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RCA CMOS LSI

Microprocessors, Memories, Peripherals

This DATABOOK contains full information on CMOS
LS| products (microprocessors, memories, and
peripherals) currently available from RCA Solid
State Division. An Index to Products provides a
complete listing of types.

The Index to Products is followed by several pages
of general product information that includes photo-
graphs showing the package options available for
RCA CMOS LSl products, a Product Overview that
summarizes the basic features and complement of
each category of products, and a Product Classi-
fication Chart that groups integrated circuits and
systems according to product type and intended
function. Next, a Cross-Reference Guide lists popular
memory integrated circuits supplied by other manu-
facturers together with a recommended RCA re-
placement type. The DATABOOK then includes a
general discussion of Operating and Handling
Considerations for CMOS Integrated Circuits.

Five separate data sections provide definitive ratings,
electrical characteristics, and user information for
the (1) 1800 series of microprocessors and micro-
computers, (2) 1800 series memories, (3) 1800 series
peripherals, (4) general-purpose memories, and (5)
6805 series LS| products.

Within each data section, the data pages for in-
dividual integrated circuits are grouped in alpha-
numerical sequence of type numbers.

The DATABOOK also contains selected application
note abstracts on RCA LS| products and dimensional
outlines of all packages in which RCA LS| products
are supplied.
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Information furnished by RCA is believed to be accurate and reliable.
However, no responsibility is assumed by RCA for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of RCA.

The device data shown for some types are indicated as preliminary,
advance, or objective. Preliminary data are intended for guidance
purposes in evaluating devices for equipment design. Such data are
shown for types currently being designecj for inclusion in our
standard line of commercially available products. Advance or
Objective data are intended for engineering evaluation of types in the
initial stages of design. The type designations and data are subject to
change, unless otherwise arranged. No obligations are assumed for
notice of change or future manufacture of these devices. For current
information on the status of preliminary or objective programs, please
contact your local RCA sales office.
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Copyright Convention)
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RCA CMOS LSI Products

Index to Products

Part Page Flle part
No. No. Description No. No.
CD4036A 376 4 x 8 RAM 613 CDP1854C
CD4039A 376 4 x 8 RAM 613 CDP1855
CD4061A 383 256 x 1 RAM 786 CDP1855C
CD40061 391 256 x 1RAM 1188 CDP1856
CD40061A 391 256 x 1 RAM 1188 CDP1856C
CD40114B 396 16 x 4 RAM 1116 CDP1857
CDM5332 401 4096 x 8 ROM 1366 CDP1857C
CDM5333 401 4096 x 8 ROM 1366 CDP1858
CDM6116-1 407 2048 x 8 RAM 1372:__CDP1858C
CDM6116-2 407 2048 x 8 RAM 1372 CDP1859
CDP1802A 14 8-Bit Microprocessor 1305 CDP1859C
CDP1802AC 14 8-Bit Microprocessor 1305 CDP1861C
CDP1802BC 36 8-Bit Microprocessor 1342 CDP1862C
CDP1804AC 56 8-Bit Microcomp/ROM/RAM/ CDP1863
Ctr/Tmr 1371
CDP1805C 84 8-Bit Microproc/RAM/Ctr/Tmr 1349 CDP1863C
CDP1805AC 103 8-Bit Microprocessor 1370
CDP1806C 84 8-Bit Microproc/Ctr/Tmr 1349 CDP1864C
CDP1806AC 103 8-Bit Microprocessor 1370 CDP1866
CDP1821 128 1K x 1 RAM 1200 CDP1866C
CDP1821C 128 1K x 1 RAM 1200 CDP1867
CDP1822 134 256 x 4 RAM 1074 CDP1867C
CDP1822C 134 256 x 4 RAM 1074 CDP1868
CDP1823 141 128 x 8 RAM 1198 CDP1868C
CDP1823C 141 128 x 8 RAM 1198 CDP1869
CDP1824 147 32 x 8 RAM 1103 CDP1869C
CDP1824C 147 32 x 8 RAM 1103 CDP1870
CDP1826C 153 64 x 8 RAM 1311 CDP1870C
CDP1831 160 512 x 8 ROM 1104 CDP1871A
CDP1831C 160 512 x 8 ROM 1104 CDP1871AC
CDP1832 164 512 x 8 ROM 1145 CDP1872C
CDP1832C 164 512 x 8 ROM 1145 CDP1873C
CDP1833 168 Mask-Progr'ble, 1K x 8 ROM 1135 CDP1874C
CDP1833BC 168 Mask-Progr'ble, IKx8 ROM 1135 CDP1875C
CDP1833C 168 Mask-Progr'ble, 1IKx 8 ROM 1135 CDP1876
CDP1834 174 Mask-Progr'ble, 1K x 8 ROM 1143 CDP1876C
CDP1834C 174 Mask-Progrble, 1K x 8 ROM 1143 CDP1877
CDP1835C 177 Mask-Progr'ble, 2K x 8 ROM 1267 CDP1877C
CDP1837C 183 Mask-Progr'ble, 4K x 8 ROM 1381 CDP1878
CDP1851 190 Programmable I/0 1056 CDP1878C
CDP1851C 190 Programmable I/0 1056 CDP1879
CDP1852 203 Byte-Wide I/O Port 1166 CDP1879C
CDP1852C 203 Byte-Wide I/0O Port 1166 CDP1881
CDP1853 210 N-Bit 1 of 8 Decoder 1189 CDP1881C
CDP1853C 210 N-Bit 1 of 8 Decoder 1189 CDP1882
CDP1854 214 UART 1193 CDP1882C
CDP6402

Page
No.

214 UART

232 8-Bit Programmable MDU
232 8-Bit Programmable MDU
245 4-Bit Bus Buffer/Separator
245 4-Bit Bus Buffer/Separator

245 4-Bit Bus Buffer/Separator
245 4-Bit Bus Buffer/Separator
250 4-Bit Latch/Decoder
250 4-Bit Latch/Decoder
250 4-Bit Latch/Decoder

250 4-Bit Latch/Decoder

258 Video Display Controller

266 Color Generator Controller

271 8-Bit Progr'ble Frequency
Generator

271 8-Bit Progr’'ble Frequency
Generator

Description

277 PAL Video Display Controller

286 4-Bit Latch/Decoder
286 4-Bit Latch/Decoder
286 4-Bit Latch/Decoder
286 4-Bit Latch/Decoder

286 4-Bit Latch/Decoder
286 4-Bit Latch/Decoder
295 Video Interface System
295 Video Interface System
295 Video Interface System

295 Video Interface System
312 Keyboard Encoder
312 Keyboard Encoder
320 8-Bit Input Port

325 1 of 8 Binary Decoder

320 8-Bit Input Port

320 8-Bit Output Port

295 Video Interface System
295 Video Interface System

329 Progr'ble Interrupt Controller
329 Progr'ble Interrupt Controller

338 Dual Counter-Timer
338 Dual Counter-Timer
351 Real-Time Clock
351 Real-Time Clock

365 6-Bit Latch/Decoder
365 6-Bit Latch/Decoder
365 6-Bit Latch/Decoder
365 6-Bit Latch/Decoder
367 UART

File
No.

1193
1053
1053
1192
1192

1192
1192
1127
1127
1127

1127
1223
1181

1179

1179

1196
1112
1112
1112
1112

1112
1112
1197
1197
1197

1197
1374
1374

. 1255

1248

1255
1255
1197
1197
1319

1319
1341
1341
1360
1360

1367
1367
1367
1367
1328




General Guide to RCA LSI Products

Index to Products (Cont’'d)

Part Page File  Part Page File
No. No. Description No. No. No. Description No.
CDP6402C 367 UART 1328 MWS5101DL3 412 256 x 4 RAM 1106
CDP65516 434 2K x 8 ROM 1376 MWS5101EL2 412 256 x 4 RAM 1106
CDP6805E2 442 8-Bit Micropro/RAM/Ctr/Tmr 1363 MWS5101EL3 412 256 x 4 RAM 1106

Ctr/Tmr 1369 MWS5101ADL3 419 256 x 4 RAM 1207
CDP6805G2 503 8-Bit MinOCO"lP/ROM/RAM/ MWS5101AEL2 419 256 x 4 RAM 1207

Ctr/Tmr 1364 MWSS101AEL3 419 256 x 4 RAM 1207
CDP6818 529 Real-Time Clock/RAM 1375 Mws5114-1 426 1K x 4 RAM 1325
CDP6823 547 Parallel Interface 1377 MWS5114-2 426 1K x4 RAM 1325
MWS5101DL2 412 256 x 4 RAM 1106 pMws5114-3 426 1K x 4 RAM 1325




RCA CMOS LSI Products

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
H Suffix Chip

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 size-brazed ceramic, dual-in-line
welded-seal ceramic, dual-in-line plastic, flat-pack
ceramic, leadless chip-carrier ceramic and in chip form.
The 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. Forexample a CDP1802A in adual-in-
line ceramic package will be identified as the CDP1802AD.

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

16- and 24-lead versions

K Suffix
24-Lead Ceramic Flat Pack

CD4036A and CD4039A only

L SUFFIX — LEADLESS-
CHIP-CARRIER CERAMIC
PACKAGE

SUFFIX
PACKAGE LETTERS

Dual-In-Line Welded-Seal or
Side-Brazed Ceramic
Dual-In-Line Plastic
Chip
Ceramic Flat Pack
(CD4036A and CD4039A only)
Ceramic Leadless Chip-Carrier

r X Im O




General Guide to RCA LSI Products

Product Overview

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

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

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

= Wide operating voltage range—reduces the need for
expensive regulated power supplies and thereby
allows the design engineer greater freedom to
concentrate on other aspects of system design.

CDP1800 Series

The RCA CDP1800 series offers the most complete line of
CMOS microprocessor 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 architecture, 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 an
on-chip clock, DMA, and single-phase operation.

The CDP1804A microcomputer, currently under develop-
ment, incorporates all the features of the CDP1802
augmented by additional hardware and increased perform-
ance capabilities. The additional hardware includes 2
kilobytes of ROM, a 64-byte RAM array, an 8-bit presettable
down-counter, and 32 additional software instruction,
which add subroutine call and return capability, enhance
data transfer manipulation, control counter modes and
interrupt arbitration, and provide BCD arithmetic capa-
bility.

Also available, are four other 8-bit microprocessors that
are functional and performance enhancements of the
CDP1802. The CDP1805 and CDP1805A feature an on-
board RAM and Counter/Timer. The CDP1806 and
CDP1806A have all the features of the CDP1805 and
CDP1805A, respectively, but contain no on-board RAM.

The microcomputer and microprocessor devices use the
CMOS technology, designed on a single chip to maintain
low power drain.

RCA'’s large and expanding CDP1800-series LS| product
line offers the system designer exceptional flexibility in
hardware/software tradeoffs. In addition to microproces-
sors and microcomputers, this product line includes a
hardware muitiply/divide unit (MDU), a programmable
1/0, video and keyboard interface circuits, latches and
decoders, a universal asynchronous receiver-transmitter
(UART), buffers, separators, and a broad complement of
directly interfaceable random-access memories (RAM’s)
and read-only memories (ROM's).

CDP6800 Series

RCA also offers the CDP6800 family, a new series of pin-
for-pin replacements for the Motorola MC 146805 Series of
CMOS microprocessors and peripherals primarily intended
for single-chip system applications. This family of parts
includes the CDP6805E2 8-bit microprocessor; the CDP-
6805F2 8-bit microcomputer (1K ROM); the CDP6805G2
8-bit microcomputer (2K ROM); the CDP6818 Real-Time

Clock plus RAM; the CDP6823 Parallel Interface I/0; and
the CDP65516 2Kx8 Mask Programmable ROM. Additional
types will be added as they become available.

General-Purpose Memories

In addition to the memories designed to interface directly
with CDP1800-series microprocessors, RCA also offers a
line of general-purpose memories. These memories
include small scratchpad types in the CD4000 series, and
types in the MWS5000 and CDM series.

Leadless Chip Carrier

RCA’s broad CMOS LSI product line now includes 12
standard CDP1800 series chips in leadless chip-carrier
packages. This basic chip set will consist of 20, 28, and
44-lead packages on 50-mil lead centers.

Extra-Value Product

Most RCA CDP1800 series parts are offered with burn-in
(EVP - Extra-Value Program) and are designated by an
“X", “Y" or “Q” suffix added to the part number, e.g.,
CDMS332EX.

Microprocessor Development Systems and
Microboard Computer Modules

For the designers of microprocessor-based equipment
and in support of the CDP1800-series microprocessors
and associated memory and peripheral circuits, RCA
provides a strong and extensive line of systems, system
support components, system support software, system
modules (including Microboard milliwatt computer sys-
tems), and other development aids. The support-system
line includes development systems ranging from a mini-
mum tape-based system to a full development system
having floppy-disk mass memory storage and operating
system software. This line also includes two evaluation
systems that serve as convenient learning tools for design,
hardware interfacing, and programming of microcomputer
systems. These systems can also be used as the basis for
breadboarding and prototyping user-designed microcom-
puter systems.

The RCA Microboard milliwatt computer systems form an
extensive line of fully coordinated products based on a
standard, simple-to-use 4.5 by 7.5 inch module. These
modules feature the inherent CMOS advantages of low
power consumption, wide operating voltage range, and
excellent noise immunity. The microboard systems are all
designed with the microboard universal backplane and
are compatible with RCA Development Systems. User-
developed systems, therefore, can be readily developed
and easily modified.

As aconvenient starting point for the user, two microboard
prototyping systems are available. These systems include
an expandable 5-card chassis, a microboard computer-
system module, a microboard control-and-display module,
ROM-based utility software, and ample room for user-
designed expansion. These prototyping systems enable
the user to reduce his hardware concerns to a minimum
and to maximize his efforts in custom design and software
development to meet the specific requirements of his
application.

The RCA Microsystems DATABOOK SSD-270 provides
detailed information on RCA Microprocessor-based de-
velopment systems and Microboard computer modules
andin the product description booklets and user manuals
available on specific types. (A list of these publications are
included at the end of this DATABOOK).




RCA CMOS LSI Products

Product Classification Chart

Part Number Description

Microprocessors

CDP1802A 8-Bit

CDP1802B 8-Bit

CDP1805C  8-Bit with RAM

CDP1805AC 8-Bit with RAM

CDP1806C  8-Bit with Counter-Timer

CDP1806AC 8-Bit with Counter-Timer

CDP6805E2 8-Bit with RAM/I-O/Counter-
Timer

Microcomputers

CDP1804A  8-Bit with RAM/ROM/Counter-
Timer

CDP6805F2 8-Bit with RAM/ROM/I-O/
Counter-Timer

CDP6805G2 8-Bit with RAM/RON/I-O/
Counter-Timer

RAMs

CcDP1821 1K x 1

CDP1822 256 x 4

CDP1823 128 x 8

CDP1824 32x8

CDP1826 64 x8

CDM6116 2K x 8

MWS5101 256 x 4

MWS5101A 256 x 4

MWS5114 1K x 4

CD4036A 4x8

CD4039A 4x8

CD4061A 256 x 1

CD40061A 256 x 1

CD40114B  16x 4

ROMs

CDM5332 Mask-programmable ROM
512x8

CDM5333 Mask-programmable ROM
512x8

CDP1831 Mask-programmable ROM
512x 8

CDP1832 Mask-programmable ROM
512x8

CDP1833 Mask-programmable ROM
1Kx 8

CDP1833B

Mask-programmable ROM
1K x 8

Page No.

14
36
84
103
84
103

442

56
477
503

128
134
141
147
153
407

412
419
426
376
376
383
391
396

401
401

160
164
168
168

Part Number Description
ROMs (Cont'd)

CDP1834

Mask-programmable ROM
1K x8

CDP1835 Mask-programmable ROM
2K x 8

CDP1837 Mask-programmable ROM
4K x 8

CDP65516  Mask-programmable ROM
2K x 8

Input/Output Circuits

CDP1851 Programmable 1/0 (P10)

CDP1852 Byte I/0 - 8-Bit I/0 Port

CDP1853 Decoder - 1 of 8

CDP1855 Muiltiply/Divide Unit (MDU)

CDP1856 Buffer - 4-Bit

CDP1857 Buffer - 4-Bit

CDP1858 Latch/Decoder - 4-Bit

CDP1859 Latch/Decoder - 4-Bit

CDP1861 Video Display, Controller
(VDC)

CDP1862 Color Generator Circuit

CDP1863 Programmable Frequency
Generator

CDP1864 PAL Video Display Controller
(VvDC)

CDP1866 Latch/Decoder - 4-Bit

CDP1867 Latch/Decoder - 4-Bit

CDP1868 Latch/Decoder - 4-Bit

CDP1869 Video Interface System (VIS)

CDP1870 Video Interface System (VIS)

CDP1871A  Keyboard Encoder, ASCil/Hex

CDP1872 High-Speed Input Port - 8-Bit

CDP1873 High-Speed Decoder - 1 of 8

CDP1874 High-Speed Input Port - 8-Bit

CDP1875 High-Speed Output Port

CDP1876 Video Interface System (VIS)

CDP1877 Programmable Interrupt
Controller

CDP1878 Dual Counter-Timer

CDP1879 Real Time Clock

CDP1881 Latch/Decoder - 4-Bit

CDP1882 Latch/Decoder - 4-Bit

CDP6818 Real Time Clock with RAM

CDP6823 Parallel Interface

UARTSs

CDP1854A UART

CDP6402 Industry Standard UART

Page No.

174
177
183
434

190
203
210
323
245
250
250
250

258
266

271

277
286
286
286
295
295
312
320
325
320
320
295

329
338
351
365
365
529
547

214
367
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Cross-Reference Guide

Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail.
Refer to published data for further information.

Manufact- RCA Nearest| Pin-for-Pin
urer/Type | Description | Equiv. Type | Compatible
-AMI
S5614 1K x4 RAM | MWS5114 Yes
S5101 256 x4 RAM| CDP1822/ Yes
MWS5101
S6508 1Kx1RAM | CDP1821 Yes
FUJITSU
MB8414E | 1Kx4 RAM | MWS5114 Yes
HARRIS
6402 UART CDP6402 Yes
HM6551 256 x RAM | CDP1822/ Yes
MWS5101
HM6508 1Kx1RAM | CDP1821 Yes
HM6514 1K x4 RAM | MWS5114 Yes
HITACHI
HM435101 [256 x 4 RAM| CDP1822/ Yes
MWS5101
HM4334 1K x4 RAM | MWS5114 Yes
HUGHES
HCMP1802 CPU CDP1802 Yes
HCMP1822 | 256 x 4 RAM| CDP1822/ Yes
MWS5101
HCMP1824 | 32 x 8 RAM | CDP1824 Yes
HCMP1831 1512 x8 ROM| CDP1831 Yes
HCMP1832 |512 x 8 ROM| CDP1832 Yes
HCMP1833 | TKx 8 ROM | CDP1833 Yes
HCMP1834 | 1K x 8 ROM | CDP1834 Yes
HCMP1835 | 2K x 8 ROM | CDP1835 Yes
HCMP1851 |1/O Interface{ CDP1851 Yes
HCMP1852 1/0 Port CDP1852 Yes
HCMP1853 N-Bit CDP1853 Yes
Decoder
HCMP1854 UART CDP1854 Yes
HCMP1855 | 8-Bit MDU CDP1855 Yes
HCMP1856/ | Bus Buffer | CDP1856/ Yes
1857 CDP1857/
HCMP1858/ Latch/ CDP1858/ Yes
Decoder
1859 CDP1859
HCMP1861 vDC CDP1861 Yes
HCMP1871 Keyboard CDP1871 Yes
Encoder

Manufact- RCA Nearest| Pin-for-Pin
urer/Type | Description | Equiv. Type | Compatible
INTERSIL
1M6402 UART CDP6402 Yes
IM6551 256 x 4 RAM| CDP1822/ Yes
MWS5101
IM6514C 1K x4 RAM | MWS5114 Yes
IM6316 2K x8 ROM | CDP1835 No
MITEL
MD74SC138A{ Decoder CDP1873C Yes
MD74SC373A] 1/0 Port CDP1872C/ No
CDP1874C
MOTOROLA
MCM6508 | 1K x 1 RAM | CDP1821 Yes
MCM5101 [256 x4 RAM| CDP1822/ Yes
MWS5101
MCM65114 | 1K x4 RAM | MWS5114 Yes
NATIONAL
MM74C920 |256 x 4 RAM| CDP1822/ No
MWS5101
MM74C929 | 1K x1 RAM | CDP1821 Yes
NEC
PD5101 256 x4 RAM| CDP1822/ Yes
MWS5101
PD44/6514 | 1k x 4 RAM | MWS5114 Yes
o] (]
MSM5114 | 1K x4 RAM | MWS5114 Yes
SSS
SCM5101 256 x 4 RAM| CDP1822/ Yes
MWS5101
SCM5114 | 1K x4 RAM | MWS5114 Yes
2K x8 ROM | CDP1835 No
SUPERTEX
CM1600 |2Kx8ROM | CDP1835 No
TOSHIBA
TC5514P 1K x4 RAM | MWS5114 Yes
TC5501P |256 x4 RAM| CDP1822/ Yes
MWS5101
TC5508P 1K x1RAM | CDP1821 No
TCS5507AP | 1K x4 RAM | MWS5114 No




RCA CMOS LSI Products

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.

®Trade 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. It is therefore reccommended
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

10



General Guide to RCA LSI Products

Operating and Handling Considerations (Cont’'d)

output interfaces protect CMOS devices from gate-oxide
failure in handling environments where static discharge is
not excessive. In low-temperature, low-humidity
environments, improper handling may result in device
damage. See ICAN-6525, “Handling and Operating
Considerations for MOS Integrated Circuits”, for proper
handling procedures.

Operating
Unused Inputs

All unused input leads must be connected to either Vss
or VDD, whichever is appropriate for the logic circuit
involved. A floating input on a high-current type not only
can result in faulty logic operation, but can cause the
maximum power dissipation of 200 milliwatts to be
exceeded and may result in damage to the device. Inputs
to these types, which are mounted on printed-circuit
boards that may temporarily become unterminated,
should have a pull-up resistor to Vss or VDD. A useful
range of values for such resistors is from 10 kilohms to 1
megohm.

Input Signals

Signals shall not be applied to the inputs while the
device power supply is off unless the input current is
limited to a steady state value of less than 10 milliamperes.
Input currents of less than 10 milliamperes prevent device
damage; however, proper operation may beimpaired asa
result of current flow through structural diode junctions.

Output Short Circuits

Shorting of outputs to Vss or VDD can damage many of
the higher-output-current CMOS types. In general, these
types can all be safely shorted for supplies up to 5 volts,
but will be damaged (depending on type) at higher power-
supply voltages. For cases in which a short-circuit load,
such as the base of a p-n-p or an n-p-n bipolar transistor,

is directly driven, the device output characteristics given
in the published data should be consulted to determine
the requirements for a safe operation below 200 milliwatts.

For detailed CMOS IC operating and handling
considerations, refer to Application Note ICAN-6525
“Handling and Operating Considerations for MOS
Integrated circuits™.

IC Chips

Integrated-circuit chips, unlike packaged devices, are
non-hermetic devices, normally fragile and small in
physical size, and therefore, require special handling
considerations as follows: -

I. Chips must be stored under proper conditions to
insure that they are not subjected to a moist and/ or
contaminated atmosphere that could alter their
electrical, physical, or mechanical characteristics.
After the shipping container is opened, the chip must
be stored under the following conditions:

A. Storage temperature, 40°C.
B. Relatively humidity, 50% max.
C. Clean, dust-free environment.

2. The user must exercise proper care when handling
chips to prevent even the slightest physical damage to
the chip.

3. During mounting and lead bonding of chips the user
must use proper assembly techniques to obtain
proper electrical, thermal, and mechanical
peformance.

4. After the chip has been mounted and bonded, any
necessary procedure must be followed by the user to
insure that these non-hermetic chips are not subjected
to moist or contaminated atmosphere which might
cause the development of electrical conductive paths
across the realtively small insulating surfaces, In
addition, proper consideration must be given to the
protection of these devices from other harmful
environments which could conceivably adversely
affect their proper performance.
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RCA CMOS LSI Products

CDP1802A, CDP1802AC

Features:

92¢s-27407RI

Terminal Assignment

The RCA-CDP1802A 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 CDP1802A includes all of the circuits required for
fetching, interpreting, and executing instructions which
have been stored in standard types of memories. Extensive
input/output (I/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-

CMOS 8-Bit Microprocessor

s Minimum instruction fetch-execute time of 5 us
or7.5us at Vpp=5V: 2.5 us or 3.75 us at Vpp=10 v
= Any combination of standard RAM and ROM up to 65,536 bytes
w Operates with slow memories, up to 1 us access time at fo[ =4 MHz
= 8-bit parallel organization with bidirectional
data bus and multiplexed address bus
= 16 x 16 matrix of registers for use as
multiple program counters, data pointers, or data registers
u On-chip DMA, interrupt, and flag inputs
s Programmable single-bit output port
® 91 easy-to-use instructions

chronous interface to memories and external controllers
for 1/0 devices, and minimizes the cost of interface con-
trollers. Further, the 1/0 interface is capable of supporting
devices operating in polled, interrupt-driven, or direct
memory-access modes.

The CDP1802A and CDP1802AC are functionally identical.
They differ in that the CDP1802A has a recommended
operating voltage range of 4 to 10.5 volts, and the
CDP1802AC 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). The CDP1802AC is also
available in chip form (H suffix).

Y Y/

MAO-7 MAO-7 MAO-4
coPI8S2
:> INPUT PORT CS2 NO
DATA _CSt
MRD 'MRD MRD
COPI802 COPI833 COPI824
8-8IT CPU 1 K-ROM 32 BYTE RAM
DATA MWR MWR
copigsz SS2[¢—1 M —
OUTPUT PORT cEO cs
cLocK —res TPA TPA
DATA DATA DATA
B-BIT DATA BUS _
92CM-3466IR!

Fig. 1 - Typical COP1802A small microprocessor system.
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1800-Series Microprocessors and Microcomputers

CDP1802A, CDP1802AC
MAXIMUM RATINGS, Absolute-Maximum Values:

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

L0 5 - .
CDP1802AC
INPUT VOLTAGE RANGE, ALL INPUTS
DC INPUT CURRENT, ANY ONE INPUT L. itiitiintiittienrietsnssiatiosesssssssesonteneesnssstesessssonsesasssnsnsannssns
POWER DISSIPATION PER PACKAGE (Pp):
For TA=—4010 +60°C (PACKAGE TYPE EJ ....uuuiuiiiinintninrtieieneeeenssessoaensastessosesiososeesassensasnnsees . 500 mW
For TA=+601t0 +85°C (PACKAGE TYPEE) ......cciuirintiueninernriennsnononsnecncnonenns Derate Linearly at 12 mW/‘C to 200 mW
FOr TA=—551t0 +100°C (PACKAGE TYPE D) .\ \.uuuitiiieetereeneeesneesuesesnssesesansssssessnsiosssasassssnsssnnssns . 500 mW
For TA=+100t0 +125°C (PACKAGE TYPE D) ....oiviniiiiiiiiiiiiiiiiaineninninensnennens Derate Llneutly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FOR TA=FULL PACKAGE-TEMPERATURE RANGE ........citiuitiiittuentennsnsntstsssarstensnsssnscncsssncnesnsnss ... 100 mW

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE D
PACKAGE TYPE E

STORAGE TEMPERATURE RANGE (Tstg)

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/1611/32 in. (1.591+0.79 mm) from case for T0S MAX.  ......iviiuiniuiiieniinrrenerieieriesenenesesrasasssanss +265°C

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

—55to +125°C
.. —40 to +85°C
—65to +150°C

CONDITIONS LIMITS
CHARACTERISTIC Veel VbbD CDP1802A CDP1802AC UNITS
v) ) Min. Max. Min. Max.
DC Operating Voltage _ _ 4 105 4 65
Range Vv
Input Voltage Range — — Vss VpD vVss VDD
Maximum Clock Input Rise
or Fall Time, tp,tf 4t010.5 | 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, fcL, Load 5 10 DC 4 — —_ MHz
Capacitance (C)=50 pF 10 10 DC 6.4 - -

1Vcc must never exceed Vpp.
2gquals 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.

~ 8 LOAD CAPACITANCE (Cy) = 50pF 400[ AMBIENT TEMPERATURE (Ta)» 25°C s
3 T H
i teo .
@ Y00+ 16, i .
: 6 x .
§ 5 E: X5
Vecs. =
E a 1cc sy, Vop=1oy 5
i Vee = H 5 0
g = CC * Vopr 5y i S
. .
2 g ;
z § 1u1
3 < W & H
: = Serft oo
z. ragassasane 10V
- -+ + v
g Tt THL .nn\'?g—run
Léo QLT T n muss) O e D L T
35 45 55 €5 5 85 95 5 ns 12s 25 50 75 100 125 150 75 200
? AMBIENT TEMPERATURE (Tp) - °C LOAD CAPACITANCE (C)— pF
92CS-33866 92CS-29596
Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load
as a function of temperature. capacitance.

15



RCA CMOS LSI Products

CDP1802A, CDP1802AC
STATIC ELECTRICAL CHARACTERISTICS at To=-40 to +85°C, except as noted.
CONDITIONS LIMITS
Vee,
CHARACTERISTIC VouTt VIN Vpp CDP1802A CDP1802AC UNITS
v) ) ) Min. | Typ.®* | Max. Min. | Typ.® | Max.

. . - — 5 — 0.1 50 — 1 200
Quiescent Device Current Ipp _ _ 10 _ ] 200 _ _ — 7.
Output Low Drive (Sink)

Current____ loL 0.4 0,5 5 1.1 2.2 — 1.1 2.2 — mA
_(Etxcept XTAL) 0.5 0,10 10 2.2 4.4 — — — —
XTAL oL 0.4 5 5 170 | 350 — 170 | 350 — uA
Output High Drive (Source) )
Current . lIoOH 4.6 0,5 5 —0.27 | —0.55 — —0.27] —0.55 — mA
(Except XTAL) 9.5 0,10 10 —055| —1.1 - — — =
XTAL 10H 4.6 0 5 —125 | —250 | — | —125]| —250 | — uA
Output Voltage — 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 — 4.9 5 —
High Level VOH — 0,10 10 9.9 10 — — — —
Input Low Voltage ViL 0.5,4.5 — 5 — — 1.5 — — 1.5
0.5, 4.5 — 5,10 — — 1 — — —
1,9 — 10 — —_ 3 — — — \
Input High Voltage ViIH 0.5,4.5 — 5 3.5 — —_ 3.5 —_ —
0.5,4.5 - 5,10 4 — - 4 —_ —
19 — 10 7 - - — = -
CLEAR Input Voltage VH — — 5 0.4 0.5 — 0.4 0.5 —
Schmitt Hysteresis — — 5,10 0.3 0.4 —_ — — —
— — 10 1.5 2 - _ —_ —
Input Leakage Current N Any 05 5 — 2104 | +1 — 2104] 1
Input 0,10 10 — | 104 ] +1 — — — A
3-State Output Leakage 0,5 0,5 5 — | 104 | +1 — | 104| +1 K
Current louT 0,10 0,10 10 — | +104 | 1 — — —
Operating Current,  Ipp14&
f=3.2 MHz — — 5 — 2 4 — 2 4 mA
Minimum Data Retention
Voltage VDR VDD=VDR —_ 2 24 - 2 24 v
Data Retention Current IDR VDpD=24V - 0.05 - - 0.5 —_ LA
Input Capacitance CIN — 5 7.5 — 5 7.5 pF
Output Capacitance  CoyuT — 10 15 - 10 15
*Typical values are for To=25°C and nominal Vpp. A\dle “00” at M(0000), C| =50 pF.
DRAIN-TO~SOURCE VOLTAGE (Vpg)-V
<100 -9 -8 -7 -6 -5 -4 -3 -2 - o
e
EF GATE- T~ SOURCE VOLTAGE (Vgs)+ -5V g 1 H
2 .’E% ;o 25 r ‘r
2 :t: -TO-SOURCE VOLTAGE (Vgg)=10V I
3 & 3 20
4 é ; 15
AMBIENT TEMPERATURE =-40 TQ +85°C é g
t I,il 5 g— g 10 ae:‘_"v":r"”"m"“r RE:-4070+85°CH
g s 2
'3 : it
1 o | 2 3 5 6 7 8 9 10

92Cs-31863
Fig. 4 - Minimum output high (source) current characteristics.

DRAIN-TO-SOURCE VOLTAGE (VDS) -V

92CS-31864

Fig. 5 - Minimum output low (sink) current characteristics.
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1800-Series Microprocessors and Microcomputers

CDP1802A, CDP1802AC

N : AMBIENT TEMPERATURE (T4)=25°C T AMBIENT TEMPERATURE (Ta)=28°C
g - . 2
51005 oS 3
2 6 N0} P .
O 4 N, q i X
2 Jee g oy
B 2 o0l 3 5
22
s ! 1l " A H
2 o =y ’ =
B RS\ & ‘: %
5 c o £ 2
2
o ! % ‘VQQ‘\O‘ &
2 4 X0
2 L1
T 2
- 0.1 M I
NOTES: 0.0! ¢ O‘I 4 ! 10 3:&'5 * 100 %0 20
B . L LOAD CAPACITANCE (AC()— pF | NOTE: ANY OUTPUT
£+"00" AT M(0000) CLOCK INPUT FREQUENCY (fg))—MHz AT 50 pF
g?v'iucr-lo = "g?(’)"l"AT M(8107) 92CS-29549 EXCEPT XTAL
C_*50 pF 9205-29598
Fig. 6 - Typical power dissipation as a function of clock Fig. 7 - Typical change in propagation delay as a
frequency for BRANCH instruction and IDLE instruction. function of a change in load capacitance.
1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS /—-L—ﬁ
1 1 DWE CONTROL
r \ / \ ouT
MAG MA4 MA2 MRO EFT EFS g
MA7|Ma5IMA3| Mal Eleera TJ.TT CLEAR inm

MUX cLoC!
G e
> XTAL

> sco}_snrs
CONTROL AND
CODES
TIMING LOGIC —scl
—a Losic
> TPA

7P8 | SYSTEM
D ek FSTWING

TO INSTRUCTION [—PMRD
DECODE

REGISTER
ARRAY

"
No 1/0
LATCH
AND T I NI MMANDS
DECODE )

8-BIT BIDIRECTIONAL DATA BUS

Fig. 8 - CDP1802A block diagram.

92CM-34668R!

r.——-_—_-_— FETCH (READ) =*r_— EXECUTE (WRITE) -———-1

CLOCK  |00JO1{10] 1t |20} 21 31]40] 41|50151 J60] 61170} 71]00} O1 |10} 11 J20] 21 |30} 31 41150} 81 jl60j 61 n

ADDRESS | HIBYTE | LOW BYTE 1 wevre | LOW BYTE ]

™ 1 L
e 1 1

- I
DATA ] VALID INPUT DATA — VALID OUTPUT DATA -

Fig. 9 - Basic dc timing waveforms, one instruction cycle.
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RCA CMOS LSI Products

CDP1802A, CDP1802AC

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/O instruction to signal the I/0 control logic
of a data transfer between memory and 1/0 interface. These
lines can be used to issue command codes or device
selection codes to the 1/0 devices (independently or
combined with the memory byte on the data bus when an /O
instruction is being executed). The N bits are low at all times
except when an 1/0 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 1/0 instruction by
bit N3 (internally) and is indicated by the level of the MRD
signal.

=V¢cc: Data from 1/0 to CPU and Memory
MRD=Vgg: Data from Memory to 1/0

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 con-
junction with the INTERRUPT request line to establish
interrupt priorities. These flags can also be used by /O
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 CDP1802A 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
current instruction; designator X is set to 2; designator P is
setto 1; interrupt enable is resetto 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, or2) 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=Vcg, L=Vss.

State Code Lines
State Type sC1 SCo
S0 (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/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
higher-order byte of the 16-bit memory address. TPA is
suppressed in IDLE when the CPU is in the load mode.

MAO to MA7 (8 Memory Address Lines):

Ineach 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 L.

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 6.4 MHz at Vocc= Vpp=10 volts. 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. The
crystal is 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

VpD: Vss: Vcc (Power Levels):

The internal voltage supply Vpp is isolated from the
Input/Output voltage supply Vg so that the processor may
operate at maximum speed while interfacing with peripheral
devices operating at lower voltage. Vcc must be less than or
equal to Vpp. All outputs swing from Vgg to Vgg. The
recommended input voltage swing is Vgg to V.
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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
D);
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 various 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-
matically 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 (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

Theregisters 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 F1-F5, F7, 74, 75, 77;

. output instructions 61 through 67;

. input instructions 69 through 6F;

. 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.

HWN =

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 besensed 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 interruptions.
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). At the 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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CPU Register Summary
D. 8 Bits | Data Register (Accumulator) N 4 Bits | Holds Low-Order Instr. Digit
DF 1 Bit Data Flag (ALU Carry) I 4 gits Holds High-Order Instr. Digit
| B 8Bits | 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 WATIT and CLEAR lines provide four control modes as Pause

listed in the following truth table:

CLEAR WAIT M

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 /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 (Vsg) 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, S1,0ran 82 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.

CDPI802A
Rg .
CLEAR The RC time constant
3 —'&’ should be greater than
c the oscillator start-up time
T (typically 20 ms).

92CS 33873

Fig. 1b - Reset diagram.

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
ignored.

Bun

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 CDP1802A 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.

IDLEDMASINT

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

INTeDMA

INTeDMA

PRIORITY: FORCE S0, S1
DMA IN

DMA ouT 92Cs-33872
INT

Fig. 11 - State transition diagram.
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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=Nor X, orP

CDP1802A, CDP1802AC

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 VIAN 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 VIAN 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)+1=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

GETHIGH REG N GHI ON R(N).1—-D

PUT HIGH REG N PHI BN D—R(N).1

LOGIC OPERATIONS $

OR OR Fi1 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,
0-MSB(D)

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

s 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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CDP1802A, CDP1802AC

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=vgg) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF1=0 BN1 3c IF EF1=0, M(R(P))~R(P).0
(EF1=Vce) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF2=1 B2 35 IF EF2=1, M(R(P))~R(P).0
(EF2=vgs) ELSE R(P)+1—~R(P)
"SHORT BRANCH IF EF2=0 BN2 3D IF EF2=0, M(R(P))~R(P).0
(EF2=vc) 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=Vce) ELSE R(P)+1—~R(P)
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CDP1802A, CDP1802AC
TABLE I — INSTRUCTION SUMMARY (Contd)

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
(EF4=Vgs) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M(R(P))—~R(P).0
(EF4=Vco) 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$§ R(P)+2~R(P)
LONG BRANCH IF D=0 LBZ c2 .IF D=0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0 -
ELSE R(P)+2~R(P)
LONG BRANCH IF D NOT 0 LBNZ CA IF D NOT 0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2~R(P)
LONG BRANCH IF DF=1 LBDF c3 IF DF=1, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2~R(P)
LONG BRANCH IF DF=0 LBNF cB IF DF=0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2~R(P)
LONG BRANCH IF Q=1 LBQ c1 IF Q=1, M(R(P))~R(P).1
M(R(P)+1)~R(R).0
ELSE R(P)+2~R(P)
LONG BRANCH IF Q=0 LBNQ co IF Q=0, M(R(P))~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2~R(P)
SKIP INSTRUCTIONS
SHORT SKIP (SEE NBR) SKP 38§ R(P)+1=R(P)
LONG SKIP (SEE NLBR) LSKP cs$ 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 LsQ co IF @=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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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 C4 CONTINUE
SETP SEP DN N—-P
"SET X SEX EN N—-X
SETQ ) SEQ 78 1-Q
RESETQ REQ 7A 0—-Q
SAVE o 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 OuUT 1 61 M(R(X))—~BUS;R(X)+1-R(X); N LINES=1
OUTPUT 2 ouT 2 62 M(R(X))—BUS;R(X)+1—R(X); N LINES=2
OUTPUT 3 OuUT 3 63 M(R(X))—BUS;R(X)+1—~R(X); N LINES=3
QUTPUTA4 OuUT 4 64 M(R(X))—~BUS;R(X)+1—R(X); N LINES=4
OUTPUT 5 ouUT5 65 M(R(X))—~BUS;R(X)+1—~R(X); N LINES=5
OUTPUT 6 ouT 6 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 6B 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
Notes

$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/0 REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED.
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CDP1802A, CDP1802AC
Notes for TABLE 1

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 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).

. 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.

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 is 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 D=0
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 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.
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NOTES:
I. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 92CL -33869RI

WAVEFORMS

3. SHADED AREAS INDICATE "DON'T CARE" OR UNDEFINED STATE;
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD

Fig. 12 - Timing waveforms.
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CDP1802A, CDP1802AC
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, CL=50 pF, Vpp5%, except as noted.

Vce Vob _._.I.I.qlli__
CHARACTERISTIC V) IEE™S 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 ty" 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 tH" 5 10 100 200
10 10 75 125
5 5 -75 0
Interrupt Setup tsu 5 10 -50 0
10 10 —25 0

°Typ|ca| values are for To=25°C and nominal Vpp. )
'Maximum limits of minimum characteristics are the values above which all devices function.
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CDP1802A, CDP1802AC
DYNAMIC ELECTRICAL CHARACTERISTICS  (Cont'd)

vee VoD LIMITS
CHARACTERISTIC W ) Tve’ | Max. UNITS
Minimum Setup and Hold Times:
5 5 100 150
Interrupt Hold ty" 5 10 75 100
10 10 50 75
5 5 10 50
‘WAIT Setup tsu 5 10 -10 15
10 10 0 25
5 5 —-30 20
EF1-4 Setup tsu 5 10 —20 30
10 10 —10 40
5 5 150 200 ns
EF1-4 Hold ty" 5 10 100 150
10 10 75 100
Minimum Pulse Width Times:
5 5 150 300
CLEAR Pulse Width twL™ 5 10 100 200
10 10 75 150
5 5 125 150
CLOCK Pulse Width twi 5 10 100 125
10 10 60 75

*Typical values are for TA=25°C and nominal Vpp.
®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.

\'} Vpbp LIMITS
CHARACTERISTIC (t\:/;: o T T

High-Order Memory-Address Byte 5 5 2T-550| 2T-400
Set Up to TPA A~ Time tsu 5 10 | 2T-350| 2T-250
10 10 | 2T-250| 2T-200
High-Order Memory-Address Byte 5 5 T/2-25| T/2-15
Hold after TPA Time tH 5 10 T/2-35 | T/2-25
) 10 10 T/2-10 | T/24+0

Low-Order Memory-Address Byte 5 5 T-30 T+0

Hold after WR Time tH 5 10 T-20 T+0 ns

10 10 T-10 T+0

CPU Data to Bus Hold 5 5 T-200 | T-150
after WR Time tH 5 10 T-150 | T-100

- 10 10 T-100 | T-50
Required Memory Access Time 5 5 5T-375 | 5T-250
Address to Data tAcC 5 10 | 5T-250| 5T-150
10 10 5T-190 | 5T-100

*Typical values are for TA=25°C and nominal Vpp.
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) CDP1802A, CDP1802AC
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES __

DATA MEMORY A "N
STATE ! N | MNEMONIC |  OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESG
S1 RESET 0-1,N,Q.X.P; 00 XXXX 1 1 [ A
1—~IE ,
s1 INITIALIZE 0000~R 00 XXXX 1 1 | o 8
NOT PROGRAMMER I :
ACCESSIBLE
S0 FETCH MRP—I, N; MRP RP 0 1 0 c
RP+1—-RP '
0 0 DL 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 _ AN—1—RN FLOAT RN 1 1 0 1
3 0-F | SHORT TAKEN;
BRANCH MRP—RP.0 MRP RP 0 1 0
NOT TAKEN; s
RP+1-—-RP.
4 o-F LDA MRN~-D; MRN RN 0 1 [ 3
AN+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 OouT 1 1
2 ouT2 2
3 OuT3 3
4 ouT4 MRX~—BUS; MRX RX 0 1 4 6
5 ouTs RX+1—RX 5
6 ouTé 6
6 7 QuUT 7 7
9 INP 1 DATA 1
A INP 2 FROM 2
B INP3 v 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 oIS 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 | 1 N_| MNEMONIC| OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESG
5 sDB MRX—D— MRX RX 0 1 0 3
DFN—-DF.D
6 SHRC LSB(D)—-DF; FLOAT RX 1 1 0 1
DF—-MSB(D)
7 SMB D—MRX— MRX RX 0 1 0 3
DFN—DF.D
S1 7 8 SAV T—-MRX T RX 1 0 0 2
9 MARK (X,P)—T, MR2; T R2 1 0 0 2
P—X; R2—1—~R2
A REQ 0—-Q FLOAT RP 1 1 (1] 1
B SEQ 1-Q FLOAT RP 1 1 0 1
C ADCI MRP+D+ MRP RP 0 1 0 3
DF—DF,D; RP+1
D SDBI MRP—-D— MRP RP 0 1 0 3
DFN—DF,D;
RP+1
E SHLC MSB(D)—DF; FLOAT RP 1 1 0 1
DF—-LSB(D)
F SMBI D—MRP— MRP RP 0 1 0 3
DFN-DF,D;
RP+1
8 0-F GLO RN.0—-D RN.0 RN 1 1 0 1.
9 0-F GHI RN.1—-D RN.1 RN 1 1 0 1
A 0-F PLO D—RN.0 D RN 1 1 0 1
B 0-F PHI D—RN.1 D RN 1 1 0 1
St#1 TAKEN: MRP—B; MRP RP 0 1 0 4
RP+1—-RP
#2 LONG TAKEN: B—RP.1; M(RP+1) RP+1 0 1 0 4
0-3, BRANCH MRP—RP.0
St#1 8-B NOT TAKEN: MRP RP 0 1 0 4
RP+1—-RP
#2 Cc NOT TAKEN: M(RP+1) RP+1 0 1 0 4
RP+1—-RP
S1#1 5 TAKEN: RP+1—RP MRP RP 0 1 0 4
6
#2 7 LONG TAKEN: RP+1—RP M(RP+1) RP+1 0 1 0 4
C SKIP
S1#1 D NOT TAKEN: MRP RP 0 1 0 4
E NO OPERATION
#2 F NOT TAKEN: MRP RP 0 1 0 4
NO OPERATION
S1#1 NO OPERATION MRP RP 0 1 0 4
4 NOP
#2 NO OPERATION MRP RP 0 1 0 4
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TABLE IL. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING

ALL MACHINE STATES (CONT'D)

DATA MEMORY [ N
STATE l N | MNEMONIC | OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS
D | oF SEP N=P NN AN 1 1 Q 1
E | oF SEX N—X NN BN 1 1 Q 1
0 LDX MRX—D MRX RX 0 1 Q a
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 LDl 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 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 1 0 1
0~LSB(D)
DMA IN BUS—MRO; DATA FROM RO 1 0 0 F.7
'32 R0+1—~R0O 1/0 DEVICE
DMA OUT MRO—BUS; MRO RO 0 1 0 F.8
RO+1—R0O
S3 INTERRUPT X,P—T; 0—IE FLOAT RN 1 1 o 9
1—P; 2—-X
s1 LOAD IDLE M(RO—1) RO—1 0 1 0 E3
(CLEAR, WAIT=0)
NOTES:

OMTMUO D>

. IE=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. 14 timing waveforms for machine cycles 1 through 9.
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B e

0o 1 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 ' 2 3 4 5 6 7 0 1 2 3 4
crock LML AL LU UL nunununurunu oo rurunuLnunUrLr

TPA 1 1 M1 M Imm
8 1 Il g g
UOSHINE T CVCLEn I TVCLE L 1 T CYCLE(n v 21 T CYCLE [n v 31 [ tVciEms

MA “HIGHADD | LOWADDRESS _ JHIGH ADD]  LOW ADDRESS __ |HIGH ADD] — LOW ADDRESS  HIGH ADD] LOW ADDRESS  HIGHADD]  LOW

General timing waveforms.

INSTRUCTION FETCH (SO} I EXECUTE (ST) 1 FETCH (S0 I EXECUTE (S1) |_FETCH 1(S0)
fo—MEMORY READ CYCLE ———anfea— — NON MEMORY CYCLE ——aba— MEMORY READ CYCLE ——a|a——— NON-MEMORY cvcus—-—*——'ggrg“
o 1 1 | 1c”
MRD CYCLE
MWR (HIGH)
MEMORY — )
outeur o s [z
L - g -—
ALLOWABLE MEMORY ACCESS ~ LVALID OUTPUT VALID OUTPUT

No. 1 Non-memory-cycle timing waveforms.

INSTRUCTION | FETCH (SOl | EXECUTE (ST | FETCH (SO) [ EXECUTE (1) | FETCH 50
I-Q—MEMO;RV READ CYCLE - - #-ja——MEMORY WRITE CYCLE ———{‘—— MEMORY READ CYCLE —#-@——— MEMORY WRITE CYCLE —#@—— MEMORY
READ
MRD ] 1 | ] cveLe
MWR l | '
MEMORY

OuTPUT

[ ———
ALLOWABLE MEMORY ACCESS o VALID OUTPUT VALID OUTPUT
CPU OUTPUT
OFF )| VALID DATA T OFF | VALID DATA |
MEMORY

No. 2 Memory write-cycle timing waveforms.

INSTRUCTION | FETCH (SO0) [ EXLCUTE (ST I FETCH (SO) 1 EXECUTE (S1) | FeTcH (500
MEMORY READ) CYCLE MEMOHY READ CYCLE ——el#—— MEMORY READ CYCLE MEMORY READ CYCLE ———#ja—— MEMORY
[ — ——ef— MEMO cYCLE—wfe— MEMO!
wio "] 1 L 1 e
MWR (HIGH)
MEMORY
oureor A 7Y ZA Y oA A Z W7
-+ -
ALLOWABLE MEMORY ACCLSS L——- VALID OUTPUT VALID OUTPUT VALID OUTPUT LVAL!DOUTPUT

No. 3 Memory read-cycle timing waveforms.

INSTRUCTION _| FETCH (SO [ EXECUTE (S1) I EXECUTE (S1) T FETCH (SO} [ EXECUTE _(S1)
'-——-— MEMORY READ CYCLE —+—— MEMORY READ CYCLE -*———— MEMORY READ CYCLE *—-MEMORY READ CVCLE——*—- MEMORY
READ

we [ i 1 1 S e

MWR (HIGH)

MEMORY
oorer Y 7 Y I T R 7
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT - VALID OUTPUT '

No. 4 Long-branch or long-skip-cycle timing waveforms.

U777 “oont care” or intemnat aeiays - High impedance state

92CL-29600

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown).
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MACHINE CYCLE | CYCLE n | CYCLE (n+ 1) 1
INSTRUCTION | FETCH (S0) R EXECUTE (S1) |
wRo 1 T
NO-N2 . I N-9-F \_
MWR | I— |

MEMORY
ooreor LY. 1 .
ALLOWABLE MEMORY ACCESS L VALID OUTPUT

MEMORY L MEMORY
READ CYCLE e WRITE CYCLE

“User-generated signal

92CS—-2960i
No. 5 Input-cycle timing waveforms.
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1
cLocK
TPA 1 |
MACHINE
CYCLE 1 CYCLEn 1 CYCLE (n+ 1) I
INSTRUCTION __| FETCH (SO) T EXECUTE (S1) -~

e
wio L [ 1 [
|

NO - N2 / N-1-7

ALLOWABLE MEMORY ACCESS

ora s 7777 7 777777777770, ]

VALID DATA FROM MEMORY
ALLOWABLE MEMORY ACCESS L VALID OUTPUT

DATA STROBE*
{MRD - TPB - N)

I
! MEMORY '

MEMORY
—— e e ———————— —_—l
| READ CYCLE READ CYCLE
|

“User-generated signal

“Don't Care” or internal delays.

92CS-29602

High-impedance state

LN

No. 6 Output-cycle timing waveforms.

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued.
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o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 72 o 1 2 3 4 65 6 7 o 1 2 3 4 5 6 7 O

TPA Nl | 1 i
P8 1L ! 1 | e
MACHINE ‘
voreE I CYCLE n I CYCLE (n ¥ 1 I CYCLE (n+2) | CYCLEn+ 3 I
INSTRUCTION ] FETCH (50) T EXECUTE (ST | DMA (S2] T FETCH (S0)_ T
DMAIN * 2. 2 17 222 2222222772772
MRD ] ] A L
MWR K, —d
MEMORY
oo 2 Z8 7 7 IS
VALID QUTPUT VALID OUYPL‘H’
DATA BUS"
i ! 1 1
) | | 1
MEMORY MEMORY ! MEMORY ! MEMORY |
e ___..;.___ READ, WRITE OR —.p—- ——te————— e
l READ CYCLE | NON.MEMORY CYCLE WRITE CYCLE " READ CYCLE H
1 | l | |
“User-generated signal 92CS~29603
No. 7 DMA-IN-cycle timing waveforms.
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
cock LM Uy UJuUuyvuUUUuUuUuUuUuUuUuU
AL | I I |
P8 1 1 1
MACHINE
CYCLE CYCLE n T CYCLE (n + 1) I CYCLE (n +2) [CYCLE (n +3)
INSTRUCTION | FETCH (S0) 1 EXECUTE (S1) 1 DMA (S2) JreTcH (so)
DMA-OUT * A | %, 7| | 7.
MRD 1 | Y A | [ 1
MWR C——-d
MEMORY p
outrur T /Z%— |7 7 A/(' e 7
VALID DATA FROM MEMORY
DATA* VALID OUTPUT (|
STROBE | | i |
(S2-TPB) | | MEMORY !
e Oy ————®le———— READ, WRITE OR ———b-—-——EE"fx%Mg'RCVLE————:-MEMORV
READ CYCLE ! NON MEMORY CYCLE I READ CYCLE

I | | |
92CM-29604RI

“User-generated signal

No. 8 DMA-OUT-cycle timing waveforms.

o 1 2 3 4 5 6 7 0 1 2 3 4 S5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0
e g g EgipigigigiigiigipgigipipipEpigigigipgigigigipligEgliy|
TPA 1 1 1 L
e il M il | T
TeCHNE T CvClEn I CYCLE s 1] I CYCLE(me 2] T CVCLE (h e 3] 1
INSTRUCTION _ | FETCH (SO0) 1 EXECUTE (S1) | INTERRUPT (S3) 1 FETCH (S0) |
wo 1 I Y 1 I
J— v 4
MWR ———
INTERRUPT * AV A iz
(INTERNAL) IE 1

OuTPUT
C——
L VALID OUTPUT VALID OUTPUT

| I | [ |
MEMORY MEMORY READ, WRITE MEMORY
je————— ————— ———-b-————- ——-*-——— —_—l
| READ CYCLE 1 OR NON-MEMORY CYCLE NON-MEMORY CYCLE READ CYCLE \
“User-generated signal
m “Don’t Care” or internal delays - High-impedance state
No. 9 INTERRUPT-cycle timing waveforms.

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

92CM-29605
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208 - 216
(5.283-5.486)

158 - 166
(4.013-4.216)

Dimensions in parentheses are in millimeters and are derived from
the basic inch dimensions as indicated. Grid graduations are in
mils (10~3 inch).

92CL-33410

The photographs and dimensions of each CMOS chip represent a
chip when it is part of the wafer. When the wafer is cut into chips,
the cleavage angles are 57° instead of 90° with respect to the face
of the chip. Therefore, the isolated chip is actually 7 mils (0.17 mm)
larger in both dimensions.

Dimensions and pad layout for COP1802ACH.
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Voo

XTAL
DMA IN
DMA OUT
INTERRUPT

Features:

Preliminary Data

CMOS 8-Bit Microprocessor

s Minimum instruction fetch-execute time of 3.2 us
P8 (maximum clock frequency=5 MHz) at Vpp=5 V
MAG s Any combination of standard RAM and ROM up to 65,536 bytes
w Operates with slow memories, up to 775 ns access time at fo =5 MHz
» 8-bit parallel organization with bidirectional
data bus and multiplexed address bus
® 16 x 16 matrix of registers for use as
&7 multiple program counters, data pointers, or data registers

TOP VIEW ® On-chip DMA, interrupt, and flag inputs

92CS-27467RI

m Programmable single-bit output port

Terminal Assignment » 91 easy-ta-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 flexibiiity 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 1/0 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
copigs2
__—._> INPUT PORT CS2 NO
DATA _CS!
MRD ‘MRD WRD
CDPI802 CDPI833 COPI824
8-BIT CPU | K-ROM 32 BYTE RAM
DATA MWR MWR
cs2 NI
cOPIB52 ] —
<:‘ OUTPUT PORT cEO cs
cLoCK e TPA TPA
DATA DATA DATA
B8-BIT DATA BUS
92CM-3466IR!

Fig. 1 - Typical CDP1802BC small microprocessor system.

36



1800-Series Microprocessors and Microcomputers

CcDP1802B
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp):

(All voltages referenced to Vgg terminal)

[ m ] 22 T o - o N Ceeees —05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS —0.5to Vpp H0.5V
DC INPUT CURRENT, ANY ONE INPUT . ...t titieittetinsieenueteenassssasssenreosossosnsossssseassosssnatssssans e e 10 MA
POWER DISSIPATION PER PACKAGE (Pp):

For TA=—4010 +60°C (PACKAGE TYPEE) . ...t iviiiitiiiiieii it eieietiinetastitisastisnstatassacsrasnsanas verenes.. 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) .....\iuniniiiiiiiiteiiiatietettiisitnteitietatetisnitssnsssnsnsnsnsnns cees. 500 MW

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

FOR TA=FULL PACKAGE-TEMPERATURE RANGE ... .. .ittitiiiiiiiiiiietiiietienesaerosetasiesstsatassretstssioncns ... 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D .iittititintiittentnestsasaessaenentaasuosasssensasssessssnsssssesesersasosiosssnsossassssns

PACKAGE TYPE E..iviitiiitiiiiiiintiititeiaeinaeatesierioenesesonssersensensenesnasosanaos
STORAGE TEMPERATURE RANGE (Tgtg) -« v cenuureretinnnnettttiiiitieetiaiitttiaiaritttaeiiatestisennnnens
LEAD TEMPERATURE (DURING SOLDERING):-

At distance 1/16+1/32 in. (1.59+0.79 mm) from case for 10 s max.

Derate Linearly at 12 mW/°C to 200 mW

OPERATING CONDITIONS at T4=-40°C to +85°C
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges:

CONDITIONS LIMITS
CHARACTERISTIC Veel Vpbp CDP1802BC UNITS
v) v) Min. Max.
DC Operating Voltage Range - - 4.0 6.5 v
Input Voltage Range - - Vss VbD
Maximum Clock Input Rise or Fall Time, t;,tf 4t06.5 4t06.5 — 1
Minimum Instruction Time2 5 5 3.2 — ps
Maximum DMA Transfer Rate 5 5 - 667 KBytes/s
Maximum Clc?ck Input Frequency, fcL 5 5 DC 5 MHz
Load Capacitance (Cy)=50 pF

1V 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.

s 8] LOAD CAPACITANCE (Cy )=50pF 400 AMBIENT TEMPERATURE(Ta)=25°C T
¥ AT
L 35 HHH
S B e 52
: Lo 5
3 X Voo=sy g N
w S ~250)
£ Ssaan 3
x =,
o 4 200
S H
=
3 2150
S =3
2 = 3
X 2 100! Vap"
< -
: : o
0 £ 50 H
13 T H
2o HHHH H
L] SSSBEESRES LI117] SESSNENEES L ISSRSES AN RuE R
25 35 45 55 (1] 75 85 95 105 115 'S 25 50 75 0 128 IS0 I7S 200
AMBIENT TEMPERATURE (Ty )—°C LOAD CAPACITANCE (CL)—pF
92CS-34862 92C8-34683
Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load
as a function of temperature. -capacitance.

C
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STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, except as noted.
CONDITIONS LIMITS
vee,
CHARACTERISTIC VouTt VIN VbD CDP1802BC UNITS
) ) ) Min. Typ.* Max.
Quiescent Device Current IDD — — 5 — 1 200 7.3
Output Low Drive (Sink) Current loL 04 05 5 11 22 _ mA
(Except XTAL)
XTAL 0.4 5 5 170 350 — UA
Output High Drive (Source) Current  IoH 46 05 5 —0.27 | —055 _ mA
(Except XTAL)
XTAL 46 0 5 —125 | —250 — HA
Output Voitage Low-Level VoL —_ 0,5 5 — 0 0.1
Output Voltage High Level VOH — 0,5 5 4.9 5 —
Input Low Voltage ViL | 0545 — 5 — - 1.5 \'
Input High Voltage VIH | 0545 — 5 3.5 — —
CLEAR Input Voltage VH _ — 5 0.4 05 _
Schmitt Hysteresis
Input Leakage Current N I:;:t 05 5 — | +104 | 1
HA
3-State Output Leakage Current louT 0,5 0,5 5 — +10-4 +1
Total Power Dissipation, f=5 MHzA - - 5 — 15 30 mw
Minimum Data Retention Voltage VDR ‘VDD=VDR - 2 24 v
Data Retention Current IDR Vpp=2.4V — 0.5 - UA
Input Capacitance CIN - 5 7.5 pF
Output Capacitance CouT - 10 15

*Typical values are for TA=25°C and nominal Vpp.

Aidie “00” at M(0000), C{ =50 pF.

DRAIN-TO-SOURCE VOLTAGE (Vpg)-Y,
- % 2 M

>

o
OUTPUT HIGH (SOURCE) CURRENT ( Im,- mA

Y

92CS- 34664

Fig. 4 - Minimum output high (source) current characteristics.

AMBIENT TEMPERATURE=-40 TO +85°C

-

N

OUTPUT LOW (SINK) CURRENT (i )—mA

g

L

| 2 3
DRAIN-TO-SOURCE VOLTAGE (Vpg)—V

4q

92CS-34665

Fig. § - Minimum output low (sink) current characteristics.

'
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AMBIENT TEMPERATURE (T,)e25°C

AMBIENT TEMPERATURE (Tp )+ 25°C
R
S
B
@-”: -
N
14
S
N
X PaPd &
g?"‘\ o N
- 0\’ oc -
9 H
= ront
H
] s T 4 6 J'_:
NOTES: 0.01 Y] 1 . 10 100 o 20
IDLE ="00" ATM(0000) CLOCK INPUT FREQUENCY (1g))~ MHz LOAD CAPACITANCE (4 Cy)—F inoTE: Awvourmer
BRANCH ="3707"AT M (8107) 92CS-34666 EXCEPT
92c8-34807

C\ =50 pF
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 capacit:
1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS

bWE  CONTROL
/ \——— ™
MA6 MA4 MA2 MAO EFT EF3 BWA
ma7|mas(mas|mai Erz|EFa TNl'NT “TLEAR WATT
l ll Iny 4

MUX cLock I Sl
Y fe— CLOCK
> XTAL
> SCO)_STATE
CONTROL AND —»sct}' STATE
TIMING LOGIC
—»aq Locic
»TPA
L »7PB | sysTEM
> WwR [TIMING
TO INSTRUCT ION —PMRD
DECODE

L=

REGISTER
ARRAY
f i
No I/0
LATCH
AND T I NI toMMANDS
DECODE N2
§-BIT BIDIRECTIONAL DATA_BUS
Fig. 8 - CDP1802BC block diagram.
92CM-34668R!
e FETCH (ReaD) = EXECUTE (WRITE) —————=
cLock o1}10] 11 |20l 21}30] 31 Jao] 41]s0[51J60] s 1]70] 71]oof or] 10 11 }20f 21}a0f 31 }ao 41}s0] 5t e of 61 |70 71
aopRess | HieYTE | LOW BYTE | wmevre | LOW BYTE 1
TPA I I l I
TP | ] [ 1
RO |
L | VALID INPUT DATA — VALID OUTPUT DATA
= s2cu-33382

Fig. 9 - Basic dc timing waveforms, one instruction cycle.
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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 1/0 interface. These
lines can be used to issue command codes or device
selection codes to the /0 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
exceptwhenan I/0 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/0 instruction by
bit N3 (internally) and is indicated by the level of the MRD
signal.

MRD=V¢gc: Data from 1/0 to CPU and Memory

MRD=Vgg: Data from Memory to I/0
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 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.

SCO, 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=VcCc, L=Vss.

State Code Lines
State Type sc1 SCO
S0 (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H

TPA, TPB (2 Timing Puises):

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 MA7 (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 puise 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 1.

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 Voc= Vpp=>5 volts. 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. The
crystalis connected between terminals 1and 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

VpD; Vss, Vo (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 at lower voltage. Vo c must be less than or
equal to Vpp. All outputs swing from Vgg to Vcg. The
recommended input voltage swing is Vgs to Vcc.
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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
D);
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 various 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-
matically 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 1/0 operations.

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

1. designate one of the 16 registersin 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 aclass 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. indicatethe 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

Theregistersin 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 F1-F5, F7, 74, 75, 77;

. output instructions 61 through 67;

. input instructions 69 through 6F;

. 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 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. 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

HWON =

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 interruptions.
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). At the 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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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 medes 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.

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
next cycle isan 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
CDP18028C
CLEAR The RC time constant
3 _‘&" should be greater than
c the oscillator start-up time
I (typically 20 ms).

92CS -34669R!

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
ignored.

Bun

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 II shows the conditions on Data
Bus and Memory-Address lines during all machine states.

IDLEDMASINT

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

INTeDMA

INT*DMA

PRIORITY: FORCE S0, $1
DMA IN

DMA ouT
INT

92CS-33872

Fig. 11 - State transition diagram.
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INSTRUCTION SET

The CPU instruction summary is given in Table 1. 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

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 VIAN 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)

STOREVIA 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 Fo 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
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 SMBI 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 z 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=vgceo) 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=v¢e) 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=Vg() ELSE R(P)+1—~R(P)
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TABLE I — INSTRUCTION SUMMARY (Cont'd)
OoP
INSTRUCTION MNEMONIC CODE OPERATION
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P))—~R(P).0
(EF4=Vgg) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M(R(P))—~R(P).0
(EF4=Vce) ELSE R(P)+1—~R(P)
BRANCH INSTRUCTIONS—LONG BRANCH
LONG BRANCH LBR Cco M(R(P))—~R(P).1
M(R(P)+1)—R(P).0
NO LONG BRANCH (SEE LSKP) NLBR fol: 1] 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 DNOT 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 c1 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 c9 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 38§ R(P)+1—R(P)
LONG SKIP (SEE NLBR) LSKP fol: 1] ﬁ(F"’)+2-R(P)
LONG SKIP IF D=0 LSz CE IF D=0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF DNOT 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 LSQ cD IF Q=1, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF Q=0 LSNQ C5 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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TABLE I — INSTRUCTION SUMMARY (Cont'd)
oP
INSTRUCTION MNEMONIC CODE OPERATION

CONTROL INSTRUCTIONS
IDLE IDL oo WAIT FOR DMA OR INTERRUPT;

M(R(0))~BUS
NO OPERATION NOP c4 CONTINUE
SETP SEP DN N—P
SET X SEX EN N—X
SETQ SEQ 78 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 ouT 2 62 M(R(X))~BUS;R(X)+1—~R(X); N LINES=2
OUTPUT 3 ouT 3 63 M(R(X))—~BUS;R(X)+1—R(X); N LINES=3
OUTPUT A4 OUuT 4 64 M(R(X))~BUS;R(X)+1—~R(X); N LINES=4
OUTPUT§ ouT5 65 M(R(X))~BUS:R(X)+1-~R(X); N LINES=5
OUTPUT 6 ouT 6 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 6B 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 INP5 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 INP7 6F BUS—M(R(X)); BUS—D; N LINES=7

$THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CANALTERTHE DF. 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/0 REQUEST
(INTERRUPT, DMA-IN, OR DMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED
AND THE I/0 REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED.

Notes for TABLE I

1. Long-Branch, Long-Skip and No Op instructions are e) effect an unconditional no branch

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

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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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, C=50 pF, Vpp15%, except as noted.

vVee VbD LIMITS I
CHARACTERISTIC s ™) Tye® | Max. UNITE|

Propagation Delay Times:

Clock to TPA, TPB tPLH, tPHL 5 5 200 300

Clock-to-Memory High-Address Byte tPLH, tPHL 5 5 475 525

Clock-to-Memory Low-Address Byte Valid tPLH, tPHL 5 5 175 250

Clock to MRD P H, tPHL 5 5 175 | 275

Clock to MWR tPLH. tPHL 5 5 175 | 225

Clock to (CPU DATA to BUS) Valid tPLH, tPHL 5 5 250 375

Clock to State Code tPLH. tPHL 5 5 250 400

Clock to Q tPLH, tPHL 5 5 200 300

Clock to N (0-2) tPLH. tPHL 5 5 275 350
Minimum Setup and Hold Times: ns

Data Bus Input Setup tsu 5 5 —20 0

Data Bus Input Hold tH® 5 5 125 150

DMA Setup tsy 5 5 0 30

DMA Hold K 5 5 100 150

Interrupt Setup tsu 5 5 —75 0

Interrupt Hold tH® 5 5 75 125

WAIT Setup tsy 5 5 20 40

EF1-4 Setup tsy 5 5 —30 0

EF1-4 Hold tym 5 5 100 150
Minimum Pulse Width Times:

CLEAR Pulse Width twi® 5 5 100 150

CLOCK Pulse Width twL 5 5 90 100

°Typ|cal values are for To=25°C and nominal Vpp.
'Maximum limits of minimum characteristics are the values above which all devices function.

Notes for TABLE I (Continued)

2. 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

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 is 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:

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 instruction in sequence is fetched and executed.
This same action is taken in the case of unconditional
no branch (NBR).

3. The skip instructions are one byte long. There is one
Unconditional Short-Skip (SKP) and eight Long-Skip
instructions.

a) Skip 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 for IE=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.
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Fig. 13 - Clock frequency dependent relative timing waveforms.
TIMING SPECIFICATIONS as a function of T (T=1/fcLOCK) at TA=-40 to +85°C.
vee Vpp LIMIT —F
CHARACTERISTIC UNITS
v) ) | Min. | Typ.*
High-Order Memory-Address Byte
SetUptoTPA X Time tSAA 5 5 | 2T-325| 21-275
High-Order Memory-Address Byte
Hold after TPA Time tHAA 5 5 T1/2-25| T/2-15
Low-Order Memory-Address Byte . ns
Hold after WR Time tHAW 5 5 T-30 | T+0
CPU Data to Bus Hold
after WR Time tHDW 5 5 [ T178 ] T125
Low-Order Memory-Address Byte
Hold after TPB Time tHAB 5 5 T/2+0 [T/2+100
MRD Hold after TPB Time tHRB 5 5 T/2-25 | T/24+0
Required Memory Access Time ‘ i
Address to Data tAAD 5 5 | 57-225) 51175

*Typical values are for TA=25°C and nominal Vpp.
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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—1,N,Q,X,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—1, N; MRP RP 0 1 0 c
RP+1—RP
0 0 DL IDLE _MRO RO 0 1 0 D3
0 1-F LDN MRN—D MRN RN 0 1 0 3
4 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; 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 6 0 IRX RX+1—RX MRX RX 0 1 0 2
1 ouT 1 1
2 ouT 2 2
3 ouT3 3
4 ouT4 MRX—BUS; MRX RX 0 1 4 6
5 ouT5 RX+1~RX 5
6 ouT6 6
6 7 ouT 7 7
9 INP 1 DATA 1
A INP 2 FROM 2
B INP 3 110 3
c INP 4 BUS—MRX,D DEVICE RX 1 0 4 5
D INP5 5
E INP 6 6
E 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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CDP1802BC
TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES (CONTD)
DATA MEMORY N
STATE | 1 N_| MNEMONIC| OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESG
5 sDB MRX-D— MRX RX 0 1 0 3
DFN~—DF,D
6 SHRC LSB(D)~DF; FLOAT RX 1 1 0 1
DF~MSB(D)
7 smB D-MRX— MRX RX 0 1 0 3
DEN—DF.D
s1 7 8 SAV T—~MRX T RX 1 0 0 2
9 MARK (XP)=T, MR2; T R2 1 0 0 2
P—X; R2—1—A2
A REQ 0-Q FLOAT RP 1 1 Q 1
B SEQ 1-Q FLOAT RP 1 1 0 1
c ADCI MRP+D+ MRP RP 0 1 0
DF—DF.D; RP+1
D SDBI MRP—D— MRP RP 0 1 0 3
DFN~DF,D;
RP+1
E SHLC MSB(D)~DF; FLOAT RP 1 1 0 1
DF—LSB(D)
F SMBI D-MRP— MRP RP 0 1 0 3
DFN~DF,D;
RP+1
8 | oF GLO AN.0~D RAN.O RN 1 1 0 1
9 | oF GHI RAN.1~D RAN.1 AN 1 1 0 1
A | oF PLO D—RN.0 D AN 1 1 0 1
B | oF PHI D—RN.1 D AN 1 1 0 1
St TAKEN: MRP—B; MRP RP 0 1 0 4
RP+1-RP
#2 LONG | TAKEN:B~RP.1; [ M(RP+1) RP+1 0 1 0 4
0-3, | BRANCH MRP—RP.0
s1H 88 NOT TAKEN: MRP RP 0 1 0 4
_RP+1—RP
#2 c NOT TAKEN: M(RP-+1) RP+1 0 1 0 4
RP+1-RP
S141 5 TAKEN: RP+1~RP MRP RP 0 1 0 4
6
#2 7 LONG | TAKEN:RP+1—RP | M(RP+1) RP+1 0 1 0 4
c SKIP
s1# D NOT TAKEN: MRP RP 0 1 0 4
E NO OPERATION
#2 F NOT TAKEN: MRP RP 0 1 0 4
NO OPERATION
S1#1 NO OPERATION MRP RP 0 1 0 4
4 NOP
#2 NO OPERATION MRP RP 0 1 0 4
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CDP1802BC
TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES (CONT'D)
: DATA MEMORY I N
STATE | | N | MNEMONIC | OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS]
D 0-F SEP N—P NN RN 1 1 0 1
E 0-F SEX N—X NN BN 1 1 (1] 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
C 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 1 (] 1
0—-LSB(D)
DMA IN BUS—MRO; DATA FROM RO 1 0 0 F, 7
s2 R0O+1—R0 1/0 DEVICE
DMA OUT MR0-BUS; MRO RO 0 1 0 F,8
RO+1—R0O
S3 INTERRUPT X,P—T; 0—IE FLOAT RN 1 1 0 9
1—P; 2—X
S1 LOAD IDLE M(RO—1) RO—1 0 1 0 E3
(CLEAR, WAIT=0)
NOTES:
A. |E=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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o 1 2 3 4 5 6 7 0 1+ 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 v 2 3 4.
ctook LMLMUMLMLMAL ML M AN A UL LA UL o UL ULy

wa [ 1 1 M 1
P8 M 1 I [
CveriNe T [ T CYCLE W ) T CYCLE G+ 2 T TVCLE T D) | IR

MA “HIGHADD.] — LOWADORESS _ JHIGH ADD]  LOW ADDRESS __ JHIGH ADD]  LOW ADDRESS _ HIGHADD]  LOWADDRESS __ HIGH ADD] w

General timing waveforms.

[INSTRUCTION FETCH (50) T EXECUTE (511 T FETGH (50) T

EXECUTE_(811 [_Fercn o)
jw—MEMORY READ CYCLE ——a}a——NON MEMORY CYCLE ——sja—MEMORY READ CYCLE ——sfa———NON-MEMORY CYCLE —eja— MEMORY
MWR (HIGH]
ME sy . " -
| o 7227727 2772777227227 7772277
-— -—
ALLOWABLE MEMORY ACCESS VALID OUTPUT

VALID OUTPUT
No. 1 Non-memory-cycle timing waveforms.

INSTRUCTION T FETCH (SO) I EXECUTE (S1) ] FETCH (S0) | EXECUTE (S1) | FETCH (S0}
|<—MEMORY READ CYCLE ——sft——MEMORY WRITE CYCLE —#rf—— MEMORY READ CYCLE ——#f@——— MEMORY WRITE CYCLE —sja—— MEMORY
JR READ
MRD 1 | 1 [ | cveLe
MWR | I L.__._l
MEMORY
ouTPUT A

-~
ALLOWABLE MEMORY ACCESS LVALID OUTPUT ~— VALID OUTPUT
CPU OUTPUT

T0 I OFF | vaupbata T OFF | VALID DATA | _orfe
| MEMORY

No. 2 Memory write-cycle timing waveforms.

INSTRUCTION | FETCH (SO} I EXECUTE  (S1) B FETCH (SO) ] EXECUTE (1) |_FeTcH (s0)
f=——MEMORY READ CYCLE——s{e— MEMORY READ CYCLE ——#f#—— MEMORY READ CYCLE —#f@—MEMORY READ CYCLE——la—r0 MEMORY
wRo 1 1 ™ [ [ cYeLE
MWR (HIGH)

MEMORY
outeur 0 Y Z0 Y o Y 7.
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID QUTPUT VALID OUTPUT
No. 3 Memory read-cycle timing waveforms.

LVALIDOUTPUT

INSTRUCTION _ | FETCH (SO | EXECUTE _(S1) | EXECUTE _(S1) |l FETCH_(S0) | EXECUTE _(s1)
lq—— MEMORY READ CYCLE —-—'——-— MEMORY READ CYCLE -*—— MEMORY READ CYCLE *—MEMORY READ CVCLE—*—-—— szMORY
AD
wro [ 1 | 1 [ ] cveie

MWR (HIGH) B

MEMORY
oureur MY 7 T Y N A oA Y
ALLOWABLE MEMORY ACCESS L—‘VAL‘D OUTPUT L—VALID OUTPUT . VALID OUTPUT ’

No. 4 Long-branch or long-skip-cycle timing waveforms.

U777 “0on't care” or internal detays. - High-mpedance state

92CL-29600

Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown).
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MACHINE CYCLE | CYCLE n 1 CYCLE (n + 1) ]
INSTRUCTION l FETCH (S0) l EXECUTE (S1) l
MRD l al
NO-N2 [ N=9-F I

R | I I
MEMORY
oorror LY yn |

ALLOWABLE MEMORY ACCESS VALID OUTPUT
’ MEMORY MEMORY l
[ READ CYCLE ~ WRITE CYCLE |

*User-generated signal

92CS—-2960I
No. 5 Input-cycle timing waveforms.
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1

ovore - 1 CYCLEn T CYCLE (n+ 1) I
INSTRUCTION __|_ FETCH (S0) T EXECUTE BN T
NO - N2 o Y \

ALLOWABLE MEMORY ACCESS

oatasus 7007 7B A //x: il:-

VALID DATA FROM MEMORY —f
ALLOWABLE MEMORY ACCESS L VALID OUTPUT

DATA STROBE®

(MRD - TPE N ! MEMORY I MEMORY |
:‘—— READ CYCLE _’—“"““*’:'*”“*"‘ READ CYCLE ”_‘_“_‘_'":
“User-generated signal .
m “Don’t Care” or internal delays.
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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0o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 &5 8 7 0
e igigigigigigigigigigigigigigigipgigigigigipigigigipgfigigigigigigip!
TPA m M — M
TPE ! 1 1 | g
g:g‘E'NE T CYCLE n I CYCLE (n + 1) I CYCLE (n+2) I CYCLE (n+3) I
INSTRUCTION __[ FETCH (S0) T EXECUTE (S1) | DMA (52) I FETCH (S0) |
A 2 Z 2| 7R
MRD ] e e e e e 1
MWR R |
sovor EZ 7 77
A Jauooureur VALID OUTPUT
oaTa eus* (N AT PO T D v icE
i ' ] !
I | 1
I MEMORY MEMORY | MEMORY ! MEMORY !
- __*_ READ, WRITEOR — syt ——————— —
: READ CYCLE | NON-MEMORY CYCLE . WRITE CYCLE | READ CYCLE '
1 ] 1 |
“User-generated signal 92CS—-29603

No. 7 DMA-IN-cycle timing waveforms.

0 1 2 3 4 5 & 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
reatipgigipgigigipgtipgipipigipipipipigiptipgipigtigiptipgtipipigigiip!
= — M i I
P8 1 1 1
MACHIN
CYCCLE e | CYCLE n | CYCLE (n+1) I CYCLE (n +2) JCYCLE (n +3)
insTRucTIoN T FETCH (S0) | EXECUTE (S1) | DMA (S2) “JFETCH ts0)
DMA-OUT * 975) | d |\ YA/ YA
MRD 1 [ ________-__J L D
MWR e —d
MEMORY —
outrur Y Z8 7 773 ym
L VALID DATA FROM MEMORY
DATA* VALID OUTPUT
STROBE | i I a
(s2-TPB) | I MEMORY I
f— MEMORY ____ sle——— READ, WRITE OR ————*————;EMAEDM(?YRCVLE——*”'MEMORY
READ CYCLE ! NON-MEMORY CYCLE ! |READ CYCLE

I | |
92CM-29604RI

*User-generated signal

No. 8 DMA-OUT-cycle timing waveforms.

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 ] 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 o
e gigigigigigigigigigipigigipgiigipgigigipgipgipgigigigigigiipigigiggiy!
™A [ 1 L Sy B
P8 [ L L N 1
NN T CYClEn I CYCLE e ) T CYCLE (nr 2] T CYCLE (n+ 3] I
INSTRUCTION __| FETCH (S0) I EXECUTE (S1) I INTERRUPT (S3) 1 FETCH (S0) I
wo L I Ce e —_J L r
— v T
MWR ———
INTERRUPT * AV TIL I/ 777777
(INTERNAL) IE |

QUTPUT
—————
L VALID OQUTPUT VALID OUTPUT

| | | |

MEMORY MEMORY READ, WRITE MEMORY
f— — e —*———N MEMORY _._*___ —]
| READ CYCLE | OR NON-MEMORY CYCLE ON- ORY CYCLE READ CYCLE |

*User-generated signal

U/} “Don't Care” or internal delays - High-impedance state

No. 9 INTERRUPT-cycle timing waveforms.
Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued.

92CM-—-29605

55



RCA CMOS LSI Products

CDP1804AC

8 [nstruction time

TOP VIEW
92CS-34980

TERMINAL ASSIGNMENT

The RCA-CDP1804AC is a functional and performance
enhancement of the CDP1802, CDP1805C, and CDP1806C
LSI 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 array, a 64-byte RAM array, and a 8-bit presettable
down counter. The timer/counter, which generates an
internal interrupt request, can be programmed for use in
time-base, event-counting, and pulse-duration measure-
ment applications. The timer/counter 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.

The CDP1804AC software enhancements include 22 more
instructions than the CDP1802 and 10 more instructions
than the CDP1805AC and CDP1806AC. The 32 new software

Objective Data

CMOS 8-Bit Microcomputer

With On-Chip RAM, ROM, and
Timer/Counter

Performance Features:

of 3.2 us, —40 to +85°C

® 123 instructions-upwards software
compatible with CDP1802, CDP1805, and CDP1806

= BCD arithmetic instructions

m Low-power IDLE mode

® Pin compatible with CDP1802, CDP1805, and CDP1806,
except for Vec terminal

u 64K-byte memory address capability

w 2K bytes of on-chip ROM

m 64 bytes of on-chip RAM

w 16 x 16 matrix of on-board registers

= On-chip crystal or RC controlled oscillator
w 8-bit timer/counter

instructions add subroutine call and return capability,
enhanced datatransfer manipulation, timer/counter control,
improved interrupt handling, single-instruction loop
counting, and BCD arithmetic.

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

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

ADDRESS BUS |
|

MAO - MA7

i

KK CONTROL

CDPIBO4AC

8-BIT CPU

coPigsl WITH ROM,
PIO

COUNTER

BUSO- BUS? BUSO - BUS?7

it Al et —
~ 7 =7
| MAO - MA7 | {'_MAo-M—Aﬂ
|
[ | | |
———— — ——» WRD o—————»:m |
|
I __1 Rrom = — — —»{WWR :
__.______.:TPA : | RAM ;
I ceol-——-——bl_s |
|
sl — — sl ————»{E |
I BUSP-BUS7 ‘-BUSO'BUS7
B ,___l us
i
g
J b b
_____ N

8-BIT DATA BUS

_} 92CM-3498I

\—-OPTIONAL EXPANSION MEMORYJ

Fig. 1 - Typical COP1804AC microprocessqr system.
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CDP1804AC
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo):

(Voltage referenced to Vas TeIMINAI) .. .....vuriiintitinteenntereesresnsverersesnroneeoseonsonnsosnesoonnn eereenaee ~05to+7V
INPUT VOLTAGE RANGE, ALL INPUT S ..t iiiiiiiiiiiiiienieirieetierirenrentenannns [N -0.5 to Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT .ottt it ittt ittt iaeientrteaenoaesetnoensasssensosnserenseseossoneens +10 mA
POWER DISSIPATION PER PACKAGE (Po):

For Ta = ~40 to +60° C (PACKAGE TYPEE) ......... e e e e i et veeeas 500 mwW

ForTa=+60 +85°C (PACKAGE TYPE E) ....iitiiiiii it ii ittt iiiiieriieienenannones Derate Linearly at 12 mW/° C to 200 mW

FOr Ta ==551t0 +100°C (PACKAGE TYPE D).t tutuittitittietetet et etnenarateenssrareasesesesesteassessonsnsnsnssones 500 mwW

For Ta=+1001t0 +125°C (PACKAGE TYPE D) ...uiititiitiiintiienieirieinanineneanaernenes Derate Linearly at 12 mW/° C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPOS) ...t uvtertrnereneneearreneneneensesnesrsesnsnsnenes 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

a2 o € T = I = o -55 to +125°C

L2 € T = I ] I N -40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) - - .t ettt etettetaeneneseteteteenenesesnesesesnseresesenersenenesesnenens -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.  ....iuivterintererenteneneeseeerneesenensesenssnenns +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
CDP1804ACD
CHARACTERISTIC CDP1804ACE UNITS
Voo
\) 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 Cloc.:k Input Frequency, 5 De 5
Load Capacitance (CL) = 50 pF MHz
Maximum External Counter/ﬂin_er_ 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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CDP1804AC
STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Voo + 5%, Except as noted

CONDITIONS LIMITS
CHARACTERISTIC CDP1804ACD, UNITS
CDP1804ACE
Vo VIN VoD
v) v) ) Min. Typ.* Max.
Quiescent Device Current loo — 0,5 5 — 50 200 uA
Output Low Drive (Sink) Current [
put Low Drive (Sink) ® | 04 | 05 5 16 4 -
(Except XTAL)
XTAL Output lou 0.4 5 5 0.2 0.4 — mA
Output High Drive (Source) Current lon
—_— 4.6 0,5 5 -1.6 -4 —_
(Except XTAL)
XTAL low 46 0 5 -0.1 -0.2 —
Output Voltage Low-Level Vou — 0,5 5 — 0.1
Output Voltage High Level Von — 0,5 5 4.9 5 —
Input Low Voltage (BUS 0 — BUS 7, EMS/ME) V.. |0.5,4.5 — 5 — — 1.5
Input High Voltage (BUS 0 — BUS 7, EMS/ME) Vi: |0.5,4.5 -~ 5 35 — —
Schmitt Trigger Input Voltage v
(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 Vu 0.3 0.9 1.6
Input Leakage Current lin — 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 F
Output Capacitance Cour — — — — 10 15 P
Total Power Dissipation (f=5 MHz)
— — 5 — 1.5 3 mwW
Idle ‘00" at M(0000), CL = 50 pF
Minimum Data Retention Voltage Vor Voo = Vor — 2 2.4 Vv
Data Retention Current lor Voo =24 = 25 100 UA
*Typical values are for Ta = 25°C and nominal Voo.
OPERATING AND HANDLING CONSIDERATIONS
1. Handiing Input Signals
All inputs and outputs of RCA CMOS devices have a To preventdamage to the input protection circuit, input
network for electrostatic protection during handling. signals should never be greater than Vcc nor less than
Recommended handling practices for CMOS devices Vss. Input current§ must not exceed 10 mA even when
are described in ICAN-6525 “Guide to Better Handling the power supply is off.
and Operation of CMOS Integrated Circuits.” . Unused Inputs ) .
2. Operating A connection must be provided at every input terminal.

Operating Voltage
During operation near the maximum supply voltage
limit, care should be taken to avoid or suppress power
supply turn-on and turn-off transients, power supply
ripple, or ground noise; any of these conditions must
not cause Voo — Vss to exceed the absolute maximum
rating.

Allunused input terminals must be connected to either
Vcc or Vss, whichever is appropriate.

Output Short Circuits
Shorting of outputs to Voo, Vcc, or Vss may damage
CMOS devices by exceeding the maximum device
dissipation.
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1/0 REQUESTS
e MEMORY ADDRESS LINES 1/0 FLAGS
y —
Ve \ / 38 CONTROL
I MAG MAG MA2MAO  EFT EFS / \
M — MAT mstuslmal 15215“ l'NT CLEAR WAIT
e BYTE RomRam )| ba bbb !
ROM LoGIC [ MUX l
cLock. fe— CLOCK
84- 1 |- x TAL
oot BYTE ||
CONTROL AND [—=SCO| STATE
TIMING  LOGIC > SCl
EF1 > q LOGIC
MODE EF2 o TPA
ICONTROL TPA > 1PB | SYSTEM
._@I_J T0 ne-L A RLLD
INSTRUCTION [~ M
i INTERRUPT DECODE
REGISTER
BUSO o ;mv
BUS | [ - l
Bus2 HE LATCH no 170
ous 3| | RELI[RGI.0 AND TR N =N tommanos
o RALTRA)LO ] oecode @ || @] ]|
8US 4| fe—{ (g T [ N2,
F
BUS5 RIE).[RE)O
BUS 6 _R(F+).I R(F).0}
BUS 7
8-BIT BIDIRECTIONAL GATA BUS ]
92CM-34982
Fig. 2 - Block diagram for COP1804AC.
Enhanced 1804AC Operation
ROM/RAM * Qchanges 1/2 clock cycle earlier during the SEQ and

The 2K-byte ROM is mask-programmable and mask-select-
able in any 2K block of the available 64K address space in
the RUN (ROM/RAM) mode. (The procedure is detailed in
the Mask-Programming section at the end of the data
sheet.)

The 64-byte RAM is mask-selectable in any 64-byte block of
memory in the RUN (ROM/RAM) mode. It may also be
externally selected via the ME input in the RUN (RAM only)
mode.

The EMS/ME pin serves a dual function. In the RUN
(ROM/RAM) mode, EMS acts as an active low output to
indicate when the internal ROM or RAM is not selected. This
provides a convenient chip-select signal for any optional
expansion memory devices and a stable-address latch
signal. In the RUN (RAM only) mode, ME acts as an active
low input and is used to select the internal RAM, which is
not mask-selected in this mode. Decoding is performed
externally and the RAM may reside in any 64-byte block.

Timing

Timing for the CDP1804AC is the same as the CDP1802
microprocessor series, with the following exceptions:

¢ 4.5 clock cycles are provided for memory access
instead of 5.

REQ instructions.

« Flag lines (EF1-EF3) are sampled at the end of the SO
cycle instead of at the beginning of the S1 cycle.

¢ Pause can only occur on the low-to-high transition of
either TPA or TPB, instead of any negative clock
transition.

Specilal Features

Schmitt triggers are provided on all control mputs. except
EMS/ME, for maximum immunity from noise and slow
signal transitions. A Schmitt trigger in the oscillator section
allows operation with an RC or crystal.

The CDP1802 series LOAD mode is not retained. This mode
(WAIT, =0) is the RUN (ROM/RAM) mode on the
CDP1804AC.

A low power mode is provided, which is initiated via the
IDLE instruction. In this mode all external signals, except
the oscillator, are stopped on the low-to-high transition of
TPB. All outputs remain in their previous states, MRD is set
to a logic “1”, and the data bus floats. The IDLE mode is
exited by a DMA or INT condition. The INT includes both
external interrupts and interrupts generated by the timer
/counter. The only restrictions are that the Timer mode,
which uses the TPA + 32 clock source, and the underfiow
condition at the Pulse Width Measurement modes are not
available to exit the IDLE mode.
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Fig. 3 - Internal memory operation timing waveforms for CDP1804AC.
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Fig. 4 - External memory operation timing waveforms for COP1804AC.

SIGNAL DESCRIPTIONS

BUS 0 to BUS 7 (Data Bus): selection codes to the /O devices. The N bits are low at all

- . . . times except when an I/O instruction is heing executed.
8-bitbidirectional DATA BUS lines. These lines are used for ! g . A i N
transferring data between the memory, the microprocessor, During this time their state is the same as the corresponding

. bits in the N register. The direction of data flow is defined in
and /O devices. the I/0 instruction by bit N3 (intetnally) and is indicated by
NO to N2 (1/0) Lines: the level of the MRD signal:

Activated by an I/0O instruction to signal the I/O control TRD = .
logic of a data transfer between memory and I/0 interface. MRD = Voo:  Data from I/0 to CPU and Memory
These lines can be used to issue command codes or device MRD = Vss: Data from Memory to I/0
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CDP1804AC

SIGNAL DESCRIPTIONS (Cont'd)

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. One additional use for and EF2 is event
counting and pulse-width measurement in conjunction
with the Timer/Counter.

INTERRUPT, DMA-IN, DMA-OUT (3 I/0 Requests)
These inputs are sampled by the CDP1804AC during TPB.

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 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.

SCO, 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.

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 data transter during
an I/0 instruction.

Q:

Single bit output from the CPU which can be set or reset,
between the trailing edge of TPA and the leading edge of
TPB, under program control. The Enable Toggle Q com-
mand 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, a CPU
reset, ora BRANCH COUNTER INTERRUPT (BCI) instruc-
tion with the counter interrupt flip-flop set.

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is5 MHz at Vop=5V. Theclockis
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:

I;iedl?a\t/?l!: Xf state code are tabulated below. All states are CLEAR WAIT MODE
' L L RUN (ROM/RAM)
L H RESET
State Type State Code Lines H L PAUSE
SC1 SCo H H RUN (RAM ONLY)
S0 (Fetch) L L — N
S1 (Execute) L H ME (Memory Enable) RUN (RAM ONLY) Mode
S2 (DMA) H L This active low signal line is used to select or deselect the
- internal RAM. It must be active prior to clock 70 for an
S3 (Interrupt) H H internal RAM access to take place. Internal RAM data will
TH= Voo, L= Vas appear on the data bus during the time that ME is active

TPA, TPB (2 Timing Puises):

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 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 MAOQ-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.

(after clock 31). Thus, if this data is to be latched into an
external device (i.e., during an OUTPUT instruction or DMA
OUT cycle), ME should be wide enough to provide enough
time for valid data to be latched.

In the RUN (RAM ONLY) mode the internal RAM is not
internally mask-decoded. Decoding of the starting address
is performed externally, and may reside in any 64-byte
block of memory.

EMS (External Memory Select) RUN (ROM/RAM) Mode

This signal line is used for external memory éxpansion. Itis
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.

Voo, Vss, (Power Levels):

Vss is the most negative supply voltage terminal and is
normally connected to ground. Voo is the positive supply
voltage terminal. All outputs swing from Vgs to Vop. The
recommended input voltage swing is from Vgs to Vpo.
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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 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 D)

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 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-
arder 4 bits of the instruction byte are loaded into the 1
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 opera-
tion réquired 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).

Theregistersin R can be assigned by a programmer in three
different ways as prognam 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 ssingle instruction the contents of the P register can be
changed to effect a “call” to 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
locationin 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 — — memory 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.

OB 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. Alsp, 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. The new DBNZ instruction
allows decrementing and branching-on-not-zero of any 16-
bit R register without affecting the D register.

The Q Flip-Flop

An internal flip-flop, Q, can be set or reset by instruction
and can be sensed by conditional branch instructions. It
can also be driven by the output of the timer/counter. The
output of Q is also available as a microprocessor output.
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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
I 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
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.

RET

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 timer/counter response (Request is
latched)
a. On the transition from count (01)1¢ to its next value
(counter underflow) —
b. Onthe « transition of EF1 in pulse measure-
ment mode 1 —
c. Onthe A transition of EF2 in pulse measure-
ment mode 2

For an 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 timer/counter 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-fiop;
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's interrupt
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 Interrupt short 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 g L.DC
instruction with the Counter stopped.

; . MIE
nssal[:> MASTER
INTERRUPT
s3 ENABLE COUNTER
UNDERFLOW 70 BRANCH
DIS PULSE MODE EFi 4-
EFI COUNTER LoGIc (BC1)
PULSE MODE E’;%,‘ INTERRUPT
e, g LATCH
CIE s LDC* COUNTER
COUNTER STOPPED
RESET INTERRUPT
ENABLE CIE
ciD
ET TO BRANCH 4 ST?
— N
EXTERNAL INT LOGIC (BX1)
s Q
EXTERNAL EIE
RESET INTERRUPT
ENABLE
xip————R "FF

92CM-33888RI

Fig. 5 - Interrupt logic-control diagram for COP1804AC.
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Timer/Counter 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)+¢ 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 interruptis 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 interruptis not cleared. After
counting down to (01)+e the next count will load the new
initial value into the counter, set the Counter Interrupt
Latch, and operation will continue.

The timer/counter 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.

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

. Timer: Input to counter is from the divide-by-32 pre-
scaler 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 or stopped by a STPC.

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

TPA

decrements the counter if the input signal at EFi
terminal (gate input) is low. On the transition of EFtto
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.

. 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 ¢ounting. The STPC instruction shaould be
executed prior to a GEC instruction, if the counter is in the
Event Counter Mode 1 or 2. i

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
the 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
timer/counter stopped; system Reset, or a BCI with ClI=1.

TO INTERRUPT LATCH

INH

DOWN

READ

ouT

8-BIT

-tCOUNTER

LOAD

COUNTER
UNDERFLOW

Q OUTPUT

1

ETQ

LDC

92CM-34738

Fig. 6 - Timer/Counter diagram for COP1804AC.
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On-Board Clock (see Fig. 7 and 8)

Clock circuits may use either an external crystal or an RC

network.

The crystal is connected between terminals 1 and 39
(CLOCK and XTAL) in parallel with a resistance (1 megohm
typ.).

Frequency trimming capacitors may be required at terminais
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. 7. The frequency
is approximately 1/RC (see Fig. 8).

c
:_[ 92CS-31056

Fig. 7 - RC network for oscillator.

Vpp* 5V AT 25°C

~ R (OHMS)

T TIT

N&uﬂK?meh
2
»
4 Y.
2
1»
va
3
4
L /
/

TR T (IR
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FREQUENCY  (Hz)
92CS-34172
Fig. 8 - Nominal component values as a function
of frequency for the RC oscillator.
CONTROL MODES
CLEAR WAIT MODE
L L RUN (ROM/RAM)
L H RESET
H L PAUSE
H H RUN (RAM ONLY)

The function of the modes are defined as follows:

RESET

- Registers |, N, Q, counter prescaler, and Counter Interrupt

Latch are reset. XIE and CIE are setand 0's (Vss) are placed
on the data bus. TPA and TPB are suppressed while reset is
held and the CPU is placed in S1. The state of the
timer/counter is unaffected by the RESET operation.

The first machine cycle after termination of reset is an
initialization cycle which requires 9 clock pulses. During
this cycle the CPU remains in S1, X, P—T, and then registers
X, P, R(0) are reset, and MIE is set. Interrupt and DMA
servicing suppressed during the initialization cycle. The
nextcycle isan SO oran S2 butnever an S1 or S3. The use of
a 71 instruction followed by 00 at memory locations 0000
and 0001, may be used to reset MIE, so as to preclude
interrupts until ready for them. Power-up reset/run (ROM
/RAM) can be realized by connecting an RC network to
WAIT (See Fig. 9).

Voo
l CDPIBO4AC
Cx
WATT The RC time constant
2 should be greater
than the cscillator
TLEAR start-up time
Ry 3 (typically 20 ms).
Rp
= 92C5~34979

Fig. 9 - Reset/Run (ROM/RAM) diagram.

PAUSE

Stops the internal CPU timing generator, freezing the state
of the processor. Pause can occur at two points in a
machine cycle, on the low-to-high transition of either TPA
or TPB.

The oscillator continues to run but subsequent clock
transitions are ignored. TPA and TPB remain at their
previous state (see Fig. 10).

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

TPA PAUSE TIMING

ENTER  RESUME
PAUSE RlIN
PAUSE
cLock 70/ 71 \oo/ oi eause\10/ 1 N2o/ 21 \ 30
I ' ‘
TPA 'PLH—»‘ | ! tPHL

| |
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CONTROL MODES (Cont'd)
TPB PAUSE TIMING RUN
ENTER = RESUME May be initiated from the Pause or Reset mode functions. If
PAUSE RUN initiated from Pause, the CPU resumes operation at the
l l point it left off. If paused at TPA, it will resume on the next
PAUSE high-to-low clock transition, while if paused at TPB, it will
CcLOCK 50/ 51 \60 forse st \704 71 \oo/ o1 \ 10 resume on the next low-to-high clock transition (see Fig. 9).
! |

When initiated from the Reset operation, the first machine
cycle following Reset is always the initialization cycle. The
initialization cycle is then followed by a DMA (S2) cycle or

s . fetch (S0) from location 0000 in memory.
—_— U H
AT _—w fe—tsu SCHMITT TRIGGER INPUTS

NOTE 92CM- 31944 All inputs except BUS 0—BUS 7 and ME contain a Schmitt
: Trigger circuit, which is especially useful on the

PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE Cl ) .

CYCLE IN DURATION, COULD BE) INFINITELY LONG. TED HE £ cLock input as a power-up RESET (see Fig. 9) and the CLOCK

Fig. 10 - Pause mode timing waveforms. input (see Fig. 7).
STATE TRANSITIONS
The CDP1804AC state transitions are shown in Fig. 11. clock pulses, except the initialization cycle (INIT) which
Each machine cyole requires the same period of time, 8 requires 9 clock pulses.
IDLEsOMASINT
FORCE s1
$1 RESET {LONG BRANCH,

LONG SKiP, NOP, RSXD, ETC)
DMA « FORCE $1

$1

S1INIT
INT . DMA . FORCE 81
OMASTOLESINY o
DMA DMA B FORCE 81

|- FORCE S0

S2DMA DMA

DMASINT SO FETCH S3INT
e FORCE S0
“OMA_
PRIORITY: FORCE S0, $1 INTeDNMA
DMA IN

OMA our 92Cs-34778
INT

Fig. 11 - State transition diagram.
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The CDP1804AC instruction summary is given in Table 1.
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

INSTRUCTION SET

CDP1804AC

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.

W=N or X, or P
TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17)
' - NO. OF
MACHINE OoP
INSTRUCTION CYCLES | MNEMONIC CODE OPERATION
MEMORY REFERENCE
LOAD IMMEDIATE 2 LDl 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)
LOAD VIAN 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)
STOREVIAN 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 68ANS 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 iN 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 LOWREGN 2 GLO 8N R(N).0—D
PUT LOWREGN 2 PLO AN D—R(N).0
GET HIGH REG N 2 GHI 9N R(N).1=D
PUT HIGHREG 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 XRlI 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 E 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 I — INSTRUCTION SUMMARY (Cont'd)

NO. OF
MACHINE opP
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 F4 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 sSD 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 SDB 75 M(R(X))-D-(NOT DF)—DF, D
SUBTRACT D WITH 2 SDBI 70 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 SMmI 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 IFD =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
BRANCH INSTRUCTICNS — 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 BRANCHIFQ =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 30 IF EF2 =0, M(R(P))—~R(P).0
(EF2 = Vpp) 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 = Vpp) 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 = Vpo) ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BCI 683E* | IF Cl=1, M(R(P))—~R(P).0; 0—~ClI
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 LSKP) 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 cs 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 Ct IF Q =1, M(R(P))—~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCHIFQ=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.
CI = Counter Interrypt, XI = External Interrupt.

*ETQ cleared by LDC, reset of CPU, or BCI - (Cl = 1).

69




RCA CMOS LSI Products

CDP1804AC
Table I — INSTRUCTION SUMMARY (Cont'd)
NO. OF
. MACHINE opP
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 csA | 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 c7 IF DF = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIPIFQ =1 3 LsQ cD IF Q= 1, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIPIFQ=0 3 LSNQ cs5 IFQ =0, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF IE =1 3 LSIE cc IF IE = 1, R(P)+2—~R(P)
ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE 2 IDL oo* STOP ON TPB; WAIT FOR DMA OR
INTERRUPT; BUS FLOATS
NO OPERATION 3 NOP C4 | CONTINUE
|SET P 2 SEP DN | N—P
SET X 2 SEX EN N-X
SETQ 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° | D—COUNTER; 0—Cl; (IF COUNTER
IS STOPPED)
GET COUNTER 3 GEC 6808 | COUNTER—D
STOP COUNTER 3 STPC 6800 | STOP COUNTER CLOCK;
0—-+32 PRESCALER
DECREMENT TIMER/COUNTER 3 DTC 6801 | COUNTER-1-COUNTER
SET TIMER MODE AND START 3 ST™ 6807 | TPA+32—COUNTER CLOCK
SET COUNTER MODE 1 AND START 3 SCM1 6805 | EFT—COUNTER CLOCK
SET COUNTER MODE 2 AND START 3 SCM2 6803 | EF2—COUNTER CLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 | TPA.EF1—~COUNTER CLOCK;
AND START EF1 £ STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2—COUNTER CLOCK;
AND START EF2 £ STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809° | IF COUNTER =01 - NEXT

COUNTERCLOCK 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 remainin their previous states, MRD is set to a logic ‘1’ and the data bus floats. The processor will continue to IDLE until an I/0 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. (To respond to an INTERRUPT during an IDLE, MIE must be enabled.)

® ETQ cleared by LDC, reset of CPU or BCI * (CI = 1).

Cl = Counter Interrupt, XI = External Interrupt.
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Table I — INSTRUCTION SUMMARY (Cont'd)
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 cID 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 OUT 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 ouT 3 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);
N LINES=5
OUTPUT 6 2 ouT 6 66 M(R(X))—~BUS; R(X)+1—=R(X);
N LINES=6
OUTPUT 7 2 ouT7 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 6B 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;
NLINES=5
INPUT 6 2 INP 6 6E BUS—M(R(X)); BUS—D;
N LINES =6
INPUT 7 2 INP 7 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)

®previous contents of T register are destroyed during instruction execution.
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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 addres$ 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).

oOQ00®

. 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 (BCl, 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 instruction in
sequence is fetched and executed. This same action is
taken in the case of unconditional no branch (NBR).

Q «w0-Q0U®

. 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 is fetched 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).

They can:

a. Skip 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 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.

. 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 FFe.
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,o.
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
-9 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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FORMS.

3. SHADED ARE AS INDICATED “DON'T CARE” OR UNDEFINED STATE.
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 92CL-34986

*FOR THE RUN (RAM ONLY) MODE ONLY.

4 FOR THE RUN (RAM/ROM) MODE ONLY.

Fig. 12 - Objective dynamic timing waveforms for COP1804AC.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, C. = 50 pF, Voo = 5 V, +5%.
' LIMITS
CHARACTERISTIC CDP1804AC UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB teun, teHL 150 275
Clock-to-Memory High-Address Byte teum, teHL 325 550
Clock-to-Memory Low-Address Byte . teun, teL 275 450
Clock to MRD teun, teHL 200 325
Clock to MWR  teun, teHL 150 275 ns
Clock to (CPU DATA to BUS) teLn, teHL 375 625
Clock to State Code teun, tere 225 400
Clock to Q teLn, teHL 250 425
Clockto N teuH, teHL 250 425
Clock to Internal RAM Data to BUS teum, temL 420 €50
Clock to EMS [T 275 450
Minimum Set Up and Hold Times:®
Data Bus Input Set-Up tsu -100 0
Data Bus Input Hold th 125 P25
DMA Set-Up tsy -75 0
DMA Hold tw 100 175
ME Set-Up tsu -25 0
ME Hold tw 90 150
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 t 175 300
Minimum Pulse Width Times:®
"CLEAR Pulse Width tw 100 175 ns
CLOCK Pulse Width twi 75 125
*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, Voo =5 V, +5%.
LIMITS
CHARACTERISTIC CDP1804AC UNITS
Min. Typ.*
High-Order Memory-Address Byte 2T-275 2T-175
Set-Upto TPA_ X Time Tsu
High-Order Memory-Address Byte T/2-50 T/2-15
Hold after TPA Time th
Low-Order Memory-Address Byte . T+0 T+100 ns
Hold after WR Time th
CPU Data to Bus Hold T-200 T-100
after WR Time th
Required Memory Access Time 4.5T-400 45T-175
Address to Data tacc

*Typical values are for Ta = 25°C and nominal Voo.
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES
DATA MEMORY | N
STATE| | 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 Y
NOT PROGRAMMER 0—X, P; 1—MIE, 0000—R0
ACCESSIBLE ‘
S0 FETCH MRP—1, N; RP+1—RP MRP RP 0 1 0
0 0 DL STOP AT TPB FLOAT RO 1 1 0
WAIT FOR DMA OR INT
0 1-F LDN MRN—D MRN RN 0 1 0
1 0-F INC RN+1—RN FLOAT RN 1 1 0
2 0-F DEC RN-1—RN FLOAT RN 1 1 Q
3 0-F SHORT TAKEN: MRP—RP.0 MRP RP 0 1 0
BRANCH | NOT TAKEN: RP+1-RP.
4 0-F LDA MRN—D; RN+1—~RN MRN RN 0 1 0
5 0-F STR D—~MRN D AN 1 0 0
6 0 IRX RX+1-—RX _MRX RX 1 1 0
1 OUT 1 1
2 OuT2 2
3 oUT 3 3
4 OouT 4 MRX--BUS; RX+1—~RX MRX RX 0 1 4
5 ouTs 5
6 ouT6 6
6 7 ouT? 7
9 INP 1 1
A INP 2 2
B INP 3 DATA 3
st c INP 4 BUS—MRX, D FROM RX 1 0 4
D INP 5 1’0 5
E INP 6 DEVICE 6
F INP 7 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 SDB MRX—D—DFN—DF, D MRX RX 0 1 0
6 SHRC | LSB(D)—~DF; DF~MSB(D) | FLOAT 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 FLOAT RP 1 1 0
B SEQ 1—-Q FLOAT RP 1 1 0
[ 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) | FLOAT RP 1 1 0
F SMBI D-MRP-DFN—DF, D; RP+1 MRP RP 0 1 0
8 0-F GLO RN.0—D RN.O RN 1 1 0
9 0-F GHI RN.1—-D RN.1 RN 1 1 0
A 0-F PLO D—RN.0 D RN 1 1 0
B 0-F 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.
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CDP1804AC
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
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+ 0 1 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
S1#1 ¢ 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 1 0
F OPERATION
S1#1 NO OPERATION MRP RP 0 ] 0
2 4 NOP NO OPERATION M(RP+1) RP+1 0 1 0
D 0-F SEP N—P NN AN 1 7 0
E 0-F SEX N—X NN RN 1 1 0
0 LDX MRX—D MRX RX )] 7 0
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) FLOAT RX 1 1 0
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; RP+1—~RP MRP RP 0 1 0
c 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; 0—~LSB(D) FLOAT RP- 1 1 0
DMA IN BUS—MRO; RO+1—R0 | DATA FROM RO i 0 0
s2 I/0 DEVICE
DMA OUT MRO—BUS; R0+1—R0 MRO RO 0 1 0
s3 INTERRUPT X,P—T; 0~MIE FLOAT RN 7 1 [}
1-P; 2—X
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CDP1804AC
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
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
0 STPC | STOP COUNTER CLOCK; | FLOAT RO 1 1 0
0—-+32 PRESCALER .
1 DTC CNTR—1—~CNTR FLOAT R1 1 1 0
2 SPM2__| CNTR-1 ON EF2 AND TPA | FLOAT R2 1 1 0
3 SCM2__| CNTR-1ONEF20TO1__| FLOAT A3 1 1 0
4 SPM1_| CNTR-1 ON EF1 AND TPA | FLOAT R4 1 1 0
5 SCM1 CNTR-1ONEF10TO1__| FLOAT RS 1 1 0
S1 6 LDC D—CNTR;0—~CIL D R6 1 1 0
(IF CNTR IS STOPPED)
7 ST™ CNTR-1 ON TPA<32 FLOAT R7 1 1 0
8 GEC CNTR—D CNTR R8 1 1 0
9 ETQ IF CNTR THRUO0: G-Q | FLOAT RO 1 1 0
A XIE 1-XIE FLOAT RA 1 1 0
B XiD 0—XIE FLOAT RB 1 1 0
C CIE 1—CIE FLOAT RC 1 1 0
D CID 0—CIE FLOAT RD 1 1 0
S1#1 RN-1—RN FLOAT AN 1 1 0
w2 MRP—B; RP+1—RP MRP RP 0 1 0
73 0-F DBNZ | TAKEN: B—RP.1; MRP— | M(RP+1) RP+1 0 1 0
RP.0 NOT TAKEN:
RP+1—RP
BCI TAKEN: MRP—RP.0;
E 0~Cl MRP RP 0 1 0
$1 NOT TAKEN: RP+1—~RP
TAKEN: MRP—RP.0
F BX| NOT TAKEN: RP+1—RP MRP RP 0 1 0
S1# MRX—B, RX+1—RX MRX RX 0 1 0
w2 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 FLOAT RN 1 1 0
S1#1 MRX+D+DF—DF. D MRX RX 0 1 0
42 4 DADC  I'bECIMAL ADJUST—DF,D | FLOAT RP 1 1 1
S1#1 RX-1—RX FLOAT RX 1 1 0
#2 T—MRX; RX-1—RX T RX-1 1 0 0
3 6 DSAV D—MRX; RX-1—=RX D RX-2 1 0 0
SHIFT D RIGHT WITH
CARRY
#4 D—MRX D " RX-3 1 0 0
S1#1 D-MRX-(NOT DF)—DF.D_|__MRX RX 0 1 0
#2 7 DSMB  'hECIMAL ADJUST—DF, D | FLOAT RP 1 1 0
S1#1 MRP+D+DF—DF, D; ‘
c DACI RP+1—=RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF,D | FLOAT RP+1 1 1 0
S1#1 D-MRP-(NOT DF)—DF, D;
F DSBI RP+1—RP MRP RP 0 ! 0
¥2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0
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CDP1804AC
TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)
pata | memory | ___ | __ | w
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 FLOAT RN 1 1 0
¥2 T—MRX; RX-1—RX RN.O RX 1 0 0
#3 B-MRX, RX-1—RX RN.1 RX-1 1 0 0
#a 8 | oF SCAL RP.0, RP.1—T.B FLOAT RP 1 1 0
#5 B, T~RN.1, RN.O FLOAT 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 FLOAT RP 1 1 0
S1#1 RN.O, RN.1=T, B FLOAT RN 1 1 0
w2 RX+1—RX FLOAT RX 1 1 0
#3 B, T~RP1, RP.0 FLOAT RP 1 1 0
9 | oF SRET

#4 MRX—B; RX+1—~RX M(RX+1) RX+1 0 1 0
P73 BT, MRX—B M(RX+1) RX+2 0 1 0
76 B, T-AN.0, RN1 FLOAT RN 1 1 0
STH RN.O, RN.1—~T, B FLOAT RN 1 1 0
w2 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
I3 RN.0, RN.1—T, B FLOAT RN 1 1 0
#2 B | OF RNX B, T—~RX.1, RX.0 FLOAT RX 1 1 0
S1#1 MRP—B; RP+1—~RP MRP RP 0 1 0
#2 c | or RLDI B—T. MRP—B, RP+1—RP__| M(RP+1) RP+1 0 1 0
#3 B, T~RN.0, RN.1; RP+1—~RP | FLOAT RN 1 1 0
S1#1 MRX:D—DF. D MRX RX 0 1 0
#2 F 4 DADD  I'hECIMAL ADJUST—DF,D | FLOAT RP 1 1 0
STA D-MRX—DF, D MRX RX 0 1 0
#2 F 7 DSM  I'DECIMAL ADJUST—DF, D | FLOAT RP 1 1 0

STH MRP+D—DF, D.
F c DADI RP+1—RP MAP RP 0 0
#2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0

STA D-MRP—DF, D
F F DSMI RP+1—RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0
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Instruction Summary
N

ot ]2]3] a5 [ e[ 7 [ 8 ]oeo [ alelcloleETF

IDL LDN

-

INC

DEC

BR|Ba [ Bz [BOF] B1 | B2 [ B3 | B4 | skp [ BNQ [ BNZ [ BNF | BN1 | BN2 | BN3 | BN4

LDA

STR

IRX ouTt >

INP
RET | pis JLoxA|sTxD] Abc | sbB [sHRc] smB | sav [MARK] ReQ | seQ JADCI ] sbBI [sHLC] SMBI

GLO

GHI

PLO

PHI

LBR|LBQ | LBZ [LBDF] NOP [LSNQ [LSNZ] LSNF | LskP [LBNQ]LBNZ]LBNF| LSIE | LSa | LSz [LSDF

SEP

SEX

MM{OI0O|]D|>» |0 |®|vN|ojo |& jwjn

LDX | oR [AND][xOR[ADD ]| sp [SHR] sm [ bt [ ori [ ANI | xRi [ ADI | spi [ SHL [ smi

‘68’ LINKED OPCODES (DOUBLE FETCH)

STPC[DTC [SPM2[SCM2[SPM1]SCM1 ] LDC | STM | GEC [ ETQ | XIE | XID [ CIE [ CID | — | —

DBNZ

=l-Jl-]-T-T-T-T_-T-T-T-]T-7T-1-1]sc]sx

RLXA

— ]l — 1 —1— Joaoc] — Tpsavipsme] — [ — [ — | — [oaci] — | — [ossl

SCAL

SRET

RSXD

RNX

Olm |>» |o jo Njoo jwinv |o

RLDI

F

— ]l - -] —~1Joabp] — | —JosM| — | — [ — | — [pADI| — | — [psmi

‘68’ IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS.

IMPORTANT NOTICE

Early versions of the CDP1804AC (with NLBJ5, NLBT5, or NR appearing in the bottom brand) fully execute all CDP1802
family, CDP1805C, and CDP1806C instructions, plus the additional eight BCD arithmetic instructions and the new DBNZ
instruction descufibed in the CDP1804AC data sheet. They do not, however, execute the new DSAV instruction.
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DP1804AC

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 or N (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,
the RAM will be enabled at the locations where both are
mapped. The RAM may also be selectively disabled.

Programr_nlng 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 cdre” (X) logic status of the high-order address bits is
dependént upon the desired starting address of the 2K-byte
ROM blogk and the 64-byte RAM block. The desired logic
levels for the high-order address bits (A15through A6J can be
selectéd 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 1or0in columns 28through 43
on the ROM Information Sheet, Part B.

Multiple mapping can bé 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
onan RCA CDP1800-series microprocessor development

3. Masterdevice—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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CDP1804AC
Data Programming Instructions (Cont'd)
Option Card
Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type.
Column No. Data
1-6 Punch the word OPTION
7 leave blank
8-17 Punch CDP1804A
18-27 leave blank
28-43 Punch 1, 0, X, or leave blank per ROM Information Sheet (Part B)
44-78 leave blank
79-80 Punch the deck number (the 2-digit number in columns 79-80 of the title card)

Data-Format Card

The data-format card specifies the form in which the data is to be entered into ROM.

Column No. Data

1-11 Punch the words DATA FORMAT

12 leave blank

13-15 Punch the letters HEX

16 leave blank

17-19 Punch POS

20-78 leave blank

79-80 Punch the deck number (the 2-digit number in columns 79-80 of the title card)

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 digits.
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 or 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 be contiguous starting at an even-numbered address. (See Sample Card-Deck Printout on page 28.)

Column 4 must be zero.

To minimize power consumption, ali unused ROM locations should contain zeros.
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. Data Programming Instructions (Cont'd)

[1234567891011121314 151617 18 192021222324 25 26 2728 20 30 31 3233 34 35 38 37 36 39 40 41 4243 44 4546 47 48 49 5051 52 53 54 55 56 57 58 59 6061 626364 656667686970 717273747576 77 T8 T9 80
TiTLEcARD [ | [ ]
(OPTION CARD
DATA FORMAT CARL
u rispel 7| IRlclal | Ismlvie] Wz{:]:] 9|1]2]3le] [/]|plolelalclel(lg])) al/
2.:.[’ KPPl | 2]oj4+1A /]o]o]/]ojelolo]ojolo]olo ol/
IZirh| Klowia 7] Wiglx] |Plels 4 ol/
ololo] |7 3|/1p] |FIelel?) 1FIAL7IF] Aiplile] 1413lFle] [3[3i¢]#] (712119 ol/
19]9]/10 F12]712] 131cloi8] lojels]2] IFlelslol Migls o] j#1¢12i71 IF]Alslol; ol
9lolalo] 13l21al9| I7l2iA] [s]elrlpl lol6]a]o! PL-’F'I £1A14]0] 13]al216] [9121F19]; *_o__/‘
1M_£4§g_olegm~w2 s12lpls] [alslsla| lslelele] lelelele] Ialal/[7]s ols
||| DATA
:' C
717Elo] I11342K] lcliFle] [ol2|Fle] IFlelFls] 13[3lelr] lojelrle] I8]olslo (it o/
o] ls] 7lriele] [Blpiale| |olelots| Ielojals| alolFl7| iFlFlFlA FIF] | ol/
T IT T d
|
ADDRESS ATA
1234567891011121314151817181920212223242526272829303132333435363738394041424344454647484950515253545556575850606162836465686768697071727374757677787980

92CL- 35189

Sample Card-Deck Printout

Floppy-blskelte 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, specifiy the master device type; RCA will select
Intel types 1702, 2332A, 2704, 2708, 2716, 2732, 2758,
Supertex CM3200, Tl 4732, Motorola MCM68732, and
Motorola MCM68A332, or their equivalents as well as RCA
type CDP18U42. 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.




1800-Series Microprocessors and Microcomputers

CDP1804AC
ROM Information Sheet
How is ROM pattern being submitted to RCA?
check one Computer Cards O (Complete parts B and C)
Floppy Diskette O (Complete parts A, B, C, and E)
Master Device (PROM) [0 (Complete parts A, B, C, and D)
Customer Name (start at left)
6-30 HEEREEEEEEEEEEEEEEREEEEEE
<
k| 3554 LITTTTTTTTTTITTTTTT I T ] Addressorbivision
<
o. | 59-63 ED:ED RCA Custom Number (obtained from RCA Sales Office)
65-71 ED:]:I:[:]:' ROM Type without CDP prefix (e.g., 1804ACE)
INTERNAL
MEMORY ROM RAM RAM
INTERNAL
o ADDRESS A15 Ata | A13|A12 | A11 A15 | A4 | A13 | A12 | A11. | A10 | A9 | A8 A7 A ENABLE
E coL# 28 29 30 | 31 32 33 34 35 36 37 38 39 40 4 42 a3
=
OPTIONS
(circle one) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1=active high
O=active low [] [} [)] (] (] ) o [} (1] 0 o [} 0 0 0 0
X=don't care
X X x | x X X X 4 X X X X X X X -
,9 Starting address of CDP1804AC ROM and RAM blocks (in Hex)
oc
<| rom [TTT] ram [T T[]
If a master device is submiitted, If a diskette is submitted, check type of
state type of ROM/PROM: RCA Development System used.
O cpP18s005 O copr18s007
[a) w )
- | Starting and last address - | specity: Track#[_]] , O cop1ssoos
Z | of datablock in the < - _
o Master Device (in Hex). o Specify: File Name:
Software program used: Software program used:
(check one) (check one)
] | [ | | [ ] [ | 0 ROM SAVE O MEM SAVE
0 SAVE PROM O SAVE PROM
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CDP1805C, CDP1806C

Preliminary Data

% ME FOR COPI805C
vpp FOR COPI806C

The RCA-CDP1805C and CDP1806C are functional and
performance enhancements of the CDP1802 LSI CMOS
8-bit register-oriented microprocessor series and are
designed for use in a wide variety of general-purpose
applications.

The CDP1805C enhancements include a 64-byte RAM
array, an 8-bit presettable down-counter, and 22 additional
software instructions, that add subroutine call and return
capability, enhanced data transfer manipulation, and control
over the counter modes and intefrupt arbitration.

The timer/counter generates an internal interrupt request
on underflow that can be directed to the Q output line can
be used in time-base, event-counting, and pulse duration
measurement applications.

The CDP1806C enhancements are identical to those of the
CDP1805C, but the CDP1806C contains no on-chip RAM.

CLOCK — | 40— Vpo H 3 :
ke ERNE o 3 CMOS 8-Bit Microprocessor With
€ — . A .
— |— DMA OUT
Ly y=wer | On-Chip RAM™ and Timer/Counter
SCO—1 6 35—
MRD —| 7 34— TPA .
BUS 7 — 8 33— TPB .
BUs 6 — o A Performance Features:
8US 5 —{10 31 }— Ma6 ) '
BUS 4 — 11 30}— MAS ® Instruction time of 4 us -40° to ® 16 x 16 matrix of registers for use
s ""3’ g: — m; +85°C as memory pointers (program
BUS | — 14 27— ma2 w 113instructions - upwards software counters, data pointers, stack
BUS 0 —{15 26— wmal compatible with CDP1802 pointers) or as data storage
:z — :175 22: gﬁ? ®  Pin compatible with CDP1802 registers
NI —]I8 23— EF2 except for Vcc terminal (] On-c(}lipt crystal or RC controlled
NO — 19 22— EF3 oscillator
vss —20 21— EFa m 64K memory address capability
TOP VIEW 92CS-34767
TERMINAL ASSIGNMENT A CDP1805C only

Upwards software and hardware compatibility are
maintained when substituting a CDP1805C, CDP1806C for
other CDP1800-series microprocessors. Pinout is identifical
except for the replacement of Vcc with ME on the
CDP1805C and the replacement of Vcc with Voo on the
CDP1806C.

Timing for the CDP1805C and CDP1806C is the same,
except that 4.5 clock pulses are provided for memory
access, Q changes 1/2 cycle earlier during SEQ and REQ
instructions, and the FLAG LINES are sampled at the end of
the SO machine cycle. Schmitt Triggers are provided on all
control inputs, except ME. The only CDP1802 feature not
retained is the LOAD MODE (WAIT = CLEAR =0), which is
not allowed on the CDP1805C and CDP1806C.

The CDP1805C and CDP1806C have an operating voltage
range of 4 Vt0 6.5V, and is supplied in a 40-lead hermetic
dual-in-line ceramic package (D suffix) and in a 40-lead
dual-in-line plastic package (E suffix).

ADDRESS BUS

L Ry

MAO - MA7 MAO - MA7 r FAO-FM__II
| |
| I
IN MRD j—= b — — —pl WRD i
CONTROL |
COPI8S| <: COP180SC ! 32(:051'18:2:;154 |
PROGRAMMABLE CoPIBOEC coPI833 | |
1/0 8-8IT CPU 1K BYTE ROM i |
| |
MWR -——_——"ﬁw‘n |
our TPA TPA | COPIBOSC |
| ONLY |
- WE T Hes :
BUSO - BUS7 BUSO- BUS? BUSO -BUS7 BUSO-BUS4 |
- 5=r-
CDPIBO5 ONLY : i
_____ -
8- BIT DATA B"'S
—————— ' ozem-3a7es

Fig. 1 - Typical COP1805C, CDP1806C small microprocessor system.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp):

(Voltage referenced to VGg TermMINal) ... ..ottt et e -05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5t0o Vpp 0.5V
DC INPUT CURRENT, ANY ONE INPUT ..ottt ettt ettt i ta e i e a e eaatean e ateaaansnsas + 10 mA

POWER DISSIPATION PER PACKAGE (Pp):
FOrTA=-40t0 +60°C (PACKAGE TYPE E) ...\ ittt ittt ettt et ie e
For Tp =+60to +85°C (PACKAGE TYPEE) ...t
For Ta = -55to +100°C (PACKAGE TYPE D)
For Tp = +100 to +125°C (PACKAGE TYPE D)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPeS) .. ......uuirnrnetienineritiaeeroninaraeenanines 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D o.iiittiittitti ittt ettt et et can ettt et ta ettt e taiaetasenneiaansrsesnnsennsennns -55 to +126°C

PACKAGE TYPE E ..ottt ettt ettt ittt ettt a s ia e -40 to +85°C
STORAGE TEMPERATURE RANGE (Tstg) -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. . ...ttt iiieit it i i it eieeiiereneens +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 CDP1805CD, CDP1805CE UNITS
CDP1806CD, COP1806CE
vDD
v) MIN. MAX.
DC Operating Voltage Range — 4 6.5
\
Input Voltage Range - Vss VoD
Minimum instruction Time * (fcL = 4 MHz) 5 4 - Hs
Maximum DMA Transfer Rate 5 - 0.5 MBytes/s
Maximum Clock Input Frequency, 5 DC 4
Load Capacitance (CL) = 50 pF
MHz
Maximum External Counter/Timer 5 DC 2
Clock Input Frequency to EF1, EF2 tcLx

* 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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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Voo = 5 V + 5%,

Except as noted

CONDITIONS LIMITS
CDP1805CD, CDP1805CE
CHARACTERISTIC CDP1806CD, CDP1806CE UNITS
Vo | VIN | VDD
(V) V) (V) MIN. TYP.* MAX.
Quiescent Device Current IpD - 0,5 5 —_ 50 200 uA
Output Low Drive (Sink) Current loL 04 0.5 5 1.6 4 _
(Except XTAL)
XTAL Output loL | 04 5 5 0.2 0.4 — mA
Output High Drive (Source) Current lIOH 4.6 0.5 5 16 4 _
(Except XTAL)
XTAL loH | 46 0 5 -0.1 -0.2 —
Output Voltage Low-Level VoL — 0,5 5 — 0 0.1
Output Voltage High Level VOoH — 0,5 5 4.9 5 —
Input Low Voltage (BUS 0 — BUS 7, ME) V| ]| 0.5,45] — 5 — — 1.5
Input High Voltage (BUS 0 — BUS7, ME) V|4 | 0.5, 45| — 5 35 — —
Schmitt Trigger Input Voltage "
(Except BUS 0 — BUS 7, ME)
Positive Trigger Threshold Vp 2.2 29 3.6
Negative Trigger Threshold VN | 05,45 — 5 0.9 1.9 2.8
Hysteresis VH 0.3 0.9 1.6
Input Leakage Current IIN - 0,5 5 — $0.1 15
MA
3-State Output Leakage Current lour| 0.5 0,5 5 —_ +0.2 +5
Input Capacitance CIN — — - - 5 7.5 oF
Output Capacitance Court| -— — — — 10 15
Total Power Dissipation (f=4 MHz) _ _ 5 _ 15 30 mw
Idle “00” at M(0000), CL = 50 pF
Minimum Data Retention Voltage VDR VpD = VDR — 2 24 Vv
Data Retention Current IDR Vpp =2.4 — 25 100 HA
®Typical values are for Tp = 256°C and nominal Vpp.
MEMORY ADDRESS LINES 1/0 FLags '/O REQUESTS
—\ 7 DMA CONTROL
MA6 MA4 MA2 MAO E_n_ EF3 W‘o‘ur
mA7|mas|ma3|mal EF2|EF4 N | INT  CLEAR WAIT
ME FOR CDP1805C tii
Vpp FOR CDP1806C
| o oo
copigosC I X TAL
| —=SCO STATE
- ———— CONTROL AND
] keslea_grre b TIMING  LOGIC [~ sci }CODES
o I e > a Losic
| ISQUNTER| rearr = es | svsrem
Rze(;és)rm c&'tﬁ'én 230 TPA TO > MWR [ TIMING
" INSTR [}
T = L%EEIERUPT NSDEéJOCDTEON —» MRD
o) [
@ RIOITRIOIO] ARy
L :;I)).I R:l 0] R 1
- 2).11R(2).0
BECR R(é) ,[;(9)0 LATCH T b I :0 1/0
. K 1]
D R(A).I|R(A).0) oécNo%E (8) [} (a) ]| (a4 N2 COMMANDS
(8) T H
R(E).1| R(E).0
R(F).I[R(F).O|
8-BIT BIDIRECTIONAL DATA BUS ] 92CM-34769

Fig. 2 - Block diagram for CDP1805C and CDP1806C.
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TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

N ]

I——|NTERNAL RAM READ CYCLE INTERNAL RAM WRITE CYCLE

00 _10_20 30 40 50 60 0 20 30 40 % &
CcLOCK
o]} n 2 3l 4| 51 6y N ol n 2 31 41 St 6l n
TPA 1 | 1
1
P8 | ! ] 71
MEMORY —TTwicn ovie | Low BYTE | | MiGh BYTE | Low BYTE 1
MRD ] T
|
MWR ) ] J
* == !
ME
" L1 T L
VALID DATA FROM MEMORY —fme——e=—ri
pATA BUS [/ 7 V7]  vauo vata rrom cPu .
92CS-33884RI
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. 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 LIMITATION ON ME PULSE WIDTH IS POSSIBLE BUS
CONTENTION, WHICH CAN OCCUR NO EARLIER THAN CLOCK PULSE 31 OF THE
NEXT MACHINE CYCLE.

% FOR CDPIBO5C ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805C and
CDP1806C.

L—;EXTERNAL MEMORY READ CYCLE —'—-EXTERNAL MEMORY WRITE CYCLE—I

020 30 40 50 60 70 100 10 20 30 40 50 _60_70
cLocK
T R T T (- e T e
TPA 1 ‘ L
TPB M 1
|
MEMORY
A0 [ ien BYTE ] Low BYTE | [HieH evTe | LOW BYTE 1
_ |
MRD ] T
— |
MWR | L
* ME N X
(HIGH) ]
DATA Bus |] oamiatcweomncru  § P VALID DATA FROM CPU v
% FOR CDPIB8O5C ONLY
92C5-34771

Fig. 4 - External memory operation timing waveforms for CDP1805C and
CDP1806C.

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 micro-
processor, and I/O devices.

NO to N2 (I/0) Lines:

Activated by an 1I/0 instruction to signal the I/0 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 1/0 devices. The N bits are low at all
times except when an 1/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 1/0 instruction by bit N3 (internally) and is indicated by
the level of the MRD signal:

MRD = Voo: Data from I/0 to CPU and Memory
MRD =Vss: Data from Memory to I/0
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SIGNAL DESCRIPTIONS (Cont'd)

‘EF1 to EF4 (4 Flags):

These inputs enable the.l/O 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. One additional use for EF1and EF2isevent
counting and pulse width measurementin conjunction with
the Timer/Counter.

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

These inputs are sampled by the CDP1805C and CDP1806C
during TPB.

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 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. .

SCO, 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.

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 and to indicate the direction of data transfer during
an I/0 instruction.

Q:

Single bit output from the CPU which can be set or reset,
between the trailing edge of TPA and the leading edge of
TPB, under program control. 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
01toits next value, the Qline changes state. This command
is cleared by a LOAD COUNTER (LDC) instruction, a CPU
reset, or a BRANCH COUNTER INTERRUPT (BCl)
instruction with the counter interrupt flip-flop set.

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is4 MHzat Vpp =5 V. 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:

The levels of state code are tabulated below. All states are
valid at TPA. CLEAR WAIT MODE
L L NOT ALLOWED
State Type State Code Lines L H RESET
SC1 SCO H L PAUSE
S0 _(Fetch) L L H H RUN
S1_(Execute) L H —_— i
S2 (DMA) A L ME (Memory Enable CDP1805C Only):
S3 (Interrupt) H H This active low signal line is used to select or deselect the

H = Voo, L = Vss.

TPA, TPB (2 Timing Pulses):

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 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 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.

" MWR (Write Puise):

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

internal RAM. It must be active at the beginning of clock 70
foraninternal 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.

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

VDD (CDP1806C Only):

This input replaces the ME signal of the CDP1805C and
must be connected to the positive power supply.

Vpp, Vss, (Power Levels):

Vgs is the most negative supply voltage terminal and is
normally connected to ground. Vpp is the positive supply
voltage terminal. All outputs swing from Vgg to Vpp. The
recommended input voltage swing is from Vgg to Vpp.
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ARCHITECTURE

Fig. 1 shows a block diagram of the CDP1805C and
CDP1806C. 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. theexternal memory (multiplexed, higher-order byte
‘first on to 8 memory address lines)

2. theDregister (either of the two bytes can be gated to
D)

3. theincrement/decrementcircuit whereitisincreased
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 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 |
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 of 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/O 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
registersin R can be used as subroutine program counters.
By asingle instruction the contents of the P register can be
changed to effect a “call” to 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

Theregisters in R may be used as data pointers to indicate a
locationin memory. The register designated by X (i.e. R(X))
points to memory for the following instructions (see Table
1):

ALU operations

output instructions

input instructions

register — — memory transfer

interrupt and subroutine handling.

apLRA

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 CDP1805C and
CDP1806C architecture saves asubstantial 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,
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 dataimmediate) 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.

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
! 4 Bits Holds High-Order Instr. Digit
T 8 Bits Holds old X, P after Interrupt
(X_is_high nibble)
MIE 1 Bit Master Interrupt Enable
Q 1 Bit Output Flip Flop
CH 8 Bits Holds Counter Jam Value
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ARCHITECTURE (Cont'd)

On-Chip Clock (See Fig. 7 and 8)

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

The crystal is connected between terminals 1 and 39
(CLOCKand XTAL) in parailel with a resistance (1 megohm
typ.).

. Frequency trimming capacitors 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. 7. The frequency
is approximately 1/RC (See Fig. 8).

c
I 92CS-31056R!

Fig. 7 - RC network for oscillator.

Vpp= 5V AT 25°C

~ R (OHMS)

AN

Y 1L 11l
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| 1 1 il

92CsS-34172

Fig. 8 - 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

Registers I, N, Q, counter prescaler, and counter interrupt
latch are reset. MIE, XIE, and CIE are 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 state of the
counter/timer is unaffected by the RESET operation.

The first machine cycle after termination of reset is an
initialization cycle which requires 9 clock pulses. During
thiscyclethe CPUremainsin S1, X, P, T, and then registers

X, P, and R(0) are reset. Interrupt and DMA servicing
suppressed during the initialization cycle. The next cycle is
an SO or an S2 but never an S1 or S3. The use of a 71
instruction followed by 00 at memory locations 0000 and
0001, may be used to reset MIE, so as to preclude interrupts
until ready for them. Power-up reset run can be realized by
connecting an RC network to CLEAR (See Fig. 9) .

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

CDPIBOSC
CDPIBO6C

-

92CS-34772R1
Fig. 9 - Reset diagram.

PAUSE

Stops the internal CPU timing generator, freezing the state
of the processor. Pause can occur at two points in a
machine cycle, on the low-to-high transition of either TPA
or TPB.

The oscillator continues to run but subsequent clock
transitions are ignored. TPA and TPB remain at their
previous state (See Fig. 10).

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

RESUME

TPA PAUSE TIMING ENTER SUM

b

PAUSH
CLock 70/ 71 \oo/ o

, |
TPA tpLH — | ol thHL

t t L

TPB PAUSE TIMING enter  Resume
PAUSE RUN

'

PAUSE

PAUSE 10

cLock 50/ 51 \e0 pruse fe1 \7of 71 \oof o1 \ 10
]

P8 tpLn —ﬂl | —l —tpHL
|
N tsu | W
WATT _—W}‘«—‘su 92CM- 31944

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

Fig. 10 - Pause mode timing waveforms.
UN

May be initiated from the Pause or Reset mode functions. if
initiated from Pause, the CPU resumes operation at the
point it left off. If paused at TPA, it will resume on the next
high-to-low clock transition, while if paused at TPB, it will
resume on the next low-to-high clock transition (See Fig.
9). When initiated from the Reset operation, the 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 0000 in memory.
SCHMITT TRIGGER INPUTS
Allinputs except BUS 0 — BUS 7 and ME contain a' Schmitt
Trigger circuit, which is especially usefull on the CLEAR
input as a power-up RESET (See Fig. 10) and the CLOCK
input (See Fig. 7).
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STATE TRANSITIONS

The CDP1805C and CDP1806C state transitions are shown
in Fig. 11. Each machine cycle requires the same period of

time, 8 clock pulses, except the initialization cycle (INIT)
which requires 9 clock pulses.

IDLESDMA®INT

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

INT . DMA - FORCE 81

OMASIGLESINT »
FORCE S1

INTsDMA

PRIORITY: FORCE S0, S1
DMA IN

DMA OuT 92C5-3477
iNT 2CS-3 8

Fig. 11 - State transition diagram.

Additional Timing Waveform Notes (See Fig. 12)

The CDP1805C and CDP1806C timing specification for width dependent on crystal-clock frequency. This width

latching external data into the CPU requires some additional
clarification.

As specified data is latched at the beginning of clock pulse
70, with a data setup time required before that edge. While
this is generally true, there may be some extremely slow
applications where data will be required at an earlier time.

As shown in Fig. 12, valid data must be present during the
time that clock 61 ¢ INTERNAL STROBE is valid.

INTERNAL STROBE provides a worst-case fixed width of
50 us at 5 volts over the full temperature range, rather thana

CLOCK

INTERNAL STROBE

B

overlaps Clock 61 for frequencies above 10 kHz (50 us i§1/2
clock pulse at 10 kHz), and data is latched on the high-to-
low transition cfclock 61. If the clock frequency used is less
than 10 kHz, the high-to-low transition of INTERNAL
STROBE becomes the Latch control and data must be
present during the time that INTERNAL STROBE is valid.

If the CDP1805C and CDP1806C are used in the pause
mode, clock timing will stop at the leading edge of TPB (or
TPA). Any data which changes after this time must be valid
within 50 us of the beginning of clock 61 for proper latching
into the CPU.

VALID DATA I

|LaTcuen
IN cPU

| E—

92CM-34049

Fig. 12 - Control-timing waveforms for COP1805C and CDP1806C.
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The CDP1805C and CDP1806C instruction summary is
givenin Table |. 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=Nor X, or P

INSTRUCTION SET

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 | — INSTRUCTION SUMMARY (For Notes, see also page 15)

NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION

MEMORY REFERENCE

LOAD IMMEDIATE 2 Lol F8 M(R(P))~D; R(P)*1—R(P)

REGISTER LOAD IMMEDIATE 5 RLDI 68CNE | M(R(P))—~R(N).1; M(R(P)+1—
R(N).0; R(P)+2—R(P)

LOAD VIA N 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 ADVANGCE 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 VIA N 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 68ANg | 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 N R(N)*1—=R(N)

D®CREMENT REG N 2 DEC 2N R(N)-1—R(N)

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 OPERATIONST

OR 2 Oh 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 76A | SHIFT D RIGHT, LSB(D)—DF,

E DF—MSB(D)

RING SHIFT RIGHT 2 RSHR

SHIFT LEFT 2 SHL FE SHIFT D LEFT, MSB(D)—DF,
0—LSB(D)

SHIFT LEFT WITH CARRY 2 SHLC 7EA | SHIFT D LEFT, MSB(D)~DF,

} DF—LSB(D)
RING SHIFT LEFT 2 RSHL

Bprevious contents of T register are destroyed during Instruction Execution.

1tSee page 12.

AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.
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TABLE | — INSTRUCTION SUMMARY (Cont'd)
NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC| CODE OPERATION
ARITHMETIC OPERATIONST ’
ADD 2 ADD Fa M(R(X))+D—DF, D
ADD IMMEDIATE 2 ADI FC M(R(P))+D—DF, D; R(P)+1—~R(P)
ADD WITH CARRY 2 ADC 74 M(R(X))+D+DF—DF, D
ADD WITH CARRY, IMMEDIATE 2 ADCI 7C M(R(P))+D+DF—DF, D
R(P)+1~R(P)
SUBTRACT D v 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 sDB 75 M(R(X)-D-(NOT DF)-DF, D
SUBTRACT D WITH 2 SDBI 70 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
SUBTRACT MEMORY IMMEDIATE 2 sMmi FF D-M(R(P))—DF, D;
A R(P)*1~R(P)
SUBTRACT MEMORY WITH BORROW 2 SMmB 77 D-M(R(X))-(NOT DF)—DF, D
SUBTRACT MEMORY WITH 2 SMBI 7F D-M(R(P))-(NOT DF)—~DF, D
BORROW, IMMEDIATE R(P)+1—R(P)
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) ‘
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 z ELSE R(P)+1—R(P)
SHORT BRANCH IF EQUAL OR 2 BGE
GREATER
SHORT BRANCH IF DF = 0 2 BNF 38A | 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 IF Q = 1 2 BQ 31 IF Q = 1, M(R(P))~R(P).0
ELSE R(P)+1—~R(P)
SHORT BRANCH IF Q = 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 = vgg) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1 = 0 2 BN1 3C IF EF1 = 0, M(R(P))—~R(P).0
(EFT = vpp) ELSE R(P)+1—R(P) ,
SHORT BRANCH IF EF2 = 1 2 B2 35 IF EF2 = 1, M(R(P))—~R(P).0
(EF2 = vgg) ELSE R(P)+1—R(P)

+The Arithmetic operations and the shift
instructions are the only instructions

that can aiter the DF 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

postive number

DF = 0 denotes a borrow, D is two's complement
the syntax” —(NOT DF)” denotes the

subtraction of the borrow

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

individually listed.
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TABLE | — INSTRUCTION SUMMARY (Cont'd)
NO. OF
| MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION
BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd
SHORT BRANCH IF EF2 = 0 2 BN2 3D IF EF2 = 0, M(R(P))—~R(P).0
(EF2 = Vpp) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P))~R(P).0
EF3 = Vgg) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 = 0 2 BN3 3E IF EF3 = 0, M(R(P))~R(P).0
EF3 = Vpp) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P))—R(P).0
EF4 = vgg) 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 683Ee | IF CI =1, M(R(P))—~R(P).0; 0—~ClI
COUNTER INTERRUPT ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BXI 683F | IF X1 = 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 LSKP) 3 NLBR C8A | R(P)+2—R(P)
LONG BRANCH IF D = 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 IF Q = 1 3 LBQ c1 IF Q = 1, M(R(P))—~R(F).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF Q = 0 3 LBNG 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). 2 SKP 38a | R(P)+1—R(P)
LONG SKIP (SEE NLBR) 3 LSKP c8A | R(P)+2—R(P)
LONG SKIP IFD = 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 c7 IF DF = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF Q = 1 3 LsQ cD IF Q = 1, R(P)+2~R(P)
ELSE CONTINUE
LONG SKIP IF Q = 0 3 LSNQ c5 IF Q = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF IE = 1 3 LSIE cc IF IE = 1, R(P)+2—~R(P)

ELSE CONTINUE

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

CIl = counter interrupt
X! = external interrupt

®ETQ cleared by LDC, reset of CPU, or BCl ¢ (Cl = 1)
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TABLE | — INSTRUCTION SUMMARY (Cont'd)
NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION
CONTROL INSTRUCTIONS
IDLE 2 iDL 00# |[WAIT FOR DMA OR INTERRUPT,
M(R(0))—~BUS
NO OPERATION 3 NOP C4 |CONTINUE
SET P 2 SEP DN |N—P
SET X 2 SEX EN [N—X
SET Q 2 SEQ 78 |1—-Q
RESET Q 2 REQ 7A |o—-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)
COUNTER INSTRUCTIONS
LOAD COUNTER 3 LDC 6806 |[D~COUNTER; 0—CI;STOP COUNTER
GET COUNTER 3 GEC 6808 | COUNTER-D
STOP COUNTER 3 STPC 6800 |STOP COUNTER CLOCK;
0—+32 PRESCALER
DECREMENT COUNTER 3 DTC 6801 | COUNTER-1~COUNTER
SET TIMER MODE AND START 3 ST™ 6807 |TPA+32~COUNTER CLOCK
SET COUNTER MODE 1 AND START 3 SCM1 6805 | EFI~COUNTER CLOCK
SET COUNTER MODE 2 AND START 3 SCM2 6803 |EF2~COUNTER CLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 | TPA.EF1I~COUNTER CLOCK;
AND START EF1 £ STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2—-COUNTER CLOCK;
AND START EF2 £ STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809e |IF COUNTER = 01eNEXT COUNTER
CLOCK / : Q—Q
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 ciD 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))
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 ouT 3 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 OouT5 65 |M(R(X))~BUS;R(X)+1—~R(X);N LINES=5
OUTPUT 6 2 ouT 6 66 |M(R(X))~BUS;R(X)+1—~R(X);:N LINES=6
OUTPUT 7 2 ouT7? 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 INP3 6B |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 INP5 6D |BUS—M(R(X));BUS—D;N LINES=5
INPUT 6 2 INP 6 6E |BUS—M(R(X));BUS—D;N LINES=6
INPUT 7 2 INP7 6F |BUS—M(R(X));BUS—D;N LINES=7

#An IDLE instruction initiates a repeating S1 cycle. The processor will continue to idle until an 1/0 request (INTERRUPT,
DMA-IN, or DMA-OUT) is activated. When the request is acknowiedged, the IDLE cycle is terminated and the 1/0 request is
serviced, and then normal operation is resumed.

®ETQ cleared by LDC, reset of CPU, or BCle(Cl = 1).
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TABLE | — INSTRUCTION SUMMARY (Cont'd)

NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC CODE OPERATION
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)

®previous contents of T register are destroyed during Instruction Execution.

Notes for TABLE |

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 seond and
third byte, the branching address.

The long-branch instructions can:

a) Branch unconditionally d) Test for Q=0 or Q=1

b) Test for D=0 or D#0 e) Effect an unconditional no branch

c) Testfor DF=0 or DF=1

If the tested condition is met, then branching takes place; the branching address bytes are loaded in the high-gnd
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-nextinstruction in sequence is
fetchéd and executed. This operation is taken for the case of unconditional no branch (NLBR).

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 brangh instruction can:

a) Branch unconditionally e) Test the status (1 or 0) of the four EF flags
b) Test for D=0 or D#0 f) Effect an unconditional no branch
c) Testfor DF=0 or DF=1 g) Test forinterrupts

d) Test for Q=0 or Q=1

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 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 L.ong-Skip
instructions.

The Unconditional Short-Skip instruction takes 2 cycles to complete (1fetch + 1 execute). Its action is to skip over the
byte following it. Then the next instruction in sequence is 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 tycles to complete (1 fetch + 2 execute).

They can:
a) Skip unconditionally d) Test for Q=0 or Q=1
b) Test for D=0 or D#0 e) Testfor IE=1

c) Testfor DF=0 or DF=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 tetching the next instruction in sequence.

Instructions 6800 through 680D, 683E, and 683F take 3 machine cycles; 68BN takes 4 machine cycles; 686N, 68AN,
and 68CN take 5 machine cycles; 688N takes 10 machine cycles; and 689N takes 8 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: For the instructions noted in TABLE |
with B, previous contents of T register are destroyed during INSTRUCTION EXECUTION.
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Fig. 13 ~ Objective dynamic timing waveforms for CDP1805C and CDP1806C.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, CL = 50 pF, Voo =5V + 5%.

LIMIT.
CHARACTERISTIC CDP1805C and CDP1806C | UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB tPLH. tPHL 150 275
Clock-to-Memory High-Address Byte tPLH. tPHL 200 325
Clock-to-Memory Low-Address Byte - tPLH. tPHL 150 250
Clock to MRD tp| H. tPH| 200 325
Clock to MWR tp| H. tPHL 150 275 ns
Clock to (CPU DATA to BUS) tPLH, tPHL 275 475
Clock to State Code tPLH. tPHL 225 400
Clock to Q tPLH. tPHL 200 350
Clock to N tPLH. tPHL 250 425
Clock to Internal RAM Data to BUS tPLH. tPHL 420 650
Minimum Set Up and Hold Times:®
Data Bus Input Set Up tsu -100 0
Data Bus Input Hold tH 125 225
DMA Set Up tsu -75 0
DMA Hold tH 125 200
ME Set Up tsu -25 0
ME Hold tH 90 150
Interrupt Set Up tsu -100 0 ns
Interrupt Hold tH 125 200
WAIT Set Up tsu 20 50
EF1-4 Set Up tsu -125 0
EF1-4 Hold tH 125 228
Minimum Pulse Width Times:®
CLEAR Pulse Width twi 75 225 ns
CLOCK Pulse Width twi 75 125

®Typical values are for Tp = 25°C and nominal Vpp.
®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, Voo = 5 V + 5%.

LIMITS
CHARACTERISTIC P1 and CDP180 UNITS
Min. Typ.®

High-Order Memory-Address Byte

Set Up to TPA ‘=, Time Tsy. 2T-150 2T7s
High-Order Memory-Address Byte

Hold after TPA Time ty 17250 T2
Low-Order Memory-Address Byte

Hold after WR Time tH 0 T+100 ns
CPU Data to Bus Hold

after WR Time th T-200 T-100
Required Memory Access Time

Address to Data taACC 4.5T-250 4.57-100

®Typical values are for T = 25°C and nominal Vpp.
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TABLE Il. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA MEMORY | ___ | — | N
STATE | | N |MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | | ;ngs

' RESET 0=Q,I.N. 1=CIE, XIE 00 XXXX 1 1 0
INITIALIZE X, P—T THEN 004 XXXX 1 1 0

s1 NOT PROGRAMMER 0—X, P; 1~MIE, 0000~R0

ACCESSIBLE

S0 FETCH MRP—1, N; RP+1—RP MRP RP 0 1 0
0 0 DL MRO—BUS MRO RO 0 b} 0

WAIT FOR DMA OR INT
0 iF LDN MRN—D ._MEN BN 0 1 0
1 0-F INC RN+1—RN FLOAT RN 1 1 0
P 0-F DEC RN-1—RN FLOAT RN 1 1 0
3 0-F | SHORT TAKEN: MRP—RP.0 MRP RP 0 1 0

BRANCH | NOT TAKEN: RP+1—RP
7 O-F LDA MRN—D. RN*1—RN MEN RN 0 1 0
5 0-F STR D—MRN D RN 1 0 0
6 0 iRX RX+1—=RX MRX RX 0 1 0
1 QUT 1 1
2 ouT 2 2
3 ouT3 3
4 ouT 4 MRX~BUS; RX+1—~RX MRX RX 0 1 4
5 ouT5s 5
6 OouT6 6
6 7 QuT7 7
9 INP 1 1
A INP 2 2
B INP 3 DATA 3
st c INP 4 BUS—~MRX, D FROM RX 1 0 4
D INP 5 170 5
E INP 6 DEVICE 6
F INP 7 7
0 RET MRX—(X,P); RX*1—RX MRX RX 0 1] o

1-MIE
1 DIS MRX—(X,P); RX+1—RX MRX RX 0 1 0
1—~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
2 ADC MRX+D+DF—DF. D MRX RX 0 1 0
5 SDB MRX-D-DFN—DF, D MRX RX 0 1 0
6 SHRC__ | LSB(D)—DF, DF=MSB(D) | FLOAT RX 1 1 0
; 7 SMB D—~MRX—DFN=DF, D MRX RX 0 1 0
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 FLOAT RP 7 1 0
B SEQ 1—Q FLOAT RP 1 1 0
S ADC1 | MRPD*DF—DF, D. RP+1 MRP RP 0 i 0
D SDB1__ |MRP-D-DFN—DF, D; RP+1 MRP RP 0 1 0
E SHLC | MSB(D)—DF, DF—-LSB(D) | FLOAT RP 1 1 0
F SMB1__|D-MRP-DEN—DF, D: RP+1_|_MRP RP 0 1 0
8 O-F GLO RN.O~D RN.0 RN 1 1 0
9 0-F GHI RN.1—D RN.1 RN 1 1 0
A 0-F PLO C—RN.0 D RN 1 1 0
B 0-F 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.
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)

DATA MEMORY | I 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 1 0
8-B BRANCH
S1#1. NOT TAKEN RP+1—RP MRP RP 0 1 0
#2 NOT TAKEN: RP+1—RP M(RP+1) RP+1 0 1 0
S1#1 5 TAKEN: RP+1—=RP MRP RP 0 1 0
6
#2 7 LONG TAKEN: RP+1—RP M(RP+1) RP+1 0 1 0
¢ SKIP
S1#1 D NOT TAKEN: NO MRP RP 0 1 0
E OPERATION
F
#2 NOT TAKEN: NO MRP RP 0 1 0
OPERATION
S1#1 NO OPERATION MRP RP 0 1 0
4 NOP
#2 NO OPERATION MRP RP 0 1 0
0-F SEP N—P NM RN 1 1 0
0-F SEX N—X NN RN 1 1 0
0 LDX MRX-D MRX RX 0 1 0
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 6 SHR LSB(D)—~DF; 0—~-MSB(D) FLOAT RX 1 1 0
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; RP+1—RP MRP RP 0 1 0
C ADI MRP+D—DF, D; RP+'—~RP
D SDI MRP-D—DF, D; RP+1-~-RP
F SMI D-MRP—DF, D; RP+1—~KP
E SHL MSB(D)—DF; 0—~LSB(D) FLOAT RP 1 1 0
DMA IN BUS—MRO; RO+1—R0 DATA FROM RO 1 0 0
S2 1/Q DEVICE '
DMA OUT MRO—-BUS; RO+1—~R0O MRO RO 0 1 0
S3 INTERRUPT X,P—T; 0—-MIE FLOAT RN 1 1 0
1—-P; 2—X
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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
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
0 STPC STOP COUNTER CLOCK; | FLOAT RO 1 1 0
0—+32 PRESCALER
1 DTC CNTR—1—-CNJR FLOAT R1 1 1 0
2 SPM2 CNTR-1 ON EF2 AND TPA | FLOAT R2 1 1 0
3 SCM2 CNTR-1 ONEF20TO 1 FLOAT R3 1 1 0
4 SPM1 CNTR-1 ON EF1 AND TPA | FLOAT R4 1 1 0
5 SCM1 CNTR-1 ONEF10TO 1 FLOAT R5 1 1 0
6 LDC D—CNTR;0—CI;STOP CNTR D R6 1 1 0
7 STM CNTR-1 ON TPA+32 FLOAT R7 1 1 0
S1 8 GEC CNTR—-D CNTR R8 1 1 0
9 ETQ IF CNTR THRU 0: Q—Q FLOAT R9 1 1 0 -
"A XIE 1—XIE FLOAT RA 1 1 0
B XID 0—XIE FLOAT RB 1 1 0
C CIE 1—CIE FLOAT RC 1 1 0
D CID 0—CIE FLOAT RD 1 1 0
E BCI TAKEN: MRP—RP.0;0—Cl
NOT TAKEN: RP+1—~RP. MRP RP 0 ! 0
F BXI TAKEN: MRP—RP.0
NOT TAKEN: RP+1—~RP MRP RP 0 ! 0
S1#1 MRX—B, RX+1—~RX MRX RX 0 1 0
#2 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 FLOAT RN 1 1 0
S1#1 RN.0, RN.1—T, B FLOAT RN 1 1 0
#2 T—~MRX; RX-1—~RX RN.O RX 1 0 0
#3 B—MRX, RX-1—RX RN.1 RX-1 1 0 0
#4 0-F SCAL RP.0RP.1—T. B FLOAT RP 1 1 0
#5 B_T—RN.1, RN.O FLOAT RN 1 1 0
#6 MRN--B; RN+1—RN MRP RP 0 1 0
#7 B—T; MRN—B; RN+1—~RN__| M(RP+1) RP+1 0 1 0
#8 B, T—-RP.0, RP.1 FLOAT RP 1 1 0
S1#1 RN.0, RN.1—T, B FLOAT RN 1 1 0
#2 RX+1—RX FLOAT RX 1 1 0
#3 B, T~RP.1, RP.0 FLOAT RP 1 1 0
0-F SRET
#4 MRX~—B; RX+1—~RX M(RX+1) RX+1 0 1 0
#5 B—T, MRX—B M(RX+1) RX+2 0 1 0
#6 B, T~RN.0, RN.1 FLOAT RN 1 1 0
S1#1 RN.0, RN.1-T,B FLOAT RN 1 1 0
#2 0-F RSXD T—~MRX; RX-1—RX RN.0 RX 1 0 0
#3 B—MRX; RX-1—RX RN.1 RX-1 1 0 0
S1#1 RN.0O, RN.1-T, B FLOAT RN 1 1 0
0-F RNX
#2 B. T—-RX.1. RX.0 FLOAT RX 1 1 0
S1#1 MRP—B; RP+1—~RP MRP RP 0 1 0
#2 0-F RLDI B—T; MRP—B; RP+1—~RP | M(RP+1) RP+1 0 1 0
#3 B, T~RN.0, RN.1; RP+1—RP | FLOAT RN 1 1 0
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Instruction Summary
N

o [1 123 a5 Te [ 7 T8 o JAalsBJclIopleTlTF

IDL LDN

INC

DEC

BR [Ba [ Bz [BDF] B1 | B2 [ B3 [ B4 [ skp [BNQ [ BNZ | BNF | BN1 | BN2 | BN3 | BN4

LDA

STR

IRX out *

INP
RET | DIS |LDXA[sTXD] ADC | sbB [SHRC] sMB | SAV [MARK]| REQ [ SEQ [ADCI [SDBI [SHLC[SMBI

GLO

GHI

PLO

PHI

LBR [LBQ [LBZ [LBDF| NOP [LSNQ [LSNZ]LSNF [ LSKP [LBNQ[LBNZ[LBNF | LSIE | LSQ | LSZ [LSDF

SEP

SEX

MmO 0] |[>» |© |o |[Njo|lo | & |wln

LDX [ OoR JAND[xORTADD] sb [sHR] sM | b1 [ orl [ ANI | xRi | ADI | sp1 [ SHL | smi

‘68’ LINKED OPCODES (DOUBLE FETCH)

STPC|DTC [SPM2|{SCM2|SPM1 {SCM1 | LDC | STM | GEC | ETQ | XIE | XID | CIE | CID | — —

= = == T = T =T =17 =17 =T7T=1T=71T=1T<=T8cl|sx
' RLXA

SCAL

SRET

RSXD

RNX

O |o |>» |o o |o |w|lo

RLDI

‘68’ IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS.
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Objective Data

CMOS 8-Bit Microprocessor With
ON-CHIP RAM 4 and Timer/Counter

Performance Features:

—40to +85°C

TOP VIEW
% WE FOR COPIBOSAC
Vpp FOR CDPIBOGAC 92CS-35004
TERMINAL ASSIGNMENT

Vec terminal

The RCA-CDP1805AC and CDP1806AC are functional and
performance enhancements of the CDP1802, CDP1805C,
and CDP1806C LSI CMOS 8-bit register-oriented micro-
processor series and are designed for use in general-
purpose applications.

The CDP1805AC hardware enhancements include a 64-
byte RAM array and a 8-bit presettable down counter. The
timer/counter which generates aninternal interrupt request,
can be programmed for use in time-base, event-counting,
and pulse-duration measurement applications. The timer
/counter underflow output can also be directed to the Q
output terminal. The CDP1806AC hardware enhancements
are identical to the CDP1805AC, except the COP1806AC
contains no on-chip RAM.

The CDP1805AC and CDP1806AC are identical to the
CDP1804AC, except for the on-chip memory, and may be

w [nstruction time of 3.2 us,

® 123 instructions - upwards software
compatible with CDP1802,
CDP1805, CDP1806

& BCD arithmetic instructions

= Low-power IDLE mode

® Pin compatible with CDP1802,
CDP1805, CDP1806, except for

CDP1805AC, CDP1806AC

= 64K-byte memory address capability
» 64 bytes of on-chip RAMA
m 16 x 16 matrix of on-board registers
= On-chip crystal or RC

controlled oscillator
m 8-bit timer/counter

ACDP1805AC only

The CDP1805AC and CDP1806AC software enhancements
include 22 more instructions than the CDP1802 and 10
more instructions than the CDP1805C and CDP1806C. The
32 new software instructions add subroutine call and return
capability, enhanced data transfer manipulation, timer
/counter control, improved interrupt handling, single-instruc-
tion loop counting, and BCD arithmetic.

Upwards software and hardware compatibility is maintained
when substituting a CDP1805AC or CDP1806AC for other
CDP1800-series microprocessors. Pinoutis identical except
for the replacement of Vcc with ME on the CDP1805AC and
the replacement of Vcc with Vpp on the CDP1806AC.

The CDP1805AC and CDP1806AC have an operating voltage
range of 4 Vt0 6.5 V and are supplied in a 40-lead hermetic
dual-in-line ceramic package (D suffix) and in a 40-lead
dual-in-line plastic package (E suffix).

used for CDP1804AC development purposes.

ADDRESS BUS

iy

MAO — MA7 MAO - MA7 ™™ Mao- MA:——:
| |
J— |
IN RD L — WD |
c\;—/‘_———ONTROL : COPIB24 !
COP185I CDPIBOSAC

PLO CDPI1806 AC cOPI833 | 32 BYTERam }
8-BIT CPU 1K BYTE ROM | !
MWR '-—MWR |
! |
our TPA TPA | copisosC |
| ONLY |
WME CEO ———9|Cs |
|

BUSO - BUS? BUSO- BUST BUSO-BUST 8USO - BUS
11 -3

CDPIBOS ONLY [
4 7 1
—_———— e ‘

8- BIT DATA BUS

Fig. 1 - Typical COP1805AC, CDP1806AC small microprocessor system.

92CM-34987
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo):
(Voltage referented to Vss Terminal)........ . e -05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS .~05to Vop +0.5V

DC INPUT CURRENT, ANY ONE INPUT L.t iiiiiiieiitiineiierineiiesianeronseesdssnseisssstessoseseasoaisensensennns 10 mA
POWER DISSIPATION PER PACKAGE (Po):
For Ta=-401t0 +60°C (PACKAGE TYPEE) ......coovvivinninnns Geseaessssssnseessassnnarosssenssansssenios e iereeeieen 500 mW
For Ta = +60 +85°C (PACKAGE TYPEE) ..... A RPN e, Derate Linearly at 12 mW/° C to 200 mW
FOor Ta=-55t0+100°C (PACKAGE TYPE D). . vtvviierinernennnorenseronennns ettt ee it er e, 500 mW
ForTa=+10010 +125°C (PACKAGE TYPE D) 1ititritrtetieer e enneereennrnneeansnranenns Derate Lineaﬂy at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR : )
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPeS) «....euiernernereerseaeenareecnesnnenasnnns e, 100 mW
OPERATING-TEMPERATURE RANGE (TA) ‘
PACKAGE TYPE D o eiittitittittitatttateentanseoneosessenuonsinsesssensstasonsenssansossssoasonseineensonens -55 to +125°C
. PACKAGE TYPEE ......... e e s -40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) ¢+« e vt tnuieetinentetiieneeeeatiensatetentotsetnnasesianioesonennns Cieees -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): -
At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case for TS MAX. .. v.vuvuenunireenurnenrenentonerasnoneaesnossessseans +265°C
RECOMMENDED OPERATING CONDITIONS at Tp = -40 to +85°C
For maximum reliability, nominal operating conditions should be selected so that oparanon is always within
.the following ranges:
CONDITION LIMITS
CDP1805ACD, CDP1805ACE
CHARACTERISTIC 1 CDP1806ACD, CDP1806ACE | ' °
Voo
V) MIN. MAX.
DC Operating Voltage Range — 4 6.5 v
Input Voltage Range : — Vss Voo
Minimum Instruction Time* (fc.=5 MHz2) ) 5 3.2 — ‘ us
Maximum DMA Transfer Rate 5 — 0.625 Mbytes/s
Maximum Clock input Frequency, 5 . 5
Load Capacitance (CL) = 50 pF . MH
Maximum External Counter/Timer 5 DC 2 z
Clock Input Frequency to Eﬁ, EF2 toux

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

Operating Voltage
During operation near the maximum supply voitage
limit, care should be taken to avoid or suppress power
supply turn-on and turn-off transients, power supply
ripple, or ground noise; any of these conditions must
not cause Vob — Vss to exceed the absolute maximum
rating.

CONDITIONS LIMITS
CDP1805ACD, CDP1805ACE
CHARACTERISTIC CDP1806ACD, CDP1806ACE UNITS
Vo VIN Vbp
V) (V) ) Min. Typ.* Max.
Quiescent Device Current loo — 0,5 5 - 50 200 LA
Output Low Drive (Sink) CurEL lou 04 0.5 5 16 4 _
(Except XTAL)
XTAL Output o | 04 5 5 0.2 04 — A
Output High Drive (Source) Eﬁnt lon 46 0.5 5 16 4 _
(Except XTAL)
XTAL low 46 0 5 -0.1 -0.2 —
Output Voltage Low-Level Voo — 0,5 5 — 0 0.1
' Output Voitage High Level Vou — 0,5 5 49 5 —
Input Low Voltage (BUS 0 — BUS 7,V§) V. (05,45 — 5 -— — 1.5
Input High Voltage (BUS 0 — BUS 7, ME) Vi {05,45 — 5 35 | — —
Schmitt Trigger input Voltage "
(Except BUS 0 — BUS 7, ME)
Positive Trigger Threshold Ve 2.2 2.9 3.6
Negative Trigger Threshold Vs ]0.5,45 -_ 5 0.9 1.9 2.8
Hysteresis Vu | 0.3 0.9 1.6
Input Leakage Current lin — 0.5 5 — +0.1 +5
3-State Output Leakage Current lor | 0,5 0,5 5 _ £02 | 45 HA
Input Capacitance Cin — — — — 5 7.5
Output Capacitance Cour — — — — 10 15 PF
Total Power Dissipation (f=5 MHz) _ _ 5 _ 15 3 mw
Idle 00" at M(0000), CL = 50 pF
Minimum Data Retention Voltage Vor Voo = Vor — 2 2.4 \
Data Retention Current lor Voo =24 . — 25 100 HA
*Typical values are for Ta = 25°C and nominal Vpp.
"OPERATING AND HANDLING CONSIDERATIONS
1. Handling Input Signals
All inputs and outputs of RCA CMOS devices have a To preventdamage to the input protection circuit, input
network for electrostatic protection during handling. signals should never be greater than Vcc nor less than
Recommended handling practices for CMOS devices Vss. Input currents must not exceed 10 mA even when
are described in ICAN-6525 “Guide to Better Handling the power supply is off.
and Operation of CMOS Integrated Circuits.” Unused Inputs
2. Operating A connection must be provided at every input terminal.

All unused input terminals must be connected to elther
Vcce or Vss, whichever is appropriate.

Output Short Circuits
Shorting of outputs to Vob, Vcc, or Vss may damage
CMOS devices by exceeding the maximum device
dissipation.
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1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS —
= CONTROL .
/- \ /T E}NMT& ]
ME FOR COPI805AC MAG MA4 MA2MAO  EFI EF3 ==
Vpp FOR CDP1806AC maz|mas|maz|mal lsszl:m oW | e CLEAR WAIT
| bed 49d i
CDPIBOSAC | ox ook
ONLY
P S LoGIC h—cicx
! elsa-vre [ R =X TAL
[ - —— = -4 :
o CONTROL AND esco) STAEE
COUNTER HOLDING TIMING LosIc o
REGISTER (CH) [ aLosic
MODE EF2 > TPA
NTROL [ TPB | SYSTEM
8-BIT co TPA To |- MWR [ TIMING
TIMER/COUNTER|CLK INSTRUCTION |—+ MRD
NTER]
P
fe——7 1 t'égfgﬁu T DECODE
A

RG] SEESTER

8
suso| [ **] (&)

1[R.0] R
BUS | R(2).1[R(2).0 J
a2 pecr R el
H
BUS 3 — 'R(s)‘llR(S)‘O L T P I N >Nl commanos
|| o RALTRALO ™ |oeconE @ (@ | @@ |

BUS 4}~ fe— T

(8) -
BUSS R(E).IR(E)O
BUs6 [R(FII[R(F).0
BUS 7]
] !

8-BIT BIDIRECTIONAL DATA BUS

92CM-34988

Fig. 2 - Block diagram for CDP1805AC and CDP1806AC.

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

I-lNTERNAL RAM READ CYCLE TINTERNAL RAM WRITE CYCLE —-l
00 10 20 30 40 S0 60 70 'o0 10 20 30 40 50 60 70
o T u 20 3t 4 5 el 7o 112 3 4 S5 6 7

TPA 1 | 1

P8 l‘i‘l I
0
|
[}

CLOCK

AS‘:':‘EOSRSY | HieH BYTE | LOW BYTE

WO |

MWR

| men eyTE | LOW BYTE |

J

] I
_ !
i Lt |

VALID DATA FROM MEMORY —j=m—7—a={
oata Bus |77 7| §/]  vauo oata from cpu 14

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. 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
AU'.I’“gMATICALLV DESELECTED AT THE END OF CLOCK 71, INDEPENDENT
OF ME.

* FOR CDPIBOSAC ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805AC and CDP1806AC.
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I—ExTERNAL MEMORY READ CYCLE —I—EXTERNAL MEMORY WRITE CYCLE—'!
oo_10 20 30 40 50 60 7 loo 0 20 30 40 50 _e0 70
cLocK
o T2 T s e o a3 4 s e
TPA [ 1 . | I
TPB [ 1 { |
MEMORY 1
AODRESS | mien BvTE| LOW BYTE | | HIGH BYTE | LOW BYTE I .
|
MRD | T
—_ |
MWR | L——I
* ME IN i
(HIGH) +
i
oATA BUS P77/ oama Latcheo ncru 77771 vaui oaTa FROM CPU 1%
*
FOR CDPIBOSAC ONLY 92CS-34990

Fig. 4 - External memory operation timing waveforms for COP1805AC and CDP1806AC.

ENHANCED CDP1805AC and CDP1806AC OPERATION

TIMING

Timing for the CDP1805AC and CDP1806AC is the same as
the CDP1802 microprocessor series, with the following
exceptions:

* 4.5 clock cycles are provided for memory access
instead of 5.

¢ Q echanges 1/2 clock cycle earlier during the SEQ and
REQ instructions.

« Flag lines (EF1-EF4) are sampled at the end of the SO
cycle instead of at the beginning of the S1 cycle.

¢ Pause can only occur on the low-to-hgh transition of
either TPA or TPB, instead of any negative clock transition.

SPECIAL FEATURES
Schmitt triggers are provided on all control inputs, except

"ME, for maximum immunity from noise and slow signal
transitions. A Schmitt trigger in the oscillator section allows
operation with an RC or crystal.

The CDP1802-series LOAD mode is not retained. This
mode ) =0) is not allowed on the CDP1805AC
and CDP1806AC.

A low power mode is provided, which is initiated via the
IDLE instruction. In this mode all external signals, except
the oscillator, are stopped on the low-to-high transition of
TPB. All outputs remain in their previous states, MRD is set
to a logic “1”, and the data bus floats. The IDLE mode is
exited by a DMA or INT condition. The INT includes both
external interrupts and interrupts generated by the timer
/counter. The only restrictions are that the Timer mode,
which uses the TPA =+ 32 clock source, and the underfiow
condition at the Pulse Width Measurement modes are not
available to exit the IDLE mode.

SIGNAL DESCRIPTIONS

BUS O to sus 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 (1/0) Lines:

Activated by an I/0 instruction to signal the 1/0 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 I/0 devices. The N bits are low at all
times except when an /0 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/0 instruction by bit N3 (internally) and is indicated by
the level of the MRD signal:

MRD = Vpp: Data from I/0 to CPU and Memory
MRD = Vss: Data from Memory to I/0

107




RCA CMOS LSI Products

CDP1805AC, CDP1806AC

SIGNAL DESCRIPTIONS (Cont'd)

EF1 to EF4 (4 Flags):

These inputs enable the I/O 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. One additional use for and EF2 is event
counting and pulse-width measurement in conjunction
with the Timer/Counter.

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

These inputs are sampled by the CDP1805AC and CDP-
1806AC during TPB.

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 is reset to O (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.

$C0, 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.

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 data transfer during
an /0 instruction.

Q:

Single bit output from the CPU which can be set or reset,
between the trailing edge of TPA and the leading edge of
TPB, under program control. The Enable Toggle Q com-
mand connects the Q-line flip-flop to the output of the
counter, such that each time the counter decrements from
01 toits next value, the Q line changes state. This command
is cleared by a LOAD COUNTER (LDC) instruction, a CPU
reset,ora BRANCH COUNTER INTERRUPT (BCl) instruc-
tion with the counter interrupt flip-flop set.

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is5 MHz at Vop =5 V. 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
State Type State Code Lines L L NOT ALLOWED
SC1 SCO L H RESET
SO (Fetch) L L H L PAUSE
S1 (Execute) L H H H RUN
S2 (DMA) H L
'S3 (Interrupt) H H _
H=Voo, L=Vss. ME (Memory Enable COP1805AC Only):

TPA, TPB (2 Timing Pulses):

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 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 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 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.

This active low signal line 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.,during an OUTPUT instruction or DMA
OUT cycle), ME should be wide enough to provide enough
time for valid data to be latched.

Theinternal RAMis not internaily mask-decoded. Decoding
of the starting address is performed externally, and may
reside in any 64-byte block of memory.

Voo (CDP1806AC Only):

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

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 Vpo. The
recommended input voltage swing is from Vss to Vpo.
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ARCHITECTURE

Fig. 2 shows a block diagram of the CDP1805AC and
CDP1806AC. 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 (muitipiexed, 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.

The three 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 1
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. i

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/O 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 opera-
tion 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).

Theregistersin 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 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
locationin 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 — — memory 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 thatthe processor is ready to act upon the next DMA
byte transfer request. This feature in the CDP1805AC and
CDP1806AC 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,
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 aiso
allow loading, storing, and exchanging the full 16-bit
contents of the R registers. The new DBNZ instruction
allows decrementing and branching-on-not-zero of any 16-
bit R register without affecting the D register.

The Q Flip-Flop

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

N hwWN =
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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
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.

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 timer/counter response (Request is
latched)
a. Onthetransition from count (01)1sto its next value
(counter underflow) I
b. On the transition of EF1 in pulse measure-
ment mode 1 .
c. On the transition of EF2 in pulse measure-
ment mode 2

For an 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 timer/counter 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-fiop.

Short branch instructions on Counter Interrupt (BCl) and
External Interrupt (BXI) can be placed in the user's interrupt
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 Interrupt short 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.

RET
RESET MASTER
INTERRUPT
s3 ENABLE COUNTER
j,—-D" FF UNDERFLOW
ois PULSE MODE EFI - s TO BRANCH
PULSE MODE EF2 LoGIC (BCH)
BCI INTERRUPT
RESET g LATCH
CIE s LDC+ COUNTER P
COUNTER STOPPED
RESET INTERRUPT
ENABLE cIE
cip———R  FF  Q
ET ¢ NTERR(%PST
NT TO BRANCH
EXTERNAL INT TO BRANCH EQUES
XIE
EXTERNAL EIE

RESET INTERRUPT

XID ENABLE

92CM-~33886RI

Fig. 5 - Interrupt logic-control diagram for COP1805AC and CDP1806AC.
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Timer/Counter 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)1e 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 notcleared. After
counting down to (01)+e the next count will load the new
initial value into the counter, set the Counter Interrupt
Latch, and operation will continue.

The timer/counter 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: Input to counter is from the divide-by-32 pre-
scaler 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 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 EFi
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
the 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
timer/counter stopped, system Reset, or a BCI with Ci=1.

TO INTERRUPT LATCH

INH

8-8BIT
DOWN

ICOUNTER

READ

ouTt

LOAD

>
COUNTER
UNDERFLOW
Q OUTPUT,
c s
Q FF
ETQ
0 L)

ad=

92CM-34758

Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC.
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On-Board Clock (see Fig. 7 and 8)

Clock circuits may-use enher an external crystal or an RC
network.

~ The crystal is connected between terminals 1 and 39
(CLOCK and XTAL) in parallel with aresistance (1 megohm
typ.).

Frequency trimming capacitors 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. 7. The frequency
is approximately 1/RC (see Fig. 8)

- 92CS-31056

Fig. 7 - RC network for oscillator.. -

[ Vpp= 5V AT 25°C
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. 92Cs-34172
Fig. 8 - 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 foliows:
: RESET

- Registers |, N, Q, counter prescaler, and Counter Interrupt

Latch are reset. XIE and CIE are setand 0's (Vss) are placed
on the data bus. TPA and TPB are suppressed while reset is

_held and the CPU is placed in S1. The state of the

timer/counter is unaffected by the RESET operation.

The first machine cycle after termination of reset is an
initialization cycle which requires 9 clock pulses. During
this cyclethe CPU remainsin S1, X, P—T, and then registers
X, P, and R(0) are reset and MIE is set. Interrupt and DMA
servicing are suppressed during the initialization cycle. The
next cycle is an SO oran S2 but never an S1 or S3. The use of
a 71 instruction, followed by 00 at memory locations 0000
and 0001, may be used to reset MIE, so as to preclude
interrupts until ready for them. Power-up reset/run can be
realized by connecting an RC network to CLEAR (see Fig.
9).

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

9205-34991
Fig. 9 ~ Reset/run diagram.

PAUSE

Stops the internal cPU timing generator, freezing the state
of the processor. Pause can occur at two points in a:

~ machine cycle, on the low-to-hugh transition of either TPA

or TPB.

The oscillator continues to run but subsequent clock
transitions are ignored. TPA and TPB remain at their
‘previous state (see Fig. 10).

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

TPA PAUSE TIMING
o _ ENTER  RESUME
PAUSE RUN
PAU
CLOCK 70/ 71 \oo/ o pause 10 zo 21 \ 30

TPA tpLH —.-1 F \:‘ML

WATT . \::l:j }o—'su

TPB PAUSE TIMING
ENTER . RESUME
PAISE RUN
- PAUSE )
CLOCK ,
. 50 [ 51 \60 fpause lsl 70 00/ o \ 0
TPB
J— tsy 0
WAIT - fa——-tsu
92CM- 31944
NOTE;

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

‘Fig. 10 - Pause mode timing waveforms
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CONTROL MODES (Cont'd)

. RUN initialization cycle is then followed by a DMA (S2) cycle or
May be initiated from the Pause or Reset mode functions. If fetch (S0) from location 0000 in memory. :
initiated from Pause, the CPU resumes operation at the :

point it left off. If paused at TPA, it will resume on the next ~ SCHMITT TRIGGER INPUTS _ ,
high-to-low clock transition, while if paused at TPB, it will All inputs except BUS 0—BUS 7 and ME contain a Schmitt
resume on the nextlow-to-high clock transition (see Fig. 9). Trigger circuit, which is especially useful on the

When initiated from the Reset operation, the first machine input as a power-up RESET (see Fig. 9) and the CLOCK
cycle following Reset is always the initialization cycle. The input (see Fig. 7).

STATE TRANSITIONS

The CDP1805AC and CDP1806AC state transitions are period of time, 8 clock pulses, except the initialization cycle
shown in Fig. 11. Each machine cycle requires the same (INIT) which requires 9 clock pulses. :

IDLESOMAINT

FORCE 1
{LONG BRANCH,
LONG SKIP, NOP, RSXD, ETC)

INT - BMA - FORGE 81

PRIORITY: FOACE $0. $1 INTeDMA
DMA IN

DMA |
%A our 925-34778

Fig. 11 - State transition diagram.
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The CDP1805AC and CDP1806AC instruction summary is
givenin Table 1. 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=N or X, or P

INSTRUCTION SET

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 (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 68CNS® 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 LOWREG N 2 GLO 8N R(N).0—~D
_PUT LOWREG N 2 PLO AN D—R(N).0
GET HIGH REG N 2 GHI 9N R(N).1—D
PUT HIGHREG 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 Fi 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. . B
AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed.
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NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION
LOGIC OPERATIONS (Note 5) (Cont'd)
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 F4 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—DFD
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 sDB 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 sMmi 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) g
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 IFD =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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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 3B4 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 BRANCHIFQ =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 = Vpp) 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 = Vpp) 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 = Vpo) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4 =1 2 B4 37 IF EF4 =1, M(R(P))—~R(P).0
EF4 = Vgs) 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—ClI
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 Cco M(R(P))—R(P).1, M(R(P)+1)—R(P).0
NO LONG BRANCH (SEE LSKP) 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 Cc3 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 BRANCHIFQ=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 BRANCHIFQ=0 3 LBNQ c9 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 Each ic is individually listed.

®ETQ cleared by LDC, reset of CPU, or BCI - (CI
Cl = Counter Interrupt, XI = External Interrupt.

=1).
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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 3gA R(P)+1—=R(P)
LONG SKIP (SEE NLBR) 3 LSKP Csa R(P)+—R(P)
LONG SKIPIFD=0 3 LSz CE IF D = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF DNOT 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 IFDF =0 3 LSNF c7 IF DF = 0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIPIFQ =1 3 LsQ 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 IE =1 3 LSIE cc IF IE = 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
|SET P 2 SEP DN N—-P
SET X 2 SEX EN N-X
SETQ 2 SEQ 7B 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 LDC 6806° | D~COUNTER; 0—ClI; (IF COUNTER
IS STOPPED)
GET COUNTER 3 GEC 6808 | COUNTER—D
STOP COUNTER 3 STPC 6800 | STOP COUNTER CLOCK;
0—-+32 PRESCALER
DECREMENT TIMER/COUNTER 3 DTC 6801 | COUNTER-1—-COUNTER
SET TIMER MODE AND START 3 ST™M 6807 | TPA+32—COUNTER CLOCK
SET COUNTER MODE 1 AND START 3 SCMt 6805 | EF1~COUNTER CLOCK
SET COUNTER MODE 2 AND START 3 SCM2 6803 | EF2—~COUNTER CLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 | TPA.EF1~COUNTER CLOCK;
AND START EF1 « STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2~COUNTER CLOCK;
AND START EF2 £ STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809° | IF COUNTER=01-NEXT _
- COUNTERCLOCK 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 is set to a logic ‘1’ and the data bus floats. 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. (To respond to an INTERRUPT during an IDLE, MIE must be enabled.)

* ETQ cleared by LDC, reset of CPU or BCI * (Cl = 1).

CI = Counter Interrupt, X! = External Interrupt.
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Table I — INSTRUCTION SUMMARY (Cont'd)
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 cIiD 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 OUT 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 ouTs5 65 M(R(X))~BUS; R(X)+1—R(X);
NLINES=5

OUTPUT 6 2 ouTs6 66 M(R(X))—~BUS; R(X)+1—R(X);
NLINES=6

OUTPUT 7 2 ouT7 67 M(R(X))—~BUS; R(X)+1—R(X);
NLINES=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 INP5 . 6D BUS—M(R(X)); BUS—D;

. NLINES=5

INPUT 6 2 INP 6 6E BUS—~M(R(X)); BUS—D;
N LINES = 6

INPUT 7 2 INP7 6F BUS—M(R(X)); BUS—D;
N LINES = 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)

®previous contents of T register are destroyed during instruction execution.
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NOTES FOR TABLE I
1. Long-Branch, Long-Skip and No Op instructions They can:

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

. TestforQ=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).

. 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:
* a. 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
g. Test for counter or external interrupts (BCl, 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
ofthe 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).

. The skip instructions are one byte long. There is one
Unconditional Short-Skip (SKP) and eight Long-Skip
instructions.

oQo0ooTwe

-0 Q00T

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
sequenceis fetched 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).

a

-b.
c
d

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

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

e. 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.
Executionis continued by fetching the next instruction
in sequence.

. 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 cf 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 FFe.
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,.
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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NOTES: .

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE.

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE
WAVEFORMS. -

3. SHADED AREAS INDICATED “DON'T CARE" OR UNDEFINED STATE.
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD.

% FOR THE CDPIB0SAC ONLY

Fig. 12 - Objective dynamic timing waveforms for COP1805AC and CDP1806AC.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta =

-40 to +85°C, Cu = 50 pF, Voo = 5 V, +5%.

CDP1805AC, CDP1806AC

LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB teun, tene 150 275
Clock-to-Memory High-Address Byte teun, teHL 325 550
Clock-to-Memory Low-Address Byte teLH, terL 275 450
Clock toMRD . : _teum, ten 200 325
Clock to MWR : teLn, tere 150 275 ns
Clock to (CPU DATA to BUS) teum, tee 375 625
Clock to State Code teun, trHL 225 400
Clock to Q teun, trHL 250 425
Clock to N teun, teHL . 250 425
"Clock to Internal RAM Data to BUS teum, temL 420 650
Minimum Set Up and Hold Times:®
Data Bus Input Set-Up tsu -100 0
Data Bus Input Hold th 125 225
DMASet-Up tsy -75 0
DMA Hold t 100 175
ME Set-Up tsu -25 0
ME Hold tn 90 150
Intérrupt Set-Up tsu -100 0 ns
Interrupt Hold th 100 175
WAIT Set-Up 1su 20 50
EF1-4 Set-Up tsu -125 ]
EF1-4 Hold tw 175 300
Minimum Pulse Width Times® '
"CLEAR Pulse Width tw 100 175 ns
‘CLOCK Pulse Width twL 75 125
*Typical values are for Ta = 25° C and nominal Vop.
BMaximum limits of minimum characteristics are the values above which all devices tunction.
TIMING SPECIFICATIONS as a function of T (T = 1/fcLock) at Ta = -40 to +85°C, Voo = 5 V, +5%.
: ’ LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC| UNITS
) Min. Typ.*
‘High-Order Memory-Address Byte 2T-275 2T-175
Set-Upto TPA ™ Time Tsu ,
1 High-Order Memory-Address Byte T/2-50 C T/2-15
Hold after TPA Time th :
Low-Order Memory-Address Byte T+0 T+100 ns
Hold after WR Time t
CPU Data to Bus Hold ) f-200 T-100
after WR Time tn
-| Required Memory Access Time 4.5T-400 45T-175
Address to Data ' tacc :

*Typical values are for Ta = 25°C and nominal Voo.
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TABLE IL. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA MEMORY N
STATE| | N | MNEMONIC OPERATION BUS ADDRESS |MRD | MWR | LINES
RESET 0-Q.I,N, COUNTER 00 UNDEFINED | 1 1 0
PRESCALER, CIL;
1—CIE. XIE_
81 INITIALIZE X, P—T THEN 004 UNDEFINED | 1 1 0
NOT PROGRAMMER 0—X, P; 1~MIE, 0000—~R0
ACCESSIBLE
S0 FETCH MRP—1, N; RP+1—RP MRP RP 0 1 0
0 0 IDL STOP AT TPB FLOAT RO 1 1 0
WAIT FOR DMA OR INT
0 1-F LDN MRN—D MRN RN 0 1 0
1 0-F INC RN+1—RN FLOAT RN 1 1 0
2 0-F DEC RN-1—RN FLOAT RN 1 1 0
3 0-F SHORT TAKEN: MRP—RP.0 MRP RP 0 1 0
BRANCH | NOT TAKEN: RP+1—RP
4 0-F LDA MRN—D; RN+1—RN MRN RN 0 1 0
5 0-F STR D—MRN D RN 1 0 0
6 0 IRX RX+1—RX MRX RX 1 1 0
1 OoUT 1 1
2 ouT?2 2
3 ouT3 3
4 OUT 4 MRX—~BUS; RX+1—RX MRX RX 0 1 4
5 ouT5 5
6 ouTs6 6
6 7 OUT 7 i
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 5 170 5
E INP 6 DEVICE 6
F INP 7 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 SDB MRX—D—DFN—DF, D MRX RX 0 1 0
6 SHRC | LSB(D)—~DF; DF~-MSB(D) | FLOAT 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 FLOAT RP 1 1 0
B SEQ 1-Q FLOAT RP 1 1 0
c ADC1 MRP+D+DF—DF, D; RP+1 MRP RP 0 1 0
D SDB1 MRP-D-DFN—DF, D; RP+1 MRP RP 0 1 0
E SHLC | MSB(D)—DF, DF—LSB(D) | FLOAT RP 1 1 0
F SMB1 | D-MRP-DFN—DF, D; RP+1 MRP RP 0 1 0
8 0-F GLO RN.0—D RN.O RN 1 1 0
9 0-F GHI RN.1—D RN.1 RN 1 1 0
A 0-F PLO D—RN.O D RN 1 1 0
B 0-F 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.
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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 | 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 1 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
S1#1 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 1 0
F OPERATION
S1#1 NO OPERATION MRP RP 0 1 0
#2 4 NOP NO OPERATION M(RP+1) RP+1 0 7 0
0-F SEP N—P NN AN 1 7 0
0-F SEX N—X NN RN 1 1 0
0 LDX MRX—D MRX RX 0 1 0
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
St 6 SHR LSB(D)—DF; 0~MSB(D) FLOAT RX 1 1 0
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; RP+1—~RP MRP RP 0 1 0
c ADI MRP+D—DF, D; RP+1—RP
D SsDI MRP-D—DF, D; RP+1—~RP
F SMI D-MRP—DF, D; RP+1—RP
E SHL MSB(D)—DF; 0—~LSB(D) FLOAT RP 1 1 0
DMA IN BUS—MRO; RO+1—R0 | DATA FROM RO 7 0 (]
s2 1/O DEVICE
DMA OUT MRO—BUS; RO+1—R0 MRO RO 0 1 0
S3 INTERRUPT X,P—T; 0—MIE FLOAT RN ] 1 0
1—P; 2=X
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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 | MWR | LINES
i THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
0 STPC | STOP COUNTER CLOCK; | FLOAT RO 1 1 0
0—+32 PRESCALER
1 DTC CNTR—1—CNTR FLOAT R1 1 1 0
2 SPM2 | CNTR-1 ON EF2 AND TPA | FLOAT R2 1 1 0
3 SCM2_| CNTR-1ONEF20TO1__| FLOAT R3 1 1 0
4 SPM1__| CNTR-1 ON EF1 AND TPA | FLOAT R4 1 1 0
- 5 SCM1 CNTR-1ONEF10TO1__| FLOAT RS 111 0
S1 0 6 LDC D—~CNTR:0~CIL D R6 1 1 0
(IF CNTR IS STOPPED)
7 ST™ CNTR-1 ON TPA=32 FLOAT R7 1 1 0
8 GEC CNTR—D CNTR R8 1 1 0
9 ETQ IF CNTR THRU 0: Q—Q__| FLOAT RO 1 1 0
A XIE 1—XIE FLOAT RA 1 1 0
B XID 0—XIE FLOAT RB 1 1 0
c CIE 1~CIE FLOAT RC 1 1 0
D ciD 0-CIE FLOAT RD 1 1 0
S1#1 RN-1—RN FLOAT RN 1 1 0
72 MRP—B, RP+1—RP MRP RP 0 1 0
73 2 | oF DBNZ | TAKEN: B~RP.1; MRP— | M(RP+1) RP+1 0 1 0
RP.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
S1#1 MRX—B, RX+1—RX MRX RX 0 1 0
72 6 | oF RLXA | B—T, MRX—B: RX*1—RX | M(RX+1) RX+1 0 1 0
3 B. T—RAN.0_AN.1 FLOAT RN 1 1 0
S1#1 MRX+D+DF—DF, D MRX RX 0 1 0
#2 7 4 DADC  I'DECIMAL ADJUST—DF, D | FLOAT RP 1 1 1
S1#1 RX-1—RX FLOAT RX 1 1 0
#2 T—MRX. RX-1—RX T RX-1 1 0 0
3 7 6 DSAV D—MRX; RX-1=RX D RX-2 1 0 0
SHIFT D RIGHT WITH
CARRY
r D—MRX D RX-3 1 0 0
S1#1 D-MRX-(NOT DF)~DF.D_|__MRX RX 0 1 0
#2 7 7 DSMB  ["SECIMAL ADJUST—DF, D | FLOAT 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 | FLOAT RP+1 1 1 0
S1#1 D-MRP-(NOT DF)—DF, D:
7 F DSBI RP+1—RP MRP RP 0 ! 0
2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0
Si#1 RN.O, RNA—T. B FLOAT RN 1 1 0
w2 T—MRX; RX-1—RX RN.O RX 1 0 0
3 B—MRX, RX-1—RX RN.1 RX-1 1 0 0
a 8 | oF SCAL RP.0. RP.1—T, B FLOAT RP 1 1 0
¥5 B, T~RN.1, RN.0 FLOAT RN 1 1 0
#6 MRN—B; RN+1—RN MRP RP 0 1 0
¥ B—T. MARN—B. RN+1—RN | M(RP+1) RP+1 0 1 0
¥8 B, T~RP.0, RP.1 FLOAT RP 1 1 0
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TABLE IL. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Contd)
pATA | Memory | ___ | __ |
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

S1#1 RN.0, RN.1—T, B FLOAT RN 1 1 0

#2 RX+1—RX FLOAT RX 1 ] 0

#3 B, T=RP.1, RP.0 FLOAT RP 1 1 0

0-F SRET :

#4 MRX—B; RX+1—RX M(RX+1) RX+1 0 1 0

T3 B—T. MRX—B M(RX*1) RX+2 0 1 0

7 B, T-RN.0, RN.1 FLOAT RN 1 1 0

ST#1 RN.O, RN.1—T, B FLOAT RN 1 1 0

¥ 0-F 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

STH RN, RN.1-T. B FLOAT AN 1 1 0

#2 0-F RNX B, T=RX.1, RX.0 FLOAT RX 1 1 0

ST MRP—B; RP+1—RP MRP RP 0 1 0

#2 0-F RLDI B—T; MRP—B; RP+1—~RP__| M(RP+1) RP+1 0 1 0

#3 B, T-RN.0, RN.1; RP+1—RP | FLOAT RN 1 1 0

STH MRX+D—DF. D MRX RX 0 1 0

#2 4 DADD  I'hECIMAL ADJUST—DF, D | FLOAT RP 1 1 0

STH D-MRX—DF, D MRX RX 0 1 0

#2 7 DSM  I'DEGIMAL ADJUST—DF.D | FLOAT RP 1 1 0
STH MRP+D—DF, D

c DADI RP+1—RP_ MRP RP 0 ! 0

#2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0
STH D-MRP—DF, D

F DSMI RP+1—RP MRP RP 0 ! 0

#2 DECIMAL ADJUST—DF, D | FLOAT RP+1 1 1 0
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Instruction Summary
N

O I P N 7 R 20 O O N Y A Y

DL LDN
INC
DEC
BR|Ba [ Bz [BDF]| B1 | B2 | B3 | B4 | skp [ BNQ [ BNz | BNF | BN1 [ BN2 [ BN3 [ BN4
LDA '
STR

IRX ouT * INP
RET | Dis JLDxA[sTxD] ADC | spB [sHRc] sMB | sav |MARK] REQ | sea [ADCI ] sp8Bi [SHLC] SMBI

GLO
GHI
PLO
PHI
LBR [LBQ[LBZ [LBDF][ NOP [LSNQ[LSNZ]LSNF | LSKP [LBNQ[LBNZ|LBNF] LSIE | LSQ | LSZ [LSDF
SEP
SEX
LDX | OR JAND[XxOR[ADD ] sD [sSHR] sM [ LDt [ ORI | ANI | XRi [ ADI | sbi [ SHL [ smi

o

MmO Ojom|>» |0 |o|vjo]o [ & jwln

‘68’ LINKED OPCODES (DOUBLE FETCH)

ISTPC{ DTC [SPM2[SCM2[SPM1]SCM1[LDC [ STM [ GEC [ETQ [ XIE [ XID JCIEJCID [ — [ —
DBNZ
==l -]-T-T-T-T-T_-T-T-T-T7T=1-]8sc]Bsx

' RLXA _
— | — 1 — T — [oapc] — Tpsavlpsme] — | — | — [ — [paci] — | — Tpssl

SCAL
SRET
RSXD
RNX
RLDI
— | — ] =] —Joapp] — [ —= JosM][ = [ = [ — [ — IoAani]| — [ — [osmi

MmO|w > |o |o [Nl jw|n (o

‘68’ IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS.

IMPORTANT NOTICE

Early versions of the CDP1805AC and CDP1806AC (with NLBJS, NLBTS5, or NR appearing in the bottom brand) fully
execute all CDP1802 family, CDP1805C, and CDP1806C instructions, plus the additional eight BCD arithmetic
instructions and the new DBNZ instruction described in the CDP1805AC, CDP1806AC data sheet. They do not, however,
execute the new DSAV instruction.
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RCA CMOS LSI Products

CDP1821, CDP1821C
1024-Word x 1-Bit Static
Random-Access Memory
e Features:

MA0 —] 2 B No precharge or external clocks '

e 12 required

MA3 —i 8 B Separate data inputs and outputs

"D‘:,‘ : B Fast access time:

ves — 8 250 nsatVpp =5V

92C5-27598R!

Terminal Assignment

The RCA-CDP1821 and CDP1821C are
1024-word x 1-bit CMOS silicon-on-sap-
phire (SOS), fully static, random-access
memories for use in general-purpose mi-
croprocessor systems.

The output state of the CDP1821 and
CDP1821C is a function of the input address
and chip-select states only. Valid data will
appear at the output in one access time
following the .latest address change to a
selected chip. After valid data appears, the
address may then be changed immediately.
It is not necessary to clock the chip-select
input or any other input terminal for fully
static operation; therefore, the chip-select
input may be used as an additional address
input. When the device is in an unselected

OPERATIONAL MODES

125 ns at Vpp = 10 V

state (CS=1), the internal write circuitry and
output sense amplifier are disabled. This fea-
ture allows the three-state data outputs from
many arrays to be OR-tied to a common bus
for ease of memory expansion.

The CDP1821 and CDP1821C are function-
ally identical. They differ in that the CDP1821
has a recommended operating voltage range
of 4-10.5 volts, and the CDP1821C, a
recommended operating voltage range of
4-6.5 volts.

The CDP1821 and CDP1821C types are sup-
plied in a 16-lead hermetic dual-in-line side-
brazed ceramic package (D Suffix) and in a
16-lead dual-in-line plastic package (E Suf-
fix).

INPUTS OUTPUT
READ/ CHIP- DATA
MODE WRITE . SELECT OUTPUT
R/W cs DO
Standby X 1 High Impedance
Write 0 0 : High Impedance
Read 1 0 Contents of
Addressed Cell

X = DON'T CARE

LOGIC 1 = HIGH
LOGIC 0 = LOW




1800-Series Memories

CDP1821, CDP1821C

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 CDP1821 CDP1821C UNITS
Min. Max. | Min. | Max.
DC Operating Voltage Range 4 10.5 4 6.5 v
Vv V v Vv
Input Voltage Range S8 DD SS DD

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo):
(All voltage values referenced to Vss terminal)
(070 - -2 -05to+11V

CDP1821C -05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT . .iitiiiiitt it i iieiiieniraranneaneannans +10 mA
POWER DISSIPATION PER PACKAGE (Po):

For TAa=-4010 +60°C (PACKAGE TYPE E) ..ottt iiiieantnennneeannnns 500 mwW

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

For Ta =-55t0 +100°C (PACKAGE TYPED) ......cvvvninrinnnnnnnnn e 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 .........ciiiiiiiininrinnnnnanennns 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE Dottt ittt et iteineenaeeans e -55to +125°C

PACKAGE TYPE E ittt ittt et e et ee e et e eaneanananananas -40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) «vvvvveniieniniiiiiiiiiiiienenenanens -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............couvuenn +265°C

STATIC ELECTRICAL CHARACTERISTICS at Ta = ~-40 to + 85°C, Except as noted

TEST
CONDITIONS LIMITS
CHARACTERISTICS Vo |Vin |Voo CDP1821 CDP1821C UNITS
(V) (V) | (V)| Min.|Typ.*| Max. | Min.| Typ.* | Max.

Quiescent Device — 05| 5 — 50 500 | — | 50 | 500 MA

Current, loo — 10,10 10 | — — 1000 | — —_ -

Output Voltage: — 05| 5 — 0 0.1 — 0 0.1
Low-Level, Voo| — 0,10} 10| — 0 0.1 -] — -
High-Level, Vou| — |05 | 5 | 49 5 — | 49| 5 —

— (0,10} 10{ 99| 10 — — | — — Vv

Input Low Voltage, Vi [0.5,4.5] — 5 — — 1.5 - — 15

0595 — (10| — — 3 — | — —

Input High Voltage, Vi |{0.5,4.5( — 5|35 — — | 35| — -

0595 — (10| 7 — — — | — —

Output Low (Sink) 04 |05 | 5 2 4 — 2 4 -
Current, loo | 0.5 [0,10] 10| 4 8 — — | — — mA

Output High (Source) 46 |05 | 5 | -1 | -2 — -1 -2 -
Current, lon| 95 |0,10] 10| -2 | -4 — —- | — —

Input Current, In — 0,5 5 — — +5 - — +5

— |0,10{ 10| — — | 10| — | — — HA
3-State Output 05 [05 | 5 — — 5| —| — | £5
Leakage Current, loyr| 0,10 {0,10] 10| — — | £10| — | — -

Operating Current,lpp1t| — 05 ] 5 - 2 4 — 2 4 mA
— |0,10] 10 ] — 4 8 — | — —

Input Capacitance, Cin| — - -] - 5 75 | — 5 75 pF

Output Capacitance,

Cour| — - =1 - 10 15 — 1| 10 15

+Outputs open circuited; cycle time = 1 us. *Typical values are for Ta = 25°C and nominal Vpo.
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RCA CMOS LSI Products

CDP1821, CDP1821C

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = —40 to +85°C, Vpp 5%
t,, tg=20ns, Vi = 0.7 Vpp, VL =0.3 Vpp, C =100 pF

LIMITS
CHARACTERISTIC |vpp cbrg21 coP1821C UNITS
(v) Min.t | Typ.* | Max. | Min.t | Typ.* | Max.
Read Cycle
Data Access tAA 5 - 125 250 - 125 250
10 - 75 125 - - -
ReadCycle tge 5 1250 | - - [0 ] - -
10 125 - - - - -
Output Enable tpoa 5 _ 50 75 — 50 75
10 - 25 40 - - - ns
Output Disable t pOH 5 _ 50 75 _ 50 s
10 - 25 40 - - -
R i 5 75 - - 75 - -
ead/Wn.te tRWS
Setup Time 10 50 _ _ _ _ _
Read/Writ 5 75 - - 75 - -
ead/' l’.l e tRWH
Hold Time 10 50 — - —_ — —
*Typical values are for T = 25°C and nominal voltages.
tTime required by a limit device to allow for the indicated function.
cs " (NOTE 1). ﬁ* 'ooa (NOTE/Z)
|
N
AYA
AO-A
9 < tRC A
{NoTE 3) AT I (RGTE 4)
'Rws 1RWH
[<tpoH ™} (NOTE 5)
DATA OuT ' N para our HIGH
(NOTE 5) AA f\___VALID IMPEDANCE
“READ-CYCLE 92CS- 3197IRI
Note 1 Chip-Select (CS) permitted Note 3 Read/Write (R/W) must be
to change from high to low at a high level during all
level or remain low on a address transitions.
selected d""“‘_ Note 4 Don't care.
Note2 Chip-Select (CS) permitted Note5 Data-Out (DO) is a high im-

to change from low to high
level or remain low.

pedance within tpg ns after
the falling edge of R/W or
the rising edge of CS.

Fig. 1 - Read-cycle timing diagram.
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1800-Series Memories

CDP1821, CDP1821C

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40to +85°C, Vpp 5%
t.te = 20 ns, VlH =0.7 VDD' V||_ =0.3 VDD' CL =100 pF

LIMITS
CHARACTERISTIC |Vpp coP1821 CDP1821C UNITS
(v) Min.t I Typ.* | Max. | Min.t | Typ.*I Max.
Write Cycle
Write Cycle  tyg 5 275 - — 275 - -
10 | 175 _ — — _ _
Address Setup 5 75 - - 75 - —
Time tASs 10 50 — — - - —
Write 5 75 — - 75 — —
Recovery twr | 10 | 50 | - - - - - ns
Input Data Setup 5 100 — - 100 — —
Time tps 10 75 - - - - -
Input Data Hold 5 75 — - 75 - -
Time tpH 10 50 - - - — -
Read/Write Pulse 5 125 — — 125 — —
Width Low twgrw | 10 | 76 | — - - = -

*Typical values are for TA = 2569C and nominal voltages.
tTime required by a limit device to allow for the indicated function.

& inotE na V (0T 2)

AO-A9 J-—— we (
'wrw —]
R/W
(NOTE 3) tas - e tAH ——»]
re— DS —>e—DH >

N —\/ 4
I (NoTE' %) d ) (NoTE 3

WRITE-CYCLE 92CS-31972RI
Note 1 Chip-Select (CS) permitted Note 2 Chip-Select (CS) permitted
to change from high to low to change from low to high
level or remain low on a level or remain low.

selected device. Note 3 Don‘t care.

Fig. 2 - Write cycle timing diagram
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RCA CMOS LSI Products

CDP1821, CDP1821C

DATA RETENTION CHARACTERISTICS at Ta =-40 to +85°C; see Fig. 3

TEST
CONDI- | LIMITS
CHARACTERISTIC TIONS CDP1822 CDP1822C UNITS
Vor | Voo
(V) | (V) | Min. | Typ.* | Max. | Min.| Typ.* | Max.
Min. Data Retention — — — 1.5 2 — 15 2 v
Voltage, Vor
Data Retention Quiescent 2 — — 30 100 | — 30 | 100 [ wA
Current, lop
Chip Deselect to Data — 5 600 — — | 600 — -
Retention Time, tcor — 10 | 300 { — — — — — ns
Recovery to Normal — 5 600 . — 600 | — —
Operation Time, tre —_ 10 | 300 — — — — —
Vop to Vor Rise and 2 5 1 — — 1 — — us
Fall Time tits
*Typical values are for Ta = 25°C and nominal Vpp.
[e———DATA RE TENTION ——=|
Voo MODE
T X095 Vpp 09sVpp £
\ VDR /
'cor f—te® tr*— tRe
<5
ViK Vin
ViL ViL
*1',|,>I;‘s 92CS-31H4

Fig. 3 - Low Vop data retention waveforms and timing diagram.

MAO-7

MAO-MA3

J x_ocxg
?
cPy |
COPIBO2 8
H
9

MWR| EN
= Mas
08 BREE
1

MRD
o1
080-3 s
1 1
8
5
5 oo
0BO-7
8 1
MRD
or
P

0BO-4

oue-TOO0 2|

=)
S

Mao-7

92CL-29061R!

Fig. 4 - 4K byte RAM system using the CDP1859, CDP1856, and CDP1821.
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1800-Series Memories

CDP1821, CDP1821C

5o
R/WO— —
BUFFERS
a0 COL. O=—==— === coL
tikeba Paion
1716
1 16 x32
ROW
| dls DECODER CELL ARRAY
A3O— —— ———— a3
0T O €5 R/W-AT T oo uw B
. UMN DECODER
\ COLUMN DECH
AO— ———— e —
°TO cs-R/w-A4| COLUMN BUFFERS
a0 |
! 116
! ROW 16x32
i DECODER CELL ARRAY
a3
LO-———~——— coL. 3

ROW
BUFFERS

92¢M- 27031R1

Fig. 5 - Functional block diagram.

OPERATING AND HANDLING
CONSIDERATIONS

1. Handling

All inputs and outputs of RCA CMOS
devices have a network for electrostatic
protection during handling. Recom-
mended handling practices for CMOS
devices are described in ICAN-6525
“Guide to Better Handling and Opera-
tion of CMOS Integrated Circuits.”

2. Operating
Operating Voltage
During operation near the maximum
" supply voltage limit, care should be
taken to avoid or suppress power supply
turn-on and turn-off transients, power
supply ripple, or ground noise; any of

these conditions must not cause Vpp-Vss
to exceed the absolute maximum rating.

Input Signals
To prevent damage to the input protec-
tion circuit, input signals should never
be greater than Vpp nor less than Vss.
Input currents must not exceed 10 mA
even when the power supply is off.

Unused Inputs
A connection must be provided at every
input terminal. All unused input termi-
nals must be connected to either Vpp or
Vss, whichever is appropriate.

Output Short Circuits
Shorting of outputs to Vop or Vss may
damage CMOS devices by exceeding
the maximum device dissipation.
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RCA CMOS LSI Products

CDP1822, CDP1822C

TOP VIEW
92CS-29976RI

CDP1822, CDP1822C

256-Word by 4-Bit LSI Static
Random-Access Memory

Features:

Low operating current — 8 mA
at Voo =6 V and cycle time = 1 us

s [ndustry standard pinout
s Two Chip-Select inputs — simple

memory expansion

Memory retention for standby battery
voltage of 2 V min.

Output-Disable for common 1/0
systems

3-State data output for bus-oriented
systems

TERMINAL ASSIGNMENTS

The RCA-CDP1822 and CDP1822C are
256-word by 4-bit static random-access
memories designed for use in memory sys-
tems where high speed, low operating cur-
rent, and simplicity in use are desirable.
The CDP1822 features high speed and a
wide operating voltage range. Both types
have separate data inputs and outputs and
utilize single power supplies of 4t06.5 volts
for the CDP1822C and 4 to 10.5 volts for the
CDP1822.

Two Chip-Select inputs are provided to
simplify system expansion. An Output Dis-
able control provides Wire-OR capability
and is also useful in common Input/Output
systems. The Output Disable input allows
these RAMs to be used in common data
Input/Output systems by forcing the output
into a high-impedance state during a write

OPERATIONAL MODES

s Separate data inputs and outputs

operation independent of the Chip-Select
input condition. The output assumes a
high-impedance state when the Output
Disable is at hké%level or when the chip is
deselected by CS1 and/or CS2.

The high noise immunity of the CMOS
technology is preserved in this design. For
TTL interfacing at 5-V operation, excellent
system noise margin is preserved by using
an external pull-up resistor at each input.

The CDP1822 and CDP1822C types are
supplied in 22-lead hermetic dual-in-line
side-brazed ceramic packages (D suffix), in
22-lead dual-in-line plastic packages (E
suffix). The CDP1822C is also available in
chip form (suffix H).

INPUTS

Chip Chip Output | Read/
MODE Select 1 | Select 2 | Disable Wr&e OUTPUT

cs, cs: oD R/W
Read 0 1 0 1 Read
Write 0 1 0 0 Data In
Write 0 1 1 0 High Impedance
Standby 1 X X X High Impedance
Standby X 0 X X High Impedance
Output Disable X X 1 X High Impedance
Logic 1 = High Logic 0 = Low X = Don’t Care




1800-Series Memories

CDP1822, CDP1822C

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 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, (Voo)

(Voltage referenced to Vss Terminal)

[od o g T -05t0+11V
(01 - - 0 ..-05t0+7V

INPUT VOLTAGE RANGE, ALLINPUTS ... .iiiiiiiiiiiiiiiiiiiiciinianns 0.5to Voo +0.5V
DC INPUT CURRENT, ANY ONE INPUT ...ttt ittt ittt ate et eneenenaanannn +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-4010 +60°C (PACKAGE TYPE E) ....i.iitiiiiiiititiiiiiieniinrenannnenenns 500 mW

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

For Ta =-55 10 +100°C (PACKAGE TYPE D) ...evviiniinneninannannns EETERETRRRRPpO 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) ............... 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE Dottt i e et ettt it eeaenanes -55 to +125°C

PACKAGE TYPE E ....ovtvviiiniiineaninns ...—40 to +85°C
STORAGE TEMPERATURE RANGE (Tgy) -85 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..........c..coeun... +265°C

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to + 85°C, Except as noted

TEST
CONDITIONS LIMITS
CHARACTERISTICS Vo | Vin | Voo CDP1822 CDP1822C UNITS
(V) | (V)| (V) |Min.|Typ*| Max. | Min.|Typ.* | Max.

Quiescent Device — — J]05]| 5 | — — 500 | — | — | 500 UA

Current, loo{ — 0,10 10 | — — [ 1000 — | — —

Output Voltage: — |05}| 5 | — 0 01| —1}| O 0.1
Low-Level, Voo| — 10,10 10 | — 0 01 | — | — —
High-Level, Von| — |05] 5 |49 5 — |49} 5 —

— (0,10 10 | 9.9 | 10 - - — \"

Input Low Voltage, Vi |0.545| — | 6 | — - 15| —| — | 15

0595 — [ 10 | — —_ 3 - - —

Input High Voltage, Vi1 |0545} — | 5 |35 | — — |1 35| — -

0595 — |10 | 7 — — — - -

Output Low (Sink) 04 |05 5 2 4 — 2 4 —

Current, loo| 05 |0,10] 10 | 45 9 — — | - — mA

Output High (Source) 46 |05 5 | -1 | -2 - | -1l -2 ] —

Current, lon|{ 95 0,10} 10 |-22|-44| — - - -
Input Current, Iin — 105 5 | — - 5| —| — | 5
— [o0,10| 10 | — — |10 — | — — y
3-State Output 05 |05] 5 | — — 5| —| — | £5
Leakage Current, loyr| 0,10 |0,10| 10 | — — 10| — | —
Operating Current,lo;;t{ — [05 ] 5 — 4 8 -1 4 8 mA
— 10,10| 10 | — 8 16 - | — —
Input Capacitance, Cin| — - -1 5 75 | — 5 7.5 pF
Output Capacitance,
Cour| — - - - 10 15 — | 10 15

+Outputs open circuited; cycle time = 1 us. *Typical values are for Ta = 25°C and nominal Vpo.
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RCA CMOS LSI Products

CDP1822, CDP1822C

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta

Input t,t = 20 ns, Viu = 0.7 Vpp, Vi = 0.3 Vpp, C. = 100 pF

=-40 to +85°C, Voo +5%,

CHARACTERISTIC Voo CDP1822 CDP1822C UNITS
V) Mln.ﬂ Typ."] Max. | Min.t [ Typ."[ Max.
Read Cycle Times (Fig. 1)
Read Cycle tac| 5 450 — — 450 - -
10 250 | — — — — -
Access from 5 — | 250 | 450 | — | 250 | 450
Address taa | 10 — 150 | 250 — - -
Output Valid from 5 — 250 | 450 | — 250 | 450
Chip-Select 1 tooar | 10 — 150 | 250 — — —
Output Valid from 5 — 250 | 450 | — 250 | 450
Chip-Select 2 tooaz | 10 — 150 | 250 — — - ns
Output Active from 5 —_ — 200 — - 200
Output Disable tooas | 10 - — 110 — — —
Output Hold from 5 20 — — 20 - —
Chip-Select 1 toow | 10 20| — | —| —| =] =
Output Hold from 5 20 — — 20 — —_
Chip-Select 2 toonz| 10 20 — — — — —
Output Hold from 5 20 — — 20 — —
Output Disable toows| 10 20 — — — — —

1Time required by a limit device to allow for indicated function.
*Typical values are for Ta = 25° C and nominal Vpp.

[ ————toe. —_—
AO -~ A7 3(
CHIP SELECT 1 *: 'poar ! BoH™]
CHIP SELECT 2 _f‘*’ DOA2™ "> st'oonz'
OUTPUT DISABLE k “'00A3 )‘C' DOH3 >
READ/WRITE %
tan
DATA OUT DATA OUT |
HIGH VALID HIGH
IMPEDANCE IMPE DANCE

Fig. 1 - Read cycle timing waveforms.

92CM-~ 30244R4




1800-Series Memories

CDP1822, CDP1822C

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%,
Input t.4 = 20 ns, Vin = 0.7 Voo, Vi = 03 VDD, C. =100 pF

CHARACTERISTIC Voo CDP1822 CDP1822C UNITS
v) Min.t | Typ.*| Max.| Min.t| Typ.*| Max.
Write Cycle Times (Fig. 2)
Write Cycle twe| 5 500 {f — | — ]s00| — | —
10 300 | — | = | =] — | =
Address Setup tas| 5 200 | — — 200 | — —
10 M| — | —| — | = | —
Write Recovery twn| 5 50 — — 50 - -
10 0| — | -] =] - =
| Write Width twaw | 5 250 | — [ — [ 250 — | —
10 150 | — | — | = | = | =
Input Data 5 250 — - 250 - —
Setup Time tos| 10 150 | — — — — - ns
Data In Hold 5 50 — — 50 — —
ton | 10 90 | — | = -1 -=1=
Chip-Select 1 5 200 | — | —]200] — | —
Setup tgsis | 10 110 — — — — —
Chip-Select 2 5 200 — — 200 —_ —_
Setup tcsas 10 110 - - - - —_
Chip-Select 1 5 0 — — 0 —_ —_
Hold tcsn 10 0 —_ — 0 — —
Chip-Select 2 5 0 — — 0 — -
Hold tes2n | 10 0 — — 0 — —
Output Disable 5 200 — — 200 — —
Setup toos | 10 110 — — — - —

tTime required by a limit device to allow for the indicated function.
*Typical values are for Ta = 25°C and nominal Vpp.

wC

AO-A7 >< *
'C_SIS"‘ 1CSIHT
CHIP-SELECT |
CHIP-SELECT 2
—_— — tcses tcs2H

OUTPUT DISABLE
—Jli I oy
oDS 'ps DH
or1-016 4@\ P )‘W

— T\t
|\

fe—— g —

* tops !S REQUIRED FOR COMMON I/0

OPERATION ONLY; FOR SEPARATE I1/0
OPERATIONS, OUTPUT DISABLE IS DON'T CARE.

READ/ WRITE

Fig. 2 - Write cycle timing waveforms.
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RCA CMOS LSI Products

CDP1822, CDP1822C

»

DATA RETENTION CHARACTERISTICS at T. = -40 to +85°C; see Fig. 3
TEST
CONDI- LIMITS
CHARACTERISTIC TIONS CDP1822 CDP1822C | <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>