnnsssostnesessnannaes Derate Linearly at 12 mW/° C to 200 mW

For TA=—551t0 100°C (PACKAGE TYPE D) 4t vtvtueunternsnereeeeessensnssensesssseesnensnnensnnenensnns 500 mW

For TA=+100t0 +125°C (PACKAGE TYPE D) 4t vivtiinnunenensinnennenanenasenns Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR TA=FULL PACKAGE-TEMPERATURE RANGE (Al Package TYPES) . . .t vt v v vt vnenrnsnonnrnsusonensnennnns 100 mwW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGETYPED ........c0vuun S —55to0 +125°C

PACKAGETYPEE .......... et i i e P —40 to +85°C
STORAGE TEMPERATURE RANGE (Tstg) vovenevvinnnn e Se e s i et aesasessrasetsantasaserrntatea —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from case for 10SMAX. .. vvusvnsnnsnnsnrnnes Cieereisiseriaasse.s 1265°C

Mode Input High (Mode = 1)

coPIso2 |
TRANSMITTER SECTION |  INTERFACE RECEIVER,, SECTION
8 | Eo g | 8
S v S8 w2 1,2=Vpp
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Fig. 1 - Mode 1 block diagram (CDP1800-series microprocessor compatible).
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Functional Definitions for CDP1854A Terminals
Mode 1

CDP1800-Series Microprocessor Compatible
SIGNAL: FUNCTION

VpD:

Positive supply voltage

MODE SELECT (MODE):

A high-level voltage at this input selects CDP1800-series
microprocessor Mode operation.

Vss:

Ground

CHIP SELECT 2 (CS2):

A low-level voltage at this inputtogether with CS1and CS3
selects the CDP1854A UART.

RECEIVER BUS (RBUS 7 - RBUS 0):
Receiver parallel data outputs (may be externally connected
to corresponding transmitter bus terminals).

INTERRUPT (INT):
A low-level voltage at this output indicates the presence of
one or more of the interrupt conditions listed in Table I.

FRAMING ERROR (FE):

A high-level voltage at this output indicates that the
received character has no valid stop bit, i.e., the bit
following the parity bit (if programmed) is not a high-level
voltage. This output is updated each time a character is
transferred to the Receiver Holding Register.

PARITY ERROR or OVERRUN ERROR (PE/OE):

A high-level voltage at this output indicates that either the
PE or OE bitin the Status Register has been set (see Status
Register Bit Assignment, Table 1.

REGISTER SELECT (RSEL):

This input is used to choose either the Control/Status
Registers (high input) or the transmitter/receiver data
registei's (low input) according to the truth table in Table 111
RECEIVER CLOCK (RCLOCK):

Clock input with a frequency 16 times the desired receiver
shift rate.

TPB:

A positive input pulse used as a data load or reset strobe.

DATA AVAILABLE (DA):

A low-level voltage at this output indicates that an entire
character has been received and transferred to the Receiver
Holding Register.

SERIAL DATA IN (SDI):

Serial data received on this input line enters the Receiver
Shift Register at a point determined by the character
length. A high-level input voltage must be present when
data is not being received.

CLEAR (CLEAR):

A low-level volitage at this input resets the Interrupt Flip-
Flop, Receiver Holding Register, Control Register, and
Status Register, and sets SERIAL DATA OUT (SDO) high.

TRANSMITTER HOLDING REGISTER EMPTY (THRE):

A low-level voltage at this output indicates that the Trans-
mitter Holding Register has transferred its contents to the
Transmitter Shift Register and may be reloaded with a new
character.

CHIP SELECT 1 (CS1): -
A high-level voltage at this input together with CS2 and CS3
selects the UART.

REQUEST TO SEND (RTS):

This output signal tells the peripheral to get ready to
receive data. CLEAR TO SEND (CTS) is the response from
the peripheral. RTS is set to a low-level voltage when data is
latched in the Transmitter Holding Register or TR is set
high, and is reset high when both the Transmitter Holding
Register and Transmitter Shift Register are empty and TRis
low.

SERIAL DATA OUTPUT (SDO):

The contents of the Transmitter Shift Register (start bit,
data bits, parity bit, and stop bit(s) are serially shifted outon
this output. When no character is being transmitted, a high
level is maintained. Start of transmission is defined as the
transition of the start bit from a high-level to a low-level
output voltage.

TRANSMITTER BUS (T BUSO0-TBUS7):
Transmitter parallel data input. These may be externally
connected to corresponding Receiver bus terminals.

RD/WR:

A low-level voltage at this input gates data from the
transmitter bus to the Transmitter Holding Register or the
Control Register as chosen by register select. A high-level
voltage gates data from the Receiver Holding Register or
the Status Register, as chosen by register select, to the
receiver bus.

CHIP SELECT 3 (CS3):

With high-level voltage at this input together with CS1 and
CS2 selects the UART.

PERIPHERAL STATUS INTERRUPT (PSI):

A high-to-low transition on this input line sets a bit in the
Status Register and causes an INTERRUPT (INT=low).
EXTERNAL STATUS (ES):

A low-level voltage at this input sets a bit in the Status
Register.

CLEAR TO SEND (CTS):

When this input from peripheral is high, transfer of a
character to the Transmitter Shift Register and shifting of
serial data out is inhibited.

TRANSMITTER CLOCK (TCLOCK):

Clock input with a frequency 16 times the desired transmitter
shift rate.
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Description of Mode 1 Operation CDP1800-Series Micro-
processor Compatible (Mode Input=Vpp)

1. Initialization and Controls

In the CDP1800-series microprocessor compatible mode,
the CDP1854A is configured to receive commands and
send status via the microprocessor data bus. The register
connected to the transmitter bus or the receiver bus is
determined by the RD/WR and RSEL inputs as follows:

Table III — Register Selection Summary

RSEL | RD/WR Function

Low Low |[Load Transmitter Holding Register from
Transmitter Bus

Low High |Read Receiver Holding Register from
Receiver Bus

Load Control Register from Transmitter
Bus

High Low

High | High |Read Status Register from Receiver Bus

In this mode the CDP1854A is compatible with a bidirec-
tional bus system. The receiver and transmitter buses are
connected to the bus. CDP1800-series microprocessor |/0
control output signals can be connected directly to the
CDP1854A inputs as shown in Fig. 2. The CLEAR input is
pulsed, resetting the Control, Status, and Receiver Holding
Registers and setting SERIAL DATA OUT (SDO) high. The
Control Register is loaded from the Transmitter Bus in
order to determine the operating configuration for the
UART. Data is transferred from the Transmitter Bus inputs
to the Control Register during TPB when the UART is
selected CS1 - CS2 - CS3=1) and the Control Register is
designated (RSEL=-i, RD/WR=L). The CDP1854A also has
a Status Register which can be read onto the Receiver Bus
(RBUS 0-RBUS 7) in order to determine the status of the
UART. Some of these status bits are also available at
separate terminals as indicated in Table II.

2. Transmitter Operation

Before beginning to transmit, the TRANSMIT REQUEST
(TR) bitin the Control Register (see bit assignment, Table
IV) is set. Loading the Control Register with TR=1 (bit
7=high) inhibits changing the other control bits. Therefore
two loads are required: one to format the UART, the second
to set TR. When TR has been set, a TRANSMITTER
HOLDING REGISTER EMPTY (THRE) interrupt will occur,
signalling the microprocessor that the Transmitter Holding
Register is empty and may be loaded. Setting TR also
causes assertion of alow-level on the REQUEST TO SEND
(RTS) outputtothe peripheral. Itis not necessary toset TR
for proper operation for the UART. If desired, it can be used
to enable THRE interrupts and to generate the RTS signal.
The Transmitter Holding Register is loaded from the bus by
TPB during execution of an output instruction. The
CDP1854A is selected by CS1 - CS2 - CS3=1, and the
Holding Register is selected by RSEL=L and RD/WR=L.
When the A END (CTS) input, which can be
connected to a peripheral device output, goes low, the
Transmitter Shift Register will be loaded from the Trans-
mitter Holding Register and data transmission will begin. If
CTS is always low, the Transmitter Shift Register will be
loaded on the first high-to-low edge of the clock which
occurs at least 1/2 clock period after the trailing edge of
TPB and transmission of a start bit will'occur 1/2 clock
period later (see Fig. 3). Parity (if programmed) and stop
bit(s) will be transmitted following the last data bit. If the
word length selected is less than 8 bits, the most significant
unused bits in the transmitter shift register will not be
transmitted.

One transmitter clock period after the Transmitter Shift
Register is loaded from the Transmitter Holding Register,
the THRE signal willgolow and aninterrupt will occur (INT
goes low). The next character to be transmitted can then be
loaded into the Transmitter Holding Register for trans-
mission with its start bitimmediately following the last stop
bit of the previous character. This cycle can be repeated
until the last character is transmitted, at which time a final
THRE - TSRE interrupt will occur. This interrupt signals the
microprocessor that TR can be turned off. This is done by
reloading the original control byte in the Control Register
with the TR bit = 0, thus terminating the REQUEST TO
SEND (RTS) signal.

SERIAL DATA OUT (SDO) can be held low by setting the
BREAK bit in the Control Register (see Table V). SDO is
held low until the BREAK bit is reset.

T CLOCK RCLOC
NO RSEL
NI csi
\ —
S8 - RTS
N2 ——o CTS o——
—o——cs3
o H
VDD [— 4
MRD f————————{ RD/WR E
TPB TPB UART |R
cPU NT o COPIB54A  F5le—0p
N INT _ H
— o PSI¢—E
EFy b —0 R
EFy j— -— — — - —{ THRE A
9 & L
p——--FE
EF, - ——« SDI ——
“o— — - PE/OE
SDO ——
BUS (78] T BUS
R BUS
CLEAR CLEAR _MODE

> ]
Voo
92CS-28460R|

Fig. 2 - Recommended CDP1800-series connection,
Mode 1 (non-interrupt driven system).

3. Receiver Operation

The receive operation begins when a startbitis detected at
the SERIAL DATAIN (SDI) input. After detection of the first
high-to-low transition on the SDI line, a valid start bit is
verified by checking for a low-level input 7-1/2 receiver
clock periods later. When a valid start bit has been verified,
the following data bits, parity bit (if programmed) and stop
bit(s) are shifted into the Receiver Shift Register by clock
pulse 7-1/2 in each bit time. The parity bit (if programmed)
is checked and receipt of a valid stop bit is verified. On
count 7-1/2 of the first stop bit, the received data is loaded
into the Receiver Holding Register. If the word length is less
than 8 bits, zeros (low output level) are loaded into the
unused most significant bits. If DATA AVAILABLE (DA)
has not been reset by the time the Receiver Holding
Registeris loaded, the OVERRUN ERROR (OE) status bit is
set. One half clock period later, the PARITY ERROR (PE)
and FRAMING ERROR (FE) status bits become valid for the
character in the Receiver Holding Register. At this time, the
Data Available status bit is also set and the DATA
AVAILABLE (DA) and INTERRUPT (INT) outputs go low,
signalling the microprocessor that a received character is
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp £5%, tr,t{=20 ns, V|4=0.7 VpD, ViL=0.3 Vpp,
CL=100 pF, see Fig. 3.

LIMITS
CHARACTERISTIC Vbbb CDP1854A CDP1854AC UNITS
(V) Typ.T Max.* Typ.t Max.*
Transmitter Timing — Mode 1
5 250 310 250 310
Minimum Clock Period ns
' ¢ | 10 125 | 185 | — -
Minimum Pulse Width: 5 100 125 100 125 ns
Clock Low Level tcL 10 75 100 — —
5 100 125 100 125
Clock High Level t ns
g CH 10 75 100 — —
5 100 150 100 150
TPB t ns
i 10 50 75 — —
Minimum Setup Time: 5 175 225 175 225 ns
TPB to Clock t1C 10 90 150 — —
Propagation Delay Time: 5 300 450 300 450 ns
Clock to Data Start Bit tco 10 150 225 - —
-_— 5 200 300 200 300
TPBto THRE t ns
TTH 10 100 | 150 — —
Clock toTFH_RE t > 200 800 200 800 ns
CTH 10 100 | 150 — —
fTypical values are for TA=25°C and nominal voltages.
*Maximum limits of minimum characteristics are the values above which all devices function.
TRANSMITTER HOLDING * TRANSMITTER SHIFT ¥ *
REGISTER LOADED REGISTER LOADED
T CLOCK el _Jis|_fie] [T _[2] J31 [+
L toy—sl Lo | o e
write! 'rc——‘ = : { T e i o0
(TPB) -—]I : . ' :
I-—TI_: tT'llj i ;._' CTH Il
THRE 1 1 |
T
— =—tco !
——]

soo 1 / IST DATA BIT

% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB.

%% THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE
CLOCK WHICH OCCURS AT LEAST I/2 CLOCK PERIOD +ttc AFTER THE TRAILING EDGE OF TPB, AND
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER.

t WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 = | AND CS3, RD/ WR = O. 92CM-31878

Fig. 3 - Transmitter timing diagram - Mode 1.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp +5%, tr,tt=20 ns, V|4=0.7 Vpp, V|L=0.3 Vpp,
CL=100 pF, see Fig. 5.

LIMITS
CHARACTERISTIC Vbp CDP1854A CDP1854AC UNITS
(V) Typ.t | Max.* | Typ.t | Max.*
CPU Interface — WRITE Timing — Mode 1
Minimum Pulse Width: 5 100 150 100 150
TPB tTT 10 50 75 — — ns
Minimum Setup Time: 5 50 75 50 75
RSEL to Write tRSW 10 25 40 — — ns
. 5 -30 0 -30 0
Data to Write tow 10 15 0 _ _ ns
Minimum Hold Time: 5 50 75 50 75
RSEL after Write tWRS 10 25 40 — — ns
. 5 75 125 75 125
Data after Write twD 10 40 60 _ _ ns

*Typical values are for TaA=25°C and nominal voltages.
*Maximum limit§ of minimum characteristics are the values above which all devices function.

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp 5%, t,t4=20 ns, V|4=0.7 Vpp, ViL=0.3 VpD,
CL=100 pF, see Fig. 6.

LIMITS
CHARACTERISTIC Vbbb CDP1854A CDP1854AC UNITS
V) | min. | Typ.t | Maxr| min.| Typ.t | max
CPU Interface — READ Timing — Mode 1
Minimum Pulse Width: 5 — 100 150 —_ 100 150 ns
TPB tTT 10 — 50 75 — — —
Minimum Setup Time: 5 — 50 75 - 50 75 ns
RSEL to TPB tRST 10 — 25 40 — — —
Minimum Hold Time: 5 —_ 50 75 —_ 50 75 ns
RSEL after TPB tTRS 10 — 25 40 — — —
Read to Data Access Time tRDDA 5 - 200 800 - 200 800 ns
10 — 100 150 — — —
Read to Data Valid Time tRDV > - 200 800 - 200 800 ns
10 — 100 150 — — —
RSEL to Data Valid Time trsov| S I el I R o
10 — 75 125 — — —
Hold Time: 5 50 150 — 50 150 — ns
Data after Read tRDH 10 25 75 — - - —

tTypical values are for Ta=25°C and nominal voltages.
*Maximum limits of minimum characteristics are the values above which all devices function.
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Functional Definitions for CDP1854A Terminals
Standard Mode 0

SIGNAL: FUNCTION

VpD:

Positive supply voltage.

MODE SELECT (MODE):

A low-level voltage at this input selects Standard Mode 0
Operation.

Vss:

Ground.

RECEIVER REGISTER DISCONNECT (RRD):

A high-level voltage applied to this input disconnects the
Receiver Holding Register from the Receiver Bus.

RECEIVER BUS (RBUS 7 - RBUS 0):
Receiver parallel data outputs.

PARITY ERROR (PE):

A high-level voltage at this output indicates that the
received parity does not compare to that programmed by
the EVEN PARITY ENABLE (EPE) control. This output is
updated each time a character is transferred to the Receiver
Holding Register. PE lines from a number of arrays can be
bused together since an output disconnect capability is
provided by the STATUS FLAG DISCONNECT (SFD) line.

FRAMING ERROR (FE):

A high-level voltage at this output indicates that the
received character has no valid stop bit, i.e.,, the bit
following the parity bit (if programmed) is not a high-level
voltage. This output is updated each time a character is
transferred to the Receiver Holding Register. FE lines from
a number of arrays can be bused together since an output
disconnect capability is provided by the STATUS FLAG
DISCONNECT (SFD) line.

OVERRUN ERROR (OE):

A high-level voltage at this output indicates that the DATA
AVAILABLE (DA) flag was not reset before the next
character was transferred to the Receiver Holding Register.
OE lines from a number of arrays can be bused together
since an output disconnect capability is provided by the
STATUS FLAG DISCONNECT (SFD) line.

STATUS FLAG DISCONNECT (SFD):

A high-level voltage applied to this input disables the 3-
state output drivers for PE, FE, OE, DA, and THRE, allowing
these status outputs to be bus connected.

RECEIVER CLOCK (RCLOCK):
Clock input with a frequency 16 times the desired receiver
shift rate.

DATA AVAILABLE RESET (DAR):
A low-level voltage applied to this input resets the DA
flip-flop.

DATA AVAILABLE (DA):

A high-level voltage at this output indicates that an entire
character has been received and transferred to the Receiver
Holding Register.

SERIAL DATA IN (SDI):

Serial data received at this input enters the receiver shift
register at a point determined by the character length. A
high-level voltage must be present when data is not being
received.

MASTER RESET (MR):

A high-level voltage at this input resets the Receiver
Holding Register, Control Register, and Status Register,
and sets the serial data output high.

TRANSMITTER HOLDING REGISTER EMPTY (THRE):

A high-level voltage at this output indicates that the
Transmitter Holding Register has transferred its contents
to the Transmitter Shift Register and may be reloaded with
a new character.

TRANSMITTER HOLDING REGISTER LOAD (THRL):
Alow-level voltage applied to this input enters the character
on the bus into the Transmitter Holding Register. Data is
latched on the trailing edge of this signal.

TRANSMITTER SHIFT REGISTER EMPTY (TSRE):

A high-level voltage at this output indicates that the
Transmitter Shift Register has completed serial transmission
of a full character including stop bit(s). It remains at this
level until the start of transmission of the next character.

SERIAL DATA OUTPUT (SDO):

The contents of the Transmitter Shift Register (start bit,
data bits, parity bit, and stop (bit(s)) are serially shifted out
on this output. When no character is being transmitted, a
high-level is maintained. Start of transmission is defined as
the transition of the start bit from a high-level to a low-level
output voltage.

TRANSMITTER BUS (TBUSO-TBUS7):
Transmitter parallel data inputs.

CONTROL REGISTER LOAD (CRL):

A high-level voltage at this input loads the Control Register
with the control bits (Pl, EPE, SBS, WLS1,WLS2). This line
may be strobed or hardwired to a high-level input voltage.

PARITY INHIBIT (PI):

A high-level voltage at this input inhibits the parity genera-
tion and verification circuits and will clamp the PE output
low. If parity is inhibited the stop bit(s) will immediately
follow the last data bit on transmission.

STOP BIT SELECT (SBS):

Thisinput selects the number of stop bits to be transmitted
after the parity bit. A high-level selects two stop bits, a
low-level selects one stop bit. Selection of two stop bits
with five data bits programmed selects 1.5 stop bits.

P4

T CLOCK R CLOCK
4]

_ sBS
TPA —
wLS!
scl
RRD wLs2

TPB EPE
CDPI800 ::E}—’ THRL
NO

RERR

UART
i CDPI854A
EF3 TSRE
DMAE fe—o<}—— 0a
8us [T8) T BUS SDI Je—
sDO |
R BUS
CLEAR MR MODE
4SS ]
) Vss
92Cs-34506

Fig. 8 - Mode 0 connection diagram.
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WORD LENGTH SELECT 2 (WLS2):

WORD LENGTH SELECT 1 (WLS1):

These two inputs select the character length (exclusive of
parity) as follows:

WLS2 | WLS1 Word Length
Low Low 5 Bits
Low High 6 Bits
High Low 7 Bits
High | High 8 Bits

EVEN PARITY ENABLE (EPE):

A high-level voltage at this input selects even parity to be
generated by the transmitter and checked by the receiver. A
low-level input selects odd parity.

TRANSMITTER CLOCK (TCLOCK):
Clock input with a frequency 16times the desired transmitter
shift rate.

Description of Standard Mode 0 Operation
(Mode Input=Vgg)

1. Initialization and Controls

The MASTER RESET (MR) input is pulsed, resetting the
Control, Status, and Receiver Holding Registers and setting
the SERIAL DATA OUTPUT (SDO) signal high. Timing is
generated from the clock inputs, Transmitter Clock
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency
equal to 16 times the serial data bit rate. When the receiver
data input rate and the transmitter data output rate are the
same, the TCLOCK and RCLOCK inputs may be connected
together. The CONTROL REGISTER LOAD (CRL) input is
pulsed to store the control inputs PARITY INHIBIT (Pl),
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS),
and WORD LENGTH SELECTs (WLS1 and WLS2). These
inputs may be hardwired to the proper voltage levels (Vgs
or Vpp) instead of being dynamically set and CRL may be
hardwired to Vpp. The CDP1854A is then ready for
transmitter and/or receiver operation.

2. Transmitter Operation

For the transmitter timing diagram refer to Fig. 10. At the
beginning of a typical transmitting sequence the Transmitter
Holding Register is empty (THRE is HIGH). A character is
transferred from the transmitter bus to the Transmitter

holding Register by applying a low pulse to the TRANS-
MITTERHOLDING REGISTERLOAD (THRL) input causing
THRE to go low. If the Transmitter Shift Register is empty
(TSRE is HIGH) and the clock is low, on the next high-to-
low transition of the clock the character is loaded into the
Transmitter Shift Register preceded by a start bit. Serial
data transmission begins 1/2 clock period later with a start
bit and 5-8 data bits followed by the parity bit (if pro-
grammed) and stop bit(s). The THRE output signal goes
high 1/2 clock period later on the high-to-low transition of
the clock. When THRE goes high, another character can be
loaded into the Transmitter Holding Register for trans-
mission beginning with a start bitimmediately following the
last stop bit of the previous character. This process is
repeated until all characters have been transmitted. When
transmission is complete, THRE and Transmitter Shift
Register Empty (TSRE) will both be high. The format of
serial data is shown in Fig. 12. Duration of each serial
output data bit is determined by the transmitter clock
frequency (fcLOCK) and will be 16/f CLOCK.

3. Recelver Operation

The receive operation begins when a start bitis detected at
the SERIAL DATA IN (SDI) input. After the detection of a
high-to-low transition on the SDI line, a divide-by-16
counter is enabled and a valid start bit is verified by
checking for a low-level input 7-1/2 receiver clock periods
later. When a valid start bit has been verified, the following
data bits, parity bit (if programmed), and stop bit(s) are
shifted into the Receiver Shift Register at clock pulse 7-1/2
in each bit time. If programmed, the parity bit is checked,
and receipt of a valid stop bit is verified. On count 7-1/2 of
the first stop bit, the received data is loaded into the
Receiver Holding Register. If the word length is less than 8
bits, zeros (low output voltage level) are loaded into the
unused most significant bits. If DATA AVAILABLE (DA)
has not been reset by the time the Receiver Holding
Register is loaded, the OVERRUN ERROR (OE) signal is
raised. One-half clock period later, the PARITY ERROR
(PE) and FRAMING ERROR (FE) signals become valid for
the character in the Receiver Holding Register. The DA
signal is also raised at this time. The 3-state output drivers
for DA, OE, PE and FE are enabled when STATUS FLAG
DISCONNECT (SFD) is low. When RECEIVER REGISTER
DISCONNECT (RRD) goes low, the receiver bus 3-state
output drivers are enabled and data is available at the
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. A?‘plxing a
negative pulse to the DATA AVAILABLE R (DAR)
resets DA. The preceding sequence of operation is repeated
foreach serial character received. A receiver timing diagram
is shown in Fig. 11.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp 5%, tr,t{=20 ns, V|4=0.7 Vpp, V|L=0.3 VpD,
CL=100 pF, see Fig. 11.

LIMITS
CHARACTERISTIC VbD CDP1854A CDP1854AC UNITS
(V) Typ.t Max.* Typ.t Max.*
Receiver Timing — Mode 0
5 250 310 250 310
Minimum Clock Period t ns
cc 10 125 155 — —
Minimum Pulse Width: 5 100 125 100 125
ns
Clock Low Level tcL 10 75 | 100 — —
5 100 125 100 125
Clock High Level t ns
s cH 10 75 100 — —
5 50 75 50 75
DATA AVAILABLE RESET t ns
po 10 25 40 — —
Minimum Setup Time: 5 100 150 100 150 ns
Data Start Bit to Clock toc 10 50 75 _ _
Propagation Delay Time:
DATA AVAILABLE RESET to 5 150 225 150 225 ns
Data Available tDDA 10 75 125 — -
Clock to Data Valid t 5 225 825 225 825 ns
cov 10 110 | 173 — —
. 5 225 325 225 325
Clock to Data Available tcDA ns
10 110 175 —_ -
5 210 300 210 300
Clock to Ove Error ns
verrun 'COE 10 100 150 — —
Clock to Parity Error t y 240 875 240 878 ns
Y CPE 10 120 175 — —
5 200 300 200 300
Clock to Framing Error t ns
g CFE 10 100 | 150 — —

tTypical values are for TA=25°C and nominal voltages.
*Maximum limits of minimum characteristics are the values above which all devices function.
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CE— | 28— Vpp

i R b 8-Bit Programmable

TO/OF. — 4 25— €T . .
w—s v Multiply/Divide Unit
ZL— 6 231—2ZR
cik—]s sl —ause
sTB— 9 20— BUS 5 Features:

ROZWE 10 [ I = Cascadable up to 4 units for 32-bit by 32-bit multiply or 64+ 32 bit divide
RAI—12 17— BuUs 2 = 8-bit by 8-bit multiply or 16 + 8 bit divide in 5.6 us at5 V or 2.8 us at 10 V
RAG—13 16— BUS | = Direct interface to CDP1800 Series microprocessors
Vss —!4 IS|—B8us g m Easy interface to other 8-bit microprocessors

TOP VIEW m Significantly increases throughput of microprocessor used for arithmetic

92CS-29965R2

calculations
TERMINAL ASSIGNMENT

The RCA-CDP1855 and CDP1855C are CMOS 8-bit
multiply/divide units which can be used to greatly increase
the capabilities of 8-bit microprocessors. They perform
multiply and divide operations on unsigned, binary
operators. In general, microprocessors do not contain
multiple or divide instructions and even efficiently coded
multiply or divide subroutines require considerable memory
and execution time. These multiply/divide units directly
interface to the CDP1800 series microprocessors via the
N-lines and can easily be configured to fit in either the
memory or I/O space of other 8-bit microprocessors.

The multiple/divide unitis based on a method of muitiplying

by add and shift right operations and dividing by subtract
and shift left operations. The device is structured to permit
cascading identical units to handle operands up to 32 bits.

The CDP1855 and CDP1855C are functionally identical.
They differ in that the CDP1855 has a recommended
operating voltage range of 4 — 10.5 volts, and the
CDP1855C, a recommended operating voltage range of 4
— 6.5 volts.

The CDP1855 and CDP1855C types are supplied in a 28-
lead hermetic dual-in-line ceramic package (D suffix) and
in a 28-lead dual-in-line plastic package (E suffix). The
CDP1855C is also available in chip form (H suffix).

+V

la——

[e]
-
m
>
B

CLEAR

XTAL
NO

CLK CE

NI

RAO o]

N2

RAI CNO

TPB

RA2 CNI

sTB

MRD
CDP1802

RD/WE

co

YR
ZL

YL CDPI855
CTL

BU

92CM-3433|

Fig. 1 - Circuit configuration for MDU addressed as an I/O device.
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OPERATING CONDITIONS at T = Full Package-Temperature Range. For maximum reliablility, operating conditions should
be selected so that operation is always within the following ranges:

CONDITIONS LIMITS
CHARACTERISTIC VoD CDP1855 CDP1855C UNITS
V) Min. Max. Min. Max.
DC Operating Voltage Range — 4 10.5 4 6.5 v
Input Voltage Range — Vss VpD Vss VDD
Maximum Input Clock 5 3.2 = 32 — MHz
Frequency 10 6.4 — - =
Minimum 8 x 8 Multiply 5 — 5.6 — 5.6 us
(16 +~ 8 Divide) Time 10 _ 2.8 _ —
vy
REGISTER
SELECT
LOGIC
SELECT CONTROL ] |
SELECT Z ] SELECT STATUS
SELECT Y
SELECT X
e
M RESET OUT X"REGISTER 7?]
LOAD g
| I
e i
AT
CgK 6"1
8
SHIFT ADD /
CNI GENERATOR . suaTRAcrj- ——QcrL.
cNg e T kQ.STATUS_ I +—(@co7or
- NuM: s REG
; /— —o
SEQUENCE
vco‘?'?““ Y REGISTER —"“‘@VL
¢ _RESET__our SHIFT .
LOAD RESET R
T — T | lT———EE
Z SEQUENCE 7 REGISTER 8)zL
COUNTER SHIFT _—_—(DZR
—1*_RESET _OuT LOAD RESET _ m
™ :
L=
€
G
1
L 4
£
R
D -
I BUS BUS BUS BUS BUS BUS BUS BUS
7 6 5 4 3 2 1 0O
[BIDICICICI®IC) ;

; I % (ONG] WE "ss_®
TIEAR RD/' VDD 92CL - 31861

Fig. 2 - Block diagram of CDP1855 and CDP1855C.
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OPERATION (Cont'd)

The Z register can simply be reset using bit 2 of the control
word and another divide can be done in order to further
divide the. remainder.

3. Multiply Operation

For a multiply operation the two numbers to be multiplied
are loaded in the X and Z registers. The resultisin the Y and

Z register with Y being the more significant half and Z the
less significant half. The X register will be unchanged after
the operation is completed.

The original contents of the Y register are added to the
product of X and Z. Bit 3 of the control word will reset
register Y to 0 if desired.

FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS

CE - CHIP ENABLE (Input):

Ahigh on this pin enables the CDP1855 MDU to respond to
the select lines. All cascaded MDU's_must be enabled
together. CE also controls the tristate C.0./O.F., output of
the most significant MDU.

CLEAR (Input):

The CDP1855 MDU(s) must be cleared upon power-on with
a low-on this pin. The clear signal resets the sequence
counters, the shift pulse generator, and bits 0 and 1 of the
control register.

CTL — CONTROL (Input):

Thisisaninput pin. All CTL pins must be wired together and
to the Y|_ of the most significant CDP1855 MDU and to the
ZR of the least significant CDP1855 MDU. This signal is
used to indicate whether the registers are to be operated on
or only shifted.

C.0./0.F. — CARRY OUT/OVER FLOW (Output):

This is a tristate output pin. It is the CDP1855 Carry Out
signal and is connected to Cl (CARRY-IN) of the next more
significant CDP1855 MDU, except for on the most significant
MDU. Onthat MDU it is an overflow indicator and is enabled
when chip enables is true. A low on this pin indicates that an
overflow has occured. The overflow signal is latched each
time the control register is loaded, but is only meaningful
after a divide command.

YL, YR — Y-LEFT, Y-RIGHT:

These are tristate bi-directional pins for data transfer
between the Y registers of cascaded CDP1855 MDU's. The
YR pinisanoutputand Y|_is aninputduring a multiply and
the reverse is true at all other times. The Y|_ pin must be
connected to the YR pin of the next more significant MDU.
An exception is that the Y| pin of the most significant
CDP1855 MDU must be connected to the ZR pin of the least
significant MDU and to the CTL pins of all MDU'’s. Also the
YR pin of the least significant MDU is tiexd to the Z|_ pin of
the most significant MDU.

2y, Zg — Z-LEFT, Z-RIGHT:

These are tristate bi-directional pins for data transfers
between the “Z" registers of cascaded MDU's. The Zg pin is
an output and Z|_ is an input during a multiply and the
reverse is true at all other times. The Z|_ pin must be tied to
the YR pin of the next more significant MDU. An exception
is that the Z|_ pin of the most significant MDU must be
connected to the YR pin of the least significant MDU. Also,
the ZR pin of the least significant MDU is tied to the Y|_of the
most significant MDU.

SHIFT — SHIFT CLOCK:

This is a tristate bi-directional pin. It is an output on the
most significant MDU. And an input on all other MDU's. It
provides the MDU system timing pulses. All'SHIFT pins
must be connected together for cascaded operation. A
maximum of the 8N +1 shifts are required for an operation
where “N” equals the number of MDU devices that are
cascaded.

CLK — CLOCK (Input):

This pin should be grounded on all but the most significant
MDU. There is an optional reduction of clock frequency
available on this pin if so desired, controlled by bit 7 of the
control byte.

STB — STROBE (Input):

When RD/WE is low data is latched from bus lines on the
falling edge of this signal. It may be asynchronous to the
clock. Strobe also increments the selected register's
sequence counter during reads and writes. TPB would be
used in CDP1800 systems.

RD/WE — READ/WRITE ENABLE (Input):

This signal defines whether the selected register is to be
read from or written to. In 1800 systems use MRD if MDU’s
are addressed as 1/0 devices, MWR is used if MDU's are
addressed as memaory devices.

RA2, RA1, RA0 — REGISTER ADDRESS (Input):

These input signals define which register is to be read from
or written to. It can be seen in the “CONTROL TRUTH
TABLE” that RA2 can be used as a chip enable. It is
identifical to the CE pin, except only CE controls the tristate

.0./0.F. on the most significant MDU. In 1800 systems use
N lines if MDU's are used as I/0O devices, use address lines
or function of address lines if MDU'’s are used as memory
devices.

BUS 0 — BUS 7 - BUS LINES:

Tristate bi-directional bus for direct interface with CDP1800
series and other 8-bit microprocessors.

ZR — Z-RIGHT:
See Pin 6.

YR — Y-RIGHT:

See Pin 5.

‘Cl— CARRY IN (Input):

This is an input for the carry from the next less significant
MDU. On the least significant MDU it must be high (Vpp)
on all others it must be connected to the CO pin of the next
less significant MDU.

CN1, CNO — CHIP NUMBER (Input):

These two input pins are wired high or low to indicate the
MDU position in the cascaded chain. Both are high for the
most significant MDU regardless of how many CDP1855
MDU'’s are used. Then CN1 = high and CNO = low for the
next MDU and so forth.

Vss — GROUND:
Power supply line.

Vpp — V+:
Power supply line.
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DELAY NEEDED WITH AND WITHOUT PRESCALER

8N+1 Shifts/Operation at 1 Clock Cycle/Shift

N = Number of MDU’s S = Shift Rate
No Prescaler With Prescaler
Number Machine Machine
of Shifts - gn+1q Cycles Shifts - g (gN+1) Cycles Shift
MDU’s Needed Needed* Needed Needed* Rate |
1 9 2 (1 NOP) 18 3 (1 NOP) 2
2 17 2 (1 NOP) 68 9 (3 NOPs) 4
3 25 3 (1NOP) 200 25 (9 NOPs)
4 33 4 (2 NOPs) 264 33 (11 NOPs) 8

*NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used.

vee
CDP1855 INTERFACING SCHEMES =14) 20 w7l setze]
CN@ CNI|
Vss Vpp CN@ 24
pOE!
7 ¥ v CDP1855 cTL
—— MDU
CCEAR _ CLEAR |TVOD
XTAL CLOCK
MAO RA cI BUS
MAI RAI
on CNO :”: DATA BUS
MAX —| ADDRE SS —{ RA2 CNI v
1802 LATCH 1855 2 Bus Ei
D f -_ CLEAR BUS
TPA YL —SelcLK BUS |
WWR RE/WE R {2 RO/E BUS E:
—— STB. BUS ©
WRD _LD_’ CE cTL RA2 RAIRAG CE Lo
ﬂ;_: > (s:_;a YR : nf 2] sf 1 3
8US sus %t A | @
I I A9
! | Tom
wR
92CS-33173RI RO
174 CD4OI1
LK(OUT
RESET OUTJ
174 CcD4OII 92CS-31870
Fig. 3 - Required connection for memory Fig. 4 - Interfacing the CDP1855 to an 8085

mapped addressing of the MDU. microprocessor as an 1/0 device.
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PROGRAMMING EXAMPLE FOR DIVISION

MEMORY
LOCATION
0000
0000
0000
0000
0004
0004
0008
0008
000C
000C
000C
000F
000F
000F
000F
0011
0011
0014
0016
0016
0016
0019
0019
0019
001C
001C
001C
001F
001F
0021
0021
0021
0021
0024
0024
0027
0027
0028
0000

oP

CODE

68C22000;
68C33000;

68C44000;

E067FO0;

E464,

E06600;
E365;

E067F2;

i

E26D60;

)

E067F0;

E365;

'

E067F2;
E26D60;

6E;

i

LINE
NO.

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010

ASSEMBLY
LANGUAGE

. . Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU
. Gives a 16 bit answer with 8 bit remainder

RLDI R2,2000H . . Answer is stored at 2000 hex
. . Register 2 points to it

RLDI R3,3000H . . Dividend is stored at 3000 hex
. . Register 3 points to it

RLD! R4,4000H . . Divisor is stored at 4000 hex

. Register 4 points to it

SEX RO; OUT 7; DC OFOH . . Write to the control register to use
. clock / 2; 1 MDU; reset sequence
. counter; and no operation

SEX R4; OUT 4 . . Load the divisor into the X register
SEX RO; OUT 6; DC O ... Load 0 into the Y register
SEXR3; OUT5 .. Load the most significant 8 bits of
. the dividend into the Z register
SEX RO; OUT 7; DCOF2H . . Do the first divide, also resets the
. sequence counter
SEX R2; INP 5; IRX . . Read and store the most significant
. 8 bits of the answer at 2000 hex
SEX RO; OUT 7; DC OFOH . . Reset the sequence counter
SEX R3; OUT 5 . . Load the 8 least significant 8 bits
. of the original dividend into the Z
. register
SEX RO; OUT 7; DCOF2H . . Do the second division
SEX R2; INP 5; IRX . . Read and store the least significant
. . 8 bits of the answer at 2001 hex
INP 6 . . Read and store the remainder at 2002
. hex
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp +5% ty, tf = 20 ns, V)4 = 0.7 Vpp, ViL = 0.3 VDD,
CL =100 pF (See Fig. 7)

CHARACTERISTICe Vpbb CDP1855 L'MITS_ CDP1855C UNITS
) Min. | Typ.* | Max. | Min. | Typ.* | Max.
Operation Timing
Maximum Clock Frequency+ 150 gi g — 3_2 i :
Maximum Shift Frequency 5 1.6 2 — 1.6 2 — MHz
(1 Device)A 10 3.2 4 — — — —_
Minimum Clock Width Igt::? B o L B s =0
Minimum Clock Period tcLk 150 : ?gg ?;z : 2i0 312
Clock to Shift Prop. Delay e B e
Minimum C.I. to Shift Setup tSU e -
C.O. from Shift Prop. Delay :z';:: 150 : ggg ggg : 430 620
Minimum C.I. from Shift Hold tH 150 — gg Zﬁ —1=12=—
Minimum Register Input Setup tsu 150 : :fg :g : -iO 1_(_)
Register after Shift Delay :F;:;I': 150 : Zgg ggg : 430 630
Minimum Register after Shift Hold tH 150 — gg 15(:;) e
C.O. from C.I. Prop. Delay ::::E 150 : 15?(;) 17550 : 120 1i0
Register from C.I. Prop. Delay ::::;’: 150 : 23 1:51 : ?(_J 1i0

*Maximum limits of minimum characteristics are the values above which all devices function.
*Typical values are for Ta = 25°C and nominal voltages.

+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency
equals shift frequency for systems not using the internal clock option.

AShift period for cascading of devices is increased by an amount equal to the C.I. to €.0. Prop. Delay for each device added.

'CLOCK |
e L L Tz,
tCLK ek @ |
SHIFT (PRESCALER OFF) I L2 I s l

tesH _J
tPLH ! PHL

CO,YL, YR, ZL,ZR OUT x X

tsu e W

CINVYL YRy Z10ZR IN )(
2—

92CM-34840

Fig. 7 - Operation timing diagram.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40to +85°C, Vpp 5% ty, tf = 20 ns, Vi1 = 0.7 Vpp, Vi = 0.3 Vpp,
CL = 100 pF (See Fig. 9)

LIMITS
CHARACTERISTICe Vbbb CDP1855 CDP1 UNITS
. ) Min. | Typ.* | Max. Min. | Typ.* | Max.
Read Cycle
CE to Data Out Active tcpo 150 — fgg ?gg — 230 §%0—
CE to Data Access tca 150 — ?gg ;gg — 330 4i0
Address to Data Access tAA 1% — ?gg Zgg — 3_0_0 4i0
Data Out Hold after CE tboH 152) gg 17550 ﬁ: 5_0 1i0 23—5—
Data Out Hold after Read tboH 150 gg 17550 ﬁg T 1i0 235— ns
Read to Data Out Active tRDO 1‘2 = fgg ‘;’gg = 1200 1 300
Read to Data Access tRA 150 — ‘1288 ?gg — 230 320
Strobe to Data Access tsa 150 gg fgg ?gg ff 230 320
Minimum Strobe Width tow =190 B - 10 2%

eMaximum limits of minimum characteristics are the values above which all devices function.
*Typical values are for Ta = 25°C and nominal voltages.

CEJ \}7

RO/ WE : +
{ * |

1 ADVANCE |

| EQUENCE COUNTER |

: tsw |

sT8 l t
i |

T

|

T

|
|
I
| |
— :

|
! f L

+ T
—™tsa f*—taa™ = foou™—

|‘—_’|"<:A —"'ra

92CM-31852

Fig. 9 - Read timing diagram.
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o1g O >o<‘ ; oxg O’——Do—F
+—1%0 oeg 195 08g
00og oi_—__% — pog 03____

+—30 pal $—0 081

b _J.—'zo oB2 4 2082
O s S e

[ 0083 [ o083
003 oe—% 0030

MRD 16+ Vpp MRD

16=Vpy
CDP1856 8:V¥ss sacs-20094 CcDP1857 8:Vss secs-20095

Fig. 1 — Functional diagrams for CDP1856 and CDP1857.

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)
(All voltage values referenced to Vss terminal)

[0 m T E T 0 5 - I -0.5to +11V
CDP1B5BC, CDPTBE7C Lttt ittt ittt s ettt sttt et e e s st es ~05to+7V
INPUT VOLTAGE RANGE, ALL INPUT S ...ttt ittt i as -0.5to Voo + 0.5V
DC INPUT CURRENT, ANY ONE INPUT ittt ittt ettt aieaneninenas +10 mA

POWER DISSIPATION PER PACKAGE (Pp):
For Ta = -40 to +60°C (PACKAGE TYPEE) ...
For Ta = +60 to +85°C (PACKAGE TYPE E)...
For Ta = 55 to +100°C (PACKAGE TYPE D) ..

For Ta +100 to +125°C (PACKAGE TYPE D) ..ovvvvviiiiviiniii i e
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPeS) ... .vu v iivruriiiierninieniniininiiiveniioniins 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D 1 uititttn ittt e -55 to +125°C

Lo O ] o ~40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) « e vvunettuuneetnunerununstinnseeriuiieeetsninetiiniiieniiieii -85 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32 inch (1.59 £ 0.79 mm) from a8 fOr 10 8 MAX. .\ vuvvrtertreerertereir s orseneeirrotsnteriosisneeis +265°C
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DYNAMIC ELECTRICAL CHARACTERISTICS at To = -40 to +85° C, Vpp =% 5%,
Vin = 0.7 Voo, Vie = 0.3 Voo, t, t = 20 ns, C. = 100 pF

LIMITS
CHARACTERISTIC CDP1856 CDP1856C
Voo CDP1857 CDP1857C UNITS
v) Typ.e Max. Typ.e Max.
Propagation Delay Time: 5 150 225 150 225 ns
MRD or CS to DO, teo 10 75 125 — —
5 150 225 150 225
MRD or CS to DB, tes 10 75 125 - - ns
5 100 150 100 150
Dl to DB, tis 70 50 75 — — ns
5 100 150- 100 150
DB to DO tso 10 50 75 — — ns
eTypical values are for Ta = 25° C and nominal voltages.
cs — ) NS cs ——
»* — %
MRD \ y MRD
ox X X 087X X—
~—=tte8 Tl [res T e — r'eo
C >90 3 90%
be 10 % 0o \———_____‘> 10%
(a) ENABLE TO DB TIME (b) ENABLE TO DO TIME
53— v cs / N

_ it s a0 80
08 )F VALID DATA co VALID DATA

(b) DITO DB TIME (b) DB TO DO TIME

%  POLARITIES ARE REVERSED FOR COP1857 92CM-28093R2

Fig. 2 — Timing diagrams for CDP1856 or CDP1857 (see footnote).
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Features:

transfer

TOP VIEW
92CS-31953

CDP1858
TERMINAL ASSIGNMENT

RCA-CDP1858, CDP1858C, CDP1859, and CDP1859C are
CMOS 4-bit latch decode circuits designed for use in
CDP1800 series microprocessor systems. These devices
have been specifically designed for use as memory-system
decoders and interface directly with the 1800-series mi-
croprocessor multiplexed address bus at maximum clock
frequency.

The CDP1858 and CDP1859 are functionally identical to the
CDP1858C and CDP1859C, respectively. The CDP1858 and
CDP1859 have a recommended operating-voltage range of
4 to 10.5 volts, and the CDP1858C and CDP1859C have a
recommended operating-voltage range of 4 to 6.5 volts.

The CDP1858 interfaces the 1800-series microprocessor
address bus and up to 32 CDP1822 256 x4 RAM’s to provide
a 4K byte RAM system. No additional components are re-
quired. The CDP1858 generates the chip selects required
by the CDP1822 RAM. The chip select outputs are a func-
tion of the address bits connected to inputs MAO through
MAS.

The MA0-MA3 address bits are latched at the trailing edge
of TPA (generated by the CDP1802). When EN-
ABLE=1 (Vop), the CS outputs=0 (Vss), and the CE out-
puts=1, When ENABLE=0, the outputs are enabled and
correspond to the binary decode of the inputs. The EN-
ABLE input can be used for memory system expansion.

The CDP1858 is also compatible with non-multiplexed ad-
dress bus microprocessors. By connecting the CLOCK
input to 1 (Vop), the latches are in the data following mode
and the decoded outputs can be used in general-purpose
memory-system applications.

The CDP1859 interfaces the 1800-series microprocessor
address bus and up to 32 CDP1821 1024 x 1 RAM’s to

4-Bit Latch and Decoder
Memory Interfaces

® Provides easy connection of
memory devices to CDP1802
microprocessor

®» Non-inverting fully buffered data

provide a 4K byte RAM system. The CDP1859 generates the
chip selects required by the CDP1821 RAM. The chip select
outputs are a function of the address bits connected to
inputs MA2 and MA3. The address bits connected to inputs
MADO and MA1 are latched by the trailing edge of TPA (gen-
erated by the 1800-series microprocessor) to provide the
two additional address lines required by the CDP1821 when
used in a CDP1800 series microprocessor-based system.
When ENABLE=1, the CE outputs are 1's; when EN-
ABLE=0, and CE outputs are enabled and correspond to
the binary decode of the MA2 and MAS inputs. ENABLE
does not affect the latching or state of outputs A8, A8, A9, or
AQ.

The CDP1858, CDP1858C, CDP1859, and CDP1859C are
supplied in 16-lead, hermetic, dual-in-line side-brazed ce-
ramic packages (D suffix) and in 16-lead dual-in-line plastic
packages (E suffix).

CLOCK [ Voo
MAO 2 ENABLE
MAI 3 MA2
A8 4 MA3
A8 5 CEO
AS 6 CEl
A9 7 TE2
Vss 8 CE3
TOP VIEW
92CS-31954
CDP1859

TERMINAL ASSIGNMENT

File Number 1127
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range.
For maximum reliability, operating conditions should be selected so that operation is always
within the following ranges:

LIMITS
CHARACTERISTIC CDP1858 CDP1858C UNITS
CDP1859 CDP1859C
Min. Max. Min. Max.
Supply-Voltage Range 4 10.5 4 6.5 Vv
Recommended Input Voltage Range Vss Voo Vss Voo Vv

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Except as noted

CONDITIONS LIMITS
CHARACTERISTIC CDP1858 CDP1858C UNITS
Vo Vin Voo CDP1859 CDP1859C
V) V) ) Min. | Typ.* | Max. Min. | Typ.* | Max.

Quiescent Device — 0,5 5 — 0.1 10 — 5 50 A
Current, oo | — | 010 | 10 - 1 100 | — = — | #
Output Low Drive 0.4 0,5 5 1.6 3.2 — 1.6 3.2 — mA
(Sink) Current, lou 0.5 0,10 10 2.6 5.2 — — — —
Output High Drive 4.6 0,5 5 -1.15 | -2.3 — -1.15 | -2.3 — mA
(Source Current), low 9.5 0,10 10 -2.6 -5.2 — - — —
Output Voltagee — 0,5 5 — 0 0.1 — 0 0.1
Low-Level VoL — 0,10 10 — 0 0.1 — — — v
Output Voltagee — 0,5 5 4.9 5 —_ 4.9 5 —
High-Level Vou — 0,10 10 9.9 10 - —_ - —
Input Low 0.5,4.5 — 5 — — 1.5 — — 1.5
Voltage, Vie | 0.5,9.5 — 10 — — 3 — — — v
Input High 0.5,4.5 — 5 3.5 — — 3.5 — —
Voltage, Vi | 05,95 — 10 7 - —_ — - —
Input Leakage Any 0,5 5 — 107 +1 —- 107 +1 A
Current, In | Input [ 0,10 10 — 1077 +2 — - — H
Operating Current, — 0,5 5 — 50 100 —_ 50 100 A

oM [ — | 010 | 10 — | 0 | 800 | — = = K
Input Capacitance, _ _ _ _ 5 75 _ 5 75 oF

Cin
Output Capacitance, _ _ _ _ 10 15 _ _ _ oF

Cour

*Typical values are for Ta = 25°C and nominal voltage.
oloo=lon=1 HA.
B Measured in a CDP1802 or CDP1804 system at 3.2 MHz with open outputs.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Vpp £ 5%, t,, t = 20 ns,
Vu=07 VDD, V=03 VDD, CL=100 pF, See Flg 4.

Voo LIMITS
CHARACTERISTIC (\)] CDP1859 CDP1859C UNITS
Min. Typ. | Max. | Min. Typ. | Max.
Minimum Setup Time, Memory 5 —_ 25 40 — 25 40 ns
Address to Clock, tmacL 10 —_ 10 25 — — —
Minimum Hold Time, Memory 5 —_ 0 25 — 0 25 ns
Address After Clock, tcima 10 — 0 10 — — —
Minimum Clock Pulse 5 — 50 75 — 50 75 ns
Width, teice 10 — 25 40 — — —
Propagation Delay Times:
5 — 125 200 — 125 200
Clock to Address, tcia 10 _ 65 100 _ _ _
Clock to 5 — 175 275 — 175 275
CHIP ENABLE, toice 10 — 90 140 — — —
Memory Address to 5 — 100 150 — 100 150 ns
Address, tmaa 10 — 50 75 — — —
Memory Address to 5 —_ 150 225 —_ 150 225
CHIP ENABLE, tmace 10 — 75 125 — — —
ENABLE to 5 — 125 200 - 125 200
CHIP ENABLE, tece 10 — 65 100 — — -
Typical values are for Ta = 25°C and nominal voltages.
Maximum limits of minimum characteristics are the values above which all devices function.
— teel |'—
cLocK | | I
tMACL teLma
MAO - MA3 ) X - X D
oA T twan T 7™ Tuma
A8,AB,A9, KD ) N X
= |
~toce N —™| tMACE [+ —>|* MACE
TEG-CES N )
| - |

(a) MEMORY ADDRESS TO OUTPUT TIMING

— ’ECE - -—.'mz-—-——

CED-CE3

(b) CHIP ENABLE TO CHTP ENABLE PROP DELAY
92CM~31958

Fig. 4 — CDP1859 timing diagram.
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CPU
CDPI1802

92CL~29060RI

Fig. 5 — 4K byte RAM system using the CDP1858 and CDP1822.

MAO-7

MA

TP LOCK!

CPU
CDP1802

DBO-4

oo®— D00

92CL-29061RI

Fig. 6 — 4K byte RAM system using the CDP1859, CDP1856, and CDP1821.
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MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vop):
(Voltage referenced to Vss Terminal)

[0 0 -05to+11V
CDP1863C ..-05t0o+7V
INPUT VOLTAGE RANGE, ALL INPUT S ittt ittt tte et tetetenneesenteasonnesnierssnsrsssnsensnennens -0.5to Vpp +0.5 V
DC INPUT CURRENT, ANY ONE INPUT L.t ttttttit ittt ittt etetieeteeeesnetnieneensansonssesnsssesesassasons 10 mA
POWER DISSIPATION PER PACKAGE (Po):
For Ta=—401t0 +60°C (PACKAGE TYPE E) .....tuittitiitttatttn ettt eteeeeseatnenrraenenaenseneoneeesnsesenses 500 mW
For Ta= 46010 +85°C (PACKAGE TYPE E) ...vitvtitiiii it eeneienennannnens Derate Linearly at 12 mW/°C to 200 mW
For Ta=—=5510 +100°C (PACKAGE TYPE D) . ..uttitttntiiittitteneeneneteeneneaeineneneenesssaeiocsssnsonsesonens 500 mW
For Ta= +100 to +125°C (PACKAGE TYPE D) .vvviiiiiieeiiiineiiineeiineinnnes Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPES) v ouv vt iiiiitiii i iiii i iiiieneias 100 mW
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE D -55 to +125°C
PACKAGE TYPE E ..—40 to +85°C
STORAGE TEMPERATURE RANGE (Tistg) « v vevteuetuenusanenseneesensensensenseenersaessessesserseneenensrnens -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32 inch (1.59 = 0.79 mm) from €ase fOr 10 8 MaX. ..\ vvterrtnreert et enneerensenerronereasennenns +265°C
STATIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, except as noted
CONDITIONS ~LIMITS
CHARACTERISTIC Vo Vin Voo CDP1863 CDP1863C UNITS
) v) V) MIN. TYP.* | MAX. MIN. | TYP.* | MAX.
Quiescent Device — — 5 — 50 250 — 50 250 A
Current, IL — — 10 — 250 500 — — — “
Output Low Drive 0.4 0,5 5 1.6 2.2 — 1.6 2.2 —_ mA
(Sink) Current, lou 0.4 0,10 10 3 3.6 — — —_ -
Output High Drive 4.5 0,5 5 -1 -1.6 — -1 -1.6 — mA
(Source) Current, lon 9.5 0,10 10 -3 -3.6 — —_ — —_
Output Voltage — 0,5 5 — 0 0.05 — 0 0.05
Low-Level, Voo — 0,10 10 — 0 0.05 — — — v
Output Voltage — 0,5 5 4.95 5 - 4.95 5
High-Level, Von — 0,10 10 9.95 10 —_ — - —
Input Low Voltage, 0545 — 5 — — 15 — — 1.5
Vi | 0595 — 10 — - 3 — —_ — v
Input High Voltage, 0.5,4.5 - 5 3.5 _ — 3.5 — —
Vi | 0.5,9.5 — 10 7 — — — —_ —
Input Leakage Any 0,5 5 | — +0.1 +1 - +0.1 +1 A
I
Current, Iin | Input 0,10 10 - +0.1 +1 — — —
Operating T — 0,5 5 —_ 0.67 1 — | 067 1 mA
Current lop1t — 0,10 10 —_ 3.5 4.5 — — —

*Typical values are for Ta = 25°C
tMeasured with CLK1=2 MHz, total divide rate of 8, C. = 50 pF.
FMeasured with CLK1=4 MHz, total divide rate of 8, C. = 50 pF.
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CDP1863, CDP1863C

SIGNAL DESCRIPTIONS (Cont'd.)

D10-D17

Data inputs for programming the divide rate of the device.
The divide rates programmed into the device are inversely
proportional to the output frequencies generated. For ex-
ample, programming the device with 00,6 causes the pro-
grammable up-counter to divide by one, providing the max-
imum output frequency for any given input clock.
Programming an FFs results in the maximum divide rate
and the minimum output frequency. To determine the fre-
quency generated by a given programmed divide rate,
divide the input clock frequency by the decimal equivalent
of the programmed divide rate plus one, times the fixed
predivide which is 8 for CLK1 or 16 or CLK2:

Input Clock Frequency/[(Programmed Divide Rate + 1)1
(Fixed Predivide)]

STR

Positive pulse used to latch data at the eight inputs into the
device. This pulse is gated with CLK1 to form the internal
latch clock. When CLK1 is the input clock, the STR input

must be positive during the high-to-low transition of CLK1.
When CLK2 is the input clock, CLK1 must be tied to Voo s0
that the STR input produces the latch clock.

RESET

A low onthe RESET input resets all the stages of the predi-
viders and the programmable up-counter and sets an initial
divide rate into the latch. This is to provide a standard initial
divide rate at the moment the system begins running. Ahigh
on RESET enables the counter to run freely and allows
programming a new divide rate. The initial state of the
up-counter is a divide-by-54 resulting in a total divide rate of
432, after 1024 clock pulses when using CLK1, and 864,
after 2048 clock pulses when using CLK2.

Voo
Positive supply voltage.

Vss
Negative supply voltage; ground.

APPLICATION

The programmable frequency generator is directly compat-
ible with the CDP1802 CMOS microprocessor. In Fig. 1 a
simple CDP1802 system using this device is shown. TPB
may be used as the input clock. At typical CDP1802 system
clock frequencies, using TPB as an input to CLK1 resultsin
nearly every possible output of the device being in the audio
range. The Q output of the CDP1802 may be used as the
OUTPUT ENABLE (OE) of the device. The eightdata inputs
are connected to the bidirectional data bus which allows the
system memory to provide divide rate data to the device. A
single N bit or some decoded output of all the N bits may be
used as the STR input to latch data into the device. This
involves designating some output instruction of the
CDP1802 for providing the STR. The output instruction
places the data pointed to by the X register on the bus, while
simultaneously pulsing the appropriate N bits. By the inter-
nal gating of TPB and STR, when TPB is fed into CLK1, the
resulting latch clock terminates while the data is still valid
on the 8-bit bus. If TPB is fed into CLK2, it is necessary to
provide an external AND gate for the appropriate N bitsand
TPB, to preserve this timing feature. The same signal that
feeds the CLEAR input of the CDP1802 may be used as the
RESET signal to this device.

As an example of programming the frequency generator,
assume a 64 instruction is selected as the output code used
to program the device. Let machine register E point to the
data to be latched. N2 is the only N bit pulsed by a 64
instruction and may be fed directly tothe STRinputif TPBis
fed to CLK1. An EE instruction makes RE the X register.
Following this with a 64 instruction puts the data pointed to
by RE onto the data bus and raises the N2 bit. TPB, which s
within the duration of the N2 pulse, causes the internal latch
clock to terminate before the data bus loses validity. The
latch in the device continually passes the data inputs
through to the outputs of the latch aslong as CLK1and STR
are high. Once CLK1 goes low, data is locked in. A 7B
instruction then sets the Q line high which, if connected to
OE, allows the OUT to toggle at the desired rate.
Code:

EE RE is the X register

64 M(E)—BUS N2 pulsed high

7B Q turned on
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CDP1863, CDP1863C

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Voo + 5%, C. = 50 pF

LIMITS
CHARACTERISTIC Voo CDP1863 CDP1863C UNITS
v) MIN. | TYP.* | MAX. | MIN. | TYP.* | MAX.
Clock 1 Frequency towks 150 — — 2 — — i MHz
Clock 2 Frequency teLke 150 : : g : : i MHz
Clock 1 Width t 150 fzg — e - ns
5 125 — — 125 — —
Clock 2 Width to o 70 — — — — — ns
5 _ i — 1 1.7
Clock 1 to Clockout tor 0 — 01.3 ;; — — = us
Clock 2 to Clockout tez 150 ___ g: ;2 : 0_9 1_2 Hus
. . — 75 — 75
Reset to Clockout teur 150 — fgg ?70 — 220 3_ ns
OE Delay to Clockout toep 150 : 14? 175;) : 1l0 1i0 ns
. J— — — 12 160
Reset Pulse Width trs 150 — 162(? 196;) —_ _0 — ns
Data Setup to Clock 1 tos 150 — g fg — - 2 ns
— 7 100 — 75 100
Data Hold to Clock 1 tow 150 — 52 80 - — = ns
Data Setup to Strobe toss 150 — 8 gg — _0_ ﬁ(_) ns
5 — — 50 100
Data Hold to Strobe tons 0 — ig 16000 — — — ns

*Typical values are for Ta = 25°C and nominal voltages. -

A

CLK 1

=

tos

‘1 *—'DH
STR |
'oss-—,,Dqu(
CLk 2 2

— 1
— toL2 cLt L
ouT

—’| toep [

RESET ‘

je— 1t CLK 2 —]

OE l

92CM-35035

Fig. 6 — Timing diagram for the CDP1863 and CDP1863C.
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CDP1866, CDP1867, CDP1868

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)
(Voltage referenced to Vss Terminal)
CDP1866, CDP1867, CDPT8B8 ... ettt ettt ettt ettt ettt e ettt e e ettt e ettt e e enanans
CDP1866C, CDP1867C, CDP1868C
INPUT VOLTAGE RANGE, ALL INPUT S ..ttt ettt ettt s et cianneeennns
DC INPUT CURRENT, ANY ONE INPUT ..ot e e e
POWER DISSIPATION PER PACKAGE (Po):
For Ta = 40 to +60°C (PACKAGE TYPE E)
For Ta = +60 to +85°C (PACKAGE TYPE E)

For Ta = =55 t0 +100°C (PACKAGE TYPE D) ...ovvviiiiiiiiiiiii i e e e e e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE D) ..t ittt it Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All PaCKage TYPES) ... oututintintit ettt iiinenainenennenennes 40 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D oottt ettt ettt et et e e -55 to +125°C

PA CKAGE TYPE E oottt et e e e e —40 to + 85°C
STORAGE TEMPERATURE RANGE (Tstg) « v v tvtntttntittiueiteittt et teateteat et nearaseieaiinseseareisnsns -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £+ 1/32 inch (1.59 £ 0.79 mm) from case for 10 s max

CH%
E@—>— [>—@cs
Voo * = @_dl>_—‘_=—/
vss: @

Voo ®
_ CE4 @—-{>———
CE3 @ 9 52¢s- 30971 Vss*® 92¢5-30970R2
Fig. 2 - Functional diagram for the CDP1866. Fig. 3 - Functional diagram for the CDP1867.

MAO a8
c
Ml @_D_J A9

MA2

O]
%]
Ol

o
@

O
1%
ol

i

CEl
CE2 Vpp*

Vss= @
CE3 (9)

92CS-30969
Fig. 4 - Functional diagram for the CDP1868.
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CDP1866, CDP1867, CDP1868

TRUTH TABLES FOR THE CDP1866 AND CDP1868

INPUTS OUTPUTS
MRD _
or CE1 CE2 CE3 CLK MA2 MA3 Cso csi cs2 Cs3
MWR
o I o o | o) o) o I I I
o I o) o | I o I o) ] I
o* | o o) I o I I | o* I
o) I o) o) I I | I I I o
o I o o o) X X PREVIOUS STATE
X X X I X X X I I ] I
X X I X X X X I | I I
X o X X X X X I | i I
I X X X X X X I I I |
*In the CDP1868, TS2 will be valid (C52=0) only if MRW is low, regardless of the polarity of MRD.
INPUTS OUTPUTS MRD | MWR | MRD
CLK MAO MA1 A8 A9 or
| o o o o MWR
I 0 [ o) | o) o) |
I I o) I o) o I |
I [ I I I I o) |
o) X X | PREVIOUS STATE I I o)

WD > MAS L MA8 \—» (7] MA8
a > MA9 L—» mA9 L—» MA9 MA9
COP1800 CDP 1825 CDP 1825 CDP 1825 CDP 1825
SERIES X Y 1K X4 ADD. BUS K X4 ADD. BUS 1K X4 ADD. BUS 1K X4
cPu _RAM _ RAaM | Y __ RAM _ RAM
— €3 —» CS —» CS —» Cs
T P WE > WE | WE > WE
TPA MWR
0-3
- 4
—e .
DATA BUS DATA BUS
CDP 1866 J |4_7 | l I [ i
CLK MWR ‘
— Cso Lol WE L] WE Lyl WE Lyl WE
| MRD € = — — =
8 CElfe—1 L—»7T5 cs »—» CS —» CS
——Nmao | CEZE—O cop 1825 L cop 1825 L cop 1825 L coe 1825
ma 8 CE3[¢—0 IK X4 1K X4 1K X4 1K X4
waz § RAM RAM RAM RAM
MA3 X MA8 ¥ mas > MAS MAS
14 A9 MA9 > MA9 MA9 MA9
CSi_Csz cs3
[
| ]
ADDRESS BUS 0-7
L [ I I I ! I
| ) ]

92CM-30968R1

Fig. 5 - 4096-word by 8-bit random-access memory system using the CDP1866.
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CDP1866, CDP1867, CDP1868

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 40 to +85°C, Voo % 5%, tr, t = 20 ns,
Viu =07 Vl:)[)v Vie = 0.3 Vpp, CL. =100 pF. See Fig. 8

Voo LIMITS
CHARACTERISTIC V) CDP1866 CDP1866C UNITS
Min. | Typ.e | Max.A | Min. | Typ.e | Max.A
Minimum Setup Time, 5 — 50 75 - 50 75
Memory Address to CLOCK, tmacL 10 — 25 40 — — —
Minimum Hold Time, 5 — 50 75 — 50 75
Memory Address After CLOCK, toma 10 — 25 40 — — —

. ) 5 — 50 75 — 50 75
Minimum CLOCK Pulse Width tere 10 _ 25 40 _ _ _
Propagation Delay Times:

Chip Enable to 5 — 150 225 — 150 225

Chip Select, tcecs 10 — 75 125 — — —

MRD or MRW to 5 — 125 200 — 125 200

Chip Select, tucs 10 - 65 | 125 | — - - ns

CLOCK to 5 — 175 275 — 175 275

Chip Select, teles 10 — . 90 150 — — —

CLOCK to Address, 5 — 125 200 — 125 200

teia 10 — 65 125 — — —

Memory Address to 5 — 150 225 — 150 225 |

Chip Select, tmacs 10 — 75 125 — — —

Memory Address to 5 — 80 125 = 80 125

Address, tmaa 10 — 40 60 — — —

eTypical values are for Ta = 25°C.
AMaximum limits of minimum characteristics are the values above which all devices function.

cel, Gz, CE3 X VALID CHIP ENABLES X
1
it "t
| cECS | i CECIS
1
¢80, C81, C52, €53 N\ /

(a) CHIP ENABLE TO CHIP SELECT PROP. DELAY

MRD + MRW* / | N—
) I tmes ! tues
1
[} 1 L
¢so, s, €52, €3 \ /

(b) MRD+MRW TO CHIP SELECT PROP, DELAY

22
MAO - MA3 :X ) & e XI ):(
1 1
1 tmact 1, tetma ! !
| 1
cLock I—'—F‘——'Il T
T | 1
teLeL e tocs Itmacs ! tmacs
Y T i .
S0, Cs1, sz, €53 Tt T
A e X XZ
teLa tmaa tmaa
1 0 — “———’il
A8 - A9 x X X:
{c) MEMORY ADDRESS SETUP AND HOLD TIME
% SEE TRUTH TABLE FOR MRD 8 MRW 92CM- 31868

Fig. 8 - CDP1866 timing waveforms.
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CDP1866, CDP1867, CDP1868

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Voo & 5%, t., t = 20 ns,
Viu=0.7 VDD, ViL=0.3 Vpp, CL = 100 pF See Flg 10

CMOS Microprocessors, Memories and Peripherals

Voo LIMITS
CHARACTERISTIC v) CDP1868 CDP1868C UNITS
Min. | Typ.e | Max.A | Min. | Typ.® | Max.A
Minimum Setup Times:
Chip Enable to 5 —_ 50 75 — 50 75
CLOCK, tcecL 10 — 25 40 — — —_
Memory Address 5 — 50 75 — 50 75
-to CLOCK, tmacL 10 — 25 40 — - —_
Minimum Hold Times:
Chip Enable After 5 —_ 50 75 — 50 75
CLOCK, teLce 10 — 25 40 — - -—
Memory Address After 5 — 50 75 — 50 75
CLOCK, tcma 10 — 25 40 — _ —
Minimum CLOCK Pulse Width, 5 _— 50 75 —_ 50 75 ns
teLcL 10 - 25 40 — _ -
Propagation Delay Times:
CLOCK to 5 —_ 175 275 —_ 175 275
Chip Select, tores 10 — 90 150 — — —
Chip Enable to 5 — 150 225 — 150 225
Chip Select, tcecs 10 —_ 75 125 -_ —_ -
Chip Enable 3 to 5 — 150 225 — 150 225
Chlp Select, tcacs 10 -_ 75 125 -_ —_ -
MRD or MRW to 5 — 125 200 —_ 125 200
Chip Select, tmes 10 — 65 100 — - —
CLOCK to Address, 5 — 125 200 -— 125 200
teLa 10 — 65 100 — —_ -_
Memory Address to 5 — 125 200 — 125 200
Chip Select, tmacs 10 —_— 65 100 _ — —
Memory Address to 5 — 80 120 — 80 120
Address, tmaa 10 — 40 60 — — —
eTypical values are for Ta = 25°C and nominal.
AMaximum limits of minimum characteristics are the values above which all devices function.
cenéeE X X IX ( MRD+MRW X T [ \
! teec | teuce! | H ‘Ll"ﬁ.; i“m—s'i
oo {EL"! ] ‘cecs, i !cecs, - ’
50558 = f s b—} k_.‘X_ e _X tuac );K x X
(A) CEI, CE2 TO CHIP SELECT PROP DELAY CLOCK b—,_T—-‘-‘cudA I—l—-—lf—‘_
- "“_;TCE; s (o tMACS =t ;.—.rlmcs
€s0, €SI, T
] ___..____.....,I {—_ csz,cts3 }-—‘cu——: ._1.4“.1(, ;._f_m
=t :'*‘cacs - rtescs A8-89 . ' J: L ’
so-c58 K \-_—/ (C) MEMORY ADDRESS SETUP AK HOLD TIME X t

(8) €E3 TO THIP SELECT PROP DELAY

*SEE TRUTH TABLE FOR MRD+MWR
4 €52 WILL BE VALID (E52:0) ONLY IF MRW IS LOW REGARDLESS OF MRD

SIGNAL POL ARITY.

Fig. 10 - CDP1868 timing waveforms.

92CL - 31869
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CDP1869C, CDP1870C, CDP1876C

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo)
Voltage referenced to Vss Terminal)

CDP1869C, CDP1870C, CDPTBTBOC .o\ttt ittt ettt e ettt e a ettt aaenes -0.5t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS .ottt et ee s .. -0.5to Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT L .ttt ittt e i et is et e aa et eaeasonnnn + 10 mA
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta==40 10 +60°C (PACKAGE TYPE E) .. \tutttttttttttttt it ittt ettt e et eeas 500 mW

For Ta=+60 to +85°C (PACKAGE TYPEE) .. Derate Linearly at 12 mW/°C to 200 mW

For Ta=-55to +100°C (PACKAGE TYPE D) 500 mW

For Ta=+100 to 125° C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package TYPeS) ... ..ovoruiuiniraininener et iienanns 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D o.itititttt ittt et e ettt ettt e et e et e e e e e -551t0 +125°C

PACKAGE TYPEE ...............cv0 -40 to +85°C

-65 to +150°C

STORAGE TEMPERATURE RANGE (Tay)
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £+ 1/32in. (1.59 £ 0.79 mm) from case fOr 10 S MAX. .. ..utirtiut ittt ittt aneaneeaans +265°C

CPUCLK(2.835 MHz NTSC, 2.813 MHz PAL)

PREDISPLAY
OISPLAY
ASYNG
N3
CMSEL
! CMWR ‘
20pF
CMAO L XTAL ¢
RAM  [COBOBM cppiato (DOT)
cMAT OR ROM CGLOR 22M £ 567 MHz NTSC
CLOCK TNT/] CMA2 (2)MWS5114 VIDEO 5626 MHz PAL
EFX MWR OR XTAL 20F 4
copiges | SMAS » CDPIB34 XTAL 20pF 4
oSPY aa [MEMORY ADDRESS M anD S0UND |- 4 - oe 138 cmé%/xogg\(za GEN 2o o (CHROM) r;'sc
[ - | a 4
op TPA GENERATOR é“ PMDO-6Y ceso-t 8.867236 MHz PAL
= | Rram = AL P
copigoza, [T {2) —— 200F A5 a0pF |+
, ; MWSS5114 = YNC
o P i PO I et 7
COPIBO6A’ MRD — MEMORY COMP SV -l IOKLREEL
AND
PROGRAM TPB WE Lum

MEMORY [
VIDEO
T0
PMSEL BUFFER/ — MONITOR

b 5o
I |
8§ BIT BIDIRECTIONAL DATA BUS ANTENNA

‘—;! RF le_.
[ SOUND MopuLATOR| UT

| [Talutelulalalelalelnlaletu e
KEY B0ARD | Shopoonooonoooc) AMPLIFIER  SPEAKER
CDOPI8TI : . C20000000000000) | KEYBOARD

300000000000
———

—_
92CL-34549

Fig. 1(a) - System diagram using CDP1869C and CDP1870C (Composite Outputs).
See Fig. 1(b) using COP1876C (RGB Bond Option Outputs).
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CMOS Microprocessors, Memories and Peripherals

OPERATION

The CPU is clock independent of the VIS and is notinvolved
in screen refresh, although a CPU clock output (2 DOT
rate) is provided. At this clock rate 787 instructions (1080 for
PAL) can be executed during non-display time. PRE-
DISPLAY provides synchronization between the CPU and
the VIS. Various system configurations for the CDP1869C/
CDP1870C VIS are easiy implemented due to:

PAGE MEMORY
= 20 Characters x 12 Lines—
Requires 240 Bytes of RAM
® 40 Characters x 24 Lines—
Requires 960 Bytes of RAM

Character Memory—Can be RAM or ROM
= 32 Different (or any Combination
of) Characters—Requires 256
Bytes (NTSC)
= 64 Different Characters—
Requires 512 Bytes (NTSC)
= 128 Different Characters—
Requires 1024 Bytes (NTSC)
m 256 Different Characters—
Requires 2048 Bytes (NTSC)

Character memory requirements for PAL are the same as
NTSC in most alphanumeric applications, but are 12.5%
highertorgraphics applications due to the larger character
matrix (6x9) used for PAL.

Color

Color information may be stored in the two extra bits in
each character byte (characters are only six dots wide),
providing a choice of up to four colors for each character.
With 128 different characters, only seven bits are required in
the page memory and the eighth bit expands the choice of
colors up to eight.

Graphics and Motion

Graphics and motion may be accomplished with two basic
techniques. The first is by character selection. In this
approach the desired graphics and motion symbols are
stored in ROM or RAM. In a system where the character
memory is all ROM, all the possible required positions
within a character space are stored in the ROM. Graphics
are accomplished by selecting the appropriate graphic char-
acter for each screen position. If the character memory is
RAM then not all combinations need be stored in the
character memory since they can be modified as required
during operation. Motion in increments as small as one
character space are possible.

A second technique may be used for more sophisticated
motion, in which itis desired to move the displayed objectin
increments smaller than a normal character space. In this
technique the object is moved within a character space
using a bit-map approach, with object stored in the RAM
character memory. The object is moved by rewriting the
dots of the character space matrix, thereby continuously
repositioning the object within its character space. As the
object reaches the “edge” of its character space, that
character space is moved and the object is repositioned.
For example, if the object reaches the left edge of the
character space, then that character space is moved to the
left via the page memory and the object is rewritten on the
right side of the character space.

Thus, the object moves smoothly across the screen one
pixel atatime. Objects larger than one character space may
also be moved using a similar technique.

Bit Map Operation

The VIS may be used to display data in a bit-map format,
offering a high resolution display (up to 46,080 pixels) with
up to 7,680 color blocks (8 colors). In this mode, the
character memory addresses and the page memory ad-
dresses are used to address a single bit-map memory,
instead of separate PAGE and CHARACTER memories. X-Y
coordinates are located by implementing the appropriate
software.

RGB Bond-Out Option (CDP1876C)—The CDP1870C may
be ordered with an alternate pin-out to provide direct drive
to the internal TV chassis red, green, and blue amplifiers.
For the CDP1876C, the LUM, PAL CHROM, and NTSC
CHROM outputs become the RED, BLUE, and GREEN
outputs, respectively.

In the RGB mode of operation, the RF, IF, and color
demodulator circuits of the TV chassis are bypassed and
the composite sync, video, and color information are
supplied directly to the appropriate chassis sections. Since
no color subcarrier is used, the CHROM crystal is not
needed, although the XTAL CHROM input must be term
inated (Fig. 1(b)). The CDP1876C, RGB Bond-Out option,
offers higher color resolution and simpler interfacing than
the CDP1870C composite interface systems when used
with direct internal TV chassis systems.

CPUCLK
PREDISPLAY
DTSPLAY
ADDSTB
_HSYNC
l x s
CMSEL
3 ZOpF
XTAL
CDPIB76 22M ‘_l.' (DO
COLOR 5 O NTSC
VIDEO szs MHz PAL
GEN.
CDBO-5 XTAL -
XTAL—0—_ ZOPF -
CHROM =
lccBo- XTAL —
pce’ | COMP SYNC —————————
—»
RED COLOR
BLUE CRT
GREEN CHASSIS
MRD
—TP8 |
§ oATA BUS
SOUND
92CS-32699

Fig. 1(b) - System diagram (same as that shown in Fig. 1(a) using
CDP1876C (RGB Bond-Out Option).

CDP1869C - Address and Sound Generator—This circuit
formats and controls sound, page-memory addressing, and
character-memory addressing. This is accomplished by
software instructions, data from the CPU, and hardware
interaction with the CDP1870C timing signals.
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CMOS Microprocessors, Memories and Peripherals

OPERATION (Cont'd)

address space in the SINGLE-PAGE MODE or in the
entire 2048-byte address space in the DOUBLE-
PAGE MODE.

When the CMEM ACCESS MODE bit is set high, the
address inputs (MA0/8-MA7/15) from the CPU that are
presentduringthe OUT 5 Instruction are latched in the
page-memory address register via the internal MAO-
MA10 bus and are multiplexed to the page-memory
outputs (PMA0-PMA10), during non-display time. The
data in the page-memory address register, which
remains latched until an OUT 86 Instruction is executed
oruntilthe CMEM ACCESS MODE bitis reset, provides
astable address to the page memory, which essentially
reducesitto asinglelocation. Thislocationisread from
or written to by selecting the page-memory at address
space F800+¢-FFFF16, with the data supplied over the
CPU 8-bit data bus. (The actual location within F8001e-
FFFF16 is unimportant since the page-memory address
is already latched.) The OUT 6 Instruction is not
required in this mode.

The page-memory data outputs (PMD0-PMD7) provide
the character-memory “Column” addresses, which
seiect a particular character. Since the page-memory
address location is latched, the address inputs (MA0/8-
MA7/15) from the CPU are available to access the
character-memory via the internal MAO-3 bus, which is
multiplexed to the character-memory outputs (CMAO-
CMAB8) during non-display time. The CMAO-CMAS3
outputs provide the character-memory “Row” ad-
dresses, which select a particular line of dots within a
character. Thecharacter-memoryis selected ataddress
space F400,6-F7FF46. Although 1024 bytes of address
spaceisdecoded, only 8 memory locations (16 locations
in the 16-LINE HI-RES mode) are required and the
character-memory addressing will wrap (repeat) for
the rest of the 1K address space. The CMWR output,
which is connected to the WRITE input of the character-
memory, and the CMSEL output, which is connected to
the CDP1870C CMSEL input, are also enabled at this
time. The data to be read from or written to the
character-memory is multiplexed through the CDP-
1870C internal 8-bit data bus viathe BUS0-BUS7 inputs
from the CPU.

This mode of operation is useful to initially load the
character-set into the RAM character-memory since
fewer program instructions are required than with the
following Character-Memory Access Mode. -

4. CHARACTER-MEMORY ACCESS MODE (Witkout
Display Disturb)—This mode is used to read or write
data in the character-memory, without disturbing the
current display data. Operation is the same as the
Character-Memory Access Mode (with Display Disturb),
with the following exceptions.

After the CMEM ACCESS MODE bit is set high, the
OUT 6 Instruction is used to load the page-memory
address register with the address input (MAO/8-MA7/15)
from the CPU via the internal MAO-MA10 bus. These 11
databits (PMAO-PMA10) are multiplexed via the internal
MAO0-MA10/PRAO-PRA10 bus to the page-memory
outputs (PMA0-PMA10), during non-display time. The
address remains latched until a new OUT 6 Instruction
is executed, to latch new data, or until the CMEM
ACCESS MODE bit is reset.

This mode provides a means to select a page-memory
location that is not part of the current display or a
location that is outside of the display window in the

page-memory, rather than a random location, as in
MODE 3 (above). Reading and writing to the character-
memory remains the same as in MODE 3.

In both MODE 3 and MODE 4, the character-memory
access mode is disabled by programming the CMEM
ACCESS MODE bit low (reset), using the OUT 5 Instruction.
When accessing the page-memory, if the DOUBLE-PAGE
bitis not set (low), PMA10 is not used and does not have to
be programmed. When accessing the character-memory,
during double-page operation (DOUBLE-PAGE bit set
high), CMA3 is not used and does not have to be
programmed.

OUT 7 Instruction—This instruction uses 9 data bits to load
the home-address register bits (HMA2-HMA10) via the
internal MA2-MA10 bus. The home-address register outputs
(HMA2-HMA10) are transferred to the refresh-address
counter atthe end of each display frame. The home address
determines which row of characters from the page-memory
is used to start the display at the top left-hand corner of the
screen. In the FULL RES HORZ MODE (CDP1870), the
home address must be an even multiple of 40. In the HALF
RESHORZ MODE (CDP1870C), the home address must be
an even multiple of 20. Therefore, the HMAO and HMA1 bits
are automatically set low internally and do not have to be
programmed.

The OUT 7 Instruction is used to define a display window
which can be moved through multiple pages of display RAM
in various roll and scroll operations. As shown in Table 8,
the total characters displayed per frame can be less than the
maximum display page-memory size. The OUT 7 Instruction
is used to display the remaining page-memory up to the
maximum display page-memory size using a scroll tech-
nique.

Forexample, using line 4 in Table 8, 480 characters will be
displayed as 24 rows of 20 characters. However, the
maximum display page-memory size is 960. If the home
address was initially set to zero, the last row of characters
on the screen will begin at page-memory location 460. To
display the next row of characters in the remaining 480
locations of page memory, an OUT 7 Instruction is executed
with the home address set at 20(144¢). The last row of
characters now displayed will begin at location 480, the
start of the second 480 locations of page-memory. This
sequence can be continued with successive multiples of 20
loaded into the home-address register up to the maximum
display page-memory size minus 20 (940). The display
window appears to scroll through the page-memory with
old data shifted off the top of the screen, but retained in
page-memory, as new datais presented at the bottom of the
screen. During this sequence when the final page-memory
address count (as determined by the maximum display
page-memory size) is reached, prior to the end of the
display window, zero is loaded into the refresh address
counter and the next row of characters displayed will be the
first row in page-memory. Thus, the display will appear to
have rolled around from the beginning of the page-memory
to the bottom of the screen.

The roll operation is automatic when the final page-memory
address count is reached prior to the end of the display
window. The scroll operation occurs when the OUT 7
Instruction is executed, but is automatic in that the display
window data does not have to be rewritten in the page-
memory as the display window changes. The home-address
modes in Table 8 indicate which operations (scroll, roll) are
possible with each format combination.
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FUNCTIONAL DESCRIPTION OF CDP1870C TERMINALS

PREDISPLAY (Output):

An output signal that goes low one horizontal line before
the start of the display field. This output may be connected
to the CPU to provide advance warning of a refresh
operation.

DISPLAY (Output):

An output signal that is low during the display field. This
signalis connected to the CDP1869C to provide synchroni-
zation timing during a screen refresh.

PCB—PAGE-MEMORY

COLOR BIT (input):

The page-memory color bit expands the character color
information to 3 bits (8 colors, Table 3). It may also be used
to expand the character-memory addressing when only 4
dot colors are required.

CCB0, CCB1—CHARACTER-MEMORY

COLOR BITS (1/0):

The character-memory color bit inputs provide character
color data. These two inputs select one of four colors (Table
3). When the CMSEL input is high during non-display
periods, CCBO and CCB1 are multiplexed to the CPU data
bus (BUS 6, BUS 7) to provide character memory
READ/WRITE data.

CDB0-CDB5—CHARACTER-MEMORY

DATA BITS (1/0):

The character-memory data bit inputs provide character
dataduring screen refresh periods. When the CMSEL input
is high during non-display periods, CDB0-CDB5 are
multiplexed to the CPU data bus (BUS0-BUS5) to provide
character memory READ/WRITE data.

BUS 0-BUS 7 (1/0):

The 8-bit bidirectional data bus that is normally connected
directly to the CPU. During non-display periods, these I/0
lines serve a dual function. If the CMSEL inputis high, BUS
0-BUS 7 provide character-memory READ/WRITE data. I1f
the N=3 input (OUT 3 instruction) is low, BUS 0-BUS 7
provide input data to the CDP1870C command register.
These data are latched on the high-to-low transition of TPB
when MRD is low.

Vss:

Ground.

N=3 (Input):

An input signal from the CDP1869C that is low during an

OUT 3 instruction from the CPU. This inputis used to sel-

ect the CDP1870C command register.

EVS, EHS—EXTERNAL VERTICAL

SIGNAL, EXTERNAL HORIZONTAL

SIGNAL (Inputs):

The active low external vertical and horizontal sync signals
synchronize the VIS to an external system. When not used,
these inputs must be connected high.

XTAL (Input), XTAL (Output)—CHROM

COLOR CHROMINANCE CRYSTAL

The color chrominance crystal inputs are normally con-
nected to a 7.15909-MHz crystal (NTSC) or an 8.867236-
MHz crystal (PAL) to provide a burst and color data input
clock. The XTAL input may be connected to an external
generator. (Withthe RGB Bond-Out option, CDP1876C, the
chrominance crystal is not required although the XTAL
input must be terminated.)

NTSC CHROM (Output):

The United States National Television System Committee
(NTSC), standard color video output signal. This output
provides a composite signal containing chrominance
information and 11 cycles of the color reference signal.

(With the RGB Bond-Out option, CDP1876C, this output

provides the GREEN drive.)

PAL CHROM (Output):

The European Phase Alternation Line (PAL), standard color
video output signal. This output provides a composite
signal containing chrominance information and 14 cycles
of the color reference signal. (With the RGB Bond-Out
option, CDP1876C, this output provides the BLUE drive.)

LUM—LUMINANCE (Output):

The luminance output signal provides video dot brightness
information, (With the RGB Bond-Out option, CDP1876C,
this output provides the RED drive.)

COMPSYNC (Output):
The composite TV synchronization signal provides active
low pulses at the line (horizontal) and frame (vertical) rates.

HSYNC (Output):

The horizontal synchronization signal provides an active
low pulse at the TV line rate. It is connected to the
CDP1869C to control timing synchronization.

BURST (Output):

This output provides an active high pulse following the
horizontal sync pulse. Itindicates when the color reference
signalis being output, however, itis not required for normal
operation.

CMSEL—CHARACTER-MEMORY

SELECT (Input):

The character-memory select input, from the CDP1869C,
indicates a character-memory READ/WRITE operation.
When CMSEL is high, the 8-bit bidirectional data bus from
the CPU is multiplexed to the CCB0, CCB1, and CDBO-
CDBS5 1/0 lines to provide character-memory data. This
input is active only during non-display periods.

TPB (Input):

An active high pulse from the CPU that occursonce in each
machine cycle, following the TPA pulse. This input pulse is
used to latch the CDP1870C command register data on the
high-to-low transition, when the N=3 and MRD inputs are
low.

MRD—MEMORY READ (Input):

An active low pulse from the CPU indicating a memory
READ cycle. This signal enables the command register
clock and selects the direction of data flow in the data bus
multiplexer. When this signal is low, a CPU READ operation
isin progress.

ADDSTB—MEMORY ADDRESS

STROBE {Output):

The ADDSTB output signal is connected to the CDP1869C
to provide the page and character-memory address counter
clock during display time.

XTAL (Input), XTAL (Output)— DOT

CRYSTAL:

The dot crystal inputs are normally connected to a 5.67-
MHz crystal (NTSC) or a 5.626-MHz crystal (PAL) that is
used to provide horizontal, vertical, and control timing. The
XTAL input may be connected to an external generator.

CPUCLK—CLOCK (Output):

A clock output equal to %2 the DOT frequency. It may be
connected to the CPU CLOCK input terminal. At this
frequency, 2947 instructions per frame are available, with
787 instructions occurring during the non-display period.

PAL/NTSC (Input):

This input selects either PAL or NTSC operation. When the
PAL/NTSC input is high, the VIS provides PAL compatible
output signals. When the PAL/NTSC input is low, the VIS
provides NTSC compatible output signals.

Voo:
Positive supply voltage.
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176.4 ns(NTSC)
177-8 ns ( PAL)
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DOT CLOCK = 12%¥ |' 1 I 1

*#DOT CLOCK +6 IS ADDSTB FOR FULL HORIZONTAL RESOLUTION DISPLAY
*¥DOT CLOCK +12 1S ADDSTB FOR HALF HORIZONTAL RESOLUTION DISPLAY

Fig. 4(a) - ADDSTB timing diagram.
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Fig. 4(c) - Vertical timing diagram.
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DYNAMIC ELECTRICAL CHARACTERISTICS at TAa=-40° to 85°C, C.=50 pF
Voo £ 5%, Except as noted

LIMITS
CDP1868C
CHARACTERISTIC Voo copisroc, copiszec | UNITS

(V) Min. | Typ.® | Max.

Refresh Memory Timing - See Fig. 6

ADDSTB Delay Time From DOT Clock taso 5 — 215 —
Page Memory Address Delay From ADDSTB temo 5 — 300 — ns
Character Data and Color Bits Set-up Time tos 5 — 250 —

*Typical values are for Ta=25°C and nominal Vpp.

L | I l I

DOT CLOCK

@
" CDPIBTO
AsD icoa.cca LATCH

:t ) ""

PMAO-PMAIO N X
2
* tps |a—
€DO-CDS 2
cco-ccl

* AVAILABLE PAGE AND CHARACTER MEMORY ACCESS TIME
FULL HORZ RESOLUTION=(DOT CLK x 6)-temp-tos
HALF HORZ RESOLUTION=(DOT CLK x 12)-temo-tos
TYPICAL AVAILABLE ACCESS TIME (NTSC, 5 V):
(176.4 x 6)-300-250=508.4 ns (FULL RES.)
(176.4 x 12)-300-250=1.117 s (HALF RES.)

92CM- 35918

Fig. 6 - Refresh memory timing waveforms.
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Table 8
DISPLAY FORMAT COMBINATIONS (FULL COLOR SYSTEM)

COMMAND DATA - - =

PO L v X Towan | S8 | O
HORZ | VERT | PAGE | HI-RES MATRIX FRAME | FRAME

0 0 0 0 1 6x8 20 12 240

0 0 0 1 1 6x 16 20 6 120

0 0 1 0 1 6x8 20 12 240

0 1 0 0 1 6x8 20 24 480

0 1 0 1 1 6x16 20 12 240

0 1 1 0 1 6x8 20 24 480

1 0 0 1 1 6x16 40 6 240

1 0 1 0 1 6x8 40 12 480

1 1 0 0 1 6x8 40 24 960

1 1 0 1 1 6x16 40 12 480

1 1 1 0 1 6x8 40 24 960

0 0 0 0 0 6x9 20 12 240

0 1 0 0 0 6x9 20 24 480

1 1 0 0 0 6x9 40 24 960

NOTE: ALL OTHER COMMAND COMBINATIONS ARE INVALID AND WILL RESULT IN IMPROPER DISPLAY OPERATION.
*NTSC Format  **PAL Format.  ®=7 BITS FOR CHARACTER ADDRESS DATA, 1 BIT FOR COLOR DATA

Table 9

CDP1869 COMMAND REGISTER CODES

CPUI/0
INSTRUCTION MA15 | MA14 | MA13 | MA12 | MA11 | MA10 | MA9 | MAS
TONE [ TONE | TONE | TONE | TONE [ TONE [ TONE
OuT 4 o* -+ + + + + + Lo+
2° 28 24 2° 22 2' 2°
WN WN WN WN WN WN WN | WN
ouT 5 OFF FREQ | FREQ | FREQ | AMP | AMP | AMP | AMP
SEL2 | SEL1 | SELO 2° 22 2' 2°
PMA10 | PMA9 | PMAS
ouTe X X X X X REG | REG | REG
HMA10 | HMA9 | HMAS
ouT7 X X X X X REG | REG | REG | __ __ __
X=DON'T CARE

*=MUST BE PROGRAMMED LOW
“*=ALWAYS SET LOW INTERNALLY
***=MUST BE PROGRAMMED LOW DURING 9-LINE OPERATION
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Fig. 9 - Character display matrix size.

92CL-31908R2

Table 10
CDP1870C COMMAND REGISTER CODE
CPUIIO
INSTRUCTION|| BUS7| BUS6| BUS5| BUS4| BUS3| BUS2| BUS1| BUSO
FRES DISP BKG BKG BKG
ours HORZ COLB1 | COLBO OFF cFe RED | BLUE| GREEN

6

HAR. SIZE NUMBER
(SEE TABLE 8)
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01:1 t 40—vpp

02 2 39— SHIFT
03— 3 38}— CONTROL
[ 37— ALPHA
05—y 5 36— DEBOUNCE
06— € 35— RPY
07— 7 3a— P8
oe— 8 33— B

09 ° 32— BUS 7
o 10 31— BUS
on—in 30— BUS 5
s1—12 29— BUS 4
s2— 13 28— BUS 3
53— 14 27— BUS 2
s4—15 26— BuS |
s5—16 25— BUS ©
s6—{17 24}— csa
s7T— 18 23— cs3
s8e— 19 22— cs2
Vgg—] 20 21— 81

TOP VIEW

92¢s- 32827

Terminal Assignment

CMOS Microprocessors, Memories and Peripherals

Advance Information/
Preliminary Data

CMOS Keyboard Encoder

Features:

m Directly interfaces with CDP1800-series
microprocessors

m Low power dissipation

m 3-State outputs

m Scans and generates code for 53 key ASCII
keyboard plus 32 HEX keys (SPST mechanical
contact switches)

m Shift, control, and alpha lock inputs

m RC-controlled debounce circuitry

m Single 4 to 10.5 V supply (CDP1871A); 4 to 6.5 V
(CDP1871AC)

m N-key lockout

vents unwanted key codes if two or more keys are pressed

The RCA-CDP1871A is a keyboard encoder designed to
simultaneously.

directly interface between a CDP1800-series microproces-
sor and a mechanical keyboard array, providing up to 53
ASCII coded keys and 32 HEX coded keys, as shown in the
system diagram (Fig. 1).

The keyboard may consist of simple single-pole single-
throw (SPST) mechanical switches. Inputs are provided for
alpha-lock, control, and shift functions, allowing 160
unique codes. An external R-C input is available for user-
selectable debounce times. The N-key lock-out feature pre-

The CDP1871A and CDP1871AC are functionally identical.
They differ in that the CDP1871A has arecommended oper-
ating voltage range of 4 to 10.5 volts, and the CDP1871AC
has a recommended operating voltage range of 4 to 6.5
volts. These types are supplied in 40-lead dual-in-line
ceramic packages (D suffix), and 40-lead dual-in-line plas-
tic packages (E suffix).

Voo

F/U\q ook OlaF N
40 36

DEBOUNCE

2!

CONTROL p b
23

24

¥
!

!

UP TO Il SETS
OF 8 SWITCHES EACH

34

CDPIB7IA
CDPIBOO— SERIES
CcPU

Voo
SHIFT

J BT

O———— SHIFT

CONTROL

38

o——— CONTROL

ALPHA LOCK

3 s6 1
~O——ALPHA
s7 e

BUSO - BUS? NORMAL BUO-BUS7

| = 25 32

8- BIT DATA BUS

92CL-35005

Fig. 1 — Typical CDP1800-series microprocessor system using the CDP1871A.

File Number 1374
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STATIC ELECTRICAL CHARACTERISTIC at Ta = —40 to +85° C, except as noted

CONDITIONS LIMITS
CHARACTERISTIC CDP1871AD CDP1871ACD UNITS
Vo VIN Voo CDP1871AE CDP1871ACE
(V) V) ) | MIN. | TYP.* | MAX. | MIN. | TYP.* | MAX.
Quiescent Device — 0,5 5 — 0.1 50 — 1 200
Current o | — Jo10 |10 | — | 1 ] 200 | — | — | — ] “
OQutput Low Drive (sink) Current 0.4 0,5 5 0.5 1 —_ 0.5 1 —
(except debounce and D1-D11) lou 0.5 0,10 10 1 2 — — — .
04 0,5 5 0.75 15 — 0.75 1.5 —
Debounce lou 0.5 0,10 10 1 2 — — — — mA
0.4 0,5 5 .05 0.1 — .05 0.1 —
D1-D11 lou 0.5 0,10 10 0.1 0.2 — — — —
Output High Drive (Source) Current 4.6 0,5 5 -03 | -0.6 — -0.3 | -0.6 —
lon 9.5 0,10 10 |-075 | -15 — — — —
Input Low Voltage 0545| — 5 — — 1.5 — — 1.5
(except Debounce) Vi 1,9 — 10 — — 3 — — —
Input High Voltage 0545 — 5 35 — — 3.5 — —
(except Debounce) Vi 1,9 — 10 7 — — — — —
Debounce Schmitt Trigger
Input Voltage 0.4 — 5 2.0 3.3 4.0 2.0 3.3 4.0
Positive Trigger Voltage Vo 0.5 — 10 4.0 6.3 8.0 — — —
0.4 — 5 0.8 1.8 3.0 0.8 1.8 3.0 \
Negative Trigger Voltage Vn 0.5 . 10 1.9 4.0 6.0 — — —
0.4 0,5 5 0.3 1.6 2.6 0.3 1.6 2.6
Hysteresis Vy 0.5 0,10 10 0.7 2.3 4.7 — — —
Output Voltage Low Level — 0,5 5 — 0 .05 — 0 .05
Vou — 0,10 10 — 0 .05 — - —
Output Voltage High Level — 0,5 5 4.95 5 — 4.95 5 -
Von — 0,10 10 9.95 10 — — — —
Input Leakage Current — 0,5 5 — .01 1 — .01 1
(except $1-S8, Shift, Control) lin — 0,10 10 — .01 1 — — — A
3-State Output Leakage Current 05 | 05 | 5 — | o1 1 — | 02 ] 2 | “
lour| 0,10 [ 0,10 10 — .02 2 — — —
Pull-Down Resistor Value
(S1-88, Shift, Control) Reo | a - 7 1 24 7 Il A
Operating Current loper
(All-outputs  foo = 0.4 MHz 0545| 05 5 — 0.6 — — 0.6 — mA
unloaded) feo = 0.8 MHz 1,9 0,10 10 — 2.7 — o — -

*Typical values are for Ta = +25°C. and nominal Vpp.
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TABLE 3 — DRIVE AND SENSE LINE KEYBOARD CONNECTIONS}

SENSE DRIVE LINES
LINES D, D, D, D, Ds Ds D, Det | Dot | Diot [ D1t
S @ N%L ': BHS z DiE i CiN SPACE | 8016 | 8815 | 9016 | 9816
Se 2 ng : HlT 3 D((D:1 ; 891 | 9o | 991
z
Sa i six : LJF F: 022 i SUB ;g\é‘rz) 8210 | 8As| 9216 | 9Ase
Ss g E$X t VKT i Dis i EéC ESCAPE |83 | 8Bie| 9316 | 9B16
Ss 3 E(E;T I|_ FLF T DTC4 { 8Crs | 91 | 9Cro
. 30T T s O P
s f A'C::K ,: s'\:) \\j SXN_ T 8Ess | 961e | 9Eue
Ss 7 y 2 BiL 2 ; \AW’ E\‘/I'VB DEL u_s DELETE | 8716 | 8F1s | 9716 | 9F16
KEY: SHIFT* ALPHA*
NORMAL CONTROL*

*CONTROL overrides SHIFT and ALPHA

= NO RESPONSE

1Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL.
1Drive lines 8, 9, 10, and 11 generate non-ASCII hex values which can be used for special codes.

TABLE 4 — HEXIDECIMAL VALUES OF ASCII CHARACTERS

MSD
b7 — 0 0 0 0 1 1 1 1
b6—= 0 0 1 1 0 0 1 1
b5 0 1 0 1 0 1 0 1
BITS HEX

b4 b3 b2 b1 1 0 1 2 3 4 5 6 7

0 0 0 0 0 NUL DLE SP 0 @ P \ p

0 0 0 1 1 SOH DC1 ! 1 A Q a q

0 0 1 0 2 STX DC2 " 2 B R b r

0 0 1 1 3 ETX DC3 | = # 3 C S c S

0 1 0 0 4 EOT DC4 $ 4 D T d t

0 1 0 1 5 ENQ NAK % 5 E U e u

0 1 1 0 6 ACK SYN & 6 F \ f v

LSD 0 1 1 1 7 BEL ETB / 7 G W g w

1 0 0 0 8 BS CAN ( 8 H X h X

1 0 0 1 9 HT EM ) 9 | Y i y

1 0 1 0 A LF SuUB * : J Z j z

1 0 1 1 B vT ESC + ; K [ K {

1 1 0 0 C FF FS , < L \ | |

1 1 0 1 D CR GS - = M 1 m }

1 1 1 0 E SO RS . > N ! n ~
1 1 1 1 F Sl us / ? O — 0 DEL
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l“"oAL—’1 | —
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L
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s
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t
|
=+ RNCx b‘—RxCx"’
DEBOUNCE —~——a N N

DI-DII PRESENT  COUNT N - Y NEXT COUNT
2

Ccs

r
—’l 'cuv“‘ "l fcoH t“

BUSO-BUS7 U3 - @ » <_ VALID

*
CS=CSleCS24CS3eCS4 92CM-35006
CSI, €S2, CS3=CPU N-LINES
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION

Fig. 3 — CDP1871A dynamic timing diagram (non-repeat).

TPB l l

]

£

| 2
|

i
|
KEY |
DERRESSED CLOSED | 2 OPEN
— '4‘ DAH I
| e |
DA = | -
- I‘—'
—= |<— tRpL o RPA
RPT ] |
a3 4 —
ft— Ry Cy ]
DEBOUNCE T
3
@
DI-DII PRESENT COUNT N X NEXT COUNT
- - @
cs® -
B @
‘>1'cov ~'* —*tcoH l‘-
BUSO-BUS? VALID 3 —-
* CS:TCTSIeCS2eCS30CS4 92CM= 35007

Cs= CST,CS2,CS3 = (CPU N-LINES)
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION

Fig. 4 — CDP1871A dynamic timing diagram (repeat).
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The RCA-CDP1872C, CDP1874C and CDP1875C devices
are high-speed 8-bit parallel input and output ports
designed for use in the CDP1800 microprocessor system
and for general use in other microprocessor systems. The
CDP1872C and CDP1874C are 8-bit input ports; the
CDP1875C is an 8-bit output port.

These devices have flexible capabilities as buffers and data
latches and are reset by CLR input when the data strobe is
not active.

The CDP1872C and CDP1874C are functionally identical
except for device selects. The CDP1872C has one active
low and one active high select; the CDP1874C has two

]
csi j | 22— Vpp
DIO 2 2| p—— D17
D00 —3 20— DO7
oIl —4 I9}—— DI6
DOl — 5 18—— D06
0I2 ——6 | 7p—— DIS
D02 —— 7 16 }—— DOS
0I3 ——8 15— DI4
D03 —{9 14— DO4
CLOCK 10 13] CCR
Vgs —1! 12— Cs2
TOP VIEW
92¢s-3301

CDP1874C input Port
TERMINAL ASSIGNMENT

CMOS Microprocessors, Memories and Peripherals

Advance Information/
Preliminary Data

8-Bit Input and Output Ports

m Parallel 8-bit input/output register with buffered outputs

m Flexible applications in microprocessor systems as

u High order address-latch capability in CDP1800 series

High-Speed
—_— """
csl — | 22— Vpp
DI0O — 2 21— D17
000 ——3 20— DO7
DIt —4 19 p—— DI6
DOt —5 18 p—— D06
012 ——6 17— p15 Features:
po2 —7 16— DO5
013 —8 15— DI4 .
D03 —— 9 14— 004 m High-speed data-in to data-out:
CLOCK —10 13— CLR g
ves —n Y 85 ns (max.) at Vpp=5 V
TOP VIEW buffers and latches
92CS 33012
CDP1872C Input Port microprocessor systems
TERMINAL ASSIGNMEMT

m Qutput sink current=5 mA (min.) at Vpp=5 V
m 3-state output-CDP1872C and CDP1874C

active high device selects. These devices also feature 3-
state outputs when deselected. Data is strobed into the
register on the leading edge of the CLOCK and latched on
the trailing edge of the CLOCK.

The CDP1875C is an output port with data latched into the
registers when the device selects are active. There are two
active high and one active low selects. The output buffers
are enabled at all times.

These devices are supplied in 22-lead hermetic, dual-in-line

- side-brazed ceramic packages (D suffix) and in 22-lead

dual-in-line plastic packages (E suffix).

"]
csi | 22 Voo
DI0 2 21— D17
D00 ——3 20 po7
DIl — 4 19 DI6
DOl ——5 18— D06
DI2 — 6 17— DIS
002 —— 7 16 —— DOS
DI3 —8 |5f—— DI4
003 —9 14 D04
¢s3 ——io 13 CLR
Vgg — 11 12— cs2
TOP VIEW
92C$-33010
CDP1875C Output Port
TERMINAL ASSIGNMENT

File Number 1255
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cst
cs2 oI D

b ———D TS Q _‘{>_ oo
cs2 c
cLock c DO cs3 R
R
— CLR
CLR 92CS-33009 92CS-33007
Fig. 2-Equivalent logic diagram (1 of 8 latches shown) Fig. 3-Equivalent logic diagram (1 of 8 latches shown)

for CDP1874C. for CDP1875C.

DYNAMIC ELECTRICAL CHARACTERISTICS at T4=25°C, Vpp=>5 V, t,tf =10 ns, V|4=0.7 Vpp,
ViL=0.3 Vpp, CL=150 pF

LIMITS
CDP1872C
CHARACTERISTIC CDP1874C UNITS
Typ* | Max.t
Input Port (Fig. 4)
Output Enable tEN 45 90
Output Disable . tpDIs 45 90
Clock to Data Out tcLO 45 90
Clear to Output tCRO 80 160
Data In to Data Out tolo 50 85 ns
Minimum Data Setup Time tbsu 10 30
Data Hold Time tDH 10 30
Minimum Clock Pulse Width tcL 30 60
Minimum Clear Pulse Width tcR 30 60

® Typical values are for TA=25°C and Vpp £5%.
t Maximum values are for TA=85°C and Vpp +5%.

Csi-cs2
(CDOPI872C)
tosu | ton

s+ cs2
(CDPI874C) ] ) i
1
CLOCK |
| )1( ! e
’-—'EN tcLo f+tois
DATABUS___' k *
(HIGH 2) ‘ X.\
fo10

— -tcrO
CCR

DATA IN

ter
Fig. 4-Timing waveforms for COP1872C and CDP1874C (input-port types).

92CM- 33006
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CLOCK |#——
cs2
DATA BUS 1
<:jDATA IN
P — COPIB72C
DO - D7 _ _
o si
02
o3l—
NO— +— A0 oat—
NIF— — Al 05—
L— MRD Neb— A2 06— CLOCK|¢—
F— —cs2
CDPIBT3C —
»(CSi
<:jDATA|N
COPIBO2 DATA BUS COPI872C
4TA BU
92CS-33003

Fig. 7-CDP1872C used as an input port and selected by CDP1873C.

|

MRD
copiBo2
NO NI N2 DO-D7
csl csi
cse s2
TPB —{CS3
A4
DATA IN ] oz 0o o1 Do > DATA OUT
coPI874C COPIBTSC
csi csi
csz cs2
DATA IN ::> o1 00 oI Do ::'1 »DATA OUT
TPB—{CS3
coplsTac copleTse
MEMORY

92Cs-33002

Fig. 8-CDP1874C and CDP1875C used as input/output buffers.
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MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

(Voltage referenced to Vggterminal) .. .....coviiiiiiennnnnrnenencncnnns —05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS ...... et ettt —0.5to Vpp +0.5V
DC INPUT CURRENT, ANYONE INPUT .....cvvvvnnnnns Cereeeeeeaas N +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For TA=—401t0 +60°C (PACKAGE TYPEE) . ..viitititveenrnenrneenenenensnens 500 mW

For TA=+60 to +85°C (PACKAGE TYPEE) ........... | Derate Linearly at 12 mW/°C to 200 mW

For TA=—55t0 +100°C (PACKAGE TYPED) .. ... vvvrererennnnannnenns PN 500 mW

For TA=+100 to +125°C (PACKAGE TYPED) ......... Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For TA=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .. .oocvveeenss 100 mW
OPERATING-TEMPERATURE RANGE (Tp):

PACKAGE TYPE D .t ititiiitiinineienteeeeneneenonsasaonsnsnsannnss —55 to +125°C

PACKAGE TYPEE . iiititiiitiinetneenransneononnensasennonnsnnesns —40to +85°C
STORAGE-TEMPERATURE RANGE (Tgtg) ««vvvvvvesosnneeeesnnnesanceenns —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32 in. (1.59 £ 0.79 mm) from case for10smax. ....cieveennees +265°C

STATIC ELECTRICAL CHARACTERISTICS at Tp = —40 to_+85°C, except as noted

CONDITIONS LIMITS
CHARACTERISTIC Vo VIN Vbbp CDP1873C UNITS
V) [\) (\)) Min. | Typ.* | Max.
Quiescent Device _ 0.5 5 _ 5 50 LA
Current, Ipp
Output Low Drive
(Sink) Current, 0.4 0,5 5 6 12 — mA
loL
Output High Drive
(Source) Current, 4.6 0,5 5 -4 -7 — mA
IoH
Output Voltage
Low-Level, — 0,5 5 — 0 0.1
VoA v
Output Voltage
High Level, — 0,5 5 4.9 5 —
VoHA
Input Low Voltage, 0.5, 45 _ 5 _ _ 15
ViL v
Input High Voltage, 05,45 _ 5 35 _ _
ViH
Input Leakage Any 0,5 5 _ _ +1 WA
Current, I|N Input
Operating (:urrent, _ 0,5 5 _ 2 3 mA
1DD1
Input Capacitance, _ _ _ _ 20 _ oF
CIN
*Typical values are for To =25°C and nominal voltage, Vpp.
loL=IoH =1uA.

Operating current is measured at 200 kHz for Vpp=5 V and 400 kHz for Vpp=10 V, with
open outputs (worst-case frequencies for CDP1802A system operating at maximum speed of 3.2 MHz).
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DN
l v
WRD cs2
ouTeUT
TPB|—> DATA v
cOPIBTSC 61 INSTRUCTIONS
cDPI1802 CS1 cs3
TPB
DATA BUS
Ts3
cs2 .
ouTPUT
DATA VIA
CDPIB7S5C 62 INSTRUCTIONS
=
NO NI N2
P le— STROBE
INPUT
VIA
CcoPIBT2C 69 INSTRUCTIONS
AO Al A2 )
L
o2 TS
o3l ExPaNDABLE UP
(COPIBTSC | TO 7 INPUT AND/
35| OR OUTPUT PORTS S ineyT
v
o1 o CDOPIS72C 6A INSTRUCTIONS
Vss—t ] o7
2 [ STROBE
E3
[
VDD —— 92CM-32891
MEMORY
Fig. 3 - N-line decoded in a one-level I/O system.
o>
ol —»
™ LOCK " Ll g
A c Al2 Al o3>
CDPIST3C TO IK MEMORY
Al AO 04 > CHIP SELECTS
AO — o5 —»
Al 3] %3 S
0 7>
AT CDPIST4C Elz E|3
COPISO2 a0 K Vss Voo
A8 |—» ADDRESS
oo LINES " s
< |.'c At [1ne
T 0z >
Voo Lo 3 | TO IK MEMORY
COPIBT3C gg |, CHIP SELECTS
v 'é_? 05 >
ss P EL o5
T= %
92CM-32892

Fig. 4 - 16-k memory-select using the CDP1873C with the CDP1874C as an address latch.
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MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)
(Voltage referenced to Vgg terminal)

(o7 0] = - 2 ~0.5to +11V

(0] =2 - 7o R N —05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS ... tttttnttittniiintetetetetetanauensieonoeietttoenoionionenne, —0.5 to Vpp +0.5 V
DC INPUT CURRENT, ANY ONE INPUT L. titttttetetetstntataetenenesetetaneteneneianeiesesesetierneninioieroinenss +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For TA=—40 10 +60°C (PACKAGE TYPE E) oo\ttt e ettt ettt e e e ettt et e e e e s 500 mwW

For TA=+60t0 +85°C (PACKAGE TYPE E) ...iiviiiiiiiiiiiiin e Derate Linearly at 12 mW/°C to 200 mW

For TA=—56 10 +100°C (PACKAGE TYPE D) ...\ttt e eieiaes 500 mW

For TA=+100 to 125°C (PACKAGE TYPE D) ....iviiiiiiiii i Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ........c.oveiviiiiiiiiiiiiinniiinieniniennaenns 100 mW

OPERATING-TEMPERATURE RANGE (Tp):
PACKAGE TYPE D
PACKAGE TYPE E

—55 to +125°C

......................................................... —40 to +85°C
STORAGE-TEMPERATURE RANGE (Tstg) ........................................................................ —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £+ 1/32 in. (1.59 £ 0.79 mm) from case for 10 S MaX. ...t iutiirr it iireiearertentarrerenneieeneaneanan +265°C
STATIC ELECTRICAL CHARACTERISTICS at Tpo=-40 to +85°C, Vpp 5%, Except as noted’
CONDITIONS LIMITS
CHARACTERISTIC Vo VIN | VDD CDP1877 CDP1877C UNITS
(V) (V) v) Min. | Typ." | Max. | Min.| Typ.' | Max.
Quiescent Device — 0,5 5 - 0.01 50 — 0.02 200 A
Current op| — | 010| 10| — 1 200 | — - - *
Output Low Drive 0.4 0,5 5 1.6 3.2 — 1.6 3.2 —
(Sink) Current loL| 05 0,10 10 2.6 5.2 — - - —_ mA
Output High Drive 4.6 0,56 5 -1.15| -23 - -1.15] -23 —
(Source) Current IoH| 95 0, 10 10 —26 | —5.2 — —_ - —
Output Voltage —_ 0,5 5 - 0 0.1 - 0 0.1
Low-Level vout| — | o10] 10 - 0 0.1 - — -
Output Voltage — 0,5 5 4.9 5 — 4.9 5 —
High Level vor¥| — | o010 10 9.9 10 — - - — v
Input Low 0.54.5 . 5 — —_ 1.5 -_ —_ 15
Voltage viL| 0595 — 10 — — 3 — — —
Input High 0.5,4.5 — 5 3.5 - — 3.5 - —
Voltage ViH| 0595 — 10 7 — - — — —
Input Leakage Any 0,5 5 —_ — +1 - - +1
Current IIN| !nput| 0,10 10 — —_ +2 — — — A
3-State Output Leakage 0.5] 05| 5 04| =1 | — | 04| =1 | “
Current lout| 0,10 0,10 | 10 — | +1074| +10 — — —
Input Capacitance CIN - - — - 5 7.5 - 5 7.5 oF
Output Capacitance CouTt| -— - - - 10 15 — 10 15
Operating Device — —_ . .
Current S IOPER# 150 — ?g ;(0) —_— o_f 1_0 mA

*Typical values are for TA=25°C and nominal Vpp. t'0L='OH=1 WA,

# Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system:
one PIC access per instruction cycle.




410 CMOS Peripherals
CDP1877, CDP1877C

PIC Programming Model

INTERNAL REGISTERS
The PIC has three write-only programmable registers and
two read-only registers.

Page Register
This write only register contains the high order vector the 8 possible interrupt requests; thus, interrupt vectoring
address the device will issue in response to an interupt differs only in location within a specified page.

request. This high-order address will be the same for any of
BUS 7 BUS 0

PAGE REGISTER BITS
A15 A14 A13 A12 l Al1 A10 A9 A8 WRITE ONLY

Control Register
The upper nibble of this write-only register contains the low interrupt request. The lower nibble is used for a master
order vector address the device will issue in response to an interrupt reset, master mask reset and for interval select.

BUS 7 BUS 0

CONTROL REGISTER BITS
NLY
B7 B6 BS B4 | B3 B2 B1 BO WRITE O

t ? f 4 ‘ ‘ INTE+R_VAL SELE‘CT

DETERMINES NUMBER OF
BYTES ALLOCATED TO EACH
INTERRUPT SERVICE ROUTINE

Bit 1 Bit 0 | Interval
0 0 2
0 1 4
1 0 8
1 1 16

l—— MASTER MASK RESET
0 RESETS ALL MASK REGISTER BITS
1 NO CHANGE

MASTER INTERRUPT RESET

0 RESETS ALL INTERRUPT LATCHES
CLEARS ANY PENDING INTERRUPTS
1 NO CHANGE

SETS UPPER BITS OF THE LOW ORDER
VECTOR ADDRESS AS A FUNCTION OF THE
INTERVAL SELECT

THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW:

INTERVAL SELECTED- LOW ADDRESS BITS
NO. OF BYTES BIT B7 BIT B6 BIT B5 BIT B4
2 SETS A7 SETS A6 SETS A5 SET A4
4 SETS A7 SETS A6 SETS A5 X
8 SETS A7 SETS A6 X X
16 SETS A7 X X X
X=DON'T CARE

NOTE: All DON'T CARE Addresses and Addresses A0-A3 are determined by interrupt request.
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Third (Low-Order Address) Bytes
INTERVAL 2
BUS 7 BUS 0
4
A7 A6 A5 A4 12/A 11%/ (7 0
INTERVAL 4
BUS 7 BUS 0
A7 A AS 12 Y / ] A) // 0 0
INTERVAL 8
BUS 7 BUS 0
7 7, ’/
A7 A6 12 I / ', 10 / 0 0 0
INTERVAL 16
BUS 7 BUS 0
A7 %2 %//1 /% A 0 0 0 0
7// Indicates active interrupt input number (binary 0 to 7).
Z

Bits indicated by Ax (x=4to 7) arethe same as programmed
into the Control Register. All other bits are generated by the
PIC.

REGISTER ADDRESSES

In order to read/write or obtain an interrupt vector from an CS/Ax and CS/Ay are multiplexed addresses; both must be
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) high during TPA, and setaccording to this table during TPB
must be valid during TPA. to access the proper register.
CS/Ax | CS/Ay RD WR ACTION TAKEN
1 0 0 1 READ Long Branch instruction and vector for highest priority unmasked

interrupt pending.

0 WRITE to Page Register

0 WRITE to Control Register
1 READ Status Register
0

1

WRITE to Mask Register

READ Polling Register (Used to ndentnfy INTERRUPT source if Polling tech-
nique rather than INTERRUPT service is used.)

1 1 X X Unused condition

ojlo|jOo|O|—=
s |lOojO|=|O
ola|lolala
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Example II—Multi-PIC Application

Fig. 3 shows all the connections required between CPU and
PICs to handle sixteen levels of interrupt control.

+v
CPU MA7 S/Ax
MAS »{CS/Ay
MAS cs CASC
mal o[ 145
MAO IR7 [¢— |NTERRUPT
VWP »MWR  |R6 [—
e MRD RS [—
TPA » TPA TR4 [¢—
TPB » TPB TR [¢—
N7 T el RZ le—
BUS< [ :|||>sus TRI (¢—
TRO j¢—
FIC !
coPigo2 CDPI877
—»1CS/Ax  CASC
CS/Ay
»{CS 1R7 [¢—
»CS TRE [¢—
» MWR TR —
MRD TRA[¢—
»{ TPA TR e—
P8 TRZ|[¢—
» INT TRI —
PIC2 TRO LOWEST
—_—-———l!> PRIORITY
BUS F_ INTERRUPT
corPig77

92CM-34375

Fig. 3 - PICs and CPU connection diagram.

Register Address Assignments
The low-byte register address for any WRITE or READ
operation is the same as shown in Table I.

The high-byte register differs for each PIC because of the
linear addressing technique shown in the example:

PIC 1=111XXX01 (E14 FOR X=0)

PIC 2=111XXX10 (E24 FOR X=0)

The R(1) vector address is unchanged. This address will
select both PICs simultaneously (R(1).1=111XXX00=EOR).
Internal CDP1877 logic controls which PIC will respond
when an interrupt request is serviced.

Additional PIC Application Comments
The interval select options provide significant flexibility for
interrupt routine memory allocations:

B The 2-byte interval allows one to dedicate a full page to
interrupt servicing, with variable space between
routines, by specifying indirect vectoring with 2 byte
short branch instructions on the current page.

B The 4-byte interval allows for a 3 byte long branch to
any location in memory where the interrupt service

routine is located. The branch can be preceded by a
Save Instruction to save previous contents of X and P
on the stack.

m The 8-byte and 16-byte intervals allow enough space to
perform a service routine without indirect vectoring.
The amount of interval memory can be increased even
further if all 8 INTERRUPTS are not required. Thus a4-
level interrupt system could use alternate IR Inputs,
and expand the interval to 16 and 32 bytes, respectively.

The 4 Chip Selects allow one to conserve total allotted
memory space to the PIC. For one chip, a total of 4
address lines could be used to select the device,
mapping it into as little as 4-K of memory space. Note
that this selection technique is the only one that allows
the PIC to work properly in the system: I/0O mapping
cannot be used because the PIC must work within the
CDP1800 interrupt structure to define the vector
address. Decoded signals also will not work because

the chip selects must be valid on the trailing edge of
TPA.
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m Software-controlled interrupt output

CDP1800-series microprocessor systems ® Addressable in memory space or

CDP1800-series 1/O space

CDP1878, CDP1878C Product Preview

NT i — Vop -

o—z —oor CMOS Dual Counter-Timer

TAG 4 — DBS

TACL 5 — DB4 Features:

_RD—'6 — DB3 » Compatible with general-purpose and
I-0/MEM 7 — DB2 N
TPB/WR 8 — DBI .

TPA 9 — bBoO u Two 16-bit down-counters and two 8-bit

ﬁg — ;%% control registers
Al L 186 8 5 modes including a versatile
A2 — TBCL variable-duty cycle mode

e T A TESET » Programmable gate-level select

92CS-34626 » Two-complemented output pins for

TERMINAL ASSIGNMENT each counter-timer

The RCA-CDP1878 and CDP1878CA are dual counter-
timers consisting of two 16-bit programmable down
counters that are independently controlled by separate
control registers. The value in the registers determine the
mode- of operation and control functions. Counters and
registers are directly addressable in memory space by any
general-industry-type microprocessors, in addition to
input/output mapping with the CDP1800-series micropro-
cessors.

Each counter-timer can be configured in five modes with
the additional flexibility of gate-level control. The control
registers in addition to mode formatting, allow software
start and stop, interrupt enable, and an optional read
control that allows a stable readout from the counters. Each

Table I - Mode Description

counter-timer has software control of a common interrupt
output with an interrupt status register indicating which
counter-timer has timed out.

In addition to the interrupt output, true and complemented
outputs are provided for each counter-timer for control of
peripheral devices.

The CDP1878 and CDP1878C are functionally identical.
They differ in that the CDP1878 has a recommended
operating voltage range of 4-to 10.5 volts, and the
CDP1878C has arecommended operating voltage range of
4 to 6.5 volts. These types are supplied in 28-lead dual-in-
line ceramic packages (D suffix), and 28-lead dual-in-line
plastic packages (E suffix).

AFormerly RCA Dev. Type No. TA10981 and TA10981C, respectively.

Mode

Function

Application

Timeout

Outputs change when clock decrements counter to “0”

Event counter

[ VY =%

Timeout Strobe
counter to “0”

One clockwide output pulse when clock decrements

Trigger pulse

Retriggerable

3| Gate-Controlied One Shot| Outputs change when clock decrements counter to “0”.

Time-delay generation

4] Rate Generator
5| Variable-Duty Cycle

Repetitive clockwide output pulse
Repetitive output with programmed duty cycle

Time-base generator
Motor control’

File Number 1341
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OPERATING CONDITIONS at Tao=Full Package-Temperature Range. For maximum rellability,
operating conditions should be selected so that operation Is always within the following ranges:

CMOS Microprocessors, Memories and Peripherals

LIMITS
CHARACTERISTIC CDP1878 CDP1878C UNITS
Min. Max. Min. Max.
DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss Vpp Vss VDD
Maximum Clock Input Rise or. 5 _ 5 s
Fall Time tr.tf .
Minimum Clock Pulse Width twL, twH 200 — 200 — ns
Maximum Clock Input Frequency, fcL DC 1 DC 1 MHz
JAM
REGISTER A
RESET o—rof r—o GATE A
o I-0
TPB/WR Ol o : TAO
1-0/MER o “ANDO- COUNTER 4 e~ RONTE EOTROL Ly 1o
P LoGIc
€S o— T—o CLOCK A
A2 ol
Al HOLDING
:
Voo ® y
Vss® T —
le— STATII?ST R‘E’é?s*rsa INT
8-BIT DATA
BUS
EXTERNAL <:> DRIVERS v
REGISTER B

I—o GATE B
COUNTER B CONTROL REGISTER B T8O
AND MODE CONTROL T80

LO CLOCK B
HOLDING
REGISTER B

L |

Fig. 1 - Functional diagram CDP1878 and CDP1878C.

92CL- 34627

Functional Definitions for CDP1878 and CDP1878C Terminals

TERMINAL USAGE TERMINAL USAGE
VpDp-Vss | Power
DB0-DB7 Data to and from device Cs Active high input that enables device
TPB/WR, RD | Directional control signals TNT Low when counter is “0”
A0, A1, A2 | Addresses that select counters RESET When active, TAO, TBO are low,
or registers TAO, TBO are high. Interrupt status
TACL, TBCL | Clocks used to decrement counters ) register is cleared
TAG, TBG | Gate inputs that control counters I-O/MEM | Tied high in CDP1800 input/output
TAO,TAD | Complemented outputs of Timer A mode, otherwise tied low
TBO, TBO | Complemented outputs of Timer B
TPA Used with CDP1800-series processors,
tied high otherwise
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Functional Description—See Fig. 1

The dual counter-timer consists of two programmable 16-
bit down counters, separately addressable and controlled
by two independent 8-bit control registers. The word in the
control register determines the mode and type of operation
that the counter-timer performs. Writing to or reading from
a counter or register is enabled by selective addressing
during a write or read cycle. The data is placed on the data
bus by the microprocessor during the write cycle or read
from the counter during the read cycle. Data to and from
the countersand to the control registersis in binary format.

Each counter-timer consists.of three parts. The first is the
counter itself, a 16-bit down counter thatis decremented on
the trailing edge of the clock input. The second is the jam
register that receives the data when the counter is written
to. The word in the control register determines when the
jam register value is placed into the counter. The third part
is the holding register that places the counter value on the
data bus when the counter is read.

When the counter has decremented to zero, three events
occur. The first involves the common interrupt output pin
that, if enabled, becomes active low. The second is the
setting of a bit in the interrupt status register. This register
can be read to determine which counter-timer has timed
out. Thethird eventis the logic change of the complemented
output pins.

In addition to the clock input used to decrement the
counter, a gate input is available to enable or initiate
operation. The counter-timers are independent and can
have different mode operations.

Write Operation

The counters and registers are separately addressable and
are programmed via the data bus when the chip is selected
with the TPB/WR pin active. Normal sequencing requires
that the counter jam register be loaded first with the
required value (most significant and least significant byte

Control Register

inany order), and then the control register be accessed and
loaded with the control word. The trailing edge of the
TPB/WR pulse will latch the control word into the control
register. The trailing edge of the first clock to occur with
gate valid will cause the counter to be jammed with its initial
value. The counter will decrement on the trailing edge of
succeeding clocks as long as the gate is valid, until it
reaches zero. The output levels will then change, and if
enabled, the interrupt output will become active and the
appropriate timer bit will be set in the interrupt status
register. The interrupt output and the interrupt status
register can be cleared (to their inactive state) by addressing
the control register with the TPB/WR line active. For
example, if counter A times out, control register A must be
accessed to reset the interrupt output high and reset the
timer A bitin the status register low. Timer B bitin the status
register will be unaffected.

Read Operation

Each counter has a holding register that is continuously
being updated by the counter and is accessed when the
counter is addressed during read cycles. Counter reads are
accomplished by halting the holding register and then
reading it, or by reading the holding register directly. If the
holding register is read directly, data will appear on the bus
if the counters are addressed with the RD line active.
However, if the clock decrements the counter between the
two read operations (most and least significant byte), an
inaccurate value will be read. To preclude this from
happening, writing a “1” into bit 6 of the control register and
then addressing and reading the counter will result in a
stable reading. This operation prevents the holding register
from being updated by the counter and does not affect the
counter’s operation.

The interrupt status register is read by addressing either
control register with the RD line active. A “1” in bit 7
indicates Timer A has timed out and a “1” in bit 6 indicates
Timer B has timed out. Bits 0-5 are zeros.

JEIRIEY

Lrlelefe]
A

Jam Enable
1=Enabled
0=Disabled

Holding Register Control
1=Freeze Holding Register
0=Update Continuously

Start/Stop Control
1=Start Counter
0=Stop Counter

| R —

t Gate Level Select
1=Positive (High)
0=Negative (Low)

Mode Select
001=Mode 1
010-Mode 2

*011=Mode 3
100=Mode 4
101=Mode 5

*Plus Bit 7=0

Interrupt Enable
1=Enabled
0=Disabled

Bits 0, 1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6).

Bit7 © Bit2 Bit1 Bit 0
Mode 1 — Timeout — 0 0 1
Mode 2 — Timeout Strobe - 0 1 0
Mode 3 — Gate Controlled One Shot 0 0 1 1
Mode 4 — Rate Generator — 1 0 0
Mode 5 — Variable-Duty Cycle — 1 0 1
No Mode selected. Counter outputs unaffected. — 0 0 0

Note: When selecting a mode, the timer outputs TAO and
TBO are set low, and TAO and TBO are set high. If bits 0, 1
and 2 are all zero's when the control register is loaded, no

mode is selected, and the counter-timer outputs are
unaffected. Issuing mode 6 will cause an indeterminate
condition of the counter, issuing mode 7 is equivalent to
issuing mode 5.
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Mode Control Register Gate Control
Selectable
Timeout Strobe XXX} X I X I o1 0] High or Low Level
2 Enables Operation
BUS7 BUS 0
Mode 2:

Operation of this mode is the same as mode 1, except the
outputs will change for one clock period only and then

return to the condition of TXO high and TXO low, and the
counter is reloaded.

COUNTER VALUE 3 z 1 3 3 2 |
CLOCK
3 2 ! 9] 3 3 2 1 o]
WR
CONTROL *
REGISTER

GATE T
TX0 | I l____l

INT *
*
WRITE TO CONTROL REGISTER WITH
MODE SELECTS=0

LOAD COUNT =3

92CM-34629R2

Fig. 3 - Timeout strobe (mode 2) timing waveforms.

Mode

Control Register

Gate Control
Selectable
Positive or Negative

Gate Controiled One Shot 0

Going Edge Initiates

BUS 7

1 Operation

BUS 0

Mode 3:
After the jam register is loaded with the required value, the

gate edge will initiate this mode. TXO will be set high, and
TXO will be set low. The clock will decrement the counter.
When zero is reached, TXO will go low and TXO will be
high, and the interrupt output will be set low. The counter is

3

retriggerable: While the counter is decrementing, a gate
edge or write to the control register with the jam-enable bit
high, will load the counter with the jam register value and
restart the one-shot operation.

2 | [ 3 3 2

COUNTER VALUE
cLOCK W
3 2 | 9] 3 3 2 |

WR
CONTROL
REGISTER

GATE

f 1
AW

I

LOAD COUNT =3 l

92CM-34630R2

Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms.
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Setting the Control Register

The following will illustrate a counter write and subsequent
reads that places stable, accurate values on the data bus
from the counter-timer.

The counter is addressed and the required values are
loaded with a write operation. The control register is
addressed next and loaded with BOH.

finonnnon

Load counter with

Control Register=BoH
Jam register

Mode 1 selected

Positive gate enabling

Holding reglister continuously required

updated by counter
Interrupt output enabled

Counter start

The counter will now decrement with each input clock pulse
while the gate is valid. Assuming the counter has not
decremented to zero and its value is to be read without
affecting the counter’s operation, a write to the control
register is performed. 78H is loaded into the control
register.

BUS7 BUSO
Hannnnnn
[ N
T Control register=78H
Counter value Unchanged

unaffected Counter outputs unaffected

Freeze holding register

The counter is addressed and read operations are per-
formed.

Function Pin Definition

DB7-DB0—8-bit bidirectional bus used to transfer binary
information between the microprocessor and the dual
counter-timer.

Vpp, V§s—Power and ground for device.

A0, A1, and A2—Addresses used to select counters or
registers. ___

TPB/WR, RD—Directional signals that determine whether
data will be placed on the bus from a counter or the
interrupt status register (RD active) (memory mapped), or
data on the bus will be placed into a counter or control
register (TPB/WR active). The following connections are
required between the microprocessor and the counter-
timer in the CDP1800-series input/output mapping mode.

Microprocessor Counter-Timer
MRD RD
TPB TPB/WR
TPA TPA
N Lines Address Lines

and 1-O/MEM to Vpp.

During an output instruction, data from the memory is
strobed into the counter-timer during TPB when is
active, and latched on TPB's trailing edge. Data is read from
the counter-timer when RD is not active between the
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.)

TACL, TBCL—Clocks used to decrement the counter.
TAG, TBG—Gate inputs used to control counter.

TAO, TAO—Complemented outputs of Timer A.

TBO, TBO—Complemented outputs of Timer B.
TNT—Common interrupt output. Active when counter
decrements to zero.

RESET—Active low signal that resets counter outputs
(TAO, TBO low, TAO, TBO high). The interrupt output is
set high and the status register is cleared.

1-0/ —Tied high in CDP1800-series input/output mode,
otherwise tied low.

TPA—Tied to TPA of the CDP1800-series microprocessors.
During memory mapping, it is used to latch the high order
address bit for the chip select. Inthe CDP1800 input/output
mode, itis used to gate the N lines. When the counter-timer
is used with other microprocessors, or when the high order
address of the CDP1800-series microprocessors is ex-
ternally latched, it is connected to Vpp.

CS—An active high signal that enables the device.
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CLOCK  XTAL

TACL,TBCL i¢— TAG
TPA —»{ TPA l— 786

MRD RD
TPB TPB/WR l—» T20

NO AO

ADDRESS N Al ’—’ TR R
LINES N2 P a2 ouTAUTS
Vpp —Cs —» TBO
b 1-0/MEM
It i L O
MEMORY CDP1802 °°‘,;';LE§,;T;¢ER
DATA BUS 92CM-34636

Fig. 10 - Typical CDP1802 input/output-mapped system.

m_
o]
N LINES_J

]

TPB/WR DATA LATCHED
DATA FROM MEMORY __—% VALID DATA
TO COUNTER-TIMER

92CM- 34637

Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output instruction.

TPA n—ouwur DRIVERS ENABLED
RD l
TPB/WR r_*q—ouwur DRIVERS DISABLED

N LINES_J
S
DATA FROM
COUNTER- TIMER VALID DATA
TO MEMORY 92CM- 34638

Fig. 12 - CDP1800-series input/output-mapping timing waveforms with input instruction.
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DYNAMIC ELECTRICAL CHARACTERISTICS at TpA=-40 to +85°C, Vpp=5 V £ 5%,
Input t.,t=10 ns; C =50 pF and 1 TTL Load

CMOS Microprocessors, Memories and Peripherals

LIMITS
CHARACTERISTIC Mint L Tyes l Max. UNITS

Write Cycle Times (see Fig. 14)

Address Setup to Write tas 150 — —

‘Write Pulse Width tWR 150 — —

Data Setup to Write tps 200 - — ns
Address Hold after Write tAH 50 — —

Data Hold after Write twH 50 — —

Chip Select Setup to TPA tcs 50 — —

tTime required by a limit device to allow for the indicated function.
*Typical values are for TA=25° C and nominal Vpp.

TPA

|<—155

[t gy —

ADDRESS/CHIP SELECT

DATATO COUNTER TIMER

—

'os

Fig. 14 - Write cycle timing waveforms.

twH

92CM-34640
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vop)
(Voltage referenced to Vss Terminal)
[0 5T < 4 T
CDP1879C-1 vt viiiiiiiiiniennnens .

INPUT VOLTAGE RANGE, ALL INPUTS .... oo

DC INPUT CURRENT, ANY ONE INPUT L1ttt iiatt st ia ettt i et e aenaasatanenenas

POWER DISSIPATION PER PACKAGE (Pp):
For TA = -40 to +60° C (PACKAGE TYPE E)

For TA=+601t0 +85°C (PACKAGE TYPE E) ...t tiuiit i iiniineniennnns Derate Linearly at 12 mW/°C to 200 mW

For TA=-5510 +100°C (PACKAGE TYPE D) .. .tututntin ittt ittt ettt et ae e ataataenanasoeanas 500 mW

For TA=+1001t0 +125°C (PACKAGE TYPE D) ..iiuttiirtieieniieentnnerannennnns Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPES) « ..« evvueerunteiiiineeiiiiieeineeiinaeeennaees 40 mW
OPERATING-TEMPERATURE RANGE (TA):

PACKAGE TYPE D, H . -55t0 +125°C

PACKAGE TYPEE .......ccvvnvvninnnn ...-40 to +85°C
STORAGE TEMPERATURE RANGE (TStg) .+ tvutttenetntenententntsattaeententoneersensssensesensesssnnsssennas -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from case for TOS MAX. ... .vuiuine it iiuenniirenranenseneeneenrenesnnnnss +265°C

OPERATING CONDITIONS at Tao=Full Package-Temperature Range, unless otherwise noted.
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges:

LIMITS
CHARACTERISTIC CDP1879 CDP1879C-1 UNITS
Min. Max. Min. Max.

DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss Voo Vss Voo
DC Standby (Timekeeping) Voltage* Vstey

Ta = -40° to +85°Ct 3 — 3 — Y

Ta=0°to+70°C 2.5 — 2.5 —
Clock Input Rise or Fall Time tete

Voo=5V — 10 —_ 10

Voo = 10V = 1 — — Ks

*Timekeeping function only, no READ/WRITE accesses, 32-kHz external frequency source only,
no crystal operation.

tSee Standby (Timekeeping) Voltage Operation, Page 11.
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STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85° C VDD = 5%, Except as noted

CONDITIONS LIMITS
CHARACTERISTIC Vo VIN Voo CDP1879 CDP1879C-1 UNITS
i\l i\ i\ Min. | Typ.e | Max. | Min. | Typ.e | Max.
Quiescent Device Current  IDD 0,5 5 - 0.01 50 - 0.02 200 A
0.10 | 10 | — 1 |20 | = | = | = | "
Output Low Drive (Sink) 0.4 0,5 5 1.8 4 — —_ — —_
Current, Data Bus & INT ___IoL 05 [010 | 10 3.6 7 — — — —
Output High Drive (Source) 4.6 0,5 5 -1.1 -2.3 — -1.1 -2.3 —
Current, Data Bus & INT ____IoH 95 [o0,10 { 10 26 | -44 — — — —
Output Low Drive (Sink) 0.4 0,5 5 0.6 1.4 — 0.6 1.4 —
Current, Clock Out loL 0.5 0, 10 10 1.2 3 — — — — mA
Output High Drive (Source) 4.6 0,5 5 -1.1 -2.3 — -1.1 -2.3 —
Current, Clock Out 10H 9.5 0,10 10 -2.6 -4.4 - — — —_
Output Low Drive (Sink) 0.4 0,5 5 0.2 0.9 — 0.2 0.9 —
Current, XTAL Out loL 05 1010 | 10 0.4 2 - - - —
Output High Drive (Source) 4.6 0,5 5 -0.15 -0.4 -0.15 -0.4 —
Current, XTAL Out lon | 95 (010 | 10 | -03 | -0.7 — - - —
Output Voltage - 0,5 5 —_ 0 0.1 —_ 0 0.1
Low-Level VoLt — 0,10 10 —_ 0 0.1 — — —_
Output Voltage — 0,5 5 4.9 5 — 49 5 —
High Level VOH$ — 0, 10 10 9.9 10 —_ —_— - — v
Input Low Voltage VL 05451 — g - - 15 - - 18
0.5,9.5 — 10 — — 3 — — —
Input High Voltage VIH 05451 — 5 35 - B 35 - -
0.5,9.5 — 10 7 — — — — —
Input Leakage Current IIN Any | 0.5 5 - - =1 - - =1
Input | 0,10 10 — — *2 — s — — A
3-State Output 05 |05 | 5 -1 =5 = =1z 1"
Leakage Current louT 0, 10 0,10 10 — — +1 —_ —_ —
Operating Current *
External Clock 32 kHz — - 5 — 0.01 0.15 —_ 0.01 0.15
1 MHz — — 5 — 0.2 1 — 0.2 1
2 MHz — — 5 — 0.35 1.5 — 0.35 1.5
4 MHz — — 5 — 0.7 2 — 0.7 2
32 kHz — - 10 -_ 0.03 0.25 — — -
1 MHz — —_ 10 -_ 0.4 2 —_— — -
2 MHz — — 10 — 0.8 3 - — -
4 MHz — — 10 — 1.6 4.5 _ — — mA
XTAL Oscillator** 32 kHz — — 5 — 0.1 0.25 — 0.1 0.25
1 MHz — — 5 — 0.3 0.5 - 0.3 0.5
2 MHz — = 5 — 0.4 0.6 - 0.4 0.6
4 MHz — — . 5 — 0.6 0.8 — 0.6 0.8
1 MHz - — 10 — 1.6 3 - —_ —
2 MHz - — 10 — 1.8 3.5 — — —
4 MHz — -— 10 — 2 5 —_ - -
Input Capacitance CIN — — - — 1 5 7.5 — 5 7.5 F
Qutput Capacitance cout — — — — 10 15 — 10 15 P
Maximum Clock Rise tr tf — — 5 — — 10 — — 10
and Fall Times - — 10 —_ — 1 — — — s
®Typical values are for TA =25°C and nominal Vpp. *Operating current measured with clockout = 488.2 us and no load;

$ioL = IoH = 1 WA, ** See Table 111 and Fig. 6 for oscillator circuit information.




434
CDP1879, CDP1879C-1

GENERAL OPERATION

The real-time clock contains seconds, minutes, and hours,
date and month counters that hold time of day/calendar
information (see Fig. 2). The frequency of an intrinsic
oscillatoris divided down to supply a once-a-second signal
to the counter series string. The counters are separately
addressable and can be written to or read from.

The real-time clock contains seconds, minutes and hour
write-only alarm latches that store the alarm time (see Fig.
3). When the value of the alarm latches and counters are
equal, theinterrupt outputisactivated. The interrupt output
can also be activated by a clock output transition. The clock
output is derived from the prescaler and counters and can
be one of 15 square-wave signals. The value in the read-
only interrupt status register identifies the interruptsource.

FREEZE
CIRCUIT

CMOS Microprocessors, Memories and Peripherals

Operational control of the real-time clock is determined by
the byte in a write-only control register. The 8-bit value in
this register determines the correct divisor for the prescaler,
a data direction and alarm enable bit, clock output select,
and start/stop control (see Fig. 4).

Data transfer and addressing are accomplished in two
modes of operation, memory mapping and I/0 mapping
using the CDP1800-series microprocessors. The mode is
selected by the level on an input pin. (I-O/MEM). Memory
mapping implies use of the address lines as chip selects and
address inputs using linear selection or partial or full
decoding methods. /0 mapping with the CDP1800-series
microprocessors involves use of the N line outputs in
conjunction with input and output instructions to transfer
data to and from memory.

AM - PM AND
HOUR
LOGIC

OSCILLATOR PRESCALE SECOND

-

v

MINUTE HOUR DAY MONTH

4

CLOCK OuT

CONTROL
REGISTER

| CLOCK

AND
INT
LOGIC
VoD *

8_BIT DATABUS

COMPARATOR

SECOND MINUTE HOUR |g ¢
LATCH LATCH LATCH

INT. STATUS
REGISTER

4y 4 _4p

N
——

I/0

INTER-
FACE

)

F=>—

DBO-DB7

A0

Al

A2
O
o R N—
L-0/MEM
TPB/WR
RD
One———
CS

ADDRESS DECODE
AND

-
i
——

CONTROL LOGIC -——I—>

|

1

t
F——
i

Quenms——
0 POWER DOWN

92CL-34913

Fig. 2 - Functional diagram - time counters highlighted.
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AM - PM AND
HOUR

CALENDAR
LOGIC LoGIC

OSCILLATOR |—p] PRESCALE SECOND

MINUTE HOUR DAY MONTH

1
¥

Y

PRESCALE
SELECT

CLOCK
SELECT

_§

CONTROL

CLOCK OuT REGISTER

8-BIT DATA BUS

|

H
2
i

]
m|
|
m|
!
3

|

T<
o

o
]

3
»
0

COMPARATOR

SECOND || MINUTE HOUR
LATCH LATCH || LATCH

AP AN

INT. STATUS
REGISTER

I/0
INTER-
FACE

1

DBO-DB7

ADDRESS DECODE
N
1-0/WEM CONTROL LOGIC |
TPB/WR |
RD I
|

O mm———
cs

o POWER DOWN |

Fig. 4 - Functional diagram

ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3)

The alarm circuit consists of 1) seconds, minutes and hour
alarm latches that hold the alarm time, 2) the outputs of the
seconds, minutes and hour counters, and 3) a comparator
that drives an interrupt output. The comparator senses the
counter and alarm latch values and activates the interrupt
output (active low) when they are equal.

The write-only alarm latches have the same addresses as
their comparable counters. Bit 3 in the control register
determines data direction to the latches or counters and
alarm enabling. For example, during a write cycle, if bit 3 in
the control registeris a‘“1”, addressing the seconds counter
or alarm latch will load the seconds alarm latch from the
data bus and will enable the alarm function. Conversely, if
bit 3in the control register is a “0”, addressing the seconds
counter or alarm latch during a write cycle will place the
value on the data bus into the seconds counter and will

92CL-34915

- control register highlighted.

disable the alarm function. The interrupt output can be
activated by the alarm circuit or the clock output. When an
interrupt occurs, the upper two bits of the interrupt status
register identify the interrupt source. The interrupt status
register has the same address as the control register.
Addressing the interrupt status register with the RD line
active will place these register bits on the data bus. Bits 0-5
are held low. A “1” in bit 6 represents a clock output
transition as the interrupt source. A “1” in bit 7 will identify
the alarm circuit as the interrupt source.

Activating the reset pin (active low) resets the hour latch to
“30” which prevents a match between alarm and time
registers during an initialization procedure. Activating the
reset pin or writing to the control register resets the
interrupt output (high) and clears the interrupt status
register.
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PIN FUNCTIONS

VoD, Vss — Power and ground for device.

DBO0 — DB7 — DATA BUS — 8-bit bidirectional bus that
transfers BCD data to and from the counters, latches and
registers.

A0, A1, A2 — Address inputs that select a counter, latch or
register to read from or write to.

TPA — Strobe input used to latch the value on the chip
select pin. CSis latched on the trailing edge of TPA. During
memory mapping, it is used to latch the high order address
bit used for the chip select. When the real-time clock is used
with other microprocessors, or when the high order address
of the CDP1800 series microprocessor is externally latched,
itis connected to VDD. Inthe input/output mode, itis used to
gate the N lines.

1-O/MEM — Tied low during memory mapping and high
when the input/output mode of the CDP1800 series
microprocessor is used.

RD, TPB/WR — DIRECTION SIGNALS — Active signals
that determine data direction flow. In the memory mapped
mode, data is placed on the bus from the counters.or status
register when RD pin is active.

Datais transferred to a counter, latch or the control register
when RD is high and TPB/WR is active and latched on the
trailing edge (low to high) of the TPB/WR signal.

In the input/output mode, data is placed on the bus from a
counter or status register when RD is not active between the
trailing edges of TPA and TPB. Dataon the busis written to
acounter, latch, or the control register during TPB when RD

is active and latched on TPB's trailing edge. The following
connections are required between the microprocessor and
real-time clock in the CDP1800 series |/O mode.

MICROPROCESSOR REAL-TIME CLOCK

MRD ...t RD
TPB.ovviiie i TPB/WR

TPA TPA
NLINES............. ADDRESS LINES
I-O/MEM ............ VbD

CS — CHIP SELECT — Used toenable or disable the inputs
and outputs. TPA is used to strobe and latch a positive level
on this pin to enable the device.

XTAL AND XTAL — The frequency of the internal oscillator
is determined by the value of the crystal connected to these
pins. “XTAL” may be driven directly by an external frequency
source.

CLOCK OUT — 1 of 15square wave frequencies will appear
at this pin when selected. During power down, this pin will
be placed low, and will be high during normal operation
when the clock is deselected.

POWER DOWN — POWER DOWN CONTROL — Alowon
this pin will place the device in the power down mode.

INT — Interrupt Output — A low on this pin indicates an
active alarm time or high-to-low transition of the “clock out”
signal.

RESET — A low on this pin clears the status register and
places the interrupt output pin high.

FREQUENCY INPUT REQUIREMENTS

The Real-Time Clock operates with the following frequency
input sources:

1. An external crystal that is used with the on-board
oscillator. The oscillator is biased by a large feedback
resistor and oscillates atthe crystal frequency (see Fig.
6, Table I1I).

2. An external frequency input that is supplied at the
XTAL input. XTAL is left open (see Fig. 5). A typical
external oscillator circuit is shown in Fig. 7 in section,
“Standby (Timekeeping) VOLTAGE OPERATION".

TABLE III - Typical Oscillator Circuit Parameters for Suggested Oscillator Circuit, see Fig. 6

PARAMETERS 4.197 MHz 2.097 MHz 1.049 MHz 32768 Hz* UNITS
Ry 22 22 22 22 MQ
Co 39 39 39 39 pF
Ci 5 5 5 5 pF
Rs — — — 200 KQ
CL —_ — — 91 pF
Crystal Impedance 73 200 200 50K (max.) [¢]

*CDP1879C-1 only.
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STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont'd)

l@— STANDBY &
VOLTAGE MODE
] - 0.95 Vpp 0.95 VoA~
Voo \| Vstey |/
— 1% ety %

testay tre
¢ Vi Vi
ViL viL

d
*re, 1¢ 2158
92CM-37291

Fig. 8 - Standby (timekeeping) voltage- and timing-waveforms.

EXTERNAL CLOCK SOURCE OF 32 kHz
TYPICAL STANDBY (TIMEKEEPING) VOLTAGE !
3V (-40°Cs Ts + 85°C)

5 2.5V (0°CsTs+70°C)

VOLTAGE -V

Vpp)

(vsTBY

STANDBY (

~a0

-20 ] 20 40 60 80 100
FULL- TEMPERATURE RANGE-°C
92Cs-37292

Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range.

APPLICATIONS

Atypical application for this real-time clock is as a wake-up
control to a CPU to reduce total system power in inter-
mittent-use systems. A hookup diagram illustrating this
feature is shown in Fig. 10. In this configuration, the alarm

and power-down features of the CDP1879 are utilized in the
control of the sleep and wake-up states of the CPU. A No
typical shut-down/start-up sequence for this system could NI
proceed as follows: 0
1. The CPU hasfinished a current task and will be inactive N
for the next six hours.
2. The CPU loads the CDP1879 alarm registers with the
desired wake-up time. ' XTAL
3. The CDP1800 Q output is set high, which stops the
CPU oscillator (as an alternative, in an NMOS system, cDP180O
power to all components except the clock chip could be
shut off).
4. This Q output signal is received by the CDP1879 as a
power-down signal.
. The CDP1879 tri-states the interrupt output pin.
. The CDP1879 eventually times out, and sets an alarm
by driving the TNT output low. i
7. The alarm signal resets the CPU (to avoid oscillator

oo,

CMOS Microprocessors, Memories and Peripherals

n

3

XTAL

A0

A2

Voo

1-0/MEM

coPia7e

FD

INT

start-up problems) and flags the processor for a warm-

start routine.
8. The CPU, once into its normal software sequence,

writes to the CDP1879 control register to reset the

interrupt request.

92CS~34136R3

Fig. 10 - CPU wake-up circuit using the CDP1879 real-time clock.
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CMOS Microprocessors, Memories and Peripherals

APPLICATIONS (Cont'd) I—'| U
XTAL. XTAL
cLock[—»
CLEAR Reser OUT
TPA TPA
MRD RO
P8 TPB/WR
< :‘_—_ INTERRUPT INTERRUPT
ADDRESS No Ao
LINES NI Al
N2 a2
T0/MEM -Vpp
g
COPI879
- MEMORY CDP1802 DBO-DB7
92CM- 34905

Fig. 14 - Typical CDP1802 input/output-mapped system.

TPA I |
RD I
N LINESJ

]

TPB/WR DATA LATCHED
DATA FROM MEMORY
TO REAL TIME CLOCK ——% VALID DATA I____
92CM-34906

Fig. 15 - CDP1800-series input/output-mapping timing waveforms with output instruction.

TPA J_*Q—ourpur DRIVERS ENABLED
RD I
TPB/WR I_*G‘OUTPUT DRIVERS DISABLED

N LINESJ
DATA FROM REAL TIME
CLOCK TO MEMORY VALID DATA

Fig. 16 - CDP1800-series input/output-mapping timing waveforms with input instruction.

92CM-34907
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CDP1879, CDP1879C-1

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C,
Input tp,tf = 10 ns, C_ = 50 pF

LIMITS
CHARACTERISTIC Vbp CDP1879 CDP1879C-1 UNITS
Write Cycle Times (see Fig. 18) ) Min.t Max. Min. Max.

JR— 5 225 — 225 —
Address Setup to Write tAs 10 110 _ _ -
—— . 5 150 —_ 150 —
Write Pulse Width twR 10 70 _ _ —
J— 5 65 — 65 -

Data Setup to Write tDs 10 30 _ _ _ ns
Address Hold after Write tAH 150 8 : g :
R 5 150 — 150 —
Data Hold after Write twH 10 80 _ _ —
) 5 50 - 50 -
Chip Select Setup to TPA : tcs 10 30 _ _ —

1Time required by a limit device to allow for the indicated function.

TPA

""cs M tau

ADDRESS/CHIP SELECT

WRITE

DATA TO REAL TIME CLOCK

'os = twh
92CM- 34908

Fig. 18 - Write-cycle timing waveforms.
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CDP1881, CDP1881C, CDP1882, CDP1882C

OPERATING CONDITIONS at TA = Full Package-Temperature Range.
For maximum relibility, operating conditions should be selected so that operation is always within the following ranges:

LIMITS
CHARACTERISTIC- CDP1881, CDP1882 CDP1881C, CDP1882C UNITS
Min. Max. Min. Max.
DC Operating Voltage Range 4 10.5 4 6.5
Input Voltage Range Vss VDD Vss VDD v
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD + 5%, Except as noted
CONDITIONS LIMITS
CDP1881 CDP1881C
CHARACTERISTIC CDP1882 CDP1882C UNITS
Vo VIN Voo
v) ) v) Min. | Typ.* | Max. Min. | Typ.* | Max.
Quiescent Device — 0,5 5 — 1 10 - 5 50 A
Current IDD — 0,10 10 — 10 100 — — —
Output Low Drive 0.4 0,5 5 1.6 3.2 — 1.6 3.2 —
(Sink) Current loL 0.5 0,10 10 3.2 6.4 —_ -— - — mA
Output High Drive 4.6 0,5 5 -1.15 -2.3 — -1.15 -2.3 —
(Source) Current |oH 9.5 0,10 10 -2.3 -4.6 — —_ - —
Output Voltage — 0,5 5 — 0 0.1 — 0 0.1
Low-Level voLi — 0,10 10 — 0 0.1 — — —
Output Voltage — 0,5 5 49 5 — 4.9 5 —
High-Level - VoHt — 0,10 10 9.9 10 — — - — y
Input Low 0.5,45 — 5 — — 1.5 — - 1.5
Voltage ViL 1,9 — 10 — — 3 — — —
Input High 05,45 — 5 3.5 — - 3.5 - —
Voltage ViH 1,9 — 10 7 — — — - —_
Input Leakage Any 0,5 5 — — +1 — — *+71 A
Current IIN Input | 0, 10 10 — — +2 — — —
Input Capacitance CIN — — — — 5 7.5 — 5 7.5 oF
Output Capacitance Cout — — — — 10 15 — 10 15
Operating Device 0,5 0,5 5 — — 2 - — 2
mA
Current Ibb1 A 0,10 | 0,10 10 —_ — 4 — — —
Minimum Data
Retention Voltage VDR Voo = VoR - 2 24 - 2 24 v
Data Retention
Current IoR VDD = 2.4V - 0.01 1 — 0.5 5 LA

*Typical values are for TA = 25°C.

FloL = IoH = 1 yA.

AOperating current is measured at 200 kHz for VDD = 5 V and 400 kHz for VDD = 10 V, with outputs open circuit.
(Equivalent to typical CDP1800 system at 3.2 MHz, 5-V; and 6.4 MHz, 10-V).
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CDP1881, CDP1881C, CDP1882, CDP1882C

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD = 5%, tr, tt = 20 ns,
VIH = 0.7 VDD, ViL = 0.3 VDD, CL = 100 pF, See Fig. 3.

LIMITS
CHARACTERISTIC CDP1881, CDP1882 | CDP1881C, CDP1882C |UNITS
Voo -
V) Min. | Typ.e |Max.A | Min. | Typ.e [Max.A
Minimum Setup Time, 5 — 10 35 — 10 35
Memory Address to CLOCK, tMACL 10 — 8 25 - — —
Minimum Hold Time, 5 — 8 25 — 8 25
Memory Address After CLOCK, tCLMA 10 — 8 25 — — —
— 5 7 — 0 7
Minimum CLOCK Pulse Width tcLeL ° 0 S 5 s
10 — 25 40 - — —
Propagation Delay Times: 5 — 75 150 —_ 75 150
Chip Enable to Chip Select tCECS 10 — 45 100 — — —
U —— 5 — 75 150 — 75 150
MRD or MWR to Chip Select* tMCs ns
10 — 40 100 — — —
— 5 — 100 175 — 100 175
CLOCK to Chip Select tcLes
10 — 65 125 — — —
5 — 100 17 — 100 175
CLOCK to Address tCLA 5
10 — 65 125 — — —
Memory Address to Chip Select  tMACS ° - 100 175 - 100 178
Y P 10 — 75 125 — — —
5 — 80 125 — 80 125
Memory Address to Address tMAA
10 — 40 60 — — —

eTypical values are for TA = 25°C.
AMaximum limits of minimum characteristics are the values above which all devices function.
*For the CDP1881 and CDP1881C types only.

CE \ VALID CHIP ENABLE

t

CECS Htcecs
€S0, ¢51,c52,Cs3 R

(a) CHTP ENABLE TO CHIP SELECT PROPAGATION DELAY
- —
MRD OR MWR
tmMcs tMcs

€50, T51,C52,653 3 +

{b) MRD OR MWR TO CHIP SELECT PROPAGATION DELAY (CDPI88I,COPIBBIC ONLY)

MAO- MAS j{ T N g )
. t MACL 'cLma -
cLock l N |
teLoL teLes o tmacs JMACS
50, 551,552,553 X X -
tola tmaa LYY
AB-All . ) it J jt
-

(c) MEMORY ADDRESS SETUP AND HOLD TIME
92CM- 37295

Fig. 3- CDP1881 and CDP1882 timing waveforms.
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CDP1881, CDP1881C, CDP1882, CDP1882C

cbpigs2
LATCH/
DECODER

| 4

CLK
CE

=
AMAOC-MAS

A8 - All

—( TO OTHER
CHIP SELECTS

o
|
!

349

—

ADDRESS BUS

WATT
A8 -All

CCR
TPA 52 e E
CDPIBOO ADDRESS BUS AQ-A7 AD-A7
SERIES
cPU

—_AB-AIO
T

CDM5332 CDM6I116A
4Kx 8 2K x 8
ROM RAM
MRD | CS1/0E 3
MWRf———————— — — — — - WE

L | 1 ]

DATA BUS

92CM- 36399R!
Fig. 5 - CDP1800-series system using the CDP1882.

cDPig82
LATCH/
DECODER
cs3
H
CLK
csi
- P CE 50—
MAO -
MAS
AB-All
WATT
C'I ADDRESS BUS
A8 -All - - -
TPA 8 AB = All AB -All AB-All
cs2 ¢ cse ¢— 52 [ EH .
ADDRESS s% AO-AT7 ) A0-A7 > AO-A7 ) AO- A7
cDPIBOO cOM5332 cOM5332 CDM5332 cDOM5332
Sggfs aKx8 4Kx8 4K x8 aK x 8
ROM ROM ROM ROM
MRD ${CS1/0E | CS1 /O p{ CS1/0E TSI/0E
DATA__BUS

Fig. 6 - 16K-byte ROM systems using the CcDP1882. 92CM-37293
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CDP1883, CDP1883C

OPERATING CONDITIONS at Ta=Full Package-Temperature Range. For maximum reliability,
operating conditions should be selected so that operation is always within the following ranges:

LIMITS
CHARACTERISTIC CDP1883 CDP1883C UNITS
Min. Max. Min. Max.
DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss VDD Vss VDD
STATIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp * 5%, Except as Noted
CONDITIONS LIMITS
CHARACTERISTIC Vo Vin | Voo CDP1883 CDP1883C UNITS
V) (V) (V) | Min. |Typ.” | Max. | Min. |Typ.* | Max.
Quiescent Device — 0,5 5 — 1 10 —_ 5 50 A
Current o | — Jo10] 10 | — |10 J100] — | — | = |*
Output Low Drive 0.4 0,5 5 1.6 3.2 —_ 1.6 3.2 —
(Sink) Current loL 0.5 0,10 | 10 3.2 6.4 — — — — mA
Output High Drive 4.6 0,5 5 |-115]|-2.3 — |-1.15| -23 o
(Source) Current lon 9.5 0,10 | 10 -2.3 | -4.6 — —_ —_ —
Output Voltage — 0,5 5 —_ 0 0.1 —_ 0 0.1
Low-Level Voot — 0,10 10 — 0 0.1 — — —
Output Voltage — 0,5 5 4.9 5 — 4.9 5 —
High-Level Vont — 0,10 | 10 9.9 10 — — — — v
0.5,45| — 5 —_ - 1.5 — — 1.5
Input Low Voltage Vi 05.95| — 10 _ _ 3 _ _ -
. 05,45 — 5 3.5 — — 3.5 — —
Input High Voltage Vin 0595| — 10 7 _ _ _ _ _
Any 0,5 5 — — +1 — - +1
Input Leakage Current Iin input |0,10 | 10 _ N 42 N _ _ UA
Input Capacitance Cin — — — — 5 7.5 —_ 5 7.5 E
Output Capacitance Cour — — — — 10 15 — 10 15 P
Operating Device 0,5 0,5 5 — — 2 — — 2 mA
Current lop1A 0,10 |0,10 | 10 — — 4 — — —
Minimum Data B
Retention Voltage Vor Voo = Vor B 2 24 2 24 v
Data Retention Voo = 2.4V _ 0.01 1 _ 05 5 UA
Current lor

*Typical values are for Ta = 25°C.
Flou = lon = 1 pA.
AOperating current is measured at 200 kHz for Vpp = 5 V and 400 kHz for Vpp = 10 V, with outputs open circuit.
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CDP1883, CDP1883C

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, Vpp + 5%, tr,ty=20 ns,
V|H=0.7 Vpp, V|L=0.3 Vpp, CL=100 pF. See Fig. 2.

CMOS Microprocessors, Memories and Peripherals

LIMITS
CHARACTERISTIC Vbb CDP1883 CDP1883C UNITS
V) Min. [Typ.® [Max.A| Min. |Typ.® [Max.A
Minimum Setup Time, 5 — 10 35 - 10 35
Memory Address to CLOCK tmacL 10 — 8 25 —_ — —_
Minimum Hold Time, 5 — 8 25 —_— 8 25
Memory Address After CLOCK tcima 10 —_ 8 25 — — —
- . 5 - 50 75 — 50 75
Minimum CLOCK Pulse Width terel 10 _ 25 40 _ _ _
Propagation Delay Times: 5 — 75 150 — 75 150
Chip Enable to Chip Select tcecs 10 — 45 100 — — — ns
—_— 5 — 100 | 175 - 100 | 175
CLOCK to Chip Select teres 10 _ 65 125 _ _ _
5 — 100 | 175 - 100 | 175
CLOCK to Address, teLa 10 _ 65 125 _ . _
—_— 5 — 100 | 175 — 100 | 175
Memory Address to Chip Select tmacs 10 _ 75 125 _ _ .
5 — 80 125 — 80 125
Memory Address to Address tmaa 10 _ 40 60 _ _ _
eTypical values are for Ta = 25°C.
AMaximum limits of minimum characteristics are the values above which all devices function.
CE VALID CHIP ENABLES
f=—*cecs tcecs f—
€s0,C51,C52,553 X X
(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY
mao-mas — Y X . ) )
tmacL tcLmMA N
CLOCK " | 1
t ] N - t
cLer 1CLCS o t MACS— MAcs
€s0,Cs1,C52,C53 :
l—tcLa N fmaa Yy
A8 -Al2 ll {
| w
(b) MEMORY ADDRESS SETUP AND HOLD TIME
92CM-37284

Fig. 2 - CDP1883 timing waveforms.
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CDP6402, CDP6402C

o CMOS Universal Asynchronous
88 Receiver/Transmitter (UART)

CRL Features:

TBRT s Low-power CMOS circuitry — u Fully programmable with externally
T8R6 7.5 mW typ. at 3.2 MHz selectable word length (5-8 bits),
T8R4 (max. freq.) at Vpp =56V parity inhibit, even/odd parity, and
TBR3 ®m Baud rate - DC to 200K bits/sec (max.) 1, 1.5,0r 2 stop bits

et atVpp=5V, 85°C m  Operating-temperature range:

TRO DC to 400K bits/sec (max.) (CDP6402D, CD) -55 to +125°
IRE at Vpp =10V, 85°C (CDP6402E, CE) -40 to +85°C

TBRE m 4 Vto 10.5 operation w  Replaces industry types IM6402

MR = Automatic data formatting and and HD6402

92CS-34552

TERMINAL ASSIGNMENT status generation

The RCA CDP6402 and CDP6402C are silicon-gate CMOS data verifying proper code transmission, parity and stop
Universal Asynchronous Receiver/Transmitter (UART) bits. The transmitter converts parallel data into serial form
circuits for interfacing computers or microprocessors to and automatically adds start parity and stop bits.
asynchronous serial data channels. They are designed to

provide the necessary formatting and control forinterfacing The data word canbe 5, 6,7 or 8 bits in length. Parity may be
between serial and parallel data channels. The receiver odd, even or inhibited. Stop bits can be 1, 1.5, or 2 (when
converts serial start, data, parity, and stop bits to parallel transmitting 5-bit code).

I'___________________:E.Ra_‘lsﬂ__l,_I__l__f..I_i_i,_J‘LER'_(L_SE&___

TREﬁﬁ TRANSMITTER BUFFER REGISTER
| TY

|
|
eant ] |
TBRL ——|TRANSMITTER — TRANSMITTER REGISTER | [[start | |
TIMING
| AND ‘ L }
TR CONTROL MULIPLEXER 7] I
: T —l I - ﬁlﬁ‘»RO
: |
cLsi—1 +—s8Bs
| CONTROL |
cLs2 REGISTER T EPE
' |
CRL—T | Pl
w1 \ |
‘ |
| [ .
RRC RECEIVER R ‘ I |
| Tim NG —»f MULTIPLEXER starT | |
DRR——»  cONTROL v 3 1 Losic |,
l ] RECEIVER REGISTER |
PARITY
LOGIC J '
2l RECEIVER BUFFER REGISTER |
t
|
|
|

RBR8 (MSB)
Fig. 1 - Functional block diagram.

RBRI(LSB)  92CL-34553

File Number 1328
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CDP6402, CDP6402C
DESCRIPTION OF OPERATION

Initialization and Controls

A positive pulse on the MASTER RESET (MR) input resets
the control, status, and receiver buffer registers, and sets
the serial output (TRO) High. Timing is generated from the
clockinputs RRC and TRC ata frequency equal to 16 times
the serial data bit rate. The RRC and TRC inputs may be
driven by acommon clock, or may be driven independently
by two different clocks. The CONTROL REGISTER LOAD
(CRL) input is strobed to load control bits for PARITY
INHIBIT (Pl), EVEN PARITY ENABLE (EPE), STOP BIT
SELECTS (SBS), and CHARACTER LENGTH SELECTS
(CLS1and CLS2). These inputs may be hand wired to Vs
or Vpp with CRL to Vpp. When the initialization is
completed, the UART is ready for receiver and/or transmitter
operations.

Transmitter Operation

The transmitter section accepts parallel data, formats it,
and transmits it in serial form (Fig. 2) on the TRO terminal.

5-8 DATA BITS

START BI \ I
LSBI I I I I I IMSB ﬁl 1t
I I LL.

PARITY
*l F ENABLED

92CS-34554

Fig. 2 - Serial data format.

Transmitter timing is shown in Fig. 3. (A) Data is loaded into
the transmitter buffer register from the inputs TBR1 through
TBR8 by a logic low on the TBRL input. Valid data must be
present at least tpT prior to, and tTp following, the rising
edge of TBRL. If words less than 8 bits are used, only the
least significant bits are used. The character is right
justified into the least significant bit, TBR1. (B) The rising
edge of TBRL clears TBRE. One Hi to Lo transition of TRC
later, datais transferred to the transmitter register and TRE
is cleared. TBRE is reset to alogic High one Hi to Lo
transition after that.

Output data is clocked by TRC. The clock rate is 16 times
the data rate. (C) A second pulse on TBRL loads data into
the transmitter buffer register. Data transfer to the
transmitter register is delayed until transmission of the
current character is complete. (D) Data is automatically
transferred to the transmitter register and transmission of
that character begins.

TBRL | L
TBRE
{2 HITO | je— +| le—1/2
LO TRC cLOCK
TRE - "|<_| HI TO LO TRC
|
2 L0 10
TRO T Ll 12 0. DATA \
\END OF
A B c o 'END
STOP
BIT
92CS-38054

Fig. 3 - Transmitter timing waveforms.

CMOS Microprocessors, Memories and Peripherals

Recelver Operation

Data is received in serial form at the RRI input. When no
data is being received, RRI input must remain high. The
data is clocked through the RRC. The clock rate is 16 times
the data rate. Receiver timing is shown in Fig. 4.

BEGINNING OF FIRST STOP BIT ~f |+— g CLOCK
CYCLES
RRI I ] DATA
RBRI-8,0E X
BRR J
DR
FE,PE
] 172CLOCK
A B¢ CYCLE

92CS-34559R|

Fig. 4 - Receiver timing waveforms.

1,1-1/20R 2 STOP BITS
!

(A) A low level on DRR clears the DR line. (B) During the
first stop bit data is transferred from the receiver register to
the RBRegister. If the word is less than 8 bits, the unused
most significant bits will be a logic low. The output
characterisrightjustified to the least significant bit RBR1. A
logic high on OE indicates overruns. An overrun occurs
when DR has not been cleared before the present character
was transferred to the RBR. (C) 1/2 clock cycle later DR is
set to a logic high and FE is evaluated. A logic high on FE
indicates an invalid stop bit was received. A logic high on
PE indicates a parity error.

Start Bit Detection

The receiver uses a 16X clock for timing (Fig. §). The start
bit could have occurred as much as one clock cycle before it
was detected, as indicated by the shaded portion. The
center of the start bit is defined as clock count 7 1/2. If the
receiver clock is a symmetrical square wave, the center of
the start bit will be located within £1/2 clock cycle, £1/32 bit
or+3.125%. The receiver begins searching for the next start
bit at 9 clocks into the first stop bit.

COUNT 7 1/2
DEFINED CENTER
OF START BIT
CLOCK
RRI INPUT A START

lg—7 1/2CLOCK >
CYCLES

8 1/2 CLOCK
[ CcYCLES =

9208-34558

Fig. 5 - Start bit timing waveforms.
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CDP6402, CDP6402C

Table i - Function Pin Definition (Cont'd)

CMOS Microprocessors, Memories and Peripherals

PIN | SYMBOL DESCRIPTION PIN | SYMBOL DESCRIPTION

23 TBRL | Alow level on TRANSMITTER BUFFER | 34 CRL | A high level on CONTROL REGISTER
REGISTER LOAD transfers data from LOAD loads the control register.
inputs TBR1-TBR8 into the transmitter [ 35 PI* A high level on PARITY INHIBIT inhibits
buffer register. A low to high transition parity generation, parity checking and
on TBRL requests data transfer to the forces PE output low.
transmitter register. If the transmitter 36 SBS* | A high level on STOP BIT SELECT
registeris busy, transferis automatically selects 1.5 stop bits for a 5 character
delayed so that the two characters are format and 2 stop bits for other lengths.
transmitted end to end. 37 CLS2* | Theseinputs program the CHARACTER

24 TRE | A high level on TRANSMITTER LENGTH SELECTED. (CLS1 low CLS2
REGISTER EMPTY indicates completed low 5-bits) (CLS1 high CLS2 low 6-bits)
transmission of a character including (CLS1low CLS2high 7-bits) (CLS1 high
stop bits. CLS2 high 8-bits).

25 TRO | Character data, start data and stop bits [ 38 CLS1* | See Pin 37 - CLS2
appear serially at the TRANSMITTER | 39 EPE* | When Pl is low, a high level on EVEN
REGISTER OUTPUT. PARITY ENABLE generates and checks

26 TBR1' | Character data is loaded into the even parity. A low level selects odd
TRANSMITTERBUFFERREGISTERvia parity.
inputs TBR1-TBR8. For character 40 TRC | The TRANSMITTER REGISTER
formats less than 8-bits, the TBRS, 7, CLOCK is 16X the transmit data rate.
and 6 Inputs are ignored corresponding
to the programmed word length. N .

27 TBR2 See Table | (Control Word Function)

28 TBR3

29 TBR4

30 [ TBRS See Pin 26 - TBR1

31 TBR6

32 TBR7

33 TBR8
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CDP6402, CDP6402C

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp * 5%, tr, t = 20 ns,
ViH = 0.7Vpp, VL = 0.3 VpD, CL = 100 pF

LIMITS
CDP6402 CDP6402C
CHARACTERISTIC T Vbp UNITS
(V) Typ.* Max.A | Typ.* I Max.A
Transmitter Timing (See Fig. 7)

i ; t 5 250 310 250 310
Minimum Clock Period (TRC) cC 10 125 155 il _
Minimum Pulse Width: 5 100 125 100 125

Clock Low Level tcL 10 75 100 — —

; t 5 100 125 100 125

Clock High Level CH 10 75 100 e -

TE— t 5 80 200 80 200

TBRL THTH 10 40 100 - -
Minimum Setup Time: 5 175 275 175 275

TBRL to Clock tTHC 10 90 150 - —

TBRL t 5 20 50 20 50

Datato TBRL 1~ DT 10 0 20 - > ns
Minimum Hold Time: 5 40 60 40 60

Data after TBRL _«~ tTD 10 20 30 - —
Propagation Delay Time: 5 300 450 300 450

Clock to Data Start Bit tcp 10 150 225 — —

t 5 330 400 330 400

Clock to TBRE CT 10 100 150 al _

TBRL t 5 200 300 200 300

TBRL to TBRE TTHR 10 100 150 . .

t 5 330 400 330 400

Clock to TRE TTS 10 100 150 - oy

®Typical values for Tp = 25° C and nominal Vpp.
AMaximum limits of minimum characteristics are the values above which all devices function.
TAll measurements are made at the 50% point of the transition except tri-state measurements.

* TRANSMITTER SHIFT
TRANSMITTER BUFFER REGISTER LOADED
REGISTER LOADED

TRC
[ ]
— 'Tnc"J b= |
TBRL +—t—t - 0
[
| |
pe—tTHTH- |- de—tcp
N T — lateo
TRO |
| : H N 1ST DATA BIT
| 23
trTHR— '<t ——l le—1cy
TBRE ——:_‘I:— =)
| fa— t:
TRE 4 s
| 2
. 3
u-t DT"""'TD"'
T BUS O- 3
TBUST X oATA X -
% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TBRL 92CM-34556

% % THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH- TO-LOW TRAN ON OF THE
CLOCK WHICH OCCURS AT LEAST |/2 CLOCK PERIOD + t AFTER THE TRAILING EDGE OF
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PER 0 + tcp LATER

Fig. 7 - Transmitter timing waveforms.
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CDP65C51 Product Preview
e CMOS Asynchronous Communications
Vgs —1 | 28 R/
oz er—y2 Interface Adapter (ACIA)
cst— 3 26— IRQ
RES— 4 25— o7 Features:
‘RxC— 5 24— D6 :
XTLI—] & 23— DS m Compatible with 8-bit microprocessors
xTLo— 7 22— D4 ® Full duplex operation with buffered receiver
RTE—8 21— D3 and transmitter
i 20— D2 m Data set/modem control functions
ko —i0 o= o = Internal baud rate generator with 15
DTE ] :'2 'Ia — ng programmable baud rates (50 to 19,200)
F;’; o lis ': — OSR » Program-selectable internally or externally
rRst —] 14 15— VDCD controlled receiver rate
[»]) ,
ToP VIEW ® Programmable word lengths, number of stop bits,
92Cs-36774 . . o .
and parity bit generation and detection
TERMINAL ASSIGNMENT 8 Programmable interrupt control
® Program reset

The RCA-CDP65C51 Asynchronous Communications In-
terface Adapter (ACIA) provides an easily implemented,
program controlled interface between 8-bit microprocessor-
based systems and serial communication data sets and
modems.

The CDP65C51 has an internal baud rate generator. This
feature eliminates the need for multiple component support
circuits, a crystal being the only other part required. The
Transmitter baud rate can be selected under program
control to be either 1 of 15 different rates from 50 to 19,200
baud, or at 1/16 times an external clock rate. The Receiver
baud rate may be selected under program control to be
either the Transmitter rate, or at 1/16 times the external
clock rate. The CDP65C51 has programmable word lengths
of 5, 8, 7, or 8 bits; even, odd, or no parity; 1, 1%, or 2 stop
bits.

The CDP65C51 is designed for maximum programmed
control from the CPU, to simplify hardware implementation.
Three separate registers permitthe CPU to easily select the
CDP65C51 operating modes and data checking parameters
and determine operational status.

The Command Register controls parity, receiver echo
mode, transmitter interrupt control, the state of the RTS
line, receiver interrupt control, and the state of the DTR line.

w Program-selectable serial echo mode
m Two chip selects

m 2 MHz or 1 MHz operation (CDP65C51-2, CDP65C51-1,

respectively)
m Single 3 V to 6 V power supply
m 28-pin plastic or ceramic (DIP or DIC)
m Full TTL compatibility

The Control Register controls the number of stop bits, word
length, receiver clock source and baud rate.

The Status Register indicates the states of the TRQ, DSR,
and DCD lines, Transmitter and Receiver Data Registers,
and Overrun, Framing and Parity Error conditions.

The Transmitter and Receiver Data Registers are used for

temporary data storage by the CDP65C51 Transmit and
Receiver circuits.

The CDP65C51-1 and CDP65C51-2 are capable of inter-
facing with microprocessors with cycle times of 1 MHz and
2 MHz, respectively.

The CDP65C51 is supplied in 28-lead, hermetic, dual-in-
line side-brazed ceramic (D suffix) and in 28-lead, dual-in-
line plastic (E suffix) packages.

File Number 1470
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CDP65C51 INTERFACE REQUIREMENTS

This section describes the interface requirements for the
CDP65C51 ACIA. Fig. 1 is the Interface Diagram and the
Terminal Diagram shows the pin-out configuration for the
CDP65C51.

TRANSMIT

CONTROL «——CTs

i

DATA
DO-D7 “ BUS
BUFFERS

T INTERRUPT
- | LoGIC

R/W — BAUD
gse /0 RATE
CONTROL GENERATOR

TRANSMIT
DATA &
SHIFT
REGISTERS

STATUS
REGISTER

]

CS1 ——3
RSO ——3=
RS1 ——3~

CONTROL
REGISTER

$2 —~ TIMING
& CONTROL

LoGIC

COMMAND
REGISTER

e

RES —yom

RECEIVE
DATA &
SHIFT
REGISTERS

VDD ———3 [ RxD

VSS ——>~

RECEIVE
CONTROL

i

92CM-36860

Fig. 1 - CDP65C51 interface diagram.

MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Reset) (4)

During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Register will be cleared with the exception of the indications
of Data Set Ready and Data Carrier_Detect, which are
externally controlled by the DSR and DCD lines, and the
transmitter Empty bit, which will be set.

#2 (Input Clock) (27)

The input clock is the system ¢2 clock and is used to clock
all data transfers between the system microprocessor and
the CDP65C51.

R/W (Read/Write) (28)

The R/Winput, generated by the microprocessor, is used to
control the direction of data transfers. A high on the R/W pin
allows the processor to read the data supplied by the
CDP65C51, a low allows a write to the CDP65C51.

IRQ (Interrupt Request) (26)

TheTRQ pinisaninterrupt output from the interrupt control
logic. Itis an open drain output, permitting several devices
to be connected to the common IRQ microprocessorinput.
Normally a high level, IRQ goes low when an interrupt
occurs.

D0-D7 (Data Bus) (18-25)

The DO-D7 pins are the eight data lines used to transfer data
between the processor and the CDP65C51. These lines are
bi-directional and are normally high-impedance except
during Read cycles when the CDP85C51 is selected.

€S0, CS1 (Chip Selects) (2,3)
The two chip select inputs are normally connected to the
processor address lines either directly or through decoders.

The CDP65C51 is selected when CSO0 is high and CS1 is
low.

RS0, RS1 (Register Selects) (13,14)
The two register select lines are normally connected to the
processor address lines to allow the processor to select the

various CDP85C51 internal registers. The following table
shows the internal register select coding.

TABLE I
RS1 RSO Write Read
0 0 Transmit Data Receiver Data
Register Register
0 1 Programmed Reset| Status Register
(Data is “Don't
Care”)
1 0 Command Register
1 1 Control Register

Only the Command and Control registers are read/write.
The Programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command register and bit 2 in the Status register. The
Control Register is unchanged by a Programmed Reset. It
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figs. 3, 4 and 5.

ACIA/MODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Crystal Pins) (6,7)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see “Generation of Non-Standard Baud Rates”). Alter-
natively, an externally generated clock may be used to drive
the XTLI pin, in which case the XTLO pin must float. XTLI is
the input pin for the transmit clock.

TxD (Transmit Data) (10)

The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first data
bit transmitted and the rate of data transmission is
determined by the baud rate selected or under control of an
external clock. This selection is made by programming the
Control Register.

RxD (Receive Data) (12)

The RxD input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data rate
is either the programmed baud rate or under the control of
an externally generated receiver clock. The selection is
made by programming the Control Register.
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CDP65C51 INTERNAL ORGANIZATION (Cont'd)

TIMING AND CONTROL

The Timing and Control logic controls the timing of data
transfers on the internal data bus and the registers, the Data
Bus Buffer, and the microprocessor data bus, and the
hardware reset features.

Timingis controlled by the system ¢2 clock input. The chip
will perform data transfers to or from the microcomputer
data bus during the ¢2 high period when selected.

All registers will be initialized by the Timing and Control
Logic when the Reset (RES) line goes low. See the individual
register description for the state of the registers following a
hardware reset.

TRANSMITTER AND RECEIVER
DATA REGISTERS

These registers are used as temporary data storage for the
CDP65C51 Transmit and Receive Circuits. Both the Trans-
mitter and Receiver are selected by a Register Select 0
(RS0) and Register Select 1 (RS1) low condition. The
Read/Write line determines which actually uses the internal
data bus; the Transmitter Data Register is write only and the
Receiver Data Register is read only.

Bit 0 is the first bit to be transmitted from the Transmitter
Data Register (least significant bit first). The higher order
bits follow in order. Unused bits in this register are “don’t
care”.

The Receiver Data Register holds the first received data bit
in bit O (least significant bit first). Unused high-order bits
are “0”. Parity bits are not contained in the Receiver Data
Register. They are stripped off after being used for parity
checking.

STATUS REGISTER
Fig. 3indicates the format of the CDP65C51 Status Register.
A description of each status bit follows.

7 6 5 4 3 2 1 0
[

L PARITY ERROR*
0- NO PARITY ERROR
1- PARITY ERROR DETECTED

FRAMING ERROR*
0 - NO FRAMING ERROR
1 - FRAMING ERROR DETECTED

L—————— OVERRUN*
0- NO OVERRUN
1 - OVERRUN HAS OCCURRED

RECEIVER DATA REGISTER FULL
0- NOT FULL
1-FULL

TRANSMITTER DATA REGISTER EMPTY
0~ NOT EMPTY
1- EMPTY

DATA CARRIER DETECT (DCD)
0- DCD LOW (DETECT)
1 - DCD HIGH (NOT DETECTED)

DATA SET READY (DSR)
0 - DSR LOW (READY)
1 - DSR HIGH (NOT READY)

INTERRUPT (iRQ)
0- NO INTERRUPT
1 - INTERRUPT HAS OCCURRED

*NO INTERRUPTS OCCURS FOR
THESE CONDITIONS

76543210
[o]=]-][1[o]o[o]o]HARDWARE RESET
= [=[=[=[=To]-]=]prOGRAM RESET

Fig. 3 - Status register format

92CM-36783

Receiver Data Register Full (Bit 3)

This bit goes to a “1” when the CDP65C51 transfers data
from the Receiver Shift Register to the Receiver Data
Register, and goes to a “0” when the processor reads the
Receiver Data Register.

Transmitter Data Register Empty (Bit 4)

This bit goes to a “1” when the CDP65C51 transfers data
from the Transmitter Data Register to the Transmitter Shift
Register, and goes to a “0” when the processor writes new
data onto the Transmitter Data Register.

Data Carrier Detect (Bit 5) and
Data Set Ready (Bit 6)

These bits reflect the levels of the DCD and DSR inputs to
the CDP85C51. A “0” indicates a low level (true condition)
and a “1” indicates a high (false). Whenever either of these
inputs change state, an immediate processor interrupt
occurs, unless the CDP65C51 is disabled (bit 0 of the
Command Registerisa“0”). Whenthe interrupt occurs, the
status bits will indicate the levels of the inputs immediately
after the change of state occurred. Subsequent level
changes will not affect the status bits until the Status
Register is interrogated by the processor. At that time,
another interrupt will immediately occur and the status bits
will reflect the new input levels.

Framing Error (Bit 1), Overrun (2), and
Parity Error (Bit 0)

None of these bits causes a processor interrupt to occur,
butthey are normally checked at the time the Receiver Data
Register is read so that the validity of the data can be
verified.

Interrupt (Bit 7)

This bit goes to a “0”" when the Status Register has been
read by the processor, and goes toa “1" whenever any kind
of interrupt occurs.

CONTROL REGISTER

The Control Register selects the desired baud rate, fre-
quency source, word length, and the number of stop bits.

Selected Baud Rate (Bits 0,1,2,3)

These bits, set by the processor, select the Transmitter
baud rate, which can be at 1/16 an external clock rate or one
of 15 other rates controlled by the internal baud rate
generator as shown in Fig. 4.

Receiver Clock Source (Bit 4)

This bit controls the clock source to the Receiver. A “0”
causes the Receiver to operate at a baud rate of 1/16 an
external clock. A “1” causes the Receiver to operate at the
same baud rate as is selected for the transmitteras shownin
Fig. 4.

Word Length (Bits 5,6)

These bits determine the word length to be used (5,6,7 or 8
bits). Fig. 4 shows the configuration for each number of bits
desired:

Stop Bit Number (Bit 7)

This bit determines the number of stop bits used. A “0”
always indicates one stop bit. A “1” indicates 1'% stop bits if
the word length is 5 with no parity selected, 1 stop bit if the
word length is 8 with parity selected, and 2 stop bits in all
other configurations.
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CDP65C51 INTERNAL ORGANIZATION (Cont'd)

TRANSMITTER AND RECEIVER

Bits 0-3 of the Control Register select divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the transmitter, then
RxC becomes an output and can be used to slave other
circuits to the CDP65C51. Fig. 6 shows the transmitter and
Receiver layout.

RECEIVER
SHIFT REGISTER RxD

il

CLOCK SYNC

r D'}’;;E“ LoGIC

CONTROL
REGISTER

BIT4

y—O0

Xt BAUD RATE CLOCK
XTLO —— GENERATOR DIVIDER
(16)
BITS 0-3 IN TRANSMITTER D
CONTROL SHIFT REGISTER [ > X
REGISTER
92C5-36791

Fig. 6 - Transmitter receiver clock circuits.

CDP65C51 OPERATION

TRANSMITTER AND RECEIVER OPERATION
Continuous Data Transmit (Fig. 7)
In the normal operating mode, the processor interrupt
(IRQ) is used to signal when the CDP65C51 is ready to

accept the next data word to be transmitted. This interrupt
occurs at the beginning of the Start Bit. When the processor

reads the Status Register of the CDP65C51, the interrupt is
cleared. The processor must thenidentify that the Transmit
Data Register is ready to be loaded and must then load it
with the next data word. This must occur before the end of
the Stop Bit, otherwise a continuous “MARK” will be
transmitted.

CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3
1 1 1 1
STOP STO STOP STOP
o | [eofe] Jo[e] | [o] =] [ou[e] | [wofe] [mie] | [eefe] -] |
START - START - START START I
| 1 I |
1 | 1 | 1
1 I ! 1 1
= [ mll Ll LT L
PROCESSOR
INTERRUPT PROCESSOR MUST

(TRANSMIT DATA
REGISTER EMPTY):

LOAD NEW DATA
IN THIS TIME

INTERVAL; OTHERWISE,
CONTINUOUS “MARK”
IS TRANSMITTED

PROCESSOR READS STATUS
REGISTER, CAUSES IRQ
TO CLEAR

92CM-36792

Fig. 7 - Continuous data transmit.

Continuous Data Receive (Fig. 8)

Similar to the above case, the normal mode is to generate a
processorinterrupt when the CDP65C51 has received a full

CHAR #n CHAR #n+1
I 1

data word. This occurs at about the 8/16 point through the
Stop Bit. The processor must read the Status Register and
read the data word before the next interrupt, otherwise the
Overrun condition occurs.

CHAR #n+2

CHAR #n+3
1 1

STOP

STOP STOP

wo | R L EFL R L EE T L EE T L

START | START START | START !
! 1
! 1
H
w1 | (11l L
PROCESSOR MUST READ
RECEIVER DATA IN THIS
TIME INTERVAL; OTHERWISE,
PROCESSOR < OVERRUN OCCURS
INTERRUPT OCCUR!
ABOUT 9/16 INTO 92CM-36793
LAST STOP BIT.

PARITY, OVERRUN,
AND FRAMING ERROR
UPDATED, ALSO

PROCESSOR READS STATUS
REGISTER, CAUSES iRG
TO CLEAR

Fig. 8 - Continuous data receive.
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Effect of Overrun on Receiver (Fig. 11)

See for normal Receiver operation. If the processor does
not read the Receiver data Register in the allocated time,

CDP65C51 OPERATION (Cont'd)

CMOS Microprocessors, Memories and Peripherals

word is not transferred to the Receiver Data Register, but
the Overrun status bit is set. Thus, the Data Register will
contain the last valid data word received and all following

then, when the following interrupt occurs, the new data ~ datais lost.
CHAR#n CHAR #n +1 CHAR#n+2 CHARlatnq-a
STOP STOP
RxD_J | Iaolml aN P
START

START

[ [=[+] o] J’1 Jeo[e] Joufe] .LJiobJ =]

PROCESSOR pnocsssoa PngCSEsN%.,TR
DATA REGISTER "EG'STE" REGISTER

FULL

| o
\OVERRUN BIT SET IN

STATUS REGISTER

PROCESSOR DOES
NOT READ STATUS,

'REGISTER 92CM-36796
Fig. 11 - Effect of overrun on receiver.
Echo Mode Timing (Fig. 12)
In Echo Mode, the TxD line re-transmits the data on the RxD
line, delayed by ¥ of the bit time.
RxD ‘J STOP |START]| By By P STOP |START| Bg By BN P STOP|START,

VL L \\\_\\\\\

START| By | By

TxD P|sTOP STOP|START| Bo | By By STOP |START| Bg

L=

92CM-36797

—

[=—1/2 DATA BIT DELAY

_ Fig. 12 - Echo mode timing.
Effect of CTS on Echo Mode Operation (Fig. 13) way as “Effects of CTS on Transmitter”. In this case,

See “Effect of CTS on Transmitter” for the effectof GTSon  however, the processor interrupts signify that the Receiver
the Transmitter. Receiver operation is unaffected by CTS, Data Register is full, so the processor has no way of
s0, in Echo Mode, the Transmitter is affected in the same ~ KnOwing that the Transmitter has ceased to echo.
CHAIR'I“ CHAR[""+1 CHAR #n+2 CNAR‘Q n+3
_\

STO| STOP

DENOE r]1 [ IB~LI‘IA [ T PTTLWIT%M'MI

TART

I
m |l mll il il
NOT-CLEAR-TO-SEND
&S [
STOP - STOP ’
o _* [eo]e] Je]e ] | [eofer]e]
TART START
CTS GOES T
“FALSE” CONDITION
NORMAL
RECEIVER DATA
REGISTER FULL

INTERRUPTS

Fig. 13 - Effect of CTS on echo mode. saom-36Te8
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CDP65C51 OPERATION (Cont'd)

Effect of DCD on Receiver (Fig. 16)

DCD is a modem output used to indicate the status of the
carrier-frequency-detection circuit of the modem. This line
goes high for aloss of carrier. Normally, when this occurs,
the modem will stop transmitting data (RxD on the
CDP65C51 some time later. The CDP65C51 will cause a
processor interrupt whenever DCD changes state and will

CONTINUOUS“MARK"

indicate this condition via the Status Register.

Once such achange of state occurs, subsequent transitions
will not cause interrupts or changes in the Status Register
until the firstinterruptis serviced. When the Status Register
is read by the processor, the CDP65C51 automatically
checks the level of the DCD line, and if it has changed,
another interrupt occurs.

STOP sTOP sTOP
moso[ s [2] [on] 7] | [eo] o] ] Pl L e[=] [T L
START TART -
MODEM _| |- MODEM
DELAY DELAY.]
oco
R

il

L1l

AS LONG AS

gggggl.so DCD IS HIGH. NO INTERRUPT
NO FURTHER WILL OCCUR PROCESSOR
INTERRUPT PROCESSOR INTERRUPTS  PIOCESSOR  iERe ‘SINCE INTERRUPT
'NTERRUPT FOR RECEIVER  oo"pas RECEIVER IS NOT FOR
WILLOCCUR  coiue“ow  ENABLED UNTIL RECEIVER
GO‘NG HIGH FIRST START BIT DATA

Fig. 16 - Effect of DCD on receiver.

Timing with 1'%z Stop Bits (Fig. 17)
It is possible to select 1% Stop Bits, but this occurs only for

CHAR#n
|

DETECTED

92CM- 36786
5-bit data words with no parity bit. In this case, the

processor interrupt for Receiver Data Register Full occurs
in halfway through the trailing half-Stop Bit.

1-1/2l

nxo—IsrAn-r Bo | By | B2 | Ba | Bg |72

1-1/2 I

sTarT| 8o | By | B2 | B3 | B4 |grop

£y

CHAR#n+1
|

-

| L

PROCESSOR INTERRUPT

OCCURS H

92CM- 36787

THROUGHT THE 1/2

STOP BIT

Fig. 17 - Timing with 1-1/2 stop bits.

Transmit Continuous “BREAK” (Fig. 18)

This mode is selected viathe CDP65C51 Command Register
and causes the Transmitter to send continuous “BREAK"
characters after both the transmitter and transmitter-holding
registers have been emptied.

STOP STOP

At least one full "BREAK" character will be transmitted,
even if the processor quickly re-programs the Command
Register transmit mode. Later, when the Command Register
is programmed back to normal transmit mode, a Stop Bit
will occur, from one to fifteen clock periods at the next bit
time.

STOP

o T Wl ol Loy e, L I L [e]0]
START START START START
i@ l” ”I
——PERIOD DURING
WHICH PROC POINT AT WHICH
SELECTS
CONTINUOUS EROCESSOR PROCESSOR
NORMAL BREAK" MODE INTERRUPT
INTERRUPT NORMAL TO LOAD
"'ROANESM"" TRANSMIT
MOD
92CM- 36785

Fig. 18 - Transmit continuous "“BREAK".
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Table II - Divisor Selection for the CDP65C51
CONTROL DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL
BITS INTERNAL COUNTER CRYSTAL OF FREQUENCY (F)
3 2 1 0 ]
0 0 0 0 No Divisor Selected 16 x External Clock at Pin R x C {16 x External Clock at Pin Rx C
1.8432 x 10° F
0 0o 0 1 36,864 36864 - 90 36,864 _
1.8432 x 10° F
0o o0 1 0 24,576 ——as576 - /9 24576 _
1.8432 x 10° F
0 0 1 1 16,768 16.768 - 109.92 16768
1.8432 x 10° F
0 1 0 0 13,696 73696 - 134.58 13696
1.8432 x 10° F
0 1 0 1 12,288 T 12288 - 150 12088
1.8432 x 10° F
o 1 1 0 6,144 6144 - 300 " 6,144
1.8432 x 10° F
0 1 1 1 3,072 3072 - 600 3072
1.8432 x 10° F
1 0 0 0 1,636 1536 1200 _—1,5T
1.8432 x 10° - F
1 0 0 1 1,024 1024 - 1800 1024
1.8432 x 10° F
1 0 1 0 768 768 = 2400 768
1.8432 x 10° F
10 1 1 512 —%75 = 3600 515
1.8432 x 10° F
1 1 0 0 384 384 - 4800 384
1.8432 x 10° F
1 1 0o 1 256 256 - 7200 ~—55
1.8432 x 10° F
1 1 1 0 192 Jo2 = 9600 oz
1.8432 x 10° F
1 1 1 1 96 —g - 19200 o

Generating Other Baud Rates

By using a different crystal, other baud rates may be
generated. These can be determined by:

Crystal Frequenc
Baud Rate = L—q——y—
Divisor

Furthermore, it is possible to drive the CDP65C51 with an

off-chip oscillator to achieve the same thing. In this case,
XTLI (pin 6) must be the clock input and XTLO (pin 7) must
be a no-connect.

DIAGNOSTIC LOOP-BACK OPERATING MODES

A simplified block diagram for a system incorporating a
CDP65C51 ACIA is shown in Fig. 20.

MICRO-
PROCESSOR I T I
PROGRAM SYSTEM 1/0 CDP65C51
ROM RAM CONTROL ACIA
1/0 MODEM
TO DATA LINK

92CS- 36859

Fig. 20 - Simplified system diagram.
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CDP65C51 OPERATION (Cont'd)

In order to sense the state of the inputs, itis necessary todo
the following:

1. Disable the CDP65C51 by setting bit 0 of the Command
Register to a “0".

2. Read the CDP65C51-Status Register. Bits 5 and 6 will
thenindicate the levels on DCD and DSR, respectively.
A “0”is alow level and a “1" is a high.

As long as the CDP65C51 is disabled, the Status Register
will reflect the levels on the pins and no interrupts will
occur, even if the pins change state. However, if_the
CDP65C51 is enabled, then changes of state of the DCD
and DSR levels cause immediate interrupts and the Status
Register indicates the levels taken on the interrupt. Sub-
sequent level changes are not indicated by the Status

Register until the interrupt is serviced. Thus, it is not
convenient to use DCD and DSR as general switching
inputs, but they may easily be used as inputs which do not
change regularly.

+5
SWITCHES
__OoR
9 ‘ JUMPER
J— WIRES
DCD o0
CDP65C51 {—

DsR oo

92Cs-36782

Fig. 22 - Circuit connections for DCD and DSR.

DYNAMIC ELECTRICAL CHARACTERISTICS—READ/WRITE CYCLE

Vcc=5 V + 5%, Ta=0 to 70°C, C.=75 pF

LIMITS
CHARACTERISTIC CDP65C51-1 CDP65C51-2 UNITS
Min. Max. Min. Max
Cycle Time teve 1 40 0.5 40 us
@2 Pulse Width te 400 — 200 — ns
Address Set-Up Time tac 120 — 70 — ns
Address Hold Time tcan 0 — 0 — ns
R/W Set-Up Time twe 120 — 70 — ns
R/W Hold Time tow 0 - 0 — ns
Data Bus Set-Up Time tocw 150 — 60 — ns
Data Bus Hold Time thw 20 — 20 — ns
Read Access Time (Valid Data) tcor - 200 — 150 ns
Read Hold Time thr 20 — 20 — ns
Bus Active Time (Invalid Data) tcoa 40 — 40 — ns
teve

2/
I——mc——

y F—"'m

ViL

€50, T3T, RSO,RS| @(‘

DATA BUS

ViL
l‘"wc—’ ™1 ‘cwx
_ Vin
R/W ﬂ
ViL
'DCW_'T_'HWA—‘
7X XZ
Vie
Write-timing waveforms
| ViH

R/W
|wc—>
™ 'coR 7]

o

DATA BUS

N

"'_%L'CDA

Read-timing waveforms

92CM-36775

Fig. 23 - Timing waveforms.
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CDP68HC68A1

Product Preview

TERMINAL ASSIGNMENT

C

CMOS Serial 10 Bit A/D Converter

0SC — | 16 —— Vpp
w2 oA Features:
';zz; : j :: t‘ :l'; = 10-bit resolution 8 multiplexed analog input
® 8-bit accuracy channels
SCK —'5 12— Al4 ® 8-bit mode » /ndependent channel select with
CE— 6 I —AI5 w SPI (Serial Peripheral Interface) autoscanning
Al0O— 7 10— Al6 a  No zero or fullscale adjustments s Multiple modes of operation
Vee — 8 9 b—ar7 required s On chip oscillator
s m Operators ratiometrically or with s Low power CMOS circuitry
TOPVIEW s-saiiz internal 5 volt reference w 16-pin dual-in-line plastic package

w100 us conversion time

The CDP68HC68A1 is a CMOS 10-bit successive
approximation analog to digital converter (A/D) with a
serial peripheral interface (SPI) bus and eight analog
inputs. A precision on chip voltage reference is available
for 5 volt operation or the Voo pin may be used with an
external reference for ratiometric operation. The
operating range of the converter includes the entire Voo
to Vss voltage range for each of the eight inputs.

The CDP68HC68A1 implements a switched capacitor,
successive approximation A/D conversion technique
which provides an inherent sample and hold function. An
on chip Schmitt oscillator provides the internal timing of
the A/D converter. It can be driven by an external
oscillator or system clock or connected to an external
capacitor to provide an independent clock. The minimum
conversion time per input is 100 microseconds. Each
conversion requires 14 oscillator clock pulses in the 10-
bit mode and 12 in the 8-bit mode.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo)

(Voltage referenced to Vssterminal)..........ooovviiinininnennnn.
INPUT VOLTAGE RANGE, ALLINPUTS ......oiviiiiiinene
DC INPUT CURRENT, ANY ONEINPUT ......iiviiiiiiinennnn

POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-40to +60°C (PACKAGE TYPEE) ..........ovvvivnnnn,
For Ta = +60 to +85°C (PACKAGE TYPEE) ...........covvvnint

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

A unique features of the CDP68HC68A1 allows any
combination of the eight input channels to selected and
sequentially scanned in any one of three modes. The
mode selection enables single, 8 channel or continuous
conversion operation. The device has three write only
registers which are used to select the mode of operation,
input channels, and starting address. The 10-bit
conversion data is stored (right justified) in two 8-bit
bytes. The most significant byte contains two status bits
which may be monitored by the microcomputer. An 8-bit
mode is available which performs an eight bit conversion
and stores the data in a single eight bit byte. In the 10-bit
mode, all sixteen data bytes are directly addressable and
in the 8-bit mode only the eight bit data byte is
accessible. A status register is available to monitor the
status of the conversion and the current channel address.
The status register can be used for system polling or the
INT pin can be used for interrupt driven communications.

The CDP68HC68A1 is supplied in a 16-lead dual-in-line
plastic package (E suffix).

....................................................... -05t0+7V
................................................. -0.5 to Voo +0.5 V
......................................................... +10mA

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All PaCkage TYPES) ... uutuntnninittitiietiiie e eiinniennenannes 40 mW

OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPEE ....iiiiiiiii i
STORAGE-TEMPERATURE RANGE (Tstg) ++vvvvvvvniuninnennnns

LEAD TEMPERATURE (DURING SOLDERING):

...................................................... -40 to +85°C
.................................................... -85 to +150°C

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from €ase for 10 8 MaX. ... vutitt ittt ittt iineieneeieeeneanens +265°C

File Number 1556
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CDP68HC68T1
Product Preview
ASrINAL CMOS Real-Time Clock with
RAM and Power Sense/Control
\;riﬁL out Features:
XTAL IN m SPI (Serial Peripheral Interface) ® Minimum standby (timekeeping)

VBATT
Vsys

PSE leap yr
® 32-Word x 8-bit RAM

TOP VIEW X
92CS- 38053 m  Seconds, minutes, hours alarm

The CDP68HC68T1, real-time clock provides a
time/calendar function, a 32 byte static RAM and a 3-wire
serial peripheral interface (SPI bus). The primary function
of the clock is to divide down a frequency input that can
be supplied by the on-board oscillator in conjunction with
an external crystal or by an external clock source. The
clock either operates with a 32+kHz, 1+MHz, 2+MHz or
4+MHz crystal or it can be driven by an external clock
source at the same frequencies. In addition, the
frequency can be selected to allow operation from a 50 or
60 Hz input. The time registers furnish seconds, minutes,
and hours data while the calendar registers offer day of
week, date, month and year Information. The data in the
time/calendar registers is In BCD format. In addition, 12
or 24 hour operation can be selected with an AM-PM
indicator available in the 12 hour mode. The T1 has a
separate clock output that supplies one of 7 selectable
frequencies.

Computer handshaking is established with a “wired or"

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)

(Voltage referenced to Vssterminal) ..........covvvivvinennenninnes

INPUT VOLTAGE RANGE, ALL INPUTS ...
DC INPUT CURRENT, ANY ONE INPUT ...
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-401t0 +60°C (PACKAGE TYPEE) ......ovvvvvvnnniiinns

For Ta = +60 to +85°C (PACKAGE TYPEE) ......c0vvivvuuns
For Ta=-55t0 +100°C (PACKAGE TYPED) .....ovvvivvnnes

For Ta=+100to +125°C (PACKAGE TYPED) .....oevvvviinninns

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

= Full clock features: sec., min., hrs
LINE (12/24, AM/PM), day of week,
POR date, month, year, (0-99), auto

Automatic power loss detection

voltages: 2.2 volts
m Selectable crystal or 50/60 Hz line
input
Buffered clock output
w Battery input pin
Three independent interrupt modes:
alarm, periodic or power down sense

interrupt output. The interrupt can be activated by any
one df three separate internal sources. The first is an
alarm circuit that consists of seconds, minutes and hours
alarm latches that trigger the interrupt when they are in
coincidence with the value in the seconds, minutes and
hours time counters. The second interrupt source is one
of 15 periodic signals that range from subsecond to daily
intervals. The final interrupt source is from the power
sense circuit that is used with the LINE input pin to
monitor power failures. Two other pins, the power supply
enable (PSE) output and the Vsys input are used for
external power control. The CPUR reset output pin Is
available for power down operation and is activated under
software control. s also activated by a watchdog
circuit that if enabled requires the CPU to toggle the CE
pin periodically without a serial data transfer.

The CDP68HC68T1 is available in a 16-lead hermetic
dual-in-line ceramic package (D suffix) and in a 16-lead
dual-in-line plastic package (E suffix).

-0.5t0 +7V
.. =0.5to Vpop 0.5V
+10mA
500 mW

............................................. 500 mW

For Ta= FULL PACKAGE-TEMPERATURE RANGE (All PACKAEEO TYPOS) 4ttt ttretreterteneriniireinseresnerneresnseninens 40 mW

OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPED ..\vviiiiiii i s

PACKAGE TYPEE .....oovvvviviinviiniins
STORAGE-TEMPERATURE RANGE (Ta)
LEAD TEMPERATURE (DURING SOLDERING):

-55 to +126°C
....... -40 to +85°C
-65to +150°C

At distance 1/16 £ 1/321in. (1.59 £ 0.79 mmM) from CaSE fOr 108 MBX. .\ttt eursunttuntuteeunerseerseeeineerersnsenreerienns +265°C

File Number 1547
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vop = Vearr = 5 V & 10%, Except as Noted

CMOS Microprocessors, Memories and Peripherals

LIMITS
CHARACTERISTIC CONDITIONS CDP68HC68T1 UNITS
MIN. TYP.e MAX.
Quiescent Device Current lbo — —_ 10 100 uA
Output Voltage High Level Vo " low=-16 mA, Vop = 4.5V 3.7 — —
Output Voltage Low Level VoL loo=16mA,Vop =45V — — 0.4 v
Output Voltage High Level Von lon <10 A, Vop =45V 4.4 — -
Output Voltage Low Level Vou loc<10uA, Voo =45V — — 0.1
Input Leakage Current In — — — +1
3-State Output Leakage Current lour — — — *10 uA
Operating Current # 32 kHz - 0.2 0.25
(o0 * lex) 1 MHz — 05 1
Crystal Oscillator 2 MHz _ 1 2
4 MHz —_ 2 4
mA
External Clock 32 kHz - 0.1 0.15
1 MHz — 0.6 0.9
2 MHz —_— 1 1.5
4 MHz - 1.5 2
Input Capacitance Cin Vin=0,Ta=25°C —_ — 2 pF
Maximum Clock Rise and
Fall Times * tr, te - — — 2 us

® Typical values are for Ta = 25° C and nominal Vpp.

# Outputs open circuited.
* Except XTAL input.
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PROGRAMMERS MODEL - CLOCK REGISTERS

CMOS Microprocessors, Memories and Peripherals

LHEX ADDRESS | L WRITE/READ REGISTERS
DB7 DBO
T 1 | I —
TENS 0-5 UNITS 0-9 <e— SECONDS (00-59)
20 1 1 l 1 1 |
Ll 1 L T T T
TENS 0-5 UNITS0-9  |«g— MINUTES (00-59)
21 ] 1 1 | 1 1
12 ! ' ! DB7,1=12HR,0=24 HR
HR. x PM/AM |  UNITS0.9  [@—DB5=1PM,0-AM —
22 24  TENSO- L HOURS (01-12 OR 00-23)
L L L
L v SUNDAY = 1
» X X X X|X UNTS1-7 [=—DAYOF WK (01-07)
+—t— —t— 01-28
(DATE) 29
TENS 0-3 UNITS 0-9 “®— DAY OF MONTH| 30 | —
24
! 1 ] 1 1 | 31
o R JAN = 1
TENS 0-1 UNITS 0-9  [@—MONTH (01-12)- 0 oo =
25 | Loy ‘
T T T T T 1
TENS 0-9 UNITS 0-9 — YEARS (00-99)
26 L 1 L ] 1 1
] T ) ] v ¥
7 6 5 4| 3 2 1 0 ——CONTROL
3 1 1 1 1 1 1
1 1 L) 1 T T
7 6 5 4|3 2 1 0o le—INTERRUPT
32 L1 L1 1
WRITE ONLY REGISTERS
I — —t—
2 TENS 0-5 UNITS0-9 |=s— ALARM SECONDS (00-59) —
1 N 1 1 1
] ] 1 1 ) L
2 TENS 0-5 UNITS 0-9  |«e—ALARM MINUTES (00-59) —
1 1 1 1
PM/AM oo ALARM HOURS (01-12 or 00-23)
2A X |x TENS 0-2 UNITS 0-9 PLUS AM/PM IN 12 HR. MODE
i ] 1 | PM=1,AM=0
READ ONLY REGISTER
T T, T.T, 1.1,
30 7|6|5I4|3|2| | STATUS
NOTE: X = DON'T CARE WRITES BIT
X = 0 WHEN READ 7 6 5 4 3 2 1 0
D7 | pe | b5 | pa |p3| b2 | D1 | DO

RAM DATA BYTE
HEX ADDRESS 00-1F

92CM-38059
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POWER DOWN (See Fig. 4.)

Power down is a processor-directed operation. A bit is set
in the Interrupt Control Register to initiate operation. 3
pins are affected. The PSE (Power Supply Enable) output,
normally high, is placed low. The CLK OUT is placed low.
The CPUR output, connected to the processors reset
input is also placed low. In addition, the Serial Interface
and Power Sense are disabled.

TO SYSTEM
FROM SYSTEM
PoweR ' POWER CONTROL
I—" Vsys {
PSE
INTERRUPT —+_
CONTROL Sk osc
REGISTER {
1 SPUR RESET
o MISO
SERIAL o
INTERFACE |—o] MOST
REAL- TIME CLOCK cPu
CDP68HCE8TI CDP680502
92CS~ 37942

Fig. 4 - Power down functional diagram.

POWER UP (See Figs. 5 and 6.)

Two conditions will terminate the Power Down mode. The
first condition (See Fig. 5) requires an interrupt. The
interrupt can be generated by the alarm circuit or the
programmable periodic interrupt signal.

The second condition that releases Power Down occurs
when the level on the Vsys pin rises about 1 volt above the
level at the Vearr input, after previously falling to the level
of Vearr. See Fig. 6.

4

POWER
up PSE fopm
ALARM CPUR
CIRCUIT
cLK

PERIODIC out —l—u_
INTERRUPT

SIGNAL T

TN
MISO
SERIAL o
FACE }—o ———
INTER o T

REAL-TIME CLOCK
CDP6BHCE8TI

92CS-37943

Fig. & - Power up functional diagram (Initiated by Interrupt Signal).

CMOS Microprocessors, Memories and Peripherals

£

'J[ __:l:VBATT
—{ VsYs PSE

-
iy
g

MISO
SERIAL o—1
INTERFACE o—fa—
MOSL

REAL-TIME CLOCK
CDP68HCE8T!

92CS-37944"

Fig. 6 - Power up functional diagram (Initiated by a rise in voltage
on the “Vsys” pin).

PIN FUNCTIONS

CLK OUT - Clock output pin. One of 7 frequencies can be
selected (or this output can be set low) by the levels of
the three LSB’s in the clock control register. If a
frequency is selected, it will toggle with a 50% duty cycle.
(ex. If 1Hz is selected, the output will be high for 500ms
and low for the same period). During power down
operation (bit 6 in Interrupt Control Register set to “1"),
the clock out pin will be set low.

CPUR - CPU reset output pin. This output is placed low
from 15 to 40ms when the watchdog function detects a
CPU failure. The low level time is determined by the
frequency input source selected as the time standard.
When power down is initiated the CPUR pin is set low.

INT - Interrupt output pin. This output is driven from a

single NFET pulldown transistor and must be tied to an

external pullup resistor. The output is activated to a low

level when:

1 - Power sense operation is selected (B5 = 1in
Interrupt Control Register) and a power failure occurs.

2 - A previously set alarm time occurs.

3 - A previously selected periodic interrupt signal
activates. '

The status register must be read to set the Interrupt

output high after the selected periodic interval occurs.

This is also true when conditions 1 and 2 activate the

interrupt. If power down had been previously selected,

the interrupt will also reset the power down functions.

SCK, MOSI, MISO - See Serial Peripheral Interface (SPI)
section in this data sheet.

CE - A positive chip enable input. A low level at this input
holds the serial interface logic in a reset state. This pin is
also used for the watchdog function.

Vss - The negative power supply pin that is connected to
ground.
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INTERRUPT CONTROL REGISTER (Write/Read) - Address 32H

D7 D6 D5 D4 D3 D2 D1 DO
WATCHDOG POWER POWER ALARM l T I
DOWN SENSE PERIODIC SELECT
WATCHDOG - When this bit is set high, the watchdog required when power sense is enabled. An interrupt is
operation will be enabled. This function require3 the CPU generated when a power failure is sensed and the power
to toggle the CE pin periodically without a serial transfer sense and Interrupt True bit in the Status Register are set.

requirement. In the event this does not occur, a CPU reset

will be issued. ALARM - The output of the alarm comparator is enabled

when this bit is set high. When a comparison occurs

POWER DOWN - A high in this location will initiate a between the seconds, minutes and hours time and alarm
power down. A CPU reset will occur, the CLK OUT and counters, the interrupt output is activated. When loading
PSE output pins will be set low and the serial interface the time counters, this bit should be set low to avoid a
will be disabled. false interrupt. This is not required when loading the

POWER SENSE - This bit is used to enable the line input alarm counters.

pin to sense a power failure. It is set high for this function. PERIODIC SELECT - The value in these 4 bits will select
When power sense is selected, the input to the 50/60 Hz the frequency of the periodic output as listed below. (See
prescaler is disconnected, therefore crystal operation is Table I).

Table I - Perlodic Interrupt Output

FREQUENCY TIMEBASE
D0-D3 PERIODIC-INTERRUPT
VALUE OUTPUT FREQUENCY XTAL LINE

0 Disable
1 2048 Hz X
2 1024 Hz X
3 512 Hz X
4 256 Hz X
5 128 Hz X
6 64 Hz X

50 or 60 Hz X
7 32 Hz X
8 16 Hz X
9 8 Hz X
10 - 4 Hz X
11 2Hz X X
12 1Hz X X
13 Minute X X
14 Hour X X
15 Day X X

All bits are reset by power-on reset.
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FUNCTIONAL DESCRIPTION

The Serial Peripheral Interface (SPI) utilized by the
CDP68HC68T1 is a serial synchronous bus for address
and data transfers. The clock, which is generated by the
microcomputer, is active only during address and data
transfers. In systems using the CDP68HC05C4 or
CDP68HCO05D2, the inactive clock polarity is determined
by the CPOL bit in the microcomputer’s control register.
A unique feature of the CDP68HC68T1 is that it
automatically determines the level of the inactive clock by
sampling SCK when CE becomes active (see Fig. 7).
Input data (MOSI) is latched internally on the Internal
Strobe edge and output data (MISO) is shifted out on the
Shift edge, as defined by Fig. 7. There is one clock for
each data bit transferred (address as well as data bits are
transferred in groups of 8).

ADDRESS AND DATA FORMAT
There are three types of serial transfer.
1. Address Control - Fig. 8

CMOS Microprocessors, Memories and Peripherals

"EE 7‘
SHIFT  _INTERNA
CPOL= | | ‘ l’srnoas"‘
scK | I I I
L
[Ce z‘-
SHIFT INTERNAL
CPOL=0] [ STROBE
scK
MOSI
NOTE !

"CPOL" IS A BIT THAT IS SET IN THE
MICROCOMPUTER'S CONTROL REGISTER
92CS-37945

Fig. 7 - Serial RAM clock (SCK) as a function of MCU clock
polarity (CPOL).

true again. Bit 5 is used to select between Clock and RAM
locations.

BIT 7 6 5 4 3 2 1 0

2. READ or WRITE Data - Fig. 9 =
3. Watchdog Reset (actually a non-transfer) - Fig. 10 WR1 0 ._:"\'; A4 | A3 | A2 | AT | AD
The Address/Control and Data bytes are shifted MSB
first, into the serial data input (MOSI) and out of the serial
data output (MISO). put ( ) 0-4 A0-A4 Selects 5 Bit HEX Address of

) ___ BRAMor specifies Clock Register.
Any transfer of data requires and Address/Control byte to CLOCK/RAM Most significant Address Bit.
specify a Write or Read operation and to select a Clock If equal to “1”, AO through A4
or RAM location, followed by one or more bytes of data. selects a Clock Register.
Data is transferred out of MISO for a Read and into MOSI If equal to “0", AQ through A4
for a Write operation. selects one of 32 RAM locations.

6 0 Must be set to “0” when not in
ADDRESS/CONTROL BYTE - Fig. 8 _ Test Mode
It is always the first byte received after CE goes true. To 7 W/R W/R = "1” initiates one or more
transmit a new address, CE must first go false and then WRITE cycles.
W/R = “0", initiates one or more
READ cycles.
CE f
MOSI W/R 0 C,';(A?—;K A4 A3 A2 Al A0
*
SCK CAN BE EITHER POLARITY.
92CM-37946

Fig. 8 - Address/Control byte transfer waveforms.
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-/ -

Lt it

WRITE — MOSI ADDRESS BYTE WRITE DATA
MOSI ADDRESS BYTE
READ —
MISO ( READ DATA 4)'__

92CM-37949

Fig. 11 - Single byte transfer waveforms.

“/ 4{ \

L LU L |

WRITE | MOSI ADDRESS BYTE DATA BYTE DATA BYTE l. DATA BYTE

MOSI / ADDRESS BYTE Ao

READ — l
.

MISso JLDATA BYTE XDATA BYTE *.* DATA BYTE }_
- .

W/R ADDRESS ADDRESS BYTE +1
ADDRESS BYTE +(n-1)

A
ADDRESS BYTE J %

92CM-37950

Fig. 12 - Multiple-byte transfers waveforms,
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— O — ® —

s N vt [\ P

— ® ®
MISO — 070 @ D1y Doy _E_
Ay 11
~® ®

o/

N

&

e
\

cE B

-—0O— ®

92CM-37952

Fig. 14 - READ cycle timing waveforms.

SYSTEM DIAGRAMS

AC BRIDGE
LINE REGULATOR
Vop POR| T Vi
oo = bD
a
TNT| IRQ
Vsys
AN LINE
L CDP68OSD2
T copesHCeeT!
\ —
X BATT ZRUR RESET
- CE PORT
scK sck
MOSI MOST
MISO MISO
XTAL IN
=
92CM- 37953

Example of a system in which power is always on. Clock
circuit driven by line input frequency. Power-on-reset
circuit included to detect power-failure.

Fig. 15 - Power-on always system-diagram.
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AL BRIDGE
LINE REGULATOR t
SYSTEM
= STEM 4 N.o.
I, e
T SYSTEM
——> POWER
= POR V pp Vs
o Vop
L
VBATT 3
LINE  psg
P
COPGBHCE8T! 1 CDP680O5D2
preone NT| "G
copesricesT 2 CPUR RESET
CLK OUT 0s¢1
CE PORT
scK scK
MISO _ MOSI NoS ! MISO
92CM-37955

Example of a system in which the power is controlled by
the CPU. To power-down the system, the CPU gives the
CDP68HC68T1 a power down instruction. This occurs
when bit 6 in the INTERRUPT Control Register is set
high. The power down will be released by a previously
programmed periodic interrupt or an alarm circuit
interrupt. When the interrupt occurs, the level on the PSE
pin will return high and the system power will be restored.
An external switch can be included to power-up the
system independent of a programmed power-up.

Fig. 17 - CPU controlled power system-diagram.
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92¢5-35115

Advance Information/
Preliminary Data

CMOS Real-Time Clock with RAM

Features:

Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or

— Voo

::gw ® Low-Power, High-Speed, High-Density CMOS
L cxour @® Internal Time Base and Oscillator

[— CKFsS ® Counts Seconds, Minutes, and Hours of the Day
— TrRa ® Counts Days of the Week, Date, Month, and Year
[~ RESET ® 3V to 6V Operation

f—— DS °

e 32.768 kz

s ® Time Base Oscillator for Parallel Resonant Crystals
— [ ]

40 to 200 pW Typical Operating Power at Low Frequency Time Base

4.0 to 20 mW Typical Operating Power at High Frequency Time
Base

Binary or BCD Representation of Time, Calendar, and Alarm
12- or 24-Hour Clock with AM and PM in 12-Hour Mode

CMOS Microprocessors, Memories and Peripherals

TERMINAL ASSIGNMENT

The CDP6818 Real-Time Clock plus RAM is a peripheral
device which includes the unique MOTEL concept for use with
many 8-bit microprocessors, microcomputers, and larger
computers. This device combines three unique features: a
complete time-of-day clock with alarm and one hundred year
calendar, a programmable periodic interrupt and square-wave
generator, and 50 bytes of low-power static RAM. The
CDP6818 uses high-speed CMOS technology to interface
with 1 MHz processor buses, while consuming very little
power.

The Real-Time Clock plus RAM has two distinct uses. First, it
is designed as a battery powered CMOS device (in an other-
wise NMOS/TTL system) including all the common battery
backed-up functions such as RAM, time, and calendar. Sec-
ondly, the CDP6818 may be used with a CMOS microproces-
sor to relieve the software of the timekeeping workload and to
extend the available RAM of an MPU such as the CDP6805E2.

Daylight Savings Time Option
Automatic End of Month Recognition
Automatic Leap Year Compensation

Microprocessor Bus Compatible

MOTEL Circuit for Bus Universality

Multiplexed Bus for Pin Efficiency

Interfaced with Software as 64 RAM Locations

14 Bytes of Clock and Control Registers

50 Bytes of General Purpose RAM

Status Bit Indicates Data Integrity

Bus Compatible Interrupt Signals {IRQ)

Three Interrupts are Separately Software Maskable and Testable
® Time-of-Day Alarm, Once-per-Second to Once-per-Day
® Periodic Rates from 30.5 us to 500 ms

® End-of-Clock Update Cycle

Programmable Square-Wave Output Signal

Clock Output May Be Used as Microprocessor Clock Input
® At Time Base Frequency +1 or +4

24-Pin Dual-In-Line Package

cxout

Clock
Outpu

CKES,

Dwider
Conteol

Sauare
Wave Out

Intertace

As ——u]

Ciock
Calengar
Update

s00807

8co
Binan

Increment

v

Registers 4 Bytes

Clock Atarm,
Calendar RAM
110 Byres)

User RAM
150 Bytes!

Fig. 1 — Block diagram.

File Number 1375
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CDP6818
BUS TIMING
Vop=5.0V
+ 10%
Vop =3.0V 2 TTL and
Ident. 50 pF Load 130 pF Load

Number Characteristics Symbol Min Max Min Max Unit
1 |Cycle Time teye 5000 — 953 dc ns

2 [Pulse Width, DS/E Low or RD/WR High PWeL 1000 — 300 — ns

3 |Pulse Width, DS/E High or RD/WR Low PWen | 1500 — 325 — ns

4 {Input Rise and Fall Time t b — 100 — 30 ns

8 |R/W Hold Time trwn 10 — 10 — ns

13 [R/W Setup Time Before DS/E taws 200 — 165 — ns
14 |Chip Enable Setup Time Before AS/ALE Fall tes 200 * 55 * ns
15 |Chip Enable Hold Time ten 10 — 0 — ns
18 |Read Data Hold Time torm 10 1000 10 100 ns
21 Write Data Hold Time torw 100 — 0 — ns
24 |Muxed Address Valid Time to AS/ALE Fall tasL 200 — 50 — ns
25 Muxed Address Hold Time tanL 100 — 20 — ns
26 |Delay Time DS/E to AS/ALE Rise taso 500 — 50 — ns
27 |Pulse Width, AS/ALE High PWash 600 — 135 o ns
28 |Delay Time, AS/ALE to DS/E Rise tasen 500 — 60 — ns
30 |Peripheral Output Data Delay Time from DS/E or RD| tpos 1300 — 20 240 ns
31 Peripheral Data Setup Time tosw 1500 — 200 —_ ns

NOTE: Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals.
*See Important Application Notice (refer to Fig. 23).

jl——l&vmw
AS P : Viow
os >t () @ — | N ®
0 / S ‘\
amO)
_ ¥3) ™ I""®

Q%:__@ N @@

SN ,

- o] o -l

s — | OO —
ot T E—o— - O

poppu— J \

READ \ .

NOTE ViigH=VpD-20V, Viow=08V, for Vpp=560V + 10%

Fig. 2 — CDP6818 bus timing waveforms.
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CDP6818
TABLE 1 — SWITCHING CHARACTERISTICS (Vpp=5 Vdc +10%, V5s=0 Vdc, TA=0° to 70°C)

Description Symbol [ Min | Max | Unit
Oscillator Startup RC — 100 ms
Reset Pulse Width TRWL 5 —_ us
Reset Delay Time RLH 5 - us
Power Sense Pulse Width tPWL 5 — s
Power Sense Delay Time tPLH 5 - us
IRQ Release from DS YRDS - 2 us
IRQ Release from RESET tIRR - 2 us
VRT Bit Delay tVRTD - 2 us

Viow
DS ___ﬁr

RESET

= 7£ VHIGH v \ 7C

YIRDS

YRR

NOTE: VHIGH=VDD - 2.0V, VLow =08V, for Vpp =50V 1 10%

Fig. 5 — TRQ release delay timing waveforms.

Test _ _

Point O
oin N L3O oF

2.85 k

All Outputs Except OSC2 (See Figure 10)

%)) VoD

3l

2k (IRQ Only) 4.02 k

Test Point

130 pF

Fig. 6 — TTL equivalent test load.
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CDP6818

MOTEL

The MOTEL circuit is a new concept that permits the
CDP6818 to be directly interfaced with many types of micro-
processors. No external logic is needed to adapt to the differ-
ences in bus control signals from common multiplexed bus
microprocessors.

Practically all microprocessors interface with one of two
synchronous bus structures.

The MOTEL circuitis builtinto peripheraland memory ICs to
permit direct connection to either type of bus. An industry
standard bus structure is now available. The MOTEL concept
is shown logically in Figure 9.

MOTEL selects one of two interpretations of two pins. In the
6805 case, DS and R/W are gated together to produce the
internal read enable. The internal write enable is a similar
gating of the inverse of R/W. With competitor buses, the inver-
sion of RD and WR create functionally identical internal read
and write enable signals.

The CDP6818 automatically selects the processor type by

“using AS/ALE to latch the state of the DS/RD pin. Since DSis

always low and RD is always high during AS and ALE. the latch
automatically indicates which processor type is connected.

6800
Family Type ~ Competitor Type CDP6818 Internal
MPU Signals MPU Signals Pin Signals Competative Bus Signals
Q5805
AS ALE AS () Family
a Bus
DS, E, or 62 D s [ -—'\r\l Read Enable
R/W WR R/W O Dc Write Enable

Fig. 9 — Functional diagram of MOTEL circuit.

SIGNAL DESCRIPTIONS

The block diagram in Figure 1, shows the pin connection
with the major internal functions of the CDP6818 Real-Time
Clock plus RAM. The following paragraphs describe the func-
tion of each pin.

VDD, Vss

DC power is provided to the part on these two pins, Vpp
being the most positive voltage. The minimum and max-
imum voltages are listed in the Electrical Characteristics
tables.

0SC1, 0SC2 — TIME BASE, INPUTS

The time base for the time functions may be an external
signal or the crystal oscillator. External square waves at
4,194304 MHz, 1.048576 MHz, or 32.768 kHz may be con-
nected to OSC1 as shown in Figure 10. The time-base fre-
quency to be used is chosen in Register A.

The on-chip oscillator is designed for a parallel resonant

AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen-
cies. The crystal connections are shown in Figure 11 and the
crystal characteristics in Figure 12.

CKOUT — CLOCK OUT, OUTPUT

The CKOUT pin is an output at the time-base frequency
divided by 1 or 4. A major use for CKOUT is as the input
clock to the microprocessor; thereby saving the cost of a se-
cond crystal. The frequency of CKOUT depends upon the
time-base frequency and the state of the CKFS pin as shown
in Table 2.

CKFS — CLOCK OUT FREQUENCY SELECT, INPUT

The CKOUT pin is an output at the time-base frequency
divided by 1 or 4, CKFS tied to Vpp causes CKOUT to be
the same frequency as the time base at the OSC1 pin. When
CKFS is at Vgg, CKOUT is the OSC1 time-base frequency
divided by four. Table 2 summarizes the effect of CKFS.
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TABLE 2 — CLOCK OUTPUT FREQUENCIES
Time Base Clock Frequency | Clock Frequency
(0SC1) Select Pin Output Pin
Frequency (CKFS) (CKOUT)
4.194304 MHz High 4.194304 MHz
4.194304 MHz Low 1.048576 MHz
1.048576 MHz High 1.048576 MHz
1.048576 MHz Low 262.144 kHz
32.768 kHz High 32.768 kHz
32.768 kHz Low 8.192 kHz

SQW — SQUARE WAVE, OUTPUT

The SQW pin can output a signal one of 15 of the 22
internal-divider stages. The frequency and output enable of
the SQW may be altered by programming Register A, as shown
in Table 5. The SQW signal may be turned on and off using a bit
in Register B.

ADO0-AD7 — MULTIPLEXED BIDIRECTIONAL
ADDRESS/DATA BUS

Multiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using the
same pins during the second portion for data. Address-then-
data multiplexing does not slow the access time of the
CDP6818 since the bus reversal from address to data is oc-
curring during the internal RAM access time.

The address must be valid just prior to the fall of AS/ALE at
which time the CDP6818 latches the address from ADO to
ADS. Valid write data must be presented and held stable during
the latter portion of the DS or WR pulses. In a read cycle, the
CDP6818 outputs 8 bits of data during the latter portion of the
DS or RD pulses, then ceases driving the bus (returns the
output drivers to three-state) when DS falls in this case of
MOTEL or RD rises in the other case.

AS — MULTIPLEXED ADDRESS STROBE, INPUT

A positive going multiplexed address strobe pulse serves to
demultiplex the bus. The falling edge of AS or ALE causes the
address to be latched within the CDP6818. The automatic
MOTEL circuitry in the CDP6818 also latches the state of the
DS pin with the falling edge of AS or ALE.

DS — DATA STROBE OR READ, INPUT

The DS pin has two interpretations via the MOTEL circuit.
When emanating from a 6800 type processor, DS is a positive
pulse during the latter portion of the bus cycle, and is variously
called DS (data strobe), E (enable), and ¢2 (¢2 clock). During
read cycles, DS signifies the time that the RTC is to drive the
bidirectional bus. In write cycles, the trailing edge of DS
causes the Real-Time Clock plus RAM to latch the written
data.

The second MOTEL interpretation of DS is that of RD,
MEMR, or T/OR emanating from a competitor type processor.
In this case, DS identifies the time period when the real-time
clock plus RAM drives the bus with read data. This interpreta-
tion of DS is also the same as an output-enable signal on a
typical memory.

The MOTEL circuit, within the CDP6818, latches the state of
the DS pin on the falling edge of AS/ALE. When the 6800 mode
of MOTEL is desired DS must be low during AS/ALE, which is
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the case with the CDP6805 family of multiplexed bus proces-
sors. To insure the competitor mode of MOTEL, the DS pin
must remain high during the time AS/ALE is high.

R/W — READ/WRITE, INPUT

The MOTEL circuit treats the R/W pin in one of two ways.
When a 6805 type processor is connected, R/W is a level
which indicates whether the current cycle is a read or write. A
read cycle is indicated with a high level on_R/W while DS is
high, whereas a write cycle is a low on R/W during DS.

The second interpretation of R/W is as a negative write
pulse, WR, MEMW, and T70W from competitor type proces-
sors. The MOTEL circuit in this mode gives R/W pin the same
meaning as the write (W) pulse on many generic RAMs.

CE — CHIP ENABLE, INPUT

The chip-enable (CE) signal must be asserted (low) for a
bus cycle in which the CDP6818 is to be accessed. CE is not
latched and must be stable during DS and AS (in the 6805
mode of MOTEL) and during RD and WR (in the competitor
mode). Bus cycles which take place without asserting C__E
cause no actions to take place within the CDP6818. When CE
is high, the multiplexed bus output is in a high-impedance
state.

When CE is high, all address, data, DS, and R/W inputs from
the processor are disconnected within the CDP6818. This
permits the CDP6818 to be isolated from a powered-down
processor. When CE is held high, an unpowered device cannot
receive power through the input pins from the real-time clock
power source. Battery power consumption can thus be re-
duced by using a pullup resistor or active clamp on CE when
the main power is off.

TRQ — INTERRUPT REQUEST, OUTPUT

The TRQ pin is an active low output of the CDP6818 that may
be used as an interrupt input to a processor. The IRQ output
remains low as long as the status bit causing the interrupt is
present and the corresponding interrupt-enable bit is set. To
clear the IRQ pin, the processor program normally reads Reg-
ister C. The pin also clears pending interrupts.

When no interrupt conditions are present, the TRQ level is in
the high-impedance state. Multiple interrupting devices may
thus be connected to an IRQ bus with one pullup at the
processor.

RESET — RESET, INPUT

The RESET pin does not affect the clock, calendar, or RAM
functions. On the powerup, the RESET pin must be held low for
the specified time, taun, in order to allow the power supply to
stabilize. Figure 13 shows a typical representation of the
RESET pin circuit.

When RESET is low the following occurs:

a) Periodic Interrupt Enable (PIE) bit is cleared to zero,

b) Alarm Interrupt Enable (AIE) bit is cleared to zero,

c) -Update ended Interrupt Enable (UIE) bit is cleared to
zero,

d) Update ended Interrupt Flag (UF) bit is cleared to zero,

e) Interrupt Request status Flag (IRQF) bit is cleared to
zero,

f) Periodic Interrupt Flag (PF) bit is cleared to zero,
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Before initializing the internal registers, the SET bit in
Register B should be set to a 1" to prevent time/calendar
updates from occurring. The program initializes the 10 loca-
tions in the selected format (binary or BCD), then indicates
the format in the data mode (DM) bit of Register B. All 10
time, calendar, and alarm bytes must use the same data

mode, either binary or BCD. The SET bit may now be cleared

to allow updates. Once initialized the real-time clock makes
all updates in the selected data mode. The data mode cannot
be changed without reinitializing the 10 data bytes.

Table 3 shows the binary and BCD formats of the 10 time,
calendar, and alarm locations. The 24/12 bit in Register B
establishes whether the hour locations represent 1-to-12 or
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0-t0-23. The 24/12 bit cannot be changed without reinitializ-
ing the hour locations. When the 12-hour format is selected
the high-order bit of the hours byte represents PM when it is
a1,

The time, calendar, and alarm bytes are not always ac-
cessable by the processor program. ‘Once-per-second the 10
bytes are switched to the update logic to be advanced by one
second and to check for an alarm condition. If any of the 10
bytes are read at this time, the data outputs are undefined.
The update lockout time is 248 us at the 4.194304 MHz and
1.048567 MHz time bases and 1948 us for the 32.768 kHz
time base. The Update Cycle section shows how to accom-
modate the update cycle in the processor program.

0 $00 0 Seconds $00
14 1 Sec Alarm 01
Bytes
13 oD 2 Minutes 02
14 OE 3 Min Alarm 03
4 Hours 04 g Binary
5 Hr Alarm 05 or BCD
Contents
6 Day of Wk 06
50 7 Date of Mo 07
Bytes
User 8 Month 08
RAM 9 Year 09 p
10 Register A 0A
1 Register B 0B
12 Register C oc
63 $3F 13 Register D $0D
Fig. 15 — Address map.
TABLE 3 — TIME, CALENDAR, AND ALARM DATA MODES
. Example*
Address " Decimal Range -
. Function - Binary BCD
Location Range Binary Data Mode | BCD Data Mode Data Mode | Data Mode
0 Seconds 0-569 $00-$3B $00-$59 15 21
1 Seconds Alarm 0-59 $00-$3B $00-$59 15 21
2 Minutes 0-69 $00-$3B $00-$59 3A 58
3 Minutes Alarm 0-59 $00-$3B $00-$59 3A 58
Hours 112 $01-$0C (AM) and| $01-$12 (AM) and 05 05
4 (12 Hour Mode) $81-$8C (PM) $81-$92 (PM)
Hours
(24 Hour Mode) 0-23 $00-$17 $00-$23 05 05
Hours Alarm 112 $01-$0C (AM) and | $01-$12 (AM) and 05 05
5 (12 Hour Mode) $81-$8C (PM) $81-$92 (PM)
Hours Alarm
(24 Hour Mode) | 02 $00-$17 $00-23 % 08
Day of the Week
6 Sunday=1 1-7 $01-$07 $01-$07 05 05
7 Day of the Moath 1-31 $01-$1F $01-$31 OF 15
8 Month 1-12 $01-$0C $01-$12 02 02
9 Year 0-99 $00-$63 $00-$99 4F 79

*Example: 5:58:21 Thursday February 15 1979 (Time is AM.)
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TABLE 4 — DIVIDER CONFIGURATIONS

Time-Base %':'(?:{ rB';S Operation |  Divider | Bypass First
Frequency giste Mode Reset N-Divider Bits
Dv2| DV1 [ DVO
4.194304 MHz 0 0 0 Yes N=0
1.048576 MHz 0 0 1 Yes - N=2
32.768 kHz 0 1 0 Yes N=7
Any 1 1 0 No Yes
Any 1 1 1 No Yes

Note: Other combinations of divider bits are used for test purposes only.

SQUARE-WAVE OUTPUT SELECTION

Fifteen of the 22 divider taps are made available to a
1-of-15 selector as shown in Figure 1. The first purpose of
selecting a divider tap is to generate a square-wave output

PERIODIC INTERRUPT SELECTION

The periodic interrupt allows the iRQ pin to be triggered
from once every 500 ms to once every 30.517 us. The
periodic interrupt is separate from the alarm interrupt which

signal on the SQW pin. Four bits in Register A establish the
square-wave frequency as listed in Table 5. The SQW fre-
quency selection shares the 1-of-15 selector with periodic
interrupts.

Once the frequency is selected, the output of the SQW pin
may be turned on and off under program control with the
square-wave enable (SQWE) bit in Register B. Altering the
divider, square-wave output selection bits, or the SQW
output-enable bit may generate an asymetrical waveform at
the time of execution. The square-wave output pin has a
number of potential uses. For example, it can serve as a fre-
quency standard for external use, a frequency synthesizer, or
could be used to generate one or more audio tones under

may be output from once-per-second to once-per-day.

Table 5 shows that the periodic interrupt rate is selected
with the same Register A bits which select the square-wave
frequency. Changing one also changes the other. But each
function may be separately enabled so that a program could
switch between the two features or use both. The SQW pin
is enabled by the SQWE bit. Similarly the periodic interrupt is
enabled by the PIE bit in Register B.

Periodic interrupt is usable by practically all real-time
systems. It can be used to scan for all forms of inputs from
contact closures to serial receive bits on bytes. It can be used
in multiplexing displays or with software counters to
measure inputs, create output intervals, or await the next

program control. needed software function.

TABLE 5 — PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY

4.194304 or 1.048576 MHz 32.768 kHz
Time Base Time Base
Rate Select Periodic Periodic
R ss(':on:;; Regg:er :SO lnterrutpt Rate | SQW Output | Interrupt Rate | SQW Output

Pl Frequency tpi Frequency
0 0 0 0 None None None None
0 0 0 1 30517 us 32.768 kHz 390625 ms 256 Hz
0 0 1 0 61.035 us 16.384 kHz 7.8125 ms 128 Hz
0 0 1 1 122.070 pus 8.192 kHz 122.070 us 8.192 kHz
0 1 0 0 244141 ps 4.096 kHz 244 141 ps 4.096 kHz
0 1 0 1 488.281 us 2.048 kHz 488.281 us 2.048 kHz
0 1 1 0 976.562 us 1.024 kHz 976.562 us 1.024 kHz
0 1 1 J 1.953125 ms 512 Hz 1.953125 ms 512 Hz
1 0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz
1 0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz
1 0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz
1 0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz
1 1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz
1 1 0 1 125 ms 8 Hz 125 ms 8 Hz
1 1 1 0 250 ms 4 Hz 250 ms 4 Hz
1 1 1 1 500 ms 2 Hz 500 ms 2 Hz
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DV2, DV1, DVO — Three bits are used to permit the pro-
gram to select various conditions of the 22-stage divider
chain. The divider selection bits identify which of the three
time-base frequencies is in use. Table 4 shows that time
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may
be used. The divider selection bits are also used to reset the
divider chain. When the time/ calendar is first initialized, the
program may start the divider at the precise time stored in
the RAM. When the divider reset is removed the first update
cycle begins one-half second later. These three read/write
bits are not affected by RESET.

RS3, RS2, RS1, RS0 — The four rate selection bits select
one of 16 taps on the 22-stage divider, or disable the divider
output. The tape selected may be used to generate an output
square wave (SQW pin) and/or a periodic interrupt. The pro-
gram may do one of the following: 1) enable the interrupt
with the PIE bit, 2) enable the SQW output pin with the
SQWE bit, 3) enable both at the same time at the same rate,
or 4) enable neither. Table b lists the periodic interrupt rates
and the square-wave frequencies that may be chosen with
the RS bits. These four bits are read/write bits which are not
affected by RESET.

REGISTER B ($0B)

MSB LSB
b7 b6 b5 b4 b3 b2 bl b0

SET | PIE | AIE| UIE| SQWE| DM| 24/12 | DSE

Read/Write
Register

SET — When the SET bitisa ‘0", the update cycle func-
tions normally by advancing the counts once-per-second.
When the SET bit is written to a "'1"", any update cycle in
progress is aborted and the program may initialize the time
and calendar bytes without an update occurring in the midst
of initializing. SET is read/write bit which is not modified
but RESET or internal functions of the CDP6818.

PIE — The periodic interrupt enable (PIE) bit is a read/
write bit which allows the periodic-interrupt flag (PF) bit in
Register C to cause the RQ pin to be driven low. A program
writes a 1" to the PIE bit in order to receive periodic inter-
rupts at the rate specified by the RS3, RS2, RS 1, and RS0 bits
in Register A. A zero in PIE blocks TRQ from being initiated by
a periodic interrupt, but the periodic flag (PF) bit is still set at
the periodic rate. PIE is not modified by any internal CDP6818
functions, but is cleared to “0" by a R

AIE — The alarm interrupt enable (AIE) bit is a read/write
bit which when set to a "’1"" permits the alarm flag (AF) to
assert IRQ. An alarm interrupt occurs for each second that
the three time bytes equal the three alarm bytes (including a
""don’t care” alarm code of binary T1IXXXXXX). When the
AlE bit is a 0", the AF bit does not initiate an RQ signal.
The RESET pin clears AlE to “0". The internal functions do
not affect the AIE bit.

UIE — The UIE (update-ended interrupt enable) bit is a
read/ write bit which enables the update-end flage (UF) bit to
assert IRQ. The RESET pin going low or the SET bit going
high clears the UIE bit.

SQWE — When the square-wave enable (SQWE) bit is set
to a “1" by the program, a square-wave signal at the fre-

quency specified in the rate selection bits (RS3 to RS0) ap-
pears on the SQW pin. When the SQWE bit is set to a zero
the SQW pin is held low. The state of SQWE is cleared by
the RESET pin. SQWE is a read/write bit.

DM — The data mode (DM) bit indicates whether time
and calendar updates are to use binary or BCD formats. The
DM bit is written by the processor program and may be read
by the program, but is not modified by any internal functions
or RESET. A “1" in DM signifies binary data, while a 0" in
DM specifies binary-coded-decimal (BCD) data.

24/12 — The 24/12 control bit establishes the format of
the hours bytes as either the 24-hour mode (a "*1"') or the
12-hour mode (a "0""). This is a read/write bit, which is af-
fected only by the software.

DSE — The daylight savings enable (DSE) bit is a
read/write bit which allows the program to enable two
special updates (when DSE is a “1”). On the last Sunday in
April the time increments from 1:59:59 AM to 3:00:00 AM.
On the last Sunday in October when the time first reaches
1:69:569 AM it changes to 1:00:00 AM. These special updates
do not occur when the DSE bit is a "0". DSE is not changed
by any internal operations or RESET.

REGISTER C ($0C)

MSB LsB
b7 | b6 | bS5 | b4 [ b3 | b | bl | b0

IRQF| PF | AF JUF | 0 | O | O] ©

Read-Only
Register

IRQF — The interrupt request flag (IRQF) is set to a 1"
when one or more of the following are true:

PF=PIE="1"
AF=AlE="1"
UF=UIE="1"

e., IRQF =PFePIE+ AFsAIE+ UFeUIE

Any time the IRQF bitis a 1", the IRQ pin is driven low.
All flag bits are cleared after Register C is read by the pro-
gram or when the RESET pin is low.

PF — The periodic interrupt flag (PF) is a read-only bit
which is set to a “1"" when a particular edge is detected on
the selected tap of the divider chain. The RS3 to RSO bits
establish the periodic rate. PF is set to a 1" independent of
the state of the PIE bit. PF being a "'1"" initiates an IRQ signal
and sets the IRQF bit when PIE is also a “1." The PF bitis
cleared by a RESET or a software read of Register C

AF — A ""1" in the AF (alarm interrupt flag) bit indicates
that the current time has matched the alarm time. A “'1" in
the AF causes the IRQ pin to go low, and a 1" to appear in
the IRQF bit, when the AIE bit also is a “1."”” A RESET or a
read of Register C clears AF.

UF — The update-ended interrupt flag (UF) bit is set after
each update cycle. When the UIE bitis a “1", the 1" in UF
causes the IRQF bit to be a "'1”, asserting IRQ. UF is cleared
by a Register C read or a RESET.

b3 TO b0 — The unused bits of Status Register 1 are read
as ''0's”. They can not be written.
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|

<§ Address/Data §>
8085 Addreﬁ Latch Enable {ALE) o
Read (R)
NSC800 — o Other
Write (W) Peripherals
80CS1 Interrupt Request and Memory
MPU 1
8/4 Address 8/4>
4 8085
Only

|
| Address
| Decode v
: CE IRQ R/W DS AS ADO AD7

RESET
: | COP68IS — 4194304
| RESET MHz (Typ)
: CKoUT CKFS sQw
|
|
i

CDP6805E2

0scC1

_ Interrupt Request (IRQ)

Fig. 18 — CDP6818 interfaced to competitor compatible multiplexed bus microprocessors.

Read/Write (R/W)

Address Strobe {AS)

Data Strobe (DS)

1

5 Non-Multiplexed Address

[ 1]

5-7 Non-multiplexed addres>
[ 11 [ 1

) 8 Multiplexed Address/Data

DS

A2
Address
Decode

DS CE AS R/W IRQ ADO-AD7

CcDP6818
RESET
CKOUT CKFS SQW

D

4.194304 MHz
(Typ)

=

T

e e e s s ——— ————— —

This illustrates the use of CMOS gating for address decoding.

Fig. 19 — CDF6818 interface to CDP6805E2 CMOS multiplexed microprocessor with slow address decoding.
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FIGURE 22 — SUBROUTINE FOR READING AND WRITING
THE CDP6818 WITH A NON-MULTIPLEXED BUS

READ STA RTC Generate AS and Latch Data from ACCA
LDAB RTC+1 Generate DS and Get Data
RTS

WRITE STA RTC Generate AS and Latch Data from ACCA
STAB RTC+H+1 Generate DS and Store Data
RTS

IMPORTANT APPLICATION NOTICE
The CDP6818 with a bottom brand code of 6RR requires a application of power down circuitry. If CE is grounded at all
synchronization of the CE pin with address strobe. The follow- times (no power down required) the following circuit need not
ing circuit will satisfy that condition and also shows a typical be used.

CDP6818 STATEK
470 k 32,768 kHz
ADO 2 oo osce}— N o et
45V ADI z ADI T 20%F
N o
MBD70I AD! BBV p
(SCHOTTKY) A x AD4 8 AD4 24 ;
BBV ADS ———:)—AD5 Voo
INdIa8 ]F 3.9y ADS————"HADE 100K
(si) AD7 ——————AD7 9
s 14 ,s ps |22 NOTES:
E 7 1ps RESET|® 1. All unused inputs of the CD74HC373 must be grounded.
= 15| RESET ) )
RIW o A L 50pF 2 If point (A) equals 12 V point (B) should be equal to 4.06 V.
CE = If point (A) equals 10 V point (B) should be equal
12 [20 to 3.38 V with @ set for 3.18 V.
== *Battery Backup Voltage
CD74HCO0 I[
I
+ \%
1 4
co74Hc373
_l |—o+ 5V
= (SEE NOTE 1)
92CM-37725

+12V(>8BV)

(SEE NOTE 2)

Fig. 23 — Typical Application Circuit
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MAXIMUM RATINGS (Voltages reference to Vgg)
Ratings Symbol Value Unit
Supply Voltage Vpp -03to +8 \
All Input Voltages Vin |Vss—-05toVpp+05f V
Current Drain per Pin Excluding
Vpp and Vss | 10 mA
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —55 to + 150 °C
THERMAL CHARACTERISTICS
Characteristics Symbol | Value Unit
Thermal Resistance
Ceramic 0JA 50 °C/W
Plastic 100

CMOS Microprocessors, Memories and Peripherals

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high-im-
pedance circuit. For proper operation it is
recommended that Vi, and Vow be con-
strained to the range Vss = (Vin Or Vou) =
Voo., Leakage currents are reduced and
reliability of operation isenhanced if unused
inputs are tied to an appropriate logic
voltage level (e.g., either Vss or Vpp).

DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc +10%, V§g=0 Vdc, TA=0°C to 70°C, unless otherwise noted)

Parameter Symbol Min Max Unit
Output Voltage (I| gag=10 pA) VoL - 0.1 \
VOH Vpp-0.1 - \
Output High Voltage
(ILoad= — 1.6 mA) ADO-AD7 VOH 4.1 VpD
(ILoad= —0.2 mA) PAO-PA7, PCO-PC7 VOH 4.1 VpD v
(ILoad= —0.36 mA) PBO-PB7 VOH 4.1 VoD
Output Low Voltage
(ILoad= 1.6 mA) AD0-AD7, PBO-PB7 VoL Vss 0.4
(ILoad=0.8 mA) PAQ-PA7, PCO-PC7 VoL Vss 0.4 v
(ILoag=1 mA) IRQ VoL Vss 0.4
Input High Voltage, ADO-AD7, AS, DS, R/W, CE, PAO-PA7, PBO-PB7, PCO-PC7 VIH Vpp-20 | Vpp \
RESET ViH | VDD-08 | VDD
Input Low Voltage (All Inputs) ViL Vss 0.8 \
Quiescent Current — No dc Loads
(All Ports Programmed as Inputs, All Inputs=Vpp - 0.2 V) DD - 160 rA
Total Supply Current
(All Ports Programmed as Inputs, CE= V||, tcyc=1 us) IbD - 3 mA
Input Current, CE, AS, R/W, DS, RESET lin - +1 pA
Hi-Z State Leakage, ADO-AD7, PAO-PA7, PBO-PB7, PCO-PC7 ITsL - +10 pA
VDD
TTL Equivalent CMOS Equivalent .
Test Point
R2 J—
For all outputs except IRQ
Test & C
Point L) C=50 pF; All Ports
=130 pF; ADO-AD7
Cc = S R for Vpp=5V £10% =
S
]
-___[ = VoD
Pin R1 R2 C 402k
ADOQ-AD7 2.55k 2k 130 pF
PAO-PA7, PCO-PC7 | 20k | 4.32k | 50pF Test Point
PBO-PB7 11.5k 2.1k 50 pF I 90 pF
TRQ Only =

Fig. 2 - Equivalent test loads.
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< () >!
_ U >
\
ALE (Address Latch Enable) 7‘ » \ HIGH
(AS Pin) Y, «—@)—>] \ viow
(@ l— > @
(29— D—
=y #
RD (Read Output Enable) \ Z
(DS Pin) / < @ > X O—>
<—-—
WR (Write Enable)
(R/W Pin)
CE (Chip Enable) \\\\\\\\\\\\\\\ \
1 -
> [« <>
ADO-AD7

(Address/Data Bus)

ALE (Address Latch Enable)
(AS Pin)

Fig. 4 - Bus READ timing competitor multiplexed bus.

'O
U,

T

y, Address Read Data
\ Valid Valid

A

D (Read Output Enable)
(DS Pin)

R (Write Enable)
(R/W Pin)

VHIGH

. VLow

A.ﬁv_

5

©

N

«®

CE (Chip Enable) \\\\\\\\\\\\\
! >
> [«B> 4———@—) 7(.215 @
ADO-AD?
(Address/Data Bus) { Asg'rijss { Wn\;:'lzaté _,_5

NOTE: VHIGH=VDD -2V, VL ow=0.8 V, for VDp=5V +10%

Fig. 5 - Bus WRITE timing competitor multiplexed bus.
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GENERAL DESCRIPTION

The CDP6823, CMOS parallel interface (CPI), contains 24
individual bidirectional 1/0 lines configured in three 8-bit
ports. The 15 internal registers, which control the mode of
operation and contain the status of the port pins, are
accessed via an 8-bit multiplexed address/data bus. The
lower four address bits (AD0-AD3) of the multiplexed
address bus determine which register is to be accessed (see
Register Address Map shown below). The four address bits
(AD4, ADS5, ADS6, and AD7) must be separately decoded to
position this memory map within each 256-byte address
space available via the 8-bit multiplexed address bus. For
more detailed information, refer to REGISTER DESCRIP-
TION.

REGISTER ADDRESS MAP

0 [Port A Data, Clear CA1 Interrupt P1DA
1 |Port A Data, Clear CA2 Interrupt P2DA
2 |Port A Data PDA
3 |[Port B Data PDB
4 |Port C Data PDC
5 [Not Used —

6 |Data Direction Register for Port A DDRA
7 |Data Direction Register for Port B DDRB
8 |Data Direction Register for Port C DDRC
9 |Control Register for Port A CRA
A |Control Register for Port B CRB
B |Pin Function Select Register for Port C FSR
C |Port B Data, Clear CB1 Interrupt Pt1DB
D [Port B Data, Clear CB2 Interrupt P2DB
E [Handshake/Interrupt Status Register HSR
F |Handshake Over-Run Warning Register HWR

The CPIl is implemented with the MOTEL circuit which
allows direct interface with either of the two major multi-
plexed microprocessor bus types. A detailed description of
the MOTEL circuit is provided in the MOTEL section.

CMOS Microprocessors, Memories and Peripherals

Three data direction registers (DDRs), one for each port,
determine which pins are outputs and which are inputs. A
logic zero on a DDR bit configures its associated pin as an
input; and alogic one configures the pin as an output. Upon
reset, the DDRs are cleared to logic zero to configure all
port pins as inputs.

Actual port data may be read or written via the port data
registers (PDA, PDB, and PDC). Ports A and B each have
two additional data registers (P1DA and P2DA - P1DB and
P2DB) which are used to clear the associated hand-
shake/interrupt status register bits (HSA1and HSA2 - HSB1
and HSB2), respectively. Port A may also be configured as
an 8-bit latch when used with CA1. Reset has no effect on
the contents of the port data registers. Users are advised to
initialize the port data registers before changing any port
pin to an output.

Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and
PC7/CB2) may additionally be programmed as handshake
lines for ports A and B viathe port C function select register
(FSR). Both ports A and B have one input-only line and one
bidirectional handshake line each associated with them.
The handshake lines may be programmed to perform a
variety of tasks such as interrupt requests, setting flags,
latching data, and data transfer requests and/or acknow-
ledgments. The handshake functions are programmed via
control registers A and B (CRA and CRB). Additional
information may be found in PIN DESCRIPTIONS,
REGISTER DESCRIPTION, or HANDSHAKE OPERATION.

MOTEL

The MOTEL circuit is a concept that permits the CDP6823
to be directly interfaced with different types of multiplexed
bus microprocessors without any additional external logic.
For a more detailed description of the multiplexed bus, see
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS
(AD0-AD7). Most multiplexed microprocessors use one of
two synchronous buses to interface peripherals. Anindustry
standard bus structure is now available.

The MOTEL circuit is built into peripheral and memory ICs
to permit direct connection to either type of bus. The
MOTEL concept is shown logically in Fig. 7.

The microprocessor type is automatically selected by the
MOTEL circuit through latching the state of the DS/RD pin
with AS/ALE. Since DS is always low during AS and RD is
always high during ALE, the latch automatically indicates
with which type microprocessor bus it is interfaced.

6800 Family  Competitor Type CDP6823 " In‘ternal
MPU Signals MPU Signals Pin Signals a Competitive Bus Signals
AS ALE AS (] Motorola
=~ Bus
Q
DS, E, or g2 RD DS (m] {>¢-, Read Enable
R/W WR R/W O Dc Write Enable

Fig. 7 - Functional diagram of MOTEL circuit.
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CDP6823
Data Direction
<> Register
Bit
Latched
:od —> Output TS Output 170
fro Data Bit Pin
rom
CPU

1/0

Fig. 8 - Typical port I/O circuitry.

HANDSHAKE OPERATION) and latched input data may be
read via any of the three port A data registers. If the port A
inputlatch feature is not enabled, an MPU read of any port A
data register reflects the current status of the port A input
pins if the corresponding DDRA bits equal zero. Reset has
no effect upon the contents of the port A data register;
however, all pins will be placed in the input mode (all DDRA
bits forced to equal zero) and all handshake lines will be
disabled.

Port B Bidirectional I/O Lines (PB0-PB7)

Each line of port B, PB0-PB?7, is individually programmable
as either an input or an output via its data direction register
(DDRB).An /0O pinis aninput when its corresponding DDR
bit is a logic zero and an output when the DDR bit is a logic
one.

There are three data registers associated with port B: PDB,
P1DB, and P2DB. PDB is used for simple port B data reads
and writes. P1DB and P2DB are accessed when certain
handshake activity is desired. See HANDSHAKE OPERA-
TION for more information.

Data written to PDB or P1DB data register is latched into the
port B output latch regardiess of the state of the DDRB. An
MPU read of port bits programmed as outputs reflect the
last value written to a port B data register. An MPU read of
any port B register reflects the current status of the input
pins whose DDRB bits equal zero. Reset has no effect upon
the contents of the port B data register; however, all pins will
be placed in the input mode (all DDRB bits forced to equal
zero) and all handshake lines will be disabled.

Port C, Bidirectional 1/0 Lines (PC0-PC3)

Each line of port C, PC0-PC3, is individually programmable
as either an input or an output via its data direction register
(DDRC). An /O pinisaninputwhenits corresponding DDR
bit is a logic zero and an output when the DDR bit is a logic
one. Port C data register (PDC) is used for simple port C
data reads and writes.

Data written into PDC is latched into the port C data latch
regardless of the state of the DDRC. An MPU read of port C
bits programmed as outputs reflect the last value written to
the PDC register. An MPU read of the port C register reflects

the current status of the corresponding input pins whose
DDRC bits equal zero. Reset has no effect upon the
contents of the port C data register; however, all pins will be
placed in the input mode (all DDRC bits forced to equal
zero) and all handshake lines will be disabled.

Port C Bidirectional I/0 Line or Port A Input Handshake
Line (PC4/CA1)

This line may be programmed as either a simple port C /0
line or as a handshake line for port A via the port C function
select register (FSR). If programmed as a port C 1/0 pin,
PC4/CA1 performs as described in the PC0-PC3 pin
description. If programmed as a port A handshake line,
PC4/CA1 performs as described in HANDSHAKE OPERA-
TION.

Port C Bidirectional I/0 Line or Port A Bidirectional
Handshake Line (PC5/CA2)

This line may be programmed as either a simple port C I/0
line oras a handshake line for port Aviathe port C function
select register (FSR). If programmed as a port C 1/0 pin,
PC5/CA2 performs as described in the PCO-PC3 pin
description. If programmed as a port A handshake line,
PC5/CA2 performs as described in HANDSHAKE OPERA-
TION.

Port C Bidirectional I/0 Line or Port B Input Handshake
Line (PC6/CB1)

This line may be programmed as either a simple port C 1/0
line oras ahandshakeline forport B viathe port C function
select register (FSR). If programmed as a port C 1/0 pin,
PC6/CB1 performs as described in the PCO-PC3 pin
description. If programmed as a port B handshake line,
PC6/CB1 performs as described in HANDSHAKE OPERA-
TION.

Port C Bidirectional I/0 Line or Port B

Bidirectional Handshake Line (PC7/CB2)

This line may be programmed as either a simple port C I/0
line or as a handshake line for port B via the port C function
select register (FSR). If programmed as a port C I/0 line,
PC7/CB2 performs as described in the PCO-PC3 pin
description. If programmed as a port B handshake line,
PC7/CB2 performs as described in HANDSHAKE OPERA-
TION.
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Input Latch

Port A input-only handshake line (PC4/CA1) can be
programmed to function as a latch enable for port A input
datavia CA1LE (bit2 of CRA).If CA1LEis programmedtoa
logic one, an active transition of PC4/CA1 will latch the
current status of the port A input pins into all three port A
data registers (PDA, P1DA, and P2DA). When CA1 LE is
enabled, port A and PC4/CA1 function as an 8-bit trans-
parentlatch; thatis, if the HSA1 bitin the HSR is a logic zero
then aread of any port A register reflects the current state of
the port A input pins and corresponding bits of the output
data latch for port A output pins. If HSA1 is a logic one, a
read of any port A data register reflects the state of the port
Ainputpins when HSA1 was set and the corresponding bits
of the port A output data latch for port A output pins.

Further transitions of PC4/CA1 result only in setting the
HWA1 bitinthe HWR and do notrelatch data into the port A
registers. Latched data is released only by clearing HSA1 in
the HSR to a logic zero (HSA1 is cleared by reading P1DA).

Output

Each bidirectional handshake line programmed as an
output by the DDRC operates in one of four modes as
described in Table 3. Modes 2 and 3 force the output
handshake line to reflect the state of bit 4 in the appropriate
control register.

In modes 0 and 1, PC5/CA2 is forced low during the cycle
following a read of P1DA or a read of P2DA while HSA1 is
cleared. PC7/CB2is forced low during the cycle following a
write to P1DB or a write to P2DB while HSB1 is cleared.
Because of these differences, port A is the preferred input
port and port B is the preferred output port.

In mode 0, PC5/CA2 (PC7/CB2) is set high by an active
transition of PC4/CA1 (PC6/CB1). In mode 1, PC5/CA2
(PC7/CB2) is set high in the cycle following the cycle in
which PC5/CA2 (PC7/CB2) goes low. Mode 1 forces a low-
going pulse on PC5/CA2 (PC7/CB2) following a read
(write) of P1DA (P1DB) or P2DA (P2DB) that is approxi-
mately one cycle time wide.

When entering an output handshake mode for the first time
after areset, the handshake line outputs the default level as
listed in Table 3.

INTERRUPT DESCRIPTION -

The CDP6823 allows an MPU interrupt request (IRQ low)
via the input handshake lines. The input handshake line,
operating in modes 1 or 3 as defined by the control registers
(CRA and CRB), causes TRQ to go low when IRQF (interrupt
flag) in the HSR is set to a logic one. TRQ is released when
IRQF is cleared. See Handshake/Interrupt Status Register
under REGISTER DESCRIPTION for additional information.
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REGISTER DESCRIPTION

The CDP6823 has 15 registers (see Fig. 1) which define the
mode of operation and status of the port pins. The following
paragraphs describe these registers.

Register Names:
Control Register A (CRA)
Control Register B (CRB)

Register Addresses:
$9 (CRA)
$A (CRB)

Register Bits:

CA2 CA1 CA1
%9 X X X Mode LE Mode

CB2 CB1
SAl X X X Mode X Mode

Purpose:

These two registers control the handshake and interrupt
activity for those pins defined as handshake lines by the
port C function select register (FSR).

Description:

CA2 and CB2 are programmed as inputs or outputs via the
associated DDRC bits. Each handshake line is controlled by
two mode bits. Bit 2 of CRA enables the Port A latch for an
active CA1 transition. Table 2describes the input handshake
modes (CA1, CB1, CA2, CB2) and Table 3 describes the
output handshake modes for CA2 and CB2.

Register Names:
Port A Data Registers (PDA, P1DA, P2DA)

Register Addresses:
$2 (PDA), $0 (P1DA), $1 (P2DA)

Register Bits:

76 5 4 3 2 1 0
[Bit7 [ 8ite | Bits [ Bit4a [ Bita [sit2 [ Bit1 [ Bito ]

Purpose: )

These three registers serve different purposes. PDA is used
to read input data and latch data written to the port A output
pins. P1DA and P2DA are used to read input data and to
affect handshake and status activity for PC4/CA1 and
PC5/CA2. If enabled, port A input data may be latched into
the three port A data registers on an active PC4/CA1
transition as described in HANDSHAKE OPERATION.
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Register Name:
Port C Data Register (PDC)

Register Address:
$4

Register Bits:

7 6 5 4 3 2 1 0
[ Bit7 | Bite | Bits [ sita [ Bit3 ] mit2 ] Bit1]sito]

Purpose:
The port C data register (PDC) is used to read input data
and to latch data written to the output pins.

Description:

Data is written into the port C output latch (see Fig. 3)
regardless of the state of DDRC. Any port C pindefinedas a
handshake line by the port C function select register (FSR)
is not affected by PDC. Output pins, as defined by DDRC,
assume logic levels of the corresponding bits in the port C
output latch. A read of PDC reflects the contents of the
output latch for output pins and the current state of the
input pins (as reflected in the DDRC). Reset has no effect
upon the contents of PDC. Users are recommended to
initialize the port C output data latch before changing any
pin to an output via the DDRC.

Register Name:
Data Direction Register for Port A (B) (C)

Register Address:
$6 ($7) ($8)
Register Bits:
7 6 5 4 3 2 1 0
[8it7 [ site [ Bits [ Bita [ Bit3a [ si2 [ Bit1]8ito]

Purpose:

Each of the three data direction registers (DDRA, DDRB,
and DDRC) define the direction of data flow of the port pins
for ports A, B, and C.

Description:

A logic zero in a DDR bit places the corresponding port pin
in the input mode. A logic one in a DDR bit places the
corresponding pin in the output mode. Any port C pins
defined as bidirectional handshake lines also use the portC
DDR (DDRC). Input-only handshake lines are not affected
by DDRC. Reset clears all DDR bits to logic zero configuring
all port pins as inputs. The DDRs have no write-inhibit
control over the port data output latches. Data may be

written to the port data registers even though the pins are -

configured as inputs.

Register Name:
Port C Pin Function Select Register (FSR)

Register Address:
$B

Register Bits:

7 6 5 4 3 2 1 0
[craz Jcrer Jeraa Jerat ] xx T xx [ xx [ xx ]
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Purpose:

The port C pin function select register defines whether the
multifunction port C pins are to operate as “normal” port C
lines or as handshake lines.

Description:

Alogiczeroin any FSR bitdefines the corresponding port
C pin as a“normal” I/0 pin. A logic one in any valid FSR bit
defines the corresponding port C pin as a handshake line.
Pins defined as handshake lines function according to the
contents of control register A (CRA) or control register B
(CRB). The port C data direction register (DDRC) is valid
regardless of FSR contents for all pins except PC4/CA1 and
PC6/CB1. Transitions on port C pins not defined as
handshake pins do not effect the handshake/interrupt
status register. Reset clears all FSR bits to a logic zero.
Users are recommended to initialize the data direction and
control registers before modifying the FSR.

Register Name:
Handshake/Interrupt Status Register (HSR)

Register Address:
$E
Register Bits:

78 5 4 3 2 1 0
[iraF ] xx | xx | xx |HsB2|HsA2]HsB1]HsAT]

Purpose:
The handshake interrupt status register is a read-only flag
register that may be used during a polling routine to
determine if any enabled input handshake transition, as
defined by the control register (CRA and CRB), has
occurred.

Description:

If an enabled input handshake transition occurs then the
appropriate HSR bit (HSB2, HSA2, HSB1, or HSA1) is set.
The IRQ flag bit (bit 7, IRQF) is set when one or more of the
HSR bits 0-3 and their corresponding control register bits
are set to a logic one as shown in the following equation:

Bit 7=IRQF=[HSB2¢CRB2(3)]+[HSA2¢CRA2(3)]
+[HSB1¢CRB1(0)]+[HSA1¢CRA1(0)]
The numbersin ( ) indicate which bitin the control register
enables the interrupt.

Handshake/interrupt status register bits are cleared by
accessing the appropriate port data register. The following
table lists the HSR bit and the port data register that must be
accessed to clear the bit.

To Clear Access
HSR Bit Register
HSB2 ... . P2DB
HSA2. ... P2DA
HSBT ... P1DB
HSAT ... P1DA

Reset clears all handshake/interrupt status register bits to a
logic zero.
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R/W
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CA1
CB1

CA2
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Fig. 10 - CDP6823 interfaced with the ports of a typical single-chip microprocessor.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (VbD)
(Voltage referenced to Vss terminal)
[0 T -0.5to +11V

POWER DISSIPATION PER PACKAGE (Pp):

FOrTA =-401t0 +60°C (PACKAGE TYPE E) ...ttt ettt ettt e et e et e e et e et et et et ee e eeeeennns 500 mwW
" ForTa=+60 to +85°C (PACKAGE TYPEE).........ccvvvn.... Derate Linearly at 12 mW/°C to 200 mW

For TA = -55 to +100°C (PACKAGE TYPE D) 500 mW

For Ta = +100 to 125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPOS . ..\ttt ettt teee ettt 100 mW

OPERATING-TEMPERATURE RANGE (TA):
PACKAGE TYPE D ..ttt ittt et ettt ettt e et e ettt ettt e e et e et et e e e ns -55to +125°C

PACKAGE TYPEE ..ottt -40 to +85°C
STORAGE-TEMPERATURE RANGE (TS10) + .ottt ettt tteete e e ettt ettt et e et et ettt -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ in. (1.59 = 0.79 mm) from €ase fOr 108 MAX. ... ...ttt et ettt e e e e ettt e +265°C
STATIC ELECTRICAL CHARACTERISTICS at Tp=-40 to +85°C, Vpp 15%, Except as noted

CONDITIONS LIMITS
CHARACTERISTIC Vo VIN VbD CDP6848 CDP6848C UNITS
(v) v) v) Min. | Typ.® | Max. | Min.| Typ.® Max
— 0,5 5 — 0.01 50 — 0.02 200
i t Devi l v A
Quiescent Device Current oo| 0, 10 10 . ) 200 _ _ . u
Output Low Drive 04 0,5 5 1.6 3.2 — 1.6 3.2 —
(Sink) Current loL] 0.5 0,10 10 2.6 5.2 — — — — mA
Output High Drive 4.6 0,5 5 -1.15| -23 — -1.15) -2.3 — .
(Source) Current loH| 9.5 0, 10 10 -2.6 -5.2 — -— — —
Output Volitage — 0,5 5 -—_ 0 0.1 - 0 0.1
Low-Level VoL -— 0,10 10 — 0 0.1 — — —
Output Voltage — 0,5 5 4.9 5 — 49 5 —
High Level Vout| — 0, 10 10 9.9 10 — — — — y
05,45 — 5 — — 1.5 - — 1.5
| t Low Voltage \" ’
nputtow vottag "Hos, 05| — 0] — | — 3 - -1 =
0.5, 4.5 — 5 3.5 — — 3.5 - —
Input High Volt \ !
putriigh Yoltage Mos o5 — | 10 7 - =1 =1 =1 =
Any 0,5 5 — — +1 — — +1
Input Leakage Current 1 ’ A
put teakage Lu NEpput 0,10 10 — | — [ +2] = — | —
— 0,5 5 — 1.5 3 — 1.5 3
erating C t | A ! mA
Operating Curren DD1 _ 0. 10 10 _ 6 12 _ _ _
Input Capacitance CIN|] — —_ — — 5 7.5 — 5 7.5 oF
Output Capacitance CouTt| — —_ — — 10 15 — 10 15
®Typical values are for Tp=25°C and nominal Vpp. *'OL='OH=1 HA.

AQperating current is measured at200kHz for Vpp=5Vand 400 kHz for Vpp=10 V, with open outputs.
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REGISTER TRUTH TABLE
ADDRESS ACTIVE
a2] A1 Ao | DS/WR D REGISTER OPERATION
1 1 0 X Write Counter A MSB
1 1 0 X Read Counter A MSB
0 1 0 X Write Counter A LSB
0 1 0 X Read Counter A LSB
1 0 0 X Control Register A
1 1 1 X Write Counter B MSB
1 1 1 X Read Counter B MSB
0 1 1 X Write Counter B LSB
0 1 1 X Read Counter B LSB
1 0 1 X Control Register B
! 0 0 X Interrupt Status Register
1 0 1 X
0 0 (1] Not Used
0 0 1 Not Used

PROGRAMMING MODEL

Counter A Registers Counter B Registers

BUS 7 BUSO
BUS7? BUS 0
CONTROL REGISTER
CONTROL REGISTER
WRITE ONLY
WRITE ONLY

HOLDING REGISTER LSB

READ ONLY

HOLDING REGISTER MSB|

JAM REGISTER LSB

E
|

WRITE ONLY

JAM REGISTER MSB

HOLDING REGISTER LSB

READ ONLY

HOLDING REGISTER MSB

JAM REGISTER LSB

WRITE ONLY

JAM REGISTER MSB

Interrupt Status Register

BUS 7

BUS 0

BE

0

oIo o]o

|

TIMER A

TIMER B

READ ONLY
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Bit 3 — Gate level select — All modes require an enabling
signal on the gate to allow counter operation. This enabling
signal is either a level or pulse (edge). Positive gate level or
edge enabling is selected by writing a “1" into this bit and
negative (low) enabling is selected when bit 3 is “0". The
gate level must be true (Gate pin TAG or TBG = Bit 3 Control
Register) when JAM Register is loaded.

Bit4 — Interruptenable — Setting this bitto “1” enables the
TNT output, and setting it to “0"” disables it. When reset, the
INT outputis atahigh level. If the interrupt enable bit in the
control register is enabled and the counter decrements to
zero, the INT output will go low and will not return high until
the counter-timer is reset or the selected control register is
written to. Example: If timer B times out, control register B
must be accessed to reset the TNT output high. If the
interrupt enable bit is set to “0”, the counter’s timeout will
have no effect on the TN"I'output.

In mode 5, the variable-duty cycle mode, the INT pin will
become active low when the MSB in the counter has
decremented to zero.

BIt 5 — Start/stop control — This bit controls the clock input
to the counter and must be set to “1” to enable it. Writing a
“0" into this location will halt operation of the counter.
"Operation will not resume until the bit is set to “1".

Bit6 — Holding register control — Since the counter may be
decrementing during a read cycle, writing a “1” into this
location will hold a stable value in the hold register for
subsequent read operations. Rewriting a “1" into bit 6 will
cause an update in the holding register on the next trailing
clock edge. If this location contains a “0”, the holding
register will be updated continuously by the value in the
counter.

CMOS Microprocessors, Memories and Peripherals

BIt7 —Jam enable — When this bitissetto “1” during a write
to the control register, the value in the jam register will be
placed into the counter. The counter outputs TAO and TBO
willbe set highand TAO and TBO will be setlow on the next
trailing clock edge. If bit 0, 1, or 2 is equal to 1 (i.e. valid
mode) then counting begins with the next clock edge.
Setting this bitto “0” will leave the counter value unaffected.
This location should be set to “0” any time a write to the
control register must be performed without changing the
preset counter value.

In mode 3, the hardware startis enabled by writing a “0"” into
bit 7. If a “1” is written to bit 7, the timeout will start
immediately and mode 3 will resemble mode 1.

Changing Counter Values

Each counter must be stopped to reliably/load it from the
Jam Register. A counter can be stopped by:
¢ An external reset,
e Timeoutin Modes 1, 2, and 3 (Modes 4 and 5 properly
reload and continue running at timeout),
o A write to the control register with Bit 7 =0 (no JAM),
Bit 5 = 1 (Start), and (Bit 2 + Bit 1 + Bit 0) = 1 (valid
Mode select).

Once stopped, the counter can be jammed with a write to
the control register with Bit 7= 1 (Jam), Bit 5 =1 (Start), and
Bit 2 + Bit 1 + Bit 0) = 1. The Gate level must be true (match
the value written in the control register) in modes 1, 2,4, and
5.

NOTE: The outputs are cleared. (TXO = 0 and TXO = 1)
with a write to the control register with (Bit2 +Bit 1 + Bit0) =
1.

MODE DESCRIPTIONS

Mode Control Register Gate Control
Selectable
Timeout XIX|X|X}|X|0j0}1 High or Low Level
1 Enables Operation
BUS 7 BUS 0

Mode 1:

After the count is loaded into the jam register and the
control register is written to with the jam-enable bit high,
TXO goes high and TXO goes low. The input clock
decrements the counter. When it reaches zero, TXO goes
low and TXO goes high, and if enabled, the interrupt output

is set low. When the control is decremented to 00H, the
outputs (TAO and TAO) will change logic level, the next
clock will set the counter to FFFFH. Additional clocks are
ignored.
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Gate Control
Selectable

§ Positive or Negative

Gate Controlled One Shot olX|X|X|Xx]o}1]1 Going Edge Initiates

3 L Operation

Mode Control Register

BUS 7 BUS O

Mode 3:

After the jam register is loaded with the required value, the
gate edge will initiate this mode. TXO will be set high, and
TXO will be set low. The clock will decrement the counter.
When zeroisreached, TXO willgolow and TXO will be high,
and the interrupt output will be set low. The counter is

3 2 | 0

retriggerable: While the counter is decrementing, a gate
edge or write to the control register with the jam-enable bit
high, will load the counter with the jam register value and
restart the one-shot operation. The jam register value
cannot be changed for proper retriggering prior to timeout.

3 2 |

COUNTER VALUE
CLOCK _‘_—\_I_‘_,—l_l_—\_l__\_’—l_r—u_m_l_u_\_

WR
CONTROL
REGISTER
GATE { |

LOAD COUNT =3

S
|

92CM-34630R!

Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms.

Note:

In order to avoid unwanted starts when selecting mode 3 or

4, the gate signal must be set to the opposite level that will

be programmed.

Mode

Control Register

Gate Control

Rate Generator

L xIx e fof o]

BUS 7 BUS 0

Selectable
High or Low Level
Enables Operation

Mode 4:

A repetitive clock-wide output pulse will be output, with the

COUNTER VALUE

time between pulses equal to the counter’s value, (trailing

2 | [¢] 3 2

edge to leading edge).

0 3 2 |

WR
CONTROL
REGISTER

GATE

-

|

L

LOAD COUNT=3

92CM- 34631RI

Fig. 5 - Rate generators (mode 4) timing waveforms.
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Function Pin Definition

DB7-DB0 — 8 bit bidirectional bus used to transfer binary
information between the microprocessor and the dual
counter-timer.

VDD, VSS — Power and ground for device.

A0, A1, and A2 — Addresses used to select counters or
registers.

AS — Address Strobe, the addresses on Pins AQ, A1, and A2
are latched by the trailing edge of the signal on the address
strobe pin.

Mode — Controls data transfer to and from counter-timer.
The level on this pin determines the operation of the RD/RD
and DS/WR signals.

RD/RD and DS/WR — A low level on the mode pin places
the device in mode =0. This mode is used when an 8085 type
processor is interfaced to the counter-timer. Active low
signals enable the pin functions. The device is written to
when DS/WR is low. Data is latched on the trailing edge
(low to high transition); RD/RD must be high. Read
operations occur when RD/RD is low; DS/WR must remain
high.

A high level on the mode select pin places the device in
mode = 1. This mode selects the CDP6805 processor
interface. Write cycles are performed when DS/WR is high
and data is latched on the trailing edge of the signal (high to
low transition); RD/RD must be low. Read operations occur
when DS/WR is high; RD/RD must be high.

Note: Alireadand write cyclesrequire thatavalid address
was latched and CS is high.

TACL, TBCL — Clocks used to decrement the counter.
TAG, TBG — Gate inputs used to control counter.
TAO, TAO — Complemented outputs of Timer A.
TBO, TBO — Complemented outputs of Timer B.

INT — Common interrupt output. Active when counter

decrements to zero.

RESET — Active low_signal that resets counter outputs

(TAO, TBOlow, TAO, TBO high). Theinterrupt outputis set
high and the status register is cleared.

CS — Chip Select, an active high signal that enables the
device. It is not latched.

BUS TIMING (VDD = 5 Vdc + 10%, Vss = 0 Vdc, TA = 0° to 70° C unless otherwise noted), see Figs. 8 and 10.

IDENTIFIER NO. CHARACTERISTIC MIN. MAX. UNITS

©) Cycle Time teyc 953 DC

® Pulse Width DS/WR or RD/RD Low PWEH 325 —

@ Clock Rise and Fall Time tr, tf —_ 30

R/W Hold Time tRWH 10 —

@ R/W Setup Time Before DS/WR tRWS 15 -

Chip Select to Valid Read Data taCs 400 —

@) Chip Select Hold Time tcH 0 —

@) Read Data Hold Time tOHR 10 350 ns
@ Write Data Hold Time tDHW 50 —

Muxed Address Valid Time to AS/ALE Fall  tAsL 60 —

@ Muxed Address Hold Time tAHL 50 —

@) Pulse Width AS/ALE High PWASH 100 -

Delay Time AS/ALE to DS/WR Rise tASED 90 —

Eesr/i\;l)%eroa: %tpm Data Delay Time From tDDR 20 400

@ Peripheral Data Setup Time tDsw 100 —

Note: Designations ALE, RD and WR refer to signals from non-6805 type microprocessors.
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CDP6848, CDP6848C

ALE »{ AS
RD # RD/RD
WR » DS/ WR
AlS »{ CS

8
ADO-AD7 K DBO-DB7

AO0,Al,A2

Vgg ———»{ MODE
8085 CDP6848

92C5-36003

Fig. 9 - Typical 8085 system using the CDP6848.

0 0
VHIGH = VHIGH
AS “'@—'Srvmw j‘ @\ viow
| !
RD/RD / S ©) /
4 —-— 4—@ |
DS/ WR /_I ©; Z
7Y 1 - =@
B
® ®
AR | R R
cs
@- & ® @ B~ |- 3)
= L
DBO-DB7 READ DATA ADDRESS WRITE DATA
A0.AlL A2 | ARRORS VALID )  VALD | VALID p—
READ CYCLE WRITE CYCLE

92CM~-35003

Fig. 10 - Bus timing waveforms.
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TYPICAL OPERATION EXAMPLES (Cont'd)
Example 3 Mode 2 (Time-out Strobe)
Conditions: A. External Gate Pin =1
B. Interrupt Disabled (Bit4 = 0)
Operation: Before counter underflows, it Is stopped and
restarted without changing its value.

COUNTER VALUE ’ 05 04 03 02 02 02 ]l 00 02 02

WRITE TO | l | l’ I
CONTROL
REGISTER @ @ @
TXO , 1’ l—.——l
92CM-36458
(D) Jam Register is written MSB = 00y, LSB = 05.
@ Load Control Register with AAH.
(3 Load Control Register with 08. Start/Stop Bit 5 = 0.
@ Load Control Register with 28H.
@ Counter underflows and returns high on next clock.
Fig. 13 - Timeout strobe (mode 2) timing waveforms.
Example 4 Mode 2 (Time-out Strobe)
Conditlons: A. External Gate Pin = 1
B. Interrupt Disabled (Bit4 = 0)
Operation: Counter is stopped and a new Jam Register value
Is placed in counter before it underflows.
COUNTER VALUE 08 o7 06 086 06 06 06 06 06 4402 440!

®
A O] Epamonmlcomuilic
O l j]/ l I——

Jam Register is written MSB = 001, LSB = 08}, 92CM-~ 36459
Load Control Reglster with AAN.

Load Control Register with 0814. Counter Is stopped.

Jam Register Is loaded MSB = 44, LSB = 02,

Load Control Register with 2AH to Stop.

(OJOXOXOXOXS)

Load Control Register with AAH. Counter Is Enabled to Jam and Start.

Fig. 14 - Timeout strobe (mode 2) timing waveforms.
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Product Preview -

CMOS Asynchronous Communications
Interface Adapter (ACIA) with MOTEL Bus

= Multiplexed Address/Data Bus (MOTEL Bus)
u Full duplex operation with buffered receiver

programmable baud rates (50 to 19,200)
m Program-selectable internally or externally

®» Programmable word lengths, number of stop bits,
and parity bit generation and detection

548
—_ S
R/W—] 1 28— Vpp
cso— 2 27— os
csi— 3 26— TRQ
RES — 4 25— D7
rec — s 24— 06 Features:
XTLI — 6 23— DS u Compatible with 8-bit microprocessors
XxTLo— 7 22— D4
RS — 8 21— 03
s — 9 20— D2 and transmitter
Tx0 —10 19— ADI = Data set/modem control functions
DTR — 11 18— ADO u Internal baud rate generator with 15
RxD —12 17 — DSR
cE—{13 16 —DCD
Vss—] 14 I5—As controlled receiver rate
TOP VIEW
92Cs-37023
TERMINAL ASSIGNMENT m Programmable interrupt control

® Program reset

The RCA-CDP6853 Asynchronous Communications Inter-
face Adapter (ACIA) provides an easily implemented,
program controlled interface between 8-bit microprocessor-
based systems and serial communication data sets and
modems.

The CDP6853 has an internal baud rate generator. This
feature eliminates the need for multiple component support
circuits, a crystal being the only other part required. The
Transmitter baud rate can be selected under program
control to be either 1 of 15 different rates from 50 to 19,200
baud, or at 1/16 times an external clock rate. The Receiver
baud rate may be selected under program control to be
either the Transmitter rate, or at 1/16 times the external
clock rate. The CDP6853 has programmable word lengths
of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1%, or 2 stop
bits.

The CDP6853 is designed for maximum programmed control
from the CPU, to simplify hardware implementation. Three
separate registers permit the CPU to easily select the
CDP6853 operating modes and data checking parameters
and determine operational status.

The Command Register controls parity, receiver echo
mode, transmitter interrupt control, the state of the RTS
line, receiver interrupt control, and the state of the DTRine.

s Program-selectable serial echo mode
m Two chip selects

= One chip enable

w 28-pin plastic or ceramic (DIP or DIC)
® Full TTL compatibility

The Control Register controls the number of stop bits, word
length, receiver clock source and baud rate.

The Status Register indicates the states of the TRQ, DSR,

and DCD lines, Transmitter and Receiver Data Registers,
and Overrun, Framing and Parity Error conditions.

The Transmitter and Receiver Data Registers are used for
temporary data storage by the CDP6853 Transmit and
Receiver circuits.

The MOTEL Bus allows interfacing to 6805 and 8085 type
multiplexed address data bus.

The CDP6853 is supplied in 28-lead, hermetic, dual-in-line
side-brazed ceramic (D suffix) and in 28-lead, dual-in-line
plastic (E suffix) packages.

File Number 1487
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CDP6853 INTERFACE REQUIREMENTS

This section describes the interface requirements for the
CDP6853 ACIA. Fig. 1 is the Interface Diagram and the
Terminal Diagram shows the pin-out configuration for the
CDP6853.

DATA

02-07 “ o
ADO, AD1 ” BUFFERS

TRQ < |INTEHRUPT |
IRa LOGIC

RIW ———
CS0 —3»
TS1 ——
CE ——#»

TRANSMIT
CONTROL

i

TRANSMIT
DATA & I TxD
SHIFT

REGISTERS

STATUS
REGISTER

i

1/0
CONTROL

GENERATOR

CONTROL
REGISTER

DS —~
AES ——

AS

TIMING
& CONTROL
LOGIC

COMMAND
REGISTER

[

RECEIVE
DATA &
SHIFT
REGISTERS

RECEIVE
CONTROL

92CM-37024

vVCC —~ [€&—— RxD

vss —>~

Fig. 1 - CDP6853 interface diagram.

MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Reset) (4)

During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Register will be cleared with the exception of the indications
of Data Set Ready and Data Carrier Detect, which are
externally controlled by the DSR and DCD lines, and the
transmitter Empty bit, which will be set.

R/W (Read/Write) (1)

The MOTEL circuit treats the R/W pin in one of two ways.
When a 6805 type processor is connected, R/W is a level
which indicates whether the current cycle is a read or write.
Areadcycleisindicated with a high level on R/W while DS is
high, whereas a write cycle is a low on R/W during DS.

The second interpretation of R/W is as a negative write
pulse, WR, MEMW, and T/OW from competitor type pro-
cessors. The MOTEL circuitin this mode gives R/W pin the
same meaning as the write (W) pulse on many generic
RAMs,

TRQ (Interrupt Request) (26)

The TRQ pin is an interrupt output from the interrupt control
logic. It is an open drain output, permitting several devices
to be connected to the commonTRQ microprocessorinput.
Normally a high level, TRQ goes low when an interrupt
occurs.

CMOS Microprocessors, Memories and Peripherals

D2-D7 (Data Bus) (20-25)

The D2-D7 pins are the eight data lines used to transfer data
between the processor and the CDP6853. These lines are
bi-directional and are normally high-impedance except
during Read cycles when the CDP6853 is selected.

CE, CS0, CS1 (Chip Selects) (2,3,13)

The two chip select and the one chip enable inputs are
normally connected to the processor address lines either
directly or through decoders. The CDP6853 is selected
when CS0 is high, CS1 is low, and CE is high.

ADO, AD1 (Multiplexed Bidirectional Address/Data Bits)
(18,19)

Multiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using
the same pins during the second portion for data. Address-
then-data multiplexing does not slow the access time of the
CDP6853 since the bus reversal from address to data is
occurring during the internal RAM access time.

The address must be valid just prior to the fall of AS/ALE at
which time the CDP6853 latches the address from ADO to
AD1. Valid write data must be presented and held stable
during the latter portion of the DS or WR pulses. In a read
cycle, the CDP6853 outputs 8 bits of data during the latter
portion of the DS or RD pulses, then ceases driving the bus
(returns the output drivers to three-state) when DS falls in
this case of MOTEL or RD rises in the other case. The
following table shows internal register select coding:

TABLE 1
AD1 ADO Write Read
o] 0 Transmit Data Receiver Data
Register Register
0 1 Programmed Reset| Status Register
(Data is “Don’t
____Care")
1 0 Command Register
1 1 Control Register

Only the Command and Control registers are read/write.
The programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command register and bit 2 in the Status register. The
Control Register is unchanged by a Programmed Reset. It
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figs. 4, 5, and 6.

ACIA/MODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Crystal Pins) (6,7)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see “Generation of Non-Standard Baud Rates”). Alter-
natively, an'externally generated clock may be used to drive
the XTLI pin, in which case the XTLO pin must float. XTLIlis
the input pin for the transmit clock.

TxD (Transmit Data) (10)

The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first data
bit transmitted and the rate of data transmission is
determined by the baud rate selected or under control of an
external clock. This selection is made by programming the
Control Register.
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CDP68853 INTERNAL ORGANIZATION

This section provides a functional description of the
CDP6853. A block diagram of the CDP6853 is presented in
Fig. 3.

TRANSMIT —
CONTROL cTs
02.07 <:> DATA <:> TRANSMIT TRANSMIT
BUS :> DATA e
ADO, AD1 BUFFER REGISTER | REGISTER ™o
k —
{75 <——INTERRUPT 15 STATUS oco
LoGIC E
£ REGISTER DSR
N
A
L
R/'W D <—> RxC
—> 8 <L;> CONTROL 3‘:‘42 XTLI
€S0 ——>| A REGISTER GENERATOR
i Vo s —sxTLO
~™ conTRoL g
CE ——= TR
<:> COMMAND OTR
REGISTER ==
RTS
DS TIMING RECEIVE RECEIVE
RES <: DATA SHIFT RxD
b & CONTROL| REGISTER REGISTER
RECEIVE
CONTROL
92CM-37026
Fig. 3 - Internal organization.
DATA BUS BUFFERS Bus Buffer, and the microprocessor data bus, and the

The Data Bus Buffer interfaces the system data lines to the
internal data bus. The Data Bus Buffer is bi-directional.
When the R/W line is high and the chip is selected, the Data
Bus Buffer passes the data to the system data lines from the
CDP6853 internal data bus. When the R/W line is low and
the chipis selected, the Data Bus Buffer writes the data from
the system data bus to the internal data bus.

INTERRUPT LOGIC

The Interrupt Logic will cause the TRQ line to the micro-
processor to go low when conditions are met that require
the attention of the microprocessor. The conditions which
can cause aninterrupt will set bit 7 and the appropriate bit of
bits 3through 6in the Status Register if enabled. Bits 5and 6
correspond to the Data Carrier Detect (DCD) logic and the
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the
Receiver Data Register full and the Transmitter Data Register
empty conditions. These conditions can cause an interrupt
request if enabled by the Command Register.

1/0 CONTROL

The 1/0 Control Logic controls the selection of internal
registers in preparation for a data transfer on the internal
data bus and the direction of the transfer to or from the
register.

The registers are selected by the Register Select and Chip
Select and Read/Write lines as described in Table I,
previously.

TIMING AND CONTROL

The Timing and Control logic controls the timing of data
transfers on the internal data bus and the registers, the Data

hardware reset features.

Timing is controlled by the system ¢2 clock input. The chip
will perform data transfers to or from the microcomputer
data bus during the ¢2 high period when selected.

All registers will be initialized by the Timing and Control
Logic when the Reset (RES) line goes low. See the individual
register description for the state of the registersfollowing a
hardware reset.

TRANSMITTER AND RECEIVER
DATA REGISTERS

These registers are used as temporary data storage for the
CDP6853 Transmit and Receive Circuits. Both the Trans-
mitter and Receiver are selected by a Register Select 0
(RS0) and Register Select 1 (RS1) low condition. The
Read/Write line determines which actually uses the internal
data bus; the Transmitter Data Register is write only and the
Receiver Data Register is read only.

Bit 0 is the first bit to be transmitted from the Transmitter
Data Register (least significant bit first). The higher order
bits follow in order. Unused bits in this register are “don’t
care”.

The Receiver Data Register holds the first received data bit
in bit 0 (least significant bit first). Unused high-order bits
are "'0". Parity bits are not contained in the Receiver Data
Register. They are stripped off after being used for parity
checking.

STATUS REGISTER

Fig. 4 indicates the format of the CDP6853 Status Register.
A description of each status bit follows.
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CDP6551 INTERNAL ORGANIZATION (Cont'd)

COMMAND REGISTER

The Command Register controls specific modes and
functions.

Data Terminal Ready (Bit 0)

This bit enables all selected interrupts and controls the
state of the Data Terminal Ready (DTR) line. A“0” indicates
the microcomputer system is not ready by setting the DTR
line high. A “1” indicates the microcomputer system is
ready by setting the DTR line low.

Recelver Interrupt Control (Bit 1)

This bit disables the Receiver from generating an interrupt
when set to a “1”. The Receiver interrupt is enabled when
this bit is set to a “0” and Bit 0 is set to a “1”.

Transmitter Interrupt Control (Bits 2,3)

These bits control the state of the Ready to Send (RTS) line
and the Transmitter interrupt. Fig. 6 shows the various
configurations of the RTS line and Transmit Interrupt bit
settings.

Receiver Echo Mode (Bit 4)

This bit enables the Receiver Echo Mode. Bits 2 and 3 must
also be zero. In the Receiver Echo Mode, the Transmitter
returns each transmission received by the Receiver delayed
by "2 bit time. A “1” enables the Receiver Echo Mode. A “0”
bit disables the mode.

Parity Mode Enable (Bit 5)

This bit enables parity bit generation and checking. A “0”
disables parity bit generation by the Transmitter and parity
bit checking by the Receiver. A “1” bit enables generation
and checking of parity bits.

7 (] 5 4 3 2 1 0

| PMC I TIC —
PME | REM
PMC1[PMCO] I IRQ l DTR |
—

TIC1| TICO

Parity Mode Control (Bits 6,7)

These bits determine the type of parity generated by the
Transmitter, (even, odd, mark or space) and the type of
parity check done by the Receiver (even, odd, or no check).
Fig. 6 shows the possible bit configurations for the Parity
Mode Control bits.

TRANSMITTER AND RECEIVER

Bits 0-3 of the Control Register select divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the transmitter, then
RxC becomes an output and can be used to slave other
circuits to the CDP6853. Fig. 7 shows the transmitter and
Receiver layout.

RECEIVER
SHIFT REGISTER RxD
cLOCK
SYNC
DIVIDER
18 LoGIC
RxC
CONTROL
REGISTER
BIT4
XTL1—]
BAUD RATE I CLOCK
XTLO —— GENERATOR D'V:‘:E“
BITS 0-3 IN TRANSMITTER
CONTROL SHIFT REGISTER [~ "0
REGISTER 92C5-36791

Fig. 7 - Transmitter receiver clock circuits.

DATA TERMINAL READY (DTR)
0- DATA TERMINAL NOT READY (DTR HIGH)
1- DATA TERMINAL READY (DTR LOW)

RECEIVER INTERRUPT CONTROL (/RT)
0- iRQ ENABLED
1-TRG DISABLED

76543210
[oJoJo]o]o]o]o]o] HARDWARE RESET (RES)
[-]-1-To]c]o[o]o] PrROGRAM RESET

R, TTER INTERRUPT CONTROL (TIC)

RYS - HIGH, TRANSMIT INTERRUPT DISABLED*

RTS - LOW, TRANSMIT INTERRUPT ENABLE

RTS - LOW, TRANSMIT INTERRUPT DISABLED

RTS - LOW, TRANSMIT INTERRUPT DISABLED
TRANSMIT BREAK ON. T x D

- - 00k o4
—“o-om

RECEIVER ECHO MODE (REM)
0- RECEIVER NORMAL MODE
1- RECEIVER ECHO MODE*

PARITY MODE ENABLE (PME)

0 - PARITY MODE DISABLED
NO PARITY BIT GENERATED
PARITY CHECK DISABLED

1- PARITY MODE ENABLED

PARITY MODE CONTROL (PMC)

z

o 8 ODD PARITY TRANSMITTED/RECEIVED

0 1 EVEN PARITY TRANSMITTED/RECEIVED

1 O MARK PARITY BIT TRANSMITTED
PARITY CHECK DISABLED

1 1 SPACE PARITY BIT TRANSMITTED
PARITY CHECK DISABLED

*BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. RTS WILL BE LOW.

92CM- 36790

Fig. 6 - CDP6853 command register.
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CDP6853 OPERATION (Cont'd)

Transmit Data Register Not Loaded
By Processor (Fig. 10)

If the processor is unable to load the Transmit Data Register

in the allocated time, then the TxD line will go to the

“MARK” condition until the data is loaded. When the
processor finally loads new data, a Start Bit immediately
occurs, the data word transmission is started, and another
interrupt is initiated, signaling for the next data word.

CHAR #n CONTINUOUS “MARK” CHAR #n+1 CHAR #n+2
1 1
STOP STOP sToP
mo L [ofo] T[] | [ feo]e] Jenfe] | [eofo] [ov]
START I START START
PROCESSOR PROCESSOR \
INTERRUPT DOES NOT LOAD
FOR DATA NEW DATA IN WHEN PROCESSOR FINALLY LOADS
REGISTER TIME NEW DATA, TRANSMISSION STARTS
EMPTY IMMEDIATELY AND INTERRUPT
OCCURS, INDICATING TRANSMIT
PROCESSOR DATA REGISTER EMPTY
READS 92CM- 36794
STATUS
REGISTER

Fig. 10 - Transmit data register not loaded by processor.

Effect of CTS on Transmitter (Fig. 11)

CTS is the Clear-to-Send Signal generated by the modem.
Itis normally low (True State) but may go high in the event
of some modem problems. When this occurs, the TxD line
immediately goes to the “MARK” condition. Interrupts

continue at the same rate, but the Status Register does not
indicate that the Transmit Data Register is empty. Since
there is no status bit for CTS, the processor must deduce
that CTS has gone to the FALSE (high) state. This is
covered later. CTS is a transmit control line only, and has no
effect on the CDP6853 Receiver Operation.

CHAR #n CHAR #n+1 CONTINUOUS “MARK”
1 1 1
- T
TxD | By By | P |stop|starT| By | B- By | P |stop|sTarT| By | By |Ba
CHARACTER
‘ ™ TIME "I
iRQ | I | I | | | | | | | I |||
NOT CLEAR-TO-SEND
cTs
CLEAR-TO-SEND
CTS GOES HIGH. N PROCESSOR READS
INDICATING MODEM PROCESSOR STATUS REGISTER.
1S NOT READY TO INTERRUPT  SINCE DATA REGISTER
RECEIVE DATA. Tx D AT NORMAL IS NOT EMPTY, PROCESSOR
IMMEDIATELY GOES START BIT  MUST DEDUCE THAT

Fig. 11 - Effect of CTS on transmitter.

CTS IS SOURCE OF
INTERRUPT (THIS IS
COVERED ELSEWHERE
IN THIS NOTE).

TO “MARK” CONDITION TIME

92CM-36795
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CDP6853 OPERATION (Cont'd)

Etfect of CTS on Echo Mode Operation (Fig. 14)

See “Effect of CTS on Transmitter” for the effect of CTS on
the Transmitter. Receiver operation is unaffected by CTS,
so, in Echo Mode, the Transmitter is affected in the same

CHAR #n

way as “Effect of CTS on Transmitter”. in this case,
however, the processor interrupts signify that the Receiver
Data Register is full, so the processor has no way of
knowing that the Transmitter has ceased to echo.

CHAR #n+1 CHAR #n+2 CHAR#n+3
] I
—
sTOP STOP STOP sTOP _
o | L Lo Jen[e ] | [eofe] Jou[e] | [eofe] [oul=] ] [ee[=] o]
START B START START l START
m o |l mll L 1l
NOT-CLEAR-TO-SEND
cTs I
STOP _ sTOP |
TxD P lso|a1l IBNIPI —l Isolmlag—“
START START
CTS GOES TO
“FALSE” CONDITION
NORMAL _
RECEIVER DATA

REGISTER FULL

INTERRUPTS

92CM-36798

Fig. 14 - Effect of CTS on echo mode.

Overrun In Echo Mode (Fig. 15)

If Overrun occurs in Echo Mode, the Receiver is affected the
same way as described in “Effect of Overrun on Receiver”.

CHAR #n
1

STOP STOP

For the re-transmitted data, when overrun occurs, the TxD
line goes to the “MARK"” condition until the first Start Bit
after the Receiver Data Register is read by the processor.

CHAR #x CHAR #x + 1
1 1

STOP STOP

o [ ] [fo] [[=] | [e[ol Jos[-] | [=[o] Tou o] | [eo[=] [

START START

START START

N
22
_lstop N [ START
J
Txp P Bo | By Bn| P Bo | B4 |BN|p
|  START T -
PROCESSOR PROCESSOR FINALLY
PROCESSOR DOES NOT READS RECEIVER
INTERRUPT READ RECEIVER T e e Tx D DATA
FOR RECEIVER DATA REGISTER
DATA REGISTER CHARACTER (#n) RESUMES
OVERRUN OCCURS PROCESSOR
| Tx D GOES TO
PROCESSOR SMARK® FOR CHAR #x
READS CONDITION IN RECEIVER
STATUS DATA REGISTER
REGISTER
92CM-36788

Fig. 15 - Overrun in echo mode.
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CDP6853 OPERATION (Cont'd)

Timing with 1% Stop Bits (Fig. 18) 5-bit data words with no parity bit. In this case, the
processor interrupt for Receiver Data Register Full occurs
It is possible to select 12 Stop Bits, but this occurs only for  in halfway through the trailing half-Stop Bit.

CHALR#n CHAR#n+1
1

12 ]
nxo—]sun Bo | By | B2 | B3| B4 ;:r‘égl sTART| Bo | By | B2 | B3 | B4 S

= [l L

PROCESSOR INTERRUPT

OCCURS HALFWAY 92CM- 36787
THROUGHT THE 1/2 !
STOPBIT

Fig. 18 - Timing with 1-1/2 stop bits.

Transmit Continuous “BREAK" (Fig. 19) At least one full “BREAK"” character will be transmitted,

even if the processor quickly re-programs the Command
This mode is selected via the CDP6853 Command Register ~ Register transmit mode. Later, when the Command Register
and causes the Transmitter to send continuous “BREAK”  is programmed back to normal transmit mode, a Stop Bit
characters after both the transmitter and transmitter-holding  will occur from one to fifteen clock periods at the next bit

registers have been emptied. time.
STOP - STOP STOP STOP
TxD Bg | By BNl P IBOIB1I lBNIPISTF'| | Bo I?NTPI ] IBOIB1]
START START START START

L N

WHICH PROCESSOR POINT AT WH!
A PROCESSOR PROCESSOR
NORMAL CONTINUOUS SELECTS
INTERRUPT “BREAK” MODE NORMALT !I'NOTI.E.g:g"
TRANSMI
MODE TRANSMIT
92CM-36785
Fig. 19 - Transmit continuous “BREAK".
Recelve Continuous “BREAK” (Fig. 20) characters, the CDP6853 will terminate receiving. Reception

will resume only after a Stop Bit is encountered by the
In the event the modem transmits continuous “BREAK”  CDP6853.

N “ "
) STOP CONTINUOUS “BREAK' sToP stop
RxD |s| By| P [} By P STOP | | |s|a1 lBlPI [lalsl
1 N 1504 1 |1 NI h ) L o | B1 N o | B1
START ‘ START START
T 17
"o _U Lo
[
NO
MORE—"]
INTERRUPT!
PROCESSOR NO INTERRUPT NORMAL
INTERRUPT PROCESSOR SINCE RECEIVER RECIEVER
INTERRUPT DISABLED UNTIL INTERRUPT
RECEIVER WITH FRAMING FIRST STOP BIT
DATA REGISTER ERROR (PARITY
FULL AND OVERRUN

CHECKS NORMAL) 92CM- 36784

Fig. 20 - Receive continuous “BREAK”.
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CDP6853 OPERATION (Cont'd)
Table II - Divisor Selection for the CDP6853
CONTROL DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL
BITS INTERNAL COUNTER CRYSTAL OF FREQUENCY (F)
3 2 1 0
0 0 0 0 No Divisor Selected 16 x External Clock at Pin R x C {16 x External Clock at Pin R x C
1.8432 x 10° F
0 0 0 1 36,864 T 36.864 - 50 “36.864
1.8432 x 10° F
0 0 1 0 24,576 54576 " 75 24576
1.8432 x 10° F
0 0 1 1 16,768 16768 - 109.92 16768
1.8432 x 10° " F
0 1 0 0 13,696 13606 - 134.58 13696
1.8432 x 10° F
0 1 0 1 12,288 T 12088 - 150 10288
1.8432 x 10° F
o 1 1 o0 6,144 6144 - 300 6,144
) 1.8432 x 10° F
0 1 1 1 3,072 —3075 - 600 3072
1.8432 x 10° F
10 0 0 1,536 1538 - 120 536
1.8432 x 10° F
1 0 0 1 1,024 T 1024 " 1800 1024
1.8432 x 10° F
1.0 1 0 768 —7gg = 2400 g8
1.8432 x 10° F
1 0 1 1 512 512 " 3600 513
1.8432 x 10° F
1 1 0 0 384 384 - 4800 384
1.8432 x 10° ; F
11 0 1 256 ———35g = 7200 —%55
1.8432 x 10° F
1 1 1 0 192 —392 - 9600 T
1.8432 x 10° F
111 9 —gg = 19200 — 9%
The CDP6853 does not contain automatic loop-back
operating modes, but they may be implemented with the
addition of a small amount of external circuitry.
icRo Fig. 22 indicates the necessary logic to be used with the
PROCESSOR CDP6853.
[ I I T The LLBlineis the positive-true signal to enable local loop-
PROGRAM SYSTEM o CDP6853 back operation. Essentially, LLB=high does the following:
Rom RAM CONTROL ACIA 1. Disables outputs TxD, DTR, and RTS (to Modem).
] B 2. Disables inputs RxD, DCD, CTS, DSR (from Modem).
T 3. Connects transmitter outputs to respective receiver
%) MODEM inputs:

a) TxD to RxD

T0 DA'!'A LINK b) DTR to DCD

c) RTSto CTS

92€s-37022

Fig. 21 - Simplified system diagram.

LLB may be tied to a peripheral control pin to provide
processor control of local loop-back operation. In this way,
the processor can easily perform local loop-back diagnostic
testing.
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DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING Vpp=5 V dc £10%, Vss=0 V dc,

Ta=0° to 70°C,

C.=75 pF, See Figs. 24, 25, and 26.

IDENT LIMITS
. CHARACTERISTIC ALL TYPES UNITS
NUMBER
Min. Max.
1 Cycle Time teye 953 DC ns
2 Pulse Width, DS/E Low or RD/WR High PWeL 300 — ns
3 Pulse Width, DS/E High or RD/WR Low PWen 325 — ns
4 Clock Rise and Fall Time tt — 30 ns
8 R/W Hold Time trwH 10 — ns
13 R/W Set-up Time Before DS/E taws 15 — ns
14 Chip Enable Set-up Time Before AS/ALE Fall tcs 55 — ns
15 Chip Enable Hold Time tcH 0 - ns
18 Read Data Hold Time torr 10 100 ns
21 Write Data Hold Time tonw 0 —_ ns
24 Muxed Address Valid Time to AS/ALE Fall tasL 50 — ns
25 Muxed Address Hold Time tanL 50 — ns
26 Delay Tiime DS/E to AS/ALE Rise taso 50 - ns
27 Pulse Width, AS/ALE High PWasn 100 — ns
28 Delay Time, AS/ALE to DS/E Rise taseo 90 — ns
30 Peripheral Output Data Delay Time
From DS/E or RD toor 20 240 ns
31 Peripheral Data Set-up Time tosw 220 — ns
Note: Designations E, ALE, RD and WR refer to signals from non-6805 type microprocessors.
/- 3J-v HIGH
e ED)——
AS P, \ Viow
— =@
‘I ~® -
L € @ —
® o
B ®
\
R/IW /><
®_’ ~r— — ld—@
« XXX KR
—t
—Lo-| 21
ADO,ADI
WRITE §
]
= 5,
6
&< ———
ARO, AD! R 7-
READ A N\
NOTE: VjigH * VDD ~2.0V, Vi ow =0.8 V., FOR Vpp s_ovlt 0%

Fig. 24 - Bus timing waveforms of CDP6853.

92CM-37029
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CDP6853
DYNAMIC ELECTRICAL CHARACTERISTICS—TRANSMIT/RECEIVE, See Figs. 27, 28 and 29.
LIMITS
CHARACTERISTIC ALL TYPES UNITS
Min. Max.

Transmit/Receive Clock Rate tecy 400" —_ ns

Transmit/Receive Clock High Time ten 175 - ns

Transmit/Receive Clock Low Time teL 175 - ns

XTLI to TxD Propagation Delay too - 500 ns
RTS Propagation Delay toLy —_ 500 ns

IRQ Propagation Delay (Clear) tira — 500 ns
(ttr= 10 to 30 ns)

*The baud rate with external clocking is: Baud Rate=________
16 x Teey

1 2
(TRANSMIT)

-
CLOCK INPUT)
__/ - “toLy™™]
—tcu

NOTE: TxD RATE IS 1/16 TxC RATE

92CS$-36776 IRQ

(CLEAR) _;

92CS -36777
Fig. 28 - Interrupt- and output-timing waveforms.

Fig. 27 - Transmit-timing waveforms with external clock.

ccy

4——tc“—>

E— L
RxC R

(INPUT) \

t

cL

NOTE: RxD RATE IS 1/16 RxC RATE
92Cs-36778

Fig. 29 - Receive external clock timing waveforms.
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RAM Cross Reference Guide
1K RAMS

Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail.
Refer to published data for further information.

RCA 256 X 4 STATIC RAM COMPARISON CHART (c)
Mir. Type Access Standby RCA Nearest Mfr. Type Access Standby RCA Nearest
Time Current Equivalent Time Current Equivalent

(nS) (uA) Type* (nS) (wA) Type*
AMI S5101L 650 10 MWS5101AL2 MOTOROLA | MCM5101P65 650 200 MWS5101AL3
S5101L1 450 10 MWS5101AL2 MCM5101P80 800 500 MWS5101AL3
S5101L3 650 140 MWS5101AL3 MCMS51L01P45 450 10 MWS5101AL2
S5101L8 800 500 MWS5101AL3 MCM51L01P65 650 10 MWS5101AL2

Ss101-8 800 500 MWS5101AL3 NATIONAL | NMCE551B-2 220 10 CDP1822C
HARRIS HM6551B-2 220 10 CDP1822C NMCe5518-9 220 10 MWss101AL2

HM6551B-9 220 10 MWS5101AL2 NMC8551-2 300 10 CDP1822C
HM6551-2 300 10 CDP1822C NMC6551-9 300 10 MWS5101AL2
HM6551-9 300 10 MWS5101AL2 NMC6551-5 360 100 MWS5101AL2
HM6551-5 360 100 MWs5101AL2 NEC uPD5101L 650 10 MWS5101AL2
HUGHES HCMP1822 | 450 500 cDP1822 HPDSI0IL-A 450 ° MWS5101AL2
HCMP1822C | 450 500 CDP1822C PANASONIC | MN5101 800 200 MWS5101AL3
INTERSIL 1IM65X51-1 300 10 MWS5101AL2 SHARP LH5101W 800 100 MWS5101AL2
IMB5X51-M 300 10 CDP1822C sSs SCM5101-1A 350 10 MWS5101AL2
IM65X51-11 220 10 MWS5101AL2 SCM5101-1 450 10 MWS5101AL2
IME5X51-1M | 220 10 CDP1822C SCM5101-3 650 100 MWS5101AL2
IMB5X51-Al 235 (10V) 500 CDP1822 SCM5101-8 800 500 MWS5101AL3

IMB5X51-AM | 235 (10V) 500 CDP1822 SCM5101-4 800 200 CDP1822C

IMB5X51-C 350 100 MWS5101AL2

TOSHIBA TC5501P 450 10 MWS5101AL2
MITSUBISHI | MSL5101LP-1 | 450 15 MWS5101AL2 TC5501P-1 650 10 MWS5101AL2

*Determine the appropriate package designator (suffix letter) from the RCA Data Sheet.

RCA 256 X 4 CMOS STATIC RAMS (c)
RCA Operating Electrical Address Chip Select Standby Data Operating TTL Noise
Type (a) Supply Characteristic Access Access Current Retention Supply Compatible? Immunity
(All 22 Pin Voltage Temperature Time Time (uA) Current (2V) | Current (e) | (See Notes) ViL VIH
Packages) Range Range (nS) (nS) (LA) (mA) [\)] v
MWS5101L2(b) 4.0-6.5V 0° to 70°C 250 250 50 10 8 No (d) 15 35
MWS5101L3 4.0-6.5V 0° to 70°C 350 350 200 50 8 No (d) 15 35
MWSS510AL2(b) 4.0-6.5V 0° to 70°C 250 250 50 10 8 Yes 0.65 22
MWS5101AL3 4.0-6.5V 0° to 70°C 350 350 200 50 8 Yes 0.65 22
CDP1822 4.0-10.5V -40to0 85°C 450 450 500 100 8 No (d) 15 35
(250@10V) (250@10V)
CDP1822C 4.0-6.5V -40° to 85°C 450 450 500 100 8 No (d) 15 35

(a) D suffix added for ceramic package, E suffix for plastic package. All RCA RAMS shown are asynchronous types.
(b) Not available in ceramic.

(c) Specifications at Vdd = 5V unless otherwise noted.

(d) Drives 1 TTL load, accepts TTL level input using pull-up resistor.
(e) Outputs open circuited. Cycle Time = 1 us.
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RAM Cross Reference Guide
16K RAMS

Note: An RCA equivalent type may not be identical with other manufacturer's type in every detail.
Refer to published data for further information.

RCA 2048 X8 CMOS STATIC RAM COMPARISON CHART (b)

Mfr. Type Access Standby RCA Nearest Mfr. Type Access Standby RCA Nearest
Time Current Equivalent Time Current Equivalent
S emos [ TTL Type® (S)  "cmos| TTL Type*
(uA) | (mA) (wA) | (mA)
FUJITSU MB8416 200 10 2 CDM6116A-2 HITACHI HM61161/PI1-4 200 2000 20 CDM6116A-9
MB8416-X 200 10 2 CDM6116A-9 HM6116L1-2 120 200 20 CDM6116A-9
MB8416A-12 120 CDM6116A-3 HM6116L1-3 150 200 20 CDM6116A-9
MB8416A-15 150 CDM6116A-3 HM6116LI-4 200 200 20 CDM6116A-9
HM6116LP-2 120 50 12 CDM6116A-3
HARRIS HM65162-5 90 100 8 CDM6116A-3 HM6116LP-3 150 50 12 CDM6116A-3
HM65162-9 920 100 9 CDM6116A-9 HM6116LP-4 200 50 12 CDM6116A-2
HM65162S-5 55 100 8 CDM6116A-3 HM6116LPI-2 120 100 20 CDM6116A-9
HM65162S-9 55 100 9 CDM6116A-9 HMB6116LPI-3 150 100 20 CDM6116A-9
HM65162B-5 70 50 8 CDM6116A-3 HMB116LPI-4 200 100 20 CDMé6116A-9
HM65162B-9 70 50 9 CDM6116A-9 HM6116AP-10 100 2000 4 CDM6116A-3
HM65162C-9 90 1000 9 CDM6116A-9 HM6116AP-12 120 2000 4 CDM6116A-3
HM6116AP-15 150 2000 4 CDM6116A-3
HITACHI HME116P-2 120 2000 15 CDM6116A-3 HM6116AP-20 200 2000 4 CDM6116A-2
HM6116P-3 150 2000 15 CDM6116A-3 HMB6116ALP-10 100 50 3 CDMé6116A-3
HM6116P-4 200 2000 15 CDM6116A-2 HM6116ALP-12 120 50 3 CDM6116A-3
HM61161/PI-2 120 2000 20 CDM6116A-9 HMB116ALP-15 150 50 3 CDM6116A-3
HM61161/PI1-3 150 2000 20 CDM6116A-9 HM6116ALP-20 200 50 3 CDM6116A-2

*Determine the appropriate package designator (suffix letter) from the RCA Data Sheet.

RCA 2048 X 8 CMOS STATIC RAMS (b)

RCA Operating Electrical Address Chip Enable Standby Data Operating TTL
Type (a) Supply Characteristic Access Access Current Retentlon Supply Compatible?
(All 24 Pin Voitage Temperature Time Time CMOS | TTL | Current (3V) Current (d) (c)
Packages) Range Range (nS) (nS) wA) |(ma) (uA) (mA)
CDM6116A-2 4,5-5.5V 0° to 70°C 200 200 30 2 15 35 Yes
CDM6116A-3 4.5-5.5V 0° to 70°C 150 150 50 2 25 35 Yes
CDM6116A-9 4.5-5.5V -40 to 85°C 250 250 100 2 50 40 Yes

(a) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types.
(b) Specifications at Vdd = 5V unless otherwise noted.

(c) Noise immunity levels: VIL = 0.8V, VIH = 2.4V.

(d) Outputs open circuited. Cycle Time = Min. tcycle; Vin = Vi, Vin.
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RAM Cross Reference Guide
16K RAMS

Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail.
Refer to published data for further information.

RCA 2048 X8 CMOS STATIC RAM COMPARISON CHART (b)

Mfr. Type Access Standby RCA Nearest Mfr. Type Access Standby RCA Nearest
Time Current Equivalent Time Current Equivalent
(®S)  ["cmos | TrL Type (S)  ["cmos [ TL Type?
(wA) | (mA) WA) | (mA)
FUJITSU MB8417 200 10 2 CDM6117A-3 NEC uPD449 450 10 CDM6118A-3
MB8417-12 120 CDMB117A-3 uPD449-1 250 10 CDM6118A-3
MB8417-15 150 CDM6117A-3 uPD449-2 200 10 CDM6118A-3
MB8418 200 10 2 CDM6118A-3 uPD449-3 150 10 CDM6118A-3
MB8418A-12 120 CDM6118A-3
MB8418A-15 150 CDM6118A-3 SMOS SRM2017C15 150 50 2 | cbme117a-3
SRM2017C20 200 50 2 CDM6117A-3
SRM2017C25 250 50 2 CDM6117A-3
SRM2018C15 150 50 2 CDM6118A-3
HARRIS HM65172-5 920 100 CDM6117A-3
SRM2018C20 200 50 2 CDM6118A-3
HM65172S-5 55 100 CDM6117A-3
SRM2018C25 250 50 2 CDM6118A-3
HM65172B-5 70 50 CDM6117A-3
TOSHIBA | TC5516AP 250 30 3 CDM6117A-3
TC5516AP-2 200 30 3 CDM6117A-3
HITACHI HM6117P-3 150 2000 CDM6118A-3 TC5516APL 250 1@60°C 3 CDM6117A-3
HM6117LP-3 150 50 CDM6118A-3 TC5516APL-2 200 1@60°C 3 CDM6117A-3
HM6117P-4 200 | 2000 CDM6118A-3 TC5518BP-20 200 30 3 CDM6118A-3
HMB117LP-4 200 50 CDM6118A-3 TC5518BPL-20 200 1@60°C 3 CDM6118A-3

*Determine the appropriate package designator (suffix letter) from the RCA Data Sheet.

RCA 2048 X 8 CMOS STATIC RAMS (b)

RCA Operating Electrical Address Chip Enable Standby Data Operating TTL
Type (a) Supply Characteristic Access Access Current Retention Supply Compatible?
(All 24 Pin Voltage Temperature Time Time CMOS [ TTL Current (3V) Current (d) (c)
Packages) Range Range (nS) (nS) wA) |(mA) (LA) (mA)
CDM6117A-3 45-5.5V 0° to 70°C 150 60 50 2 25 35 Yes
CDM6118A-3 4.5-5.5V 0° to 70°C 150 150 50 2 25 35 Yes

(a) D suffix added for ceramic package, E suffix for plastic. Al RCA RAMS shown are asynchronous types.
(b) Specifications at Vdd = 5V unless otherwise noted.

(c) Noise immunity levels: VIL = 0.8V, VIH = 2.4V.

(d) Outputs open circuited. Cycle Time = Min. tcycle; Vin = Vi, Vine
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CDM6116A
CMOS 2048-Word by 8-Bit
A7 ! 24 — vpp .
i P g Static RAM
:: 1 2 ;]2 __— % Features:
as—1 s 20— 58 w  Fully static operation ® Industry standard 24-pin configuration
a2 — 6 1o |— at0 m Single power supply: 4.5 Vto5.5V w Chip-enable gates address buffers for
Al — 7 18— w Allinputs and outputs directly TTL minimum standby current
a0 — 8 17— 1/08 compatible m Data retention voltage: 2 V min.
1/00 — 9 16 — 1/07 = 3-state outputs
/02 — 10 15— 1/06 CDM6116A-2|CDM6116A-3|CDM6116A-9
::oa : :; :: : ;:Zi Access Time (max.) 200 ns 150 ns 250 ns
ss ToP ViEW Qutput Enable Time (max.) 120 ns 60 ns 150 ns
92CS-36942 Operating Temperature 0° to +70°C 40° to +85° C|
Operating Current (max.) 35 mA 35 mA 40 mA
TERMINAL ASSIGNMENT Standby Current
lpost (Max.) 30 A 50 uA 100 pA

The RCA-CDM6116A is a CMOS 2048-word by 8-bit static
random-access memory. It is designed for use in memory
systems where high-speed, low power and simplicity in use
are desirable. This device has common data inputs and data
outputs and utilizes a single power supply of4.5Vto5.5V. A
chip-enable input and an output-enable input are provided
for memory expansion and output buffer control.

The chip enable (EE) gates the address and output buffers
and powers down the chip to the low power standby mode.

The output enable (‘CTE) controls the output buffers to
eliminate bus contention.

The CDM6116A-2 and CDM6116A-3 have an operating
temperature range of 0° to +70°C. The CDM6116A-9 hasan
operating temperature range of -40° to +85°C.

The CDM6116A-2 and CDM6116A-3 are supplied in a 24-
lead dual-in-line plastic package (E suffix). The CDM-
6116A-9issupplied in a 24-lead dual-in-line plastic package
(E suffix) and a 24-lead dual-in-line side-brazed ceramic
package (D suffix).

Alo — — 1/08
A9 — — | —— — L1/07
A8 — S | — —— 1/06
AT npur [ | XY | | r128xi28 [~ 1/05
A6——] ADDRESS (— DECODE | | | MEMORY | — OUTPUT |— I/04
a5 —| BUFFERS | | | maTRIX [ | pata | o
A4 —| - | — — 1/02
A3 — — | t—i — 1/01
A2 — — |
Al — L1
A0 —— ENABLE
6 — -+—o Vpp
| o s
Ok 92CM-36943
Fig. 1 - Functional block diagram.
TRUTH TABLE
— —_— — V|
CE OF WE | A0TOAT0 MODE 1/01 7O 1/08 c?.oinalg:'r
H X X X NOT SELECTED HIGH Z STANDBY
L L H STABLE READ DATA OUT ACTIVE
L H L STABLE WRITE DATAIN ACTIVE
L L L STABLE WRITE DATA IN ACTIVE
L=LOW H=HIGH X=HorlL

File Number 1472
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CDM6116A

SIGNAL DESCRIPTIONS

A0-A10 (Address Inputs): These inputs must be stable prior to a write operation, but may change asynchronously during
read operations.
— 1/01-1/08: 8-bit tristate data bus.
__CE (Chip Enable): Powers down chip, disables Read and Write functions, and gates off address inputs.
OE (Output Enable): Enables tristate outputs if CE is low_and WE is high. ___ —
WE (Write Enable): EnablesWrite function, if CE islow. WE will dominate if both WE and OE are low (i.e., the bus will
be tristated and a Write will occur).
Voo, Vss: Power supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS at T = 0 to +70°C (CDM6116A-2, CDM6116A-3);
Ta = -40° to +85°C (CDM6116A-9), Vop = 5 V £ 10%,
Input t, t = 10 ns; C_ = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vto 2.4V

LIMITS
CHARACTERISTIC CDM6116A-2 | CDM6116A-3 | CDM6116A-9 |UNITS

Read Cycle Times See Fig. 2 MIN.T | MAX. | MIN.T | MAX. | MIN.T | MAX.

Read Cycle Time tre 200 — 150 —_ 250 —
Address Access Time taa - 200 - 150 — 250

Chip Enable Access Time tace — 200 — 150 — 250

Chip Enable to Output Active tex 15 — 15 - 15 —

Output Enable to Output Valid toev — 120 — 60 — 150 ns
Output Enable to Qutput Active toex 15 —_ 15 — 15 —_

Chip Disable to Output “High 2" tonz 0 60 0 50 0 80

Output Disable to Output “High 2" tonz 0 60 0 50 0 80

Output Hold from Address Change tow 15 — 15 — 15 -

TTime required by a limit device to allow for the indicated function.

- tRC
ADDRESS / y
X 4
IV Y S—
OE }ﬁ/
t—!ogv————»
— t —
CE \\ 0EX 7!
- 1 ¢y @ toH -
l<—'ouz
DATA OUT ( >
[ ——— t AcCE —— | -4——OCHZ——>
‘WE 1S HIGH DURING READ CYCLE
TIMING MEASUREMENT REFERENCE 02CM-36944

LEVEL IS 1.5V

Fig. 2 - Read-cycle timing waveforms.
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CDM6116A

DATA RETENTION CHARACTERISTICS at T4 = 0 to 70°C (CDM6116A-2, CDM6116A-3);
Ta = -40 to +85° C (CDM6116A-9), Unless otherwise noted, See Fig. 4.

LIMITS
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNITS
MIN. MAX.
Minimum Data Retention Voltage Vor
CDM6116A-2, CDM6116A-3, CDM6116A-9 Ta=0to 70°C 2 —
CE=Vop-02V v
Ta=-40t00°C
CDM6116A-9 CE>Vop - 0.2V 4.5 —
Data Retention Quiescent Current looDR®
CDM6116A-2| Vop=3V,CE=2.8V — 15
CDM6116A-3| Vop=3V,CE=28V - 25 uA
CDMB116A-9| Vop=3V,CE=28YV - 50
Chip Disable to Data Retention Time tcon See Fig. 4 0 —
ns
Recovery to Normal Operation Time tr See Fig. 4 “trc —

®looDR=7.5 yA max. at Ta=0° to +40° C for CDM6116A-2 and CDM6116A-3.
*trc = Read Cycle Time.

DATA
'e———— RETENTION —
MODE

45V 4.5V
\ Vpr 2 2V 7
'CDR | r‘—'f* *4, -—->| R

Voo

2.2V CE 2Vpg-02V 2.2v

CE

*
2 lus
trote2ln 92CM-36263

Fig. 4 - Low VDD data retention timing waveforms.
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CDM6117A-3

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vop):

(All voltage values referenced t0 VSS terMINal) . ... vuue e vttt ittt ittt eaetieeireiaeneeinenertanneenssssnens -0.3to+7V
INPUT VOLTAGE RANGE, ALL INPUT S L.t tttititittt ettt eitntitttitneenetenenaiasseresensnsiensassasassarennes -0.3to+7V
POWER DISSIPATION PER PACKAGE (Pp):

Lo L I o T T 0 500 mW

FOrTA = 48010 +70°% C ittt ittt ittt tiesit et et tenesnesnennssasnesnesaesnesnnsnnnnnns Derate Linearly at 12 mW/°C to 380 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For TA= FULL PACKAGE-TEMPERATURE RANGE .. ...cuutttiiitiitiii it etiiieretesnstatenianssesssuesiesieressnenns 100 mW
OPERATING-TEMPERATURE RANGE (TA) t .t ttuttttiuentnsnensnenenenenenssasssentsesnssessseiesensesssssesissanens 0to +70°C

STORAGE TEMPERATURE RANGE (Tstg)
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from €ase fOr 10 S MAX. ... viuruttiirneenineeiieeenrnneennsearssensesanenns +265°C
OPERATING CONDITIONS at TA = 0° to +70°C
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges:

-55to +125°C

LIMITS
CDM6117A-3
CHARACTERISTIC UNITS

Min. Max.

DC Operating Voltage Range 4.5 5.5
Input Voltage Range ViH 2.2 VoD +0.3 Vv

ViL -0.3 0.8
Input Signal Rise or Fall Time A tr, tf — 5 us

A Input signal rise and fall times longer than the maximum value can cause loss of stored data in the selected mode.

STATIC ELECTRICAL CHARACTERISTICS at TA =0 to +70°C, VDD = 5 V + 10%, Except as noted

LIMITS
CDM6117A-3
CHARACTERISTIC CONDITIONS UNITS
Min. Typ.e Max.
Standby Device IDDS CE=VH — 0.6 2 mA
Current IDDS!1 CE=VDoD-0.2V — 1 50 A
Output Voltage IoL=2.1mA — — 0.4 v
Low-Level VoL Max. loL =1 uA — 0.1 —
Output Voltage IOH = -1 mA 2.4 —_ - v
High Level VOH Min. IoH = -1 uA — VoD -0.1 —
Input Leakage VoD =55V
— +0.1 +2
Current IIN Max. VIN =0V to VDD A
— — H
3-State Output CSorCE=VH _ 105 42
Leakage Current lout Vi/o =0V to VDD
Operating Device Current |OPER# VIN = VIL, VIH — 20 35 mA
Input VIN=0V,
— 4 6
Capacitance CIN f=1MHz, TA=25°C E
Output Vi/o=0V, 6 8 P
Capacitance Cio f=1MHz, TA=25°C

eTypical values are for TA = 25°C and nominal VDD.
#Outputs open circuited; cycle time = Min. tcycle, duty = 100%.
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CDM6117A-3

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70°C, VDD = 5 V + 10%,
Input tr, tf = 10 ns; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vto 2.4 V

Write Cycle Times See Fig. 3
LIMITS
CDM6117A-3
CHARACTERISTIC UNITS
_ Min.t Max.
Write Cycle Time twe 150 —_
Chip Select (CS) to End of WRITE tcsw 90 —
Chip Enable (CE) to End of WRITE tCEW 90 —
Address Width tAW 90 —
Address Setup Time tAS 0 -
Write Enable Width tww 90 —_ ns
Input Data Setup Time tow 50 —
Address Hold Time tWR 0 —
Input Data Hold Time tDH 5 —
Output Active From End of Write tow 10 —
Write Enable to Output “High Z” tWHZ 0 40
TTime required by a limit device to allow for the indicated function.
WRITE CYCLE 1-CS, CE CONTROL twe '
ADDRESS )(
1AW twr
R
&s (e / PN CEW jl N
re—t pAg —o=
CE (T3 K 24/
wE NN 7
TAOTXXX:::%;;::(:;:(:(\ 777
DA v
‘_'DW_.‘_'DH_-‘
DATA IN ~O
— 92C M-36261
WRITE CYCLE 2 - WE CONTROL fwe
ADDRESS ( . 3L
N 4
Ccs ‘ ;
CE Q_ 7;/
taw twR |e—
tww
" I\ i/
re—tas—= = twhz"] tow
AIVAVAVAV VA AV AR RV VARNANVY 77777
OATA OUT P II777 77777 77777777777
la—t DW —sta— 1 —

DATA IN /X>__
92CM-36262R|

Fig. 3 - Write-cycle timing waveforms.




584 CMOS Microprocessors, Memories and Peripherals
CDM6118A-3
CMOS 2048-Word by 8-Bit
AT =t | 24—V H
s al Static RAM
A5 =i 3 22— A9 .
ne—1 o we Features:
A3 —'5 20— CEI m Fully static operation
Az —16 19— Alo u Single power supply: 4.5 Vto 5.5V
‘M" ] : :‘: — i‘;s s All inputs and outputs directly TTL compatible
201 —1 s 6 |— z/07 ® 3-state outputs
1702 — 10 15 b— 1/06 ® Industry standard 24-pin configuration
1/03 =il 14— 1/08 m  Fast access time for systems with common or
vgg —i2 13 t—1/04 separate read/write: tacc = 150 ns
TOP VIEW m Low standby and operating power: Ioost = 1 uA typical, lorer = 35 mA
92Cs-36402 maximum .
TERMINAL ASSIGNMENT m Data refention voltage = 2 V min.
m  Operating temperature range (max. rating): 0° to 70°C

The RCA-CDM6118A-3 is a 2048-word

by 8-bit static The input address buffers are gated off by either chip

random-access memory. It is designed for use in memory enable input for minimum standby power with inputs
systems where high-speed, low power and simplicity in use toggling.
are desirable. This type has common data input and dala  The CDM6118A-3 is supplied in a 24-lead, dual-in-line
output and utilizes a single power supply of 4. 055V. plastic package (E suffix).
A0 —df |—] =R
A9 — — | — —— 1/08
A8 —— — ] — — 1/07
A7 —— INPUT — XY | | 128x128 |—— INPUT/ |— 1/06
ADDRESS DECODE | | MemoRy OUTPUT
A6 —— BUFFERS [— MATRIX —— DATA f—— I/05
a5 —| L | || BuFFeRs | o,
A4 — — : — — I/03
A3 — — | — — I/02
A2 —— — | — — 1/01
Al —— — |
A0 — ENABLE 1
TE8 ——
o CONTROL
WE —  LOGIC
CEl — «—o'Vpp
TRUTH TABLE Fig. 1 - Functional block diagram. “—0 Vg 920M-36403
—_ —_— DEVICE
CE1 CE2 WE A0 TO A10 MODE DATA /O CURRENT
H X A A NOT HIGH Z STANDBY
SELECTED
X H A A NOT HIGH Z STANDBY
SELECTED
L L H STABLE READ DATA OUT ACTIVE
L L STABLE WRITE DATA IN ACTIVE

L=LOW H=HIGH X=HorlL, A=L,HorHIGHZ

File Number 1508
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CDM6118A-3

Signal Description

A0-A10 Address Inputs. These inputs must be stable
prior to a Write operation but may change

asynchronously during Read operations.
1/04-1/0g  8-bit tri-state data bus. :

E1, CE2 Chip Enable. When either CET or CE2 is not
true, the Read and Write functions are
disabled, address and output buffers are
gated off, and the chip is powered down to

the low power standby mode.
Write Enable. Controls Read and Write
functions if CE1 and CE2 are low. When

Voo, Vss

WE=CE1=CE2=0, the bus will be tri-stated
and a Write will occur. When WE=1,
‘CE1=CE2=0, a Read operation occurs.
Power Supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Vop = 5 V £ 10%,
Input t, t: = 10 ns; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vto 2.4 V

Read Cycle Times See Fig. 2

LIMITS
CHARACTERISTIC CDM6118A-3 UNITS
MIN.T MAX.
Read Cycle Time tre 150 —_
Address Access Time tacc — 150
Chip Enable (CE1) Access Time tacet —_ 150
Chip Enable (CE2) Access Time tace2 — 150
Chip Enable (CE1) to Output Active teLzs 15 — ns
Chip Disable (CE1) to Output High Z tchza 0 50
Chip Enable (CE2) to Output Active terzz 15 -
Chip Disable (CE2) to Output High Z temzz 0 50
Output Hold Time ton 15 -
tTime required by a limit device to allow for the indicated function.
trRe -
ADDRESS )(
[ tacc ~ - ton [
& \ Y
M. 3 .
r—tace) —* tcHzi -
r.— 'CLZI —
= N V// 72
Al V% 20
— tacez > la— tcuzz -
DATA OUT < teze 7
TIMING MEASUREMENT REFERENCE
LEVELIS |5V 92CM-36406

Fig. 2 - Read-cycle timing waveforms.
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DATA RETENTION CHARACTERISTICS at T, = 0 to 70°C; See Fig. 4.

CMOS Microprocessors, Memories and Peripherals

LIMITS
CHARACTERISTIC TEST CONDITIONS CDM6118A-3 UNITS
MIN. MAX.
Minimum Data Retention Voltage Vor CE1 or CE2=>Vpp-0.2V 2 — \'
Data Retention Quiescent Current looDR® Voo =3V, _ 25 A
CEf or CE2=>2.8V® H

Chip Disable to Data Retention Time tcor See Fig. 4 0 —
Recovery to Normal Operation Time tr See Fig. 4 *tac — ns

*trc = Read Cycle Time.
¥|f either pin (CE1 or CE2) is low, it must be < 0.2 V.
®looDR = 12.5 uA max. at Ta = 0° to +40°C.

[e———DATA RETENTION ——i
MODE

4.5V a5V
R VDRzZV /

tcDR l‘—i')( *'r —-—b‘ tR

~n

2V CEIOR CE2 2 Vpg- 0.2V 2.2v

El OR CE2

»*
tratg2lus

92CS-36404

Fig. 4 - Low VpD data retention timing waveforms.
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CDM6264

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo):

(Voltage referenced 10 Vs termiNal) ... ittt it it i i e e e e -0.3to+7V
INPUT VOLTAGE RANGE, ALL INPUT S .ttt e et e eaaas -0.3to+7V
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=0° 10 +60°C (PACKAGE TYPE E) tttuttttttttttttentetttntententent et ensaesnestsenaenentontoitonrereiineneonins 500 mW

For Ta= +60° to +70°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 420 mW

FOr Ta=0°t0 +70°C (PACKAGE TYPE D)t tuttttttttnt et ittt eatetasnsaeseettesattanisieneiieiennins 500 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta= FULL PACKAGE-TEMPERATURE RANGE ... .. tititititiiiin ittt e i aans 100 mW

OPERATING-TEMPERATURE RANGE (Ta):

P A CKAGE TY PE D ..ttt ittt ettt et ettt ettt e e e e i e e 0to+70°C

PACKAGE TYPE E . tttittittt ittt et et e e et e ... 0to+70°C
STORAGE TEMPERATURE RANGE (Tatg) « ¢« v vttt v tteuetenenentnunueneniteresetntsenanessteraieisiiiiiiionno, -55t0 +125°C
LEAD TEMPERATURE (DURING SOLDERING): -

At distance 1/16 £ 1/321in. (1.59 £ 0.79 mm) from Case fOr 10 S MAX.  t.vutrtt ittt tnuesnnee et eineeneeenntiareiniesnenns +265°C

OPERATING CONDITIONS at Ta = 0 to +70°C
For maximum reliablility, operating conditions should be selected so that operation is always within the following ranges:

LIMITS
CHARACTERISTIC ALL TYPES UNITS
MIN. MAX.
DC Operating Voltage Range 4.5 5.5
Input Voltage Range ' Vin 2.2 Voo +0.3 v
Vie -0.3 0.8
Input Signal Rise or Fall Time& tote — 5 us

Alnput signal rise and fall times with a duration greater than the maximum value can cause loss of stored data in the selectec
mode.

STATIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Voo = 5 V & 10%, Except as noted

LIMITS
CHARACTERISTIC CONDITIONS ALL TYPES |UNITS
Min. [Typ.®|Max.
. Iops CET1=Vi4 or CE2=Vy, — [15] 3 [ mA
Standby Device Current | TET-CE2 > Vop02V or ~ > 100 "
eost CE2=0.2V
loc=2.1 mA — | — |04
v
Output Voltage Low Level VoL Max. o1 A P I
lon=-1 mA 24| — | —
Output Voltage High Level Von Min. low=-1 pA — Voo-0.1— v
Input Leakage Current Iin Max. Vin=0V to Voo — |£0.1 £2
MA
3-State Output Leakage Current loutr Vi0=0 V to Voo — | £0.5] x2
| M Vin=Vi, Vin teye=1 us — |45 9
Operating Device Current OPER1 teye=120Ns | — |22.5| 45 mA
tymips | — | 2 | 4
# = _ cyc!
'OPER2 VIN 02 V, VDD 02 V tcyc=120 ns p— 20 40
. Vin=0'V,
Input Capacitance Cin f=1 MHz, Ta=25°C 4 6 oF
. Vio=0V,
Output Capacitance Cio f=1 MHz, Ta=25°C - 168

®Typical values are for Ta=25°C and nominal Voo. #Outputs open circuited.




592
CDM6264

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0to +70°C, Vpp = 5V £ 10%,
Input t, t: = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vto 2.4 V

CMOS Microprocessors, Memories and Peripherals

S LIMITS
CHARACTERISTIC CDM6264-3 CDM6264-4 UNITS
Write Cycle Times, See Fig. 3 MIN.T MAX. MIN.T MAX.
Write Cycle Time twe 150 — 120 —
Chip Enable to End of WRITE tows,towa - 120 — 100 —
Address Valid to End of WRITE taw 120 — 100 —
Address Setup Time tas 0 — 0 —
Write Enable Width tww 100 — 80 — ns
Write Recovery Time twr 0 — 0 -
Write to Output “High Z” twhz — 70 — 50
Input Data Setup Time tow 60 — 50 —
Input Data Hold Time toH 0 — 0 —
Output Active from End of Write tow 10 - 10 —
*Time required by a limit device to allow for the indicated function.
WRITE CYCLE 1 (CE1 CONTROL)
-—————— 1 !
ADDRESS )(
faw twr

= 7

\
\\
—
AS f— g ——————
CE2 }(\
WE 2
N AN y/4
DATA OUT
Z / AN
a1 o\, —t o
DATA IN / )
92CM-37204

IN A CE1 OR CE2 CONTROLLED WRITE CYCLE, THE OUTPUT BUFFERS
REMAIN IN A HIGH IMPEDANCE STATE, WHETHER OE IS HIGH OR LOW.
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V.

Fig. 3 - Write-cycle timing waveforms.
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DATA RETENTION CHARACTERISTICS at Ta = 0 to 70° C; See Fig. 4.
LIMITS
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNITS
MIN. MAX.
. . CE1=Vpp-02Vor
Minimum Data Retention Voltage Vor CE2<02V 2 5.5 \Y
. , Voo =3V, CE1,CE2 =
Data Retention Quiescent Current looDR Voo - 0.2V or CE2 <0.2 V — 50 MA
Chip Disable to Data Retention Time tcor See Fig. 4 0 —_
ns
Recovery to Normal Operation Time tr See Fig. 4., *tro -

*tac = Read Cycle Time.

DATA RETENTION WAVEFORM 1 (CE1 CONTROL)

DATA RETENTION WAVEFORM 2 (CE2 CONTROL)

CE2
0.4v CE2 £ 0.2V
] e ———
. o 92CM -37208
Fig. 4 - Low Voo data-retention timing waveforms.
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CDP1822, CDP1822C

.RECOMMENDED OPERATING CONDITIONS at Tp = Full Package-Temperature Range
For maximum reliability, operating conditions should be selected so that operation is always
within the following ranges:

LIMITS
CHARACTERISTIC CDP1822 CDP1822C UNITS
Min. Max. Min. Max.
DC Operating Voltage Range 4 10.5 4 6.5 v
Input Voltage Range Vss Voo Vss Voo
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vop)
(Voltage referenced to Vss Terminal)
(070 o - AP e e e -0.5to +11V
CDP1822C ...-05t0o+7V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vop +0.5 V
DC INPUT CURRENT, ANY ONE INPU T .ottt ittt ittt ettt ettt et ettt ettt a e e e i +10 mA
POWER DISSIPATION PER PACKAGE (Pp):
FOr Taz-40 10 +80°C (PACKAGE TYPE E) .ottt ittt ettt ettt ettt sttt ettt enaneens 500 mW

For Ta=+60 to +85°C (PACKAGE TYPEE) ............
For Ta=-55 to +100°C (PACKAGE TYPED)...........
For Ta=+100 to +125°C (PACKAGE TYPE D)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

500 mW

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPES) .« vt tuertteeenneeeninteenneeanneeaineeeannnens 100 mwW
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE D -55to +125°C
PACKAGE TYPE E -40 to +85°C
STORAGE TEMPERATURE RANGE (Tiatg) « ¢ v« v v vt vt vuententeneneeneassneensenesnesuseseanensensessieiesreieeeons -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from Case fOr 10 8 MAX. .+ ..vutvuvnttveennertenernennsiaereessrentonesrenseans +265°C
STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Except as Noted
TEST CONDITIONS LIMITS
CHARACTERISTIC Vo VIN Vbbb CDP1822 CDP1822C UNITS
(V) (V) (V) Min. | Typ.* | Max. | Min. | Typ.* | Max.
Quiescent Device — 0,5 5 — - 500 — — 500 A
Current, loo — o110 ] 10 — — l1000 | — — — M
Output Voltage: — 0,5 5 — 0 0.1 - 0 0.1
Low-Level, VoL — 0, 10 10 — 0 0.1 —_ — —
High-Level, Von - 0,5 5 49 5 - 4.9 5 —
—_ 0,10 10 9.9 10 — — — — v
0.5,4.5 — 5 — — 1.5 — — 1.5
Input Low Voltage, Vi 0595 _ 10 _ _ 3 _ _ _
. 0.5,4.5 - 5 35 — — 3.5 — —
Input High Voltage, Vi 059.5 _ 10 7 _ _ _ _ _
Output Low (Sink) 0.4 0,5 5 2 4 — 2 4 —
Current, lov 0.5 0, 10 10 4.5 9 — —_ — — mA
Output High (Source) 46 0,5 5 -1 -2 - -1 -2 —
Current, lon 9.5 0,10 10 -2.2 -4.4 — —_ — —
—_ 0,5 5 _ -_— +5 — —_ +5
Input Current, lin _ 0,10 10 _ _ £10 _ _ _ A
3-State Output 05 | 0.5 5 = = I = -
Leakage Current lour 0,10 | 0,10 10 —_ — +10 — — —
. — 0,5 5 —_ 4 8 - 4 8
Operating Current, loor T _ 0. 10 10 _ 8 16 _ _ _ mA
Input Capacitance, Cin — — —_— — 5 7.5 — 5 7.5 F
Output Capacitance, Cour — — — — 10 15 — 10 15 P

tOutputs open circuited; cycle time = 1 us.
*Typical values are for Ta = 25°C and nominal Vpp.
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CDP1822, CDP1822C

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp +5%,
Input tptg = 20 ns, Vi = 0.7 Vpp, ViL = 0.3 Vpp, CL = 100 pF

TEST CONDITIONS ) LIMITS
CHARACTERISTIC ‘ Vbb CDP1822 CDP1822C UNITS
: “ (V) Min.T | Typ.* | Max. [ Min.T | Typ.* | Max.
Write Cycle Times (Flg. 2)

) 5 500 — - 500 - —

Write Cycle twe 10 300 _ — — _ —
5 200 - - 200 - -
Address Set-Up tas 10 110 — — — - —

) 5 50 — - 50 - —
Write Recovery twr 10 40 _ _ _ — —

_ ) 5 250 — — 250 - —
Write Width twrw 10 150 _ — —_ — =
Input Data t 5 250 — — 250 - —
Set-Up Time oS 10 150 - - - - -

5 50 - - 50 — -
Data In Hold tow 10 40 - - - - — ns
R 5 200 — - 200 - -
hip-Sel 1 -
Chip-Select 1 Set-Up teZis 10 110 _ _ _ - _

) 5 200 - — 200 — -
Chip-Select 2 Set-Up teses 10 110 - — — — —
e — 5 0 —_ —_ 0 —_ —
Chip-Select 1 Hold tS8m 10 0 — — 0 — —_

) 5 0 - - 0 - -
Chip-Select 2 Hold teszn 10 0 _ — 0 — —

) 5 200 - - 200 - -
Output Disable Set-Up toos 10 110 _ _ _ — —_

tTime required by a limit device to allow for indicated function.
*Typical values are for Ta = 25°C and nominal Vpo.

we {
- 'WR‘]

AO-A7 ’( *
CHTP-SECECT | _\’:'C—s‘s"‘ 'c"sm—'—j/_

CHIP-SELECT 2 %

| I tcses tcseH —

OUTPUT DISABLE ]ﬁ .
e ——1 0pS— — —tps  ——* ‘on
0II-DI4 DATA IN STABLE

_——"‘—\L‘——' —_—
READ/ WRITE X WRW 7

re——hg -—J

* tops !S REQUIRED FOR COMMON I/0

OPERATION ONLY; FOR SEPARATE I/0
OPERATIONS, OUTPUT DISABLE 1S DON'T CARE

Fig. 2 - Write cycle timing waveforms.
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CDP1822, CDP1822C

) " - - - - T - T ——— =7
* 4 (5) (32) |
A0,
s INPUT ROW |
Al BUFFERS 22 A
*62 AND DECOD- ——Ovoo
A2 ] ALL Rows ERS |
A?:z)—-f- DESELECT
2a FUNCTION (¢ !
o |
| |
| (8x32) (8x32) (8 x32) (8 x32) (@) I
on 52 STORAGE STORAGE STORAGE STORAGE| lo®
1 O _ARRAY | _ARRAY ARRAY ARRAY BUFFER —l—onm
p12 O T BITS | DRIVERS| 128
3 4) L~ — | — —_— —» TODOZ
pI3 GATES R (1-4)| 142
014 O T i B I —';onos
[ 63004
BIT (1) BIT(2) BIT (3) BIT(4) |
| < 3 |
|
| |
' (3) (8 (8) (8) (8) |
INPUT
48 b‘i‘ﬁs BURRERS coLUMN|  [coLumN|  [coLumn| |coLumn :
‘egb—?“ ALL COLUMNS | oecoo- DECOD- DECOD- DECOD-
a7’y 7. | DESELECT ERS ERS Y= RS " ers |
O—1 FruncTion |
| M |
ae 0I CONTROL| |
RO —— A |
|
IO [ CONTR

|
cs2 :
%
ouC'eI 1
Voo Voo Voo
Vss Vss 7
* SS 92CL- 30063RI
INPUT PROTECTION ®  output * OVER VOLTAGE
NETWORK PROTECTION PROTECT ION
CIRCUIT CIRCUIT

Fig. 6 - Functional block diagram for CDP1822 and CDP1822C.
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Fig. 7 - 4-kilobyte RAM system using the CDP1858 and CDP1822.




602 CMOS Microprocessors, Memories and Peripherals

CDP1823, CDP1823C

OPERATING CONDITIONS at Tp = FULL PACKAGE-TEMPERATURE RANGE
For maximum reliability, nominal operating conditions should be
selected so that operation is always within the following ranges:

LIMITS
CHARACTERISTIC CDP1823D CDP1823CD UNITS
Min. Max. Min. Max.
Supply-Voltage Range 4 10.5 4 6.5
Recommended Input Voltage Range Vss VDD Vss VDD

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp)
(All voltage values referenced to Vgg terminal)

CDP1828 .. e e e -05t0 +11V
CDPT1823C .ottt e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>