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RCA CMOS

Microprocessors, Memories, and Peripherals

This DATABOOK contains detailed information on
CMOS microprocessors, microcomputers, memo-
ries, and peripherals currently available from GE
Solid State, a division of GE Corporation. GE Solid

State is a consolidation of the strengths of three.

broad-based semiconductor suppliers—GE Semi-
conductor, RCA Solid State and Intersil—that
formerly operated as separate, independent organi-
zations.

An Index to Products provides a complete listing of
types. Following the Index to Products are several
pages of general product information that include a
Product Classification Chart that groups integrated
circuits and systems according to product type and
intended function; photographs showing available
package options; a Product Overview that sum-
marizes the basic features of each category of
products; and a description of the Enhanced Product.
The DATABOOK thenincludes a general discussion
of Operating and Handling Considerationsfor CMOS
Integrated Circuits.

Five separate data sections provide definitive ratings,
electrical characteristics, and user information for
the (1) 1800-Series Microprocessors and Micro-
computers, (2) 6805-Series Microprocessors and
Microcomputers, (3) CMOS Peripherals, (4) CMOS
Random-Access Memories (RAMs), and (5) CMOS
Read-Only Memories (ROMs). Within each data
section, data pages forindividual integrated circuits
and systems are grouped in alphanumerical se-
quence by type numbers.

A section on CMOS LS| High-Reliability Devices
provides a description of non-radiation-hardened
CMOS LSI devices and radiation-hardened
CMOS/SOS LS| RAMs with a list of devices available.

The DATABOOK also contains Dimensional Outlines
of all packages in which memory/microprocessor
products are supplied and a list of Application Notes
on memory/microprocessor products.

GE Solid State

Somerville, NJ o Brussels o Paris o London e Munich e Hong Kong e Tokyo
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Information furnished by RCA is believed to be accurate and reliable.
However, no responsibility is assumed by GE or its affiliates for its
use; nor for any infringements of patents or other rights of third par-
ties which may result from its use. No license is granted by implication
or otherwise under any patent rights of GE, RCA or Intersil.

The device data shown for some types are indicated as product pre-
view or advance information. Product preview data are intended for
engineering evaluation of product under development. The type
designations and data are subject to change or withdrawal, unless
otherwise arranged. Advance information data are intended for gui-
dance purposes in evaluating new product for equipment design.
Such data are shown for types currently being designed for inclusion
in our standard line of commercially available products. No obliga-
tions are assumed for notice of change of these devices. For current
information on the status of product preview or advance information
data programs, please contact your local GE sales office.

Copyright 1987 by GE Corporation
(All rights reserved under Pan-American
Copyright Convention)

Trademark(s) ®Registered
Marca(s) Registrada(s)
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Index to Products

Part
No.

CDM5332
CDM5333
CDM5364,A
CDM5365
CDM6116A

CDM6264
CDM53128
CDM53256
CDM62256
CDP1802A,AC

CDP1802BC
CDP1804AC
CDP1805AC
CDP1806AC
CDP1822,C

CDP1823,C
CDP1824,C
CDP1826C
CDP1831,C
CDP1832,C

CDP1833,C,BC
CDP1834,C
CDP1835C
CDP1837C
CDP1851,C

CDP1852,C
CDP1853,C
CDP1854A,AC
CDP1855,C
CDP1871A,AC

CDP1872C
CDP1874C
CDP1875C
CDP1877,C
CDP1878,C

CDP1879,C-1
CDP1881,C
CDP1882,C
CDP1883,C
CDP6402,C
CDP65C51
CDP65C51A
CDP6BEMO05C4
CDP6BEMO05D2
CDP68HC05C4

CDP68HC05C8
CDP68HC05D2
CDP68HCO05D2A
CDP68HC68A2
"CDP68HC68P1

CDP68HC68R1
CDP68HC68R2
CDP68HC68T1
CDP6805E2,C
CDP6805E3,C
CDP6805F2,C
CDP6805G2,C
CDP6818
CDP6818A
CDP6823
CDP6853
MWS5101
MWSS101A
MWS5114

4

Description
4K x 8 ROM
4K x 8 ROM
8K x 8 ROM
8K x 8 ROM
2K x 8 RAM

8K x 8 RAM

16K x 8 ROM

32K x 8 ROM

32 x 8 RAM

8-Bit Microprocessor

8-Bit Microprocessor
8-Bit Microcomputer
8-Bit Microprocessor '
8-Bit Microprocessor

256 x 4 RAM

128 x 8 RAM
32 x 8 RAM
64 x 8 RAM
512 x 8 ROM
512 x 8 ROM

1K x 8 ROM
1K x 8 ROM
2K x 8 ROM
4K x 8 ROM
Programmable 1/O Interface

Byte-Wide 1/0 Port

1 of 8 Decoder

Programmable UART

8-Bit Programmable Multiply/Divide Unit
Keyboard Encoder, ASCIII Hex

High-Speed 8-Bit Input Port

High-Speed 8-Bit Input Port

High-Speed 8-Bit Output Port
Programmable Interrupt Controller (PIC)
Dual-Timer Counter

Real-Time Clock )

6-Bit Latch & Decoder Memory Interface
6-Bit Latch & Decoder Memory Interface
7-Bit Latch & Decoder Memory Interface
Programmable UART

Asynchronous Communications Interface Adapter
Asynchronous Communications Interface Adapter

8-Bit Microcomputer Piggyback Emulator
8-Bit Microcomputer Piggyback Emulator
8-Bit Microcomputer

8-Bit Microcomputer
8-Bit Microcomputer
8-Bit Microcomputer
SPI A/D Converter

8-Bit Single 1/0 Port

SPI RAM 128 Bytes
SPI RAM 256 Bytes
SPI Real-Time Clock
8-Bit Microprocessor
8-Bit Microprocessor

8-Bit Microcomputer

8-Bit Microcomputer
Real-Time Clock, MOTEL Bus
Real-Time Clock Plus RAM
Parallel Interface

Asynchronous Communications Interface Adapter

256 x RAM
256 x 4 RAM
1K x 4 RAM

No.

705
705
709
714

642
718

579
598
612
686
692

1255
1255
1256
1319
1341

1360
1367
1367
1507
1328

1470
1928
1961
1960
TSM-203A

TSM-203A
TSM-204A
2100
1963
1858

1544
1544
1547
1363
1503

1369
1364
1375
2041
1377
1487
1106
1207
1325




Product Classification Chart

Part Number
Microprocessors

CDP1802A,AC
CDP1802BC
CDP1805AC

CDP1806AC
CDP6805E2,C

CDP6805E3,C

Microcomputers
CDP1804AC

CDP68HCO05C4
CDP68HC05C8
CDP68HC05D2
CDP68HCO05D2A
CDP6805F2,C

CDP6805G2,C

Emulators

CDP68EM05C4
CDP68EM05D2

RAMs

CDP1822,C
CDP1823,C
CDP1824,C
CDP1826C
CDM6116A
CDM6264

CDM62256
MWS5101

MWS5101A
MWS5114

CDP68HC68R1
CDP68HC68R2

Description

8-Bit

8-Bit

8-Bit with RAM and Counter/
Timer

8-Bit with RAM and Counter/
Timer

8-Bit with RAM 1/O, Counter/
Timer

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

8-Bit with RAM, ROM, Counter/
Timer

8-Bit with RAM, ROM, I/0,
Counter/Timer

8-Bit with RAM, ROM, 1/O,
Counter/Timer

8-Bit with RAM, ROM, 1/0,
Counter/Timer

8-Bit with RAM, ROM, 1/0
Counter/Timer

8-Bit with RAM, ROM, 1/0
Counter/Timer

8-Bit with RAM, ROM, I/0
Counter/Timer

8-Bit Microcomputer Piggyback
8-Bit Microcomputer Piggyback

256 x 4
128 x 8
32x8
64 x 8
2K x 8
8K x8
32x8
256 x 4
256 x 4
1K x4

SPI RAM 128-Bytes
SPI RAM 256-Bytes

Page
No.

17
39
85

85

241

274

111
111
193
240
307

329

351
355

Part Number Description

Mask-Programmable ROMs

CDM5332 4K x 8

CDM5333 4K x 8

CDM5364,A 8K x8

CDM5365 8K x8

CDM53128 16K x 8

CDM53256 32K x 8

CDP1831,C 512x 8

CDP1832,C 512x8

CDP1833,C.BC 1Kx8

CDP1834,C 1K x8

CDP1835C 2K x 8

CDP1837C 4K x 8

Peripherals

CDP1851,C Programmable I/O Interface

CDP1852,C Byte-Wide 1/0 Port

CDP1872C 8-Bit Input Port

CDP1874C 8-Bit Input Port

CDP1875C 8-Bit Output Port

CDP68HC68P1 8-Bit Single I/0 Port

CDP6823 Parallel Interface

CDP1853,C 1 of 8 Decoder

CDP1881,C 6-Bit Latch & Decoder

CDP1882,C 6-Bit Latch & Decoder

CDP1883,C 7-Bit Latch & Decoder

CDP1854A,AC Programmable UART

CDP6402,C Programmable UART

CDP65C51 Asynchronous Communications
Interface Adapter

CDP65C51A Asynchronous Communications
Interface Adapter

CDP6853 Asynchronous Communications
Interface Adapter, (ACIA),
MOTEL Bus

CDP1855,C 8-Bit Programmable Multiply/
Divide Unit (MDU)

CDP1871A,AC Keyboard Encoder, ASCII Hex

CDP1878,C Dual Counter/Timer

CDP1879,C-1 Real-Time Clock

CDP6818 Real-Time Clock with RAM,
MOTEL Bus

CDP6818A Real-Time Clock Plus RAM

CDP68HC68T1 SPI Real-Time Clock

CDP1877,C Programmable Interrupt
Controller

CDP68HC68A2  SPI 10-Bit A/D Converter

Guide to Products

Page
No.

503

612
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Package and Ordering Information

Packages

RCA CMOS microprocessor and memory integrated circuits
are available in one or more of the following package styles
and are identified by the Suffix Letters indicated: dual-in-
line side-brazed ceramic, dual-in-line plastic, small-outline

D Suffix
Dual-In-Line Side-Brazed Ceramic Packages

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

M Suffix
Small-Outline Plastic Package (SO)

16-, 20-, and 28-lead versions

Ordering Information

The RCA family packages and electrical options are identi-
fied by suffix letters indicated in the following chart. When
ordering a Memory/Microprocessor device, it is important
that the appropriate suffix letter be affixed to the type

number of the device.

Package/Option
Dual-In-Line Side-Brazed Ceramic
Dual-In-Line Plastic
Small-Outline Plastic (SOP)
Plastic Chip-Carrier
Chip (when applicable)

Enhanced Product Screening

i.e., Burn-In - optional for D, E

package types X
Electrical Option 1,2,4

IOZImMO

For example, a CDP65C51-1 in a dual-in-line plastic pack-
age will be identified as the CDP65C51E1. A CDP65C51E1
with enhanced product screening option will be identified

as the CDP65C51E1X.

Suffix Letter

plastic, plastic chip-carrier, and in chip form. The available
package styles for any specific type are given in the techni-
cal data for that type.

E Suffix
Plastic Dual-In-Line Packages

8-, 16-, 18-, 20-, 22-, 24-, 28-, and 40-lead versions

Q Suffix
Plastic Chip-Carrier

28- and 44-lead version

CcDPB5C51  _E
FAMILY PACKAGE ELECTRICAL D
PART NO DESIGNATION OPTION OPTION

92CS-36780R1
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Package and Ordering Information

Instructions for Submitting
Data for ROM Patterns

Data Format Options

Data for RCA ROMs or microcomputers should be submit-

ted in one of the following forms.

1. Any industry-standard EPROM or ROM that 1s pin and
polarity compatible with industry-standard 27XXX-series
EPROMs.

2. IBM PC 5%-inch floppy diskette (data must be in Motor-
ola “S” format)

3. GE worldwide electronic data transfer system

Regardless of the media on which the data is submitted, the
entire address range of the ROM being requested must be
covered, even if a portion of it is not being used. This res-
triction also applies to microcomputers. For example, a
CDP5332 requires 4k bytes of EPROM, a CDP68HCO05C4,
8K bytes.

Procedure for Submitting Data
A. By EPROM, ROM or floppy diskette:

1.

wW N

Complete the application ROM and microcomputer
information sheet. (Contact the nearest GE Solid State
Sales Office for appropriate forms).

. Submit the data as described above.
. Include a set of blank EPROMSs that will cover the

memory space of your ROM or microcomputer. These
EPROMs will be returned to you.

When the EPROMs have been returned, confirm that
the code is correct, and respond to GE Solid State by
completing the ROM verification form. (Included with
return of EPROM.)

. NOTE—GE Solid State will add the latest self-check

code in the memory areas of the Address map shown
on the applicable data sheet on the CDP6805-series
and CDP68HCO05-series microcomputers. On all devi-
ces except the CDP6805F2, GE Solid State will assign
a three-character variant code to the device and will
add the ASCII equivalent of it to the ROM area. On
the G2, this code is entered Iin locations 1FF2, 1FF3
and 1FF4; on the C4 in locations 1FFO, 1FF1, and
1FF2; and on the D2 in locations 1FE6, 1FFOQ, and
1FF1. GE Solid State also calculates a checksum byte
of the entire ROM area, that is, the user ROM, self-
check area, and the vector area. The checksum is the
EXCLUIVE-OR of all the ROM bytes with hex FF. This
byte is put in location 07F5 on the F2, 1FF5 on the G2,
1FF3 on the C4, and 1FE7 on the D2.

B. By electronic data transfer:
Contact the nearest GE Solid State Sales Office for
procedure.




Guide to Products

Product Overview

An all CMOS line of microprocessor, microcomputer,
memory, and peripheral integrated circuits for use in a
broad range of diverse industrial, consumer, and military
applications is available from GE Solid State. These devices
offer the user all the advantages unique to CMOS technol-
ogy, including:

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

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

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

CDP1800 Series

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

The CDP1804A microcomputer incorporates all the features
of the CDP1802A augmented by additional hardware and
increased performance capabilities. The additional on-chip
hardware enhancements include 2-kilobytes of ROM, a 64-
byte RAM array, and an 8-bit presettable down-counter.
Thirty-two additional software instructions add subroutine
call and return capability, enhance data transfer manipula-
tion, control counter modes and interrupt arbitration and
provide BCD arithmetic capability.

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

The microprocessor and microcomputer devices use
CMOS technology, designed on a single chip to maintain
low power drain. They are intended for multi-system appli-
cations requiring general-purpose CPUs, large memory
address space, and extensive external I/O for use with
optimized peripherals.

The RCA CDP1800-series memory/microprocessor product
line offers the system designer exceptional flexibility n
hardware/software tradeoffs In addition to microprocessor
and microcomputers, this product line includes a hardware
multiply/divide unit (MDU), a programmable i/O, keyboard
interface circuits, latches and decoders, universal asynch-
ronous receiver-transmitters (UARTSs), and a broad com-
plement of directly interfaceable random-access memories
(RAMs) and read-only memories (ROMs).

CDP6805 Series

The RCA CDP6805 family of CMOS microprocessors, micro-
computers, and peripherals are primarily intended for single-

*Maximum Rating

chip system applications requiring limited space, minimum
memory, on-board |/O, and minimum external I/O. The ser-
les offers pin-for-pin replacements for Motorola’s MC146805,
and MC68HCO05 series of microprocessors, microcompu-
ters, and peripherals. This family of parts includes the
CDP6805E2 and CDP6805E3 8-bit microprocessors; the
CDP6805F2 8-bit microcomputer (1K ROM); the CDP6805G2
8-bit microcomputer (2K ROM); the CDP68HCO05C4,
CDP68HC05C8, and CDP68HCO05D2 8-bit microcomputers
featuring on-chip ROM, RAM, 16-bit timer, asynchronous
serial communications interface (CDP68HC05C4, and
CDP68HC05C8), synchronous serial peripheral interface,
and 24 or 28 bidirectional I/O lines; the CDP68HC68T1
Serial Real-Time Clock/ RAM; the CDP68HC68R1 and
CDP68HC68R2 Serial Peripheral Interface (SPl) RAMs; the
CDP68HC68A2 10-bit A/D Converter; the CDP68HC68P1
Serial 1/0 Port; the CDP6818 Real-Time Clock plus RAM;
and the CDP6823 Parallel Interface I/0. Also available is the
CDP6853 Asynchronous Communications Interface Adap-
ter which is a multiplexed-bus version of our CDP65C51
UART.

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 and microcomputers,
a line of general-purpose memories is also available. These
memories include industry-standard ROMs that can be
mask-programmed to meet customer application require-
ments. These ROMs feature: low-power CMOS technology
with high-noise immunity and full-temperature-range char-
acteristics; space-efficient NAND stack memory cells pro-
viding small chip size for cost effectiveness; and JEDEC
standard pin outs for interchangeability with industry-
standard NMO ROMs and EPROMSs.

The list of memories also includes fully static CMOS RAMs
with densities up to 32K-bytes, low operating power, low
standby current, and memory retention for 2-volt minimum
standby battery voltage.

Memory/Microprocessor Surface-Mounted Packages

The RCA CMOS memory/microprocessor product line now
includes standard CDP- and CDM-series chips in a new
generation of IC miniaturized packages.

Microprocessors, microcomputers, memories, and peri-
pherals are now offered in two versions of the surface-
mounted-package configuration as follows:

m Small-outline package (SOP)
m Plastic chip-carrier (PCC)

The small-outline package (SOP) will be offered in 16-, 20-,
24- and 28-lead versions with 50-mil lead centers; the plastic
chip-carrier (PCC) will be offered as 28- or 44-lead pack-
ages with 50-mil lead centers.

Enhanced Product

Most RCA memory/microprocessor parts are available with
burn-in to enhance commercial reliability. This cost-effective
approach is provided by the RCA Enhanced Product.
Enhanced product is identified with the suffix “X”, e.g.,
CDP1802ACEX.
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LSI Circuits

Burn-in Time* 160 Hours
Temperature* 125°C
Bias Voltage:
CDP1800 “C” Product 7V
All Other 6V
CDP1800 “Non-C”
Product nv

PRODUCT IDENTIFICATION
All enhanced product is identified by a suffix “x”.

Examples:

Standard Enhanced
CDP1854ACE CDP1854ACEX
CDP6805G2E CDP6805G2EX

*Or equivalent means equivalent time-temperature/voltage
resulting in the same activation energy.

Enhanced Product

Product Flow

STANDARD PRODUCT

!

100% Burn-in
160 hr
@ 125°C or
Equivalent*

l

100% Parametric
& Functional
Tests @ 25°C

SAMPLE
Parametric &
Functional Tests

ENHANCED
PRODUCT
Production State Quality Assurance
or Process Step
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Enhanced Product Application

The need to achieve the enhanced reliability resulting from
burn-in screening must be determined by careful analysis
of system design and application.

How many IC’s are incorporated into the total system?
How many devices on each board?

Is the proper device being used for the application?
What are the reliability goals?

What failure rates are being experienced
without screening?

Cost-effectiveness of using enhanced CMOS can be deter-
mined by mutual analysis of the economic trade-offs made
possible by the following features of the program:

¢ Available in both plastic and frit-seal ceramic packages.
« Offered on the industry’s broadest line of circuit functions.
© 0.025% AQL cumulative.

* Reduction in PC board reworking through fewer
line rejects.

* Lower warranty requirements through the elimination of
infant mortality failures.

¢ Reduced incoming inspection cost by reduction or com-
plete elimination of test procedures.

* Reduction of system failures and related service ex-
penses and customer complaints.

Enhanced Product Reliability Data
FAILURE RATES IN PLASTIC DUAL-IN-LINE PACKAGES

Product Device Temp Voo

Category Family (°C) )
Memory/uP

Cc2L CDP1800 85 7

(RAM/ROM, I/O, uP) 55 7

CMOS | CDP1800, CDP6805 85 6

(RAM/ROM, uCOMP/uP) 55 6

CMOS I ROMSs Only 85 6

(64K, 128K, 256K) 55 6

NOTES: * FITs are the number of failures in 10° device hours. The failure rate is estimated at 60% upper confidence level. To convert
the above data from FITs to %/1000 hours, multiply by 10-4.

1Equivalent device hours are extrapolated from accelerated test temperatures to the maximum 85°C rating and nominal use
condition of 55°C, using a 1.0eV activation energy. Actual test temperatures ranged between 125°C-175°C.

#The difference in failure rate between standard and burned-in product is estimated from several sample studies.

Failure Rate (FITs)*

Equivalent Standard Burn-In
Device Hrs.t No Burn-In (160 Hrs., 125°C)#

2.4 x 107 160 67

46 x 108 8.3 3.5

9.2 x 107 170 71

1.8 x 109 88 3.7

5.6 x 107 70 29

1.1 x 10° 3.6 15

10
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Operating and Handling Considerations

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

The design flexibility provided by these devices makes pos-
sible 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 possibility of device failure and make certain that
no safety hazard would result from such an occurrence.

Absolute Maximum Ratings

The published ratings of GE, RCA, and Intersil Solid-State
Devices are based on the Absolute-Maximum Rating Sys-
tem, 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 responsi-
bility 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, equip-
ment control adjustment, load variation, signal variation,
environmental conditions, and variations in device charac-
teristics.

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

GENERAL CONSIDERATIONS

In general, with any application where devices are operated
at voltages which may be dangerous to personnel, suitable
precautionary measures should be taken to prevent direct
contact with these devices.

The metal shells of some solid-state devices such as the TO-
5-style package often used for integrated circuits usually
has the substrate or most negative supply voltage con-
nected 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.

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.

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 proteciion. Failure
to observe these precautions can cause excessive internal
heating of the device and result in destruction and/or possi-
ble shattering of the enclosure.

The small size of most solid-state products provides obvious
advantages to the designers of electronic equipment. How-
ever, it should be recognized that these compact devices

RCA CMOS Integrated Circuits

usually provide only relatively small insulation area between
adjacent leads and the device package. 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 rela-
tively small insulating surfaces.

Thermal Considerations

The maximum allowable power dissipation in a solid-state
device is limited by the junction temperature. An important
factor in assuring that the junction temperature remains
below the specified maximum value is the ability of the
associated thermal circuit to conduct heat away from the
device.

When a solid-state device is operated in free air, without a
heat sink, the steady-state thermal circuit is defined by the
junction-to-free-air thermal resistance given in the published
data for the device. Thermal considerations require that a
free flow of air around the device is always present and that
the power dissipation be maintained below the level which
would cause the junction temperature to rise above the max-
imum rating at the worst-case ambient temperature.

Electrostatic Voltage Discharge Considerations

Electrostatic voltage discharge of sufficient energy can
damage any solid-state device. These electrical potentials
can be significantly reduced during handling or testing by
following industry-accepted practices such as those used
by GE Solid State. These include:

e properly grounded equipment, workstations, operators and
handlers

e the use of air ionizers

e control of ambient humidity

e device storage and transportation in a charge-dissipative
medium such as “Eccosorb® LD26" or equivalent.

Mounting

Integrated circuits are normally supplied with tin-lead dipped
leads to facilitate soldering into circuit boards.

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 applica-
tions. It is therefore recommended that conformal coatings
or potting be provided as an added measure of protection
against moisture penetration.

In any method of mounting integrated circuits which involves
bending or forming of the device leads, it is extremely
important that the lead be supported and clamped between
the bend and the package seal, and that bending be done
with care to avoid damage to lead plating. In no case should
the radius of the bend be less than the diameter of the lead,
or in the case of rectangular leads, such as those used in
RCA 14-lead and 16-lead flat-packages, less than the lead
thickness. When solder-dipped leads are formed, they must
be reflowed or redipped within 40 mils of the package body.
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.

Many GE/RCA/Intersil semiconductor products are availa-
ble in surface-mounted packages which enable the user to
mount these devices directly on the surface of a circuit
board. Unlike conventional dual-in-line (DIP) leaded pack-
ages which require through-holes for insertion, surface-
mounted packages are soldered to a series of pads on a

e®Trade Name: Emerson and Cumming, Inc.

1
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Operating and Handling Considerations

circuit board using a variety of acceptable techniques such
as vapor phase or infrared reflow. This series of pads,
commonly called a footprint, matches the lead or contact
outline of the package(s) being used.

Recommended Lead-Forming Practices

DIC Packages

The leads on dual-in-line CERDIP or dual-in-line side-brazed
packages are not intended to be bent or formed No further
lead-forming is recommended.

Flat Packages
Flat packages including quad flat-packages are provided to
users with the leads in a horizontal plane.

Since users form leads into many configurations, these rela-
tively thin-leaded devices require a certain amount of care
to avoid any handling which would affect the suitability of
these leads.

Taking guidance from MIL-STD 4544, the following I1s recom-
mended when bending leads:

a) the bend radius must exceed twice the lead thickness.

b) Always start the bending 0.015 inches or more away
from the device body to protect body-to-lead adher-
ence, and body hermeticity.

c) bend leads 85-degrees maximum to provide a strong
fixed position condition.
d) use roller-type die when forming gold-plated leads to

minimize surface scouring.

e) provide a minimum surface contact length of 2 times
the lead width.

f) leads should be cleaned of any bending tool lubri-
cants to enhance solderability.

Cleaning After Mounting

A wide variety of chemicals and solvents is available for
fluxing, degreasing, and flux removal. Care must be exer-
cised in the selection of materials, such that from a reliability
standpoint, there is no adverse effect on component life. A
major contributor affecting device reliaiblity, is the chemical
reaction of chloride with the aluminum metallization of the
die. Eventually this etching process will result in electrical
open circuits. The mechanism is defined as Electrolytic
Metal Attack (EMA) and is accelerated in a mositure envir-
onment. Cleaning and fluxing compounds free of chloride
will therefore maximize device life. Chloride is defined as
the dissociated ion, which is soluble in water, as contrasted
to the water insoluble organic chlorine of compounds such
as perchloroethylene and trichloroethane. It is, of course,
impractical to evaluate the long-term effect on semiconduc-
tor life of all chemicals which are marketed under a variety
of brand names.

The choice of fluxes for electronic applications should be
restricted to rosin types, R, RMA and RA and water soluble
organic acid, OA, formulations. Inorganic acid fluxes should
not be used as they can attack the internal metallization of
the semiconductor. As stated above, it is further recom-
mended, where applicable, that non-halide type fluxes be
used for improved device reliability. Some examples of
acceptable fiuxes are:
A. Rosin Types (RA)

Alpha 711

Alpha 809 foam flux

Alpha 811 foam flux

Alpha 815 foam flux

Alpha TL33M halide free
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B. Water soluble organic acid (OA) types, halide free
Blackstone 1452
Kenco 183
Alpha 260HF and 265HF
Since circuit boards can fall into several categories, such as
single sided, double sided with plated-through holes and
densely populated multilayer types, it must be stressed that
the manufacturer's recommendation be considered when
choosing the proper flux for the process being used.

Flux cleaning and/or degreasing is necessary to assure that
the final soldered assembly is free of contaminating soils.
The choice of the cleaning system is relative to the soil
being removed. Water-based cleaners are generally used to
remove polar soils, such as rosin activators, organic acid
residues, and finger salts. Solvent cleaners are chosen for
removal of organic (non-polar) contaminants, which include
rosins, oils, and greases. Cleaning methods can incorporate
immersion (with or without ultrasonics), brushing, and
spraying. The choice of cleaner should be based on affinity
for the contaminant, ability to thoroughly wet the parts, and
compatibility with components. It should also be safe to
use.

Solvent cleaners are generally divided into two classes:
chlorinated and fluorinated. These can be used for cleaning
rosin-activated (RA) fluxes. The chlorinated solvents are
more aggressive and care must be taken to assure there is
no damage to components or substrate. This type solvent
should not be used with silicone-encapsulated transistors
as the solvent will tend to dissolve the plastic. The use of
chlorinated solvents must be closely monitored because a
breakdown to form acid components in the presence of
moisture. The solvent should be checked regularly and dis-
carded when acid levels exceed manufacturer’'s guidelines.
Fluorinated solvents are normally blends of trifluorotrichlo-
roethane with other solvents, such as: methanol, ethanol,
isopropanol, acetone, methylene chloride, or chloroform.
These solvents can be purchased under trade names as
Freon TE, TE35, TP35, Frigen 113 TR-M, Haltron 113 MOM,
and Flugene 113 MA. Fluorinated systems are milder acting
and are used in vapor degreasing systems at the boiling
point of the solvent mixture.

The solvents may be used for a maximum of 4 hours at
25°C or for a maximum of 1 hour at 50°C.

Rosin fluxes can be removed by either solvent or aqueous
cleaners. The water systems contain an additive that reacts
with the rosin acids to convert the acids to a water-soluble
biodegradable soap. Water-soluble organic-acid fluxes may
require the use of a neutralizer to accelerate the solubility of
the acid residues and neutralize any residues that may
remain. Alcohols are acceptable solvents for rosin-based
flux removal; but because of flammability concerns, the flu-
orinated alcohol blends are preferred. Examples of suitable
alcohols are methanol, isopropanol, and special denatured
ethyl alcohols, such as SDA1, SDA30, SDA34, and SDA44.

If the completed assembly is to be encapsulated, the effect
on the molded-plastic transistor must be studied from both
a chemical and physical standpoint.

Handling

All CMOS gate inputs have a diode or resistor/diode gate
protection network. All transmission gate inputs and all
outputs have diode protection provided by inherent p-n
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junction diodes. These diode networks at input and output
interface protect CMOS devices from gate-oxide failure in
handling environments where static discharge is not exces-
sive. In low-temperature, low-humidity environments, im-
proper handling may result in device damage. It is recom-
mended that ionizers be used in the handling and assembly
areas to minimize damage from electrostatic discharge (ESD).
See ICAN-6525, “Handling and Operating Considerations
for MOS Integrated Circuits”, for proper handling pre-
edures.

Operating
Unused Inputs

All unused input leads must be connected to either the low
rail (Vss, Veg, or GND) or the high rail (Vcc or Vop), which-
ever Is appropriate for the logic circuit involved. A floating
input not only can result in faulty logic operation, but can
cause the maximum-rated power dissipation 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 resistor to
the high or low voltage supply rails A useful range of values
for such resistors is from 10 kilohms to 1 megohm. Pins that
are I/O must have a terminating resistor.

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 the absolute-maximum rat-
ing. Input currents of less than the maximum rating prevent
device damage; however, proper operation may be impaired
as a result of current flow through structural diode junctions.

Output Short Circuits

Shorting of outputs to the high or low supply rail can dam-
age many of the higher-output-current CMOS types, such
as the CD4007, CD4041, CD4049, and CD4050. 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 the CMOS HC/HCT/HCU types,
outputs may be shorted to Vec (5 V = 10%) for 1 second
maximum and only one output at a time. 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 char-
acteristics given in the published data should be consulted
to determine the requirements for a safe operation below
the device maximum-rated output power.

For detalled CMOS IC operating and handling considera-
tions, refer to Application Note ICAN-6525 “Handling and
Operating Considerations for MOS Integrated Circuits.”

CMOS Power-Supply Distribution and Decoupling
Power distribution should be a prime consideration in all

CMOS designs. Although DC power dissipation is very low,
dynamic power (due to switching transients) can be high.
High-voltage and/or low-temperature operation increase
dynamic current transients.

A low-impedance power source and supply-to-ground capac-
itance bypass will significantly reduce noise generation
on signal and power line to greatly enhance system
reliability.

Decoupling

Higher speeds, faster edges and higher output-drive cur-
rents cause higher-frequency current transients to be
imposed on ground and Vcc rails of an IC. For LSI and high-
speed families, consideration of power-supply distribution
and decoupling become important. Before decoupling can
be utilized for noise reduction, there must first be a good
power-supply distribution network. A good ground connec-
tion system and capacitive decoupling must be employed.
For details refer to Application Note ICAN-7329, “Power-
Supply Distribution and Decoupling for CMOS High-Speed-
Logic ICs.”

SOLID-STATE CHIPS

When supplied in individual die form, solid-state chips,
unlike packaged devices, are normally fragile and small in
physical size, and therefore, require special-handling as
follows:

1. Chips must be stored under proper conditions to ensure
that they are not subjected to a moist and/or contami-
nated atmosphere that could alter their electrical, physi-
cal, or mechanical characteristics. After the shipping
container is opened, the chip must be stored under the
following conditions:

A. Storage temperature, 40°C
B. Relative 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. The procedures used to reduce the possibility of electro-
static discharge in packaged devices also apply for solid-
state chips.

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

5. After the chip has been mounted and bonded, any neces-
sary procedure must be followed by the user to ensure
that these non-hermetic chips are not subjected to moist
or contaminated atmospheres which might cause the
development of electrical conductive paths across the
relatively 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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1800-Series Microprocessors and Microcomputers

Comparison of RCA CMOS CDP1800-Series
Microprocessors and Microcomputers

CDP1802A

Features CDP1802AC CDP1802BC CDP1804AC CDP1805AC CDP1806AC

Memory
Addressing (Bytes) 64k 64k 64k 64k 64k
On-Chip RAM (Bytes) — — 64k 64k —
On-chip ROM (Bytes) - — 2k — —
Max. Clock
Frequency (MHz) 32 5 5 5 5
Instruction Time
Min./Max. (us) 5/7.5 3.2/4.8 3.2/16 3.2/16 3.2/16
Timer/Counter Bits — — 8 8 8
Prescalers — — + 32 +32 +32
Bus Structure Non-multiplexed Address Lines
Interrupts vV N l vV [ N Vv
Latched I/0O Lines Off-Chip
Max. Operating Temp. . o

Temp. Range (°C) 55 to +125°C
Package 40D, E 40D, E 40D, E 40D, E 40D, E
No. of Pins 44Q 44 Q — 44Q 44 Q
Serial Interface Q-Line

16




Features:
a

address bus

TOP VIEW
92Cs 2Ta87RI

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 (1/0) control features are also provided to
facilitate system design.

The 1800 series architecture is designed with emphasis on
the total microcomputer system as an integral entity so that
systems having maximum flexibility and minimum cost can
be realized. The 1800 series CPU also provides a syn-
chronous interface to memories and external controllers
for 1/0 devices, and minimizes the cost of interface con-
trollers. Further, the |/O interface is capable of supporting

1800-Series Microprocessors and Microcomputers

CDP1802A, CDP1802AC

CMOS 8-Bit Microprocessor

Minimum instruction fetch-execute time of 5 us or 7.5 us at Voo =5 V;
2.5 us or 3.75 us at Vop = 10 V
®»  Any combination of standard RAM and ROM up to 65,536 bytes
m  Operates with slow memories, up to 1 us access time at fc. = 4 MHz
m 8-bit parallel organization with bidirectional data bus and multiplexed

m 16 x 16 matrix of registers for use as multiple program counters,
data pointers, or data registers

s On-chip DMA, interrupt, and flag inputs

Programmable single-bit output port

91 easy-to-use instructions

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), 40-lead dual-in-line
plastic packages (E suffix) and 44-lead plastic chip-carrier
(PCC) package (Q suffix). The CDP1802AC is also available
in chip form (H suffix).

ADDRESS BUS !

MAO-7 MAO-7 MAO-4
corPigs2
:> INPUT PORT CS2 No
DATA CS!
MRD MRD WRD
CDPIBO2 CcDoPIB33 CDP1824
8-BIT CPU | K-ROM 32 BYTE RAM
DATA 1 MWR R
e i &
CLOCK[¢— —TPB TPA TPA
DATA DATA DATA
§-BIT DATA BUS
92CM-3466IR!

Fig. 1 - Typical CDP1802A small microprocessor system.

File Number 1305
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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)

CDP1802A ................. et e et e e —0.5to +11V

ODPTBO2AC . . ettt e ettt e veiee..—05t0+7V
INPUT VOLTAGE RANGE, ALL INPUT S ..ottt ettt et eenanas —0.5to Vpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT ..ttt ittt ittt e ittte e ettt et eeine e eneeaareeaanans PN e E10MA
POWER DISSIPATION PER PACKAGE (Pp):

FOr TA=—=401t0 +60°C (PACKAGE TYPE E) . ..0ttuuttitt ettt eeeiteeeeeeeeeetaaaarareeeeeaiinnnes 500 mW

For TA=+601t0 +85°C (PACKAGE TYPEE) ......ooviviiiinieeiineinnennnnns Derate Linearly at 12 mW/°C to 200 mW

For TA==5510 +100°C (PACKAGE TYPED) .......ovvviiiiiiiiiiniininnnnns 500 mW

For TA=+100 to +125°C (PACKAGE TYPE D) ...Derate Linearly at 12 mW/°C to 200 mW

For Tp =-40°C to +85°C (PACKAGE TYPEQ) * ...... FS N e et et riaaes e 500 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR TA=FULL PACKAGE-TEMPERATURE RANGE .. ... ..ttt iiaeteraisetaaneeestsistietienenseaensnanes 100 mW
OPERATING-TEMPERATURE RANGE (TA)

P A CKAGE TYPE Dttt ittt ettt ettt e et e e te e s eee e ettt oo aeaetensaanasasenensnsesncsnsnesnsnnn —55to +125°C

PACKAGETYPEE AN Q ........ovviiiiiiieiniiieineinennens b et e teeteentatsarseettaentenstsatstetietisnonrneies —40 to +85°C
STORAGE TEMPERATURE RANGE (Tstg) ......................................................................... —65to +150°C -
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16+1/32 1n (1.5910 79 mm) from case fOr T0S MAX  ...vuiriueeneeneretnarnarererasnseietstocsnensenens +265°C

* Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent.

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:

CONDITIONS LIMITS
CHARACTERISTIC Veet Vpp CDP1802A CDP1802AC UNITS
V) V) Min. Max. Min. Max.
DC Operating Voltage _ _ 4 105 4 65
Range v
Input Voltage Range — — Vss VDD Vss VpD
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 — — — Ms
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 — -

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

2 8 LOAD CAPACITANCE (CL) = 50pF 400] AMBIENT (Ta)= 25°C] i T
H T t T
T 7 pReaaeaesis: R I
~ =] Vec sy SHTT
3 %<0, i T
= e S
- T % A
T
£ SHL : £ 1
g E T
o Vo= T
g, q = ‘cc 5y, Voo« 1oy - E o
x Ve T w jmasa vy
8 R Ce = Vop = s = oo
33 I T gl ' asi
E T & 2 T
F] = T
H 3 | T
x Z T T T
H & 2 ety
= 1 t - Nee* VoR' o
E I TrL) v“““—cc_\,w.\ov
% 0 ] HTHY HHHHHH
maanE [1T] NEnEu: T
25 45 55 65 75 85 95 05 (5 125 75 100 125 150 175 20C
[} AMBIENT TEMPERATURE (Tp) = °C LOAD CAPACITANCE (CL)— pF
920533866 92C5-29596
Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load
as a function of temperature. capacitance.
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TERMINAL ASSIGNMENT
[
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z 2 2
5 1 a2 ? E
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800',36‘29,;3!:5
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sco 7 39
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MROD 38 TPA
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NC NC
BUS 4 MAS
BUS 3 MA4
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BUS 1 MA2
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Piastic Chip-Carrier (PCC) Package
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Fig. 4 - Minimum output high (source) current characteristics. Fig. § - Minimum output low (sink) current characteristics.
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Py T ry 0 ry SPEC_ O 50 100 150
NOTES " ool ol | 10 o) oF  OLOAD CAPACITANCE (ACL)—pF  NOTE ANY OUTPUT
IDLE = "00" AT M(0000) CLOCK INPUT FREQUENCY (fc)—MHz EXCEPT XTAL
BRANCH = " 3707"AT M (8107) 92€5-29549 92c5-29598
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Fig. 6 - Typical power dissipation as a function of clock
frequency for BRANCH instruction and IDLE instruction

Fig 7 - Typical change in propagation delay as a
function of a change in load capacitance.
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STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85° C, except as noted.

CONDITIONS LIMITS
Vee,
CHARACTERISTIC Vour VIN VpD CDP1802A CDP1802AC UNITS
(\)) V) V) Min. | Typ.* | Max. Min. | Typ.®* | Max.
Quiescent Device Current Ipp - - 5 - 01 50 - 1 200 uA
- — 10 — 1 200 — — =
Output Low Drive (Sink)
Current_ loL 0.4 0,5 5 1.1 2.2 — 1.1 2.2 — mA
(Except XTAL) 05 0,10 10 22 4.4 — — — —
XTAL loL 0.4 5 5 170 | 350 — 170 | 350 — pA
Output High Drive (Source)
Current _ lOH 4.6 0,5 5 —027 ] —055 — —0.27| —0.55 — mA
(Except XTAL) 9.5 0,10 10 —0585] —1.1 — — - —
XTAL I0H 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 49 5 — 4.9 5 —
High Level VOH — 0,10 10 9.9 10 — — — —
Input Low Voltage ViL 0.54.5 — 5 — — 1.5 — — 1.5
0.5, 4.5 — 5,10 — — 1 — — —
1,9 — 10 — — 3 — — — \
Input High Voltage VIH 0.5,4.5 — 5 3.5 — — 3.5 — —
0.5,4.5 — 5,10 4 — — — — —
1,9 — 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 — 104 e — 104 e
Input 0,10 10 — [ +104 ] 1 — — — A
3-State Output Leakage 0,5 05 5 — | +104 | 1 — | +104] =1 H
Current louTt 0,10 0,10 10 — | x104 | +1 — — —
Operating Current,  Ipp12
f=3.2 MHz — — 5 — 2 4 — 2 4 mA
Minimum Data Retention
Voltage VDR VDD=VDR — 2 2.4 — 2 24 Vv
Data Retention Current IDR Vpp=24V —_ 0.05 — — 0.5 — MA
Input Capacitance CIN — 5 7.5 — 5 7.5 £
Output Capacitance  CouT — 10 15 — 10 15 P

*Typical values are for TA=25°C and nominal Vpp
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170 REQUESTS
MEMORY ADDRESS LINES 170 FLAGS
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Fig 8- CDP1802A block diagram.

92CM-34668RI

Fi —t
= ETCH (READ) ~t EXECUTE (WRITE) —-—-‘

CLOCK  |00joI|10] 1 j20] 21 31|40} 41}50] 5! [60] 61{70] 71|00} 01 |10] 11 J20] 21 |30 31 41150] 81 {e0j 61 |7O| TV
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DATA =] VALID INPUT DATA — VALID OUTPUT DATA I

Fig. 9 - Basic dc timing waveforms, one instruction cycle.

21




1800-Series Microprocessors and Microcomputers

CDP1802A, CDP1802AC

SIGNAL DESCRIPTIONS

BUS 0 to BUS 7 (Data Bus):

8-bit bidirecticnal 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 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 1/0 devices (independently or
combined with the memory byte on the data bus when an1/0
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 I/0 instruction by
bit N3 (internally) and is indicated by the level of the MRD
signal.

=Vcc: Data from 1/0 to CPU and Memory
MRD=Vgsg: Data from Memory to I/0

EF1 to EF4 (4 Flags):

These inputs enable the |/O 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 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 1s set to 2; designator P is
setto 1;interrupt enableis 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: Inthe event of concurrent DMA and !nterrupt requests,
DMA-IN has priority followed by DMA-OUT and then
Interrupt.

SCO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1) fetching an
instruction, or 2) executing aninstruction, 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
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
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TPA, TPB (2 Timing Pulses):

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

MAO to 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 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 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 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 paralle! with a resistance (10 megohms typ.).
Frequency trimming capacitors may be required at terminals
1 and 39. For additional information, see ICAN-6565.

WAIT, CLEAR (2 Control Lines):

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

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

VDD, Vss: Vcc (Power Levels):

The internal voltage supply Vpp is isolated from the
Input/Output voltage supply Vc so that the processor may
operate at maximum speed while interfacing with peripheral
devices operating at lower voltage. Vo must be less than or
equal to Vpp. All outputs swing from Vgg to Vgg. The
recommended input voltage swing is Vgg to Vg
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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.

Thethree 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. Durning the fetch cycle the four bits in the P
designator selectone 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
1s 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/0O 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 tc 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 registersin Rcan be assigned by a programmerin three
different ways: asprogram 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):
1. ALU operations F1-F5, F7, 74,75, 77;

2. output instructions 61 through 67;

3. input instructions 69 through 6F;

4. certain miscellaneous instructions — 70-73, 78, 60, FO.
The register designated by N (i.e., R(N)) points to memory
for the “load D from memory" instructions ON and 4N and
the “Store D” instruction 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
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

Aninternal 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
inthe 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 Aucxiliary Holding Register T 8 Bits Holds old X, P after Interrupt
R 16 Bits 1 of 16 Scratchpad Registers (X is high nibble)
P 4 Bits Designates which register is IE 1 Bit Interrupt Enable

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

Data Pointer

CDP1802 Control Modes

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

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

The function of the modes are defined as follows:
Load

Holds the CPU in the IDLE execution state and allows an 1/0
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, |E 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 cycie which
requires 9 clock pulses. During this cycle the CPU remainsin
S1 and registers X, P, and R(0) are reset. Interrupt and DMA
servicing are suppressed during the initialization cycle. The
nextcycleisan S0, S1, oran S2 but never an S3. With the use
of a 71 instruction followed by 00 at memory locations 0000
and 0001, this feature may be used to reset IE, so as to
preclude interrupts until ready for them. Powerup reset can
be realized by connecting an RC network directly to the
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10.

Vee
COPI802A

CLEAR
3

Rs

T

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

92CS-33873

Fig. 10 - Reset diagram.
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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 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 II shows the conditions on Data
Bus and Memory-Address lines during all machine states.

IDLEsDMASINT

FORCE 1
(LONG BRANCH,
LONG SKIP, NOP, ETC)

INTDMA

INTeDMA

PRIORITY FORCE S0, S1
DMA IN

DMa out 92Cs-33872
INT

Fig. 11 - State transition diagram.




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, or P

1800-Series Microprocessors and Microcomputers
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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 1 — 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)+H1—R(N)

DECREMENT REG N DEC 2N R(N)—1—R(N)

INCREMENT REG X IRX 60 R(X)+1~R(X)

GET LOW REG N GLO 8N R(N).0~D

PUT LOW REG N PLO AN D—R(N).0

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

PUT HIGH REG N PHI BN D—R(N).1

LOGIC OPERATIONS $

OR OR F1 M(R(X)) OR D—~D

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

EXCLUSIVE OR XOR F3 M(R(X)) XOR D—D

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

AND AND F2 M(R(X)) AND D~D

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

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

SHIFT RIGHT WITH CARRY SHRC 76§ 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 76§ 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 T 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 $ 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=1 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=vce) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1, M(R(P))~R(P).0
(EF3=Vsg) 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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TABLE I — INSTRUCTION SUMMARY (Cont'd)

op
INSTRUCTION MNEMONIC CODE OPERATION
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P))~R(P).0
(EFZ=Vgg) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M(R(P))~R(P).0
(EF4=Veg) 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 ce$ 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 388§ R(P)+1—R(P)
LONG SKIP (SEE NLBR) LSKP ce§ 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 DNOT 0 LSNZ c6 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 Q=1, R(P)+2—~R(P)
ELSE CONTINUE
LONG SKIP IF Q=0 LSNQ cs IF @=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 ca4 CONTINUE
SETP SEP DN N—P
SET X SEX EN N—X
SETQ SEQ 7B 1-Q
RESET Q REQ 7A 0-Q
SAVE SAV 78 T—M(R(X))
PUSH X,P TO STACK MARK 79 (X.P)=T; (X,P)~M(R(2))
THEN P-X; R(2)—1—R(2)
RETURN RET 70 M(R(X))—(X,P); R(X)+1—R(X)
1—IE
DISABLE DIS 71 M(R(X))—(X,P); R(X)+1—R(X)
0—IE
INPUT-OUTPUT BYTE TRANSFER
OUTPUT 1 OuT 1 61 M(R(X))—~BUS;R(X)+1—R(X); N LINES=1
OUTPUT 2 ouT 2 62 M(R(X))~BUS;R(X)+1—~R(X); N LINES=2
OUTPUT 3 OouUT3 63 M(R(X))—~BUS;R(X)+1—R(X); N LINES=3
OUTPUT 4 OouT 4 64 M(R(X))—~BUS;R(X)+1—R(X); N LINES=4
OUTPUT 5 ouT5 65 M(R(X))—~BUS;R(X)+1—R(X); N LINES=5
OUTPUT 6 ouUTs 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 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 I3 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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Notes for TABLE 1

1. Long-Branch, Long-Skip and No Op instructions are

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

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

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

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

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

. 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
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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 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 1dentical 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 1s continued by fetching the next instruction
in sequence.
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.
!-—-i— | |
MEMORY  [APLH/'PHLA/HIGH ORDER  'PLR.P| LOW ORDER |t ]
ADDRESS ADDRESS BYTE %1 A\ | AoDRESS BYTE ALH TPHL
] L b I
MRD tPLH tPHL\  tgy ! | *PLH
(MEMORY ! |
READ CYCLE) | | |
MWR tPLH TipHL t
(MEMORY | tonL P, |
WRITE CYCLE) r——‘ | |
|
|

DATA FROM
CPU TOBUS |

state  IPLH,

CODES  tpH\/,

|
|
Il
I
|
|
j !
|
: |
Q
| |
NO, NI ,N2 tPLH l J
(gx/gcurlou j ! |
CYCLE) | DATA
| 1 LATCHED IN CPU
DATA FROM T 7
BUS TO CPU /‘\ // . U B

I
DMA | SAMPLED (Sl, S2,S3)

1
|1
HE
- tPLH. tPHL ! |
—— -
——
|

I
i__
z

NN

i ;
DMA ) | i
REQUEST | INTERRUPT  \1SU_ TH [/
| ! SAMPLED (51, 52) |
TNTERRUPT [ i
REQUEST FLAG LINES
SAMPLED (IN SI) T
EF I1-4 ) AL ! ! !
I
1 T
1 |
ANY NEGATIVE
_ tsy | TRANSITION
WATT
.
|
CLEAR \ tw [
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 -33869R2
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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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp=-40 to +85°C, C| =50 pF, Vpp=15%, except as noted.

1800-Series Microprocessors and Microcomputers
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CHARACTERISTIC Vec | Voo LIMITS UNITS
v) v) Typ. Max.
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 " 5 10 100 125
10 10 75 100
5 5 0 30
DMA Setup tsu 5 10 ] 20
10 10 0 10
5 5 150 250
‘DMA Hold ty" 5 10 100 200
10 10 75 125
5 5 —75 0
Interrupt Setup tsu 5 10 -50 0
10 10 —25 0

'Typncal values are for TA=25°C and nominal Vpp

®Maximum limits of minimum characteristics are the values above which all devices function
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DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd)
Vece VoD LIMIT
CHARACTERISTIC V) ) Typ.* Max. UNITS
Minimum Setup and Hold Times"
5 5 100 150
Interrupt Hold tH" 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 Puise Width twL 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
Vee VbD LIMITS
CHARACTERISTIC ™ ) Min. | Typ.* UNITS
High-Order Memory-Address Byte 5 5 2T-550 | 2T-400
Set Up to TPA™_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/2+0
Low-Order Memory-Address Byte 5 5 T-30 T+0
Hold after WR Time tn 5 10 T-20 T+0
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 tace 5 10 (5T-250|5T-150
10 10 [5T-190|5T-100
5 5 T/2-25 | T/2-18
MRDto TPA( ) tsu 5 10 [ T/2-20 | T/2-15
10 10 | T/2-15| T/2-10

eTypical values are for Ta=25°C and nominal Voo
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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—I, N; MRP RP 0 1 0 [
RP+1—RP
0 0 iDL IDLE MRO RO 0 1 0 D3
0 1-F LDN MRN—D MRN RN 0 1 0 3
1 0-F INC RN+1—RN FLOAT RN 1 1 0 1
2 o-F DEC RN—1—=RN FLOAT RN 1 1 0 1
3 0-F | SHORT TAKEN;
BRANCH MRP—-RP.0 MRP RP 0 1 o]
NOT TAKEN; 3
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 ouT 4 MRX—BUS; MRX RX 0 1 4 6
5 ouT 5 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 10 3
c INP 4 BUS—MRX,D DEVICE RX 1 0 4 5
D INP 5 5
E INP 6 6
F INP 7 7
0 RET MRX—(X,P), MRX RX 0 1 0 3
RX+1—RX; 1—IE
1 DIS MRX—(X,P), MRX RX 0 1 0 3
RX+1—RX, 0~IE
7 2 LDXA MRX—D; MRX RX 0 1 0 3
RX+1—~RX
3 STXD D—MRX; D RX 1 0 0 2
RX—1—RX
4 ADC MRX-+D+ MRX RX 0 1 0 3
DF—DF,D
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TABLE 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 AX 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 4] 1
B SEQ 1-Q FLOAT RP 1 1 0 1
(e} ADCI MRP+D+ MRP RP 0 1 0 3
DF—DF,D, RP+1
D SDBl 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.O 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 O D RN 1 1 0 1
B 0-F PHI D—RN 1 D RN 1 1 0 1
S1#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
S1#1 8-8 NOT TAKEN MRP RP 0 1 0 4
RP+1—~RP
H2 C 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
(o} SKIP
Si#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
Si1#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 I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING

DATA MEMORY N
STATE 1 N | MNEMONIC | OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS
D O-F SEP N—P NN RN 1 1 0 1
E 0-F SEX N—X NN RN 1 1 0 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 sMmI D—MRP—DF,D,
RP+1—RP
E SHL MSB(D)—DF; FLOAT RP 1 1 0 1
0-LSB(D)
DMA IN BUS—MRO; DATA FROM RO 1 0 0 F.7
2 RO +1—R0 1/ DEVICE
DMA OUT MRO—~BUS, MRO RO 0 1 0 F.8
RO+1—R0
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:

OMMOoOO o>

Suppress TPA, wait for DMA
IN REQUEST has priority over OUT REQUEST.

. IE=1, TPA, TPB suppressed, state=S1.
BUS=0 for entire cycle.

. Next state always S1.

. Wait for DMA or INTERRUPT.

. Number refers to machine cycle. See Fig 13 timing waveforms for machine cycles 1 through 9.
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a1 1 1 M i
P8 1 1 I
“C"égf;“ L CYCLE n | CYCLE (v - 1 1 CYCLE (n + 2) T CYCLE (n+3) ] C¥CtEin+a)

MA HIGHADD | LOWADDRESS _ JHIGHADD]  LOWADDRESS _ JHIGH ADD] _ LOW ADDRESS __ JHIGHADD] __ LOW ADDRESS __ HIGH ADD] __LOW

General timing waveforms.

INSTRUCTION FETCH_ (501 | EXECUTE (SN T FETCH_(S0) I EXECUTE_(S1) ]_FETCH_(S0)
fo—MEMORY READ CYCLE - —afa = NON MEMORY (YCLE —— e MEMORY READ CYCLE ——e-{a——NON MEMORY CYCLE —aja— MEMORY
CYCLE
meo L | N |
MWR (HIGH)
MEMORY
QUTPUT

-
ALLOWABLE MEMORY ACCESS VALID QUTPUT VALID QUTPUT

No. 1 Non-memory-cycle timing waveforms

—
INSTRUCTION | FETCH (500 | FXECUTE (51 | FETCH (50) I EXECUTE (S1) | FETCH (s0)

|-——Mswmv READ (YCLE sl NEMORY WHITE (Y LE - b MEMORY READ CYCLE ——#f@—— MEMORY WRITE CYCLE —ef@—— MEMORY
READ

Al
MRD | CYCLE
MWR l__l l—"
MEMORY
OUTPUT

STy
ALLOWABLF MEMORY ACC(tSS — VALIDOUTPUT VALID OUTPUT
CPU QUTPUT

T OFF | VALID DATA [ OFF I VALID DATA | oFF
[ veEmoRY

No. 2 Memory write-cycle timing waveforms

INSTRUCTION "] FETCH  (SO) | EXECUTE

38 I FETCH_(SO) | EXECUTE (S1) [ FETCH (so)
k—m«inumv READ CYCLE —*— MEMOKY READ € YULE ——-—'-— MEMORY READ CYCLE'—+—MEMORV READ CVCI.E—-"— MEMORY
READ
MRD I I CYCLE
MWR (HIGH!
MEMORY G
L oureor 21 % Z 28 7 7277 7Y Z W77
-

e —— P ——
ALLOWAB! | MERIORY ACCESS t— VALID OUTPUT L VALID OUTPUT L VALID QUTPUT
No. 3 Memory read-cycle timing waveforms.

VALID OUTPUT

[insTRUCTION T FETCH (SOl [ EXECUTE (ST | EXECUTE (S T FETCH _(S0) | EXECUTE (S1)

'n—— MEMORY READ CYCLE —-"——- MEMORY READ CYCLE -—'-— MEMORY READ CYCLE *——MEMQRV READ CYCLE—.P— MEMORY
READ
MRO I I CYCLE

MWR (HIGH)

MEMORY
oureor N LA Y G 7
ALLOWABLE MEMORY ACCESS VALID OUTPUT ‘-—VALID OUTPUT VALID OUTPUT '

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

N

92CL-29600

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown).
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MACHINE CYCLE | CYCLE n 1 CYCLE (n+ 1) |

INSTRUCTION | FETCH (S0) | EXECUTE (S1) 1
MRD l _ T
NO-N2 I N-9-F ‘
WA J S
ooveer 7Y »m
ALLOWABLE MEMORY ACCESS LVALID OuTPUT

MEMORY ‘ MEMORY ‘
READ CYCLE = WRITE CYCLE |

“User generated signal

92CS—2960I
No. 5 Input-cycle timing waveforms.
0 1 2 3 a4 5 6 7 0 1 2 3 4 5 6 7 0 1
cLock
TPA I I I l
MACHINE
CYCLE I CYCLEn | CYCLE (n+ 1) I
INSTRUCTION __| FETCH (SOl [ EXECUTE (S1) |

WRD I [ 1 [
NO - N2 [ N o1-7 \

ALLOWABLE MEMORY ACCESS
o svs 7077 7 —7 Z2C, D
™

- t VALID DATA FROM MEMORY
ALLOWABLE MEMORY ACCESS VALID OUTPUT

DATA STROBE®
(MRD TPB N)

| I I
MEMORY MEMORY
~— e ete - -l
| READ CYCLE READ CYCLE
1 |

“User generated signal

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

92CS-29602

No. 6 Output-cycle timing waveforms.

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued.
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A M || ™ !
TPB L ™M 1 1
zcg&me T CYCLE » I CYCLE s ) I CYCLEhv D) | CYCLE(n+3) I
INSTRUCTION _|_ FETCH (SO T EXECUTE (S1) 1 DMA (S2) | FETCH (SO) 1
OMA-IN * 7\ 1/ 7| ¥ LR,
MRD ] [ e e o S —
MWR - e | S|
MEMORY
ooy 28 7

1 VALID QUTPUT

VALID OUTPUT a

oaTa sus- (D 1 T PO U v
) | 1

\ MEMORY ! [
[ VEMORY —— READ WRITE OR ~.._.,..“_.I MEMORY MEMORY
- ——
: READ CYCLE | NON MEMORY CYCLE j WRITE CYCLE | READ CYCLE )
1 [ | | |
*User generated signal 92C¢S—29603
No. 7 DMA-IN-cycle timing waveforms.
o 1 2 3 4 85 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3

L ! ! I B
P8 1 1 1
MACH
CY((::LE’Nt T CYCLE n T CYCLE (n+ 1) T CYCLE (n+2) JCYCLE (n + 3)
INsTRUCTION T FETCH (S0) | EXECUTE (S)) | DMA (S2) JFeTCH (s0)
DMA OUT * Z A | 7] ©
MRD f o e e e e 4 1 I 1
MWR e —
MEMORY s
outeur T 77 7 0}.‘::)-
VALID DATA FROM MEMORY
DATA* VALID OUTPUT M
STROBE | | | |
iS2 TPB) | ! MEMORY ! !
MEMORY
e MEMORY g READ WRITE OR ———#ba———— " T o | TMEMORY
; READ CYCLE : NON MEMORY CYCLE ! |READ CYCLE
“User generated signal 92CM-29604RI
No. 8 DMA-OUT-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 4 5 6 7 0
e Nl pipipipgipipipipipinSpipgipipipigiyipgigipigigigipgigipipinEpligiy!
TPA l I I'—'l r—-l m
T8 ™ [en] —
MACHINE T ovClEn I CYCLE (n+ 11 | CYCLE (n+2) 1 CYCLE (n+3) |
CYCLE -

INSTRUCTION _] FETCH (S0) I EXECUTE (ST1 | INTERRUPT (53) I FETCH 150) T
MRD 1 I, J 1 [
— Y -+
MWR ———

INTERRUPT AP Z

(INTERNAL) IE L

ooreer I ZZ A‘L /w:l
-—
VALID OUTPUT VALID OUTPUT
| | | | |
MEMORY MEMORY READ, WRITE MEMORY
-—————— : —l———— ——-———— —
k READ CYCLE * OR NON MEMORY CYCLE X NON MEMORY CYCLE * READ CYCLE !
*User generated signal
/] "Don't Care” or internal delays - High impedance state
92CM-29605

-No. 9 INTERRUPT-cycle timing waveforms.

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




Features:

address bus

1800-Series Microprocessors and Microcomputers

CDP1802BC

CMOS 8-Bit Microprocessor

& Minimum instruction fetch-execute time of 3.2 us
(maximum clock frequency = 5 MHz) at Vop =5 V
®  Any combination of standard RAM and ROM up to 65,536 bytes
» Operates with slow memories, up to 775 ns access time at fo. = 5 MHz
m 8-bit parallel organization with bidirectional data bus and multiplexed

w16 x 16 matrix of registers for use as multiple program counters,
data pointers, or data registers

TOP VIEW 8 On-chip DMA, interrupt, and flag inputs

92CS-27467R!

TERMINAL ASSIGNMENT ]

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 (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

®» Programmable single-bit output port
91 easy-to-use instructions

systems having maximum flexibility and minimum costcan
be realized. The 1800 series CPU also provides a syn-
chronous interface to memories and external controllers
for 1/0 devices, and minimizes the cost of interface con-
trollers. Further, the I/0 interface 1s 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), 40-
lead dual-in-line plastic packages (E suffix), and 44-lead
plastic chip-carrier (PCC) packages (Q suffix).

ADDRESS BUS

MAO-7 MAO-7 MAO-4
coPI852
:> INPUT PORT €S2 NO
DATA _CSt
MRD 'MRD MRD
CDPI802 COPI833 CDPI824
8-BIT CPU I K-ROM 32 BYTE RAM
DATA CSI MWR MWR
copigsz  ©S2 NI —
OUTPUT PORT CEO Ccs
CLOCK€— TPB TPA TPA
DATA DATA DATA
8-BIT_DATA BUS
92CM- 3466IRi

Fig 1- Typical CDP1802BC small microprocessor system.

File Number 1342
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MAXIMUM RATINGS, Absolute-Maximum Values:

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

[0 o -4 Lo R —05t0o+7V
INPUT VOLTAGE RANGE, ALL INPUTS ...ttt ittt ettt ettt ettt ettt iieteaiinsesanseasaseeineses —0.5to Vpp +H0.5V
DC INPUT CURRENT, ANY ONE INPUT ...ttt ttte ettt ettt ettt e e ttttaiieeetaaeraasasessesetoneetunssesnionanns 1+10 mA
POWER DISSIPATION PER PACKAGE (Pp):

FOr TA=—401t0 +680°C (PACKAGE TYPE E) ... .ttutttettnaetttitin et etsasasaettaneneaeueasesssontoaceesanssnnanns 500 mW

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

: .......................... ..... 500 MW

For TA=—5510 +100°C (PACKAGE TYPED) ......c0vvviirnennnnennens

For TA=+100 to +125°C (PACKAGE TYPED) ..... .. Derate Linearly at 12 mW/°C to 200 mW

FOr TA =-40°C 10 +85° C (PACKAGE TYPE Q) * 1.\tttttteuneenneeuneenneetnetnetan et eeneeuatsnaeneeseeenessneersnnes 500 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

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

PACKAGE TYPE D L.ttt ittt ittt e et ettt e ettt e e asa e et aaesaeseatsaaaeiaans —55to +125°C

PACKAGE TYPE E AN Q.o tititittitit it eeeeeteeteaeeneentananeneasenenosssenisseneensesssesasstsonassesarenens —40 to +85°C
STORAGE TEMPERATURE RANGE (Tstg) .......................................................................... —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16+1/32in. (1.5910 79 mm) from case fOr 10 S MAX.  ...uiviviritnerenerenrrneraesesonensnssnansscsssassnoncns +265°C

* Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent.

OPERATING CONDITIONS at TA=-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 Vbp CDP1802BC UNITS
) v) Min. Max.
DC Operating Voitage Range — — 4.0 6.5 v
Input Voltage Range — — Vss VbD
Maximum Clock Input Rise or Fall Time, tr,t¢ 4t06.5 4t06.5 — 1
Minimum Instruction Time2 5 5 3.2 — .
Maximum DMA Transfer Rate 5 5 — 667 KBytes/s
Maximum Clt?ck Input Frequency, fcL 5 5 DC 5 MHz
Load Capacitance (C| )=50 pF

Ve 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.

» 8] LOAD CAPACITANCE (Cy )=50 pF #OOTAMBIENT TEMPERATURE (T4 ) =25°C 1 asanaan:
£ g il i
~ 7 T T HH
3 T Inu XY T T
4 o T T He 1 T
= < 1 T T 1T T
I L0 DT HHH
& = Voo, x < Ramammanssmuas
3. 005y E N AR
S P rasmmmmmammEsma:
@
£ il
x =,
5 4 = jasanaasa:
: : i
© =
s 3 150 RamamsmammEE:
3 3 mmammammmsmsan)
2 [ Esass INEEEEEaESSEESE R
% 2 5 10 SAHH I ey
-4 z [ KA veet Y 20,
* < pA T -
3
. F ot :
14 T une
> B NS 1T
(7] L — — - L] L L T 1 I T
25 35 45 55 65 75 85 95 05 115 125 75 100 (25 150 175 200
AMBIENT TEMPERATURE (T, )=*C LOAD CAPACITANCE (CL)—pF
92CS-34662 92CS-34663

Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load
as a function of temperature. capacitance.
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TERMINAL ASSIGNMENT

CLEAR
DMA-IN
DMA-OUT
INTERRUPT

WAIT
CLOCK

-
o g
w o x

/ 6 5 4 3 2 41 44 43 42 41 40

o
z

Voo

sco MWR
WRD TPA
BUS 7 P8
BUS6 PIN 11DENT MAa7
;
MAG
BUSS Top |ViEW
NC - — - Ne
M
BUS 4 CDP1802 A |FILE NO 1305 AS

BUS 3 comaoza‘ FILE NO 1342 MA4
8US 2 | MA3
MA2

MA 1
22 23 24 25 26

N - O 0o | [
z zz Oz |{ lu. |u. Lt g

> w w lw =
92C5-40947

Plastic Chip-Carrier (PCC) Package

DRAIN-TO-SOURCE VOLTAGE (Vpg)-V
-4 3 2 =

-5
AMBIENT TEMPERATURE=-40 TO +85°C
H SR
4 3 : o
} ] T T T
. L H T HHH
b 3 i
3 c f
[F{GATE - TO- SOURCTE VOLTAGE (Vgg)=-5V E z T
&
3 £
o o ! I ;
g H : :
3 3 f t
23 g T 1
. g § ATE - TO- SOURCE VOLTAGE (Vgs)= 5V [TT
EH = T
e H H
2 - 1 N
+ & 3 } A
T 1 T 11T
: e 43 [ : HH
I 3
92CS- 34664 DRAIN-TO-SOURCE VOLTAGE (Vpg)=V
92CS-34665
Fig. 4 - Minimum output high (source) current characteristics. Fig. 5 - Minimum output low (sink) current characteristics.
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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 IpD - — 5 - 1 200 HA
Output Low Drive (Sink) Current loL 0.4 05 5 11 22 _ mA
(Except XTAL)
XTAL 0.4 5 5 170 350 — uA
Output High Drive (Source) Current IR 46 05 5 027 | —0s5 _ mA
(Except XTAL)
XTAL 4.6 0 5 —125 | —250 — uA
Output Voitage Low-Level VoL — 0,5 5 - 0 0.1
Output Voltage High Level VOH — 0,5 5 49 5 —
Input Low Voltage ViL | 0545 — 5 — — 1.5 v
Input High Voltage VIH | 0545 - 5 3.5 el =
CLEAR Input Volta.ge . VH _ _ 5 0.4 0.5 _
Schmitt Hysteresis
Input Leakage Current IIN lAnyt 0,5 5 — +104 | +1
npu
uA
3-State Output Leakage Current louT 0,5 0,5 5 — +10-4 +1
Total Power Dissipation, =5 MHzA — - 5 - 15 30 mw
Minimum Data Retention Voitage VDR VDD=VDR - 2 2.4 \
Data Retention Current IDR VppD=24V — 0.5 — uA
Input Capacitance CIN - 5 7.5 oF
Output Capacitance CouT — 10 15
*Typical values are for TA=25°C and nominal Vpp.
Ajdle “00” at M(0000), CL=50 pF
:?oog AMBIENT TEMPERATURE (Tp )« 25°C 3 AMBIENT TEMPERATURE (TA)TZS:C .FH
i
500 2 I f
© 8 3 T
§E B 5
3o 2 H RS, I
<o, .o =
G o N <
g 4 “:c 5 o 7
2 r
g >\\°‘€/ o = W
E ot g g s
e e SHIA S
Foi ! < T ; ;
NOTES 001 ® %o ©° % vsApLEucE ° 5A°L0Au u;ﬁgmncz (Iﬁ._)-ps 200
IDLE ="00" ATM(0000) CLOCK INPUT FREQUENCY (fg)~ MHz AT 50 pF “NOTE ANYOUTPUT
BRANCH ="3707"AT M (8107} 92CS-34666 EXCEPT XTAL
CL*50 pF 92CS-34667
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.
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CONTROL
/ \ / \ %
MA6 MA4 MA2 MAO EFT EF3  pgx
hebsiel [T T S
MUX cLOCK
s ey
> XTAL
. CONTROL AND > sc‘j—%{,‘l}é
TIMING LOGIC —scl
—»a LoGIC
»TPA
TPB [ SYSTEM
e FSTMING
TO INSTRUCTION [—»MRD
DECODE
: (=
ROV RO1 0] AEa Ay =
RN I[RID0] R
INCR/| [R(2).1R(2) 0 l
m DECR T T NO 1/0
RV I[R@O], | AN T T NI —COMMANDS
n RIALI[R(ALO] T |DECODE N2
REV[REI0
R(F).I[R(F.0
$-BIT BIDIRECTIONAL DATA_BUS ]
Fig. 8 - CDP1802BC block diagram.
92CM-34668RI
e FETCH (READ) = EXECUTE (WRITE) ———————=y
crock  Joofor}iof 11]20[21}30[1}a0f 41}s0[si]eo[ 61} 70f T1]oofor] 10 [ ]20f21}30[ 31 ]aof]s 0 1 )6 of 6i]0f 71
ADDRESS | HiBYTE | LOW BYTE | wevre | LOW BYTE T
TPA I I l I
TPB I I I |
WRD |
L | E—
oaTA ———ro] VALID INPUT DATA 1 VALID OUTPUT DATA o
92CN- 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 |/0 devices.

NO to N2 (I/0) Lines):

Activated by an I/0 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 I/O devices (independently or
combined with the memory byte on the data bus when an I/0
instruction is being executed). The N bits are low at all times
exceptwhen an 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.

=Vcc: Data from 1/0 to CPU and Memory
MRD=Vgg: Data from Memory to I/O

EF1 to EFa (4 Flags):

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

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

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

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

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

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

SCO0, SC1, (2 State Code Lines):

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

State Code Lines
State Type sCi SCO
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
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TPA, TPB (2 Timing Pulses):

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

MAO to 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 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
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 /O instruction. For additional information see
Table I.

Q:

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

CLOCK:

Input for externally generated single-phase clock. A typical
clock frequency is 5 MHz at Vocc= 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 1 and 39 (CLOCK and
XTAL) in parallel with a resistance (10 megohms typ.).
Frequency trrmming 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 Ve so that the processor may
operate at maximum speed while interfacing with peripheral
devices operating at lower voltage. Vo must be less than or
equal to Vpp. All outputs swing from Vgg to Vog. The
recommended input voltage swing is Vgg to Vo .
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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 I/O operations.

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

1. designate one of the 18 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 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).

Theregisters inRcanbe 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) 1s 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 toindicatea
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
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.

AWM=

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

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

Data Pointer

CDP1802 Control Modes

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

CLEAR WAIT MODE
L L LOAD

L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
Load

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

Reset

Registers |, N, Q are reset, IE is set and 0's (Vgg) are placed
on the data bus. TPA and TPB are suppressed while reset is
held and the CPU is placed in S1. The first machine cycle
after termination of reset is an initialization cycle which
requires 9 clock pulses. During this cycle the CPU remainsin
S1 and registers X, P, and R(0) are reset. Interrupt and DMA
servicing are suppressed during the initialization cycle. The
nextcycle isan S0, S1, or an 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
Rs 2 cteam The RC time constant
3 b should be greater than
c the oscillator start-up time
I (typically 20 ms).

92CS-34669R!

Fig. 10 - Reset diagram.

46

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.

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 when in 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.

IDLE*DMA®INT

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

INTeDMA

PRIORITY FORCE
OMA IN
DMA out 92CS-33872

$0. 81 INTeDMA

Fig. 11 - State transition diagram.




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, or P

1800-Series Microprocessors and Microcomputers
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R(W).0: Lower-order byte of R(W)
R(W).1: Higher-order byte of R(W)

Operation Notation
M(R(N)) — D; R(N) + 1 — R(N)

This notation means: The memory byte pointed to by R(N) is
loaded into D, and R(N) is incremented by 1.

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

oP
INSTRUCTION MNEMONIC CODE OPERATION

MEMORY REFERENCE

LOAD VIA N LDN ON M(R(N))—D; FORN 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 RN F1—=R(N)

DECREMENT REG N DEC 2N R(N)—1—R(N)

INCREMENT REG X IRX 60 R(X)+1~R(X)

GET LOW REG N GLO 8N R(N).0—~D

PUT LOW REG N PLO AN D—R(N).0

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

PUT HIGH REG N PHI BN D—R(N).1

LOGIC OPERATIONS §

OR OR F1 M(R(X)) OR D—D

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

EXCLUSIVE OR XOR F3 M(R(X)) XOR D—D

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

AND AND F2 M(R(X)) AND D—D

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

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

SHIFT RIGHT WITH CARRY SHRC 76§ 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 7§ 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) NBER 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 ‘ 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=1 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 ac IF EF1=0, M(R(P))~R(P).0
(EF1=VgQ) 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=Vce) ELSE R(P)+1—R(P)
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TABLE I — INSTRUCTION SUMMARY (Cont'd)
oP
INSTRUCTION MNEMONIC CODE OPERATION
BRANCH INSTRUCTIONS—SHORT BRANCH
SHORT BRANCH IF EF4=1 B4 a7 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
(EF3=Vce) ELSE R(P)+1—R(P)
BRANCH INSTRUCTIONS—LONG BRANCH
LONG BRANCH LBR co M(R(P))~R(P).1
M(R(P)+1)~R(P).0
NO LONG BRANCH (SEE LSKP) NLBR ce$§ 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 c 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 cs 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 csé 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 cs5 IF Q=0, R(P)+2~R(P)
ELSE CONTINUE
LONG SKIP IF [E=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 7B 1-Q
RESET Q REQ 7A 0-Q
SAVE SAV 78 T—M(R(X))
PUSH X,P TO STACK MARK 79 (X,P)=T; (X,P)~M(R(2))

THEN P—X; R(2)—1—~R(2)
RETURN RET 70 M(R(X))—(X,P); R(X)+1—~R(X)

1-IE
DISABLE DIS 7 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 ouT3 63 M(R(X))~BUS;R(X)+1~R(X); N LINES=3
OUTPUT 4 ouT 4 64 M(R(X))~BUS;R(X)+1—~R(X); N LINES=4
OUTPUT 5 ouTs 65 M(R(X))—~BUS;R(X)+1—~R(X); N LINES=5
OUTPUT 6 ouT6 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 INP 7 6F BUS—M(R(X)); BUS—D; N LINES=7

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

DF=1 DENOTES A CARRY HAS OCCURRED

DF=0 DENOTES A CARRY HAS NOT OCCURRED

AFTER A SUBTRACT INSTRUCTION

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

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

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

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

#AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/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
the only instructions that require three cycles to
complete (1 fetch +2 execute).

e) effect an unconditional no branch

If the tested condition is met, then branching takes
place; the branching address bytes are loaded in the
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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

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 Tp=-40 to +85°C, C| =50 pF, Vpp15%, except as noted.

CHARACTERISTIC Vcc | VoD LIMITS | yniTs
V) v) Typ. Max.
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 “tpLH. 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. tPPHL 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 t 5 5 100 150
Interrupt Setup tsu 5 5 —75 0
Interrupt Hold tH® 5 5 75 125
WAIT Setup tsu 5 5 20 40
EF1-4 Setup tsy 5 5 —30 0
EF1-4 Hold tH. 5 5 100 150
Minimum Pulse Width Times.
CLEAR Pulse Width twi "™ 5 5 100 150
CLOCK Pulse Width twL 5 5 90 100

.Typlcal values are for TA=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

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.

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
1s 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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LOW ORDER
ADDRESS BYTE

! ot tsu—whe- 1y
MEMORY IPLH:tPHL Y HIGH ORDER  tPLH.PI
ADDRESS ADDRESS BYTE ]

!
WRD tPLH tPHLY tsy !

(MEMORY
READ CYCLE) |

MWR TPLH
(MEMORY |

.
+
|

|

f

WRITE CYCLE) r——‘ !
DATA FROM §
CPU TOBUS Z—:'——( |
l

T

|

|

|

]

STATE -
CODES  tpHL/

;
|
i
l
|
|
Il
|
|
T
|
i
|

Q

t
I T
| |
. L
i 1o 1PLH, TPHL x f

|

NO, NI ,N2 tPLH L n '

(170 | | o
EXECUTION PHL
CYCLE) | | o

| |

DATA FROM T T

BUS TO CPU A/ /V{ZZ; / SU H /,

/ |

DMA‘ SAMPLED (S, 52,53)

!
VA | |
REQUEST | INTERRUPT
| ! SAMPLED (S1,52) l
TNTERRUPT | i
REQUEST FLAG LINES
SAMPLED (IN S1) L
EF 1-4 TR | o
|
I T
| any neearive
I tsy | TRANSITION
WATT
1
TLEAR \ tw :/
NOTES-
| 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 -33869R2
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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TPB tsm

"HAA

M1t HAB

MEMORY
ADDRESS

)

LOW ORDER
ADDRESS BYTE

tHAW

HIGH ORDER
ADDRESS BYTE

MRD
(MEMORY)

tAAD

F 'HRB

READ CYCLE)

MWR
(MEMORY
WRITE CYCLE)

A

DATA FROM
CPU TO BUS

HOwW

DATA FROM
BUS TO CPU

7\

92CM-34922

Fig. 13 - Clock frequency dependent relative timing waveforms.

TIMING SPECIFICATIONS as a function of T(T=1/tcLOCK) at TA=-40 to +85°C

CHARACTERISTIC v(“:/;’ v(“’,;’ m:_'""gp_, UNITS
w5 [ 5 s
- | > | o [0
O et 1o Bus Hold o 5 5 |T-175 | T-125 | ns
o e N S
MRD Hold to TPB Time __ ture 5 5 |T1/2-25 ] T/2+0
o | o |5 [ramfers
MRD to TPA ( X ) tsu 5 5 |T1/2-20]1/2-15

eTypical values are for Ta=25° C and nominal Voo
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING

ALL MACHINE STATES
DATA MEMORY N
STATE 1 N | MNEMONIC | OPERATION. BUS ADDRESS | MRD | MWR | LINES | NOTESG
s1 RESET 0—I,N,Q.X,P; 00 XXXX 1 1 0 A
1~IE
s1 INITIALIZE 0000—R 00 XXXX 1 1 0 B
NOT PROGRAMMER
ACCESSIBLE
) FETCH MRP—1, N; MRP RP 0 1 0 c
RP+1—RP ’
0 0 IDL IDLE MRO RO 0 1 0 D3
0 1-F LDN MRN—D MRN RN 0 1 0 3
1 0-F INC RN+1—RN FLOAT RN 1 1 0 1
2 0-F DEC RN—1—RN FLOAT RN 1 1 0 1
3 0-F | SHORT TAKEN;
BRANCH MRP—RP.0 MRP RP 0 1 0 s
NOT TAKEN;
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
st 6 0 IRX RX+1—RX MRX RX 0 1 0 2
1 OouT 1 1
2 ouT2 2
3 ouT3 3
4 ouT 4 MRX—BUS; MRX RX 0 1 4 6
5 OUT5 RX+1—RX 5
6 ouTs 6
6 7 ouT7 7
9 INP 1 DATA 1
A INP 2 FROM 2
B INP3 110 3
c INP 4 BUS—MRX,D DEVICE RX 1 0 4 5
D INP 5 5
E INP 6 6
F INP 7 7
0 RET MRX~(X,P); MRX RX 0 1 0 3
RX+1—RX; 1~IE
1 DIS MRX—(X,P); MRX RX 0 1 0 3
RX+1—~RX; 0~IE
7 2 LDXA MRX—D; MRX RX 0 1 0 3
RX+1—RX
3 STXD D—~MRX; D RX 1 0 0 2
RX—1—~RX
4 ADC MRX+D+ MRX RX 0 1 0 3
DF—DF,D
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING
ALL MACHINE STATES (CONT'D)

DATA MEMORY N
STATE | N | MNEMONIC |  OPERATION BUS ADDRESS | MRD | MWR | LINES | 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 0 1
B SEQ 1—-Q FLOAT RP 1 1 0 1
] ADCI MRP+D+ MRP RP 0 1 0 3
DF—DF,D; RP+1
D spBl 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.O 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
S1#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
S1#1 8B NOT TAKEN: MRP RP 0 1 0 4
RP+1—RP
#2 (o] 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
#H2 7 LONG TAKEN RP+1—RP M(RP+1) RP+1 ] 1 0 4
(o] SKIP
S1#1 D NOT TAKEN: MRP RP 0 1 0 4
E NO OPERATION
H2 F NOT TAKEN" MRP RP 0 1 0 4
NO OPERATION
St NO OPERATION MRP RP 0 1 0 4
4 NOP
#2 NO OPERATION MRP RP 0 1 0 4
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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 NOT&
D 0-F SEP N—P NN RN 1 1 0 1
E O-F SEX N—X NN RN 1 1 0 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 sSD 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
(¢} 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
s2 RO+1-~R0O 1/0 DEVICE
DMA OuUT MRO—BUS; MRO RO 0 1 0 F, 8
RO+1—~RO
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. IE=1, TPA, TPB suppressed, state=S1.
B. BUS=O0 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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i 2 3 4 5 6 /7 0 1 2 3 4 5 6 7 0 1 2 3 45 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4

0
et LML MMM LML UL L L L AL LU L UL LU UL LU nLr

TPA 1 ol el M '
T°8 |- 1 L

“cn:g&ml: | CYCLE n | CYCLE (n« 1) T CYCLE (n+2) 1 CYCLE (n+3) [ _CYCLEn+4)
MA HIGHADD |  LOWADDRESS _JHIGHADD]  LOW ADDRESS _ |HIGH ADD] __ LOW ADDRESS _ HIGHADD]  LOWADDRESS __ HIGH ADD] W

General timing waveforms.

[NsTRUCTION FETCH_(S0) 1 EXECUTE (ST} 1 FETCH (S0) 1 EXECUTE (S1) [__FETCH_(S0)
Ja—MEMORY READ CYCLE ———sbe—— NON MEMORY CYCLE —sfa— MEMORY READ CYCLE ——#fa——NON MEMORY CYCLE —aja— WMEMORY
w1 r 1 1CYCLE
MWR (HIGH)

MEMORY P -

oureur A 2222222222270 y 2222222220/ ] i
L B = —_—

ALLOWABLE MEMORY ACCESS ~ LVALID OUTPUT VALID OUTPUT

No. 1 Non-memory-cycle timing waveforms.

INSTRUCTION | FETCH (S0) I EXECUTE (S1) | FETCH (SO) [ EXECUTE (S1) [ FeETCH (50
|<—MEMORY READ CYCLE ——#jt—— MEMORY WRITE (.YCLE~—#j@—— MEMORY READ CYCLE ——#f@—— MEMORY WRITE CYCLE —ja—— MEMORY

— READ

MRD 1 [ | cveie

MWR

MEMORY
ouTPUT A
-~
ALLOWABLE MEMORY ACCESS LVALID ouTPuT VALID OUTPUT
CPU OUTPUT

OFF | VALIDDATA | OFF [ VALID DATA [ oFF

| MEMORY

No. 2 Memory write-cycle timing waveforms.

MWR (HIGH)

NSTRUCTION | FETCH (SO} | EXECUTE (S1) | FETCH_(SO) [ EXECUTE (S1) [ FeTcH (so
f——MEMORY READ CYCLE——#fe—— MEVORY READ CYCLE —#{#—— MEMORY READ CYCLE —#f@— MEMORY READ CYCLE ——ja—— MEMORY

MEMORY
OUTPUT M /1-747 A -'///Y A-//A//
-—————» -— { -— i -— re
ALLOWABLE MEMORY ACCESS ~——— VALID OUTPUT VALID OUTPUT VALID QUTPUT VALID QUTPUT
No. 3 Memory read-cycle timing waveforms.

INSTRUCTION FETCH (S0) | EXECUTE (S1) | EXECUTE _(S1) i FETCH (SO) [EXECUTE (s1)
l-——— MEMORY READ CYCLE —+— MEMORY READ CYCLE -*—— MEMORY READ CYCLE *—MEMORV READ CYCLE——-I.—— MEMORY
o READ
MRD ] ] |_creee
’
MWR (HIGH)
MEMORY
ovreur Y7 R Y /7% 7 7 7 Y,

¥ - SSreor . =7
ALLOWABLE MEMORY ACCESS LVAUD OouTPUT VALID OUTPUT [ VALID OUTPUT L)

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

U777 "pon‘t Care” or internal deiavs - High impedance state

92CL-29600

Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown).
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MACHINE CYCLE _| CYCLE n | CYCLE (n+1) |
INSTRUCTION | FETCH (SO) | EXECUTE (S1) |
MRD l I
NO-N2 , N-9-F \__
WWR | E—

il 2 7
T
ALLOWABLE MEMORY ACCESS VALID OUTPUT

1 MEMORY } MEMORY 1
t READ CYCLE I— 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 1 0 1
cock LI LML MMy yyyyuyyuyt
TPA 1 1
T8 1 |
MACHINE
CYCLE 1 CYCLED | CYCLE (n+ 1) T
INSTRUCTION __] FETCH (SO) T EXECUTE (S1) |
MRD 1 J 1 [

NO - N2 [ N=1-7 \

ALLOWABLE MEMORY ACCESS

vatasus 70T 1 Y A:::_

|

“User generated signal

m “Don’t Care” o internal delays
- High impedance state

- 1— VALID DATA FROM MEMORY —A.
DATA STROBE® ALLOWABLE MEMORY ACCESS VALID OUTPUT l_‘
{MRD TPB-N) | | |
MEMORY MEMORY
READ CYCLE i READ CYCLE
|

92CS-29602

No. 6 Output-cycle timing waveforms.

Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued.
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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 1 2 3 4 5 6 7 0
evoee TLMLMLMLUML UMM UL U LU U ULy LuuuLUL
LS | |l (| I
TPB 1 I 1 -
g:g[:"E . CVCLE n I CYCLE (n+ 1) | CYCLE (n+2) | CYCLE (n+3) .
INSTRUCTION _ | FETCH (SO | EXECUTE (S1) )| DMA (S2) I FETCH (S0) i
DMA-IN * %) Z 7| \ % 773
weo T [ C__________ 7 1
MWR N, | S

MEMORY
ooor IEZ Z0 77 w
[ VALID QUTPUT VALID QUTPUT

oava ous- (N 1 77 O TP GEvicE
| [}

! ! i .
MEMORY | 1
| MEMORY

MEMORY MEMORY
l-_ ‘*_._ READ, WRITEOR —— pt———— —_— e —_—
READ CYCLE | NON MEMORY CYCLE | WRITE CYCLE | READ CYCLE \

“User generated signal 92CS—29603
No. 7 DMA- -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 LALLM oo
A __ T L 1 L I
B J1 1 |
MACHINI
cchLE T CYCLE n | CYCLE (n+1) | CYCLE (n+2) JeYctewn 3
INSTRUCTION T FETCH (S0) | EXECUTE (S1) 1 DMA (S2) | FETCH (S0)
DMA OUT * A | 7] \ 7
MRD L i | 1 I 1
MWR |
MEMORY —
outrur A AL-/ 72, /}4’:)-’/
VALID DATA FROM MEMORY
DATA® VALID OUTPUT m
STROBE | ] i |
(52 TPB) | | MEMORY ! !
b-—-— MEMORY ______sla———— READ, WRITE OR »ie MEMORY MEMORY
READ CYCLE ! NON MEMORY CYCLE ! READ CYCLE :READ CYCLE

J I !
“User generated signal

No. 8 DMA-OUT-cycle timing waveforms.

92CM-29604RI

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 1 2 3 4 5 6 7 0
cock LM ULy n
PA 1 1 I |y
o8 L ™ 1L L |
MACHINE
CvoLE I CYCLEn | CYCLE n+ 11 I CYCLE (n+2) I CYCLE (n+3) T
INSTRUCTION _] FETCH (S0) I EXECUTE (S1) 1 INTERRUPT (53] I FETCH (S0] I
— v v
weo L 00 [ 7 [ S
J— - v
MWR ———
INTERRUPT * 7, S 7 Z
(INTERNAL) 1€ I .
ouTPUT AT_-V A_Zm
-
VALID OUTPUT VALID OUTPUT
| | | | |
MEMORY MEMORY READ, WRITE MEMORY
———— ——ta——— NON ——h— _.q
! READ CYCLE ' OR NON MEMORY CYCLE T ON MEMORY CYCLE READ CYCLE

*User generated signal

V)] “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
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TERMINAL ASSIGNMENT H i H
S CMOS 8-Bit Microcomputer With
2 — - .
: »—mw  On-Chip RAM, ROM, and Counter/Timer
: — 'ﬁ%m" Performance Features:
° — Tre s Instruction time of 3.2 us, -40 to +85° C
S — :“:; w123 instructions-upwards sofware compatible with
[— mas CDP1802, CDP1805A, and CDP1806A
[ as = BCD arithmetic instructions
— ma2 s Low-power IDLE mode
[ wao » Pin compatible with CDP1802, CDP1805A, and CDP1806A
—& except for terminal 16 (terminal 18 for chip-carrier package)
[— & m 64K-byte memory address capability ™ 16 x 16 matrix of on-board registers
|—&Fa » 2 K bytes of on-chip ROM ®  On-chip crystal or RC controlled oscillator
TOP ViEw 9205-34980 ® 64 bytes of on-chip RAM m 8-bit Counter/Timer

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

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

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

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

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

The CDP1804AC has an operating voltage range of 4 V to
6.5V and is supplied in a 40-lead hermetic duval-in-line
ceramic package (D suffix), in a 40-lead dual-in-line
plastic package (E suffix), and in a 44-lead plastic chip-
carrier package (Q suffix).

T TaopRESS BUS_ T T T T T |
it B it =
|
<L ~ L
MAO - MA7 |' MAO - M_Af—" M "MAG-MA7 |
N CONTROL | |
—/ . | | 1
MRD | — ——»WRD —— ———lWRD |
CDPIB04AC L | |
8-BIT CPU MWR ———d ROM o yWWR
o o o | | |
%?SNTER/ TPA ——-nTPA | | |
ER _
ouT i ceob ——— —>: S :
— __ |
EMs—-——-——-blcs ————b‘ S |
BUSO- BUS? BUSO - BUS? | Buso-Bus? | BUs0-BuS?
L Buso-8u US0-BUS7 |
T =1
|
45 1
8-BIT DATA BUS oo T Jeacmsasel

\—OPTIONAL EXPANSION MEMORY—/

Fig. 1 - Typical CDP1804AC microprocessor system.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Voo):

(Voltage referenced t0 Vss TOMMINGI) . . ... uueuuttetetr ettt ettt et ees e eeeasaaaranearaeesoasasneneneraonens -05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS ...ttt ettt e ettt eeaes -0.5 to Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT L.ttt et e et e ens +10 mA
POWER DISSIPATION PER PACKAGE (Po).

ForTa=-401t0+60°C (PACKAGE TYPEE) .. .. iuiiiiiiit ittt et e it 500 mW

For Ta = +60 +85°C (PACKAGE TYPE E)

For Ta =-55t0+100°C (PACKAGE TYPED)......oovuiiiiiiiiieiineieiineeienn

ForTa=+1001t0 +125°C (PACKAGE TYPE D) ....ivivniiiiiiiniiininaenenns

For Ta = -40°C to +85°C (PACKAGE TYPE Q)*
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All PACkage TYPES) ...t .uerttatneetnetietnetinerataenenenneanieans 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE D oottt ettt ettt e e ettt e e e e e -55 to +125°C

PACKAGE TYPE EAND Q ..\ttt ittt tins e eteeaeeneeeneraeeseasensenn e euinetniseunnenaennees -40 to +85°C
STORAGE TEMPERATURE RANGE (Tay) . -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING)"

At distance 1/16 £ 1/321n (159 £ 079 mm) from Case fOr 10 S MAX  «.vvvuvrenereterar et e ettt iaatateeneanenensanesanans +265°C
* Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent.

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
(V) MIN. MAX.

DC Operating Voltage Range — 4 6.5 v

Input Voltage Range — Vss Voo

Minimum Instruction Time* (fc.=5 MHz) 5 3.2 — us

Maximum DMA Transfer Rate 5 — 0.625 Mbytes/s

Maximum Clock Input Frequency, 5 0C 5

Lf)ad Capacitance (CL) = 50 pF MHz
Maximum External Coumer/Ti_mer_ 5 DC 2
Clock Input Frequency to EF1, EF2 teux

* Equals 2 machine cycles - one.Fetch and one Execute operation for all instructions except Long Branch, Long Skip,
NOP, and “68" family instructions, which are more than two cycles
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Voo + 5%, Except as noted

CONDITIONS LIMITS
CDP1804ACD,
CHARACTERISTIC CDP1804ACE UNITS
Vo VIN Vpp
v) v) (V) Min. Typ.* Max.
Quiescent Device Current loo — 0,5 5 — 50 200 uA
Output Low—Dnva (Sink) Current lou 04 0.5 5 16 4 _
(Except XTAL)
"XTAL Output lou 0.4 5 5 0.2 0.4 — A
Output Hig_hlZive (Source) Current low 48 0 5! 5 16 4 _
(Except XTAL) ! )
XTAL lon 4.6 0 5 -0.1 -0.2 —
Output Voltage Low-Level Voo - 0,5 5 — 0 0.1
Output Voltage High Level Vo — 0,5 5 4.9 5 —
Input Low Voltage (BUS 0 — BUS 7, EMS/ME) Vi, |0.5,4.5 — 5 — — 15
Input High Voltage (BUS 0 — BUS 7,EMS/ME) Vi (05,45 | — 5 3.5 — —
Schmitt Trigger Input Voltage \
(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 ' 0.3 0.9 1.6
Input Leakage Current Iin — ,5 5 — 10.1 15
3-State Output Leakage Current lour 0,5 .5 5 — +0.2 15 HA
Input Capacitance Cin - — — — 5 75
Output Capacitance Cour — — — — 10 15 PF
Total Power Dissipation4 _ _ 5 _ 35 50 -~
131_"'0'0"_( M(0000) - — 5 — 12 18
Minimum Data Retention Voltage Vor Voo = Vor — 2 2.4 \Y%
Data Retention Current lor Voo = 2.4 - 25 100 uA

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

S
@

]

CLEAR

WAIT
CLOCK
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1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS —L
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I MA6 MA4 MA2 MAO  EF| EF3 BWA
M P MA7|mas[MA3|mal EFZIEM N | INT  CLEAR WAIT
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» Loeic cLock
= Raw 250Y smare
CONTROL AND ]—coogs
—> SCI
TIMING  LOGIC
EFt L+ q LoGIC
MODE EF2 > TPA
CONTROL rPa L > P8 | SYSTEM
8-BIT MWR
T TO —& MWR TIMING
TIMER/COUNTERELK = S INSTRUCTION |—> MRD
| LOGIC DECODE
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(16) l
8 RIOLI[RIOI0] Aeaay £°
RID.I[R(D.0] R
INCR/] [R(2).1]R(2).0 {
E DECR] =TT NO
1/0
R©) [REL0], | “AveH T P I N Nt =CommaNDs
2 RIA) I[R(A).0] | DECODE (8) 141 [ (4 | | (4 N2
8) ] T
T 1
R(E).I[REELO
R(F) 1[R(F).0
§-BIT BIDIRECTIONAL DATA BUS ]

92CM-34982

Fig. 2 - Block diagram for CDP1804AC.

Enhanced 1804AC Operation

ROM/RAM

The 2K-byte ROM is mask-programmable and mask-
selectable 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 for synchronous RAMs. 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.

* Q changes 1/2 clock cycle earlier during the SEQ
and REQ instructions.

¢ Flag lines (EF1-EF4) are sampled at the end of the
S0 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.

Special Features

Schmitt triggers are provided on all inputs, except
EMS/ME, and BUS 0 - BUS 7, 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, CLEAR=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
Counter/Timer. The only restrictions are that the Timer
mode, which uses the TPA -+ 32 clock source, and the
underflow condition of the Pulse Width Measurement
modes are not available to exit the IDLE mode.
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TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

!—INTERNAL RAM READ CYCLE —T INTERNAL RAM WRITE CYCLE ——‘
70__loo 70
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oATA BUS | 2 V] vaup vata From ceu |2

*NOTE FOR RUN (RAM ONLY) MODE:

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

NOTE FOR RUN (ROM/RAM) MODE:

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

Fig. 3 - Internal memory operation timing waveforms for CDOP1804AC.
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Fig. 4 - External memory operation timing waveforms for COP1804AC.

SIGNAL DESCRIPTIONS
Bus 0 to BUS 7 (Data Bus): interface. These lines can be used to issue command
codes or device selection codes to the 1/0 devices. The N
8-bit bidirectional DATA BUS lines. These lines are used bits are low at all times except when an I/0 instruction is
for transferring data between the memory, the being executed. During this time their state is the same as
microprocessor, and 1/0 devices. the corresponding bits in the N register. The direction of
data flow is defined in the 1/0 instruction by bit N3
NO to N2 (I/0) Lines): (internally) and is indicated by the level of the MRD
Activated by an I/0 instruction to signal the I/0 control Signal:
logic of a data transfer between memory and I/0 MRD = Vpo: Input data from 1/0 to CPU and Memory

MRD = Vgs: - Output data from Memory to I/O
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EF1 to EF4 (4 Flags):

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

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

DMA-IN and DMA-OUT are sampled during TPB every
S1, 82, and S3 cycle. INTERRUPT i1s sampled during TPB
every S1 and S2 cycle.

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

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

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

SCO0, SCH1, (2 State Code Lines):

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

State Type State Code Lines
SC1 SCo
S0 (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
H=Vpp, L=Vss.

TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each machine cycle
(TPB follows TPA). They are used by |/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 multiplexed 16-bit
memory address.

MAO to MA7 (8 Memory Address Lines):

In each cycle, the higher-order byte of a 16-bit memory
address appears on the memory address lines 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.
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MWR (Wrlite Pulse):

A negative puise 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 and to indicate the direction of data transfer
during and I/0 instruction.

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

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is 5 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
L L RUN (ROM/RAM)
L H RESET
H L PAUSE
H H RUN (RAM ONLY)

ME (Memory Enable) RUN (RAM ONLY) Mode

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

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

This active low output is used for external memory
expansion. It is low when external memory is being
addressed and high at all other times. It is initiated 1.5
clock periods after TPA (at which time all addresses are
stable) and terminates at the end of the cycle. Use of EMS
for memory selection allows 3.5 clock cycles for data
access.

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

Voo, Vss, (Power Levels):

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

ARCHITECTURE

Fig. 2 shows a block diagram of the CDP1804AC. The
principal feature of this system is a register array (R)
consisting of sixteen 16-bit scratchpad registers.
Individual registers in the array (R) are designated
(selected) by a 4-bit binary code from one of the 4-bit
registers labeled N, P, and X. The contents of any register
can be directed to any one of the following paths:
1. the external memory (multiplexed, higher-order byte
first, on to 8 memory address lines)
2. the D register (either of the two bytes can be gated to
D

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

4. to any other 16-bit scratch-pad register in the array.

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

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

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

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

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

Program Counters

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

Data Pointers

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

. ALU operations

. output instructions

. input instructions

. register to memory transfer

. memory to register transfer

. interrupt and subroutine handling.

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

O hAWN =

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.

Data Registers

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




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 underflow output of the
Counter/Timer. The output of Q is also available as a
microprocessor output.

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

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing 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. 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 a single 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
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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 Counter/Timer response (Request
is latched)
a. On the transition from count (01)46 to its next
value (counter underflow)
b. On the « transition of EF1 in puise
measurement mode 1 ___
c. Onthe « transition of EF2 in pulse
measurement 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 Counter/Timer interrupt request. In addition, the
Master Interrupt Enable flip-flop (as used in the
CDP1802A) must be set to service either type of request.
All 3 flip-flops are initially enabled with the application of
a hardware reset, and, can be selectively enabled or
disabled with software: CIE, CID instructions for the CIE
flip-flop; XIE, XID instructions for the XIE flip-flop; RET,
DIS instructions for the MIE flip-flop.

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

Note that exiting a counter-initiated interrupt routine
without resetting the counter interrupt latch will result in
immediately re-entering the interrupt routine.

MIE

8Cl
REssT%ﬂD—a LATCH
LDC+ COUNTER
STOPPED

TO BRANCH
Logic (Bcl)

COUNTER
INTERRUPT
AT

_(cIL) CcI

TO BRANCH REQUESTS
LOGIC (BXI)

RET
RESET MASTER
INTERRUPT
s3 ENABLE COUNTER
}D— e UNDERFLOW
oIs PULSE MODE EFi £
PULSE MODE EF2J-
COUNTER
RESET INTERRUPT
o ENABLE
co " e
EXTERNAL INT
EXTERNAL
RESET INTERRUPT
XID R ENERLE
(XIE)

92CM-33888R2

Fig. 5 - Interrupt logic-contro! diagram for CDP1804AC.
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Counter/Timer and Controls (See Fig. 6)

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

During a Load Counter instruction (LDC) if the counter
was stopped with a STPC instruction, the counter and its
holding register (CH) are loaded with the value in the D
register and any previous counter interrupt is cleared. If
the LDC is executed when the counter is running, the
contents of the D register are ioaded into the holding
register (CH) only and any previous counter interrupt is
not cleared. (LDC resets the Counter Interrupt Latch only
when the counter is stopped). After counting down to
(01)46 the next count will load the new initial value into
the counter, set the Counter Interrupt Latch, and
operation will continue.

The Counter/Timer has the following five programmable
modes:

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

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

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

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

TPA decrements the counter if the input signal at
EF7 terminal (gate input) is low. On the transition of
EF1 to the positive state, the count is stopped, the
mode is cleared, and the interrupt request latched.
If the counter underflows while the input is low,
interrupt will also be set, but counting will continue.

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

The modes can be changed without affecting the stored
count.

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

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

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

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

TO INTERRUPT LATCH

R STM
TPA +32
COUNTER
INH UNDERFLOW
out ‘ _D_ ¢ Q OUTPUT,

EFl — aFF

8-BIT

DOWN ET0 o 5

.tcoum'zn

m)
-
~

DTC
READ

LOAD ‘

LOC

92CM-34758

Fig. 6 - Counter/Timer diagram for CDP1804AC.




On-Chip Clock (See Figs. 7, 8 and 9)

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

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

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

RF

—V\V\———
MQ

c LOCKCI [ 3§)W—AL

Iyl

Lr

XTAL
N | | Cour
I15pF ZT~ 5MHz PARALLEL =T~ 27pF
RESONANT
=~ CRYSTAL =

92€s-38099

Fig. 7 - Typical 5-MHz crystal oscillator.

C
I 92CS-31056

Fig. 8 - RC network for oscillator.
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Ll gl )
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10 [ I
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Fig. 9 - Nominal component values as a function of frequency for
the RC oscillator.
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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

The levels of the CDP1804A external signal lines will
asynchronously be forced by RESET to the following
states:

Q=0 __ S$C1,SC0=0, 1 BUS 0-7=0
EMS/ME=INPUT (EXECUTE) MAO0-7=RO.1
MRD=1 NO, N1, N2=0,0,0 TPA=0
TPB=0 MWR=1

Internal changes caused by RESET are:

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

Initialization Cycle

The first machine cycle following termination of RESET is
an initialization cycle which requires 9 clock pulses.
During this cycle the CPU remains in S1 and the
following additional changes occur:

| - MIE

X, P — T (The old value of X, P will be put into T. This

only has meaning following an orderly Reset with

power applied).

X, P, RO — 0 (X, P and RQ are cleared).
Interrupt and DMA servicing is 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 ac to preclude interrupts until ready for
them. '

Reset and Initialize do not affect:
D (Accumulator)
DF

R1, R2, R3, R4, RS, R6, R7, R8, R9, RA, RB, RC, RD,
RE, RF

CH (Counter Holding Register)

Counter (the counter is stopped but the value is
unaffected)

Power-up Reset/Run Circuits

Power-up Reset/Run (ROM/RAM) and Reset/Run (RAM
only) can be realized with the circuits shown in Fig. 10
and 11v.

()

CDPIB0O4AC The RC time constant
should be greater
than the oscillator
start-up time
(typically 20 ms).

vY

92CS-34979
Fig. 10 - Reset/Run (ROM/RAM) diagram.
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CDPIBO4AC
The RC time constant
&* should be greater
than the oscillator
start-up time
3 —&-— (typically 20 ms)

CXJE:

92Cs~38098

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

PAUSE

Pause is a low power mode which stops the internal CPU
timing generator and freezes the state of the processor.
The CPU may be held in the Pause mode indefinitely.
Hardware pause can occur at two points in a machine
cycle, on the low to high transition of either TPA or TPB.
A TPB pause can also be initiated by software with the
execution of an IDLE instruction. In the pause mode, the
oscillator continues to run but subsequent clock
transitions are ignored. TPA and TPB remain at their
previous state (see Fig. 12).

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

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

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

TPA PAUSE TIMING  enTER  RESUME
miss le
PAUS
cLock 70/ 71 \oo/ ot N__ foause\t0/ 1 N2o/ 21 \ 30
1

TPA 'PLH-.I F: ‘( F'PHL
I PRIORITY: RESET

| n

WATT )_ |

tsu |t
I

TPB PAUSE TIMING cyer  REsUME
PAUSE RUN

PAUSE|
50/ 51 \€0 [pause

-

-
o
=

CLOCK 61 \70/ 71 \oo/ oI 10

P8 tPLH -—: F — t'PHL

l |
' [
| } t
! |
1 92CM- 31944RI

|
|
+
tsu | M i. su |

WATT !
NOTE:

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

Fig. 12 - Pause mode timing waveforms.

70

RUN

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. 12). 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

All inputs except BUS 0 — BUS 7 and ME contain a
Schmitt Trigger circuit, which is especially useful on the
CLEAR input as a power-up RESET (See Fig. 10 and 11)
and the CLOCK input (See Fig. 7 and 8).

STATE TRANSITIONS

The CDP1804AC state transitions are shown in Fig. 13.
Each machine cycle requires the same period of time, 8
clock pulses, except the initialization cycle (INT) which
requires 9 clock pulses. Reset is asynchronous and can
be forced at any time.

RESET

p
AUSE TN « BMA « RESEY

S1 RESET IDLEsDMASINT
FORCE 1
(LONG BRANCH,
LONG SKIP, NOP, RSXD, ETC)

DMA +INT

DMA « FORCE 81
$1EXECUTE

SINIT

INT  DMA - FORCE 81
N DMASTOLESINT o
oM OMA WA FORCE 81
- FORCE S0
S20MA DMA
DMASINT S0 FETCH S3INT
gg" FORCE $0

—_DMA_

Reser INTsDMA
S0, 81

DMA IN .
BWA ouT 92C8-34778R1
INT

Fig. 13 - State transition diagram.




The CDP1804AC instruction summary is given in Table |.
Hexadecimal notation is used to refer to the 4-bit binary

codes.
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INSTRUCTION SET

Operation Notation
M (R(N))—D; R(N) + 1—R(N)

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

R(W).0: Lower-order byte of R(W)
R(W).1: Higher-order byte of R(W)

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
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 68CNa 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)
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 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 N 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 LOW REG N 2 PLO AN D—R(N).0
GET HIGH REG N 2 GHI oN R(N).1—-D
PUT HIGH REG N 2 PHI BN D—R(N).1
REGISTER N TO REGISTER X COPY 4 RNX 68BN R(N)—=R(X)
LOGIC OPERATIONS (Note 5)
OR 2 OR F1 M(R(X)) OR D—D
OR IMMEDIATE 2 ORI F9 M(R(P)) OR D—D;
R(P)+1—R(P)
EXCLUSIVE OR 2 XOR F3 M(R(X)) XOR D—-D
EXCLUSIVE OR IMMEDIATE 2 XRI FB M(R(P)) XOR D—D;
R(P)+1—~R(P)
AND 2 AND F2 M(R(X)) AND D—D
AND IMMEDIATE 2 ANI FA M(R(P)) AND D-D;
R(P)+1—R(P)
SHIFT RIGHT 2 SHR F6 SHIFT D RIGHT, LSB(D)—DF,
0—~MSB(D)
SHIFT RIGHT WITH CARRY 2 SHRC i 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 oP
INSTRUCTION CYCLES | MNEMONIC | CODE OPERATION
LOGIC OPERATIONS (Note 5) (Contd)
SHIFT LEFT WITH CARRY 2 SHLC 7EA SHIFT D LEFT, MSB(D)—DF,
RING SHIFT LEFT 2 RSHL } DF—LSB(D)
ARITHMETIC OPERATIONS (Note 5)
ADD 2 ADD Fa M(R(X))+D—DF, D
DECIMAL ADD 4 DADD €3F4 | M(R(X))+D—DF,D
DECIMAL ADJUST—DF, D
ADD IMMEDIATE 2 ADI FC M(R(P))+D—~DF, D; R(P)+1—R(P)
DECIMAL ADD IMMEDIATE 4 DADI 68FC | M(R(P))+D—DF,D
R(P)+1—R(P)
DECIMAL ADJUST—DF, D
ADD WITH CARRY 2 ADC 74 M(R(X))+D+DF—~DF, D
DECIMAL ADD WITH CARRY 4 DADC 6874 | M(R(X))+D+DF—DF, D
DECIMAL ADJUST—DF, D
ADD WITH CARRY, IMMEDIATE 2 ADCI 7C M(R(P))+D+DF—DF, D
R(P)+1—R(P)
DECIMAL ADD WITH CARRY, 4 DACI 687C | M(R(P))+D+DF—DF, D
IMMEDIATE R(P)+1—R(P)
DECIMAL ADJUST—DF, D
SUBTRACT D 2 SD F5 M(R(X))-D—DF, D
SUBTRACT D IMMEDIATE 2 SDI FD M(R(P))-D—DF, D;
R(P)+1—R(P)
SUBTRACT D WITH BORROW 2 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 SMI FF D-M(R(P))—~DF, D;
R(P)*1—=R(P)
DECIMAL SUBTRACT MEMORY, 4 DSMI 68FF | D-M(R(P))—DF, D
IMMEDIATE R(P)+1—R(P)
DECIMAL ADJUST—DF, D
SUBTRACT MEMORY WITH BORROW 2 SMB 77 D-M(R(X))-(NOT DF)—DF, D
DECIMAL SUBTRACT MEMORY 4 DSMB 6877 | D-M(R(X))-(NOT DF)—~DF, D
WITH BORROW DECIMAL ADJUST—DF, D
SUBTRACT MEMORY WITH 2 SMBI 7F D-M(R(P))-(NOT DF)—DF, D
BORROW, IMMEDIATE R(P)+1—R(P)
DECIMAL SUBTRACT MEMORY 4 DSBI 687F | D-M(R(P))-(NOT DF)—DF, D
WITH BORROW, IMMEDIATE R(P)+1—R(P)
DECIMAL ADJUST—DF, D
BRANCH INSTRUCTIONS — SHORT BRANCH
SHORT BRANCH 2 BR 30 M(R(P))—~R(P).0
NO SHORT BRANCH (SEE SKP) 2 NBR 384 | R(P)+1—R(P)
SHORT BRANCH IF D = 0 2 BZ 32 IF D = 0, M(R(P))~R(P).0
ELSE R(P)+1—~R(P)
SHORT BRANCH IF D NOT 0 2 BNZ 3A IF D NOT 0, M(R(P))~R(P).0
ELSE R(P)+1—R(P)

AThis instruction Is associated with more than one mnemonic. Each mnemonic is individually listed.
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Table I — INSTRUCTION SUMMARY (Cont'd)
NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
BRANCH INSTRUCTIONS — SHORT BRANCH (Contd
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 l 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 IF Q = 1 2 BQ 31 IF Q = 1. M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IFQ =0 2 BNQ 39 IF Q = 0, M(R(P))~R(P).0
ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF1 = 1 2 B 34 IF EF1 = 1, M(R(P))—~R(P).0
{EF1 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1=0 2 BN 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 = Vop) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P))—~R(P).0
{EF3 = Vsg) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 =0 2 BN3 3E IF EF3 = 0, M(R(P))—~R(P).0
(EF3 = Voo) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P))—~R(P).0
(EF4 = Vss) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF4 =0 2 BN4 3F IF EF4 = 0, M(R(P))—~R(P).0
(EF4 = Vpo) ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BCI 683E* | IF CI=1, M(R(P))—~R(P).0; 0~Cl
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 [ot:) R(P)+2—R(P)
LONG BRANCH IFD =0 3 LBZ c2 IF D = 0, M(R(P))—~R(P).1
M(R(P)+1)—~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IF D NOT 0 3 LBNZ CA IF D NOT 0, M(R(P))—~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—~R(P)
LONG BRANCH IF DF = 1 3 LBDF c3 IF DF = 1, M(R(P))—~R(P).1
M(R(P)+1)~R(P).0
ELSE R(P)+2—~R(P)
LONG BRANCH IF DF =0 3 LBNF cB IF DF = 0, M(R(P))~R(P).1
M(R(P)+1)—~R(P).0
» ELSE R(P)+2—~R(P)
LONG BRANCH IFQ = 1 3 LBQ ci i Q= 1, M(R(P))—~R(P).1
M(R(P)+1)—~R(P).0
ELSE R(P)+2—R(P)
LONG BRANCH IFQ =0 3 LBNQ co IF Q = 0, M(R(P))—~R(P).1
M(R(P)+1)—~R(P).0
ELSE R(P)+2—R(P)

AThis instruction I1s associated with more than one mnemonic Each mnemonic is individually listed.
*IETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCl « (CI=1).

CI = Counter Interrupt, XI = External Interrupt.
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Table I — INSTRUCTION SUMMARY (Cont'd)

NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
SKIP INSTRUCTIONS
SHORT SKIP (SEE NBR) 2 SKP 384 R(P)+1—=R(P)
LONG SKIP (SEE NLBR) 3 LSKP cea R(P)+—R(P)
LONGSKIPIFD=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
LONGSKIPIFQ=1 3 LsQ cD IF Q = 1, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIPIFQ=0 3 LSNQ c5 IF Q =0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF MIE = 1 3 LSIE cc | IFMIE=1,R(P)+2—~R(P)
ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE 2 iDL 0o* STOP ON TPB; WAIT FOR DMA OR
INTERRUPT; BUS FLOATS
| NO OPERATION 3 NOP c4 CONTINUE
[SETP 2 SEP DN N—P
SET X 2 SEX EN N—X
SET Q 2 SEQ 78 1-Q
RESET Q 2 REQ 7A 0—-Q
PUSH X, P TO STACK 2 MARK 79 (X, P)=T; (X, P)~M(R(2))
THEN P—X; R(2)~1—R(2)
TIMER/COUNTER INSTRUCTIONS
LOAD COUNTER 3 LDC 6806° | CNTR STOPPED: D—CH, CNTR;
0=CI.CNTR RUNNING; D—~CH
GET COUNTER 3 GEC 6808 | CNTR-D
STOP COUNTER 3 STPC 6800 | STOP CNTR CLOCK;
0—+32 PRESCALER
DECREMENT TIMER/COUNTER 3 DTC 6801 | CNTR-1—-CNTR
SET TIMER MODE AND START 3 STM 6807 | TPA+32—CNTR
SET COUNTER MODE 1 AND START 3 SCM1 6805 | EF1— CNTR CLOCK
SET COUNTER MODE 2 AND START 3 SCM2 6803 | EF2—CNTR CLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 | TPA.EF1— CNTR CLOCK;
AND START EF1 « STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2— CNTR CLOCK;
AND START EF2 £ STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809° | IF CNTR =01 NEXT
CNTRCLOCK + :Q-Q

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

#An IDLE instruction initiates an S1 cycle All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All
outputs remain in their previous states, MRD, MWR, EMSaresettoa logic ‘1’ and the data bus floats. The processor will continue to IDLE until
an /0 request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated and the
1/0 request is serviced, and the normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE and either CIE or XIE must
be enabled).

® ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCI - (Cl = 1)
ClI = Counter Interrupt, XI = External interrupt.
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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 cip 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))

SAVET, D, DF 6 DSAV 6876% | R(X)-1—=R(X), T=M(R(X)),
R(X)-1—=R(X), DM (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 2 ouT 5 65 M(R(X))~BUS; R(X)+1—R(X);
NLINES=5

OUTPUT 6 2 ouTs 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 INP3 68 BUS—M(R(X)); BUS—D;
N LINES=3

INPUT 4 2 INP 4 6C BUS—M(R(X)); BUS—D;
N LINES = 4

INPUT 5 2 INP 5 6D BUS—M(R(X)); BUS—D;
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;
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 1
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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:

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.

I1f 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).

2. The short-branch instructions are two or three bytes
long. The first byte specifies the condition to be tested,
and the second specifies the branching address, except
for the branches on interrupt. For those, the first two
bytes specify the condition to be tested and the third
byte specifies the branching address.

The short branch instruction can:

. Branch unconditionally

. Test for D=0 or D#0

. Test for DF=0 or DF=1

. Test for Q=0 or Q=1

. Test the status (1 or 0) of the four EF flags
Effect an unconditional no branch

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

If the tested condition is met, then branching takes
place; the branching address byte is loaded into the
low-order byte position of the current program counter.
This effects a branch within the current 256-byte page
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 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.

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).

Q@ L0000 0Tw®

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 99,0.
DF=0 denotes a carry has not occurred.

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

(Example) 99 D
-88  M(R(X))
11 D DF=1
DF=0 denotes a borrow. D is in ten's complement
form.
(Example) 88 D
-9 M(R(X)
89 D DF=0

89 is the ten's compiement 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 WAVE-

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

*FOR THE RUN (RAM ONLY) MODE ONLY. 92CL-34906RI
4 FOR THE RUN (RAM/ROM) MODE ONLY

Fig. 14 - Dynamic timing waveforms for CDOP1804AC.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C; C. = 50 pF; Input t, t; = 10ns;
Input Pulse Levels = 0.1 V to Voo -0.1 V; Vop = 5 V, +:5%.

LIMITS
CHARACTERISTIC CDP1804AC UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB teun, terL 150 275
Clock-to-Memory High-Address Byte teLn, tenL 325 550
Clock-to-Memory Low-Address Byte teLn, oL 275 450
Clock to MRD toun, ton 200 325
Clock to MWR' teLn, teHL 150 275 ns
Clock to (CPU DATA to BUS) teLn, teHL 375 625
Clock to State Code tew, teHL 225 400
Clock to Q teum, tPHL 250 425
Clock to N teLn, teH 250 425
Clock to Internal RAM Data to BUS teLn, tHL 420 650
Clock to EMS [ 275 450
Minimum Set Up and Hold Times:®
Data Bus Input Set-Up tsu -100 0
Data Bus Input Hold th 125 225
DMA Set-Up tsy -75 0
DMA Hold tn 100 175
ME Set-Up tsu 125 320
ME Hold ) t 0 50
Interrupt Set-Up tsu -100 0 ns
Interrupt Hold tn 100 175
WAIT Set-Up tsu 20 50
EF1-4 Set-Up tsu -125 0
EF1-4 Hold th 175 300
Minimum Pulse Width Times:® ’
"CLEAR Pulse Width twe 100 175
CLOCK Pulse Width twe 75 100 ns

*Typical values are for Ta = 25° C and nominal Vpp.
SMaximum 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.e
High-Order Memory-Address Byte Set-Up to TPA  Time tsu 2T-275 2T-175
MRD to TPA X Time - tsu | T/2-100 T/2-75
High-Order Memory-Address Byte Hold After TPA Time th T/2+75 T/2+100
Low-Order Memory-Address Byte Hold After WR Time th T+180 T+ 240 "
CPU Data to Bus Hold After WR Time th T+110 T+150
Required Memory Access Time Address to Data tacc | 4.5T-440 4.5T-330

*Typical values are for Ta = 25° C and nominal Vpo.
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TABLE I11. 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 0
NOT PROGRAMMER 0—X, P; 1~MIE, 0000—~R0
ACCESSIBLE
S0 FETCH MRP—|, N; RP+1—RP MRP RP 0 1 0
0 0 DL STOP AT TPB HIGH Z 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 RIGH Z RN 1 1 0
2 0-F DEC RN-1—RN HIGH Z 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 ouT 1 1
2 ouT?2 2
3 ouT3 3
4 ouT 4 MRX—BUS; RX+1—RX MRX RX 0 1 4
5 OuUT5 5
6 ouTs 6
6 7 ouT? 7
9 INP 1 1
A INP 2 2
B INP 3 DATA 3
c INP 4 BUS—MRX, D FROM RX 1 0 4
1 D INP5 110 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) | HIGH Z RX 1 1 0
7 SMB D— MRX- DFN—DF, D MRX RX 0 1 0
7 8 SAV T=MRX T RX 1 0 0.
9 MARK X,P—T, MR2; P—X T R2 1 0 0
R2-1-R2
A REQ 0—-Q HIGH Z RP 1 1 0
B SEQ 1—Q HIGH Z RP 1 1 0
C ADCI MRP+D+DF—DF, D; RP+1 MRP RP 0 1 0
D SDBI MRP-D-DFN—DF, D; RP+1 MRP RP 0 1 0
E SHLC | MSB(D)—DF, DF—LSB(D) | HIGHZ RP 1 7 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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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 7 0
S1#1 8-B | BRANCH | _NOT TAKEN RP+1—RP MRP RP 0 1 0
#2 NOT TAKEN: RP+1=RP_| M(RP+1) RP+1 0 1 0
S1#1 5 TAKEN: RP+1—RP MRP RP 0 1 0
#2 6 LONG TAKEN: RP+1—RP M(RP+1) RP+1 [ 1 0
7 SKIP
S1# 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 7 0
#2 4 NoP NO OPERATION M(RP+T) RP+1 0 1 0
0-F SEP N—P NN RN 1 i 0
0-F SEX N—X NN RN 1 1 0
0 LDX MRX—D MRX RX [} 7 ]
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) | HIGHZ 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
3 SHL MSB(D)—DF; 0—~LSB(D) | HIGH Z 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; RO+1—R0 MRO RO 0 1 0
S3 INTERRUPT X,P—T; 0~MIE HIGH Z RN 1 7 0
1-P; 2—X
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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; | HIGHZ RO 1 1 [
0—+32 PRESCALER
1 DTC CNTR—1—~CNTR HIGH Z R1 1 1 0
2 SPM2 | CNTR-1 ONEF2 AND TPA | HIGHZ R2 1 1 0
3 SCM2 CNTR-1 ON EF20 TO 1 HIGH Z R3 1 1 0
4 SPM1__| CNTR-1 ON EF1 AND TPA | HIGH Z R4 1 1 0
5 SCM1 CNTR-1 ONEF10TO 1 HIGH Z R5 1 1 0
s1 6 LDC  [CARSTORFED: D=CH. D R6 1 1 [}
CNTR RUNNING' D—CH
7 STM CNTR-1 ON TPA=32 HIGH Z R7 1 1 0
8 GEC CNTR—D CNTR R8 1 1 0
9 ETQ IF CNTR THRU 0: @—Q HIGH Z R9 1 1 0
A XIE 1=XIE HIGH Z RA 1 1 0
B XID 0—XIE HIGH Z RB 1 1 0
c CIE 1—~CIE HIGH Z RC 1 1 0
D ciD 0—CIE HIGH Z RD 1 1 0
S1#1 RN-1—RN HIGH Z RN 1 1 0
#2 MRP—B; RP+1—RP MRP RP 0 1 0
" 0-F DBNZ |1 AKEN: B—RP.1, MRP—RP.0 M(RP+1) AP+ 0 ! 0
NOT TAKEN: RP+1—RP
BCI TAKEN: MRP—RP.0;
E 0—~Cl MRP RP 0 1 0
S1 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
#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 HIGH Z RN 1 1 0
S1#1 . DADG MRX+D+DF—~DF, D MRX RX 0 1 0
#2 DECIMAL ADJUST—DF, D_| HIGH Z RP 1 1 1
S1#1 RX-1—-RX HIGH Z 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  "DECIMAL ADJUST—=DF,D | HIGHZ RP 1 1 0
S1#1 MRP+D+DF—DF, D;
c DACI RP+1—=RP MRP AP 0 ! 0
#2 DECIMAL ADJUST—DF,D | HIGHZ 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 | HIGH Z RP+1 1 1 0
S1#1 RN.O, RN.1—T, B HIGH Z RN 1 1 0
#2 T—MRX; RX-1—RX RN.0 RX 1 0 0
#3 B—MRX, RX-1—RX RN.1 RX-1 1 0 0
#4 0-F SCAL RP.0, RP.1—T, B HIGH Z RP 1 1 0
#5 B_T—RN.1, RN.O HIGH Z RN 1 1 0
#6 MRN—B; RN+1—RN MRP RP 0 1 0
#7 B—T; MRN—B; RN+1=RN__| M(RP+1) RP+1 0 1 0
#8 B, T-RP.0, RP.1 HIGH Z RP 1 1 0
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TABLE IL. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)
DATA | memory | ___ | |
STATE N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS
“8” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH
S1#1 RN.O, RN.1—~T, B HIGH Z RN 1 1 0
#2 RX+1—RX HIGH Z RX 1 1 0
o) B, T~RP 1, RP.0 HIGH Z RP 1 1 0
0-F SRET
#4 MRX—B; RX+1~RX M(RX+1) RX+1 0 1 0
7 BT, MRX—B M(RX+1) RX+2 0 1 0
7 B, T-AN.0, AN.1 HIGHZ RN 1 1 0
SiF RN.O, RN.1—T, B HIGH Z RN 1 1 0
¥2 O-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
Iy AN.0, RN.1-T, B HIGH Z RN 1 1 0
#2 0-F RNX B, T-RX.1, RX.0 HIGH Z RX 1 1 0
S1# 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, AN.1; RP+1—RP | HIGH Z RN 1 1 0
S1#1 "MRX+D—DF.D MRX RX 0 1 0
#2 4 DADD  ['DECIMAL ADJUST—DF, D | HIGH Z RP 1 1 0
STH D-MRX—DF, D MAX RX 0 1 0
42 7 DSM  I'SECIMAL ADJUST—DF.D | HIGH Z RP 1 1 0
S1#1 MRP+D—DF, D;
c DADI RP+1—RP MRP RP ° ! °
#2 DECIMAL ADJUST—DF, D | HIGH Z RP+1 1 1 0
STH B-MRP—DF, D
F DSMI RP+1—~RP MRP RP 0 ! 0
#2 DECIMAL ADJUST—DF, D | HIGH Z RP+1 1 1 0
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Instruction Summary

o 1+ T2T3T 4] 5 [ 6] 7] e o JalBlcloleTlcF

IDL LDN

INC

DEC

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

LDA

STR

IRX ouT * INP

RET | DIS [LDXA[sTXD] ADC | spB [sHRC] sMB | sAv [MARK] REQ | SEQ | ADCI ] sDBI [SHLC] smBI

GLO

GHI

PLO

PHI

LBR[LBQ [ LBZ [LBDF[ NOP [LSNQ [LSNZ] LSNF | LskP [LBNQJLBNZ]LBNF] LSIE | LSQ | LSZ JLSDF|

SEP

SEX

MmO |0jm|>|o | |vo]o [a jwln

LDX | OoR JAND[XxOR[ADD] sp [sHR] sm | Lpi [ orl [ 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 -7 -T-T-T-T-T-T-T-T-T-T- Tealex

XA
— | — ] — T — Ioapc] — JosavipsmB] — | — T — [ — TJoaci] — [ — Toseli

SCAL

SRET

RSXD

RNX

O |[» |© |[© Nl jw|v |o

RLDI

-n

— [ — T =1 —1Joabo] — T —JosMm] — T — T — T — Toani] — T — Tosmi

%

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

83




1800-Series Microprocessors and Microcomputers

CDP1804AC

CDP1804AC Mask-Programming

The ROM pattern for the CDP1804AC may be submitted on
a suitable media, such as floppy diskette, ROM or EPROM.

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 witl.in the
65,536 locations of memory. Similarly, the RAM has a 10-bit
decoder and can be selected at one or more of the available
64-byte blocks. If the RAM is located within the ROM'space,
only the RAM will be enabled at the locations where both
are mapped. The RAM may also be selectively disabled.

Programming Options

Address Options

The logic levels of high-order address bits are mask
programmable in the CDP1804AC. The high (1), low (0), or
“don’t care” (X) logic status of the high-order address bits is
dependent upon the desired starting address of the 2K-byte
ROM block and the 64-byte RAM block. The desired logic
levels for the high-order address bits (A15through A6) can be
selected by use of the ROM order sheet.
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Multiple mapping can be achieved by choosing X (don't care)
for one or more of the high-order address lines; this choice
will cause the ROM or RAM block to appear in more than one
location in the 64K memory space. The RAM may also be
disabled completely in the RUN (ROM/RAM) mode by
programming the RAM enable bit to an N.




TERMINAL ASSIGNMENT

Performance Features:

—40to +85°C

= Low-power IDLE mode

TOP VIEW
% ME FOR COPIBOSAC
Vpp FOR CDPIBOSAC 92Cs-35004

except for terminal 16

The RCA-CDP1805AC and CDP1806AC are functional and
performance enhancements of the CDP1802 CMOS 8-bit
register-oriented microprocessor series and are designed
for use in general-purpose applications

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

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

® nstruction time of 3.2 us,

® 123 instructions - upwards software
compatible with CDP1802
® BCD arithmetic instructions

® Pin compatible with CDP1802
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CMOS 8-Bit Microprocessor With
On-Chip RAM* and Counter/ Timer

u 64K-byte memory address capability
n 64 bytes of on-chip RAMA
w 16 x 16 matrix of on-board registers
w On-chip crystal or RC

controlled oscillator
m 8-bit Counter/Timer

ACDP1805AC only

The CDP1805AC and CDP1806AC software enhancements
include 32 more instructions that the CDP1802. The 32 new
software instructions add subroutine call and return
capability, enhanced data transfer manipulation,
Counter/Timer control, improved interrupt handling,
single-instruction loop counting, and BCD arithmetic.

Upwards software and hardware compatibility is maintained
when substituting a CDP1805AC or CDP1806AC for other
CDP1800-series microprocessors. Pinout is identical except
for the replacement of V¢c with ME on the CDP1805AC and
the replacement of Vec with Voo on the CDP1806AC.

The CDP1805AC and CDP1806AC have an operating voltage
range of 4V t0 6.5 V and are supplied in a 40-lead hermetic
dual-in-line ceramic package (D suffix), 40-lead dual-in-
line plastic package (E suffix) and 44-lead plastic chip-
carrier (PCC) package (Q suffix).

ADDRESS BUS

|

———— |

{} b

N
—_— N
MAO - MA7 MAO - MA7 ™™ Mao- waa _:
| |
N _ | |
IN MRD ____.I MRD |
V CONTROL ! cOPIB24 I
COPI85I
P10 o e coPIg33 L 32 vre ram |
RAM,COUNTER/TIMER |
CDPIBOGAC WITH IK BYTE ROM (USED WITH) |
COUNTER / TIMER : COPISOBAC ONLY) |
WWR L — — VW :
our TPA TPA : 1
— |
WE — =S |
|
BUSO - BUS7 BUSO- BUST BUSO -BUST l_ BUSO—BUS4
I p

(CDPIBOSAC) ONLY

8- BIT DATA BUS

92CM-34987RI

Fig. 1 - Typical COP1805AC, CDP1806AC small microprocessor system.
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MAXIMUM RATINGS, Absoluté-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)

(Voltage referenced to Vssterminal) ... ...ovuuuiinni i i i it it i e e -05t0+7V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5t0 Vop t0.5 V
DC INPUT CURRENT, ANY ONE INPUT .\ttt ettt iineniaten e inennens +10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-4010 +60°C (PACKAGE TYPEE) . ...iuinititiitiiiiiiiiiiiiiiiiitiiinrenenneennnss 500 mW

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

For Ta=1-5510 +100°C (PACKAGE TYPE D) ...iuttiiitintniiiitiit ittt eneienienineneanenns 500 mW

For Ta=+100 to +125°C (PACKAGE TYPED) ........cvvvinrevnnnn e Derate Linearly at 12 mW/°C to 200 mW

For Ta=-4010 +85°C (PACKAGE TYPE Q) ...ttt ittt it iiiiia e et nen e 500 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

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

PACKAGE TYPE D tittittttttti ittt ettt et eitetaetae it eieesneeneeneeueorenssnseneonsens -55to +125°C

PACKAGETYPEEand Q ...........c.ccuun -40 to +85°C

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 s maximum ............ccoiiiiiiiiiiiiiinneone, +265°C

* Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent.

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

CONDITION LIMITS
CHARACTERISTIC CDP1805ACD, COP180SACE UNITS
CDP1806ACD, CDP1806ACE
Voo
v) MIN. MAX.
DC Operating Voitage 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 Clock Input Frequency, 5 e 5
Load Capacitance (CL) = 50 pF
Maximum External Counter/Timer . MHz
Clock Input Frequency to ﬁ, EF2  tox d b 2

*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.

TERMINAL ASSIGNMENT

DMA-OUT
INTERRUPT

z
< =
E - 8 2 e
bt ':,':EOSE
» olo|3 0o z >

/6 5 4 3 2 1 444342 41 40 )

BUSE PIN1 IDENT: MAT7

TOP VIEW
Ne—R— - ——— - ——  — Ne

BUS4 FILE |NO 1370 MAS

18 19 20 21 22 23 24 25 26 27 28

*
WEFOR1805SA % & z @ @Y V|
22 vz E 2

Vpp FOR 18064 = g=E E [5 & g
92€8-40945

44-Lead Plastic Chip-Carrier (PCC) Package
(Q Suffix)




STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vpp * 5%, Except as noted
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CONDITIONS LIMITS
CDP1805ACD, CDP1805ACE
CHARACTERISTIC CDP1806ACD, CDP1806ACE UNITS
Vo VIN Vop
) (\))] v) Min. Typ.* Max.
Quiescent Device Current loo — 0,5 5 — 50 200 uA
Output Low Drive (Sink) Current I
(Ezcept XTAL) (6 ] o4 | os 5 16 4 ~
XTAL Output loo | 0.4 5 5 0.2 0.4 - A
Output High Drive (Source) Current !
(E‘;cemg;m) ¢ ) S Y 0,5 5 -186 -4 -
XTAL low | 48 0 5 -0.1 -0.2 —
Output Voltage Low-Level VoL — 0,5 5 — 0 0.1
Output Voltage High Level Von — 0,5 5 4.9 5 —
Input Low Voltage (BUS 0 — BUS 7, ME) Vie | 05,45 — 5 — — 1.5
Input High Voltage (BUS 0 — BUS 7, ME) Vin | 05,45 — 5 35 — —
Schmitt Trigger Input Voltage \"
(Except BUS 0 — BUS 7, ME)
Positive Trigger Threshold Ve 2.2 29 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 hin — 0,5 5 — +0.1 +5
3-State Output Leakage Current lour 0,5 0,5 5 — +0.2 +5 HA
Input Capacitance Cin — — — — 5 7.5
Output Capacitance Cour — - — — 10 15 pF
Total Power Dissipation A
Run — — 5 — 35 50
mW
Idle 00" at M(0000) - — 5 — 12 18
Minimum Data Retention Voltage Vor Voo = Vor — 2 2.4 Vv
Data Retention Current lor Voo =2.4 — 25 100 UA

*Typical values are for Ta = 25°C and nominal Vpo.

A External clock: f =5 MHz, t,, ty = 10 ns. C. = 50 pF.
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Fig. 2 - Block diagram for COP1805AC and CDP1806AC.

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

—-—[—INTERNAL RAM WRITE CYCLE ——l
70 loo 0 20 30 40 50 e0_70

'——INTERNAL RAM READ CYCLE

1020 30 40 50 60

CLOCK
O 1 T2 3 a4 s el 7 o 12 3 4 s 6 7
wa__ L I 1
[]
TPB | | 1 1
MEMORY
ADDRESS ] MIGH 8YTE | LOW BYTE ! | men sYTE | LOW BYTE |
[ L]
|
MWR | | [
|
* WE Lt T 1 r
IN :
VALID DATA FROM MEMORY —j=m—7—e=|
DATA BUS [/ ¥//7]  vauo oata From cru |42
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 IS ACTIVE AFTER
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71,
INDEPENDENT OF ME.

* FOR CDPIBO5SAC ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805AC and CDP1806AC.
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* FOR CDPIBOSAC ONLY 9205-34990

Fig. 4 - External memory operation timing waveforms for CDP1805AC 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 changes 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 inputs, except ME and

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 1/0 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

BUS 0-BUS 7, 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, CLEAR=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
Counter/Timer. The only restrictions are that the Timer
mode, which uses the TPA + 32 clock source, and the
underflow condition of the Puilse Width Measurement
modes are not available to exit the IDLE mode.

selection codes to the I/O devices. 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
bitsin 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 = Voo:
MRD = Vss:

Input data from 1/0 to CPU and Memory
Output data from Memory to I/0
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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. EF1 and EF2 are also used for event
counting and pulse-width measurement in conjunction
with the Counter/Timer.

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

DMA-IN and DMA-QUT are sampled during TPB every S1,
S2,and S3 cycle. INTERRUPT is sampled during TPB every
St and S2 cycle.

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 (MIE) is reset to 0 (inhibit); and
instruction execution is resumed. The interrupt action
requires one machine cycle (S3).

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

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

SCO0, SC1, (2 State Code Lines):

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

State Type State Code Lines
SC1 SCo
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
H=Vpp, L=Vss.

TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by 1/0 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 muitipiexed 16-bit memory address.

MAO to MA7 (8 Memory Address Lines):

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

MWR (Write Pulse):

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

MRD (Read Level):

Alow level on MRD indicates a memory read cycle. Itcan 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,
under program control. During SEQ and REQ instruction
execution, Q is set or reset between the trailing edge of TPA
and the leading edge of TPB. The Q line can also be
controlled by the Counter/Timer underflow via the Enable
Toggle Q instruction.

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

CLOCK:

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

XTAL:

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

WAIT, CLEAR (2 Control Lines):

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

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

'ME (Memory Enable CDP1805AC Only):

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

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

Vpp (CDP1806AC Only):

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

VDD, Vss, (Power Levels):

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




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 paths:

1. the external memory (muitiplexed, higher-order byte
first on to 8 memory address lines)

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

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

4. to any other 16-bit scratch pad register in the array.

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

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

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

Program Counters

Any register can be the main program counter; the address
of the selected register is held in the P designator. Other
registers in R can be used as subroutine program counters.
By a single instruction the contents of the P register can be
changed to effect a “call” to subroutine . When interrupts
are being serviced, register R(1) is used as the program
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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 registersin 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
1):

. ALU operations

. output instructions

. input instructions

. register to memory transfer

. memory to register transfer

. interrupt and subroutine handling.

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

Another important use of R as a data pointer supports the
built-in Direct-Memory-Access (DMA) function. When a
DMA-In or DMA-Out request is received, one machine
cycle is “stolen”. This operation occurs at the end of the
execute machine cycle in the current instruction. Register
R(0) is always used as the data pointer during the DMA
operation. The data is read from (DMA-Out) or written into
(DMA-In) the memory location pointed to by the R(0)
register. At the end of the transfer, R(0) is incremented by
one so thatthe processoris 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 aliow D to receive from or
write into either the higher-order- or lower-order-byte
portions of the register designated by N. By this mechanism
(together with loading by data immediate) program pointer
and data pointer designations are initialized. Also, this
technique allows scratchpad registers in R to be used to
hold general data. By employing increment or decrement
instructions, such registers may be used as loop counters.
The new RLDI, RLXA, RSXD, and RNX instructions also
allow loading, storing, and exchanging the full 16-bit
contents of the R registers without affecting the D register.
The new DBNZ instruction allows decrementing and
branching-on-not-zero of any 16-bit R register also without
affecting the D register.

DA WN —

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 underflow output of the
counter/timer. 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
1 4 Bits Holds High-Order Instr. Digit
T 8 Bits Holds old X, P after interrupt
(X is high nibble)
Q 1 Bit Output Flip-Flop
CNTR | 8-Bits Counter/Timer
CH 8 Bits Holds Counter Jam Value
MIE 1 Bit Master Interrupt Enable
CIE 1 Bit Counter Interrupt Enable
XIE 1 Bit External Interrupt Enable
CiL 1 Bit Counter Interrupt Latch

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing is initialized. 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 Counter/Timer response (Request is
latched)
a. Onthetransition from count (01)1e to its next value
(counter underflow) I
b. Onthe # transition of EF1 in pulse measure-
ment mode 1
c. On the o
ment mode 2

transition of EF2 in pulse measure-

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

Short branch instructions on Counter Interrupt (BCl) and
External Interrupt (BXI) can be placed in the user'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 Interruptshort branch instructions, the branch
will be taken if an interrupt request is pending, regardless of
the state of any of the 3 Interrupt Enable flip-flops. The
latched counter interrupt request signal will be reset when
the branch is taken, when the CPU is reset, or with a LDC
instruction with the Counter stopped. Note, that exiting a
counter-initiated interrupt routine without resetting the
counter-interruptlatch will resultinimmediately re-entering
the interrupt routine.

RESET: S waster °
INTERRUPT
s3 ENABLE COUNTER
__J:D_R e UNDERFLOW
ois PULSE MODE EFI 4. s Q}—puTO BRANCH
PULSE MODE EF2f- COUNTER LOGIC (BCI)
BCl INTERRUPT
reser—J e (A9 | lor
CIE s LDC+ COUNTER -
COUNTER STOPPED
RESET INTERRUPT
ENABLE
ce (CIE)
NTERRUPT
T TO BRANCH LEGUEST.
EXTERNAL INT YR EQUESTS
XIE
EXTERNAL
RESET INTE:RUPT
N
XID |n ENABLE
(XIE)

92CM-33888R2

Fig. 5 - Interrupt logic-control diagram for COP1805AC and CDP1806AC.
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Counter/Timer and Controls (see Fig. 6)

This logic consists of a presettable 8-bit down-counter
(Modulo N type), and a conditional divide-by-32 prescaler.
After counting down to (01)1e the counter returns to its
initial value at the next count and sets the Counter Interrupt
Latch. 1t will continue decrementing on subsequent counts.
If the counter is preset to (00)+6 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 interruptiscleared. If the
LDC is executed when the counter is running, the contents
of the D register are loaded into the holding register (CH)
only and any previous counter interrupt is not cleared.
(LDC RESETS the Counter Interrupt Latch only when the
Counter is stopped). After counting down to (01)e the next
count will load the new initial value into the counter, set the
Counter Interrupt Latch, and operation will continue.

The Counter/Timer has the following five programmable
modes:

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

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

3. Timer: 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, system RESET, or stopped by a
STPC.

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

1800-Series Microprocessors and Microcomputers
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decrements the counter if the input signal at EF1
terminal (gate input) is low. On the transition of EF1 to
the positive state, the count is stopped, the mode is
cleared, and the interrupt request latched. If the counter
underflows while the input is low, interrupt will also be
set, but counting will continue.

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

The modes can be changed without affecting the stored
count.

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

The Stop Counter (STPC) instruction clears the counter
mode and stops counting. The STPC instruction should be
executed priorto 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
Counter/Timer stopped, system Reset, ora BCl withCI = 1.

Note: SEQ and REQ instructions are independent of
ETQ—they can SET or RESET Q while the Counter is
running.

TO INTERRUPT LATCH

v

3 STM
TPA =32
INH
ouT
8-BIT
DOWN
}_coumsa
LOAD
READ

COUNTER
UNDERFLOW

Q OuTRUT
—

92CM~-34758

Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC.
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On-Board Clock (see Figs. 7, 8 and 9)

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

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

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

cLOCK “ XTAL
O— S

XTAL

SN Cout
1SpF T~ 5MHz PARALLEL =T~ 27pF
RESONANT
L CRYSTAL ==

92C5-38099

Fig. 7 - Typical § MHz crystal oséillator.

c
I 92CS-31056

Fig. 8 - RC network for oscillator.
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Fig. 9 - Nominal component values as a function
of frequency for the RC oscillator.
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CONTROL MODES
CLEAR WAIT MODE
L L NOT ALLOWED |
L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
RESET

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

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

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

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

Internal changes caused by RESET are:

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

Initialization Cycle

The first machine cycle followiing termination of RESET is
aninitialization cycle which requires 9 clock pulses. During
this cycie the CPU remainsin S1 and the following additional
changes occur:

|~ MIE

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

has meaning following an orderly Reset with power

applied).

X, P, RO — 0 (X, P, and RO are cleared).
Interrupt and DMA servicing is suppressed during the
initialization cycle. The next cycle is an SO or an S2 but
never an S1o0rS3. 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.

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

Power-up Reset/Run Circuit

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

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

92CS-3499|

Fig. 10 - Reset/run diagram.




PAUSE

Pause is a low power mode which stops the internal CPU
timing generator and freezes the state of the processor. The
CPU may be held in the Pause mode indefinitely. Hardware
pause can occur at two points in a machine cycle, on the
low-to-high transition of either TPA or TPB. A TPB pause
can also be initiated by software with the execution of an
IDLE instruction. In the pause mode. the oscillator continues
to run but subsequent clock transitions are ignored. TPA
and TPB remain at their previous state (see Fig. 11).

Pause is entered from RUN by dropping WAIT low.
Appropriate Setup and Hold times must be met.

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

Hardware-initiated pause is exited to RUN by raising the
Wait line high. Pause entered with an IDLE instruction
requires DMA, INTERRUPT or RESET to resume execution.

TPA PAUSE TIMING

TPA PAUSE TIMING ENTER  RESUME
PAUSE RUN
PAUSI
cLocK
70/ 71 \oo/ o1 rause\10/ 11 2o/ 21 \ 30
! |
TPA teLH t
PLH —{ | PHL
| |
| |
WATT ) | :
:
tsu | th !
et -

TPB PAUSE TIMING

TPB PAUSE TIMING RESUME

ENTER
PAUSE RUN

92CM- 31944 RI

e
tsu |t i‘ 'su

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

Fig. 11 - Pause mode timing waveforms.
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RUN

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.
11). 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

All inputs except BUS 0—BUS 7 and ME contain a Schmitt
Trigger circuit, which is especially useful on the CLEAR
input as a power-up RESET (see Fig. 10) and the CLOCK
input (see Figs. 7 and 8).

STATE TRANSITIONS

The CDP1805A and CDP1806A state transitions are shown
in Fig. 12. Each machine cycle requires the same period of
time, 8 clock pulses, except the initialization cycle (INIT)
which requires 9 clock pulses. Reset is asynchronous and
can be forced at any time.

RESET

pausE NY . OWA - RESEY

S1 RESET IDLEeDMASINT
FORCE S1
DMA + INT (LONG BRANCH,
LONG SKIP, NOP, RSXD, ETC)
DMA « FORCE S1
S1EXECUTE
S1INIT
~ . INT - DMA + FORCE S1
own oMA DMASTDLESINT
DWA FORCE s1
- FORCE S0
S2DMA DMA
DMACINT S0 FETCH S3INT
“gg" FORCE SO

DMA

PRIORITY RESET
FORCE S0, S1
Dl

INTeDMA

WA out 92CS-34778R1
INT

Fig. 12 - State transition diagram.
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INSTRUCTION SET

The CDP1805AC and CDP1806AC instruction summary is
givenin Table I. Hexadecimal notation is used to refer to the
4-bit binary codes.

Ir'| 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

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=Nor X, orP
TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17)
NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC CODE OPERATION
MEMORY REFERENCE
LOAD IMMEDIATE 2 LDI F8 M(R(P))—D; R(P)+1—R(P)
REGISTER LOAD IMMEDIATE 5 RLDI 68CN® M(R(P))—R(N).1; M(R(P))+1—~
R(N).0; R(P)+2—~R(P)
LOAD VIAN 2 LDN ON M(R(N))—D; FORN NOT O
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)
GETLOWREGN 2 GLO 8N R(N).0—D
PUTLOW REGN 2 PLO AN D—R(N).0
GET HIGH REG N 2 GHI 9N R(N).1—-D
PUT HIGH REG N 2 PHI BN D—R(N).1
REGISTER N TO REGISTER X COPY 4 RNX 68BN® R(N)—R(X)
LOGIC OPERATIONS (Note 5)
OR 2 OR F1 M(R(X)) OR D—D
OR IMMEDIATE 2 ORI F9 M(R(P)) OR D—D;
R(P)+1—R(P)
EXCLUSIVE OR 2 XOR F3 M(R(X)) XOR D—~D
EXCLUSIVE OR IMMEDIATE 2 XRI FB M(R(P)) XOR D-D;
R(P)+1—R(P)
AND 2 AND F2 M(R(X)) AND D—D
AND IMMEDIATE 2 ANI FA M(R(P)) AND D—D;
R(P)+1—R(P)
SHIFT RIGHT 2 SHR F6 SHIFT D RIGHT, LSB(D)—DF,
0—-MSB(D)
SHIFT RIGHT WITH CARRY 2 SHRC } 764 SHIFT D RIGHT, LSB(D)—DF,
RING SHIFT RIGHT 2 RSHR DF—MSB(D)
SHIFT LEFT 2 SHL FE SHIFT D LEFT, MSB(D)—DF,
0—LSB(D)

®Previous contents of T register are destroyed during instruction execution
AThis instruction 1s associated with more than one mnemonic Each mnemonic i1s individually listed.
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Table I — INSTRUCTION SUMMARY

NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | coDE OPERATION
LOGIC OPERATIONS (Note 5) (Contd)
SHIFT LEFT WITH CARRY 2 SHLC 7EA SHIFT D LEFT, MSB(D)—DF,
RING SHIFT LEFT 2 RSHL } DF—LSB(D)
ARITHMETIC OPERATIONS (Note 5)
ADD 2 ADD Fa M(R(X))+D—DF, D
DECIMAL ADD 4 DADD €3F4 | M(R(X))+D~DF, D
DECIMAL ADJUST—DF, D
ADD IMMEDIATE 2 ADI FC M(R(P))+D~DF, D; R(P)+1—~R(P)
DECIMAL ADD IMMEDIATE 4 DADI 68FC | M(R(P))+D—DF,D
R(P)+1—~R(P)
DECIMAL ADJUST—DF, D
ADD WITH CARRY 2 ADC 74 M(R(X))+D+DF—~DF, D
DECIMAL ADD WITH CARRY 4 DADC 6874 | M(R(X))*D+DF—DF, D
DECIMAL ADJUST~DF, D
ADD WITH CARRY, IMMEDIATE 2 ADCI 7C M(R(P))+D+DF—DF, D
R(P)+1—=R(P)
DECIMAL ADD WITH CARRY, 4 DACI 687C | M(R(P))+D+DF—~DF, D
IMMEDIATE R(P)+1—=R(P)
DECIMAL ADJUST—~DF, D
SUBTRACT D 2 SD F5 M(R(X))-D~DF, D
SUBTRACT D IMMEDIATE 2 SDI FD M(R(P))-D—~DF, D;
R(P)+1—~R(P)
SUBTRACT D WITH BORROW 2 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)
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 3ss | 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 1s associated with more than one mnemonic Each mnemonic is individually listed.
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Table I — INSTRUCTION SUMMARY

NO. OF
MACHINE oP
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd
SHORT BRANCH IF DF = 1 2 BDF 334 IF DF = 1, M(R(P))—~R(P).0
SHORT BRANCH IF POS OR ZERO 2 BPZ } ELSE R(P)+1—R(P)
SHORT BRANCH IF EQUAL OR 2 BGE
GREATER
SHORT BRANCH IF DF = 0 2 BNF 34 IF D =0, M(R(P))~R(P).0
SHORT BRANCH IF MINUS 2 BM } ELSE R(P)+1—R(P)
SHORT BRANCH IF LESS 2 BL
SHORT BRANCH IFQ = 1 2 BQ 31 IF Q= 1, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IFQ =0 2 BNQ 39 IF Q = 0, M(R(P))~R(P).0
ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1= 1 2 B1 34 IF EF1 = 1, M(R(P))~R(P).0
(EF1 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF1=0 2 BN1 3C IF EF1 = 0, M(R(P))—R(P).0
(EF1 = 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 = Vpo) ELSE R(P)+1—~R(P)
SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P))~R(P).0
(EF3 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF3 =0 2 BN3 3E IF EF3 = 0, M(R(P))~R(P).0
(EF3 =, Voo) ° ELSE R(P)+1—R(P)
SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P))—~R(P).0
(EF4 = Vss) ELSE R(P)+1—R(P)
SHORT BRANCH IF EF4 = 0 2 BN4 3F IF EF4 = 0, M(R(P))—R(P).0
(EF4 = Vpp) ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BCI 683E* | IF CI=1, M(R(P))~R(P).0; 0~CI
COUNTER INTERRUPT ELSE R(P)+1—R(P)
SHORT BRANCH ON 3 BXI 683F | IF XI=1, M(R(P))~R(P).0
EXTERNAL INTERRUPT ELSE R(P)+1—~R(P)
BRANCH INSTRUCTIONS — LONG BRANCH
LONG BRANCH 3 LBR co M(R(P))—=R(P) 1, M(R(P)+1)~R(P).0
NO LONG BRANCH (SEE 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 c1 IF Q= 1, M(R(P))—R(P).1
M(R(P)+1)—-R(P).0
ELSE R(P)+2~R(P)
LONG BRANCH IFQ =0 3 LBNQ 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 1s associated with more than one mnemonic Each mnemonic 1s incividually hsted
* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCl « (Cl=1).

CI = Counter Interrupt, XI = External interrupt
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Table I — INSTRUCTION SUMMARY

NO. OF
MACHINE op
INSTRUCTION CYCLES | MNEMONIC | CODE | OPERATION
SKIP INSTRUCTIONS
SHORT SKIP (SEE NBR) 2 SKP 388 | R(P)+1—R(P)
LONG SKIP (SEE NLBR) 3 LSKP ced | 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 co | IFQ=1,R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IFQ =0 3 LSNQ cs IF Q =0, R(P)+2—R(P)
ELSE CONTINUE
LONG SKIP IF MIE = 1 3 LSIE cc | IFMIE=1, R(P)+2~R(P)
ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE 2 IDL 00* | STOP ON TPB; WAIT FOR DMA OR
INTERRUPT: BUS FLOATS
NO OPERATION 3 NOP ca CONTINUE
SETP 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* | CNTR STOPPED: D—CH, CNTR;
0—Cl. CNTR RUNNING; D—CH
GET COUNTER 3 GEC 6808 | CNTR—D
STOP COUNTER 3 STPC 6800 | STOP CNTR CLOCK;
0—~+32 PRESCALER
DECREMENT TIMER/COUNTER 3 DTC 6801 | CNTR-1—-CNTR
SET TIMER MODE AND START 3 ST™ 6807 | TPA+32— CNTR
SET COUNTER MODE 1 AND START 3 SCM1 6805 | EF1— CNTRCLOCK
SET COUNTER MODE 2 AND START 3 SCM2 6803 | EF2—CNTRCLOCK
SET PULSE WIDTH MODE 1 3 SPM1 6804 JPA.EF1— CNTR CLOCK;
AND START EF1 4 STOPS COUNT
SET PULSE WIDTH MODE 2 3 SPM2 6802 | TPA.EF2— CNTR CLOCK;
AND START EF2 £ STOPS COUNT
ENABLE TOGGLE Q 3 ETQ 6809° | IF CNTR =01 NEXT
CNTRCLOCK A :Q-Q

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

#An IDLE instruction initiates an S1 cycle All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All
outputs remain in their previous states, MRD, MWR, are settoa logic ‘1’ and the data bus floats. The processor will continue to IDLE until an
1/0 request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated and the I/0
request is serviced, and the normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE and either CIE or XIE must be
enabled).

* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCl « (Cl = 1).
CI = Counter Interrupt, Xl = External Interrupt.
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Table I — INSTRUCTION SUMMARY

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

INTERRUPT CONTROL

EXTERNAL INTERRUPT ENABLE 3 XIE 680A | 1—XIE

EXTERNAL INTERRUPT DISABLE 3 XID 680B | 0—XIE

COUNTER INTERRUPT ENABLE 3 CIE 680C | 1—CIE

COUNTER INTERRUPT DISABLE 3 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 ouT5 65 M(R(X))—~BUS, R(X)+1—=R(X);
NLINES=5

OUTPUT 6 2 ouT 6 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 6B BUS—M(R(X)), BUS—D;
NLINES=3

INPUT 4 2 INP 4 6C BUS—M(R(X)), BUS—D,
N LINES = 4

INPUT 5 2 INP 5 6D BUS—M(R(X)), BUS—D,
N LINES = 5

INPUT 6 2 INP 6 6E BUS—M(R(X)), BUS—D,
NLINES =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:

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 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:

. Branch unconditionally

. Test for D=0 or D0

. 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 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.

The Unconditional Short-Skip instruction takes 2 cycles
to comptete (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).

Qw0000
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They can:

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

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

Qoo

. 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 9910.
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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¥* NOTES:

-

AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE.

@ N

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

THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY
CLI

ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE-

FORMS

. SHADED ARE AS INDICATED "DON'T CARE" OR UNDEFINED STATE.
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD.

*FOR THE RUN (RAM ONLY) MODE ONLY 92CL - 34986R!

Fig. 13 - Timing waveforms for CDP1805AC and CDP1806AC.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C; C|_ = 50 pF; Input tp,t¢ = 10 ns;

Input Pulse Levels = 0.1V to Vpp-0.1 V; Vpp = 5 V, +5%.

LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Typ.* Max.
Propagation Delay Times:
Clock to TPA, TPB teLn, teHL 150 275
Clock-to-Memory High-Address Byte teum, teHL 325 550
Clock-to-Memory Low-Address Byte teLw, teHL 275 450
Clock to MRD [ 200 325
Clock to MWR teLm, tore 150 275 ns
Clock to (CPU DATA to BUS) tem, tere 375 625
Clock to State Code teLn, ten 225 400
Clock to Q teLn, teHL 250 425
Clockto N teLn, teHL 250 425
Clock to Internal RAM Data to BUS teLn, teHL 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 tn 100 175
ME Set-Up tsu 125 320
ME Hold th 0 50
Interrupt Set-Up tsu -100 0 ns
Interrupt Hold tn 100 175
WAIT Set-Up tsu 20 50
EF1-4 Set-Up tsu -125 0
EF1-4 Hold tn 175 300
Minimum Pulse Width Times:®
CLEAR Pulse Width twe 100 175
CLOGCK Pulse Width tw 75 100 ns
*Typical values are for Ta = 25°C and nominal Vop
®Maximum limits of minimum characteristics are the values above which all devices function
TIMING SPECIFICATIONS as a function of T (T = 1/fcLOCK) at TA = -40 to +85°C, Vpp = 5 V, £5%.
LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Min. Typ.*
High-Order Memor.y-Adc.iress Byte 2T-275 2T-175
Set-Upto TPA__«  Time tsu
MRDto TPA . Time tsu | T/2-100 T/2-75
High-Order Memory-Address Byte /2475 /24100
Hold after TPA Time th
Low-Order Memoviy-Address Byte T+180 T+240 ns
Hold after WR Time th
CPU Data to Bus Hold T+110 T+150
after WR Time th
Required Memory Access Time 4.5T-440 4.5T-330
Address to Data tacc

*Typical values are for Ta = 25°C and nominal Voo
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TABLE I1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA | MEMORY | | | N
STATE| 1 N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES
RESET 0~Q.I,N, COUNTER 00 UNDEFINED [ 1 1 0
PRESCALER, CIL;
s1 1~CIE. XIE
INITIALIZE X, P—T THEN 004 UNDEFINED | 1 1 0
NOT PROGRAMMER 0—~X, P; 1~MIE, 0000~R0
ACCESSIBLE
) FETCH MRP—I, N; RP+1—~RP “MRP RP 0 1 0
0 ) iDL STOP AT TPB HIGH Z RO 1 1 0
WAIT FOR DMA OR INT
0 1F LDN MRN—D MAN AN 0 1 0
1 0-F INC RN+1—=RN HIGH Z RN 1 1 0
2 | oF DEC RN-1=RN HIGH Z AN 1 1 0
3 | OF | 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 4]
5 | oF STR D—MRN D RN 1 0 0
6 0 IRX RX+1—RX MRX RX 1 1 0
1 ouT 1 1
2 ouT?2 2
3 ouT3 3
4 ouT 4 MRX—BUS; RX+1~RX MRX RX 0 1 4
5 ouTs 5
6 ouT6 6
. 7 oUT? 7
9 INP 1 1
A INP 2 2
B INP 3 DATA 3
c INP 4 BUS—MRX, D FROM RX 1 0 4
s1 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) | HIGH Z RX 1 1 0
7 SMB D-MRX-DFN—DF, D MRX RX 0 1 0
7 8 SAV T=MRX T RX 1 0 0
9 MARK X.P—T, MR2; P—X T R2 1 0 0
R2-1—R2
A REQ 0-Q HIGH Z RP 1 1 0
B SEQ 1-Q HIGH Z RP 1 1 0
c ADCI | MRP+D+DF—DF, D; RP+1 MRP RP 0 1 0
D SDBI | MRP-D-DFN—DF, D; RP*1 | MRP RP 0 1 0
E SHLC | MSB(D)—DF, DF=LSB(D) | HIGHZ RP 1 7 0
F SMBI | D-MRP-DFN=DF, D, RP+1 | _MRP RP 0 1 0
8 | OF GLO RN.0~D RN.O RN 1 1 0
9 | oF GHI RN.1—D RN.1 RN 1 1 0
A | _oF PLO D—RN.O D RN 1 1 0
B | OF PHI D—RN.1 D RN 1 1 0

A = Data bus floats for first 2-1/2 clocks of the 9 clock imitialization cycle; all zeros for remainder of cycle
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TABLE Il. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)

DATA MEMORY N
STATE | | N__| MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES
S1#1 TAKEN: MRP—B; RP+1—=RP|  MRP RP 0 1 0
#2 0-3, LONG [TAKEN:B—RP.1;:MRP—RP.0| M(RP+1) RP+1 0 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
S ¢ 5 TAKEN: RP+1—RP MRP RP 0 1 0
#2 6 LONG TAKEN: RP+1—RP M(RP+1) RP+1 0 1 0
7 SKIP
S1#1 C NOT TAKEN: NO MRP RP 0 1 0
D OPERATION
#2 E NOT TAKEN: NO M(RP+1) RP+1 0 1 0
F OPERATION
S1#1 NO OPERATION MRP RP 0 1 0
#2 4 NOP NO OPERATION M(RP+1) RP+1 0 1 0
D 0-F SEP N—P NN AN i i 0
E 0-F SEX N—X NN RN 1 1 0
0 LDX MRX—D MRX RX 0 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) | HIGHZ 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) | HIGH Z RP 1 1 0
DMA IN BUS—MRO; RO+1—R0 | DATA FROM RO ] 0
s2 I/O DEVICE
DMA OUT MRO—BUS; R0+1—~R0 MRO RO 0 1 0
S3 INTERRUPT X,P—T: 0—~MIE HIGH Z RN 1 ] 0
1-P; 2—X
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TABLE 1. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd)

DATA | 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
0 STPC | STOP COUNTER CLOCK; | HIGH Z RO 1 1 0
0—+32 PRESCALER
1 DTC CNTR-1-CNTR HIGH Z R1 1 1 0
2 SPM2__| CNTR-1 ON EF2 AND TPA | HIGH Z R2 1 1 0
3 SCM2__| CNTR-1ONEF20TO1__| HIGHZ R3 1 1 0
4 SPM1_| CNTR-1 ON EF1 AND TPA | HIGHZ R4 1 1 0
5 ScM1 CNTR-1ONEF10TO1__| HIGHZ RS 1 1 0
st 5 LDC |CNIF STOPPED D=CH. ) R6 T | o
CNTR RUNNING D—CH
7 ST™ CNTR-1 ON TPA=32 HIGH Z R7 1 1 0
8 GEC CNTR—=D CNTR R8 1 1 0
9 ETQ IFCNTRTHRU0:Q—Q | HIGHZ RO 1 1 0
A XIE 1=XIE HIGH Z RA 1 1 0
B XID 0—XIE HIGH Z RB 1 1 0
c CIE 1—CIE HIGH Z RC 1 1 0
D CID 0—CIE HIGH Z RD 1 1 0
S1#1 AN-1—RN HIGH Z RN 1 1 0
#2 MRP—B; RP+1—RP MRP RP 0 1 0
# o-F PBNZ |+ AkeN: B~RP.1, MRP—RPo | M(RPTY) RP1 0 ! 0
NOT TAKEN: RP+1—~RP
BCI TAKEN: MRP—RP 0,
E 0~Cl MRP RP 0 1 0
S1 NOT TAKEN: RP+1—RP
TAKEN: MRP—RP.0
F BXI NOT TAKEN: RP+1—~RP MRP RP 0 1 0
S1#1 MRX—B, RX+1—RX MRX RX 0 1 0
2 o-F RLXA | B=T,MRX—B; RX*1~RX | M(RX+1) RX+1 0 1 0
#3 B, T-RANO, RN.1 HIGH Z AN 1 1 0
S141 MRX+D+DF—DF. D MRX RX 0 1 0
#2 4 DADC  I'5ECIMAL ADJUST—DF,D | HIGH Z RP 1 1 1
S1#1 RX-1—RX HIGH Z RX 1 1 0
w2 T—MRX; RX-1—-RX T RX1 1 0 0
3 6 DSAV D=MRX, RX-1=RX 3) 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  'DECIMAL ADJUST—DF,D | HIGHZ RP 1 1 0
S1#1 MRP+D+DF—DF, D;
c DACI RP+1—RP MRP RP 0 1 0
2 DECIMAL ADJUST—DF,D | HIGHZ RP+1 1 1 0
S1#1 D-MRP-(NOT DF)—DF, D,
F DSBI RP+1—RP MRP RP 0 1 0
w2 DECIMAL ADJUST—DF,D | HIGH Z RP+1 1 1 0
S1# RN.O, RN.1—T, B HIGH Z AN 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
44 0-F SCAL RP.0, RP1—T.B HIGH Z RP 1 1 0
5 B, T-RN.1, RN.O HIGH Z RN 1 1 0
#6 MRN—B; RN+1~RN MRP RP 0 1 0
I B—T. MRN=B, RN+1—=RN | M(RP+1) RP+ 0 1 0
8 B, T~RP.0, RP 1 HIGH Z RP 1 1 0
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TABLE 11. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA | memory | | __ | w
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 HIGH Z RN 1 1 0

#2 RX+1—RX HIGH Z RX 1 1 0

3 B, T~RP1, RP.0 HIGH Z RP 1 1 0

0-F SRET _

#4 MRX-~B; RX+1—RX M(RX+1) AX+1 0 1 0

#5 B—T; MRX—B M(RX+1) RX+2 0 1 0

#6 B, T-RN.0, RN.1 HIGH Z RN 1 1 0

STH RN.O, RN.1=T, B HIGH Z RN 1 1 0

w2 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

Si# RN O, RN 1-T.B HIGH Z RN 1 1 0

42 0-F RNX B, T—RX.1, RX.0 HIGH Z 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 | HIGH Z RN 1 1 0

S1#1 MRX+D—DF, D MRX BX 1] 1 Q

#2 4 DADD  I'5ECIMAL ADJUST—DF, D | HIGH Z RP 1 1 0

ST# ; om D-MRX—DF, D MRX RX 0 1 0

42 DECIMAL ADJUST—DF, D | HIGH Z RP 1 1 0
STHT MRP+D—DF, D;

c DADI RP+1—RP MRP RP 0 ! 0

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

F DSM! RP+1—RP MAP RP 0 ! 0

#2 DECIMAL ADJUST—~DF, D | HIGHZ RP+1 1 1 0
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Instruction Summary

N
o [ 1 T2 3] 4] 5 [T 6] 7 ] 8 o aAlBJ]c]]o]]l€E]LTF

IDL LDN

INC

DEC

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

LDA

STR

IRX ouT hd INP

RET | DIS [LDXA]STXD] ADC | SDB [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

MmOl |[>|o | |No|o & |l

LDX]| oR [AND|xORTADD] spb [SHR] sm | Lbt [ ori [ ANI | xRI | ADI | sDi I sHL [ smi

‘68" LINKED OPCODES (DOUBLE FETCH)

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

DBNZ

-1 -1T-T-T-T-T-1T-T-T-1-1-1-]sc]esx

RLXA

— | — T — T — Ioapoc] — JosaviosmB] — [ — T — | — Toaci] — | — Tossi

SCAL

SRET

RSXD

RNX

RLDI

MmO(m [P |O© |® N |[w|nv (o

— [ —[— T —Toapd] = T —Tosm[ — [ — [ — [ — [oabl] — T — Tosm

‘68’ IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS.
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Comparison of RCA CMOS CDP6805 Family
Microprocessors and Microcomputers

CDP6805E2 CDP68O5E3 CDP6805F2 CDP6805G2
D D2° 2A° o o
Features CDPGBOSE2C# | CDPGBOSE3CH | CDPGBOSF2CH# | CDP680sG2CH | O conCoS CDPGBHCOSD2A° | CDPGBHCOSC4” | CDPGSHCOSCS
Memory. 8k 64K _ _ _ _ _ _
Addressing (Bytes)
On-Chip RAM (Bytes) 112 112 64 112 9% 9% 176 176
On-Chip ROM (Bytes) — - 1089 2106 2176 2176 4160 7744
Max. Clock 50 50 40 40 42 42 42 42
Frequency (MHz)
Instruction Time 2.0/10.0 2.0/10.00 2.0/10.00 2.0/10.00 0.95/5.23 0.95/5.23 0.95/5.23 0.95/5.23
Min./Max.(us)
Timer/Counter Bits 8 8 8 8 16 16 16 16
Prescalers Program Program Program Program =4 =4 =4 +4
Multiplexed
Bus Structure Address/Data - - - - - -
Interrupts \" \ Vv \" \" \ \ v
Latched I/O Lnes 16 13 16 32 28 16 24 24
Max. Operating 0to+70 0to+70 0to+70 0to+70 -40t0 +125 —40to + 125 -40to + 125 -40to + 125
Temp. Range (°C)

Package 40D, E 40D, E 28D, E 40D, E 40D, E 28E 40D, E 40D, E
No. of Pins 44 Q 4Q 28Q — 4 Q 28Q 44 Q 44 Q
Senial Interface _ - — — SPI — SPI/SCI SPI/SCI

V = Vectored address

# “C” Version has -40 to +85°C operating temperature range.

°Multiply instruction in the CDP68HC05C4, CDP68HCO05C8, and CDP68HC05D2

$19}ndw 02049\ pue $10852901d0JD|N SB849S-5089
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CDP68HC05C4, CDP68HC05CS8

HCMOS Microcomputers

SECTION 1
INTRODUCTION

1.1 GENERAL

The CDP68HC05C4 HCMOS Microcomputer is a member of the CDP68HCO05 Family of
low-cost single-chip microcomputers. This 8-bit microcomputer contains an on-chip
oscillator, CPU, RAM, ROM, |/0O, two serial interface systems, and timer. The fully static
design allows operation at frequencies down to dc, further reducing its already low-power
consumption.

The CDP68HC05C8 Microcomputer (MCU) device is similar to the CDP68HC05C4 MCU
with one exception. This exception incorporates 3584 additional bytes of user ROM for a
total of 7744 bytes of on-chip user ROM. All information on the CDP68HC05C4 MCU
applies to the CDP68HC05C8 MCU with the exception of the memory description.

1.2 FEATURES

The following are some of the hardware and software highlights of these HCMOS
Microcomputers.

HARDWARE FEATURES
e HCMOS Technology
8-Bit Architecture
Power-Saving Stop and Wait Modes
Fully Static Operation
176 Bytes of On-Chip RAM
4160 Bytes of On-Chip ROM (CDP68HC05C4)
7744 Bytes of On-Chip ROM (CDP68HCO05C8)
24 Bidirectional I/0O Lines
2.1-MHz Internal Operating Frequency at 5 Volts; 1 MHz at 3 Volts
Internal 16-Bit Timer Similar to MC6801 Timer
Serial Communications Interface System
Serial Peripheral Interface System
Self-Check Mode
External, Timer, Serial Communications Interface, and Serial Peripheral Interface
Interrupts
Master Reset and Power-On Reset
Single 3- to 6-Volt Supply (2-V Data Retention Mode)
On-Chip Oscillator with RC or Crystal Mask Options
40-Pin Dual-In-Line Package
44-Lead Plastic Chip Carrier Also Available

TSM-203A
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SOFTWARE FEATURES
¢ Similar to MC6800

Port

170
Lines

Port

110
Lines

112

e 8 x 8 Unsigned Multiply Instruction
e Efficient Use of Program Space
e Versatile Interrupt Handling
e True Bit Manipulation
® Addressing Modes with Indexed Addressing for Tables
e Efficient Instruction Set
¢ Memory Mapped I/O
® Two Power-Saving Standby Modes
e Upward Software Compatible with the CDP6805 CMOS Family
TCMP 0SC1 0SC2
35* Internal 39* 38* Internal
Timer Prg(l::s:or Oscillator Processor
TCAP =373 System and Clock ]
+2 RESET
p—
3 8
PAO 1 Accumulator 5> PCO
PAT €2 8 << PC1
PA2 21> cPu o 26 o ooy PO
PA3 (__8_> Port | Data Index Control Data | Port [ 5, > Pe3 C
PAG €L A O |- Register — Dr | C <L,‘4. 110
PC4
6 Reg | Reg X Reg | Reg 3 Lines
PAS <—2> 233 PC5
¢ 5 3l Condition 22
PAS 4 Code 57— PCO
PA7 <€——» 5 Regsster CC l<—— PC7
cPU
Stack ! PortD je— PD7
PBO <12 o Pomter gy
PB1 w73 ! SCl |22 gp) (PDO)
PB2 €= | | e Férogram System {30 o 106 (DY)
PB3 <2 el 21> MISO (PD2)
PB4 < B | Dr — |5 Hgh pcH ALU SPl €323 MOSI (PD3)
PB5 (-—:BL> Reg | Reg Program 1 system 3 3 SCK (PD4)
PBE 1o Cf’L“fxe' SS (PDS5)
PB7 <—=3» 8 oW PCL Baud Rate
o L - Generator
4160* x 8 1576 >t< 8 Internal
M tatic
RO RAM Prg;::ssor
240 x 8
Self-Check *7744 bytes of ROM
ROM for CDPE8HCO5C8
Figure 1-1. Microcomputer Block Diagram
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SECTION 2
FUNCTIONAL PIN DESCRIPTION, INPUT/OUTPUT PROGRAMMING,
MEMORY, CPU REGISTERS, AND SELF-CHECK

This section provides a description of the functional pins, input/output programming, memory,
CPU registers, and self-check.

2.1 FUNCTIONAL PIN DESCRIPTION

2.1.1 Vpp and Vss
Power is supplied to the MCU using these two pins. VDD is power and VSg is ground.

2.1.2 TRQ (Maskable Interrupt Request)

TRQ is a programmable option which provides two different choices of interrupt triggering sensi-
tivity. These options are: 1) negative edge-sensitive triggering only, or 2) both negative edge-
sensitive and level-sensitive triggering. In the latter case, either type of input to the TRQ pin will pro-
duce the interrupt. The MCU completes the current instruction before it responds to the interrupt
request. When the TRQ pin goes low for at least on t|_|H, a logic one is latched internally to signify
an interrupt has been requested. When the MCU completes its current instruction, the interrupt
latch is tested. If the interrupt latch contains a logic one, and the interrupt mask bit (I bit) in the con-
dition code register is clear, the MCU then begins the interrupt sequence.

If the option is selected to include level-sensitive triggering, then the TRQ input requires an external
resistor to VDD for “wire-OR’’ operation. See INTERRUPTS in Section 3 for more detail concerning
interrupts.

2.1.3 RESET

The RESET input is not required for startup but can be used to reset the MCU internal state and pro-
vide an orderly software startup procedure. Refer to RESETS in Section 3 for a detailed description.

2.1.4 TCAP

The TCAP input controls the input capture feature for the on-chip programmable timer system.
Refer to INPUT CAPTURE REGISTER in Section 4 for additional information.

2.1.56 TCMP

The TCMP pin (35) provides an output for the output compare feature of the on-chip timer system.
Refer to OUTPUT COMPARE REGISTER in Section 4 for additional information.
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2.1.6 OSC1, 0SC2

The CDP68HC05C4 and CDP68HC05C8 can be configured to accept either a crystal input
or an RC network to control the internal oscillator. The internal clocks are derived by a
divide-by-two of the internal oscillator frequency (fosc)-

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

2.1.6.2 CERAMIC RESONATOR. A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 2-1(b) is recommended when using a
ceramic resonator. Figure 2-1(a) lists the recommended capacitance and feedback
resistance values. The manufacturer of the particular ceramic resonator being considered
should be consulted for specific information.
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Crystal Ceramic Resonator
2 MHz | 4 MHz Units 2-4 MHz| Units
RSMAX 400 75 Q RS (typical) 10 Q
Co 5 7 pF Co 40 pF
C1 0.008 | 0012 uF C1q 4.3 pF
Coscit 15-40 15-30 pF Cosc1 30 pF
Cosc2 16-30 | 1625 pF Cosc2 30 pF
Rp 10 10 MQ Rp 1-10 | MQ
Q 30 40 K Q 1250 —
(a) Crystal/Ceramic Resonator Parameters
CDP68HCO5C4 L €1 Rg
o0sc 0sC2 0SC2 — Y| |—MWA—— 05CI
38 39
39 Rp 38 p c *——
AAA 0
VWA~ = =
o-—{Dl.—-o
38 1Mt 39
Coscr== = Cosc2 it

(b) Crystal Oscillator Connections

CDP68HCO5C4
0sC1 0SC2

|39 |38

R

(d) RC Oscillator Connections

Figure 2-1.

(c) Equivalent Crystal Circuit

0SsC1

CDP68HCO5C4
0SC2

39 Iss

Unconnected

L————< External Clock

(e) External Clock Source Connections

Oscillator Connections
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2.1.6.3 RC. If the RC oscillator option is selected, then a resistor is connected to the
oscillator pins as shown in Figure 2-1(d).

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

tOXOV or YiLCH.

2.1.7 PAO-PA7

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

2.1.8 PBO-PB7

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

2.1.9 PCO-PC7

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

2.1.10 PDO-PDS5, PD7

These seven lines comprise port D, a fixed input port that is enabled during power-on. All enabled
special functions (SPI and SCI) affect the pins on this port. Four of these lines, PD2/MISO,
PD3/MOSI, PD4/SCK, and PD5/SS, are used in the serial peripheral interface (SPI) discussed in
Section 6. Two of these lines, PDO/RDI and PD1/TDO, are used in the serial communications inter-
face (SCI) discussed in Section 5. Refer to 2.2 INPUT/OUTPUT PROGRAMMING for a detailed
description of 1/0 programming.
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2.2 INPUT/OUTPUT PROGRAMMING

2.2.1 Parallel Ports

Ports A, B, and C may be programmed as an input or an output under software control. The direc-
tion of the pins is determined by the state of the corresponding bit in the port data direction register
(DDRY). Each 8-bit port has an associated 8-bit data direction register. Any port A, port B, or port C
pin is configured as an output if its corresponding DDR bit is set to a logic one. A pin is configured
as an input if its corresponding DDR bit is cleared to a logic zero. At power-on or reset, all DDRs are
cleared, which configure all port A, B, and C pins as inputs. The data direction registers are capable
of being written to or read by the processor. Refer to Figure 2-3 and Table 2-1. During the program-

med output state, a read of the data register actually reads the value of the output data latch and
not the 1/0 pin.

Data Direction

/ «—>»| Register
Bit

Latched 1o
Internal —3»{ Output Data . Output

CDP68HC05C4 < Bit Pin
Connections

/Input

Reg
Bit
-9
\ Input
W
(a)

Typical Port 7 6 5 4 3 2 1 0
Data Direction | o 7| DDR 6| DDR 5| DDR 4| DDR 3| DDR 2| DDR 1|DDR 0
Y T T T T T T T

Typical Port
Register
Pin P7 P6 P5 P4 P3 P2 P1 PO
(b)
Vop
PORT DATA [ : |
PORT DDR
NOTES
1. *DENOTES DEVICES HAVE SAME
PHYSICAL SIZE, AND ARE
ENHANCEMENT TYPE.
2 IP = INPUT PROTECTION.
INTERNAL

3. LATCH-UP PROTECTION NOT SHOWN.
LOGIC
92Cs-42289

(c)
Figure 2-3. Typical Parallel Port I/0 Circuitry

116




6805-Series Microprocessors and Microcomputers

CDP68HC05C4, CDP68HC05C8

Table 2-1. 1/0 Pin Functions

R/W* | DDR 1/0 Pin Function
0 0 The 1/0 pin is in input mode. Data is written into the output data latch.
0 1 Data 1s written into the output data latch and output to the 1/0 pin.
1 0 The state of the I/0 pin is read.
1 1 The 1/0 pin is in an output mode. The output data latch is read
*R/W 1s an internal signal

2.2.2 Fixed Port

Port D is a 7-bit fixed input port (PDO-PD5, PD7) that continually monitors the external pins
whenever the SP| or SCI systems are disabled. During power-on reset or external reset all seven bits
become valid input ports because all special function output drivers are disabled. For example, with
the serial communications interface (SCI) system enabled, (RE=TE=1) PD0O and PD1 inputs will
read zero. With the serial peripheral interface (SPI) system disabled (SPE=0) PD2 through PD5 will
read the state of the pin at the time of the read operation. No data register is associated with the
port when it is used as an input.

NOTE
It is recommended that all unused inputs, except OSC2, and I/O ports (configured as
inputs) be tied to an appropriate logic level (e.g. either Vpp or Vgg).

2.2.3 Serial Port (SCI and SPI)

The serial communications interface (SCI) and serial peripheral interface (SPI) use the port D pins
for their functions. The SCI function requires two of the pins (PD0-PD1) for its receive data input
(RDI) and transmit data output (TDO) respectively, whereas the SPI function requires four of the
pins (PD2-PD5) for its serial data input/output (MISQO), serial data output/input (MOSI), system
clock (SCK), and slave select (SS) respectively. Refer to SECTION 5 SERIAL COMMUNICATIONS
INTERFACE and SECTION 6 SERIAL PERIPHERAL INTERFACE for a more detailed discussion.

2.3 MEMORY

As shown in Figure 2-4, the MCU is capable of addressing 8192 bytes of memory and I/ 0O registers
with its program counter. The CDP68HC0O5C4 MCU has implemented 4601 bytes of these locations.
The first 266 bytes of memory (page zero) include: 25 bytes of I/0 features such as data ports, the
port DDRs, timer, serial peripheral interface (SPI), and serial communication interface (SCI); 48
bytes of user ROM, and 176 bytes of RAM. The next 4096 bytes complete the user ROM. The self-
check ROM (224 bytes) and self-check vectors (16 bytes) are contained in memory locations $1F00
through $1FEF. The 16 highest address bytes contain the user defined reset and the interrupt vec-
tors. Seven bytes of the lowest 32 memory locations are unused and the 176 bytes of user RAM in-
clude up to 64 bytes for the stack. Since most programs use only a small part of the allocated stack
locations for interrupts and/or subroutine stacking purposes, the unused bytes are usable for pro-
gram data storage. Figure 2-5 illustrates the CDP68HC05C8 memory map.
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$0000

$001F
$0020

$004F
$0050

$00BF
$00CO

$OOFF
$0100

S1EFF
$1F00

$1FDF
$1FEQ

$1FEF
$1FFO

SIFFF
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0000
Ports
170 7 Bytes
32 Bytes
0031 Unused
0032 3 Bytes
User \
ROM \
48 Bytes \
00008709 Serial Peripheral
Interface
\ 3 Bytes
RAM \
176 Bytes
\ Senal
\ Communications
————— — o1 Interface
0192 \ 5 Bytes
Stack \
64 Bytes
0255 \ Timer
0256 \ 10 Bytes
User
ROM \
7680 Bytes \ Unused
\ 4 Bytes
793
7936
Self Check
b —— — = —
Self-Check 256 Bytes
Vectors
8175
User 8176
Vectors
16 Bytes 8191 )

Port A Data Register

Port B Data Register

Port C Data Register

Port D Fixed Input Register

Port A Data Direction Register

Port B Data Direction Register

Port C Data Direction Register

Unused

Unused

Unused

Serial Perpheral Control Register

Serial Peripheral Status Register

Senal Peripheral Data I/ O Register

Serial Communications Baud Rate Register

Serial Communications Control Register 1

Serial Communications Control Register 2

Senal Communications Status Register

Senal Communications Data Register

Timer Control Register

Timer Status Register

Input Capture High Register

Input Capture Low Register

Output Compare High Register

Output Compare Low Register

Counter High Register

Counter Low Register

Alternate Counter High Register

Alternate Counter Low Register

Unused

Unused

Unused

\ Unused

92CS-42586

Figure 2-5. CDP68HC05C8 Address Map.

$00
$01
$02
$03
$04
$05
$06
$07
$08
$09
$0A

$15
$16
$17
$18
$19
$1A
$18
$1C
$1D
$1E
$1F




$0000

$001F
$0020

$004F
$0050

$00BF
$00CO

$OOFF
$0100

$10FF
$1100

$1EFF
$1F00

$1FDF
$1FEO

$1FEF
$1FFO

STFFF
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1/0
32 Bytes

User
ROM
48 Bytes

-

RAM
176 Bytes

_— e ——

Stack
64 Bytes

User
ROM
4096 Bytes

Unused
3584 Bytes

Self Check

Self-Check
Vectors

User
Vectors
16 Bytes

Figure 2-4. CDP68HC05C4 Address Map.

0000
Ports
7 Bytes
0031 Unused
0032 3 Bytes
\
\
\
0079 Serial Peripheral
0080 Interface
\ 3 Bytes
\
\ Serial
\ Communications
0191 Interface
0192\ 5 Bytes
\
0255 \ Timer
0256 \ 10 Bytes
\
\ Unused
4 Bytes
4351 \ Y
4352
7935
7936 )
P 256 Bytes
8175
8176
8191 )

Port A Data Register $00

Port B Data Register $01

Port C Data Register $02

Port D Fixed Input Register $03

Port A Data Direction Register $04
Port B Data Direction Register $05
Port C Data Direction Register $06
Unused $07

Unused $08

Unused $09
Senal Peripheral Control Register $0A
Senal Peripheral Status Register $OB
Sernial Peripheral Data I/ O Register $0C
Serial Communications Baud Rate Register $0D
Serial Communications Control Register 1 $OE
Serial Communications Control Register 2 $OF
Sernial Communications Status Register $10
Senal Communications Data Register $11
Timer Control Register $12

Timer Status Register $13

Input Capture High Register $14

Input Capture Low Register $15
Output Compare High Register $16
Output Compare Low Register $17
Counter High Register $18

Counter Low Register $19
Alternate Counter High Register $1A
Alternate Counter Low Register $1B
Unused $1C

Unused $1D

Unused $1E

Unused $1F

92CS-42587
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2.4 CPU REGISTERS

The CPU contains five registers, as shown in the programming model of Figure 2-5. The
interrupt stacking order is shown in Figure 2-6.

Accumulator

Program Counter

Stack Pointer

0

|

0

r X l Index Register

0

]

0

|

E)[OTO]T{OTZPT sp

cc

i H I ' I N | Z | Cl Condition Code Register

Carry/Borrow

= Zero

Negative

Interrupt Mask

Half Carry

Figure 2-5. Programming Model

7 0 Stack
R 1 1 LLl l Condition Code Register 'L
E Accumulator T
Increasing Memory T E Decreasing Memory
Addresses U Index Register R Addresses

RloJofo] PCH R

N u

PCL P

Unstack T

NOTE. Since the Stack Pointer decrements during pushes, the PCL is
stacked first, followed by PCH, etc Pulling fram the stack Is
in the reverse order.

Figure 2-6. Stacking Order
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2.4.1 Accumulator (A)

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

2.4.2 Index Register (X)

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

2.4.3 Program Counter (PC)

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

2.4.4 Stack Pointer (SP)

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

2.4.5 Condition Code Register (CC)

The condition code register is a 5-bit register which indicates the results of the instruction just
executed as well as the state of the processor. These bits can be individually tested by a program
and specified action taken as a result of their state. Each bit is explained in the following
paragraphs.

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

2.4.5.2 INTERRUPT MASK BIT (I). When the | bit is set, all interrupts are disabled. Clearing this bit
enables the interrupts. If an external interrupt occurs while the | bit is set, the interrupt is latched
and is processed after the | bit is next cleared; therefore, no interrupts are lost because of the | bit
being set. An internal interrupt can be lost if it is cleared while the | bit is set (refer to SECTION 4
PROGRAMMABLE TIMER, SECTION 5 SERIAL COMMUNICATIONS INTERFACE, and SECTION
6 SERIAL PERIPHERAL INTERFACE for more information).
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2.4.5.3 NEGATIVE (N). When set, this bit indicates that the result of the last arithmetic, logical, or
data manipulation is negative (bit 7 in the result is a logic one).

2.4.5.4 ZERO (Z). When set, this bit indicates that the result of the last arithmetic, logical, or data
manipulation is zero.

2.4.5.5 CARRY/BORROW (C). Indicates that a carry or borrow out of the arithmetic logic unit
(ALU) occurred during the last arithmetic operation. This bit is also affected during bit test and
branch instructions, shifts, and rotates.

2.5 SELF-CHECK

The self-check capability of the CDP68HCO5C4 MCU provides an internal check to determine if the
device is functional. Self-check is performed using the circuit shown in the schematic diagram of
Figure 2-7. As shown in the diagram, port C pins PCO-PC3 are monitored (light emitting diodes are
shown but other devices could be used) for the self-check results. The self-check mode is entered
by applying a 9 Vdc input (through a 4.7 kilohm resistor) to the [RQ pin (2) and 5 Vdc input (through
a 4.7 kilohm resistor) to the TCAP pin (37) and then depressing the reset switch to execute a reset.
After reset, the following seven tests are performed automatically:

I1/0 — Functionally exercises ports A, B, and C

RAM — Counter test for each RAM byte

Timer — Tracks counter register and checks OCF flag

SCI — Transmission Test; checks for RDRF, TDRE, TC, and FE flags

ROM — Exclusive OR with odd ones parity resuit

SPI — Transmission test with check for SPIF, WCOL, and MODF flags

INTERRUPTS — Tests external, timer, SCI, and SPI interrupts.

Self-check results (using the LEDs as monitors) are shown in Table 2-2. The following subroutines
are available to user programs and do not require any external hardware.

' 2.6 TIMER TEST SUBROUTINE
This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set.

This subroutine 1s called at location $1FOE. The output compare register is first set to the current
timer state. Because the timer is free running and has only a divide-by-four prescaler, each timer
count cannot be tested. The test reads the timer once every 10 counts (40 cycles) and checks for
correct counting. The test tracks the counter until the timer wraps around, triggering the output
compare flag in the timer status register. RAM locations $0050 and $0051 are overwritten. Upon
return to the user’'s program, X=40. If the test passed, A=0.

2.7 ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set.
This subroutine is called at location $1F93 with RAM location $0053 equa! to $01 and A=0. A short
routine is set up and executed in RAM to compute a checksum of the entire ROM pattern. Upon

return to the user’s program, X=0. If the test passed, A=0. RAM locations $0050 through $0053
are overwritten.
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RESET
— 10uF
RESET H ﬂ%
IRQ P4 =
$10k
40
NC VDD +5V
39 _ 1 20pF
0sC1 I {
TCAP SE1OM 3 smhz
2 a7 osc2 |8 I | 20 pF
5 PAG % (See Note) =
PD7 +5V
6 L
PAS 5 =
7 ona Temp B = 47K
8] pas PD5/TS 2 ™
33 ]
9 PA2 PD4/SCK m 10k IN3904
10 o, PD3/MOSI = M
11 oo PD2/MISO |2
PD1/TDO ﬂ—ﬁ
29 =
12 PDO/RDI " 0 e
PBO PCO 4,1—-—\-vw————<p-+5v
131 pai pc1 L ‘?‘—fut—a
S x 47k
10k:: 14 PB2 pc2 |28 ‘“.—Mv—-—-——o
15 25 “% 47k
— PB3 PC3 - N—
18§ pga pca |2
7] egs pCs F2
18 pge pce F22
191 pg7 pc7 |2
Vss
L2

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

Figure 2-7. Self-Check Circuit Schematic Diagram

Table 2-2. Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks

1 0 0 1 |Badl/O

1 0 1 0 Bad RAM

1 0 1 1 Bad Timer

1 1 0 0 | Bad SCl

1 1 0 1 | Bad ROM

1 1 1 0 | Bad SPI

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

0 Indicates LED on; 1 Indicates LED s off.
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SECTION 3
RESETS, INTERRUPTS, AND LOW POWER MODES

3.1 RESETS

The MCU has two reset modes: an active low external reset pin (RESET) and a power-on
reset function; refer to Figure 3-1.

3.1.1 RESET Pin

The RESET input pin is used to reset the MCU to provide an orderly software startup procedure.
When using the external reset mode, the RESET pin must stay low for a minimum of one and one
half tcyc. The RESET pin contains an internal Schmitt Trigger as part of its input to improve noise
immunity.

3.1.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on VDD. The power-on reset is
used strictly for power turn-on conditions and should not be used to detect any drops in the power
supply voltage. There is no provision for a power-down reset. The power-on circuitry provides for a
4064 tcyc delay from the time that the oscillator becomes active. If the external RESET pin is low at
the end of the 4064 tcyc time out, the processor remains in the reset condition until RESET goes
high.

Table 3-1 shows the actions of the two resets on internal circuits, but not necessarily in order of
occurrence (X indicates that the condition occurs for the particular reset).

3.2 INTERRUPTS

Systems often require that normal processing be interrupted so that some external event may be
serviced The CDP68HCO5C4 may be interrupted by one of five different methods. either one of four
maskable hardware interrupts (IRQ, SPI, SCI, or Timer) and one non-maskable software interrupt
(SWI). Interrupts such as Timer, SPI, and SCI have several flags which will cause the interrupt.
Generally, interrupt flags are located in read-only status registers, whereas their equivalent enable
bits are located in associated control registers. The interrupt flags and enable bits are never con-
tained in the same register. If the enable bit is a logic zero it blocks the interrupt from occurring but
does not inhibit the flag from being set. Reset clears all enable bits to preclude interrupts during the
reset procedure.

The general sequence for clearing an interrupt is a software sequence of first accessing the status
register while the interrupt flag is set, followed by a read or write of an associated register. When
any of these interrupts occur, and if the enable bit is a logic one, normal processing is suspended at
the end of the current instruction execution. Interrupts cause the processor registers to be saved on
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Figure 3-1. Power-On Reset and RESET
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Table 3-1. Reset Action on Internal Circuit

Condition

——
RESET

X
5

Power-On
Reset

Timer Prescaler reset to zero state

Timer counter configured to $FFFC

Timer output compare (TCMP) bit reset to zero

All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts
The OLVL timer bit is also cleared by reset

All data direction registers cleared to zero (input)

Configure stack pointer to $00FF

Force internal address bus to restart vector ($1FFE-$1FFF)

Set | bit in condition code register to a logic one

Clear STOP latch

Clear external interrupt latch

Clear WAIT latch

RIE, ILIE, RWU, SBK, RDRF, IDLE, OR, NF, and FE

Disable SPI (sernal output enable control bit SPE=0) Other SPI bits cleared by reset include SPIE,
MSTR, SPIF, WCOL, and MODF

Set senal status bits TDRE and TC

Clear all serial interrupt enable bits (SPIE, TIE, and TCIE)

Place SPI system in slave mode (MSTR=0)

Clear SCI prescaler rate control bits SCPO-SCP1

Disable SCI (senal control bits TE=0 and RE=0) Other SCI bits cleared by reset include TIE, TCIE,

X X X X

XX X X X X X X
*

x

X X X X

X X X X

x X X X X X X X X

X X X X

*Indicates that timeout still occurs

the stack (see Figure 2-6) and the interrupt mask (I bit) set to prevent additional interrupts. The
appropriate interrupt vector then points to the starting address of the interrupt service routine (refer
to Figure 2-4 for vector location). Upon completion of the interrupt service routine, the RTI instruc-
tion (which is normally a part of the service routine) causes the register contents to be recovered
from the stack followed by a return to normal processing. The stack order is shown in Figure 2-6.

NOTE

The interrupt mask bit (I bit) will be cleared if and only if the corresponding bit stored in

the stack is zero.

A discussion of interrupts, plus a table listing vector addresses for all interrupts including

reset, in the MCU is provided in Table 3-2.

Table 3.2. Vector Address for Interrupts and Reset*

Flag CPU Vector
Register Name Interrupts Interrupt Address
N/A N/A Reset RESET  |$1FFE-$1FFF
N/A N/A Software SWI $1FFC-$1FFD
N/A N/A External Interrupt RO [$1FFA-$1FFB
Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow
SCI Status TDRE Transmit Buffer Empty SCI $1FF6-$1FF7
TC Transmit Complete
RDRF Receiver Buffer Full
IDLE Idle Line Detect
OR Overrun
SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault

*For explanation of ROM addresses $1FF0-1FF3, see “Ordering Information-Procedure for Submitting Data, Note #5”

section of this document on page
126
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3.2.1 Hardware Controlled Interrupt Sequence

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

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

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

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

3.2.2 Software Interrupt (SWI)

The software interrupt is an executable instruction. The action of the SWI instruction is similar to
the hardware interrupts. The SWI is executed regardless of the state of the interrupt mask (I bit) in
the condition code register. The interrupt service routine address I1s specified by the contents of
memory location $1FFC and $1FFD.

3.2.3 External Interrupt

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

NOTE
The internal interrupt latch is cleared In the first part of the service routine; therefore, one
(and only one) external interrupt pulse could be latched during t|L|L and serviced as soon
as the | bit is cleared.
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Figure 3-2. Hardware Interrupt Flowchart
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Figure 3-4. External Interrupt
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3.2.4 Timer Interrupt

There are three different timer interrupt flags that will cause a timer interrupt whenever they are set
and enabled. These three interrupt flags are found in the three most significant bits of the timer
status register (TSR, location $13) and all three will vector to the same interrupt service routine
($1FF8-$1FF9).

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

3.2.5 Serial Communications Interface (SCI) Interrupts

An interrupt in the serial communications interface (SCI) occurs when one of the interrupt flag bits
in the serial communications status register is set, provided the | bit in the condition code register I1s
clear and the enable bit in the serial communications control register 2 (location $OF) is enabled.
When the interrupt is recognized, the current state of the machine is pushed onto the stack and the
I bit in the condition code register is set. This masks further interrupts until the present one is ser-
viced. The SCl interrupt causes the program counter to vector to memory location $1FF6 and $1FF7
which contains the starting address of the interrupt service routine. Software in the serial interrupt
service routine must determine the priority and cause of the SCl interrupt by examining the interrupt
flags and the status bits located in the serial communications status register (location $10). The
general sequence for clearing an interrupt is a software sequence of accessing the serial com-
munications status register while the flag is set followed by a read or write of an associated register.
Refer to SECTION 5 SERIAL COMMUNICATIONS INTERFACE for a description of the SCI system
and its interrupts.

3.2.6 Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SP1) occurs when one of the interrupt flag bits in the
serial peripheral status register (location $0B) is set, provided the | bit in the condition code register
is clear and the enable bit in the serial peripheral control register (location $0A) is enabled. When the
interrupt is recognized, the current state of the machine is pushed onto the stack and the | bit in the
condition code register is set. This masks further interrupts until the present one is serviced. The
SPI interrupt causes the program counter to vector to memory location $1FF4 and $1FF5 which
contains the starting address of the interrupt service routine. Software in the serial peripheral inter-
rupt service routine must determine the priority and cause of the SPI interrupt by examining the
interrupt flag bits located in the SPI status register. The general sequence for clearing an interrupt is
a software sequence of accessing the status register while the flag is set, followed by a read or write
of an associated register. Refer to SECTION 6 SERIAL PERIPHERAL INTERFACE for a description
of the SPI system and its interrupts.
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3.3 LOW POWER MODES

3.3.1 STOP Instruction

The STOP instruction places the MCU in its lowest power consumption mode. Inthe STOP
mode the internal oscillator is turned off, causing all internal processing to be halted; refer
to Figure 3-3. During the STOP mode, the | bit in the condition code register is cleared to
enable external interrupts. All other registers and memory remain unaltered and all
input/output lines remain unchanged. This continues until an external interrupt (TRQ) or
reset is sensed at which time the internal oscillator is turned on. The external interrupt or
reset causes the program counter to vector to memory location $1FFA and $1FFE and
$1FFF which contains the starting address of the interrupt or reset service routine
respectively.

3.3.2 WAIT Instruction

The WAIT instruction places the MCU in a low power consumption mode, but the WAIT
mode consumes somewhat more power than the STOP mode. In the WAIT mode, the
internal clock remains active, and all CPU processing is stopped; however, the
programmable timer, serial peripheral interface, and serial communications interface
systems remain active. Refer to Figure 3-3. During the WAIT mode, the | bitin the condition
code register is cleared to enable all interrupts. All other registers and memory remain
unaltered and all parallel input/output lines remain unchanged. This continues until any
interrupt or reset is sensed. At this time the program counter vectors to the memory
location ($1FF4 through $1FFF) which contains the starting address of the interrupt or
reset service routine.

3.4 DATA RETENTION MODE

The contents of RAM and CPU registers are retained at supply voltages as low as 2 V dc.
This is referred to asthe DATARETENTION mode, where the datais held, but the device is
not guaranteed to operate.
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SECTION 4
PROGRAMMABLE TIMER

4.1 INTRODUCTION

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

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

NOTE

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

The programmable timer capabilities are provided by using the following ten addressable 8-bit
registers (note the high and low represent the significance of the byte). A description of each
register I1s provided below.

Timer Control Register (TCR) location $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Compare High Register location $16,

Output Compare Low Register location $17,

Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and

Alternate Counter Low Register location $1B.
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4.2 COUNTER

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

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

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

4.3 OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is made up of two 8-bit registers at locations
$16 (most significant byte) and $17 (least significant byte) The output compare register can be used
for several purposes such as, controlling an output waveform or indicating when a period of time
has elapsed. The output compare register 1s unique in that all bits are readable and writable and are
not altered by the timer hardware. Reset does not affect the contents of this register and if the com-
pare function is not utilized, the two bytes of the output compare register can be used as storage
locations.

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

After a processor write cycle to the output compare register containing the most significant byte

($16), the output compare function is inhibited until the least significant byte ($17) is also written.
The user must write both bytes (locations) if the most significant byte i1s written first. A write made

139




6805-Series Microprocessors and Microcomputers

CDP68HC05C4, CDP68HC05C8

only to the least significant byte ($17) will not inhibit the compare function. The free running
counter is updated every four internal processor clock cycles due to the internal prescaler. The
minimum time required to update the output compare register is a function of the software program
rather than the internal hardware.

A processor write may be made to either byte of the output compare register without affecting the
other byte. The output level (OLVL) bit is clocked to the output level register regardless of whether
the output compare flag (OCF) is set or clear.

Because neither the output compare flag (OCF bit) or output compare register is affected by reset,
care must be exercised when initializing the output compare function with software. The following
procedure is recommended:
(1) Write the high byte of the output compare register to inhibit further compares until the low
byte is written.
(2) Read the timer status register to arm the OCF if it is already set.
(3) Write the output compare register low byte to enable the output compare function with the
flag clear.

The advantage of this procedure is to prevent the OCF bit from being set between the time it is read
and the write to the output compare register. A software example is shown below.

B7 16 STA  OCMPHI  INHIBIT OUTPUT COMPARE
B6 13 LDA TSTAT ARM OCF BIT IF SET
BF 17 STX OCMPLD READY FOR NEXT COMPARE

4.4 INPUT CAPTURE REGISTER

The two 8-bit registers which make up the 16-bit input capture register are read-only and are used to
latch the value of the free running counter after a defined transition is sensed by the corresponding
input capture edge detector. The level transition which triggers the counter transfer is defined by
the corresponding input edge bit (IEDG). Reset does not affect the contents of the input capture
register.

The result obtained by an input capture will be one more than the value of the free running counter
on the rising edge of the internal processor clock preceding the external transition (refer to timing
diagram shown in Figure 4-3). This delay is required for internal synchronization. Resolution is af-
fected by the prescaler allowing the timer 1o only increment every four internal processor clock
cycles. ~

The free running counter contents are transferred to the input capture register on each proper signal
transition regardless of whether the input capture flag (ICF) is set or clear. The input capture
register always contains the free running counter value which corresponds to the most recent input
capture.

After a read of the most significant byte of the input capture register ($14), counter transfer is in-
hibited until the least significant byte ($15) of the input capture register is also read. This
characteristic forces the minimum pulse period attainable to be determined by the time used in the
capture software routine and its interaction with the main program. The free running counter in-
crements every four internal processor clock cycles due to the prescaler.

140




6805-Series Microprocessors and Microcomputers

CDP68HC05C4, CDP68HC05C8

A read of the least significant byte ($15) of the input capture register does not inhibit the free
running counter transfer. Again, minimum pulse periods are ones which allow software to read the
least significant byte ($15) and perform needed operations. There is no conflict between the read of
the input capture register and the free running counter transfer since they occur on opposite edges
of the internal processor clock.

4.5 TIMER CONTROL REGISTER (TCR)

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

7 6 5 4 3 2 1 0
[ ice T oce ] Toe] o [ o ] o | EdG o] s1i2
B7, ICIE If the input capture interrupt enable (ICIE) bit is set, a timer interrupt is enabled

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

B6, OCIE If the output compare interrupt enable (OCIE) bit is set, a timer interrupt 1s
enabled whenever the OCF status flag is set. |f the OCIE bit is clear, the inter-
rupt is inhibited. The OCIE bit is cleared by reset.

B5, TOIE If the timer overflow interrupt enable (TOIE) bit is set, a timer interrupt is
enabled whenever the TOF status flag (in the timer status register) is set. If the
TOIE bit 1s clear, the interrupt is inhibited. The TOIE bit is cleared by reset.

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

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

0= low output
1= high output
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4.6 TIMER STATUS REGISTER (TSR)

The timer status register (TSR) is an 8-bit register of which the three most significant bits contain
read-only status information. These three bits indicate the following:
1. A proper transition has taken place at pin 37 with an accompanying transfer of the free run-
ning counter contents to the input capture register,
2. A match has been found between the free running’counter and the output compare register,
and

3. A free running counter transition from $FFFF to $0000 has been sensed (timer overflow).

The timer status register is illustrated below followed by a definition of each bit. Refer to timing
diagrams shown in Figures 4-2, 4-3, and 4-4 for timing relationship to the timer status register bits.

7 6 5 4 3 2 1
[ ek T ocP T tofr [ 0o T o[ o o [ o] sm
B7, ICF The input capture flag (ICF) is set when a proper edge has been sensed by the

input capture edge detector. It is cleared by a processor access of the timer
status register (with ICF set) followed by accessing the low byte ($15) of the in-
put capture register. Reset does not affect the input compare flag.

B6, OCF The output compare flag (OCF) is set when the output compare register con-
tents matches the contents of the free running counter. The CCF is cleared by
accessing the timer status register (with OCF set) and then accessing the low
byte ($17) of the output compare register. Reset does not affect the output
compare flag.

B5, TOF The timer overflow flag (TOF) bit is set by a transition of the free running
counter from $FFFF to $0000. It is cleared by accessing the timer status register
(with TOF set) followed by an access of the free running counter least signifi-
cant byte ($19). Reset does not affect the TOF bit.

Accessing the timer status register satisfies the first condition required to clear any status bits which
happen to be set during the access. The only remaining step 1s to provide an access of the register
which is associated with the status bit. Typically, this presents no problem for the input capture and
output compare functions.

A problem can occur when using the timer overflow function and reading the free running counter
at random times to measure an elapsed time. Without incorporating the proper precautions into
software, the timer overflow flag could unintentionally be cleared if: 1) the timer status register is
read or written when TOF is set, and 2) the least significant byte of the free running counter is read
but not for the purpose of servicing the flag. The counter alternate register at address $1A and $1B
contains the same value as the free running counter (at address $18 and $19); therefore, this alter-
nate register can be read at any time without affecting the timer overflow flag in the timer status
register.

During STOP and WAIT instructions, the programmable timer functions as follows: during the wait
mode, the timer continues to operate normally and may generate an interrupt to trigger the CPU out
of the wait state; during the stop mode, the timer holds at its current state, retaining all data, and
resumes operation from this point when an external interrupt is received.
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SECTION 5
SERIAL COMMUNICATIONS INTERFACE (SCI)

5.1 INTRODUCTION

A full-duplex asynchronous serial communications interface (SCI) 1s provided with a standard NRZ
format and a variety of baud rates. The SCI transmitter and receiver are functionally independent,
but use the same data format and bit rate. The serial data format is standard mark/space (NRZ)
which provide one start bit, eight or nine data bits, and one stop bit. “‘Baud’’ and “bit rate’* are used
synonymously in the following description.

5.1.1 SCI Two Wire System Features

o Standard NRZ (mark/space) format.
Advanced error detection method includes noise detection for noise duration of up to 1/16 bit
time.

Full-duplex operation (simultaneous transmit and receive).

Software programmable for one of 32 different baud rates.

Software selectable world length (eight or nine bit words)

Separate transmitter and receiver enable bits.

SCI may be interrupt driven.

Four separate enable bits availabie for interrupt control

5.1.2 SCI Receiver Features

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

Framing error detect.

Noise detect.

Overrun detect.

Receiver data register full flag.

5.1.3 SCI Transmitter Features

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

Any SCI two-wire system requires recetve data in (RDI) and transmit data out (TDO).
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5.2 DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the serial data which is presented between the
internal data bus and the output pin (TDO), and between the input pin (RDI) and the internal data
bus. Data format is as shown for the NRZ in Figure 5-1 and must meet the following criteria:

1. A high level indicates a logic one and a low level indicates a logic zero.

2. The idle line is in a high (logic one) state prior to transmission/reception of a message.
3. A start bit (logic zero) is transmitted/received indicating the start of a message.

4. The data is transmitted and received least-significant-bit first.
5
6

. A stop bit (high in the tenth or eleventh bit position) indicates the byte is complete.

. A break is defined as the transmission or reception of a low (logic zero) for some multiple of
the data format.

Control bit "M"”
Selects 8 or 9 bit data
prem———
0 1 2 3 4 5 6 7 8 0

IdieLine

*Stop bit is always high

I )
T O ~Ww
~ o~

Figure 5-1. Data Format

5.3 WAKE-UP FEATURE

In a typical multiprocessor configuration, the software protocol will usually identify the addressée(s)
at the beginning of the message. In order to permit uninterested MPUs to ignore the remainder of
the message, a wake-up feature is included whereby all further SCI receiver flag (and interrupt) pro-
cessing can be inhibited until its data line returns to the idle state. An SCI receiver is re-enabled by
an idle string of at least ten (or eleven) consecutive ones. Software for the transmitter must provide

for the required idle string between consecutive messages and prevent it from occurring within
messages.

The user is allowed a second method of providing the wake-up feature in lieu of the idle string
discussed above. This method allows the user to insert a logic one in the most significant bit of the
transmit data word which needs to be received by all “’sleeping’’ processors.

5.4 RECEIVE DATA IN

Receive data in is the serial data which is presented from the input pin via the SCI to the internal
data bus. While waiting for a start bit, the receiver samples the input at a rate which is 16 times
higher than the set baud rate. This 16 times higher-than-baud rate is referred to as the RT rate in
Figures 5-2 and 5-3, and as the receiver clock in Figure 5-7. When the input (idle) line is detected
low, it is tested for three more sample times (referred to as the start edge verification samples in
Figure 5-2). If at least two of these three verification samples detect a logic low, a valid start bit is
assumed to have been detected (by a logic low following the three start qualifiers) as shown in
Figure 5-2; however, if in two or more of the verification samples a logic high is detected, the line is
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16x INTERNAL SAMPLING CLOCK

RTCLOCK EDGES (FOR ALL THREE EXAMPLES) 1 2 4 6 8
R R R R R R R R
T T T T T T T T
START
RO
LI T R R R N I D B Ry ) ) )
| —
\DLE START START EDGE VERIFICATION SAMPLES
QUALIFIERS NOISE
START
RD12 |
1 1 1 1 1 1 1 1 1 1 0 1
IDLE NOISE
START
RD13
1 1 1 1 o 1 1 1 1 1 4] o o o

Figure 5-2. Examples of Start Bit Sampling Technique

PREVIOUS BIT PRESENT BIT SAMPLES NEXT BIT
RDI \ v v
16 1 8 9 10 16 1
R R R R R R R
T T T T T T T

92CM-42617

Figure 5-3. Sampling Technique Used on All Bits

assumed to be idle. (A noise flag is set if one of the three verification samples detects a logic high,
thus a valid start bit could be assumed and a noise flag still set ) The receiver clock generator is con-
trolled by the baud rate register (see Figures 5-6 and 5-7); however, the serial communications inter-
face I1s synchronized by the start bit (independent of the transmitter).

Once a valid start bit is detected, the start bit, each data bit, and the stop-bit are sampled three
times at RT intervals of 8RT, 9RT, and 10RT (1RT is the position where the bit is expected to start)
as shown in Figure 5-3. The value of the bit is determined by voting logic which takes the value of
the majority of samples (two or three out of three). A noise flag i1s set when all three samples on a
valid start bit or a data bit or the stop bit do not agree. (As discussed above, a noise flag is also set
when the start bit verification samples do not agree.)

5.5 START BIT DETECTION FOLLOWING A FRAMING ERROR

If there has been a framing error without detection of a break (10 zeros for 8-bit format or 11 zeros
for 9-bit format), the circuit continues to operate as if there actually were a stop bit and the start
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edge will be placed artificially. The last bit received in the data shift register is inverted to a logic
one, and the three logic one start qualifiers (shown in Figure 5-2) are forced into the sample shift
register during the interval when detection of a start bit is anticipated (see Figure 5-4); therefore the
start bit will be accepted no sooner than it is anticipated.

If the receiver detects that a break (RDRF=1, FE=1, receiver data register=$00) produced the
framing error, the start bit will not be-artificially induced and the receiver must actually receive a
logic one bit before start. See Figure 5-5.

<—Data—>|<—- Expected Stop -—)l
Artificial Edge

Receive - 1/ p—
Data In ‘ | Start Bit
ff* re——Data—»
N/
Data
Samples

(a) Case 1, Receive Line Low During Artificial Edge

<—Data—+—Expected Stop4>|

Start Edge
Receive /
Data In Start Bit
f f f |<—Data—>
N’
Data
Samples

(b) Case 2, Receive Line High During Expected Start Edge

Figure 5-4. SCI Artificial Start Following A Framing Error

<—Expected Stop — Detected as Valid
Start Edge
Recelve <¢——Break——3» /
Data In Start Bit

M4 1 MM A4S
T T T \ST-artJ Sme

Qualifiers Venfication
Samples

Data Samples

Figure 5-5. SCI Start Bit Following A Break
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5.6 TRANSMIT DATA OUT (TDO)

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

5.7 REGISTERS

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

5.7.1 Serial Communications Data Register (SCDAT)

7 6 5 4 3 2 1 0
L Serial Communications Data Register j $11

The serial communications data register performs two functions in the serial communications inter-
face; i.e. it acts as the receive data register when it is read and as the transmit data register when it
1s written. Figure 5-6 shows this register as two separate registers, namely: the receive data register
(RDR) and the transmit data register (TDR). As shown in Figure 5-6, the TDR (transmit data
register) provides the parallel interface from the internal data bus to the transmit shift register and
the receive data register (RDR) provides the interface from the receive shift register to the internal
data bus.

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

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

5.7.2 Serial Communications Control Register 1 (SCCR1)

6 5 3 2 1 0

LR78]T8 [ —‘L:/I [wake T -7 = ] - | soe

The serial communications control register 1 (SCCR1) provides the control bits which: 1) determine
the word length (either 8 or 9 bits), and 2) selects the method used for the wake-up feature. Bits 6
and 7 provide a location for storing the ninth bit for longer bytes.
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Receive Data
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NOTE The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal It is the transmit data register when
written and receive data register when read
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B7, R8 If the M bit is a one, then this bit provides a storage location for the ninth bit in
the receive data byte. Reset does not affect this bit.

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

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

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

Wake M Method of Receiver ‘Wake-Up”’

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

RDRF flag.

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

1 1 | Detection of a received one in the ninth data bit allows an

RDRF flag and associated error flags.

5.7.3 Serial Communications Control Register 2 (SCCR2)

7 6 5 4 3 2 1 0
U me Jree [ me T owe J re T re [awu [ sec ] sor

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

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

B6, TCIE When the transmission complete interrupt enable bit is set, the SCI interrupt

occurs provided TC is set (see Figure 5-6). When TCIE is clear, the TC interrupt
is disabled. Reset clears the TCIE bit.
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B5, RIE

B4, ILIE

B3, TE

B2, RE

B1, RWU

BO, SBK
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When the receive interrupt enable bit is set, the SCI interrupt occurs provided
OR is set or RDRF is set (see Figure 5-6). When RIE is clear, the OR and RDRF
interrupts are disabled. Reset clears the RIE bit.

When the idle line interrupt enable bit is set, the SCI interrupt occurs provided
IDLE is set (see Figure 5-6). When ILIE is clear, the IDLE interrupt is disabled.
Reset clears the ILIE bit.

When the transmit enable bit is set, the transmit shift register output is applied
to the TDO line. Depending on the state of control bit M in serial communica-
tions control register 1, a preamble of 10 (M=0) or 11 (M= 1) consecutive ones
is transmitted when software sets the TE bit from a cleared state. If a transmis-
sion is in progress, and TE is written to a zero, then the transmitter will wait
until after the present byte has been transmitted before placing the TDO pin in
the idle high-impedance state. If the TE bit has been written to a zero and then
set to a one before the current byte is transmitted, the transmitter will wait until
that byte is transmitted and will then initiate transmission of a new preamble.
After the preamble is transmitted, and provided the TDRE bit is set (no new
data to transmit), the line remains idle (driven high while TE=1); otherwise,
normal transmission occurs. This function allows the user to "‘neatly’’ ter-
minate a transmission sequence. After loading the last byte in the serial com-
munications data register and receiving the interrupt from TDRE, indicating the
data has been transferred into the shift register, the user should clear TE. The
last byte will then be transmitted and the line will go idle (high impedance).
Reset clears the TE bit.

When the receive enable bit is set, the receiver is enabled. When RE is clear,
the receiver is disabled and all of the status bits associated with the receiver
(RDRF, IDLE, OR, NF, and FE) are inhibited. Reset clears the RE bit.

When the receiver wake-up bit is set, it enables the ‘‘wake up’’ function. The
type of ““wake up’’ mode for the receiver is determined by the WAKE bit
discussed above (in the SCCR1). When the RWU bit is set, no status flags will
be set. Flags which were set previously will not be cleared when RWU is set. If
the WAKE bit is cleared, RWU is cleared after receiving 10 (M=0) or 11 (M=1)
consecutive ones. Under these conditions, RWU cannot be set if the line is
idle. If the WAKE bit is set, RWU is cleared after receiving an address bit. The
RDRF flag will then be set and the address byte will be stored in the receiver
data register. Reset clears the RWU bit.

When the send break bit is set the transmitter sends zeros in some number
equal to a multiple of the data format bits. If the SBK bit is toggled set and
clear, the transmitter sends 10 (M=0) or 11 (M= 1) zeros and then reverts to
idle or sending data. The actual number of zeros sent when SBK is toggled
depends on the data format set by the M bit in the serial communications con-
trol register 1; therefore, the break code will be synchronous with respect to
the data stream. At the completion of the break code, the transmitter sends at
least one high bit to guarantee recognition of a valid start bit. Reset clears the
SBK bit.




6805-Series Microprocessors and Microcomputers
CDP68HC05C4, CDP68HC05C8
5.7.4 Serial Communications Status Register (SCSR) -

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

B7, TDRE The transmit data register empty bit is set to indicate that the contents of the
serial communications data register have been transferred to the transmit serial
shift register. If the TDRE bit is clear, it indicates that the transfer has not yet
occurred and a write to the serial communications data register will overwrite
the previous value. The TDRE bit s cleared by accessing the serial communica-
tions status register (with TDRE set), followed by writing to the serial com-
munications data register. Data can not be transmitted unless the serial com-
munications status register i1s accessed before writing to the serial communica-
tions data register to clear the TDRE flag bit Reset sets the TDRE bit

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

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

B5, RDRF When the receive data register full bit is set, 1t indicates that the receiver seral
shift register 1s transferred to the serial communications data register [t multi-
ple errors are detected in any one received word, the NF, FE, and RDRF bits
will be affected as appropriate during the same clock cycle. The RDRF bit 1s
cleared when the serial communications status register is accessed (with RDRF
set) followed by a read of the serial communications data register. Reset clears
the RDRF bit.

B4, IDLE When the idle line detect bit 1s set, it indicates that a receiver idle line Is
detected (receipt of a minimum number of ones to constitute the number of
bits in the byte format). The minimum number of ones needed will be 10
(M=0) or 11 (M=1). This allows a receiver that is not in the wake-up mode to
detect the end of a message, detect the preamble of a new message, or to
resynchronize with the transmitter. The IDLE bit is cleared by accessing the
serial communications status register (with IDLE set) followed by a read of the
serial communications data register. The IDLE bit will not be set again until
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after an RDRF has been set; i.e., a new idle line occurs. The IDLE bit is not set
by an idle line when the receiver ‘wakes up’’ from the wake-up mode. Reset
clears the IDLE bit.

B3, OR When the overrun error bit is set, it indicates that the next byte is ready to be
transferred from the receive shift register to the serial communications data
register when it is already full (RDRF bit is set). Data transfer is then inhibited
until the RDRF bit is cleared. Data in the serial communications data register is
valid in this case, but additional data received during an overrun condition (in-
cluding the byte causing the overrun) will be lost. The OR bit 1s cleared when
the serial communications status register is accessed (with OR set), followed
by a read of the serial communications data register. Reset clears the OR bit.

B2, NF The noise flag bit is set if there is noise on a "'valid’ start bit or if there is noise
on any of the data bits or if there is noise on the stop bit. It is not set by noise
on the idle line nor by invalid (false) start bits. If there is noise, the NF bit 1s not
set until the RDRF flag i1s set. Each data bit is sampled three times as described
above in RECEIVE DATA IN and shown in Figure 5-3. The NF bit represents the
status of the byte in the serial communications data register. For the byte being
received (shifted in) there will also be a “working’’ noise flag the value of which
will be transferred to the NF bit when the serial data is loaded into the serial
communications data register. The NF bit does not generate an interrupt
because the RDRF bit gets set with NF and can be used to generate the inter-
rupt. The NF bit is cleared when the serial communications status register is ac-
cessed (with NF set), followed by a read of the serial communications data
register. Reset clears the NF bit.

B1, FE The framing error bit is set when the byte boundaries in the bit stream are not
synchronized with the receiver bit counter {(generated by a 'lost’’ stop bit). The
byte is transferred to the serial communications data register and the RDRF bit
is set. The FE bit does not generate an interrupt because the RDRF bit 1s set at
the same time as FE and can be used to generate the interrupt. Note that if the
byte received causes a framing error and it will also cause an overrun if transfer-
red to the serial communications data register, then the overrun bit will be set,
but not the framing error bit, and the byte will not be transferred to the serial
communications data register. The FE bit is cleared when the serial com-
munications status register is accessed (with FE set) followed by a read of the
serial communications data register. Reset clears the FE bit.

5.7.5 Baud Rate Register

7 6 5 4 3 2 1 0
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The baud rate register provides the means for selecting different baud rates which may be used as
the rate control for the transmitter and receiver. The SCPO-SCP1 bits function as a prescaler for the
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SCRO-SCR2 bits. Together, these five bits provide multiple, baud rate combinations for a given
crystal frequency.

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

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

Internal Processor
SCP1| SCPO Clock Divide By

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

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

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

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

NOTE
The crystal frequency s internally divided-by-two to generate the internal processor
clock.
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Figure 5-7. Rate Generator Division

Table 5-1. Prescaler Highest Baud Rate Frequency Output

SCP Bit Clock* Crystal Frequency MHz

1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432
0 0 1 131 072 kHz 125 000 kHz 76 80 kHz 62 50 kHz 57 60 kHz
0 1 3 43 691 kHz 41 666 kHz 2560 kHz 20 833 kHz 19 20 kHz
1 0 4 32 768 kHz 31 250 kHz 1920 kHz 15 625 kHz 14 40 kHz
1 1 13 10 082 kHz 9600 Hz 5 907 kHz 4800 Hz 4430 Hz

*The clock in the "“Clock Divided By'’ column s the internal processor clock

NOTE The divided frequencies shown in Table 5-1 represent baud rates which are the highest transmit baud rate (Tx) that can be ob-
tained by a specific crystal frequency and only using the prescaler division Lower baud rates may be obtained by prowviding a

further division using the SCl rate select bits as shown below for some representative prescaler outputs

Table 5-2. Transmit Baud Rate Output For a Given Prescaler Output

SCR Bits Divide Representative Highest Prescaler Baud Rate Output

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 0 1 131 072 kHz 32 768 kHz 76 80 kHz 19 20 kHz 9600 Hz
0 0 1 2 65 536 kHz 16 384 kHz 38 40 kHz 9600 Hz 4800 Hz
0 1 0 4 32 768 kHz 8192 kHz 19 20 kHz 4800 Hz 2400 Hz
0 1 1 8 16 384 kHz 4 096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8 192 kHz 2 048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 4 096 kHz 1024 kHz 2400 Hz 600 Hz 300 Hz
1 1 0 64 2 048 kHz 512 Hz 1200 Hz 300 Hz 160 Hz
1 1 1 128 1024 kHz 256 Hz 600 Hz 160 Hz 75 Hz

NOTE" Table 5-2 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler
output frequency The five examples are only representative samples In all cases, the baud rates shown are transmit baud rates

(transmut clock) and the receiver clock 1s 16 times higher in frequency than the actual baud rate
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SECTION 6
SERIAL PERIPHERAL INTERFACE (SPI)

6.1 INTRODUCTION AND FEATURES

6.1.1 Introduction

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

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

6.1.2 Features

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

1.05 MHz (maximum) master bit frequency

2.1 MHz (maximum) slave bit frequency

Four programmable master bit rates
Programmable clock polarity and phase

End of transmission interrupt flag

Write collision flag protection

Master-Master mode fault protection capability

6.2 SIGNAL DESCRIPTION

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

6.2.1 Master Out Slave In (MOSI)

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

NOTE

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

When the master device transmits data to a second (slave) device via the MOSI line, the slave
device responds by sending data to the master device via the MISO line. This implies full duplex
transmission with both-data out and data in synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted is replaced by the byte received and
eliminates the need for separate transmit-empty and receiver-full status bits. A single status bit
(SPIF) is used to signify that the I/0O operation is complete.

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

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

SCK
(CPOL=0, CPHA=0)
SCK
(CPOL=0, CPHA=1)
SCK
(CPOL=1, CPHA=0)
SCK
(CPOL=1, CPHA=1)
MISO/
ves  ///// /
MSB 6 5 4 3 2 1 LSB

I I N (N (N N

internal strobe for data capture (all modes)

Figure 6-2. Data Clock Timing Diagram

157




6805-Series Microprocessors and Microcomputers _

CDP68HC05C4, CDP68HC05C8
6.2.2 Master In Slave Out (MISO)

The MISO pin is configured as an input in @ master (mode) device and as an output in a slave
(mode) device. In this manner data is transferred serially from a slave to a master on this line; most
significant bit first, least significant bit last. The MISO pin of a slave device is placed in the high-
impedance state if it is not selected by the master; i.e., its SS pin is a logic one. The timing diagram
of Figure 6-2 shows the relationship between data and clock (SCK). As shown in Figure 6-2, four
possible timing relationships may be chosen by using control bits CPOL and CPHA. The master
device always allows data to be applied on the MOSI line a half-cycle before the clock edge (SCK) in
order for the slave device to latch the data.

NOTE

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

When the master device transmits data to a slave device via the MOSI line, the slave device
responds by sending data to the master device via the MISO line. This implies full duplex transmis-
sion with both data out and data in synchronized with the same clock signal (one which is provided
by the master device). Thus, the byte transmitted is replaced by the byte received and eliminates the
need for separate transmit-empty and receiver-full status bits. A single status bit (SPIF) in the serial
peripheral status register (SPSR, location $0B) is used to signify that the I/ O operation i1s complete.

In the master device, the MSTR control bit in the serial peripheral control register (SPCR, location
$0A) is set to a logic one (by the program) to allow the master device to receive data on its MISO
pin. In the slave device, its MISO pin is enabled by the logic level of the SS pin; i.e., :f SS=1 then
the MISO pin is placed in the high-impedance state, whereas, if SS=0 the MISO pin Is an output
for the slave device.

6.2.3 Slave Select (SS)

The slave select (SS) pin is a fixed input (PD5, pin 34), which receives an active low signal that is
generated by the master device to enable slave device(s) to accept data. To ensure that data will be
accepted by a slave device, the SS signal line must be a logic low prior to occurrence of SCK
(system clock) and must remain low until after the last (eighth) SCK cycle. Figure 6-2 illustrates the
relationship between SCK and the data for two different level combinations of CPHA, when SS is
pulled low. These are: 1) with CPHA=1 or 0, the first bit of data is applied to the MISO line for
transfer, and 2) when CPHA =0 the slave device is prevented from writing to its data register. Refer
to the WCOL status flag in the serial peripheral status register (location $0B) description for further
information on the effects that the SS input and CPHA control bit have on the I/O data register. A
high level SS signal forces the MISO (master in slave out) line to the high-impedance state. Also,
SCK and the MOSI (master out slave in) line are ignored by a slave device when its SS signal is
high.

When a device is a master, it constantly monitors its SS signal input for a logic low. The master
device will become a slave device any time its SS signal input is detected low. This ensures that
there is only one master controlling the SS line for a particular system. When the SS line is detected
low, it clears the MSTR control bit (serial peripheral control register, location $0A). Also, control bit
SPE in the serial peripheral control register is cleared which causes the serial peripheral interface
(SPI) to be disabled (port D SPI pins become inputs). The MODF flag bit in the serial peripheral
status register (location $0B) is also set to indicate to the master device that another device Is at-
tempting to become a master. Two devices attempting to be outputs are normally the result of a
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software error; however, a system could be configured which would contain a default master which
would automatically “'take-over”” and restart the system.

6.2.4 Serial Clock (SCK)

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

The master device generates the SCK through a circuit driven by the internal processor clock. Two
bits (SPR0O and SPR1) in the serial peripheral control register (location $0A) of the master device
select the clock rate. The master device uses the SCK to latch incoming slave device data on the
MISO line and shifts out data to the slave device on the MOSI line. Both master and slave devices
must be operated in the same timing mode as controlled by the CPOL and CPHA bit in the serial
peripheral control register. In the slave device, SPRO, SPR1 have no effect on the operation of the
serial peripheral interface. Timing is shown in Figure 6-2.

6.3 FUNCTIONAL DESCRIPTION

A block diagram of the serial peripheral interface (SPI) is shown in Figure 6-3. In a master configura-
tion, the master start logic receives an input from the CPU (in the form of a write to the SPI rate
generator) and originates the system clock (SCK) based on the internal processor clock. This clock
is also used internally to control the state controller as well as the 8-bit shift register. As a master
device, data is parallel loaded into the 8-bit shift register (from the internal bus) during a write cycle
and then shifted out serially to the MOSI pin for application to the slave device(s). During a read cy-
cle, data is applied serially from a slave device via the MISO pin to the 8-bit shift register After the
8-bit shift register is loaded, its data is parallel transferred to the read buffer and then i1s made
available to the internal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives a logic low (from a master device) at the 5SS
pin and a system clock input (from the same master device) at the SCK pin. Thus, the slave is syn-
chronized with the master. Data from the master is received serially at the slave MOSI pin and loads
the 8-bit shift register. After the 8-bit shift register is loaded, its data is parallel transferred to the
read buffer and then is made available to the internal data bus during a CPU read cycle. During a
write cycle, data is parallel loaded into the 8-bit shift register from the internal data bus and then
shifted out serially to the MISO pin for application to the master device.

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

6.4 REGISTERS

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

6.4.1 Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 1 0

[ spie | see [ -

[ mstr [ cror [ crra | seri | sero J $0A

The serial peripheral control register bits are defined as follows

B7, SPIE

B6, SPE

B4, MSTR

When the serial peripheral interrupt enable bit 1s high, 1t allows the occurrence
of a processor interrupt, and forces the proper vector to be loaded into the pro-
gram counter If the serial peripheral status register flag bit (SPIF and/or MODF)
is set to a logic one It does not inhibit the setting of a status bit The SPIE bitis
cleared by reset.

When the serial perjpheral output enable control bit i1s set, all output drive is ap-
plied to the external pins and the system is enabled When the SPE bit is set, it
enables the SPI system by connecting it to the external pins thus allowing 1t to
interface with the external SPI bus. The pins that are defined as output depend
on which mode (master or slave) the device is in. Because the SPE bit s cleared
by reset, the SPI system is not connected to the external pins upon reset

The master bit determines whether the device 1s a master or a slave |f the
MSTR bit is a logic zero it indicates a slave device and a logic one denotes a
master device. If the master mode 1s selected, the function of the SCK pin
changes from an input to an output and the function of the MISO and MOSI
pins are reversed. This allows the user to wire device pins MISO to MISO, and
MOSI to MOSI, and SCK to SCK without incident The MSTR bit is cleared by
reset; therefore, the device is always placed in the slave mode during reset.
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B3, CPOL The clock polarity bit controls the normal or steady state value of the clock
when data is not being transferred. The CPOL bit affects both the master and
slave modes. It must be used in conjunction with the clock phase control bit
(CPHA) to produce the wanted clock-data relationship between a master and a
slave device. When the CPOL bit is a logic zero, it produces a steady state low
value at the SCK pin of the master device. If the CPOL bit is a logic one, a high
value is produced at the SCK pin of the master device when data is not being
transferred. The CPOL bit is not affected by reset. Refer to Figure 6-2.

B2, CPHA The clock phase bit controls the relationship between the data on the MISO
and MOSI pins and the clock produced or received at the SCK pin. This control
has effect in both the master and slave modes. It must be used in conjunction
with the clock polarity control bit (CPOL) to produce the wanted clock-data
relation. The CPHA bit in general selects the clock edge which captures data
and allows it to change states. It has its greatest impact on the first bit transmit-
ted (MSB) in that it does or does not allow a clock transition before the first
data capture edge. The CPHA bit i1s not affected by reset. Refer to Figure 6-2.

B1, SPR1 These two serial peripheral rate bits select one of four baud rates to be used as

BO, SPRO SCK if the device is a master; however they have no effect in the slave mode.
The slave device is capable of shifting data in and out at a maximum rate which
is equal to the CPU clock. A rate table is given below for the generation of the
SCK from the master. The SPR1 and SPRO bits are not affected by reset.

Internal Processor
SPR1| SPRO Clock Divide By
0 0 2
0 1 4
1 0 16
1 1 32

6.4.2 Serial Peripheral Status Register (SPSR)

7 6 5 4 3 2 1 0
[ spF Jweor] — Jmoor ] — T - T - T -] so8

The status flags which generate a serial peripheral interface (SPI) interrupt may be blocked by the
SPIE control bit in the serial peripheral control register. The WCOL bit does not cause an interrupt.
The serial peripheral status register bits are defined as follows:

B7, SPIF The serial peripheral data transfer flag bit notifies the user that a data transfer
between the device and an external device has been completed. With the com-
pletion of the data transfer, SPIF is set, and if SPIE is set, a serial peripheral
interrupt (SP1) is generated. During the clock cycle that SPIF is being set, a
copy of the received data byte in the shift register is moved to a buffer. When
the data register is read, it is the buffer that is read. During an overrun condi-
tion, when the master device has sent several bytes of data and the slave
device has not responded to the first SPIF, only the first byte sent is contained
in the receiver buffer and all other bytes are lost.
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The transfer of data is initiated by the master device writing its serial peripheral
data register.

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

The function of the write collision status bit is to notify the user that an attempt
was made to write the serial peripheral data register while a data transfer was
taking place with an external device. The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A "‘read collision” will never occur since
the received data byte is placed in a buffer in which access is always syn-
chronous with the MCU operation. If a "‘write collision”” occurs, WCOL 1s set
but no SPI interrupt is generated. The WCOL bit is a status flag only.

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

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

Collision in the master device I1s defined as a write of the serial peripheral data
register while the internal rate clock (SCK) is in the process of transfer. The
signal on the SS pin is always high on the master device.

A collision in a slave device is defined in two separate modes. One problem
arises in a slave device when the CPHA control bit is a logic zero. When CPHA
is a logic zero, data is latched with the occurrence of the first clock transition.
The slave device does not have any way of knowing when that transition will
occur; therefore, the slave device collision occurs when it attempts to write the
serial peripheral data register after 1ts SS pin has been pulled low. The SS pin
of the slave device freezes the data in its serial peripheral data register and does
not allow it to be altered if the CPHA bit is a logic zero. The master device must
raise the SS pin of the slave device high between each byte it transfers to the
slave device
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B4, MODF
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The second collision mode is defined for the state of the CPHA control bit be-
ing a logic one. With the CPHA bit set, the slave device will be receiving a clock
(SCK) edge prior to the latch of the first data transfer. This first clock edge will
freeze the data in the slave device I/0O register and allow the msb onto the ex-
ternal MISO pin of the slave device. The SS pin low state enables the slave
device but the drive onto the MISO pin does not take place until the first data
transfer clock edge. The WCOL bit will only be set if the I/ O register is access-
ed while a transfer is taking place. By definition of the second collision mode, a
master device might hold a slave device SS pin low during a transfer of several
bytes of data without a problem.

A special case of WCOL occurs in the slave device. This happens when the
master device starts a transfer sequence (an edge or SCK for CPHA=1; or an
active SS transition for CPHA=0) at the same time the slave device CPU is
writing to its serial peripheral interface data register. In this case it is assumed
that the data byte written (in the slave device serial peripheral interface) is lost
and the contents of the slave device read buffer becomes the byte that is
transferred. Because the master device receives back the last byte transmitted,
the master device can detect that a fatal WCOL occurred.

Since the slave device is operating asynchronously with the master device, the
WCOL bit may be used as an indicator of a collision occurrence. This helps
alleviate the user from a strict real-time programming effort. The WCOL bit is
cleared by reset.

The function of the mode fault flag is defined for the master mode (device). If
the device is a slave device the MODF bit will be prevented from toggling from
a logic zero to a logic one; however, this does not prevent the device from be-
ing in the slave mode with the MODF bit set. The MODF bit is normally a logic
zero and is set only when the master device has its SS pin pulled low. Toggling
the MODF bit to a logic one affects the internal serial peripheral interface (SPI)
system in the following ways:
1. MODF is set and SPI interrupt is generated If SPIE=1.
2. The SPE bit is forced to a logic zero. This blocks all output drive from
the device, disables the SPI system.
3. The MSTR bit is forced to a logic zero, thus forcing the device into the
slave mode.

Clearing the MODF s accomplished by a software sequence of accessing the
serial peripheral status register while MODF is set followed by a write to the
serial peripheral control register. Control bits SPE and MSTR may be restored
to their original set state during this clearing sequence or after the MODF bit
has been cleared. Hardware does not allow the user to set the SPE and MSTR
bit while MODF is a logic one unless it is during the proper clearing sequence.

" The MODF flag bit indicates that there might have been a multi-master conflict

for system control and allows a proper exit from system operation to a reset or
default system state. The MODF bit is cleared by reset.
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6.4.3 Serial Peripheral Data 1/0 Register (SPDR)

7 6 5 4 3 2 1 0
L Serial Peripheral Data I/0 Register J $0C

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

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

A write to the serial peripheral data I/ O register 1s not buffered and places data directly into the shift
register for transmission.

The ability to access the serial peripheral data /O register is limited when a transmission is taking
place. It is important to read the discussion defining the WCOL and SPIF status bits to understand
the limits on using the serial peripheral data 1/0 register.

6.5 SERIAL PERIPHERAL INTERFACE (SPI) SYSTEM CONSIDERATIONS

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

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

165




6805-Series Microprocessors and Microcomputers

CDP68HC05C4, CDP68HC05C8

byte back from the slave device if all MISO and MOS! lines are connected and the slave has not
written its data 1/0 register. Other transmission security methods might be defined using ports for
handshake lines or data bytes with command fields.

A multi-master system may also be configured by the user. A system of this type is shown in Figure
6-1b. An exchange of master control could be implemented using a handshake method through the
1/0 ports or by an exchange of code messages through the serial peripheral interface system. The
major device control that plays a part in this system is the MSTR bit in the serial peripheral control
register and the MODF bit in the serial peripheral status register.
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SECTION 7
EFFECTS OF STOP AND WAIT MODES ON THE
TIMER AND SERIAL SYSTEMS

7.1 INTRODUCTION

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

7.2 STOP MODE

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

7.2.1 Timer During Stop Mode

When the MCU enters the stop mode, the timer counter stops counting (the internal processor
clock is stopped) and remains at that particular count value until the stop mode s exited by an inter-
rupt (if exited by reset the counter is forced to SFFFC) If the stop mode 1s exited by an external low
on the IRQ pin, then the counter resumes from its stopped value as if nothing had happened
Another feature of the programmable timer, in the stop mode, Is that if at least one valid input cap-
ture edge occurs at the TCAP pin, the input capture detect circuitry 1s armed. This action does not
set any timer flags or ““wake up’’ the MCU, but when the MCU does "‘wake up'’ there will be an ac-
tive input capture flag (and data) from that first valid edge which occurred during the stop mode. If
the stop mode Is exited by an external reset (logic low on RESET pin), then no such input capture
flag or data action takes place even If there was a valid input capture edge (at the TCAP pin) during
the MCU stop mode.

7.2.2 SCI During Stop Mode

When the MCU enters the stop mode, the baud rate generator which drives the receiver and
transmitter is shut down. This essentially stops all SCI activity The receiver I1s unable to receive and
transmitter is unable to transmit. If the STOP instruction 1s executed during a transmitter transfer,
that transfer is halted. When the stop mode is exited, that particular transmission resumes (if the
exit is the result of a low Input to the IRQ pin). Since the previous transmission resumes after an TRQ
interrupt stop mode exit, the user should ensure that the SCI transmitter is in the idle state when the
STOP instruction is executed If the receiver 1s receiving data when the STOP instruction is
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executed, received data sampling is stopped (baud rate generator stops) and the rest of the data is
lost. For the above reasons, all SCI transactions should be in the idle state when the STOP instruc-
tion is executed. '

7.2.3 SPI During Stop Mode

When the MCU enters the stop mode, the baud rate generator which drives the SPI shuts down.
This essentially stops all master mode SPI operation, thus the master SPI is unable to transmit or
receive any data. If the STOP instruction is executed during an SPI transfer, that transfer is halted
until the MCU exits the stop mode (provided it is an exit resulting from a logic low on the IRQ pin). If
the stop mode is exited by a reset, then the appropriate control/status bits are cleared and the SPI is
disabled. If the device is in the slave mode when the STOP instruction is executed, the slave SPI will
still operate. It can still accept data and clock information in addition to transmitting its own data
back to a master device.

At the end of a possible transmission with a slave SPI in the stop mode, no flags are set until a logic
low IRQ input results in an MCU “‘wake up”’. Caution should be observed when operating the SPI
(as a slave) during the stop mode because none of the protection circuitry (write collision, mode
fault, etc.) is active.

It should also be noted that when the MCU enters the stop mode all enabled output drivers (TDO,
TCMP, MISO, MOSI, and SCK ports) remain active and any sourcing currents from these outputs
will be part of the total supply current required by the device.

7.3 WAIT MODE

When the MCU enters the wait mode, the CPU clock is halted. All CPU action is suspended;
however, the timer, SCI, and SPI systems remain active. In fact an interrupt from the timer, SCI, or
SPI (in addition to a logic low on the TRQ or RESET pins) causes the processor to exit the wait
mode. Since the three systems mentioned above operate as they do in the normal mode, only a
general discussion of the wait mode is provided below.

The'wait mode power consumption depends on how many systems are active. The power con-
sumption will be highest when all the systems (timer, TCMP, SCI, and SPI) are active. The power
consumption will be the least when the SCI and SPI systems are disabled (timer operation cannot
be disabled in the wait mode). If a non-reset exit from the wait mode is performed (i.e., timer
overflow interrupt exit), the state of the remaining systems will be unchanged. If a reset exit from
the wait mode is performed all the systems revert to the disabled reset state.
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SECTION 8
INSTRUCTION SET AND ADDRESSING MODES

8.1 INSTRUCTION SET

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

All of the instructions used in the CDP6805 CMOS Family are used in the CDP68HCO5C4 MCU, plus
an additional one; the multiply (MUL) instruction This instruction allows for unsigned multiplica-
tion of the contents of the accumulator (A) and the index register (X) The high order product is
then stored in the index register and the low order product is stored in the accumulator. A detailed
definition of the MUL instruction i1s shown below

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

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

8.1.1 Register/Memory Instructions

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

8.1.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the
modified value back to memory or to the register. The test for negative or zero (TST) instruction is
an exception to the read-modify-write sequence since it does not modify the value. Refer to Table
8-2.
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Table 8-1. Register/Memory Instructions

Addressing Modes

. Indexed Indexed Indexed
Immediate Drrect Extended (No Offset) (8-Bit Offset) (16-B1t Offset)
Op 4 ¥ Op t 4 Op t # Op ¥ Ed Op # ’ Op * ¥
Function Mnem.| Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code { Bytes.| Cycles

Load A from Memory | LDA A6 2 2 B6 2 3 Cé 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - 87 2 4 Cc7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 cB 3 4 FB 1 3 EB 2 4 OB 3 5
Add Memory and ADC

Carry to A A9 2 2 B9 | 2 3 co | 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory SuB A0 2 2 80 2 3 Cco 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract Memory from N

A with Borrow SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND Ad 2 2 B4 2 3 ca 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA | AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 2 DA 3 5
Exclusive OR Memory EOR A8 2 2 88 2 3 c8 3 4 F8 1 3 €8 2 4 D8 3 5

with A
Anthmetic Compare A cMP Al 2 y 81 2 3 C1 3 4 F1 1 3 E1 2 4 D1 3 5

with Memory

X

A e | cox | a3 | 2 2 | 83| 2 3 | 3| 3 | a4 | 3| 1 3 | e | 2| 4 | 03| 3 5
Bit Test Memory with

A (Logical Compare) BIT | A5 2 2 B85 2 3 cs 3 4 F5 1 3 33 2 4 D5 3 5
Jump Unconditional JMP - - - BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR - - - BD 2 5 CD 3 6 FD 1 5 ED 2 6 DD 3 7
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Table 8-2. Read-Modify-Write Instructions

Addressing Modes

Inherent (A) Inherent (X) Direct (ledg:::n (&:‘i?egf‘fzﬂ)
Op ¥ ’ Op 1] ¥ Op * ! Op ] ' Op ] ]
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC aA 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR aF 1 3 5F ] 3 3F 2 5 7F 7 5 6F 2 3
Complement COM 3 1 3 53 i 3 3 2 5 73 1 5 63 2 5
Nﬁg?s'ecOm plement) NEG 0 1 3 50 1 3 30 2 5 70 1 5 60 2 6
Rotate Left Thru Carry | ROL 49 1 3 59 1 3 29 2 5 79 1 5 69 2 6
Rotate Right Thru ROR 46 1 3 56 1 3 % 2 5 76 1 5 | 66 2 6
Carry

Logical Shift Left LSt 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR a4 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Anthmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Tes: 'Z°’r;‘ega""e TST 4D 1 3 50 1 3 30 2 4 70 1 4 6D 2 5
Multiply MUL 42 1 1" - - = - - - - — - - -

80500H89dAD ‘YOS0OH89dAD
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8.1.3 Branch Instructions

Most branch instructions test the state of the condition code register and if certain criteria are met,
a branch is executed. This adds an offset between — 127 and + 128 to the current program counter.
Refer to Table 8-3.

Table 8-3. Branch Instructions

Relative Addressing Mode
Function Mnemonic Cooge Bv'tes Cyc':les
Branch Always BRA 20 2 3
Branch Never BRN 21 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 28 2 3
Branch IFF Interrupt Mask Bit 1s Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit 1s Set BMS 20 2 3
Branch IFF Interrupt Line 1s Low BIL 2E 2 3
Branch IFF Interrupt Line 1s High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

8.1.4 Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which resides in the first 256 bytes of the memory
space except for ROM, port D data location ($03), serial peripheral status register ($0B), serial com-
munications status register ($10), timer status register ($13), and timer input capture register
($14-$15). All port registers, port DDRs, timer, two serial systems, on-chip RAM, and 48 bytes of
ROM reside in the first 256 bytes (page zero). An additional feature allows the software to test and
branch on the state of any bit within the first 256 locations. The bit set, bit clear, and bit test and
branch functions are all implemented with a single instruction. For the test and branch instructions,
the value of the bit tested is automatically placed in the carry bit of the condition code register.
Refer to Table 8-4.

Table 8-4. Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
Function Mnemonic Op # # Op # t
Code Bytes Cycles Code Bytes Cycles
Branch IFF Bit nis Set BRSET n(n=0 7) - - - 2en 3 5
Branch IFF Bit n1s Clear B3RCLRn(n=0 7) - - - 01+ 2en 3 5
Set Bit n BSET n(n=0 7) | 10+2en 2 5 - - -
Clear Bit n BCLRn (n=0 7) 11+ 2en 2 5 - - -
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8.1.5 Control Instructions

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

Table 8-5. Control Instructions

Inherent
Function Mnemonic cgze By'un cy:‘“
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CcLC 98 1 2
Set Interrupt Mask Bit SE! 98 1 2
Clear Interrupt Mask Bit CLi 9A 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

8.1.6 Alphabetical Listing

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

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

8.2 ADDRESSING MODES

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

The term “effective address’ (EA) is used in describing the various addressing modes, and is
defined as the byte address to or from which the argument for an instruction is fetched or stored.
The ten addressing modes of the processor are described below. Parentheses are used to indicate
contents of'’ the location or register referred to; e g , (PC) indicates the contents of the location
pointed to by the PC. An arrow indicates "‘is replaced by"’, and a colon indicates concatenation of
two bytes.
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Table 8-7. HCMOS Instruction Set Opcode Map

Bit Manipulation | Branch Read/Modity/Write Control Register/ Memory
BB E%Q DIR___| IQH H 4] 1 1X INH INH IMM | DIR__ | X1
Hi 0 7 T8 9 A B E % H
Low 0000 0001 0010 0011 0101 o110 o1t 1000 1001 1010 1011 1100 1101 130 jRRE} Low
5 5 5 3 3 5 3 3
0 BRSETO BSETO BRA NEG NEG NEG NEG RT! sud suB suB sus sus sus 0
|__0000 3 BB {2 BSC 5 2 DR |1 I iNH | 2 x| x| w»; 2 IMN; 2 Dlg 3 BXT13 |x§ X} 1 1X 0000
5
1 BRCLRO BCLRO BRN RTS CMmP CMP CMmP CMP CcmP CMP 1
0001 3 818 |2 R L 1 INH 2 IMM | 2 DR |3 Ex i3 1x2 X3 |>5 0001
n 3
2 BRSET) BSET!1 BHI uL SBC SBC SBC S8C SBC sec 2
| o010 3 sn; 2 lssc5 2 Rﬂé ! INH 5 : < 5 IMM | 2 Dm3 3 E)(Ta 3 |x§ X1 1x 0010
3 BRCLR1 BCLR1 BLS COoM COMA COMX CoM Ccom swi PX CPX CPX CPX CPX CPX 3
0011 BT% 2 BSC 12 Rﬂi 2 DIR |1 INH | 3 IN»—; 2 X1 1 n; 1 INH 2 IMM | 2 Du; 3 EXT |3 ug X1 ] 3 1X ¢ 18]
4 BRSET2 BSETZ BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 at% 2 BSC _Z___R.BJ- 2 OTR | 1 INH | 1 INH | 2 ix1 ] ix 2 |w~; 2 DIF; 3 EXT 3 axg X1l X 0100
5 BRCLR2 BCLR2 BCS BIT BIT BIT 8IT 8IT BIT 5
0101 3 818 [ 2 L] 2 MM | 2 DR [3 EXT |3 1X2 X110 X 0101
€ 5 B 3 3 6 5 2 3 ) §
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6 :
0110 8IB 12 REL | 2 J)% 1 |Nr; 1 INk; 2 ixé 1 'é MM | 2 LB EXT | 3 n(% |x% 1 x| o010
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
om BTB {2 _Z____Rﬂa._ 2 QIF; 1 lNr; 1 INP; 2 «xé 1 |g ; 1 INH 5 2 DIF; 3 EXT] 3 |x§ |x1 1 X om
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
1000 3 BTI; 2 (o8l W E[s 2 DR |1 IND; 1 |Nr; 2 vxé 1 né 1 NH_| 2 IMM | 2 DR |3 EXT {3 l)% l)(: 1 .):(; 1000
€ 2 2 3 4
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BIB |2 2 REL | 2 D\F; 1 INr; 1 INH 2 uxé 1 <>é 1 IN»; 2 )Mrg 2 Dy; 3 EXI 3 X2 X1 1x 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC ! cLi ORA ORA ORA ORA ORA ORA A
1010 3 eug 2 R 2 DR [ 1 INH | 1 INH | 2 x| X _lr Al :erc 2 'Mbg 2 DR |3 EXT] 3 1X2 l)(; 1 |); 1010
8 BRCLRS | BCLRS BMI SEl ADD ADD ADD ADD ADD ADD B
011 3 BI% 2 REL 5 . 5 - = 1 iNg L2 MM | 2 osf; 3 EXT] 3 1X2 |x:|’ 1 u; 1011
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP : JMP JMP JMP JMP JMP C
1100 3 872 2 Ri n} 1 um; 1 mg 2 x| x i INH 2 oR |3 exT| 3 1x2 |x; 1 u; 1100
D BRCLR6 | BCLR6 BMS TsT TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR
101 18 12 ns% 5 2 DR |1 INH |1 INH | 2 X1t .3 3 : NH |2 REL| 2 Dlgj 3 Ex: 3 1X2 |xl 1 I); 101
BRSET7 BSET? BIL STOP LDX LDX LDX LDX LDX LDX E
110 3 818 |2 Ri 1 INH 2 MM | DR |3 Ex1]3 X2 x1] 1 1X 110
5 3 5 3 3 3 5 7 z 6 5
F BRCLR? BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA i . STX STX STX STX STX F
nn 3 8T8 | 2 8SC REL |2 DR |1 INH |1 INH | 2 X1 x {1 INH | ! INH 1l OIR|3 EXT| 3 1X2 X1 X nn J
Abbreviations for Address Modes LEGEND
INH Inherent F <
pcode 1in Hexadec
A Accumulator 1< [ e mal
X Index Register 3
IMM Immediate 7 Opcode in Bina
DIR Drect Mnemonic =13 SUB/' 0 gl v
EXT  Extended Bytes ! L 0000
REL Relative /
les ode
BSC Bt Set/Clear Cyc Address M
8T8 Bit Test and Branch
X Indexed (No Offset)
X1 Indexed, 1 Byte (8-Bit) Offset
X2 Indexed, 2 Byte (16-Bit) Offset
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8.2.1 Inherent

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

8.2.2 Immediate

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

EA=PC+1;, PC=PC+2

8.2.3 Direct

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

8.2.4 Extended

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

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

8.2.5 Indexed, No Offset

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

8.2.6 Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte following the opcode to that of the index
register; therefore, the operand is located anywhere within the lowest 511 memory locations. For
example, this mode of addressing is useful for selecting the mth element in a n element table. All in-
structions are two bytes. The content of the index register (X) is not changed. The content of
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(PC+1) is an unsigned 8-bit integer. One byte offset indexing permits look-up tables to be easily ac-
cessed in either RAM or ROM.
EA=X+(PC+1); PC+=PC+2
Address Bus High<K; Address Bus Low=X+ (PC+ 1)
where:
K= The carry from the addition of X+ (PC+ 1)

8.2.7 Indexed, 16-Bit Offset

In the indexed, 16-bit offset addressing mode, the effective address is the sum of the contents of
the unsigned 8-bit index register and the two unsigned bytes following the opcode. This addressing
mode can be used in a manner similar to indexed 8-bit offset, except that this three byte instruction
allows tables to be anywhere in memory (e.g., jJump tables in ROM). The content of the index register 1s
not changed.

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

8.2.8 Relative

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

EA=PC+2+(PC+1); PC<EA if branch taken;
otherwise, EA=PC<«PC+2

8.2.9 Bit Set/Clear

Direct addressing and bit addressing are combined in instructions which set and clear individual
memory and |/ 0O bits. In the bit set and clear instructions, the byte is specified as a direct address in
the location following the opcode. The first 256 addressable locations are thus accessed. The bit to
be modified within that byte is specified in the first three bits of the opcode. The bit set and clear in-
structions occupy two bytes, one for the opcode (including the bit number) and the other to ad-
dress the byte which contains the bit of interest. '
EA=(PC+1); PC+PC+2
Address Bus High<0; Address Bus Low=(PC+ 1)

8.2.10 Bit Test and Branch

Bit test and branch is a combination of direct addressing, bit set/clear addressing, and relative
addressing. The actual bit to be tested, within the byte, is specified within the low order nibble of
the opcode. The address of the data byte to be tested is located via a direct address in the location
following the opcode byte (EA1). The signed relative 8-bit offset is in the third byte (EA2) and is
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added to the PC if the specified bit is set or cleared in the specified memory location. This single
three byte instruction allows the program to branch based on the condition of any bit in the first 256
locations of memory.

EA1=(PC+1)
Address Bus High<0; Address Bus Low=(PC+ 1)
EA2=PC+3+(PC+2); PC<«EA2 if branch taken;
otherwise, PC«-PC+3
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SECTION 9
ELECTRICAL SPECIFICATIONS

9.1 INTRODUCTION

This section contains the electrical specifications and associated timing information for the
CDP68HCO5C4

9.2 MAXIMUM RATINGS (Voltages Referenced to Vgg)

This device contains circuitry to
protect the inputs against damage
due to high static voltages of elec-

Ratings Symbol Value Unit tric fields, however, 1t 1s advised
Supply Voltage VpD -0.5 to +7 \ that normal precautions be taken
Input Voltage Vin |Vss-0.3toVpp+0.3| V to avoid application of any voltage
Self-Check Mode (TRQ Pin Only) Vin [Vss-0.3to2xVpp+0.3] V higher than maximum rated
Current Drain Per Pin Excluding Vpp voltages to this high impedance
and Vss | 25 mA circuit  For proper operation 1t 1s
L Xk o R s BN
Storage Temperature Range Tstg -65 to +150 °C (Vyn of Voutl <VDD Reliability of

operation is enhanced f unused in

puts except OSC2 are connected
9.3 THERMAL CHARACTERISTICS to an appropriate logic voltage

level (e g , either Vgg or Vpp)

Characteristics Symbol| Value Unit

Thermal Resistance 6JA
Ceramic Dual-In-Line 50
Plastic Dual-In-Line 100 °C/W
Plastic Chip Carrier 70

Vpp=45V
Pins R1 R2 C
PAO-PA7, | 326 k@ | 238 k0 | 50 pF VDD
PBO-PB7,
PCO-PC7,
PD6 R2
PD1-PD4 | 19k | 226 k@ | 200 pF (See Table)
Test
Point

Vpp=3.0V c R1
Pins R1 R2 C (See (See Table)

PAQ-PA7, | 1091ka| 632ka | 50 pF Table)

PBO-PB7,

PCO-PC7,
PD6 =

PD1-PD4 6 kQ 6 kQ 200 pF

Figure 9-1. Equivalent Test Load
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9.4 POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from
Ty=TAa+(PDedyA) (1)
Where:

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

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

An approximate relationship between Pp and T (if Pj;0 1s neglected) 1s

PD=K—-(Ty+273°C) (2)
Solving equations 1 and 2 for K gives
K=Ppe(TAa+273°C) +0a°PD2 (3)

Where K is a constant pertaining to the particular part K can be determined from equation 3 by
measuring Pp (at equilibrium) for a known TA Using this value of K the values of Pp and TJ can be
obtained by solving equations (1) and (2) iteratively for any value of Ta
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9.5 DC ELECTRICAL CHARACTERISTICS
(VDbp=5Vdc*10%, Vgg =0V dc, TA = -40°C to +125°C unless otherwise noted)

Characteristic lsymbor - ".I'.';':‘ e Uni
Output Voltage, I gad < 10 A VoL - - 0.1 v
VoH | Vpp-0.1 — —
Output High Voltage
(ILoad=0.8 mA) PAO-PA7, PB0-PB7, PCO-PC7, TCMP VOH | VDD-08 | — -
(See Figure 9-2) )
| (lLoag=1.6 mA) PD1-PD4 (See Figure 9-3) VoH | Vpp-0.8 - —
Output Low Voltage (See Figure 9-4) VoL
(I oag=1.6 mA) PAO-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP — — 0.4 )
Input High Voltage VIH
PA0-PA7, PBO-PB7, PCO-PC7, PD0O-PDS, PD7, TCAP, IRQ, 07xVpp| — VDD v
RESET, OSC1
Input Low Voltage ViL
PAO-PA7, PB0-PB7, PC0-PC7, PDO-PDS5, PD7, TCAP, IRQ Vss — 10.2xVpp v
"RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2 — — \
Supply Current (See Notes)
Run (See Figures 9-5 and 9-6) DD — 35 7 mA
Wait (See Figures 9-5 and 9-6) IDD — 1.6 4 mA
Stop (See Figure 9-6)
25°C IDD — 2 50 uA
-40° to +125°C DD — — 250 uA
1/0 Ports Hi-Z Leakage Current he
. PA0O-PA7, PBO-PB7, PC0-PC7, PD1-PD4 — — +10 uA
Input Current lin
RESET, IRQ, TCAP, OSC1, PDO, PDS5, PD7 — — +1 uA
Capacitance
Ports (as Input or Output) Cout - - 12 F
RESET, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8 P
NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25° C only.

3. Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI, SCI active (SPE=TE=RE=1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fosc=4.2 MHz), all inputs
0.2 V from rail, no DC loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V| =0.2 V, V|4=Vpp-0.2 V.

. Stop Ipp measured with OSC1=Vgg.

7. Wait Ipp is affected linearly by the OSC2 capacitance.

[0 ]
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9.6 DC ELECTRICAL CHARACTERISTICS
(Vpp =3.3V dc + 10%, Vgg =0V dc, T = -40°C to +125°C unless otherwise noted)

Characteristic Symbol Min: L.:,'::’“ Max. Unit
Output Voltage, I gad < 10 uA VoL — —_ 0.1 v
VoH | VDD-0.1 — —
Output High Voltage
(ILoad=0.2 mA) PAQ-PA7, PB0-PB7, PCO-PC7, TCMP VoH | VpD-0.3 - -
(See Figure 9-2) v
(ILoag=0.4 mA) PD1-PD4 (See Figure 9-3) VoH | VDD-0.3 — —
Output Low Voltage (See Figure 9-4) VoL
(ILoag=0.4 mA) PAO-PA7, PBO-PB7, PC0-PC7, PD1-PD4, TCMP — — 0.3 \
Input High Voltage VIH
PAO-PA7, PB0-PB7, PC0-PC7, PDO-PDS, PD7, TCAP, IRQ, 0.7xVpp| — VpbD \'
RESET, OSC1
Input Low Voltage ViL
PA0-PA7, PBO-PB7, PCO-PC7, PD0-PD5, PD7, TCAP, iRQ Vss — |02xVpp| V
RESET, OSC1
Data Retention Mode (0° to 70° C) VRM 2 — — \
Supply Current (See Notes)
Run (See Figures 9-5 and 9-7) IpD - 1 25 mA
Wait (See Figures 9-5 and 9-7) DD — 1 25 mA
Stop (See Figure 9-7)
25°C IpD - 0.5 14 HA
-40° to +125°C IDD — — 175 uA
1/0 Ports Hi-Z Leakage Current [ITN
PA0O-PA7, PB0-PB7, PC0-PC7, PD1-PD4 — —_ +10 UA
Input Current lin
RESET, TRQ, TCAP, OSC1, PDO, PD5, PD7 — — +1 HA
Capacitance
Ports (ainput or Output) Cout - —_ 12 oF
RESET, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8
NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25° C only.

3. Wait Ipp: Only timer system active (SPE=TE=RE=0). |f SPI, SCI active (SPE=TE=RE=1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fosc=2 MHz), all inputs
0.2 V from rail, no DC loads, less than 50 pF on all outputs, Cy =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V| =0.2 V, Vi4=Vpp-0.2 V.

. Stop Ipp measured with OSC1=Vgs.

7. Wait Ipp is affected linearly by the OSC2 capacitance.

[N
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9.7 CONTROL TIMING (Vpp=5.0 Vdc +10%, V§s=0 Vdc, To= —55 to_+125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc - 42 MHz

External Clock Option fosc dc 42 MHz
Internal Operating Frequency

Crystal (fogc + 2) fop - 21 MHz

External Clock (fosc ¥ 2) fop dc 21 MHz
Cycle Time (See Figure 3-1) teye 480 - ns
Crystal Oscillator Startup Time (See Figure 3-1) tOXOV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) tLCH - 100 ms
RESET Pulse Width (See Figure 3-2) tRL 156 - teyc
Timer

Resolution* * tRESL 40 - teye

Input Capture Pulse Width (See Figure 9-4) tTH. tTL | 126 - ns

Input Capture Pulse Period (See Figure 9-4) TLTL . - teyc
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) tLIH 125 — ns
Interrupt Pulse Period (See Figure 3-4) ULIL * — teye
OSC1 Pulse Width toH. toL| 90 - ns

*The minimum period tj L should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye

* *Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the imiting minimum factor in determining the timer
resolution

***The minimum period tT| TL should not be less than the number of cycle times 1t takes to execute the capture interrupt service
routine plus 24 toyc

e N 7777777\ TTTTTTT777;

€— 1RL —

RESET _1‘ ;

e~ Y LIH —3>

I
TRQ2 \ ]

| e Y CH ———————— € 4064 tc,c —>]

TRG3 \

oo L¢| [
EDIIIEEIE D GO D € ED &

Address
Bus
RESET or Interrupt
Vector Fetch

NOTES
1 Represents the internal gating of the OSC1 pin
2 TRQ pin edge-sensitive mask option
3 TRQ pin level and edge-sensitive mask option.
4 RESET vector address shown for timing example

Figure 9-3. Stop Recovery Timing Diagram
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9.8 CONTROL TIMING (Vpp=3.0 Vdc +10%, VSS=0 Vdc, TA= —55 to_+ 125°C) _
Characteristic Symbol S o

Frequency of Operation

Crystal Option fosc - 20 MHz

External Clock Option fosc dc 20 MHz
Internal Operating Frequency

Crystal (fogc + 2) fop - 10 MHz

External Clock (foge = 2) fop dc 10 MHz
Cycle Time (See Figure 3-1) teyc 1000 - ns
Crystal Oscillator Startup Time (See Figure 3-1) tOX0oV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) tiLCH - 100 ms
RESET Pulse Width — Excluding Power-Up (See Figure 3-1) tRL 15 - teye
Timer

Resolution* * tRESL 4.0 - teye

Input Capture Pulse Width (See Figure 9-4) TH. ttL | 280 - ns

Input Capture Pulse Period (See Figure 9-4) TLTL e - toyc
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) ULIH 250 - ns
Interrupt Pulse Period (See Figure 3-4) tLiL * - teye
OSC1 Pulse Width toH. toL | 200 - ns

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

21 teye

* * Since a 2-bit prescaler in the timer must count four internal cycles (tgyc), this 1s the imiting minimum factor in determining the timer

resolution.

* * *The minimum period tT{ T|L should not be less than the number of cycle times it takes to execute the capture interrupt service

routine plus 24 toyc

F—ITLTL —
External

TH

F_ — ITL

Signal
(TCAP -J
Pin 37)

Figure 9-4. Timer Relationships
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9.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5)

(VDD=5.0 Vdc +10%, Vss=0 Vdc, TA= -40 to +125°)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency ) s

Master foptm dc 05 fop

Slave fopis) dc 21 MHz
1 Cycle Time '

Master teycim 20 — teye

Slave teyeis) 480 — ns
2 Enable Lead Time

Master tiead(m) ) —

Slave tieaats) 240 —_ ns
3 Enable Lag Time

Master tiagtm * —

Slave tiags) 240 — ns
4 Clock (SCK) High Time

Master twisckHim 340 — ns

Slave twisckHis 190 — ns
5 Clock (SCK) Low Time

Master twisckuim 340 — ns

Slave twisckus 190 — ns
6 Data Setup Time (Inputs)

Master tsutm 100 — ns

Slave tsus) 100 — ns
7 Data Hold Time (Inputs)

Master thim 100 - ns

Slave this) 100 — ns
8 Access Time (Time to data active from high impedance state)

Slave ta 0 120 ns
9 Disable Time (Hold Time to High-Impedance State)

Slave tas — 240 ns
10 Data Valid

Master (Before Capture Edge) tuim 025 — teyem

Slave (After Enable Edge)** tvs) — 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) thotm 025 — teycim

Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tim — 100 ns

SPI Inputs (SCK, MOSI, MISO, 5S) trs — 20 us
13 Fall Time (70% Voo to 20% Voo, C. = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tim — 100 ns

SPI Inputs (SCK, MOSI, MISO, §5) ts — 20 us

*Signal production depends on software
**Assumes 200 pF load on all SP! pins

***Note that the unit this specification uses is fop (Internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device’s internal operating frequency, therefore

1.05 MHz maximum.
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9.10 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5)
(VDD=3.3 Vdc +10%, Vss=0 Vdc, TaA=-40 to +125°C)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency .
Master foptm dc 0.5 fop
Slave fopts) dc 1.0 MHz
1 Cycle Time
Master teyeim 2.0 —_ teye
Slave toyes) 1.0 — us
2 Enable Lead Time
Master tiead(m) ) —
Slave tieaa(s) 500 — ns
3 Enable Lag Time
Master tiagtm) * —
Slave tiag(s) 500 — ns
4 Clock (SCK) High Time
Master twisckrim 720 — us
Slave twisckHs 400 — ns
5 Clock (SCK) Low Time
Master twisckuim 720 — us
Slave twisckus 400 — ns
6 Data Setup Time (Inputs)
Master tsuim 200 — ns
Slave tsuis) 200 — ns
7 Data Hold Time (Inputs)
Master thim 200 — ns
Slave this) 200 — ns
8 Access Time (Time to data active from high impedance state)
Slave ta 0 250 ns
9 Disable Time (Hold Time to High-Impedance State)
Slave tas — 500 ns
10 Data Valid
Master (Before Capture Edge) tim 0.25 — teyeim
Slave (After Enable Edge)”” tus) — 500 ns
11 Data Hold Time (Outputs)
Master (After Capture Edge) thotm 025 — teyem
Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Vop, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO tim — 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) tis — 20 us
13 Fall Time (70% Vop to 20% Voo, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tim — 200 ns
SPI Inputs (SCK, MOSI, MISO, §S) ts — 20 us

*Signal production depends on software
**Assumes 200 pF load on all SPI pins
“**Note that the unit this specification uses is fo, (Internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore
0.5 MHz maximum.
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(b) SPI

Master Timing CPOL=1, CPHA=1
92CM-39372

: MEASUREMENT POINTS ARE VoL Vou:Vi Viy

Figure 9-5. Timing Diagrams
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Figure 9-56. Timing Diagrams (Continued)
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Figure 9-5. Timing Diagrams (Continued)
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SECTION 11
MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the
CDP68HCO05C4 and CDP68HC05C8 microcomputers.

11.1 TERMINAL ASSIGNMENTS

TOP VIEW

-
— \J w - oo
— — o @ a
RESET ! 40— Vpp gt oolRw 83323 ¢
TRQ —— 2 39— 0sCt & a z Zi- >0 0P =z
— - /\L‘J/‘\l"\]/ﬂl/’\ll‘df\]/‘\b‘\l/‘\l/‘j
Ne 3 38 osc2 6 5 4 3 2 1 44 4342 41 40
PA7 — 4 37p— TCAP PAS 7 39 PD7
PAE —] — .
6 [] 36 PD? PaG 8 386— TCMP
PAS —] 6 35— TCMP _
_ PA3 9 37¢— PD5/5%
pad ’ > PD5/sS PA2 10 PIN 1 1DENT 36
PA3 —{ 8 33 PD4/SCK ; PD4/SCK
pAz —| 9 32— PD3/MOSI PAT—I 1 ToP |ViEW 3 PD3/Mos!
pat — 10 31}—pp2/MISO PAO— 12 - - ~ —34€— PD2/MISO
PAO —f 11 30— PD1/TDO P8 i PD1/T00
PBO — 12 29——PDO/RDI PB1 l PDO/RDI
PB1——13 28— PCO PB2 , PCC
pB2 — 14 27— pC1 P83 PC1
PB3 —— 15 26— pPC2 PB4 pc2
PB4 —116 25— PC3 20 21 22 23 24 25
PB5 —— 17 24— PC4
PB6 — 18 ZBEPCS O p Wh o~ o0 0
Z2 g ® w2 0 0 0 O 9
PB7 —] 19 22— rpce @ a ® > ¢ dada
92Cs~40549
Vss —{2 21 PC? NC = NO CONNECTION
92CS$-40550
TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT
D Suffix - 40-Lead Dual-In-Line Side-Brazed Q Suffix - 44 Lead Plastic Chip-Carrier (PCC)
Ceramic Package Package

E Suffix - 40-Lead Dual-In-Line Plastic Package
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introduction

General

The CDP68HC05D2 Microcomputer Unit (MCU) belongs to
the CDP6805 Family of Microcomputers This 8-bit MCU
contains on-chip oscillator CPU, RAM, ROM, I/O, and
Timer The fully static design allows operation at frequen-
cies down to DC, further reducing its already low-power
consumption. Itis a low-power processor designed for low-
end to mid-range applications in the telecommunications,
consumer, automotive, and industrial markets where very
low power consumption constitutes an important factor.

The CDP68HCO05D2 is supplied in a 40-lead hermetic dual-
in-line side brazed ceramic package (D suffix), a 40-lead
dual-in-line plastic package (E suffix), and a 44-lead Plastic
Chip Carrier (Q suffix).

Specific Features

m Typical power:
Operating, 26 mW
WAIT, 7.6 mW
STOP, 5 uw
Fully static operation
96 bytes of on-chip RAM
2176 bytes of on-chip ROM
31 1/0 lines
12 programmable open-drain output lines
On-chip oscillator for Timer
2.1 MHz internal operating frequency
Internal 16-bit timer
Serial Peripheral Interface (SPI)
External (TRQ), timer, Port B, and Serial Interrupts
Self check mode
Single 2.5 to 6 volt supply (2-V data retention mode)
RC or crystal on-chip oscillator
8x8 multiply instruction
True bit manipulation
Indexed addressing for tables
Memory mapped 1/0

Functional Pin Descriptions

Voo and Vss

Power is supplied to the MCU using these two pins Vop is
power and Vss is ground.

N.C.
The pin labelled N.C. should be left disconnected.

iRQ (Maskable Interrupt Request)

IRQ 1s a programmable option which provides two different
choices of interrupt triggering sensitivity. These options
are. 1) negative edge-sensitive triggering only, or 2) both
negative edge-sensitive and level-sensitive triggering. In
the latter case, either type of input to the IRQ pin will pro-
duce the interrupt. The MCU completes the currentinstruc-
tion before it responds to the interrupt request. When the
IRQ pin goes low for at least one tiLin, a logic one is latched
internally to signify that an interrupt has been requested.
When the MCU completes its current instruction, the inter-
rupt latch is tested. If the interrupt latch contains a logic
one, and the interrupt mask bit (1 bit) in the condition code
register is clear, the MCU then begins the interrupt se-
quence. If the option is selected to include level-sensitive
triggering, then the IRQ input requires an external resistor
to Voo for “wire-OR” operation. See the INTERRUPTS sec-
tion for more detail.

RESET

The RESET inputis not required for startup but can be used
to reset the MCU internal state and provide an orderly soft-
ware startup procedure. Refer to the RESETs section for a
detailed description

TSM-204A
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P From 1
TCTM Port D 01(3 OSTCZ
35 39 38 Internal
Oscillator | Processor
Timer of
TCAP —37-)‘ Syst and Clock
em ! —
i Internal +9 ! RESET
Processor | p—
Clock IR
€ 1 >
PAO 10 Accumulator 2> pco
PAI <12 s €2l PC1
Port pA? w—=3 cPu 26 5 pco FON
A 8 Port | Data Data | Port C
PA3 <—7> Index Control «2 3 pPC3
/0 paq €1 A | Dr —¢ Register 1 2 | & 24y pes MO
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PB7 €— SPI
T l T System
2176 x 8 96 x 8 Internal
ROM %‘:"ﬁ: Processor
240 x 8 Clock
Self Check
ROM
92CM- 3811 7RI
Fig. 1 — CDP68HC05D2 CMOS microcomputer block diagram.
TCAP CERAMIC RESONATOR

The TCAP input controls the input capture feature for the
on-chip programmable timer system Refer to the INPUT
CAPTURE REGISTER section for additional information

TCMP

The TCMP pin (35) provides an output for the output com-
pare feature of the on-chip timer system. Refer to the OUT-
PUT COMPARE REGISTER section for additional informa-
tion.

0SC1,08C2

The CDP68HC05D2 can be configured to accept either a
crystal input or an RC network to control the internal oscil-
lator. This option is mask selectable. The internal clocks are
derived by a divide-by-two of the internal oscillator fre-
quency (fosc).

CRYSTAL.

The circuit shown In Fig. 2(b) is recommended when using
a crystal. The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz crystal resonator in
the frequency range specified for fosc in the control timing
charts. Use of an external CMOS oscillator is recommended
when crystals outside the specified ranges are to be used.
The crystal and components should be mounted as close as
possible to the input pins to minimize output distortion and
startup stabilization time. Refer to the Electrical Character-
istics Table.
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A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Fig. 2(b) is
recommended when using a ceramic resonator. Fig. 2(a)
lists the recommended capacitance and feedback resistance
values. The manufacturer of the particular ceramic resonator
being considered should be consulted for specific in-
formation.

RC.

If the RC oscillator option is selected, then a resistor is
connected to the oscillator pins as shown in Fig. 2(d).

EXTERNAL CLOCK.

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Fig. 2(e). An
external clock may be used with either the RC or crystal
oscillator option. The toxov or ticn specifications do not
apply when using an external clock input. The equivalent
specification of the external clock should be used in lieu of
toxov or TiLch.

PAO-PA7

These eight I/0 input comprise port A. The state of any pin
is software programmable and all port A lines are config-
ured as input during power-on or reset. These lines are
open-drain software programmable. Refer to INPUT/OUT-
PUT PROGRAMMABLE paragraph below for a detailed
description of 1/0 programming.
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Crystal Ceramic Resonator
2MHz | 4 MHz | Units 2.4 MHZ Units
Rsmax 400 75 Q RS (typical) 10 0
Co 5 7 pF Co 40 pF
C 0.008 0.012 uF Cy 4.3 pF
Cosc 15-40 | 15-30 | pF Cosc 30 pF
Cosce 15-30 | 15-25 | pF Cosca 30 pF
R 10 10 MQ Re 1-10 MQ
= Q 1250 —
Q 30 40 K
(a) Crystal/Ceramic Resonator Parameters
SN
v A
68HC
CDP68MHCO5D2 0sc 2 osc |
39
osci osc2 38 L.
39 38 Co
0—'\/\/\’—{' It
R
P
38 Nl 39
iy
b IDI 1 (c) Equivalent Crystal Circuit

Cosc1 i :Lcoscz

(b) Crystal Oscillator Connections

CDP68HCOS5D2 CDP68HCO502
0SC1 0scC2 0scC1 0sc2
39 38
39 38
AN—
R UNCONNECTED
<
< EXTERNAL
(d) RC Oscillator Connections CLOCK
(e) External Clock Source Connections
92CS-39366

Fig. 2 — Oscillator Connections
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PBO-PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. These lines may be
configured to generate interrupts. Refer to port B interrupt
section. Refer to INPUT/OUTPUT PROGRAMMING par-
agraph below for a detailed description of 1/0 program-
ming

PCO0-PC7

These eight lines comprise port C. The state of any pin is
software programmable and all port C lines are configured
as input during power-on or reset. Refer to INPUT/OUT-
PUT PROGRAMMING paragraph below for a detailed de-
scription of 1/0 programming.

PDO-PD5, PD7

These seven lines comprise Port D. Four pins (PD2-PD5)
are individually programmable as either inputs or outputs.
PD7 isalways aninputline. PDO-PD5 lines are setas inputs
on power-on or reset. The enabled Timer and SPI special
functions listed below affect the pins on this port. PD0-PD1
(referred to as TOSC1, TOSC2) are used to control the
oscillator for the timer in the external clock mode. If the
external clock mode is not used, these pins are configured
as inputs only. See sections EXTERNAL TIMER OSCILLA-
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial
Data Output (in Master Mode) MISO is the SPI Serial Data
Input (in Master Mode). SCK is the clock for the SPI (con-
figured as outputin the Master Mode). SS is the Slave Select
input for the SPI.

Note: Itisrecommended that all unused inputs (except OSC2) and
170 ports configured as inputs be tied to an appropriate logic level
(e.g. either Vop or Vss).

Parallel I/0

The 1/0 register section is found in the first 32 bytes of

memory and includes the following.

* Three programmable parallel ports (Ports A, B, and C).

¢ One port (Port D) with three input lines and four pro-
grammable lines which share its external pins with Serial
Peripheral Interface (SPI) and Timer functions.

The general memory arrangement for each system has a
control register, followed by a status register, followed by a
dataregister. A CPU read of any undefined/unused bits will
obtain avalue of “0”. The register assignment may be found
in Table II.

Input/Output Programming

Parallel Ports

Ports A, B, and C may be programmed as an input or an
output under software control. The direction of the pins is
determined by the state of the corresponding bit in the port
data direction register (DDR). Each 8-bit port has an asso-
ciated 8-bit data direction register. Any port A, port B, or
port C pin is configured as an output if its corresponding
DDRbitissettoalogic one. A pinis configured asan input if
its corresponding DDR bit is cleared to a logic zero. At
power-on or reset all DDRs are cleared, which configure all
port A, B, and C pins as inputs. The data direction registers
are capable of being written to or read by the processor.
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Refer to Fig. 3 and Table |. During the programmed output
state, a read of the data register actually reads the value of
the output data latch and not the iI/0 pin.

As an option for Port A, the eight Port A outputs (PA0-PA7)
can be programmed to be open drain outputs when bit 0 in
the Special Port Control/Status register is set and their DDR
bits are set. Also, the setting of the “Wired-OR” Mode
(WOM) bitin the SPI Control Register will cause Port D lines
2-5 (when programmed as outputs) to be open drain

SPECIAL PURPOSE PORT

Port D contains four individually programmable bi-direc-
tional lines (PD2-PD5) and three input lines (PDO, PD1, and
PD7). The direction of the four bi-directional lines is deter-
mined by the state of the data direction register (DDR).
Each of these four lines has an associated DDR bit. The
validity of a port bit is determined by whether the SPI sys-
tem and external timer oscillator are enabled or disabled.
When the SPI system is disabled, lines PD2-PD5 behave as
normal I/0 lines and the corresponding DDR bits determine
whether the lines are inputs or outputs. Lines PD0and PD1
are inputs when the external timer oscillator is not used.
However, once the external timer oscillator has been
enabled, PD1 will become an output-only line until the
processor is reset.

A write to bits 0, 1, 6, and 7 of the Port D Data Direction
Register will have no effect. A read of DDR bits 0, 1,6,and 7
will always return zeros.

Note: When using the Serial Peripheral Interface (SPI), bit 5 of Port
D is dedicated as the Slave Select (SS) input when the SPI system is
enabled In SPI Slave Mode, DDR bit 5 has no meaning or effect In
SPI Master Mode, DDR bit 5 determines whether Port D bit 51s an
error detect input to the SPI (DDR bit clear) or a general purpose
output line (DDR bit set)

For bits 2, 3, and 4 (MISO, MOSI, and SCK), If the SPI is
enabled and expects the bit to be an input, it will be an input
regardless of the state of the DDR bit. If the SPI is enabled
and expects the bit to be an output, it will be an output ONLY
if the DDR bit is set.

Memory
The CDP68HC05D2 has a total address space of 8192 bytes.
The address map is shown in Fig. 4. The CDP68HCO05D2 has
implemented 2550 bytes of the address locations.

The first 256 bytes of memory (page zero) is comprised of
the 1/0 port locations, timer locations, 128 bytes of ROM
and 96 bytes of RAM. The next 2048 bytes comprise the user
ROM. The 16 highest address bytes contain the reset and
interrupt vectors.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to
$00FF and it is decremented as data is pushed on the stack.
When data is removed from the stack, the stack pointer is
incremented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or subrou-
tine stacking purposes, the unused bytes are usable for
program data storage. See Fig. 4 for details on stacking
order.
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DATA DIRECTION

Prm— REGISTER
BIT
INTERNAL LATCHED

CDOP6BHCOSD2 4| —| OUTPUT DATA OUTPUT 170
CONNECTIONS BIT / PIN

INPUT

REG

BIT

INPUT
170
~N
92Cs -39367

TYPICAL PORT 7 6 5 4 3 2 1
DATA DIRECTION rnon 7 | DDR 6 | DDR5 |non 4 | DDR 3 | DDR 2 | DDR 1 ] DDR 0 |

REGISTER | I I | l | l
T I ——
Pty

PORT DATA :D_|

PORT DDR

NOTES:
1. *DENOTES DEVICES HAVE SAME
PHYSICAL SIZE, AND ARE

ENHANCEMENT TYPE.
2. IP = INPUT PROTECTION.
INTERNAL 3. LATCH-UP PROTECTION NOT SHOWN.

LoGIC
92CS-42289

Fig. 3 - Typical Parallel Port I/O Circuitry

Table I - 1/0 Pin Functions

R/W* | DDR 1/0 Pin Function
0 0 The I/0 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 1/0 pin.

1 0 The state of the I/0 pin is read.
1 1 The I/0O pin is in an output mode. The output data latch is read.

*R/W is an internal signal.
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$0000 0000 0000 Port A Data Register $00
Ports
170 8 Bytes Port B Data Regster $01
32 Bytes Port C Data Register $02
SOOTF Port D Data Register $03
0031 Unused
$0020 0032 2 Bytes Port A Data Direction Register $04
g;e'; \ Port B Data Direction Register $05
128 Bytes \\ Port C Data Direction Register $06
:ggiz g:gg Senal Perpheral Port D Data Direction Register $07
Interface
Unused
\ 3 Bytes u $08
RAM \ Unused $09
96 Bytes Seral Peripheral Control Register $OA
oo \\ Unused Serial Peripheral Status Register $0B
SO0BF L — 3 Bytes Serial Peripheral Data I/ 0 Regist
<0000 0192 y! enal Penpher: ta 1/ O Register $0C
Stack Unused $00
64 Bytes
SOOFF o\ Timer Unused SOE
50100 026\ 10 Bytes Unused SOF
User \ " Py Unused $10
ROM nuses ytes
. 1
2048 Bytes \ Unused $
Special Port Control/ Time+ Control Register $12
$S08FF 2303 \ Stat Register -
$0900 2304 imer Status Register $13
input Capture High Regrster $14
Unused
5632 Bytes Unused Input Capture Low Register $15
1 Byte o] High
S1EFF 79356 R o0t utput Compare High Register $16
$1F00 7936 Qutput Compare: Low Register $17
\ Counter High Register $18
Self Check \
Counter Low Register $19
SIFDF o 0 e — \\ Alternate Counter High Register $1A
$1FEO Alternate Counter Low Register $18
Self-Check 256 Bytes \
Vectors \ Unused $1C
SIFEF 8175 \ Unused $1D
$1FFO User 8176 \ Special Port Contrnl/Stat Register S1E
Vectors \
1 Unused $1F
SIFFF 6 Bytes 8191 J
92CS-38118R2
Fig. 4 - Address Map
Table Il — CDP68HCO05D2 I/O Registers
ADDRESS DATA DATA
$001F 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
00 Port A Data 10 Unused — - — — — — - —
01 Port B Data 11 Unused — — — — - — — —
02 Port C Data 12 Timer Control | ICIE | OCIE [ TOIE | EOE | ECC el IEDG | OLVL
03 Port D Data ’ 13 Timer Status ICF_| OCF | TOF - — — — —
04 Port A DDR 14 Capture High
05 Port B DDR 15 Capture Low
06 Port C DDR 16 Compare High
07 Port D DDR — — —_ — 17 Compare Low
08 Unused — — — — — — — — 18 Counter High
09 Unused - - — — — — — - | 19 Counter Low
0A SPI Control | SPIE | SPE_|DWOM| MSTR | CPOL | CPHA | SPR1 | SPRO | 1A Dual TM High
0B SPi Status SPIF_|WCOL| — |[MODF| — - - — | 18 Dual TM Low
0C SP! Data 1C Unused — - — - - — — -
0D Unused - — — — — — — — ]| 1D Unused — — - — — — — —
OE Unused — — — — — — — — 1E Special Port PBIF - — —_ — DLY | PBIE |PAOD
Cntli/STAT
OF Unused — — —_ — _— - — — 1F Unused — — - — —_ — — —_
" = dedicated as TCMP output
— = unused bits
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0
I Accumulator

i~

Index Register

12

L

PC

Program Counter

12 6
[ofofofofo]1]1] sP

Stack Pointer

)
;
J

CcC

(w1 InTz]c]

Condition Code Register

Njz|c
L

Carry/Borrow
Zero

Negative
Interrupt Mask
Half Carry

Fig. 5 - Programming model.

7

0 Stack

1 I1 ] 1 [Condition Code Register

|

R N

E Accumulator T

Increasing Memory | 1 ) : E | Decreasing Memory
ndex Register
Addresses U x7edl 2 Addresses

RloJo]o] PCH u

N P

PCL T

Unstack

Note: Since the Stack Pointer decrements during pushes, the PCL
i1s stacked first, followed by PCH, etc Pulling from the stack i1sin the

reverse order

Fig. 6 - Stacking order.

CPU Registers
The CDP68HC05D2 CPU contains five registers, as shown

in the programming model of Fig. 5. The interrupt stacking
order is shown in Fig. 6.

Accumulator (A)

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

Index Register (X)

The x register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value
which is used to create an effective address. The index
register is also used for data manipulations with the read-

modify-write type of instructions and as a temporary stor-
age register when not performing addressing operations.

Program Counter (PC)

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

Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address
of the next free locations on the push-down/pop-up stack.
When accessing memory; the seven most significant bits
are permanently configured to 0000011. These seven bits
are appended to the six least significant register bits to
produce an address within the range of $00FF to $00CO0. The
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stack area of RAM is used to store the return address on
subroutine calls and the machine state during interrupts
During external or power-on reset, and during a reset stack
pointer (RSP), instruction, the stack pointer is set to its
upper limit ($00FF) Nested interrupt and/or subroutines
may use up to 64 (decimal) locations. When the 64 locations
are exceeded, the stack pointer wraps around and points to
its upperlimit ($00FF), losing the previously stored informa-
tion. A subroutine call occupies two RAM bytes on the
stack, while an interrupt uses five RAM bytes.

Condition Code Register (CC)
The condition code register is a 5-bit register which indi-
cates the results of the instruction just executed as well as
the state of the processor These bits can be individually
tested by a program and specified action taken as a result of
their state. Each bit 1s explained in the following para-
graphs.

HALF CARRY BIT (H).

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

INTERRUPT MASK BIT (I).

When the | bitis set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the | bit 1s set, the interruptis latched and is processed
after the | bitis next cleared; therefore, no interrupts are lost
because of the | bit being set An internal interrupt can be
lost if it 1s cleared while the | bit is set (refer to PROGRAM-
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and
PORT B INTERRUPT sections for more information.

NEGATIVE (N).

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is negative (bit 7 in the

result 1s a logic one).

ZERO (2).

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is zero.

CARRY/BORROW (C).

Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instruc-

tions, shifts, and rotates.
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RESET
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18
PBS pee 2
12 ppy v pcr |2
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_[m 92CM-39369

NOT!

E
THE RC OSCILLATOR OPTION MAY ALSO BE USED IN THIS CIRCUIT

Fig. 7 - Self-Check Circuit Schematic Diagram




Self-Check

The CDP68HCO05D2 contains in mask ROM address loca-
tions $1F00 to $1FEF, a program designed to check the
part’s integrity with a minimum of support hardware The
self-check capability of the CDP68HC05D2 MCU provides
an internal check to determine if the device Is functional.
Self-check is performed using the circuit shown in the
schematic diagram of Fig. 7. As shown in the diagram, port
C pins PCO-PC3 are monitored (light-emitting diodes are
shown but other devices could be used) for the self-check
results The self-check mode is entered by applying a 9Vdc
input (through a 4 7 kilohm resistor) to the pin (2), a
5Vdc input (through a 10-kilohm resistor) to the TCAP pin
(37), a 5Vdc input (through a 10K resistor) to Port B, bit 2
(pin 14), and then depressing the reset switch to execute a
reset After reset, the following six tests are performed au-
tomatically

1/0 — Functionally exercises ports A, B, and C

RAM — Counter test for each RAM byte

Timer — Tracks counter register and checks OCF flag

ROM — Exclusive OR with odd ones parity result

SPI — Transmission test with check for SPIF, WCOL,
and MODF flags

INTERRUPTS — Tests external, timer, Port B and SPI

interrupts

Self-check results (using LEDs as monitors) are shown in
Table lIl. The following subroutines are available to user
programs and do not require any external hardware.

Table lll. Self-Check Results

PC3|PC2|PC1|PCO Remarks

1 0 0 1 | Bad /O

110] 1|0 |BadRAM

1 0|1 1 | Bad Timer

1 1 0 | 0 | Bad Port D and/or Timer Oscillator

111 o[ 1 ]BadrOM T

1 1 1 0 | Bad SPI

1|1 | 1| 1 | BadInterrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED on; 1 indicates LED is off

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $1FOE. The output compare register is
first set to the current timer state. Because the timer is
free-running and has only a divide-by-four prescaler, each
timer count cannot be tested. The test reads the timer once
every 10 counts (40 cycles) and checks for correct count-
ing. The test tracks the counter until the timer wraps
around, triggering the output compare flag in the timer
status register. RAM locations $00A0 and $00A1 are over-
written. Upon return to the user’'s program, X==40 If the test
passed, A=0.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $1F93 with RAM location $00A3 equal to
$01and A=0. Ashort routine is set up and executed in RAM

6805-Series Microprocessors and Microcomputers
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to compute a checksum of the entire ROM pattern. Upon
return to the user’s program, X=0 [f the test passed, A=0
RAM locations $00A0 through $00A3 are overwritten

RESETS

The CDP68HCO05D2 has two reset modes* an active low
external reset pin (RESET) and a power-on reset function,
refer to Fig. 8.

RESET Pin
The RESET input pin s used to reset the MCU to provide an
orderly software startup procedure When using the exter-
nal reset mode, the pin must stay low foraminimum
of one and cne-half teye. The RESET pin containsaninternal
Schmitt Trigger as part of its input to improve noise immuni-
ty

Power-On-Reset

The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage There is no provision
for power-down reset. The power-on circuitry provides fora
delay from the time that the oscillator becomes active upon
power-up or when exiting the STOP mode.

Assoclated with the mask programmable CPU oscillator
option inthe D2 is a mask option for controlling the timeout
which occurs at power-on or when exiting the STOP mode.
The user has a mask option of selecting a 4064 t.,. delay
(meant for use with the crystal oscillator option) ora2 cycle
timeout permitting faster startups with the RC oscillator
mask option or external oscillator.

To permit use of an external oscillator with crystal mask
option and a two cycle delay when exiting from STOP, bit 2
(DLY) of the Specia! Port Control/Status Register (memory
location $001E), when set, will override the 4064 cycle
mask-programmable delay and force a two cycie timeout
Since this bit is reset at power-on, the power-on delay will
remain as mask-programmed.

If the external RESET pin is low at the end of the delay
timeout, the processor remains in the reset condition until
the RESET goes high. Table IV shows the actions of the two
resets on internal circuits, but not necessarily in order of
occurrence.

Interrupts

Systems often require that normai processing be interrupt-
ed so that some external event may be serviced. The
CDP68HC05D2 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(TRQ, SPI, PBINT, or Timer) and one non-maskable soft-
ware interrupt (SWI). Interrupts such as Timer and SPI have
several flags which will cause the interrupt. Generally, inter-
rupt flags are located in read-only status registers, while
their equivalent enable bits are located in associated con-
trol registers If the enable bit is a logic zero it blocks the
interrupt from occurring but does not inhibit the flag from
being set Reset clears all enable bits to preciude interrupts
during the reset procedure

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag 1s set, followed by a read or write of an asso-
ciated register When any of these interrupts occur, and if
the enable bit is a logic one, normal processing is sus-
pended at the end of the current instruction axecution.
Interrupts cause the processor registers to be saved on the
stack (see Fig. 6) and the interrupt mask (I bit) set to prevent
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ADDREss 1rre X IFFF 1rre Y 1Fre Y 1FFE Y IFFE Y IFFF
INTERNAL P s
aus* "c'- CoD ODE

R
RESET N

% INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY. 92CM-39377
%% OSC1LINE IS NOT MEANT TO REPRESENT FREQUENCY. IT IS ONLY USED TO REPRESENT
TIME.
%% % THE NEXT RISING EDGE OF THE INTERNAL PROCESSOR CLOCK FOLLOWING THE RISING
EDGE OF RESET INITIATES THE RESET SEQUENCE.
3693 3% DELAY IS MASK PROGRAMMABLE.

Fig. 8 - Power-On Reset and RESET

Table IV. Reset Action on Internal Circuit

Condition

Timer Prescaler reset to zero state

Timer counter configured toc $FFFC

Timer output compare (TCMP) bit reset to zero

All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts.
The OLVL timer bit is also cleared by reset.

All data direction registers cleared to zero (input)

Configure stack pointer to $00FF

Force internal address bus to restart vector ($1FFE-$1FFF)

Set | bit in condition code register to a logic one

Clear STOP latch*

Clear external interrupt latch

Clear WAIT latch

Disable SPI (serial output enable control bit SPE=0). Other SPI bits cleared by reset include:
SPIE, MSTR, SPIF, WCOL, and MODF.

Clear serial interrupt enable bit

Place SPI system in slave mode (MSTR=0)

Timer oscillator disabled and 3-stated

CPU oscillator connected to timer

Reset Port B interrupt enable

DWOM bit reset

PAQOD bit reset

Reset DLY bit in special control/status register

*Indicates that timeout still occurs with RESET pin
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additional interrupts. The appropriate interrupt vector then
points to the starting address of the interrupt service routine
(refer to Fig. 4 for vector location). Upon completion of the
interrupt service routine, the RTI instruction (which is nor-
mally a part of the service routine) causes the register con-
tents to be recovered from the stack followed by a return to
normal processing. The stack order is shown in Fig. 6.
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Note: The interrupt mask bit (I bit) will be cleared upon returning
from the interrupt if and only if the corresponding bit stored in the
stack 1s zero The priority of the various interrupts is as follows
(highest priority to lowest priority

RESET — * — EXT INT — TIMER — SPI — Port B
*1s any instruction or the SWI service routine

A discussion of interrupts, plus a table listing vector addresses for
all interrupts including reset, in the CDP68HCO05D2 is provided in
Table V

Table V. Vector Address for Interrupts and Reset

Flag CPU Vector
Register Name Interrupts Interrupt Address
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software SWI $1FFC-$1FFD
N/A N/A External Interrupt 1RQ $1FFA-$1FFB
Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow
SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault
Special
Port c/s PBIF Port B PB $1FF2-$1FF3

Hardware Controlled Interrupt Sequence
The following three functions (RESET, STOP, and WAIT)
are notin the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Fig. 9, and for STOP and WAIT are
provided in Fig. 10. A discussion is provided below:

« Alowinputonthe RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFE and $1FFF. The | bit
in the condition code register is also set. Much of the
MCU is configured to a known state during this type of
reset as previously described in the RESET paragraph.
STOP — The STOP instruction causes the oscillator to be
turned off and the processor to “sleep” until an external
interrupt (TRQ), Port B interrupt, Timer interrupt (if using
an external timer clock), or RESET occurs.

WAIT — The WAIT instruction causes all processor
clocks to stop, but leaves the Timer and SPI clocks run-
ning. This “rest” state of the processor can be cleared by
reset, an external interrupt (TRQ), Timer interrupt, SPI
interrupt, or Port B interrupt. There are no special wait
vectors for these individual interrupts.

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

External Interrupt
Ifthe interrupt mask (I bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized, the current state of the CPU is
pushed onto the stack and the | bitis set. This masks further
interrupts until the present one is serviced. The interrupt
service routine address is specified by the content of memo-
ry location $1FFA and $1FFB. Either a level-sensitive and
negative edge-sensitive trigger, or a negative edge-sensi-
tive only trigger are available as a mask option. Fig. 11
shows both a functional and mode timing diagram for the
interrupt line. The timing diagram shows two different
treatments of the interrupt line ( ) to the processor. The
first method shows single pulses on the interrupt line
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spaced far enough apart to be serviced. The minimum time
between pulses is a function of the number of cycles re-
quired to execute the interrupt service routine plus 21 cy-
cles. Once a pulse occurs, the next pulse should not occur
until the MCU software has exited the routine (an RTI oc-
curs). The second configuration shows several interrupt
lines “wire-ORed” to form the interrupts at the processor.

FROM
RESET

Thus, if after servicing one interrupt the interrupt line re-
mains low, then the next interrupt is recognized.

Note: The internal interrupt latch is cleared in the first part of the
service routine, therefore, one (and only one) external interrupt
pulse could be latched during ti.w and serviced as soon as the | bitis
cleared

! AR TRQ
EXTERNAL CRLEEQUEST
INTERRUPT LATCH
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INTERNAL
INTERRUPT
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INTERNAL

INTERRUPT
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NEXT
INSTRUCTION

Y

EXECUTE
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TIMER: $1FF8-$1FF9
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ROUTINE
AND EXECUTE
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Fig. 9 - Hardware Interrupt Flowchart
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Fig. 10 - STOP/WAIT Flowcharts

Timer Interrupt

There are three different timer interrupt flags that will cause
atimer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR, location $13) and all
three will vector to the same interrupt service routine
($1FF8-$1FF9). The three timer interrupt conditions are
timer overflow, output compare, and input capture.

All interrupt flags have corresponding enable bits (ICIE,
OCIE, and TOIE) in the timer control register (TCR, loca-
tion $12). Reset clears all enable bits, thus preventing an
interrupt from occurring during the reset period. The actual
processor interrupt is generated only if the I bit in the condi-
tion code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and | bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine ad-
dress 1s specified by the contents of memory location $1FF8

and $1FF9. The general sequence for clearing an interrupt
is a software sequence of accessing the status register
while the flag is set, followed by a read or write of an
associated register. Refer to the PROGRAMMABLE TIMER
section for additional information about the timer circuitry.

Serial Peripheral Interface (SPI) Interrupts
An interrupt in the serial peripheral interface (SPI) occurs
when one of the interrupt flag bits in the serial peripheral
status register (Location $0B) is set, provided the | bitin the
condition code register is clear and the enable bit in the
serial peripheral control register (location $0A) is enabled
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the | bit in the condi-
tion code register is set. This masks further interrupts until
the present one is serviced. The SPI interrupt causes the
program counter to vector to memory location $1FF4 and
$1FF5 which contains the starting address of the interrupt
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(a) Interrupt Function Diagram
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Edge-Sensitive Trigger Condition
The minimum pulse width (tiuw) is
either 125 ns (Voo =5V) or250 ns (Voo
=3 V). The period ti.. should not be
less than the number of tc,. cycles it
takes to execute the interrupt service
routine plus 21 te,c cycles.

Level-Sensitive Trigger Condition
If after servicing an interrupt the IRQ
remains low, then the next interruptis
recognized.

NORMALLY
USED WITH
WIRE-ORED
CONNECTION

(b) Interrupt Mode Diagram

Fig. 11 - External Interrupt

service routine. Software in the serial peripheral interrupt
service routine must determine the priority and cause of the
SPl interrupt by examining the interrupt flag bits located in
the SPI status register. The general sequence for clearing
an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an
associated register. Refer to SERIAL PERIPHERAL INTER-
FACE section for a description of the SPI system and its
interrupts.
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Port B Interrupt

A Port B interrupt will occur when any one of theeight port
lines (PB0-PB7) is puiled to a low level, provided the inter-
rupt mask bit of the condition code register is clear and the
enable bit (Bit 1) in the Special Port control register (Memo-
ry location $001E) is enabled. Before enabling Port B inter-
rupts, PBO through PB7 should be programmed as inputs,
i.e., their corresponding DDR bits must be 0.




A Port B interrupt will set the Port B interrupt flag (PBIF)
located in the Special Port Control/Status register (bit 7),
cause the current state of the machine to be pushed onto
the stack, and set the I-bit in the condition code register.
This masks further interrupts until the present one Is ser-
viced. The Port B interrupt causes the Program Counter to
vector to memory locations $1FF2and $1FF3 which contain
the starting address of the interrupt service routine. Toclear
a Port B interrupt, the user must read the Special Port
Control/Status register followed by a read of Port B.

The purpose of this interrupt is to provide easy use of the
PBO0-PB7 lines as sensor inputs, such as in keyboard scan-
ning. For systems where the keyboard response is not inter-
rupt driven, this interrupt can be disabled. Programming
any of these lines as outputs inhibits them from generating
an interrupt.

Port B interrupts will cause an exit from the stop mode
provided that the Port B interrupt enable bit is set. Port B
interrupt vector is located at $1FF2, $1FF3.

! +
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2 < BIEEE SOFTWARE
1T N N NN PROGRAMMABLE
> N N N X OUTPUTS
o> N AN Xy
PORT
B Al
2«
11—
KEYBOARD or—<
INTERRUPT 92CS-37512R1

Fig. 12 - Keyboard interface.
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STOP Instruction

The STOP instruction places the CDP68HC05D2 in its low-
est power consumption mode. In the STOP mode the inte-
nal oscillator is turned off, causing all internal processing to
be halted; refer to Fig. 10. During the STOP mode, the | bitin
the condition code register is cleared to enable external
interrupts. All other registers and memory remain unaitered
and all input/output lines remain unchanged. This con-
tinues until an external interrupt (TRQ), port B interrupt,
external timer oscillator interrupt, or reset is sensed, at
which time the internal oscillator is turned on. These inter-
rupts cause the program counter to vector to their respec-
tive interrupt vector locations ($1FFA and $1FFB, $1FF2
and $1FF3, $1FF8 and $1FF9, and $1FFE and $1FFF, re-
spectively) which contain the starting addresses of the in-
terrupt service routines.

WAIT Instruction

The WAIT instruction places the CDP68HCO05D2 in a low
power consumption mode, but the WAIT mode consumes
somewtl.at more power than the stop MODE In the WAIT
mode, the internal clock remains active, and all CPU pro-
cessing is stopped; however, the programmable timer and
serial peripheral interface systems remain active. Refer to
Fig. 10. During the WAIT mode, the | bit in the condition
code register I1s cleared to enable all in