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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to or to discontinue
any semiconductor product or service identified in this publication without
notice. Tl advises its customers to obtain the latest version of the relevant in-
formation "to verify, before placing orders, that the information being relied
upon is current.

Tl warrants performance of its semiconductor products to current specifica-
tions in accordance with Ti's standard warranty. Testing and other quality
control techniques are utilized to the extent T| deems necessary to support this
warranty. Unless mandated by government requirements, specific testing of
all parameters of each device is not necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that license, either express or implied, is
granted under any patent right, copyright, mask work right, or other intellec-
tual property right of Tl covering or relating to any combination, machine, or
process in which such semiconductor products or services might be or are
used. :

WARNING

This equipment is intended for use in a laboratory test environment only. It
generates, uses, and can radiate radio frequency energy and has not been
tested for compliance with the limits for computing devices pursuant to sub-
part J of part 15 of FCC rules, which are designed to provide reasonable pro-
tection against radio frequency interference. Operation of this equipment in
other environments may cause interference with radio communications, in
which case the user at his own expense will be required to take whatever
measures may be required to correct the interference.

Copyright © 1989, Texas Instruments Incorporated
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Section 1

Introduction

The TMS7000 is a family! of 8-bit single-chip microcontrollers. These
microcontrollers incorporate a CPU, memory (ROM, RAM, EPROM), bit I/0,
serial communications port, timers, interrupts, and external bus interface logic,
alt on a single chip. The CMOS members of the family provide an outstanding
speed/power ratio as a result of the reliable silicon-gate CMOS technology.

Eight-bit microcontrollers have the versatility to cover a wide spectrum of ap-
plications. Texas Instruments has two microcontroller families -- TMS7000
and TMS370 -- which provide reliable alternatives to satisfy the design re-

quirements.
Tl MICROCONTROLLER MIGRATION
TMS370Cx5x
. 8-BIT CPU
+ 200 ns CYCLE TIME
P * 0-16K ROM/EEPROM/EPROM
E TMS370Cx10 « 256/512 RAM
R - 8-BIT CPU + 256/512 DATA EEPROM
F « 200 ns CYCLE TIME « 8 CHANNEL A/D
o + 4K ROM/EEPROM « 2 TIMERS + WATCHDOG
R TMS70Cxx + 128 RAM + SPI and SCI (UART)
M . 8-BIT CPU « 256 DATA EEPROM « UP TO 55 I/O LINES
A + 333 ns CYCLE TIME « 1 TIMER + WD
N + 0-4K ROM - SPI
c « 128/256 RAM + UP TO 22 I/O LINES
E - TIMERS
+ UART
« UP TO 32 I/O LINES

TIME
Figure 1-1. TI CMOS 8-bit Microcontroller Spectrum
As shown in Figure 1-1, the TMS7000 saﬁsfies those applications in the low

to mid range. On the other hand, the TMS837Q family with its on-chip
EEPROM, superior performance and other peripheral support functions in-

1 The terms TMS7000 and TMS7000 family refer to all TMS7000 devices:: TMS7000,
TMS7020, TMS7040, TMS7002, TMS7042, TMS70C00, TMS70C20, TMS70C40,
TMS70C02, TMS70C42, TMS70CT20, TMS70CT40, TMS7742 and all future members,
unless otherwise stated.
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cluding the on-chip analog-to-digital converter addresses the high end appli-
cations. Table 1-1 describes typical applications for eight-bit microcontrollers.

Table 1-1. Typical Applications for 8-bit Microcontrollers

AUTOMOTIVE

TELECOM

+ Instrumentation

+ Audio entertainment control
+ Cruise control

+ Anti-skid braking system

+ Climate control

+ Engine control

» Trip computer

+ Feature phones

+ Autodialers

« Answering machines
+ Modem control

- Digital switches

+ Digital subsets

COMPUTER

INDUSTRIAL

+ Printers and plotters

+ Disk controllers

+ Tape drive control

+ Keyboards

+ Touch screen and mouse

- 'Motor control

+ Stepper motors

+ Metering and measurement
+ Robotics

CONSUMER

BUSINESS

+ Home security
+ Cable TV systems

» Appliance control

+ Cash registers
+ Automatic bank tellers
- Barcode readers

Tl supports the TMS7000 family with a variety of development tools.
Extended Development Systems provide realtime

in-circuit emulation,

onboard software breakpoints, and reverse assembler. With its extensive de-
bugging features, critical development time is reduced. The evaluation module
provides low cost in-circuit emulation for the TMS7000 family members. TI
offers a wide range of prototyping devices for the TMS7000 CMOQOS family
members with the SE70CP160 for use with the TMS70C20/40/CT20/CT40
and the SE70CP162 or SE77C42 for use with the TMS70C42.

Table 1-2 details the broad TMS7000 CMOS family members.
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Table 1-2. TMS7000 CMOS Family Members

TMS70C42 TMS70C40 | TMS70CT40
TMS70C02 TMS70C20 | TMS70CT20
TMS70C00
On-Chip ROM (K bytes) 4/0 4/2/0 4/2
Internal RAM (bytes) 256 128 128
Interrupt levels 6 4 4
Timers: 21 -bit 2 - -
13-bit - 1 1
10-bit 1 - -
1/0 Lines:  Bidirectional 24 16 12
Input Only - 8 4
Output Only 8 8 4
Additional 1/0: UART - -
Package: 40 pin DIP 40 pin DIP 28 pin DIP
44 pin PLCC | 44 pin PLCC
‘Prototyping: Piggyback SE70CP162 SE70CP160 SE70CP160
EPROM SE77C42 - -

1-3
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1.1 How to Use this Manual

This manual is dlwded into four major parts:

® 'Hardware (Secttons 2-4)

®  Software (Sections 5-8)
) Development Support (Sections 9-11)
®  Customer Information (Section 12)

The sections and their contents are summarized below.

Section 1 - Introduction

® Introduces the TMS7000 family devices.
] Describes the different manual sections and their contents.

Section 2 - TMIS7000 Family Devices

® Details each TMS7000 family category and their key features.
( Summarizes the categories and compares their features.

(] Provides key features, pinouts, and pin descriptions for each
category of devices.

Section 3 - TMS7000 Family Architecture

® Discusses operation of the microcomputers’ hardware features:
- Registers
- 1/0
- Memory and memory modes
- Clock options
- CMOS low-power modes
- Interrupts
- Timer/event counters
- Serial port (TMS70x2 and TMS70Cx2 devices only)

Section 4 - Electrical Specifications

Discusses for all device groups:

Absolute maximum ratings

Recommended operating characteristics .
Recommended crystal/clockin operating characteristics
Memory interface timing

Read and write cycle timing

Ceramic resonator circuit application (where applicable)
Serial port timing (where applicable)
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Section 5 - TMS7000 Assembler

(] Discusses basic assembler information, including:

- Source statement format (placement of various fields in
code) i
- Constants, symbols, terms, and expressions

[ ] Discusses the various assembler directives, grouped in the fol-
lowing categories:

- Directives that affect the location counter
- Directives that affect assembler output

- Directives that initialize constants

- Directives for linking programs

- Miscellaneous directives

®  Assembler Output

- Explains source listing format and resulting object code.

- Presents normal completion and abnormal completion er-
ror messages.

—  Shows a sample cross reference listing.

- Discusses object code and the various fields in object
code format, and changing object code.

Section 6 - Assembly Language Instruction Set

[} Provides general instruction set information, such as symbol
definitions.

] Defines eight addressing modes used by the instructions.
° Summarizes the instruction set in table form.
[ J

Presents the TMS7000 assembly language instruction set in
alphabetical order.

Section 7 - Linking Program Modules

° Discusses relocation capability, absolute and relocatable code.
[ ] Discusses the Link Editor and includes a sample link control file.
® Reviews directives needed for linking programs.

Section 8 - Macro Language

® Defines the TMS7000 Macro Assembler.
[ ] Tells how to define macros and use macro libraries.

(] Shows how strings, constants, and operators are used in mac-
ros.

(] Discusses variables, parameters, substitution, and keywords.
Presents the macro definition verbs.
° Provides macro examples.

1-5
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Section 9 - Design Aids

Includes several examples to help you use the TMS7000 family de-
vices:

(] Interfacing the TMS7000 to peripheral and memory devices
such as extra EPROM and RAM

Programming the TMS7742

Serial communication using the UART (serial port)
Instruction set application notes

(] Sample routines

Section 10 - Development Supbort

Discusses several products manufactured by Texas Instruments that
enhance TMS7000 family design development, including:

[ ] XDS (Extended Development Support) Emulator
(] EVM (evaluation module)
® Prototyping devices

Section 11 - Independent Support

Discusses several products manufactured by Texas Instruments that
enhance TMS7000 family design development, including assemblers,
text editors, simulators, EEROM, and EPROM support.

Section 12 - Customer Information

( Discusses quality and reliability.

o Discusses prototype manufacture and production flow, includ-
ing device prefix designators - TMS, TMP, TMX, and SE.

° lllustrates mechanical package information for all TMS7000 fa-
mily members

[ Provides ordering information for the TMS7000 microcomput-
ers and the Texas Instruments development support products.

Appendix A - TMS7000 Bus Activity Tables

Appendix B - TMS7000 NMOS to CMOS Conversion Guide
Appendix C - TMS70x1 Devices

Appendix D - Character Sets

Appendix E - Hexadecimal Instruction Table/Opcode Map
Appendix F - Instruction Opcode Set

Appendix G - CrossWare Installation

Appendix H - Gloésary

Index



Updates Added to This Manual

1.2 Updates Added to This Manual

This manual replaces the previous TMS7000 Family Data Manual #SNDO00O1B.
Additional information has been added to the following sections:

TMS370 Family Devices - Briefly described in Section 1
TMS70CTx0 Devices - New devices added to family:

Key FEatUres.......ccocevviiicciie et Section 2.2.3
Pinouts....ccoeiieieece e Section 2.2.3
Pin Description .......ccocvevveveenierenceiereeeiens Section 2.2.3
Memory Map Section 3.3

Functionality Section 3
Electrical Specifications Section 4.7
Mechanical Drawings ........ccocceeveeeieieneneeeesieseeeenes Section 12.2

SE77C42 EPROM Device - (Replaces the TMS77C82):

- Key Features........ccceeuieeeeieeieeeeeecree e Section 2.6.3
- PiNOULS....ciiiiiiiiiitee e Section 2.6.3
- Pin Description.......cccccovveeeceenieniniceereenes Section 2.6.3
- Memory Map Section 3.3
- Functionality Section 3

- Electrical Specifications Section 4.10
- Programming Algorithm Design Aid Section 9.3
- Mechanical Drawings.........cccocevveeneenienincecienncene. Section 12.2

TMS77C82: This device has been discontinued, and the SE77C42 has
been added to handie the prototyping requirements for the TMS70C42.

NMOS to CMOS Conversion Guide: Appendix B describes the alter-

ations required when converting from a present TMS7000 NMOS design
to a CMOS design.
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Section 2

TMS7000 Family Devices

This section discusses the features of the TMS7000 family2 of microcomput-

ers.

All family members are software compatible, allowing easy migration

within the TMS7000 family by maintaining a software base, development

tools,

The T

and design expertise.

MS70C0 family devices are divided into several categories:

® TMS70x0 devices include the TMS7000, TMS7020, and TMS7040

® TMS70x2 devices include the TMS7002 and TMS7042

® TMS70Cx0 devices include the TMS70C00, TMS70C20, and
TMS70C40

) TMS70CTx0 devices include the TMS70CT20 and the TMS70CT40.

® TMS70Cx2 devices include the TMS70C02 and TMS70C42

Prototyping devices include the TMS7742 (EPROM), the SE77C42
(EPROM) the SE70P162, SE70CP160, and SE70CP162 (piggybacks)

This section begins with a summary and comparison of the TMS7000 family
devices, and then provides key features, pinouts, and pin descriptions for the
individual categories.

Section

NINNNN
oubPwiv=

Summary and Device COmMParison ........cccocoeireerenrenenneeneeeneeseseenees
TMS70x0, TMS70Cx0 and TMS70CTx0 Devices ....

TMS70x2 and TMS7742 DeviCes .....ccceevveeereneceneennne

TMS70CX2 DEVICES ..cooeveeeieeieeeee e eeeeeeeiee e eveee e ns
TMS7742 and SE70P162 Prototyping Devices ......cccoeeceeeernneen.
SE70CP160, SE70CP162 and SE77C42 Prototyping Devices ... 2-22

2 Throughout this
the group.

manual, the term TMS7000 or TMS7000 family refers to all members of
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TMS7000 Family Devices - Summary and Device Comparison

2.1 Summary and Device Comparison
The TMS7000 family NMOS devices can be summarized as follows:

2-2

The TMS7000 is the basic 8-bit, éingle-chip microcomputer, containing a
CPU, a timer, flexible 1/0, and 128 bytes of on-chip RAM, but no on-chip
ROM.

The TMS7020 and TMS7040 have the same basic features as the TMS7000,
with the addition of 2K and 4K bytes of on-chip ROM, respectively.

The TMS7002 (ROMless) and TMS7042 (4K bytes on-chip ROM) have the
same features as the TMS70x0 devices with the addition of a serial port
(UART), a 13-bit timer (Timer 2), a 10-bit timer (Timer 3), and 256 bytes of
on-chip RAM.

NMOS prototyping devices include the TMS7742 and the SE70P162. The
TMS7742 is an EPROM version of the TMS7042 and contains 4K bytes of
on-chip EPROM. The SE70P162 piggyback device is based on the TMS70x2
architecture and operates like a ROM-coded TMS70x2 device.

Table 2-1. TMS7000 NMOS Family Feature Summary?

TMS7040
TMS7020 TMS7042 TMS7742
TMS7000 TMS7002
Maximum oscillator frequency 5 MHz 8 MHz 5MHz
Voltage 5V + 10% 5V + 10% 5V + 10%
Operating temperature 0°C to 70°C 0°C to 70°C 0°C to 70°C
On-chip ROM (Kbytes) 41210 4 | o 4 (EPROM)
Internal RAM (bytes) 128 256 256
Interrupt levels:
External 2 2 2
Total 4 6 6
Timers/event counters:
13-bit 1 2 2
10-bit - 1 1
1/0 lines: Bidirectional 16 22 22
Input only 8 2 2
Output only 8 8 8
Additional features - Serial Port Serial Port
Development support:
Prototyping:
EPROM TMS7742 TMS7742 -
Piggyback SE70P162 SE70P162 SE70P162
XDs Yes Yes Yes
EVM Yes Yes Yes

t The NMOS members of the family are NOT recommended for new designs;

however, present designs using the NMOS devices are still supported.




TMS7000 Family Devices - Summary and Device Comparison

The TMS7000 family CMOS devices can be summarized as follows:

The CMOS TMS70Cx0 devices have the same features as the TMS70x0 de-
vices, adding low power requirements to the list of features.

The CMOS TMS70CTx0 devices contain the same basic features as the
TMS70Cx0 devices but are designed with reduced 1/0 pins and operate in the
Single-Chip mode only. (See Table 2-2).

The CMOS TMS70Cx2 devices contain the same features as the TMS70x2
devices with the addition of programmable-sense interrupts and two 21 -bit
timers.

Prototyping devices include the SE70CP160 and SE70CP162 (piggyback)
devices, and the SE77C42 EPROM Device which are based on the
TMS70Cxx architecture and ROM-coded TMS70Cx0,

TMS70CTx0, or TMS70Cx2 devices.
Table 2-2. TMS7000 CMOS Family Feature Summary.

operate like

TMS70C40A
TMS70C20A TMS70CT40 TMS70C42
TMS70CO0A TMS70CT20 TMS70C02
Max osc freq at 5V + 10 % 5 MHz 5 MHz 6 MHz
Voltage 25t06V 5V + 10% 25t06V
Operating temperature
Industrial -40°C to 85°C - -40°C to 85°C
Commercial 0°C to 70°C 0°C to 70°C 0°C to 70°C
On-chip ROM (Kbytes) 41 2]o0 4 2 4 0
Internal RAM (bytes) 128 128 256
Interrupt levels:
External 2 2 2
Total 4 4 6
Timers/event counters:
21-bit - - 2
13-bit 1 1 -
10-bit - - 1
1/0 lines: Bidirectional 16 12 24
Input only 8 4 -
Output only 8 4 8
Additional features - - Serial Port
Development support:
Prototyping:
EPROM - - SE77C42
Piggyback SE70CP160A SE70CP160A SE70CP162
XDS Yes Yes Yes
EVM Yes Yes Yes
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TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

2.2 TMS70x0, TMS70Cx0 and TMS70CTx0 Devices

2.21 TMS70x0 (NMOS) ‘Key Features

- |TMS7040/20/00

Maximum oscillator frequency 5 MHz
On-chip ROM (Kbytes) 4 | 21]o0
Internal RAM (bytes) 128
Interrupt levels:

External 2

Total 4
Timers/event counters:

13-bit 1

10-bit -
1/0 lines: Bidirectional 16

Input only 8

Output only 8
Additional features -
Development support:

Prototyping:

EPROM TMS7742
Piggyback SE70P162
XDsS Yes
EVM Yes

- Register-to-register architecture
- Memory-mapped ports for easy addressing

- Eight addressing formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls

- Single-instruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts

- Flexible interrupt handling:
- Priority servicing of simultaneous interrupts
- Software calls through interrupt vectors
- Precise timing of interrupts with the capture latch
- Software monitoring of interrupt status

- Supports all TMS7000 family expansion modes
- N-channel silicon-gate MOS technology
- 40-pin, 600 mil, dual-inline package



TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

2.2.2 TMS70Cx0 (CMOS) Key Features

TMS70C40A
TMS70C20A
TMS70CO00A
Max osc freq at 5V + 10 % 5 MHz
Voltage 25to6V
Operating temperature
Industrial -40°C to 85°C
Commercial 0°C to 70°C
On-chip ROM (Kbytes) 4| 21]o0
Internal RAM (bytes) 128
Interrupt levels:
External 2
Total 4
Timers/event counters:
21-bit -
13-bit 1
10-bit -
1/0 lines: Bidirectional 16
Input only 8
Output only 8
Additional features -
Development support:
Prototyping:
EPROM -
Piggyback SE70CP160A
XDS Yes
EVM Yes

- Register-to-register architecture

- Memory-mapped ports for easy addressing

- Eight addressing formats

- Single-instruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts

- Flexible interrupt handling

- Wide voltage operating range, frequency range:
- 2.5V -0.8 MHz maximum
- 6'V-6.5 MHz maximum

- Two power-down modes:
- Wake-Up (160 uA at 1 MHz typical)
- Halt, XTAL/CLKIN=GND (1 pA typical)

- Silicon-gate CMOS technology
- 40-pin, 600 mil, dual-inline package
- 44-pin PLCC



TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

2.2.3 TMS70CTx0 (CMOS) Key Features

 TMS70CT40
TMS70CT20
Max osc freq at 5V + 10 %
Voltage 5V + 10%
Operating temperature :
Industrial =
Commercial 0°C to 70°C

On-chip ROM (Kbytes)

Internal RAM (bytes)

Interrupt levels:
External
Total

Timers/event counters:
21-bit
13-bit
10-bit

1/0 lines: Bidirectional
Input only
Output only

Additional features

Development support:

Prototyping:

EPROM

Piggyback SE70CP160A
XDS Yes
EVM Yes

- Register-to-register architecture

- Memory-mapped ports for easy addressing

- Eight addressing formats

- Single-inétruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts

- Flexible interrupt handling

- Voltage operating range; 5V + 10%

- Frequency operating range 0.8 MHz to 5.0 MHz

- Two power-down modes:

- Wake-Up (160 pA at 1 MHz typical)
- Halt, XTAL/CLKIN=GND (1 uA typical)

- Silicon-gate CMOS technology
- 28-pin, 400 mil, dual-inline package



TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

[ g w T
2 = O
e < <

o 3% &3

BS/RW []1 o[ Jvgg Qu-ori Be3nl
B7/CLKOUT ]2 39| ] B6/ENABLE Zoon@dmomo>moad

BO[{3 38[]B4/ALATCH 65 43 2

B1[Jsa 3783

B2[]s 36[ImcC

Ao[Je 3s[]c7

A1[]7  34[]cse

A2[s 33Jcs

A3[Jes 32[0ca
A4[J1o 31 ]c3
A7/EC1[]J11 30[]c2
WNT3[J12 29[]c1
INT1[J13  28[Jco
RESET[J14 27[ ]po
A6[J15 26[]D1

A5[J1e 25 Jvce
XTAL2/CLKIN[}17 24[]}D2

xTAL1[J18 23[JD3 <£388883883
D719 22[ D4 oK >
D6[J20 21{7]DS5 9
2
153
A. Plastic 40-Pin DIP B. 44-Pin PLCC (CMOS only)

Figure 2-1. Pinouts for TMS7000, TMS7020, TMS7040, TMS70C00, TMS70C20
and TMS70C40

BS//RIW[]1 © ) 40[]Vss
B7/CLKOUT[]2 39[] B6/ENABLE
Bo[]3 38[]B4/ALATCH
4 37
EE s °Vce Veco g4 %fc
aofle °A12 PGMo  35fc7
a1y °A7 A139  34Hce
a2[]s  2A® A8 afcs
O A5 A90
A3[]s o A4 Al10 32HC4
a4af]ro o A3 go 3 []c3
A7/EC1[]11 30[]c2
NTa[]12 zAz A109  29fc1 TMS7742: 8-bit EPROM microcomputer which
INT1[]13 Al Eo o5 []co supports prototyping development for
RESET[]14 :gg 3(752 27[]D0 tzh(:zl ;’)MS7OXO devices (pinout on page
e oo s R
xTAL2/CLKINC]17  ©D2 D40 »ifo2
xTaLi[J1e ©VSs P3° »3fp3 ,
p7[]19 22[]pa SE70P162:8-bit piggyback microcomputer which
pe[]20 21[]Ds supports_prototyping development for
the TMS70x0 devices (pinout on page
2-18).
SE70CP160

Supports the TMS70Cx0 devices
Figure 2-2. Prototyping Devices Available for TMS70x0 and TMS70Cx0 Devices
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TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

‘Table 2-3. TMS70x0 and TMS70Cx0 Pin Descriptions

SIGNAL PIN I/0 DESCRIPTION
pLcc| DIP
AO LSb 7 6 | Port A. All pins may be used as high-impedaﬁce input-only
Al 8 7 | lines. Pin A7/EC1 may also be used as the timer/event
A2 9 8 I counter input.
A3 10 9 |
Ad 11 10 I
A5 18 | 16 1
Ab 16 | 15 |
A7/EC1 12 | 1 |
BO 3 3 (0] Port B. BO-B7 are general-purpose output-only pins. B4-B7
B1 4 4 0 become memory-expansion control signals in Peripheral-Expan
B2 5 5 (o] sion, Full-Expansion, and Microprocessor modes.
B3 41 37 (o}
B4/ALATCH 42 | 38 0 Data output/Memory interface address latch strobe
B5/R/W 1 1 0 Data output/Memory read/write signal
B6/ENABLE 43 | 39 0 Data output/Memory interface enable strobe
B7/CLKOUT 2 2 0 Data output/Internal clockout
CO 31 28 1/0 Port C. CO-C7 can be individually selected in software as gen-
Cc1 32 ] 29 I/0 eral-purpose input or output pins in Single-Chip mode. CO-C7
Cc2 33 | 30 1/0 become the LSB address/data bus in Peripheral-Expansion,
C3 34 | 31 170 Full-Expansion, and Microprocessor modes.
ca4 35 | 32 1/0
C5 36 | 33 1/0
o’} 37 | 34 1/0
Cc7 38 | 35 1/0
DO 30 | 27 1/0 Port D. DO-D7 can be individually selected in software as gen-|
D1 29 | 26 1/0 eral-purpose input or output pins in Single-Chip or Peripheral-
D2 27 | 24 1/0 Expansion modes. DO-D7 become the MSB address/data bus
D3 26 | 23 1/0 in Full-Expansion and Microprocessor modes.
D4 25 | 22 1/0
D5 24 | 21 1/0
D6 22 | 20 1/0
D7 21 19 1/0
TNT1 14 | 13 ] Highest priority maskable interrupt
TNT3 13 112 | Lowest priority maskable interrupt
RESET 15 | 14 | Device reset
McC 40 | 36 I Mode control pin, V¢ for microprocessor mode
XTAL2/CLKIN 19 | 17 | ‘Crystal input for control of internal oscillator
XTAL1 20 | 18 (o} Crystal output for control of internal oscillator
Vce 28 | 25 Supply voltage (positive)
Vss 44 | 40 Ground reference
39
23
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TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

N2 PACKAGE
(TOP VIEW)
vss []1Uks[] B6
B5 []2 27[] B4
B7 E 3 26 ] MC
A0 []a 25[] C7
A1 []s5 24[]C6
A2 e 23% C5
A3 []7 22[] C4
INT3 |8 21[] C3
INT1 [J9 20[] C2
RESET [J10 19[] C1
XTAL2/CLKIN []11 18[] CO
XTAL1 []12 17% vee
D7 []13 1e[ ] D4
D6 []14 15[ ] D5

Figure 2-3. Pinout for the TMS70CT20 and TMS70CT40
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TMS7000 Family Devices - TMS70x0, TMS70Cx0 and TMS70CTx0

Table 2-4. TMS70CTx0 Pin Descriptions

SIGNAL PIN /0 DESCRIPTION
A0 4 | Port A. High impedance input only pins.
A1 5 | ) .
A2 6 1
A3 7 1
B4 27 (o} Port B. General purpose output only pins.
B5 2 (o}
B6 28 o}
B7 3 0
Co 18 1/0 Port C. Individually selectable in software as general purpose
C1 19 1/0 input or output pins.
c2 20 1/0
C3 21 1/0
c4 22 1/0
C5 23 1/0
Cé 24 170
Cc7 25 1/0
D4 16 1/0 Port D. Individually selectable in software as general
D5 15 1/0 purpose input or output pins.
D6 14 1/0
D7 13 1/0
NT1 9 ] Highest priority Software Maskable interrupt
INT3 8 | Lowest priority Software Maskable interrupt
RESET 10 | Device reset
MC 26 | Vgs for normal operation
XTAL2/CLKIN 11 | Crystal input
XTAL1 12 (0] Crystal output
Vee 17 Supply voltage (positive)
Vss 1 Ground reference




TMS7000 Family Devices - TMS70x2 and TMS7742

2.3 TMS70x2 and TMS7742 Devices
2.3.1 TMS70x2 (NMOS) Key Features

TMS7042/02

Maximum oscillator frequency 8 MHz
On-chip ROM (Kbytes) 4 | o
Internal RAM (bytes) 256
Interrupt levels:

External 2

Total 6
Timers/event counters:

13-bit 2

10-bit 1
1/0 lines: Bidirectional 22

Input only 2

Output only 8
Additional features Serial Port
Development support:

Prototyping:

EPROM TMS7742
Piggyback SE70P162
XDS Yes
EVM Yes

- Flexible on-chip serial port:
- Asynchronous, Isosynchronous, or Serial /O modes
- Two multiprocessor communication formats
- Error detection flags
- Fully software programmable (bits/character, parity, and stop bits)
- Internal or external baud-rate generator
- Separate baud-rate timer useable as a third timer

- Register-to-register architecture
- Memory-mapped ports for easy addressing

- Eight addressing formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls

- Single-instruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts

- Flexible interrupt handling:
- Priority servicing of simultaneous interrupts
- Software calls through interrupt vectors
- Precise timing of interrupts with the capture latch
- Software monitoring of interrupt status

- Supports all TMS7000 family expansion modes
- N-channel silicon-gate MOS technology
- 40-pin, 600 mil, dual-inline package
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TMS7000 Family Devices - TMS70x2 and TMS7742

2.3.2 TMS7742 EPROM (NMOS) Device Key Features

TMS7742
Maximum oscillator frequency 5MHz
On-chip ROM (Kbytes) 4 (EPROM)
Internal RAM (bytes) 256
Interrupt levels:
External 2
Total 6
Timers/event counters:
13-bit 2
10-bit 1
1/0 lines: Bidirectional 22
Input only 2
Qutput only 8
Additional features Serial Port
Development support:
Prototyping:
EPROM -
Piggyback SE70P162
XDS Yes
EVM Yes

- EPROM programming procedure compatible with the TMS2732

- Flexible on-chip serial port:

Asynchronous, Isosynchronous, or Serial 1/0 modes

Two multiprocessor communication formats

Error detection flags

Fully software programmable (bits/character, parity, and stop bits)
Internal or external baud-rate generator

Separate baud-rate timer useable as a third timer

- Register-to-register architecture
- Memory-mapped ports for easy addressing

- Eight addressing formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and cal|s

- Single-instruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts

- Flexible interrupt handling:
- Priority servicing of simultaneous interrupts
- Software calls through interrupt vectors
- Precise timing of interrupts with the capture latch
- Software monitoring of interrupt status

- Fully compatible with TMS7020, TMS7040, and TMS7042
- Supports all TMS7000 family expansion modes

- N-channel silicon-gate MOS technology

- 40-pin, 600 mil, dual-inline package




TMS7000 Family Devices - TMS70x2 and TMS7742

B5/RW [J1 Yao[Jvgg

B7/CLKOUT ]2 39| ] B6/ENABLE

BO E 3 38[ ] B4/ALATCH
B1[Ja 37[)B3/TXD

B2[]s5 36[]MC

A0[]e 35[]cC7

A1[}7  34[]ce

A2 5 8 33]7]cs

A3[e 32[7ca

A4[11o 31 %cs

A7/EC1[]J11 30[]Jc2
INT3[J12 29[]c1
INT1[]13 28 %co

RESET [J14 27[]DoO

A6/SCLK/EC2[ |15 26[]D1
A5/RXD [J16 25[]Vce

XTAL2/CLKIN[}17 24[ D2

XTAL1[]18  23[7]D3
D7[J19 22[]D4
D6[J20 21[]DS5

40-Pin DIP

Figure 2-4. Pinouts for TMS7002, TMS7042, and TMS7742 EPROM Device

BS/RIW[]1 © U 0 vss BS/R/W[]1° U 40[]Vss
B7/CLKOUT []2 39["] B6/ENABLE B7/CLKOUT[] 2 39[1B6/ENABLE
Bo[]3 38[ ] B4/ALATCH Bo[]3 38 []B4/ALATCH
B1 ] 37[]B3/TXD B1[]4 37[1B3/TXD
82E5 ae%mc 32% s °Vvec veco 4 %MéT
AOEG s c7 aof]s C°A12 PGMo  shc7
A1[]7 34[Jce atf]z °A7 Al3e . ifce
A2[]s 33fTcs AZE g OAS A8o  3Acs
A3[]o 32%c4 A3[]s °AS ’:‘9° 32%c4
A4 [0 31]c3 aa[]1o 0”4 Aé° s1fjc3
A7/ECT [] 11 30[Jc2 a7Ec1[]11 OA3 aoo 3[lc2
NT3[]12 29[ c1 T3z °A? zo 29flc
N1 []13 287 co T 040 0y o 28[jco
RESET |14 2771 DO RESET[] 14 ° 06 27{] oo
AB/SCLK/EC2 []15 267 D1 Ae/sck/ec2[]1s ° P9 o o 26f1D1
AB/RXD []16 25 vee AS/RXD[] 16 ‘; D1 ba ° [ vee
XTAL2/CLKIN E 17 24[7D2 XTAL2/CLKINE 17 32 D3 z 24[] D2
XTAL1[]18 23[p3 xTAL1 [ 18 ss 23 o3
p7[]19 22[1D4 D7[]19 22[] D4
D6 []20 217 D5 D6 []20 211 D5
TMS7742 SE70P162
(8 MHz)

Supports TMS70x2 devices
Figure 2-5. Prototyping Devices Available for TMS70x2 and TMS7742 Devices

Supports TMS70x2 and TMS7742 devices
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TMS7000 Family Devices - TMS70x2 and TMS7742

Table 2-5. TMS70x2 and TMS7742 Pin Descriptions

OPERATION MODES EPROM MODE
) TMS7742 ONLY)
SIGNAL PIN |[1/O DESCRIPTION SIGNALJ1/0 DESCRIPTION
AO LSb 6 1/0| AO-A4 and A7 are general-purpose A7 | | A3-A7 are
A1 7 I/0| bidirectional pins. Ab and A6 are A6 I | address lines.
A2 8 1/0] input-only data pins. A5 |
A3 9 1/0 Ad |
Ad 10 1/0 A3 |
A5/RXD 16 | | Data input/Serial port receiver
A6/SCLK/EC2 15 1/0| Data input/Serial port clock/
Timer 2 event counter
A7/EC1 1 1/0| Data |/O/Timer 1 event counter
BO 3 O | BO-B3 are outputs. B4-B7 are outputs in Single-Chip
B1 4 O | mode and memory interface pins in all other modes.
B2 5 0
B3/TXD 37 O | Data output/Serial port transmitter
B4/ALATCH 38 O | Data output/Memory interface address latch strobe
B5/R/W 1 O | Data output/Memory read/write signal
B6/ENABLE 39 O | Data output/Memory interface enable strobe
B7/CLKOUT 2 O | Data output/internal clockout
Cco 28 1/0} Port C is a bidirectional data port. In Q1 1/0] Q1-Q8 are
C1 29 1/0| Microprocessor, Peripheral-Expansion,| Q2 1/0] bidirectional
C2 30 1/0} and Full-Expansion modes, Port C is Q3 1/0] data lines.
C3 31 1/0| a multiplexed low address and data Q4 1/0
C4 32 1/0| bus. Qb5 1/0
C5 33 1/0 Q6 1/0
Ccé6 34 1/0 Q7 1/0
Cc7 35 1/0 Q8 1/0
DO 27 1/0| Port D is a bidirectional data port. In A8 I | AO~A2 and
D1 26 1/0] Microprocessor or Full-Expansion A9 I | A8-A11 are
D2 24 1/0] mode, it is the high address bus. Atl1 I | address lines.
D3 23 1/0 A10 |
D4 22 1/0 E I | Chip enable
D5 21 1/0 A0 |
D6 20 1/0 A1l |
D7 19 1/0 A2 .
TNT1 13 I | Highest priority external maskable interrupt
TNT3 12 |1 | Lowest priority external maskable interrupt
RESET 14 | | Device reset GND Vgs for EPROM
mode
MC 36 I | Mode control pin, V¢ for G/Vpp Program enable
Microprocessor mode (21 V to program,
(0 V to verify)
XTAL2/CLKIN 17 I | Crystal input for control of internal GND V gg for EPROM
oscillator mode
XTAL1 18 O | Crystal output for control of internal
oscillator
Vee 25 Supply voltage (5 V) Ve (Séj;\)/;;ly voltage
Vss 40 Ground reference GND Ground reference




TMS7000 Family Devices - TMS70Cx2

2.4 TMS70Cx2 Devices
2.41 TMS70Cx2 (CMOS) Key Features

TMS70C42
TMS70C02
Max osc freq at 5V + 10 % 6 MHz
Voltage 25t0 6V
Operating temperature
Industrial -40°C to 85°C
Commercial 0°C to 70°C
On-chip ROM (Kbytes) 4 | o
Internal RAM (bytes) 256
Interrupt leveis:
External 2
Total 6
Timers/event counters:
21-bit 2
13-bit -
10-bit 1
1/0 lines: Bidirectional 24
Input only -
Output only 8
Additional features Serial Port
Development support:
Prototyping:
EPROM SE77C42
Piggyback SE70CP162
DS Yes
EVM Yes

- Flexible on-chip serial port:

Asynchronous, Isosynchronous, or Serial /0O modes

Two multiprocessor communication formats

Error detection flags

Fully software programmable (bits/char, parity, and stop bits)
Internal or external baud-rate generator

Separate baud-rate timer useable as a third timer

- Memory-mapped ports for easy addressing
- Eight addressing formats
- Two external maskable interrupts and flexible interrupt handling
- Wide voltage operating range, frequency range:
- 2.5V -0.8 MHz maximum
- 6 V=75 MHz maximum
- Two power-down modes:
- Wake-Up
- HALT
- Silicon-gate CMOS technology

- 40-pin, 600 mil, dual-inline package, 44-pin PLCC
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Figure 2-7. Prototyping Devices Available for TMS70Cx2 Devices
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Table 2-6. TMS70Cx2 Pin Descriptions

SIGNAL PIN 1/0 DESCRIPTION
pLcc| DIP
A0 LSb 7 6 1/0 AO-A4 and A7 are general-purpose bidirectional pins.
Al 8 7 1/0
A2 9 8 1/0
A3 10 9 1/0
A4/SCLK 11 10 | 1/O
A5/RXD 18 | 16 1/0 Data 1/Q/Serial port receiver
A6/EC2 16 15 1/0 Data 1/0/Serial port clock/Timer 2 event counter
A7/EC1 12 | 1 1/0 Data |/O/Timer 1 event counter
BO/T20UT 3 3 0 BO~-B3 are outputs. B4~B7 are outputs in Single-Chip mode
B1/T10UT 4 4 0 and memory interface pins in all other modes. BO and B1
B2 5 5 0 also contain the timer output functions.
B3/TXD 41 37 0 Data output/Serial port transmitter
B4/ALATCH 42 | 38 (e} Data output/Memory interface address latch strobe
B5/R/W 1 1 0 Data output/Memory interface read/write signal
B6/ENABLE 43 | 39 (e} Data output/Memory interface enable strobe
B7/CLKOUT 2 2 0 Data output/Internal clockout
Cco 31 28 1/0 Port C is a bidirectional data port. In Microprocessor,
C1 32 | 29 1/0 Peripheral-Expansion, and Full-Expansion modes, Port C is
C2 33 | 30 1/0 a multiplexed low address/data bus.
C3 34 | 31 1/0
c4 35 | 32 1/0
Cc5 36 | 33 | l/O
cé 37 | 34 1/0
C7 38 | 3 | I/O
DO 30 | 27 1/0 Port D is a bidirectional data port. In Microprocessor and Full-
D1 29 | 26 1/0 Expansion modes, it is the high address bus.
D2 27 | 24 1/0
D3 26 | 23 1/0
D4 25 | 22 1/0
D5 24 | 21 1/0
D6 22 1 20 | I/O
D7 21 19 1/0
_L_ﬁ 14 | 13 | Highest priority external maskable interrupt
INT3 13 | 12 | Lowest priority external maskable interrupt
RESET 15 | 14 | Device reset
MC 40 | 36 | Mode control pin, Ve for Microprocessor mode
XTAL2/CLKIN 19 | 17 | Crystal input for control of internal oscillator
XTAL1 20 | 18 0 Crystal output for control of internal oscillator
Vee 28 | 25 Supply voltage (5 V)
Vss 44 | 40 Ground reference
39
23

t  For SE70CP160 pin descriptions, refer to the TMS70Cx0 device pin description table on

page 2-7.
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n 2.5 TMS7742 and SE70P162 Prototyping Devices

2.5.1 TMS7742 EPROM (NMOS) Prototyping Device Key Features

The TMS7742 supports prototyping for the TMS7020, TMS7040, and the
TMS7042 up to a maximum operational frequency of 5 MHz.

Development support:
Prototyping:

- EPROM programming procedure compatible with the TMS2732

- Flexible on-chip serial port:
- Asynchronous, Isosynchronous, or Serial I/0 modes
- Two multiprocessor communication formats

Error detection flags

Fully software programmable

Internal or external baud-rate generator

Separate baud-rate timer useable as a third timer

- Register-to-register architecture
- Memory-mapped ports for easy addressing
- Eight addressing formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls
- Single-instruction binary-coded decimal (BCD) add and subtract

- Two external maskable interrupts and flexible interrupt handling

- Supports all TMS7000 family expansion modes
- N-channel silicon-gate MOS technology

- 40-pin, 600 mil, dual-inline package
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2.5.2 SE70P162 (NMOS) Pig

gyback Prototyping Device Key Features -

The SE70P162 supports full-frequency prototyping for the TMS7020,
TMS7040, and TMS7042.

Development support:
Prototyping:

- Uses TMS2764 or TMS27128 EPROMs in a piggyback socket

- Register-to-register architecture

- Flexible on-chip serial port:

Asynchronous,

Isosynchronous, or Serial I/0 modes

Two multiprocessor communication formats

flags

Fully software programmable
Internal or external baud-rate generator

- Error detection

Separate baud-

rate timer useable as a third timer

- Memory-mapped ports for easy addressing

- Eight addressing f
- Register-to-reg

ormats, including:
ister arithmetic

- Indirect addressing
- Indexed and indirect branches and calls

- Single-instruction

binary-coded decimal (BCD) add and subtract

- Two external maskable interrupts

- Flexible interrupt handling:

- Priority servicin

g of simultaneous interrupts

- Software calls through interrupt vectors
- Precise timing of interrupts with the capture latch

Software monit

oring of interrupt status

- Fully compatible with TMS7042 at 8 MHz

- 40-pin, 600 mil, d

ual-inline package
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Figure 2-8. TMS7742 Pinout
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Figure 2-9. SE70P162 Pinout
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Table 2-7. TMS7742 and SE70P162 Pin Descriptions

OPERATION MODES EPROM MODE
TMS7742 ONLY)
SIGNAL PIN {1/O DESCRIPTION SIGNAL|I/O DESCRIPTION
A0 LSb 6 |1/0] AO-A4 and A7 are general-purpose A7 I | A3-A7 are
Al 7 |1/0] bidirectional pins. A5 and A6 are A6 I | address lines.
A2 8 |1/0]| input-only data pins. Ab |
A3 9 [1/0 Ad |
A4 10 |1/0 A3 |
A5/RXD 16 | Data input/Serial port receiver
A6/SCLK/EC2 | 15 |I/O| Data input/Serial port clock/
Timer 2 event counter
A7/EC1 11 |1/O| Data l/O/Timer 1 event counter
BO 3 O | BO—-B3 are outputs. B4-B7 are outputs in Single-Chip mode
B1 4 O | and memory interface pins in all other modes.
B2 5 0
B3/TXD 37 | O | Data output/Serial port transmitter
B4/ALATCH 38 | O | Data output/Memory interface address latch strobe
B5/R/W 1 O | Data output/Memory read/write signal
B6/ENABLE 39 | O | Data output/Memory interface enable strobe
B7/CLKOUT 2 O | Data output/Internal clockout
Co 28 [1/0]| Port C is a bidirectional data port. In Q1 1/0] Q1-Q8 are
c1 29 |1/0| Microprocessor, Peripheral-Expansion, Q2 1/0] bidirectional
c2 30 {1/0] and Full-Expansion modes, Port C is Q3 1/0] data lines.
C3 31 {1/0] a multiplexed low address and data Q4 1/0
C4 32 |1/0] bus. Q5 1/0
C5 33 |I/0 Q6 1/0
Ccé 34 [1/0 Q7 1/0
C7 35 |1/0 Q8 1/0
DO 27 |1/0O] Port D is a bidirectional data port. In A8 I | AO-A2 and
D1 26 [1/0] Microprocessor and Full-Expansion A9 I | A8-A11 are
D2 24 I | modes, it is the high address bus. Al1 | | address lines.
D3 23 | 1 A10 !
D4 22 | E I | Chip enable
D5 21 | AO I
D6 20 |1 A1 |
D7 19 | | A2 |
TNT1 13 | | | Highest priority externai maskable interrupt
INT3 12 | | | Lowest priority external maskable interrupt
RESET 14 | | | Device reset GND Vgg for EPROM
mode
MC 36 | | | Mode control pin, V¢ for G/Vpp Program enable
Microprocessor mode (21 V to program,
. (0 V to verify)
XTAL2/CLKIN | 17 | | | Crystal input for control of internal GND V gg for EPROM
oscillator mode
XTAL1 18 | O | Crystal output for control of internal
oscillator
Vee 25 Supply voltage (5 V) Vee Sup;\:/l;l voltage
(5
Vss 40 Ground reference GND Ground reference
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2.6 SE70CP160, SE70CP162 and SE77C42 Prototyping Devices

2.6.1 SE70CP160 (CMOS) Piggyback Prototyping Device Key Features

The SE70CP160 supports prototyping development for the TMS70C20,
TMS70C40, TMS70CT20, and the TMS70CT40.

pmen port:
Prototyping:

Piggyback 'SE70CP160A | SE70CP160A

- Uses '27C64, '27C128, or compatible EPROMSs in a piggyback socket
- Register-to-register architecture

- Memory-mapped ports for easy addressing
- Eight addressing formats, including:
- Single-instruction binary-coded decimal (BCD) add and subtract

- Two external maskable interrupts and flexible interrupt handling
- Wide voltage operating range, frequency range:

- 2.5V -0.8 MHz maximum

- 6 V-6.5 MHz maximum

- Two power-down modes:
- Wake-up (160 pA at 1 MHz typical)
- Halt (10 pA typical)

- Fully compatible with TMS70Cx0 devices and can also be used
for prototyping the TMS70CTx0 devices

- Silicon-gate CMOS technology
- 40-pin, 600 mil, dual-inline package

2-22
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2.6.2 SE70CP162 (CMOS) Piggyback Prototyping Device Key Features -
The SE70CP162 supports prototypang development for the TMS70C42. 2

evelopment support:
Prototﬁpln .
30

- Uses '27C64, '27C128, or compatible EPROMs in a piggyback socket

- Flexible on-chip serial port:
- Asynchronous, Isosynchronous, or Serial I/0 modes
- Two multiprocessor communication formats
- Error detection flags
- Fully software programmable (bits/character, parity, and stop bits)
- Internal or external baud-rate generator
- Separate baud-rate timer useable as a third timer

- Register-to-register architecture

- Memory-mapped ports for easy addressing

- Eight addressing formats ’

- Single-instruction binary-coded decimal (BCD) add and subtract
- Two external maskable interrupts flexible interrupt handling

- Wlde voltage operatmg range, frequency range:
Hz maximum
- 6 V-75 MHz maximum

- Two power-down modes:

- Wake-Up

- HALT
- Fully compatible with TMS70Cx2 devices
- Silicon-gate CMOS technology

- 40-pin, 600 mil, dual-inline package

2-23
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2.6.3 SE77C42 (CMOS) EPROM Prototyping Device Key Features
THE SE77CA42 supports full frequency prototyping for the TMS70C42.

Development support:
Prototyping:

- EPROM programming procedure compatible with '27C64 or '27C128
- Prototyping support for the TMS70C42

- Flexible on-chip serial port:

Asynchronous, Isosynchronous, or Serial I/0 modes

Two multiprocessor communication formats

Error detection flags

Fully software programmable (bits/char, parity, and stop bits)
Internal or external baud-rate generator

Separate baud-rate timer useable as a third timer

- Memory-mapped ports for easy addressing
- Eight addressing formats

- Flexible interrupt handling

- Priority servicing of simultaneous interrupts
Software calls through interrupt vectors
Precise timing of interrupts with the capture latch
Software monitoring of interrupt status
Two external maskable interrupts

oo

- Two power-down modes:
- Wake-Up
- HALT o
- Silicon-gate CMOS technology, 40-pin, 600 mil, dual-inline package

2-24
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Figure 2-10. SE70CP160 Pinout
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t The broken line surrounds the pinout for the
EPROM Socket available only on the SE70CP162 device.

Figure 2-11. SE77C42 and SE70CP162 Pinout
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Table 2-8. SE77C42 and SE70CP162 Pin Descriptionst
OPERATION MODES EPROM MODE
(SE77C42 ONLY)
SIGNAL | PIN NO.J1/O DESCRIPTION SIGNALJ{1/O0 DESCRIPTION
pLCC |DIP|
A0 LSb 7 6 |1/0| AO—-A7 are general-purpose A7 I | A3-A7 and A12
A1 7 |1/0O} bidirectional pins. A6 | | are
A2 9 8 |1/0 ABS | | address lines.
A3 10 | 9 |1/O A4 |
A4/SCLK 11 11011/0| Data I/Q/Serial port clock A3 |
A5/RXD 18 |16 |1/O| Data I/Q/Serial port receiver |
AB/EC2 16 |15 |1/0| Data I/0O/Timer 2 event counter | | Program
A7/EC1 12 {11 ]1/0] Data l/O/Timer 1 event counter | | Output enable
BO/T20UT 3 | 3 | O | BO-B3 are outputs. B4~B7 are outputs in Single-Chip mode and memory
B1/T10UT 4 4 | O | interface pins in all other modes. BO and B1 are outputs for Timer 2
B2 5 5| O | and Timer 1.
B3/TXD 41 |37 | O | Data output/Serial port transmitter
B4/ALATCH | 42 | 38| O | Data output/Memory interface address latch strobe
B5/R/W 1 1 | O | Data output/Memory read/write signal
B6/ENABLE 43 | 39| O | Data output/Memory interface enable strobe
B7/CLKOUT 2 2 | O | Data output/Internal clockout
co 31 |28 |1/0| Port C is a bidirectional data port. In | Q1 1/0] Q1-Q8 are
C1 32 129 |1/0}| Microprocessor, Peripheral-Expansion,| Q2 1/0] bidirectional
C2 .1 33 | 30}1/0] and Full-Expansion modes, Port C is Q3 1/0{ data lines.
C3 34 | 31 {1/0| a multiplexed low address and data Q4 /0
Cc4 35 |32]1/0} bus. Q5 1/0
C5 36 |33}1/0 Q6 1/0
Ccé 37 |34{1/0 Q7 1/0
Cc7 38 [35]1/0 Q8 1/0
DO 30 |27 11/0] Port D is a bidirectional data port. In | A8 I | AO-A2 and
D1 29 |26 |1/0] Microprocessor and Full-Expansion A9 | | A8-A11 are
D2 27 |24 11/0] modes, it is the high address bus. Al | | address lines.
D3 26 | 23(1/0 A10 I
D4 25 |22 {1/0 I | Chip enable
D5 24 121 {1/0 A0 |
D6 22 120{1/0 A1l |
D7 21 1 191]1/0 A2 |
TNT1 14 | 13| | | Highest priority external maskable interrupt
INT3 13 |12 1 | Lowest priority external maskable interrupt
RESET 16 | 14| | | Device reset GND Vssdfor EPROM
mode
MC 40 | 36| | | Mode control pin, V¢ for Vpp Program enable
Microprocessor mode (12.5 V to pro-
gram, O V to
verify)
XTAL2/CLKIN} 19 |17 | | Crystal input for control of internal GND V gg for EPROM
oscillator moge
XTAL1 20 | 18| O | Crystal output for control of internal
oscillator
Vee 28 |26 Supply voltage (positive) Vce (Ssuvgly voltage
Vss %g 40 Ground reference GND Ground reference
44
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Section 3

TMS7000 Family Architecture

This section discusses the internal architecture of the TMS7000 family3 de-
vices. Topics in this section include:

Section Page
3.1 On-Chip RAM and RegiSters ........c.ccocevviriiniininsssnsssnsssnnes 3-3
3.2 On-Chip General Purpose 1/0O Ports .... e 3-6
3.3 Memory Modes ........cccciiienninrinenescceneseseee s .. 3-11
3.4 System Clock OPtionsS ......ccceoieireiriiircrecereniivensse e 3-22
3.5 CMOS Low-Power Modes .......ccocriiieniicenerine e 3-25
3.6 Interrupts and System Reset ..........ccoveiiiiiiiciiniiici e 3-26
3.7 Programmable Timer/Event Counters .........oivivcmnnnnnnni s 3-38

3.8 Serial Port (TMS70x2 and TMS70Cx2 Devices Only) ............... 3-51

Figure 3-1 (page 3-2) shows the major components of the TMS7000 family
devices' internal architecture.

3

TMS7000 and TMS7000 family refer to all TMS7000 devices as described in Section 2.
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RESET —= INTERRUPT m‘;
INT2— CONTROL INT2
RAM
8-BIT PERIPHERAL/MEMORY
cPu CONTROL TIMER/EVENT COUNTER 1
I ﬁ AND CAPTURE LATCH
| i
- ROM
XTAL[] OSCILLATOR INT3
T PORT A
PORT B
MODE PORT C
CONTROL PORT D

tTimer 3, serial port, and timer/event counter 2 available for TMS70x2 and TMS70Cx2 devices only.

$0nly Port Pins AO-A3, B4-B7, CO-C7, and D4-D7 available on TMS70CTxO0 devices.

Figure 3-1.- TMS7000 Family Block Diagram

32 1/O LINES, SERIAL PORT
AND TIMER OUTPUT
FUNCTIONS#



TMS7000 Family Architecture

3.1 On-Chip RAM and Registers

TMS7000 family devices have a 64K-byte maximum memory address space. -
On-chip and off-chip memory address space varies according to the particular 3
family member used and mode selected (see Section 3.3, Memory Modes).

The following sections discuss the Register File (RF), the Peripheral File (PF),

and three CPU registers: the Stack Pointer (SP), the Status Register (ST), and

the Program Counter (PC).

3.1.1 Register File (RF)
On-chip RAM is called the Register File (RF). Depending upon the device
used, the RF has either 128 or 256 bytes of memory treated as registers
RO-R127 or RO-R255. These are located in lower memory as follows:

Number of Register

Device Register Range Memory Address
TMS70x0 128 - RO-R127  >0000 - >007F
TMS70Cx0 128 RO-R127  >0000 - >007F
TMS70CTx0 128 RO-R127 >0000 - >007F
TMS70x2 256 RO-R255 >0000 - >00FF
TMS70Cx2 256 RO-R255 >0000 - >00FF

The first two registers, RO and R1, are also referred to as Register A and
Register B, respectively. Several instructions use Register A or B implicitly
as either the source or destination register. For example, the STSP instruction
stores the contents of the Stack Pointer in Register B. Other instructions may
use Registers A or B to save memory or increase execution speed. Unless
otherwise indicated, any register in the Register File can be used as a source
or destination register.

3.1.2 Peripheral File (PF)

The Peripheral File (PF) is mapped into locations >0100 to >01FF, which
are referred to as PO-P255. These Peripheral-File locations contain the 8-bit
PF registers, used for interrupt control, parallel I/O ports, timer control, me-
mory-expansion control, and serial port control. All PF addresses not used
onboard the TMS7000 are mapped externally in all modes except Single-Chip.
Several instructions, called Peripheral-File instructions, communicate with the
PF registers, allowing easy use of externally-mapped peripheral devices.
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3.1.3 Stack Pointer (SP)

The Stack Pointer (SP) is an 8-bit CPU register that points to the top of the
stack. The stack is physically located in the on-chip RAM, or RF. When the
stack is used, the SP points to the last or top entry on the stack. During reset,
the SP is loaded with >01. The SP is loaded from Register B (R1) via the
LDSP instruction and initialized to any other value by executing a stack in-
itialization program such as the one illustrated in Figure 3-2. This feature al-
lows the stack to be located anywhere in the Register File. The SP is loaded
into Register B via the STSP command. The SP is automatically incremented
when data is pushed onto the stack and automatically decremented after data
is popped from the stack.

INIT MOV %>60,B
LDSP
50000
TOP OF STACK ON RESET - >0001 . INCREMENT
: : PUSH THEN
INITIAL TOP OF STACK - >0060 STORE
: FETCH
POP THEN
: DECREMENT
UPPER STACK LIMIT - >007F

>00FF

Figure 3-2. Example of Stack Initialization in the Register File

3.1.4 Status Register (ST)

3-4

The Status Register (ST) is an 8-bit CPU register that contains three con-
ditional status bits - carry (C), sign (N), zero (Z) - and a global interrupt en-
able bit (I). The C, N, and Z bits are used for arithmetic operations, bit
rotating, and conditional branching.

Meb 7 6 5 4 3 2 1 0 L6b
Lein]z] 1] ryrure uee |

Figure 3-3. Status Register (ST)

Carry (C) Bit Used as carry-in/carry-out for most rotate and arithmetic in-
structions.

Negative (N) Bit ,
Contains the most significant bit of the destination operand
contents after instruction execution.

Zero (Z) Bit Contains a 1 when the destination operand equals zero after
instruction execution.
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Global Interrupt Enable (I) Bit
Enables/disables all interrupts. The EINT (Enable Interrupts)
instruction sets this bit to 1; the DINT (Disable Interrupts)
instruction clears it.

This bit must be set to a 1 for interrupts to be acknowledged.
However, the individual interrupt flag bits can be set whether
this bitis setto a1 oraO.

Jump-on-condition instructions are also associated with the C, N, and Z sta-
tus bits to provide conditional program-flow options.

During reset all bits in the Status Register are cleared. During other interrupts,
the Status Register is saved on the stack and can be accessed via the PUSHST
and POPST instructions.

3.1.5 Program Counter (PC)

The 16-bit Program Counter (PC) consists of two 8-bit registers in the
CPU. These registers contain the MSB and the LSB of a 16-bit address: the
Program Counter High (PCH) and Program Counter Low (PCL).

The PC acts as the 16-bit address pointer of the opcodes and operands in
memory of the currently executing instruction. During reset, the MSB and the
LSB of the PC are loaded into Register A and Register B, respectively.

3-5
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3.2 On-Chip General Purpose I/O Ports

3-6

TMS7000 devices have up to 32 I/0 pins organized as four 8-bit parallel Ports
A, B, C, and D.

Port A TMS70x0, TMS70Cx0 and TMS70CTxO0 devices - Port A is
an input-only port (Only port pins AQ0-A3 available on
TMS70CTx0 devices).

TMS70x2 devices - AO-A4 and A7 are bidirectional data pins;
A5 and A6 are input-only data pins

TMS70Cx2 devices - Port A is fully bidirectional

Port B All devices - Port B is an output-only port (Only Port pins
B4-B7 available on TMS70CTxO0 devices)

Port C,

Port D All devices - both ports are bidirectional; they are also used as

the address/data bus for memory expansion. (The TMS70CTx0
devices operate in the Single-chip mode only, and only port pins
D4-D7 are available on Port D).

Ports A, C, and D are each controlled and accessed via individual Data-Di-
rection Registers and Data Registers in the Peripheral File. Output-only
port B has only a Data Register. The Data Register contains the value to be
input or output; the Data-Direction Register indicates whether the individual
port pin is an input or an output. I/O pins can be individually designated as
input or output by writing a 1 or 0 to a corresponding bit in their PF Data-
Direction Register. A 1 makes the pin an output, a 0 makes the pin an /nput.

Writing to the Data-Direction Register does not affect the value in the Data
Register. This allows all bidirectional pins to be used for either input or output
by only changing the Data-Direction Register.

During a hardware reset, all Data-Direction Registers are cleared, forcing all
bidirectional ports to their high-impedance input state. It is good practice to
load Ports A, C, and D Data Registers before programming any bidirectional
bits as outputs. During a hardware reset, Port B is set to all 1s.

Caution:

When any port is configured as an output-only port, applying
an external potential to its pins may affect system reliability.
The value read at the port pins of Ports C or D will be the same
as the last value internally written to the port. However, read-
ing Port B returns the value at the pins, which can override the
data written to the port.

Figure 3-4 (page 3-7) shows the logic for each bidirectional I/0 line.
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vo
PIN

DATA READ
DDR READ
oUTPUT
MBEl o DDR WRITE
DDR
FLP 4 DDR WRITE
FLOP STROBE
a
ouTPUT
OUTPUT
—< VALUE a D DATA WRITE
3-STATE DATA
FLP 4——— DATA WRITE
DRVER | For STROBE
a

Figure 3-4. Bidirectional I/O Logic

Table 3-1. TMS70x0 and TMS70Cx0 Port Configuration

FULL-EXPANSION

SINGLE-CHIP PERIPHERAL- MICROPROCESSOR
1/0 MODE EXPANSION MODE MODE MODE
8 input pins 8 input pins 8 input pins 8 input pins
Port A A7=A7/EC1 A7=A7/EC1 A7=A7/EC1 A7=A7/EC1
4 output pins 4 output pins 4 output pins
Port B 8 output pins 4 bus control 4 bus control 4 bus control
signals signals signals
8-bit 8-bit low 8-bit low
Port C 81/0 pins address/data bus address/data bus address/data bus
(LSB) (LSB)
Port D 81/0 pins 8 1/0 pins 8-bit high address 8-bit high address
bus (MSB) bus (MSB)
Total I/0 8 input pins 8 input pins 8 input pins 8 input pins
Pins 8 output pins 4 output pins 4 output pins 4 output pins
Available 16 1/0 pins 8 1/0 pins
Total 8 address/data 16 address/data 16 address/data
Memory None (multiplexed) 4 memory control 4 memory control
Pins 4 memory control

3-7
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Table 3-2. TMS70CTx0 Port Configuration t

1/0 SINGLE-CHIP
MODE
Port A 4 Input Pins
(AO-A3)
Port B 4 Qutput Pins
(B4-B7)
Port C 8 1/0 Pins
Port D 41/0 Pins
(D4-D7)
Total 1/0 Pins 4 Input Pins
Available 4 Output Pins
12 1/0 Pins
Total
Memory Pins None

t  The TMS70CTxO0 devices operate in the single-chip mode

only.

Table 3-3. TMS70x2 Port Configuration

SINGLE-CHIP PERIPHERAL- FULL-EXPANSION |MICROPROCESSOR
1/0 MODE EXPANSION MODE MODE MODE
6 1/0 pins 6 1/0 pins 6 1/0 pins 6 1/0 pins
2 input pins 2 input pins 2 input pins 2 input pins
Port A A5=A5/RX A5=A5/RX AB=A5/RX A5=A5/RX
A6=A6/SCLK/EC2 A6=A6/SCLK/EC2 A6=A6/SCLK/EC2 A6=A6/SCLK/EC2
A7=A7/EC1 A7=A7/EC1 A7=A7/EC1 A7=A7/EC1
8 output pins 4 output pins 4 output pins 4 output pins
Port B B3=B3/TX 4 bus control 4 bus control 4 bus control
signals signals signals
B3=B3/TX . B3=B3/TX B3=B3/TX
8-bit 8-bit low 8-bit low
Port C 8 1/0 pins address/data bus address/data bus address/data bus
(LSB) (LSB)
8-bit high 8-bit high
Port D 8 1/0 pins 8 1/0 pins address bus address bus
(MSB) (MSB)
Total 1/0 2 input pins 2 input pins 2 input pins 2 input pins
Pins 8 output pins 4 output pins 4 output pins 4 output pins
Available 22 1/0 pins 14 1/0 pins 6 1/0 pins 6 1/0 pins
Total ) 8 address/data 16 address/data 16 address/data
Memory None (multiplexed) 4 memory control 4 memory control
Pins 4 memory control

3-8
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Table 3-4. TMS70Cx2 Port Configuratior

SINGLE-CHIP PERIPHERAL- FULL-EXPANSION |MICROPROCESSOR
1/0 MODE EXPANSION MODE MODE MODE
8 1/0 pins 8 1/0 pins 8 1/0 pins 8 1/0 pins
A4=A4/SCLK A4=A4/SCLK A4=A4/SCLK A4=A4/SCLK
Port A A5=A5/RXD A5=A5/RXD A5=A5/RXD A5=A5/RXD
A6=A6/EC2 A6=A6/EC2 A6=A6/EC2 A6=A6/EC2
A7=A7/EC1 A7=A7/EC1 A7=A7/EC1 A7=A7/EC1
8 output pins 4 output pins 4 output pins 4 output pins
Port B B3=B3/TXD 4 bus control 4 bus control 4 bus control
B1=B1/T10UT signals signals signals
BO=B0/T20UT B3=B3/TXD B3=B3/TXD B3=B3/TXD
B1=B1/T10UT B1=B1/T10UT B1=B1/T10UT
B0=B0/T20UT B0O=B0/T20UT BO=B0/T20UT
8-bit 8-bit low 8-bit low
Port C 8 1/0 pins address/data bus address/data bus address/data bus
(LSB) (LSB)
8-bit high 8-bit high
Port D 8 1/0 pins 8 1/0 pins address bus address bus
(MSB) (MSB)
Total 1/O 8 output pins 4 output pins 4 output pins 4 output pins
Pins 24 1/0 pins 16 1/0 pins 8 1/0 pins 8 1/0 pins
Available
Total 8 address/data 16 address/data 16 address/data
Memory None (multiplexed) 4 memory control 4 memory control
Pins 4 memory control
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3.2.1 Port A

On TMS70x0 and TMS70Cx0 parts, Port A is an 8-bit high-impedance in-
put-only port, providing eight geneyal-purpose input lines. Pin A7/EC1 may
also be used to clock the on-chip timer/event counter (see Section 3.7, Pro-
grammable Timer/Event Counters).

On TMS70CTx0 parts, Port A is a 4-bit hi(?h impedance input-only port,
providing four general-purpose input lines (AQ-A3).

On TMS70x2 parts, pins AO-A4 and pin A7/EC1 of Port A are bidirectional
1/0 lines. Pins A5 and A6 are general-purpose .lnput~onl5 pins that also have
other functions when usmE the serial port. Pin A5/RXD receives incoming
serial data and pin A6/SCLK/EC2 is the serial clock input or output. Pins
A6/SCLK/EC2 and A7/EC1 may also be used to clock the on-chip timer/event
counters, Timer 2 and Timer 1, respectively.

On TMS70Cx2 devices, Port A is a fully-bidirectional 1/0O port. However,
pins AB/RXD and A4/SCLK serve as the serial data receive pin and_serial
clock, respectively, when the serial port is used. Pins A6/EC2 and A7/EC1
may be used to clock the on-chip timer/event counters, Timer 2 and Timer 1,
respectively. Note that SCLK has been moved to A4 on the TMS70Cx2 de-
vices from A6 on the TMS70x2 devices. This frees up EC2 to be used at the
same time as SCLK.

3.2.2 Port B

In S[ngle-Chip mode, Port B is an 8-bit general-purpose output port.
Readln? Port B returns the value written to the pins unless modified by an
%ﬁtean_la) value at the pins. (The TMS70CTx0 devices contain only pins

- In all other memory modes, Port B is split into two parts. The lower nibble

(pins BO-B3) are I?eneral—pu,rpose output-only pins. The most_significant
nibble (pins B4-B7) contains_the_bus control signals: ALATCH, R/W,
EN%BLE, Ian)d CLKOUT. (The TMS70CTx0 devices operate in single-chip
mode only.

On TMS70x2 and TMS70Cx2 devices, pin B3 is also the serial output line
(TXD) for the serial port.

3.2.3 Port C

In Single-Chip mode, Port C is an 8-bit bidirectional 1/0 port. Any of its
eight pins may be individually programmed as an input or output line. (The
TMS70CTx0 devices operate In single-chip mode only.)

In all other memory modes, Port C becomes a muitiplexed address/data
port for the off-chip mgmog bus. In this case, Port C provides the least sig-
nificant byte of a 16-bit address, followed by eight bits of read or write data.
(Port D provides the most significant byte of the 16-bit address.)

3.2.4 Port D

In Single-Chip or Peripheral-Expansion mode, Port D is an 8-bit bidi-
rectional I/0 port. Any of its eight pins may be mlelduallg_,pro rammed as
an input or output line under software control. (The TMS70CTx0 devices
contain four Port D pins (D4-D7) and operate in the single-chip mode only.)

In Full-Expansion and Microprocessor modes, Port D becomes a multi-
plexed address/data port for the off-chilp memory bus. In this case, Port D
Frovud_es the most significant byte of a 16-bit address. (Port C provides the
east significant byte of the 16-bit address.)



TMS7000 Family Architecture - Memory Modes

3.3 Memory Modes

The TMS7000 can address up to 64K bytes. Four memory modes can be se-
lected by a combination of software and hardware: the Single-Chip, Peri-
pheral-Expansion, Full-Expansion, and Microprocessor modes. The

TMS70CTx0 devices operate in the single-chip mode only.

The Mode Control (MC) input pin forces the TMS7000 into Microprocessor
mode when set to a Vgg. If the MC pin is held at Vgg, the remaining memory
modes can be selected by bits 6 and 7 of the Peripheral File 1/0 Control Re-

gister (IOCNTO - PQ), as shown in Table 3-5.
Table 3-5. Mode Selection Conditions (MC Pin)

During reset the IOCNTO register is set to a 0. (Refer to Section 3.6 for a de-
tailed description of reset and the initialization procedure for the IOCNTO re-

MODE SELECT CONDITIONS
MODE CONTROL IOCNTO
MODE PIN (MC) BITS 7.6
Single-Chip Vgs 0 0
Peripheral-Expansion Vsg 0 1
Full-Expansion Vgs 1 0
Microprocessor Vece X X

Note: X = Don’t Care

gister.) Table 3-6 and Table 3-7 summarize the four memory modes.
Table 3-6. TMS70x0, TMS70Cx0 and TMS70CTx0 Memory Map

P - LL
SINGLE-CHIPT EE)?;K:ES?(;\,{" EXP';\I.I’\ISION MICROPROCESSOR
>0000 ; ; ; ; ; ; ; ;
~007F Register File Register File Register File Register File
igg?:g Reserved Reserved Reserved Reserved
>0100 . ) . .
>010B On-Chip I/0 On-Chip I/0 On-Chip /O On-Chip 1/0
>010C
Peripheral Expansion | Peripheral Expansion | Peripheral Expansion

>01FF
>0200

Not Available Not Available Memory Expansion Memory Expansion
>F000

4K ROM 4K ROM 4K ROM
>F800
2K ROM 2K ROM 2K ROM

>FFFF

t Only operating mode available on the TMS70CTx0 devices
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Table 3-7. TMS70x2 and TMS70Cx2 Memory Map

PERIPHERAL- FULL MICRO-
70x2| SINGLE-CHIP EXPANSION EXPANSION PROCESSOR |'70Cx2
>0000 i >0000
Register File Register File Register File ' Register File
>00FF >Q0FF
>0100 >0100
On-Chip /0 On-Chip I/0 On-Chip 1/O On-Chip 1/0
>0117 >0123
>0118 >0124
Peripheral Expansion | Peripheral Expansion | Peripheral Expansion
>01FF : >01FF
>0200 >0200
Not Available Not Available Memory Expansion Memory Expansion
>EFFF >EFFF
>F000 >F000
4K ROM 4K ROM 4K ROM
>FFFF >FFFF

Table 3-8. TMS70x0, TMS70Cx0 and TMS70CTx0 Peripheral Memory Map

SINGLE-CHIP* | EXpANSION | EXPANSION | PROCESSOR
PO | >0100 | IOCNTO 1/0 Control register
P1 |>0101 - Reserved
P2 | >0102 | TIDATA Timer 1 data
P3 |>0103 T1CTL Timer 1 control
P4 | >0104 | APORT Port A data
P5 | >0105 - Reserved
P6 | >0106 | BPORT Port B Data T
P7 | >0107 - Reserved
P8 | >0108 | CPORT Port C Data
P9 | >0109 CDDR Port C Data-
Direction Register Peripheral Expansion
P10|>010A | DPORT Port D Data
P11|>010B | DDDR Port D Data-Direction Register
P12-1>010C- Not available Peripheral Expansion
P255| >01FF

t In expansion modes, Port B is referenced in a special manner. See the Port B discussion on page 3-19.
t Only operating mode available on the TMS70CTx0 devices
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Table 3-9. TMS70x2 Peripheral Memory Map

SINGLE-CHIP Péf&iﬁ'é?éh Ex:gl\li;ION PR“S::%';%OR
PO |>0100 | IOCNTO 1/0 Control register 0
P1 {>0101 - Reserved
P2 | >0102 | T1DATA Timer 1 Data
P3 |>0103 T1CTL Timer 1 Control
P4 | >0104 | APORT Port A Data
P5 | >0105 ADDR Port A Data-Direction Register
P6 [>0106 | BPORT | PortBData | T
P7 | >0107 - Reserved
P8 | >0108 | CPORT Port C Data
Port C Data-Dir-
P9 { >0109 | CDDR ection Register Peripheral Expansion
P10|{>010A | DPORT Port D Data
P11]>010B DDDR Port D Data-Direction Register
P12-|>010C| Not available
P15|>010F
P16|>0110 | IOCNT1 1/0 Control Register 1
SMODE First Write after reset — Serial Mode register
P171>0111 SCTLO Write — Serial Control register 0
SSTAT Read — Serial port status register
P18{>0112 | T2DATA Timer 2 Data
P19]>0113 | T2CTL Timer 2 Control
P20|>0114 | T3DATA Timer 3 Data
P21|>0115 | SCTL1 Serial Control register 1
P22|>0116 | RXBUF Receiver Buffer
P23|>0117 | TXBUF Transmitter Buffer
P24-1>0118 Not available Peripheral Expansion
P225| >01FF

t In expansion modes, Port B is referenced in a special manner. See the Port B discussion on page 3-19.
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Table 3-10. TMS70Cx2 Peripheral Memory Map

PERIPHERAL- FULL- MICRO-
SINGLE-CHIP | "expANSION EXPANSION PROCESSOR
PO | >0100 | 10CNTO | I/O Control register O

P1 |>0101 | 10CNT2 | I/O Control register 2

P2 | >0102 | I0CNT1 { |/O Control register 1

P3 | >0103 - Reserved

P4 | >0104 | APORT | Port A Data

P5 | >0105 ADDR Port A Data-Direction Register

P6 | >0106 | BPORT Port B data t
P7 {>0107 - Reserved
P8 | >0108 | CPORT Port C Data
Port C Data-Dir-
P9 |>0109 | CDDR ection Register Peripheral Expansion
P10|>010A | DPORT Port D Data
P11|>010B | DDDR Port D Data Direction Register

P12} >010C [T1MSDATA Timer 1 MSB decrementer reload register/ MSB readout latch
P13|>010D |T1LSDATA Timer 1 LSB reload register/LSB decrementer value
P14|>010E | T1CTL1 Timer 1 control register 1/MSB readout latch

P15|>010F | T1CTLO Timer 1 control register 0/LSB capture latch value
P16|>0110 [T2MSDATA Timer 2 MSB decrementer reload register/ MSB readout latch
P17|>0111 [T2LSDATA Timer 2 LSB reload register/LSB decrementer value

P18|>0112 | T2CTL1 Timer 2 control register 1/MSB readout latch
P19|>0113 | T2CTLO Timer 2 control register 0/LSB capture latch value
P20|>0114 | SMODE Serial port mode control register
P21]>0115 | SCTLO Serial port control register O
P22|>0116 | SSTAT Serial port Status Register
P23|>0117 | T3DATA Timer 3 reload register/decrementer value
P24} >0118 | SCTL1 Serial port control register 1
P25|>0119 | RXBUF |  Receiver buffer
P26| >011A | TXBUF Transmitter buffer
P27-1>011B-| Reserved
P35|>0123
P36-| >0124~ Not available Peripheral Expansion
P255| >01FF

t In expansion modes, Port B is referenced in a special manner. See the Port B discussion on page 3-19.
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3.3.1 Single-Chip Mode
Single-Chip mode is selected when:

MC = Vgg and PF Register IOCNTO = 00XX XXXX

In Single-Chip mode, the TMS7000 family devices function as standalone
microcomputers with no off-chip memory-expansion bus. User memory con-
sists of the RAM register file and ROM. All available 1/0O lines may be used
for various purposes, such as scanning keyboards, driving displays, and con-
trolling other mechanisms. The four ports are configured as shown in Figure

INPUT
LINES

OUTPUT
LINES

BIDIRECTIONAL
LINES

BIDIRECTIONAL
LINES

Figure 3-5. 1/O Ports - Single-Chip Mode

Figure 3-6 shows the Single-Chip mode memory map. The unused Peripheral
File (PF) locations and off-chip memory addresses cannot be addressed. If
you attempt to read one of these locations, an undefined value is returned.
Writing to these addresses has no effect. Peripheral-File registers PO-P11 re-
ference the |/O ports and other on-chip functions. Table 3-8, Table 3-9, and
Table 3-10 list the Peripheral-File registers that are available in Single-Chip

mode.
"70x2 '70Cx2
>0000 >0000 >0000
Register File
> 007F Register File
>0080 gister
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip 1/0 On-chip 1/0
>010B >0117 >0123
>010C >0118 ' >0124
Not Available Not Available
>F000 >F000 >F000
4K ROM
- >F800 4KROM
2K ROM
>FFFF >FFFF >FFFF
A. TMS70x0, TMS70Cx0 B. TMS70x2 and TMS70Cx2
and TMS70CTx0 Devices Devices

Figure 3-6. Single-Chip Mode Memory Map
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Port A

Port B

Port C,
Port D

is accessed via PF register P4 (APORT). When P4 is read, such as with a
MOVP (Move from PF) instruction, the value on the Port A input pins is re-
turned. The input data is read approximately two machine cycles before the
completion of the instruction.

[} On the TMS70x0 and TMS70Cx0. devices, bit 7 (A7) is the MSb and
bit 0 (AQ) is the LSb. When the on-chip timer/event counter is placed
in the External Event-Counter mode, bit A7/EC1 serves as the external
clock input, triggering the event counter on every positive-going transi-
tion.

® On the TMS70CTx0 devices, bit 3 (A3) is the MSb and bit 0 (AQ) is
the LSb.

() On TMS70x2 parts, pins A0O-A4 and pin A7/EC1 are bidirectional 1/0
pins. Each of these pins can become either an output or an input pin
depending upon the value in the Port A Data-Direction Register (ADDR)
P5:

P5 bit =1 Corresponding Port A pin becomes an output.
P5 bit = 0 Corresponding Port A pin becomes a high-impedance in-
put.

Figure 3-4 (page 3-7) shows a diagram of the bidirectional I/0 logic.

Pins A5 and A6/SCLK/EC2 have multiple functions. Normally they are
both input-only pins (as on TMS70x0 parts), but A5 can also be the
serial data receiver (RXD). Pin A6/SCLK/EC2 can also be the serial
clock 1/0 pin (SCLK) for the serial port. A6 can be either the serial clock
output or it can drive the on-chip serial clock when connected to an
external clock. (See the serial port section for more information, Section
3.8). Pin A6 can also be the external clock input for Timer 2.

® On TMS70Cx2 devices, all pins are bidirectional I/O pins. Each of
these pins can become an output or an input pin, depending upon the
value in the Port A Data-Direction Register (ADDR) P5. Pins A4/SCLK,
A5/RXD, A6/EC2, and A7/EC1 have multiple functions. Pins A4/SCLK
and A5/RXD are the serial clock 1/0 pin and the serial data receiver pin,
respectively, when the serial port is used. Pins A6/EC2 and A7/EC1
may be used to clock the on-chip timer/event counter, Timer 2 and Timer
1, respectively.

output pins always assert the value of the Port B Data Register, PF register
P6 (BPORT). Writing to P6 loads the Port B register, modifying the Port B
output pins. Reading from P6 provides the current value of the Port B pins.
When RESET goes active, Port B register contents are set to 1s by the on-chip
circuitry. (Only pins B4-B7 are available on the TMS70CTx0 devices.)

(CPORT and DPORT) are bidirectional 1/0 pins. Data Registers are P8 and
P10 of the Peripheral File. Each of these pins can become either an output
or an input pin depending upon the value in the port C and D Data-Direction
Register, locations P9 and P11 (CDDR and DDDR). A 1 causes an output
and a 0 causes a high-impedance input. Writing to the Data-Direction Reg-
isters does not affect the Data Registers. Writing to the Data Registers modi-
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IOCNTO
APORT
BPORT
CPORT
CDDR
DPORT
DDDR

*

RESET
*

*
L1
*

L2
*

fies the programmed output pins. Reading the Data Register returns either the
current value at the pin (when the pin is an input) or the current value of the
Data Register (for pins configured as outputs). Refer to Figure 3-4 (page
3-7) for a diagram of the bidirectional 1/0 logic. (Port pins CO-C7 and D4-D7
are available on the TMS70CTx0 devices.)

Peripheral-File instructions ANDP, ORP, and XORP perform a read/modify/-
write cycle on PF registers. When applied to a port's Data Register, these in-
structions can clear, set, or complement the output pins on the port.

The following program segment illustrates a use of the 1/0 lines in the Sin-
gle-Chip mode for most family members. (The TMS70CTx0 devices do not
contain all 32 I/0 pins initialized below.)

EQU PO I/0 control register 1

EQU P4 Port A data register

EQU P6 Port B data register

EQU p8 Port C data register

EQU P9 Port C data-direction register

EQU P10 Port D data register

EQU P11 Port D data-direction register

MOVP %>3F, IOCNTO Set Single-Chip mode, enable all
interrupts, clear all pulse
flip-flops

MOVP %$>02 ,DPORT Load Pfrt D with 0000 0010
(D7-DO

MOVP %$>00,CPORT Load Port C with 0000 0000
(C7-C1)

MOVP %$>F0,CDDR Config C7-C4 outputs, C3-CO inputs

MOVP %>0F ,DDDR Config D7-D4 inputs, D3-DO outputs

ORP %$>04 ,DPORT Set pin D2 to 1

ANDP $>7F,CPORT Clear pin C7

BTJZP %>08,CPORT,L1 Jump if C3 is O

MOVP %>55,BPORT Set Port B to 0101 0101 (B7-BO)

XORP %1,BPORT Toggle bit BO

BTJOP %>41,APORT,L2 Jump if either A6 or Al is a 1

Note:

The percent sign (%) indicates the Immediate Addressing mode. The in-
struction set is described in Section 6.
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3.3.2 Peripheral-Expansion Mode

Peripheral-Expansion mode is selected when:
MC = Vgg and PF Register IOCNTO = 01XX XXXX

Peripheral-Expansion mode incorporates features of both the 1/0-intensive
Single-Chip mode and the memory-intensive Full-Expansion mode. Refer-
ences to Peripheral-File addresses (locations >0100 to >01FF) not corre-
sponding to on-chip PF registers produce off-chip memory cycles. During
Peripheral-File instructions, a PF port is read, even if the value is not needed,
such as in a MOVP A,P6. If a hardware configuration makes this read unde-
sirable, use a STA (Store A) instruction with the memory-mapped address of .
the PF register. The ability to reference off-chip addresses allows the
TMS7000 to be directly connected to most of the popular peripheral devices
developed for 8-bit microprocessors. The TMS7000 PF instructions reference
these off-chip peripherals just as easily as they access on-chip PF registers.

TMEB70xx

Figure 3-7. 1/0 Ports - Peripheral-Expansion Mode

'70x2 ‘70Cx2
>0000 >0000 >0000
Register File
>007F f ;
>0080 Register File
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip I/0 . On-chip I/O
>010B >0117 >0123
>010C >0118 >0124
Peripheral Expansion Peripheral Expansion
>01FF >01FF >01FF
>0200 >0200 >0200
Not Available Not Available
>F000 4K ROM >F000 >F000
4K ROM
>F800 2K ROM
>FFFF >FFFF >FFFF
A. TMS70x0 and TMS70Cx0 B. TMS70x2 and TMS70Cx2
evices Devices

Figure 3-8. Peripheral-Expansion Mode Memory Map
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Port A
Port B

Port C

Port D

functions the same as in Single-Chip mode.

is divided into two sections: pins BO-B3 function as individual output pins,
the same as in Single-Chip mode; pins B4-B7, however, function as external
memory bus controls:

(] Pin B4/ALATCH is strobed to logic 1 while Port C asserts the memory
address.

[ ) Pin B5/R/W is driven to logic 1 for a read cycle and to logic zero for a
write cycle.

[ ] Pin B6/ENABLE is asserted at logic 0 whenever an external memory cycle
is in progress.

® Pin. B7/CLKOUT is an output clock intended for general memory control
timing.

Exact signal timing is described in Section 4.

References to the Port B Data Register, P6, are handled in a special manner.
When a value is written to P6, pins BO-B3 output the new value. Pins
B4-B7 ignore the new value and continue to output memory bus signals. An
external memory write cycle will also write the entire 8 bits of the new value
to the external address >0106. When P6 is read, the least significant nibble
(B0-B3) is taken from the current value on pins BO-B3. The most significant
nibble is obtained by reading the external address >0106.

functions as a multiplexed address/data port for the memory-expansion bus.
In normal configurations, Port C is attached to the input of an 8-bit latch such
as an SN74LS373. The B4/ALATCH signal drives the G input of the latch,
so that the latch’s Q outputs follow the D inputs while B4/ALATCH is high,
and ouputs become latched when it falls. After B4/ALATCH falls and data
(such as a memory address) is latched, Port C either becomes a high-impe-
dance input for read cycles or it asserts the output data for write cycles.

functions identically to a bit-programmable, bidirectional 1/0 port, as in the
Single-Chip mode.

Notes:

1. The Port C Data-Direction Register is mapped into external memory.
The Port C input or output function can be recreated externally by
mapping a latch at location >0108.

2. Because B4/ALATCH, B5/R/W, and Port C are active for both external
and internal (ROM and RAM) memory cycles, it is recommended that
B6/ENABLE be gated with the chip-select input of all external memory
devices to prevent external bus conflicts.
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3.3.3 Full-Expansion Mode
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Full-Expansion mode is selected when:
MC = Vgg and PF Register IOCNTO = 10XX XXXX

Full-Expansion mode uses a 16-bit address to extend the memory addressing
capability of the TMS7000 to its full 64K-byte limit. External memory may be
accessed with instructions using the Direct, Register File Indirect, and Indexed
Addressing modes of the instruction set. This meets a variety of application
requirements by expanding the external program or data storage.

Full-Expansion mode 1/0 is identical to the Peripheral-Expansion mode except
that Port D is used to output the most significant byte (MSB) of the 16-bit
address. Thus, Port D is not available as an {/O port. The four ports are
configured as shown in Figure 3-9. Figure 3-10 shows the I/O memory as-
signments for the Full-Expansion mode.

> ADDRESS/DATA (ADRO/DATO~ADR7/DAT7)
ADDRESS (ADR8-ADR15)

Figure 3-9. 1/0 Ports - Full-Expansion Mode

As in the Peripheral-Expansion mode, accesses to Peripheral-File registers
(locations >0100 to >01FF) which are not directly implemented as on-chip
registers produce off-chip memory cycles. The on-chip Peripheral-File regis-
ters are listed in Table 3-8, Table 3-9, and Table 3-10. Note that the Port D
Data Register (DPORT) and the Port D Data-Direction Register (DDDR) are
implemented as off-chip addresses in the Full-Expansion mode. The port D
input or output function can be recreated externally by mapping a latch at lo-
cation >010A.
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'70x2 '70Cx2
>0000 >0000 >0000
Register File
>007F Reai Fil
>0080 egister File
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip /0 On-chip 1/0
>010B >0117 >0123
>010C >0118 >0124
Peripheral Expansion Peripheral Expansion
>01FF >01FF >01FF
>0200 >0200 >0200
Not Available Memory Expansion
>F000 4K ROM >F000 >F000
>F800 2K ROM 4K ROM
>FFFF >FFFF >FFFF
A. TMS70x0 and TMS70Cx0 B. TMS70x2 and TMS70Cx2
Devices Devices

Figure 3-10. Full-Expansion Mode Memory Map

3.3.4 Microprocessor Mode
Microprocessor mode is selected when:
MC = Vcc and PF Register IOCNTO = XXXX XXXX

Microprocessor mode is intended for applications that do not justify the use
of on-chip ROM. The port pins are configured exactly as in Full-Expansion
mode (see Figure 3-9). Unlike Full-Expansion mode, no on-chip ROM is re-
ferenced in Microprocessor mode. All memory accesses except for internal
RAM and on-chip Peripheral-File locations are now addressed externally.

The MC pin must be held at logic 1 (Vcc) to place the device in this mode.
There are no restrictions on when the value of the MC pin may change, but it
is recommended that the value be changed only when the device is in reset.
Indeterminant results can occur if the MC pin is changed while the device is
accessing memory locations whose internal/external status may change.

'70x2 '70Cx2
>0000 >0000 >0000
Register File
>007F : ;
>0080 . Register File
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip 1/0 On-chip 1/0
>010B | >0117 >0123
>010C >0118 >0124
Memory Expansion Memory Expansion
>FFFF >FFFF >FFFF
A. TMS70x0 and TMS70Cx0 B. TMS70x2 and TMS70Cx2
Devices Devices

Figure 3-11. Microprocessor Mode Memory Map
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3.4 System Clock Options

The internal state cycle period, called t¢(c). is derived from either a crystal or
an external clock source. Both NMOS and CMOS devices can use a crystal,
ceramic resonator, or another approximately 50% duty cycle clock as an ex-
ternal clock source. The CMOS devices can also use an R-C circuit with the
OSC-OFF low-power mask option (see Section 3.4.2). The internal clock
then divides the external clock source frequency by two to produce the inter-
nal state frequency. For example, a 5 MHz crystal produces an internal fre-
quency of 2.5 MHz, which drives a 400-ns machine cycle.

3.4.1 System Clock Connections
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The TMS7000 devices use the following methods to implement the system
clock options: .

Crystals: Parallel resonant crystals are connected between pins XTAL1
and XTAL2/CLKIN. To optimize the crystal waveform, 15-pF
capacitors should be connected between XTAL1 and ground,
and XTAL2/CLKIN and ground. This connection is illustrated
in Figure 3-12 a.

Ceramic Resonators:
Ceramic resonators are connected between pins XTAL1 and
XTAL2/CLKIN. A resistor and two capacitors, with values de-
termined by the selected ceramic resonator, must be connected
as shown in Figure 3-12 b.. Values vary by manufacturer and
type.

External Clock Source:
As shown in Figure 3-12 ¢, external clock sources are con-
nected to XTAL2/CLKIN and XTAL1 is not connected.

R-C Circuits:
R-C circuits provide a simple, low-cost oscillator for applica-
tions in which frequency .toleration is not a concern. R-C cir-
cuits also provide immediate start-up oscillation for the CMOS
device upon exiting the Halt OSC-OFF mode of operation (see
Section 3.4.2).

R-C circuits are connected as shown in Figure 3-12 d. The re-
commended value for the capacitor C is 47 pf. The value of the
resistor R required for the desired frequency must be selected
with respect to Vcc, ambient temperature, and the tolerance of
the R-C components. Recommended values for the resistor in
the R-C network fall in the range of 1KQ-100KQ.
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P18 XTAL1
l— rvn XTAL2
L1 |

D RESONATOR 3
XTAL1 XTAL2/CLKIN

18 17

+—i0—¢

CAl 1T
PARALLEL | PACITORS
15 pF ;f RESONANT f 15 pFt

RESISTOR

130 pF for TMS7742 only

a. Crystal b. Ceramic resonator
18 (18)
NC XTAL1 XTAL1
R
7
cLOCK L | XTAL2
SOURCE XTAL2/CLKIN
T
c. External clock source h d. R-C circuit

Figure 3-12. System Clock Connections
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3.4.2 Low-Power Mask Options for CMOS Devices
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The TMS7000 CMOS devices may use oscillator mask options which provide
different levels of functionality and power consumption during the Halt low-
power mode. These oscillator options are called OSC-ON and OSC-OFF.

- The OSC-On option will keep the on-chip oscillator active during the Halt

low-power mode. When the device is brought out of Halt mode, there will
be no delay in restoring the full operation since the oscillator is already run-
ning. The OSC-ON option is useful in applications where no delay in restor-
ing full operation after Halt mode is more important than the lower power
consumption of the OSC-OFF mode.

The OSC-OFF option is useful in applications where very low power con-
sumption is requred in Halt mode. The OSC-OFF option causes the oscillator
to cease oscillation when Halt mode is entered. This offers the lowest power
consumption, typically 1 pA. The OSC-OFF mask-programmable option
supports an R-C circuit as well as a crystal, ceramic resonator, or other ap-
proximately 50% duty cycle CLKIN signal. If an R-C network is used with this
option, it will restart full oscillation immediately upon exiting Halt mode. If a
ceramic resonator or crystal is used, there will be a period before the oscil-
lations stabilize, causing a delay in the response to RESET of approximately 10
milliseconds. Because of this stabilization time requirement, an external time
constant of at least 10 milliseconds is recommended for RESET when using a
crystal or ceramic resonator with the OSC-OFF low-power mask option. (Only
RESET may be used to exit the HALT OSC-OFF mode when either a crystal or
ceramic resonator is the clock source. See Table 3-12.)

Table 3-11. Low-Power Mask Options for CMOS Devices

MASK HALT POWER OSCILLATOR

OPTION| CONSUMPTION CLOCK SOURCE START UP
Ceramic resonator, crystal 10 millisecond

0SC-OFF Lowest delay
R-C circuit, external clock No delay
source

0SC-ON Low Ceramic resonator, crystal, or No delay
external clock source

Note:

OSC-ON and OSC-OFF are mask options, which means the option is
placed on a manufacturing template, or mask, that copies the actual circuit
onto the silicon device. This means the oscillator option is finalized at the
start of manufacture and cannot be changed by software or hardware.
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3.5 CMOS Low-Power Modes

The TMS7000 CMOS microcomputers can be programmed to enter low-
power modes of operation (Wake-up and Halt) when the IDLE instruction is
executed. For information concerning mask options associated with the Halt
low-power mode, see Section 3.4.2.

3.6.1 TMS70Cx0 and TMS70CTx0 Low-Power Modes

The TMS70Cx0 and TMS70CTx0 devices support the Wake-Up and Halt
low-power modes. These modes are entered when:

1) Bit 5 of the Timer 1 control register (T1CTL) is set (0 for Wake-Up
mode, 1 for Halt mode),

and
2) The IDLE instruction is executed.

Activating RESET or acknowledging an enabled interrupt releases the device
from either mode except for the HALT OSC-OFF mode where the use of either
a crystal or ceramic resonator requires activating RESET. Both low-power
modes freeze the 1/O ports, retaining their conditions before the IDLE in-
struction was executed. Complete RAM data retention is also maintained
through both low-power modes as long as power is applied. Table 3-12 de-
scribes the low-power options.

Table 3-12. Low-Power Options for TMS70Cx0 and TMS70CTx0 Devices

CPU ENTER EXIT CLOCK
MODE |sTATUS|TIMER 1 STATUS | OSC M\?IADE M\ﬁRE SOURCE
Wake-Up Halted Active Active| IDLE RESET, INT1, Crystal, R-C Circuit,
INT2, INT3 Ceramic Resonator,
(1 enabled) External Clock
Halt Halted Halted Active| IDLE | _RESET,INTT, Crystal,
(OSC-ON) INT3 (if enabled) Ceramic Resonator,

External Clock

o
Halt Halted Halted Haited| IDLE RESET, INT1, R-C Circuit,
(OSC-OFF INT3 (if enabled) | External Clock
Halt Halted Halted Halted| IDLE RESET Crystal, Ceramic
(OSC-OFF Resonator

In Wake-Up mode, the oscillator and timer logic remain active. The on-chip
timer may be used to release the device from the low-power state. The Icc
current requirements in Wake-Up mode are frequency dependent for both tge
OSC-ON and the OSC-OFF options.

3.56.2 TMS70Cx2 Devices

The TMS70Cx2 devices support the Wake-Up and Halt low-power modes.
These modes are entered when the IDLE instruction is executed. An enabled
interrupt must be executed to allow the device to return to normal operation.
The TMS70Cx2 devices have the ability to disable the individual onboard
timers and UART during the low-power modes. To disable Timer 1, set the
T1HALT bit (bit 5 of TTCLTO) to 1. To disable Timer 2, set the T2HALT bit
(bit 5 of T2CLTO) to 1. To disable the UART/Timer 3, set the SPH bit (bit 7
of SCTLO) to 1. By definition, whenever the Timer 1, Timer 2, or the
UART/Timer 3 are active when the IDLE instruction is executed, the device is
in a Wake-up mode. When all three circuits are disabled when the IDLE in-
struction is executed, the device is in the Halt mode.

3-25



TMS7000 Family Architecture - Interrupts and System Reset

3.6 Interrupts and System Reset

All TMS7000 family devices have a non-maskable system reset pin, RESET.
This signal has the highest priority in the interrupt heirarchy. RESET imme-
diately initializes the device.

The TMS70x0, TMS70Cx0 and TMS70CTx0 devices have three separate,
maskable interrupts that are triggered from three sources. The TMS70x2 and
TMS70Cx2 devices have five separate maskable interrupts that can be trig-
gered from as many as seven sources. Each interrupt has a specific priority
level; if two or more interrupts occur simultaneously, they are serviced ac-
cording to priority — highest first, lowest last. Table 3-13 summarizes the in-
terrupts.

Table 3-13. Interrupt Summary

EXTERNAL VECTOR ADDRE
INTERRUPT INTERNAL/ SOURCE PRIORITY MSBO Lssss
RESET E RESET pin low Immediate >FFFE >FFFF
(highest priority)

TNT1 E TNT1 pin activet Priority 1 >FFFC >FFFD

INT2 E/I Timer/Event counter 1 ¥ Priority 2 >FFFA >FFFB
countdown past 0

INT3 E TNT3 pin activet Priority 3 >FFF8 >FFF9

INT4 | RX Buffer Loaded, or TX Priority 4 >FFF6 >FFF7
Buffer Empty, or Timer
3 countdown past 0

INT5 E/N Timer/Event counter 2 Priority 5 >FFF4 >FFF5
countdown thru O

t The external interrupts on the TMS70Cx2 devices can be programmed for level and sense detection.
Note: INT4 and INT5 apply to TMS70x2 and TMS70Cx2 devices only.
t The TMS70CTx0 devices do not contain the external event counter pin.

3.6.1 Device Initialization
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RESET, interrupt level 0, cannot be masked. The processor recognizes a RESET
immediately, even in the middle of an instruction execution. To execute the
reset function, the RESET pin must be held low for a minimum of 1.25 x t¢(c)
internal state clock periods. While the RESET pin is asserted (0):

1)

The Data-Direction Registers for the 1/0 ports are cleared.

2)  On NMOS devices, the output data flip-flops of Ports A, C, and D are
set to all 1s (see Figure 3-4, page 3-7). On CMOS devices, only Port
A’s output data flip-flop is set to all 1s; Ports C and D output data flip-
flops are not altered during a RESET. - )

3) This places Ports C and D (and Port A on TMS70x2 and TMS70Cx2

devices) in high-impedance input mode, and Port B outputs all 1s
(>FF), regardless of the internal machine clock state.
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The reset function does not change the INTn flag bits in the IOCNTO register
(since all zeros are written). |f any of the bits in a Peripheral File Data-Direc-
tion Register (DDR) are set to a 1, the corresponding port pin would become
an output, producing a 1 level. (Remember, Data-Direction Registers are set
to all Os on RESET.)

It is generally a good practice to initialize the output data flip-flop with the
desired output value (by writing to the port data value register) before writing
to the DDR flip-flop to make the corresponding pin an output. Figure 3-13
and Figure 3-14 show examples of possible initialization routines after the
assertion of RESET. Device initialization requires 17 state cycles after RESET
goes inactive.

When RESET returns to its inactive condition (1), the following operations are
performed before the first instruction acquisition:

1)  Ali Os are written to the Status Register. This clears the global interrupt
enable bit (), disabling all interrupts.

2)  All Os are written to the IOCNTO register. This disables INT1, INT2, and
INT3 and leaves the INTn flag bits unchanged.

3) All Os are written to the IOCNT1 register in the TMS70x2 and
TMS70Cx2 devices. This disables INT4 and INT5.

4) The PC’s MSB and LSB values before RESET was asserted are stored in
RO and R1 (Registers A and B), respectively.

5) The Stack Pointer is initialized to >01.

6) The MSB and LSB of the RESET interrupt vector are fetched from lo-
cations >FFFE and >FFFF, respectively (see Table 3-13, page 3-26),
and loaded into the Program Counter.

7) Program execution begins from the address placed in the Program
Counter.
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§ESET MOVP

MOVP

MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP

MOVP
MOVP

MOV
MOV
MOVP
MOvVP

MOVP
MOVP

EINT

%>2E,PO

%>0F,Pl6

$VALU1, P4
$MASK1,P5
3VALU2,P8
$MASK2,P9
$VALU3, P10
$MASK3,P11
$VALU4,P2
$VALU5,P3

%$VALU6 ,P18
%$VALU7,P19

0,P17
%$>40,P17
%MASK4,P17
%>05,pP17

%$VALU8,P20
%$VALU9,P21

Clear INT1-, INT2, and INT3- flags,
place device in Single-Chip mode,
enable INT2

Clear INT4, INT5 flags,

enable INT4 and INT5

Load Port A Data Register _
Load Port A Data-Direction Register
Load Port C Data Register

Load Port C Data-Direction Register
Load Port D Data Register

Load Port D Data-Direction Register
Load Timer 1 reload register

Load Timer 1 clock source, prescaler
reload register and start timer

Load Timer 2 reload register

Load Timer 2 clock source, prescaler
reload register and start timer

Initialize serial Eort configuration
Clear UR bit, enable transmitter

and receiver

Load Timer 3 reload register
Initialize serial port clock source,
other control bits, and Timer 3
prescaler reload register

Set global interrupt enable bit to
allow interrupts

Figure 3-13. Sample Initialization Routine for TMS70x2 Devices

MOVP

MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOvVP

MOVP
MOVP
MOVP
MOVP

MOVP
MOVP
MOVP
MOVP
EINT

%>2E,PO

$>22,P1
2>0F, P2
VALU1,P4
MASKI1,P5
VALU2,P8
MASK2, P9
VALU3,P10
MASK3,P11
VALU4,P12
VALU5,P13
$>40,P14
MASK4,P15

VALU6,P16
VALU7,P17
$>40,P18

MASK5,P19

" MASK6,P20

MASK7,P21
MASKS, P23
MASK9, P24

Clear INT1-, INT2, and INT3- flags,
place device in Single-Chip mode, and
enable INT2
Select fallin
Clear and enable INT4 and INT5

Load Port Data Register .
Load Port Data-Direction Register
Load Port Data Register )
Load Port Data-Direction Register
Load Port Data Register

Load Port Data-Direction Register
Load Timer 1 MSB reload register
Load Timer 1 LSB reload register
Enable the timer output on Bl
Initialize clock start, source,
bit and prescaler value
Load Timer 2 MSB reload
Load Timer 2 LSB reload
Enable the timer output
Initialize clock start,
bit and prescaler value
Initialize serial port format
Configure serial port

Load Timer 3 reload register
Configure serial port control
Set ? obal interrupt enable bit
to allow interrupts

ooy

halt

register
register
on BO

source, halt

Figure 3-14. Sample Initialization Routine for TMS70Cx2 Devices
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The Stack Pointer can also be re-initialized following reset by executing a
program similar to the one below.

STACK MOV %VALUE,B Load Register B with the stack
* starting point in the Register

* File
LDSP Put this wvalue into the Stack
* Pointer register

A simple R-C circuit can provide a power-up reset, automatically resetting the
TMS7000 when power is applied. The capacitor and resistor values are se-
lected according to the clock frequency used, the minimum voltage at which
the RESET signal is at logic 1, and the ramp-up time of the power to the device.
The following formula calculates the minimum time required for an adequate
device reset:

v
trst = 2 T/EQ (1.25t ¢(c)) + tpwr = RC

N
where:
tist = Total time RESET pin is held at logical level 0
Vee = Supply voltage
ViL = Low-level input voltage

te(c) = Internal machine clock period

towr = Ramp-up time for V¢c

R Resistor value in ohms (no more than 1 megohm)
C = Capacitor value in farads
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3.6.2 Interrupt Operation

The TMS7000 family’s interrupts can be falling-edge sensitive, falling-edge
and level sensitive, rising-edge sensitive, or rising-edge and level sensitive.
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Table 3-14 illustrates the interrupt configurations supported by each
TMS7000 family device. :

Table 3-14. External Interrupt Operation

TMS7000 DEVICE |FALLING EDGE[FALLING EDGE|RISING EDGE|RISING EDGE
AND INTERRUPTS AND LEVEL AND LEVEL
TMS70x0  INT!? , X
TNT3 X
TMS70x2  INT1 X
INT3 X
TMS7742  INT1 X
TNT3 X
SE70P162  TNT1 X
INT2 X
TMS70Cx0, INT1 X
TMS70CTx0 INT3 X
SE70CP160 INT1 X
INT3 X
TMS70Cx2t  INT1 X X X X
INT3 X X X X
SE70CP162T INT1 X X X X
TNT3 X X X X
SE77C421t  INT1 X X X X
INT3 X X X X

t The TMS70Cx2, SE77C42, and SE70CP162 devices’ external interrupts
edge/level-sensitive polarity are software programmable. This is accomplished
via the 1/0 control 1 register (P1).

1)

2)

3)

When an interrupt is first asserted, its level is gated into the Sync flip-
flop by the internal state clock, tc(c), which has a cycle period of
2/Fosc. To detect an interrupt, the INTn signal must be active for a mi-
nimum of 1.25 x tg(c) clock periods.

The negative output edge of the Sync flip-flop clocks a 1 into the Pulse
flip-flop. This is the “edge” detection of the interrupt signal and is the
only time a 1 is loaded into the Pulse flip-flop. The Pulse flip-flop will
be set within 1.25 state clock cycles of the interrupt assertion. [f the
signal is removed before the CPU recognizes the interrupt, its occurrence
is latched on the Pulse flip-flop output, Q1.

Edge-sensitive interrupts detect only the Pulse flip-flop Q1 output, not
the INTn level. Once an interrupt has been asserted (INTn goes low), it
becomes active if the INTn enable bit and the global interrupt enable bit
(1) register are set to one.

The “level path” logic shown in Figure 3-15 applies only to external in-
terrupts that are both edge- and level-sensitive; it is not implemented for
interrupts that are only edge-sensitive. For more information, refer to
Table 3-14.
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INTR
w R
INTn
ACK
D Q1
2 TO
PRIORITY
LoaGic
ENABLE
LATCH
INTn
NTn D ACTIVE
°
SYNC
FF l,
GLOBAL INT ENABLE
(STATUS REGISTER)

t  Available only for level-sensitive interrupts

Figure 3-15. CPU Interface to Interrupt Logic

4)  As shown in Figure 3-15, when the TMS7000’s on-chip logic detects
an active interrupt, it sends an INTn ACTIVE signal to the CPU. When
the currently executing instruction is completed, the CPU acknowledges
the active interrupt and routes INTA back to that interrupt’'s INTn ACK
(interrupt acknowledge) line. If simultaneous interrupts occur, that is,
more than one interrupt is active within the same instruction boundary,
the interrupts are acknowledged by the CPU according to the priority
levels. For example, if both INT2 and TNT3 occur within the same in-
struction boundary, INT2 is serviced first.

5)  After the CPU acknowledges the interrupt, the INTn ACK line, as shown
in Figure 3-15, clears the corresponding Pulse flip-flop. The CPU then
pushes the Status Register contents and the Program Counter onto the
stack, and clears the Status Register, including the global interrupt ena-
ble (I) bit. The CPU reads an interrupt code from the interrupt priority
logic to determine which interrupt requires servicing. The 16-bit vector
value is read from the two vector addresses associated with the interrupt
being serviced, and is loaded into the Program Counter. The interrupt
vector value is the address of the first instruction in the interrupt service
routine. The interrupt vector addresses are shown in Table 3-13 on page
3-26. Instruction execution then proceeds at the new address value in
the Program Counter.

Nineteen internal state clock cycles [te(c)lare required between the end of an
instruction in the interrupted program and the start of the first instruction of
the interrupt service routine. Interrupting out of the Idle state requires 17 state
clock cycles.
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3.6.3 Interrupt Control

The 1/0 control registers, IOCNTO, IOCNT1, and IOCNT2, contain the inter-
rupt control bits. All TMS7000 family members have an IOCNTO register.
Only TMS70x2 and TMS70Cx2 devices have an IOCNT1 register, because
they have two more interrupts, INT4 and INT5; only TMS70Cx2 devices have
an IOCNT2 register because only they can change the polarity of their external
interrupts. The 1/0 control registers are mapped into PF locations as follows:

Table 3-15. 1/0 Control Registers

PERIPHERAL FILE | Throyoop | TMS70x2 | TMS70Cx2
TMS70CTx0)
I0CNTO PO PO PO
10CNT1 . P16 P16 P2
IOCNT2 N/A N/A P1

0 — INT3 inactive
1 = INT3 pending
0 — INT2 inactive
1 = INT2 pending
0 = INT1 inactive
'_1 - TINT1 pending
| 7 6 5 4 3 2 1 0

o err——————
Memory|Memory] TNT3 | INT3 | INT2 | INT2 | INT1 | INT1
Mode 1{Mode 0| Flag |Enable| Flag |Enable | Flag |Enable | Read

Memory|Memory] TNT3 | TNT3 | INT2 | INT2 | TNT1 | TNT1 )
Mode 1|Mode 0| Clear | Enable | Clear |Enable | Clear |Enable | Write

. L_ 0 — INT1 disabled

00 — Single Chip 1 = INT1 enabled
01 = Peripheral L 0 — No effect

Expansion 1 = Clear INT1 flag
10 = Full L__ 0 — INT2 disabled

Expansion 1 — INT2 enabled
11 = Undefined L__ 0 — No effect
. 1 = Clear INT2 flag

|__ 0 — INT3 disabled

1 — TNT3 enabled

L__ 0 = No effect
1 — Clear INT3 flag

Figure 3-16. IOCNTO - I/O Control Register 0 (PO for All Devices)
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0 — INTS inactive
1 = INT5 pending
0 — INT4 inactive
|—1 - INT4 pending

e | s a5 |21 |o

INTS | INT5 | INT4 | INT4

Y 0 0 0 Flag |Enable | Flag |Enable | Read
INT5 INTS INT4 INT4 X
X X X X Clear | Enable | Clear | Enable | Write

[0 - INT4 disabled
1 = INT4 enabled

0 = No effect
1 — Clear INT4 flag

0 — INT5 disabled
1 = INT5 enabled

0 — No effect
1 = Clear INT5 flag

Figure 3-17. IOCNT1 - 1/0O Control Register 1

In the /0 control registers, each interrupt is associated with a flag bit (INTn
flag) and enable bit (INTn enable). The global interrupt enable (l) bit in the
Status Register allows all interrupts to be enabled or disabled at the same time.
Three conditions must be met before the CPU will recognize an interrupt:

1) A 1 must be written to the INTn enable bit in the IOCNTO or IOCNT1
register.

2) The global interrupt enable (1) bit in the Status Register must be set to
1 by the EINT instruction.

3) The interrupt must be the highest priority interrupt asserted within an
instruction boundary.

Through software, the INTn enable bits can be read and written to:

{ Writing a 0 individually masks the corresponding interrupt.
® Writing a 1 allows the interrupt to be recognized.

The reading of the INTn flag is handled differently (see Figure 3-15 on page
3-31):

[ ) An active signal applied to INTn is read as a 1 from one side of an OR
gate.

® INTn going active latches a 1 to the other side of the OR gate which
stays latched when the signal goes inactive.

3-33



TMS7000 Family Architecture - Interrupts and System Reset

3-34

7 6 5 4 3 2 1 0
INT3 | INT3 INT1 | INT1 | Read or
0 0 Edge |Polarity] O 0 Edge |Polarity | Write
0 — Active low/
falling edge
1 — Active high/
rising edge

0 — Edge & level sensitive
1 — Edge sensitive only

0 — Active low/falling edge

1 — Active high/rising edge

L__ 0 — Edge & level sensitive

1 = Edge sensitive only

Figure 3-18. IOCNT2 - I/O Control Register 2 (P1 for TMIS70Cx2
Only)

Thus, INTn going active is returned both as a latched and an edge-sensitive
signal for the TMS70x0 and INT3 of the TMS70Cx0 devices, while the
TMS70Cx2 devices can choose sensitivity via IOCNT2. When a 1 is written
to the INTn clear bit, the Pulse flip-flop is cleared. Writing a O to the INTn
clear bit has no effect.

The INTn flag bit may be tested in software, regardless of whether the interrupt
is enabled or disabled. For example, the following program statement waits
for the active edge of the interrupt input on the INT1 pin by testing INT1 flag:

WAIT BTJZP %>02,P0,WAIT Wait for INTI1-
* (INT1 flag = 1)

This allows external interrupt pins to be polled as inputs. Interrupt input pins
have an advantage over the other general-purpose inputs if the input signal is
a short pulse. The Pulse flip-flop of the interrupt input will always capture a
pulse with a width of at least 1.26 x t¢(c) cycles, allowing software to detect
that the condition occurred, even after the pulse is gone.

Caution:

Due to the read/modify/write nature of the bit manipulation
instructions (ANDP, ORP, and XORP), it is possible that the
INTn flag bits in the IOCNTO and IOCNT1 registers could be
unintentionally cleared. To avoid these occurrences, use the
MOVP and the STA instructions when writing data to IOCNTO
and IOCNTT.

Because the INTn flag and INTn clear bits are in the same bit positions, use
caution when accessing these bits. For example, you may be able to use
XORP to set INT1 enable without altering the state of the INT1 flag (XORP
%>03,P0), as long as the INT1 flag does not change state during the in-
struction execution. However, if a short INT1 pulse sets the Pulse flip-flop
between the read and write portions of the instruction execution, a 0 would
be read from INT1 flag and a 1 would be written to INT1 clear to reclear INT1
flag. In this case, the INT1 pulse would be undetected by the processor. This
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same instruction would also affect the INT2 flag and INT3 flag in a similar
manner as they are also located in the IOCNTO register.

Immediately following RESET, all interrupts are globally disabled because the
I bit (interrupt enable) in the Status Register is reset to 0. Also, the IOCNTO
register is cleared. This clears the INTn enable bits, disabling TNT1, INT2, and
INT3 individually and putting the TMS7000 in Single-Chip mode. This does
not affect the INTn flag bits from their previous condition before RESET. On
the TMS70x2 device, a 0 must be written by software to the INTn enable bits
in the IOCNT1 register to ensure that INT4 and INT5 are also individually
disabled following a RESET.

3.6.4 Multiple Interrupt Servicing

When an interrupt is recognized, the global interrupt enable (1) Status Register
bit is automatically cleared while the interrupt is serviced. This prevents all
other interrupts from being recognized during the execution of the interrupt
service routine. Once the service routine is completed by executing the RETI
(Return from Interrupt) instruction, the old Status Register contents are
popped from the stack. This returns the | bit back to 1, allowing any pending
interrupts to be recognized.

An interrupt service routine can explicitly allow nested interrupts by executing
the EINT instruction to directly set the | bit in the Status Register to a 1, thus
permitting other interrupts to be recognized during service routine execution.
When a nested interrupt service routine completes, it returns to the previous
interrupt service routine when the RETI instruction is executed.

3.6.5 External Interrupt Servicing

The external interrupt interface consists of three discrete input lines that re-
quire no external synchronization: RESET, INT1, and INT3.

TMS70x0 External interrupts on the TMS70x0 devices are high-impedance
inputs that are both falling-edge and level sensitive, allowing
multiple interrupts to be wire ORed onto one external interrupt
pin.

TMS70x2,

SE70P162,

TMS7742 External interrupts on the TMS70x2 devices, the SE70P162
piggyback device, and the TMS7742 EPROM device are high-
impedance inputs that are falling-edge sensitive only.

TMS70Cx0,

TMS70CTx0

SE70CP160 The external interrupt INT1 on the TMS70Cx0, TMS70CTx0 and
SE70CP160 devices is a high-impedance falling-edge sensitive
only interrupt, while INT3 is a high-impedance falling-edge and
level-sensitive interrupt.

TMS70Cx2,

SE77C42,

SE70CP162 The external interrupts on the TMS70Cx2, SE77C42, and
SE70CP162 devices can be individually programmed as fall-
ing-edge sensitive only, falling-edge and level sensitive, rising-
edge sensitive only, or rising-edge and level sensitive.
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Certain safeguards should be observed for external interrupts that are both
edge- and level-sensitive. The logical-OR of both the Pulse flip-flop output
(Q1) and INTn (inverted INTn) affect the state of INTn flag, and can therefore
activate the interrupt (see Figure 3-15 on page 3-31). The Pulse flip-flop is
automatically cleared when the CPU acknowledges the interrupt. However,
as long as the INTn pin is low, the interrupt will remain active even when the
Pulse flip-flop output is 0. This is how an external interrupt source is detected
as a level signal. If INTn is active longer than the shortest path through the
interrupt service routine, this same interrupt will be serviced again upon return
from the service routine if no higher priority interrupts are active. In many
applications this interrupt re-servicing is acceptable; however, in applications
where this is a potential problem, the associated INTn enable bit must be dis-
abled before exiting the interrupt service routine. Upon return from the service
routine, INTn flag must be periodically software-polled to determine when
INTn has gone inactive, and then INTn enable may be re-enabled. Note that
devices with edge-sensitive only interrupts do not require the previously
mentioned safeguards.

To prevent an interrupt signal from being detected as a level signal, the maxi-
mum pulse (time low) of the signal cannot exceed the following:

(16 + N) x tg(c)
where:

N = the total number of state clock cycles in the interrupt service routine,
up to and including the EINT or RET! instruction
tc(c) = the internal state clock cycle period

This ensures that the INTn flag is cleared before the first possible instruction
boundary in which the interrupt could be re-serviced. Note that this is not of
any concern for INT1 on the TMS70Cx0 and TMS70CTx0 devices and inter-
rupts on the TMS70x2 devices, since they are edge-sensitive only, not level-
sensitive.

3.6.6 External interrupt Signals
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Some applications may cause an incorrect interrupt vector to be accessed
when using edge- and level-sensitive interrupts on the TMS70x0, TMS70Cx0,
and TMS70CTx0 devices only. This may happen when an INTn pulse goes
inactive on the boundary condition when interrupts are being enabled. Two
events are necessary for this to occur:

1)  First, the Pulse flip-flop is cleared upon entry to the interrupt service
routine; since the INTn pin is still active, INTn flag and INT active remain
active.

2) Second, the INTn pin goes inactive on the boundary condition when
interrupts’'are being enabled (RETI and EINT instructions or a write to
IOCNTO to enable interrupts).

When the INTn pin goes inactive, INTn flag becomes inactive and some time
later INT active becomes inactive. This results in INT active being acknowl-
edged by the CPU, but INTn flag becomes inactive before interrupt decode
logic can determine which interrupt was pending. Note that INTn has already
been serviced, so that re-servicing of the interrupt is not required. If this
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condition occurs, interrupt vector fetches from locations >FFF8 and >FFF9
(for INT3) will occur for TMS70x0, TMS70Cx0 and TMS70CTx0 devices.
This situtation does not exist for edge-sensitive only interrupts (such as TNT1
on the TMS70Cx0 and TMS70CTx0 devices and the interrupts on the
TMS70x2 and TMS70Cx2 devices).

In applications where the system design cannot guarantee that the duration
of the pulsed interrupt is outside this critical window, three system solutions
should be considered.

A system hardware solution uses an external D-type flip-flop or a one-
shot in the interrupt path, providing a level interrupt which the TMS7000
would externally clear as part of the service routine.

Prevent the re-servicing of the interrupt as described earlier by setting
the associated INTn enable bit to O in the interrupt service routine.

If only one external interrupt has the potential to cause this boundary
condition, for TMS70x0 devices, this interrupt should be connected to
TNT3 since the TNT3 vector is fetched when this problem occurs. This
would result in TNT3 being re-serviced. For TMS70Cx2 devices with
edge and level sensitivity enabled, a trap vector should be placed in lo-
cation >FFF0 and >FFF1 which points to a RETI instruction. This will
return the program to normal program flow if this condition occurs. For
TMS70Cx0 devices, use INT1 since this interrupt is only edge seénsitive
and will not exhibit the condition.
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3.7 Programmable Timer/Event Counters
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The programmable timer/event counters are 8-bit or 16-bit counters with a
programmable, prescaled clock source. TMS70x0, TMS70Cx0 and
TMS70CTx0 devices contain one timer/event counter, TMS70x2 - and
TMS70Cx2 devices contain two timer/event counters and one timer. The data
and control registers for these two timer/event counters are shown in Figure
3-19 through Figure 3-25 (pages 3-39-3-42).

[ ] Timer 1 is available on all TMS7000 devices.
TMS70x0, TMS70Cx0, TMS70CTx0 and TMS70x2

Timer 1 is an 8-bit timer/event counter with a 5-bit programmable
prescaler. It contains an 8-bit capture latch and is accessed through PF
registers P2 and P3. Note that the TMS70CTx0 devices do not contain
the A7/EC1 pin necessary for external event counting.

TMS70Cx2

Timer 1 is a 16-bit timer/event counter that contains a 5-bit program-
mable prescaler and a 16-bit capture latch. It is accessed through PF
registers P12, P13, P14, and P15.

[ Timer 2 is available on the TMS70x2 and TMS70Cx2 devices.
TMS70x2

Timer 2 is an 8-bit timer/event counter with a 5-bit programmable
prescaler. It is accessed through P18 and P19 of the Peripheral File.

TMS70Cx2

Timer 2 is a 16-bit timer/event counter that contains a 5-bit program-
mable prescaler and a 16-bit capture latch. It is accessed at PF registers
P16, P17, P18, and P19.

[ ] Timer 3 is available on the TMS70x2 and TMS70Cx2 devices and can

be used as an independent timer or as the clock source for the on-chip
serial port. Because of this function, Timer 3 is described in more detail
in Section 3.8, The Serial Port.

Note:

The contents of all registers associated with the timers are not affected by

a hardware RESET. These registers must be initialized by software.
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P3 02
PRESCALER % R 1

RELOAD REGISTER [* | ¢ ¢ 1| 0 A7
| | |
| 5-BIT TIcNTL? | T
| PRESCALER (START) ! j osc
| TICNTL.6
| (SOURCE)

2 B

RELOAD REGISTER l"——‘ﬂ‘.' VUNDERFLOW

Y

P3| g7
CAPTURE LATCH

—,&/l-—»

| —
- —-INT3

|
| ReLoAD PuLsE

i: SET INT2 FLAG, IOCNTC.3
CASCADE OUT TO TIMER 2

INTERNAL INTERNAL
BUS BUS
Note: Pin A7/EC1 not available on the TMS70CTxO0 devices.

Figure 3-19. 8-Bit Programmable Timer/Event Counters - Timer 1 (TMS70x0,
TMS70x2, TMS70Cx0, and TMS70CTx0

7S prRESCALER | 5,7, o3 1

RELOAD REGISTER [l 1 7| o A7
I I I
I 5-8IT TicLoy ! |
| PRESCALER (sTART) | g osc
| TICTLO.6
I (SOURCE)

BIT LSB UNDERFLOW
RELOAD REGISTER ‘ﬁ
\d
P15 g_giT LsB

CAPTURE LATCH

|
i
UNDERFLOW | ——
T MSB 2.1,
RELOAD REGISTER ‘—“‘] {
v

|
I 8-BIT 8-BIT MSB
|
|
1

MSB 8 —b
DECREMENTER CAPTURE LATCH

RELOAD PULSE l

READ LSB OF_| | L_READ LSB OF
INTERNAL DECREMENTER CAPTURE LATCH
SET INT2 FLAG, IOCNT0.3
TOGGLE B1 IF T10UT 12l MsB READOUT
IS SELECTED, TICTL16 = 1 S| LATCH

CASCADE OUT TO TIMER 2 INTERNAL
BUS

Figure 3-20. 16-Bit Programmable Timer/Event Counters - Timer 1 (TMS70Cx2)
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Timer 1 Data Register - TIDATA (P2)
7 | 6 | 5 | 4 | 3 | 2 | 1 ] o

MSb Decrementer Value LSb| Read

MSb T1 Reload Register LSb| Write

Timer 1 Control Register —~ TICTL (P3)

7 | e | 5 | 4 | 3 | 2 11 1o
MSb Capture Latch Value (CL) LSb| Read
START JSOURCE| IDLE | Prescale Reload Register Write

L__ 0 = Wake-Up low-power mode, TMS70Cx0
1 = Halt low-power mode, TMS70Cx0
X =~ All NMOS devices (Don’t Care)
0 — Internal clock source = fogc/16T
1 — External clock source ?rom pin A7/EC1

' 0 — Stop timer and hold current count value;
TMS70Cx0 device clear INT2 flag bit to O .
1 — Reload prescaler & decrementer & begin decrementing

t Only internal clock source available on the TMS70CTx0 devices.

Figure 3-21. Timer 1 Data and Control Registers (TMS70x0,
TMS70Cx0, TMS70CTx0 and TMS70x2

T1MSDATA (P12) T1LSDATA (P13)

7 6|5]4]3|2]1]o]7|6f5]a]3]2]1]0
MSByte Readout Latch LSByte Decrementer Read
MSByte T1 Reload Register LSByte T1 Reload Register Write
T1CTL1 (P14)
7 |l e | 5 1 4 | 3 1 2 11 1o
MSByte Readout Latch Read
X Jmiout] x | x | x | x | x | X Write

0 — Timer 1 output disabled
1 — Timer 1 out; toggles B1 when T1 decrements through 0

T1CTLO (P15)

7 1 6 | 5 | 4 | 3 ] 2 |11 1o
LSByte of Capture Latch Read
START |SOURCE|T1HALT] Prescaler Reload Register Write

0 — Timer 1 remains active during Idle
1 = Timer 1 will halt during ldle

0 — Internal clock source = fogc/4
1 — External clock source from 9\7/ EC1

0 — Stop timer; hold current count value, and clear INT2 flag bit to 0
1 — Reload prescaler & decrementer & begin decrementing

Figure 3-22. Timer 1 Data and Control Registers (TMS70Cx2)
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T2CNTL.7
A PRESCALER 5.7 (START) 7] 1
RELOAD REGISTER I 1 1 B *9—\1 0 A8
| 5-BIT T2CNTLS ! .
| PRESCALER | (CAscabe)| | 18 [~ fosc
| T2CNTL.6
| (SOURCE)

|
! ReLonp puLse

I— SET INTS FLAG, IOCNT1.3

INTERNAL
BUS

B
RELOAD REGISTER “ﬁ UNDERFLOW
.
4 s-BIT
DECREMENTER

CASCADE OUTPUT
OF TIMER 1

Figure 3-23. 8-Bit Programmable Timer/Event Counters - Timer 2 (TMS70x2)

T <
9 Qe
P pRESCALER | 5,7, ! A8
RELOAD REGISTER i * ‘ 3 I
| 5-8IT T2CTL1'7 | ‘ )
| PRESCALER (CASCADE), - osc
| T2CTLO.6
| (SOURCE)
17| e-BTLSB |8, UNDERFLOW CASCADE QUTPUT
RELOAD REGISTER '—ﬁ |
8-BIT LSB 8 P 5 a7 Loa
DECREMENTER [Zo—*{=—* CAPTURE LATCH
|
|
P g_g UNDERFLOW |—— INT1
RELOAD REGISTER '—ﬁ
| y |
: 8-BIT MSB 8-BIT MSB
| DECREMENTER > CAPTURE LATCH
|
| RELOAD PULSE
READ LSB OF __| L_READ LSB OF
DECREMENTER CAPTURE LATCH

INTERNAL
BUS
SET INTS FLAG, IOCNT1.3

TOGGLE BO IF T20UT
|18 SELECTED, T2CTL1.6 =1

P18 MsB READOUT
ﬁ LATCH

Figure 3-24. 16-Bit Programmable Timer/Event Counters - Timer 2 (TMS70Cx2)

INTERNAL

BUS
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Timer 2 Data Register - T2DATA (P18)

7 | 6 | 58 | 4 | 3] 2] 1] o
MSb Decrementer Value LSb| Read
MSb T2 Reload Register LSb| Wirite
Timer 2 Control Register - T2CTL (P19)
7 | 6 | 5 ] 4 | 3 ] 2| 1] o
MSb LSb| Read
START ISOURCE]CascadeI Prescale Reload Register Write

0 — Source bit determines clock source
1 — Clock source is Timer 1 reload signal;
overrides Source bit
0 ~ Internal clock source = fogc/16
1 ~ External clock source from pin A6/EC2

0 — Stop timer and hold current count value bit to 0
1 = Reload prescaler & decrementer & begin decrementing

Figure 3-25. Timer 2 Data and Control Registers (TMS70x2)

T2MSDATA (P16)

T2LSDATA (P17)

7 6]5]a]3]2]1]o]7]e6ls]4]3]2]1]0
MSByte Readout Latch LSByte Decrementer Read
MSByte T2 Reload Register LSByte T2 Reload Register Write
T2CTL1 (P18)
7 | 6 | 5 ] 4]l 3 ] 2] 1]0o
MSByte Readout Latch Read
cascage] T20uT| X | x [ x | x [ x | x | write

0 ~ Timer 2 output disabled
1 =~ Timer 2 out; toggles BO when T1 decrements through 0

0 — Clock determined by Source bit
1 = Clock source is Timer 1 reload signal, overrides Source bit

T2CTLO (P19)

7 | e | 5 | 4 ] 3] 2] 1] o
LSByte of Capture Latch Read
START |SOURCE|T2HALT| Prescaler Reload Register Write

I_ 0 ~— Timer 2 remains active during Idle
1 = Timer 2 will halt during Idle
0 ~ Internal clock source = fogc/4
1 — External clock source from A6/EC2

0 — Stop timer; hold current count value, and clear INT5 flag bit to 0
1 — Reload prescaler & decrementer & begin decrementing

L

Figure 3-26. Timer 2 Data and Control Registers (TMS70Cx2)
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3.7.1 Control Registers for Timer/Event Counters 1 and 2
(TMS70x0, TMS70Cx0, TMS70CTx0, and TMS70x2 Devices)

The control bits and prescaling value of Timers 1 and 2 are determined by the
timer control registers T1CTL (P3) and T2CTL (P19). These bits can only be

written to the control registers and cannot be read by a program. When T1CTL

is read, the capture-latch value associated with Timer 1 is returned. T2CTL is

a write-only register and will return an irrelevant value when read. Since the

control and prescale bits are write only, the read/modify/write instructions

such as ANDP, ORP, and XORP should not be used. The following in-

structions should be used for timer control-bit manipulations.

MOVP $>XX,Pn STA %>01xx
MOVP A,Pn STA *Rn

MOVP B,Pn STA >01xx(B)
where:

%> XX = |mmediate 8-bit hexadecimal data value
>01xx = 16-bit Peripheral-File hexadecimal address
A = Register A

B = Register B

Pn = Peripheral-File register number

Rn = General-purpose register pair number

The same instructions are required for writing to the timer data registers,
T1DATA and T2DATA, and other write-only registers.

3.7.2 Control Registers for Timer/Event Counters 1 and 2
(TMS70Cx2 Devices)

The control bits and prescaling value of Timers 1 and 2 of the TMS70Cx2
devices are determined by the timer control registers T1ICTLO (P15), T1CTL1
(P14), T2CTLO (P19), and T2CTL1 (P18). Data can only be written to these
control registers, and cannot be read back by a program. When Timer 1 con-
trol register T1CTLO is read, the least significant (LS) byte of the capture latch
value associated with Timer 1 is returned. When T1CTL1 is read, the most
significant (MS) byte of the Timer 1 readout latch is returned. When T2CTLO
is read, the least significant (LS) byte of the Timer 2 capture latch is returned.
When T2CTL1 is read, the most significant (MS) byte of the Timer 2 readout
latch is returned. Since the control and prescale bits are write only, the
read/modify/write instructions such as ANDP, ORP, and XORP should not
be used. The following instructions should be used for timer control-bit ma-

nipulations.

MOVP $>XX,Pn STA %>01xx
MOVP A,Pn STA *Rn
MOVP B,Pn STA >01xx(B)
where:

%XX = Immediate 8-bit hexadecimal data value
>01xx = 16-bit Peripheral-File hexadecimal address
A = Register A

B = Register B

Pn = Peripheral-File register number

Rn = General-purpose register pair number

The same instructions are required for writing to the timer data registers,
T1LSDATA, TIMSDATA, T2LSDATA, T2ZMSDATA, and other write-only re-
gisters.

3-43



N

TMS7000 Family Architecture - Programmable Timer/Event Counters

3.7.3 Timer Start/Stop (Bit 7) and Capture Latch

Bit 7 of the timer control registers contain a start/stop bit for the timer/event
counters.

Bit 7 = 0 A start bit of O disables or freezes the timer chain at the current
count value.

Bit 7 = 1 A start bit of 1, regardless of whether the bit was a 0 or a 1 before,
loads the prescaler and counter decrementers with the corre-
sponding reload register values, and the timer/event counter op-
eration begins.

3.7.3.1 Timer 1 Capture Latch (TMS70x0, TMS70Cx0, TMS70CTx0, and TMS70x2

Devices)

The Timer 1 8-bit capture latch can be accessed by readlng the Timer 1 control
register TICTL (P3). T1CTL will contain the “captured” current Timer 1 value
whenever INT3 is triggered even if INT3 is disabled. Please note that when
TNT3 is used to exit a low-power mode on the TMS70Cx0 or TMS70CTx0
CMOS parts, the capture latch may store an indeterminate value. This is due
to the logic design of the CMOS devices. Since the value in the capture latch
may not be valid when leaving either of the low-power modes via INT3, it is
recommended that the capture latch not be used in this situation.

3.7.3.2 Timer 1 and Timer 2 Capture Latches (TMS70Cx2 Devices)
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The TMS70Cx2 contains two 16-bit capture latches, one each for Timer 1 and
Timer 2. The Timer 1 16-bit capture latch can be accessed by reading the
Timer 1 control registers T1ICTLO (P15) and T1CTL1 (P14). The Timer 2
16-bit capture latch can be accessed by reading the Timer 2 control registers
T2CTLO (P19) and T2CTL1 (P18). The capture latch values for Timer 1 and
Timer 2 are loaded on the active edges of INT3 and INT1, respectively, whether
the interrupts are enabled or not. Both capture latches are disabled during the
IDLE instruction when their corresponding HALT bits are 1.

Reading the Timer 1 control register T1CTL1 or the Timer 2 control register
T2CTL will return the value of the MSB readout latch of the respective timer.
This latch is shared between MSB of the timer latch and the MSB of the
capture latch. It allows the complete 16-bit value of the timer latch or the
capture latch to be sampled at one moment. The LSB must be read first,
which causes the MSB to be simultaneously loaded into the readout latch.
This latch physically exists in only one location for each timer; however, each
latch can be read from two different locations. Timer 1 MSB readout latch can
be read from T1MSDATA (P12) or TICTL1 (P14). Timer 2 MSB readout
latch can be read from T2MSDATA (P16) or T2CTL1 (P18).

Reading the LSB of the decrementer or capture latch will update the contents
of the readout latch. In order to correctly read the entire 16-bit value of the
decrementer or capture latch, the LSB must be read first, which will load the
MSB readout latch. The MSB readout latch must be read and stored before
reading the LSB of either the decrementer or capture latch. The order of 16-bit
read operations should be:

Timer 1: Decrementer: Read P13 then P12 or read P13 then P
Capture Latch: Read P15 then P12 or read P15 then P

1
1
Timer 2: Decrementer: Read P17 then P16 or read P17 then P}

4
4
8
Capture Latch: Read P19 then P16 or read P19 then P18
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3.7.4 Clock Source Control (Bit 6) (See note below.)

For the TMS70x0, TMS70Cx0, TMS70CTx0, and TMS70x2 devices, bit
6 (SOURCE) of TICTL and T2CTL selects the Timer 1 and Timer 2 clock
sources, respectively.

For the TMS70Cx2 devices, bit 6 (SOURCE) of T1CTLO and T2CTLO selects
the Timer 1 and Timer 2 clock sources, respectively.

Bit 6 = 0 A source bit of 0 selects the internally generated clock and places
the timer/event counter in the Realtime Clock mode using the in-
ternal clock source. Each positive transition of the timer clock
signal decrements the count chain. Realtime Clock mode allows
a program to periodically interrupt and call a service routine, such
as a display refresh, by simply setting the prescale reload register
and the timer reload register so the routine is called at the desired
frequency.

Bit 6 = 1 A source bit of 1 selects the external clock source and places the
timer/event counter in the Event-Counter mode. In this mode,
each positive transition at the Port A event counter pins decre-
ments the count chain (when the prescaler is decremented to zero,
it is reloaded with the prescaler reload register value and the
counter is decremented by one).

Summary for all TMS7000 devices (see note below):

Event Counter Interrupt
Input Pin Level
Timer 1 Pin A7/EC1 INT2
Timer 2 Pin A6/EC2 INT5

The Event-Counter mode allows INT2 and INT5 to function as positive edge-
triggered external interrupts by loading a start value of O into both the pres-
caler and timer reload register. A positive transition on A7/EC1 or A6/EC2
decrements the corresponding timer through zero and generates an INT2 or
INT5. Event-Counter mode can also be used as an externally provided real-
time clock if an external clock is input on the I/O pin. The minimum clock
period on pins A7/EC1 or A6/EC2 must not be less than fge/16 for
TMS70x0, TMS70x2, and TMS70Cx0 devices, or fogc/4 for TMS70Cx2 de-
vices. The minimum pulse width of the external signal must not be less than
1.25 state clock cycles [1.25 x t¢(c)] to be properly detected by the device.

Note: The TMS70CTx0 devices do not contain an external event counter
input pin. Therefore, the clock source must be selected as internal.

3-45



TMS7000 Family Architecture - Programmable Timer/Event Counters

3.7.5 Idle/Timer Halt Bit (Bit 5)

The function of the Idie bit (bit 5) in the timer control registers varies de-
pending on the device type.
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TMS70x0 and TMS70x2
Bit 5 is'not used on any of the TMS7000 NMOS devices.

TMS70Cx0 and TMS70CTx0

Bit 5 of T1ICTL (P3) register is the IDLE bit. This bit selects either of two
low-power modes on these devices when the IDLE instruction is exe-
cuted. (See Section 3.4.2 about CMOS low-power modes.)

Bit 5 = 0 Wake-Up low-power mode
Bit 5 =1 Halt low-power mode

TMS70Cx2

Bit 5 of the T1CTLO (P15) and T2CTLO (P19) registers acts as a tim-
er-halt bit. This bit selects either of two timer operational modes when
the IDLE instruction is executed.

Bit 5 = 0 Timer active mode
Bit 5 = 1 Halt timer mode
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3.7.6 Cascading Timers

The TMS70x2 and TMS70Cx2 devices can have their timers cascaded to-
gether to form one large timer. The external clock input for Timer 2 is the Port
A pin AG6/EC2. This pin can also function as the serial clock 1/0 line (SCLK)
for the serial port on the TMS70x2 devices (see Section 3.8, The Serial Port).
Several arrangements are possible with Timer 2 in relation to Timer 3 and the
serial port because of this:

Both SCLK and Timer 2 clock internal: the Timer 3 output divided by 2
is driven out of the A6/EC2 pin and Timer 2 is internally clocked by 8

x te(C)-

SCLK internal and Timer 2 clock external- the Timer 3 output divided by
2 is driven out of the A6/EC2 pin and this pin drives the Timer 2 clock.
In this mode, Timer 3 and Timer 2 are cascaded together, with Timer 3
driving Timer 2. This is done by setting the Cascade bit to 0 and the
Timer 2 source bit to 1. Timer 2 can then be cascaded under software
control to either Timer 1 or Timer 3.

SCLK external and Timer 2 clock internal: the input signal drives the se-
rial port clock and Timer 2 is internally clocked by 8 x t¢(c)-

Both SCLK and Timer 2 clock external- the input signal drives both the
serial port clock and Timer 2.

The differences between the TMS70x2 and TMS70Cx2 Cascade bits are ex-
plained below.

TMS70x2

Bit 5 of the T2CTL (P19) register in the TMS70x2 devices is the Cas-
cade bit. This bit is used in conjunction with T2CTL (P19) Source (bit
6) to determine the Timer 2 clock source.

Bit 5 = 0 A Cascade bit of 0 allows bit 6 (source) to determine the
clock source.

Bit 5 = 1 A Cascade bit of 1 selects the output generated by the Timer
1 reload pulse as the clock input to the prescaler of Timer 2.
The Cascade bit overrides the Source bit; that is, if the Cas-
cade bit is 1, the Source bit of Timer 2 has no effect.

TMS70Cx2

Bit 7 of the T2CTL1 (P18) register is the Cascade bit. This bit is used
in conjunction with the T2CTLO (P19) Source (bit 6) to determine the
Timer 2 clock source.

Bit 7 = 0 A Cascade bit of 0 allows bit 6 of T2CTLO to determine the
clock source.

Bit 7 = 1 A Cascade bit of 1 selects the output generated by the Timer
1 reload pulse as the clock input to the prescaler of Timer 2.
The Cascade bit overrides the Source bit; that is, if the Cas-
cade bit is 1, the Source bit of Timer 2 has no effect.

Note that on the TMS70Cx2 devices, the Timer 2 output (T20UT) can-
not be used if Timer 1 and Timer 2 are cascaded together.
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3.7.7 Timer and Prescaler Operation
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The timer clock, whether internal or external, is prescaled by a 5-bit modulo-N
counter. The prescaling value is determined by the least significant five bits
of the timer control register. The timers decrement and an underflow occurs
on the transition from O to >FF. Thus, a prescale value of >7 will produce an
fosc/128 clock input into the timer for a TMS70x0 device with a timer clock
source of fogc/16.

TMS70x0, TMS70Cx0, TMS70CTx0 and TMS70x2

Timer 1 Bits 0-4 of Timer 1 control register T1CTL comprise the Timer
1 prescale reload register value.

Timer 2 Bits 0-4 of Timer 2 control register T2CTL comprise the Timer
2 prescale reload register value. (Available on TMS70x2 only)

TMS70Cx2

Timer 1 Bits 0-4 of Timer 1 control register T1CTLO comprise the
Timer 1 prescale reload register value.

Timer 2 Bits 0-4 of Timer 2 control register T2CTLO comprise the
Timer 2 prescale reload register value.

These steps occur during timer operation:

1)

2)
3)

4)

Upon starting the timer, the prescaler and timer are loaded from the
prescaler reload register and timer reload register, respectively.

Each pulse decrements the prescaler by one.

When the prescaler countdown decrements through zero, the timer is
decremented by one. After the prescaler is decremented,

If timer # 0 Reload prescaler and go back to step 2.

If timer = 0 When both the timer and the prescaler decrement through
zero_together, an interrupt occurs. An INT2 for Timer 1
(INT5 for Timer 2) is momentarily pulsed when both the
prescaler and counter decrement past the zero value to-
gether. This sets the INT2 or INT5 Pulse flip-flop, as de-
scribed in Section 3.6.2, Interrupt Operation.

The 5-bit prescaler and decrementer are then immediately reloaded with
the contents of the prescale reload register and the timer reload register,
and the timer will start decrementing with the new reload register values.

TMS70x0, TMS70Cx0, TMS70CTx0 and TMS70x2

The 8-bit timer reload register is loaded through the Timer 1 data register
T1DATA (P2) for Timer 1 and the Timer 2 data register T2DATA (P18)
for Timer 2. This value is write only. When read, T1DATA and T2DATA
contain the current value of the 8-bit decrementer for Timer 1 and Timer
2, respectively, and not the timer reload register value. For this reason,
the read/modify/write |/O instructions should not be used to alter the
data value in the timer reload register. When read, the T1CTL contains
the capture latch value for Timer 1. (Timer 2 is available on the
TMS70x2 only.)
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® TMS70Cx2

The 16-bit timer reload registers are loaded through the Timer 1 data
registers T1LSDATA (P13) and TIMSDATA (P12), and the Timer 2 data
registers T2LSDATA (P17) and T2MSDATA (P16). This value is write
only. When read, TILSDATA and T2LSDATA return the current value
of the LSB of the Timer 1 and Timer 2 decrementers, respectively, and
not the LSB timer reload register value. For this reason, the
read/modify/write [/O instructions should not be used to alter the data
value in the timer reload registers. T1MSDATA and T2MSDATA will
return the value of the MSB readout latch for Timers 1 and 2, respec-
tively. To read the Timer 1 capture latch, first read TICTLO (P15) to
obtain the LSB, then read T1CTL1 (P14) to obtain the MSB. To read
the Timer 2 capture latch, first read T2CTLO (P19) to obtain the LSB,
then read T2CTL1 (P18) to obtain the MSB.

3.7.8 Timer Interrupts

When the prescaler and decrementers pass through zero together, an interrupt
flag (INTn flag) is set and the prescaler and counter decrementers are imme-
diately and automatically reloaded with the corresponding reload register val-
ues. The interrupt levels generated by the timers are INT2 for Timer 1 and
INT5 for Timer 2. The period between successive timer interrupts may be
calculated by the following formula:

® TMS70x0, TMS70Cx0, TMS70CTx0 and TMS70x2
HNT = tewk x (PR+1) x (TR+1)
where:

tint = Period between timer interrupts

tcLk = Period of the timer input clock which is 16/fy,sc for Realtime
Clock mode or the period of the external input pin for Event-
Counter mode

5-bit prescaler reload register value

8-bit timer reload register value

PR
TR

o

At the falling edge of the INT3 input, the Timer 1 counter value is loaded
into the capture latch. This feature provides the capability to determine
when an external event occurred relative to the current Timer 1 decre-
menter value.

® TMS70Cx2
tiNT = tock x (PR+1) x (TR+1)
where:

tinT = Period between timer interrupts

tcLk = Period of the timer input clock which is 4/fosc for Realtime
Clock mode or the period of the external input pin for Event-
Counter mode

5-bit prescaler reload register value

16-bit timer reload register (value written to the MSB and LSB
timer reload registers)

PR
TR
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On the TMS70Cx2 devices, the falling edge of the INT3 input will cause the
16-bit decrementer value of Timer 1 to be loaded into the Timer 1 capture
latch. Likewise, the falling edge of the TNT1 input will cause the 16-bit de-
crementer value of Timer 2 to be loaded into the Timer 2 capture latch. This
feature provides the capability to determine when an external event occurred
relative to the current timer/counter value.

3.7.9 Timer Output Function (TMS70Cx2 Devices)
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Timer 1 and Timer 2 have a timer output function which allows the B1 and
BO outputs, respectively, to be toggled every time the timer decrements .
through zero. This function is enabled by the T1OUT and T20UT bits (bit 6)
in the timer control registers T1CTL1 and T2CTL1.

When operating in the timer output mode, the BO and/or B1 output cannot
be changed by writing to the Port B Data Register. Writing to the appropriate
timer’s Start bit will reload and start the timer, and will not toggle the output.
The output will toggle only when the timer decrements through zero. The
timer output feature is independent of INT2 and INT5; therefore, it will operate
with INT2 and INT5 enabled or disabled. Also, if the timer is active during the
IDLE instruction, the timer output feature will continue to operate.

Whenever the T20UT or T10UT bit is returned to 0, BO or B1 will become an
output-only pin, like B2. The value in the BO or B1 data register will be the
last value output by the timer output function, to that BO or B1 will not change
as the T1OUT or T20UT bit is returned to 0.

Whenever Port B is read, the value on the BO pin will always be returned, so
the current timer output value can be read by reading Port B.

The T10UT and T20UT bits are set to 0 by a reset, so the timer output func-
tion will not be enabled unless the user sets T1TOUT or T20UT to 1.

The Timer 2 output (T20UT) cannot be used if Timer 1 and Timer 2 are cas-
caded together (Cascade bit of T2CTL1 setto 1).
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3.8 Serial Port (TMS70x2 and TMS70Cx2 Devices Only)

The TMS70x2 and TMS70Cx2 devices contain a serial port, greatly enhancing
their I/0 and communications capabilities. Including a hardware serial port
on chip saves ROM code and allows much higher transmission rates than
could be achieved through software.

The full-duplex serial port consists of a receiver (RX), transmitter (TX), and a
third timer called Timer 3 (T3). The functional operation of the serial port is
configured through software initialization. A set of control words are first sent
out to the serial port to initialize the desired communications format. These
control words will determine the baud rate, character length, even/odd/off
parity, number of stop bits, and so forth.

Figure 3-27 (page 3-52) illustrates the serial port functional blocks.

The serial port provides Universal Synchronous Asynchronous Receiver/-
Transmitter (USART) communications:

® Asynchronous mode, discussed in Section 3.8.2.1 (page 3-65) inter-
faces with many standard devices such as terminals and printers using
RS-232-C formats.

® Isosynchronous mode, discussed in Section 3.8.2.2 (page 3-66)
permits very high transmission rates and requires a synchronizing clock
signal between the receiver and transmitter.

® Serial 1/0 mode, discussed in Section 3.8.2.3 (page 3-66) can be used
to expand 1/0 lines and to communicate with peripheral devices requir-
ing a non-UART serial input such as A-to-D converters, display drivers,
and shift registers.

The serial port also has two multiprocessor protocols, compatible with the
Motorola 6801 and Intel 8051. These protocols allow efficient data transfer
between multiple processors. They are implemented using isosynchronous or
standard asynchronous formats.
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[——————————————

SERIAL PORT

TIMER3

SCLK
XD

Figure 3-27. Serial Port Functional Blocks
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3.8.1 Serial Port Registers

The serial port is controlled and accessed through registers in the Peripheral’
File. These registers are listed in Table 3-16. Figure 3-27 contains a block
diagram of the serial port registers and functional blocks.

Table 3-16. Serial Port Control Registers

REGISTER NAME TYPE FUNCTION
TMS70Cx2 TMS70x2

P20 P17 SMODE FIRST WRITE Serial Port Mode
P21 P17 SCTLO READ/WRITET Serial Port Control 0
P22 P17 SSTAT READ Serial Port Status
P23 P20 T3DATA READ/WRITE Timer 3 Data
P24 P21 SCTL1 READ/WRITE Serial Port Control 1
P25 P22 RXBUF READ Receiver Buffer
P26 P23 TXBUF WRITE Transmission Buffer

t  Write only for TMS70x2 devices

The serial mode register, SMODE, is the RX/TX control register that describes
the character format and type of communication mode (Asynchronous, iso-
synchronous, or Serial 1/0).

The serial port control O register, SCTLO, is the RX/TX control register used
to control the serial port functions, TX and RX enable, clearing of error flags,
and S/W enable.

The serial port Status Register, SSTAT, is the read-only serial Status Register
used to report the serial port status.

The T3DATA register is the read/write Timer 3 data register.

RXBUF is a read-only register containing data from RX. RXBUF is double-
buffered with the internal shift register (RXSHF) so that the the CPU has at
least a full frame to read the received data before RX can overwrite it with new
data.

TXBUF is a write-only register from which TX takes the data it transmits. It
is double-buffered with the TX shift register (TXSHF), so that the CPU has a
full frame to write new data before TXBUF becomes empty.

The TXD and RXD lines use I/0 pins B3/TXD and A5/RXD, respectively. This
configuration allows the TXD and RXD pins to be used as I/0 pins if desired.
If serial port transmission is disabled, then TXD follows B3. If reception is
disabled, then no receiver interrupts occur and A5 functions as an input pin
on TMS70x2 devices and as a general-purpose I/O pin on TMS70Cx2 de-
vices. The B3 I/0 pin must be set to a 1 in order to enable the TXD pin.

3-53



TMS7000 Family Architecture - Serial Port (TMS70x2 and TMS70Cx2)

:3.8.1.1 Serial Mode Register (SMODE)

The SMODE register is the RX/TX control register that describes the character

format and type of communication mode (Asynchronous, Isosynchronous, or
Serial 1/0). .

7 6 5 4 3 2 1 0
STOP |[CMODE|PEVEN | PEN [CHAR1|CHARO[ASYNC|MULTI| Read
STOP |CMODE|PEVEN | PEN JCHAR1|CHAROJASYNCIMULTI| Write

L. 0 — Motorola protocol
1 = Intel protocol

0 — Isosynchronous
communications

1 = Asynchronous
communications

|__ Bits/Character:
00 — 5 bits/char
01 — 6 bits/char
10 — 7 bits/char
11 = 8 bits/char
L_ 0 — Parity disabled
1 = Parity enabled
L 0 — Odd parity
1 = Even parity
L_ 0 — Serial 1/0 mode
1 = Communication mode
L_ O — One STOP bit
1 = Two STOP bits

Figure 3-28. Serial Mode Register - SMODE

° TMS70x2 (Write-only register)

SMODE is accessed at Peripheral-File location P17 on the first write
after a hardware or serial port reset. SMODE must be the first register
written to in the serial port immediately following a reset. After the
SMODE register is written to, it cannot be accessed again without first
performing another reset operation. The first write operation to location
P17 immediately following a reset accesses SMODE. All subsequent
writes to P17 access the control register (SCTLO).

® TMS70Cx2
SMODE is accessed anytime at Peripheral-File register P20.

Multiprocessor Mode (MULTI) Bit O
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There are two possible multiprocessor protocols, Motorola (Section 3.8.3.1)
and Intel (Section 3.8.3.2).

0 - Selects the Motorola protocol.
1 - Selects the Intel protocol.
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The Motorola mode is typically used for normal communications since the In-
tel mode adds an extra bit to the frame. The Motorola mode does not add this
extra bit and is compatible with RS-232-type communications. Multi-
processor communication is different from the other communication modes

because it uses Wake-Up and Sleep functions. i

Communications Mode (ASYNC) Bit 1
This bit determines the serial port communication mode.

0 - Selects Isosynchronous mode (Section 3.8.2.2). In this mode, the bit pe-
riod is equal to the SCLK period; bits are read on a single value basis.

1 - Selects Asynchronous mode (Section 3.8.2.1). In this mode the bit period
is 8 times the SCLK period and bits are read on a two out of three majority
basis.

Number of Bits per Character (CHAR1, CHAR2) Bits 2,3
Character length is programmable to 5, 6, 7 or 8 bits. Characters less than 8
_ bits are right-justified in buffers RXBUF and TXBUF and padded with leading
zeros. The unused leading bits in TXBUF may be written as don’t cares. The
RXBUF and TXBUF register formats are illustrated in Figure 3-33 and Figure
3-34.

Parity Enable (PEN) Bit 4
If parity is disabled (PEN set to 0), then no parity bit is generated during
transmission or expected during reception. A received parity bit is not trans-
ferred to RXBUF with the received data because it is not considered one of the
data bits when programming the character field. On the TMS70Cx2 devices,
the parity error flag may be set even though parity is disabled.

Parity Even (PEVEN) Bit 5
If PEN is set, then this bit defines odd or even parity according to an odd or
even number of 1 bits in both transmitted and received characters.

0 - Sets odd parity.
1 - Sets even parity.

Serial 1/0 or Communication Mode (CMODE) Bit 6
This bit determines whether the serial port operates in Serial /O mode or one
of the communication modes.

0 - Puts the serial port in Serial /0 mode which allows easy I/0 expansion
by using external shift registers.

1 - Selects communication mode. The ASYNC bit (bit 1) determines whether
the serial port is in Asynchronous or Isosynchronous mode. The MULTI
bit (bit 0) determines if the communication uses the Motorola or Intel
protocol.

Number of Stop Bits (STOP) Bit 7
This bit determines the number of stop bits sent when the serial port is in
Isosynchronous or Asynchronous mode.

0 - Selects one stop bit.
1 - Selects two stop bits. The receiver checks for one stop bit only.
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3.8.1.2 Serial Control Register 0 (SCTLO)

The SCTLO register is the RX/TX control register used to contro! the serial port
functions, TX and RX enable, clearing of error flags, and S/W reset. SCTLO
is cleared by a hardware or software reset.

7 6 5 4 3 2 | 1 0
SPH | UR 0 0 0 | RXEN JSCLKEN] TXEN | Read
SPH | UR X ER X | RXEN [SCLKEN] TXEN | Write

L)
0 — Transmitter disabled
1 = Transmitter enabled
SCLK enable (TMS70Cx2):
0 = A4 is general-purpose 1/0
1 = A4is SCLK
0 — Receiver disabled; A5 is
general-purpose 1/0
1 — Receiver enabled; A5 is RX input
0 - Do not reset flags
1 — Reset error flags
L 0 — Serial port enable
1 = Reset serial port
L_. Serial port halt (TMS70Cx2):
0 = Serial port & Timer 3 fully active during IDLE
1 — Serial port & Timer 3 fully halted during IDLE

Figure 3-29. Serial Control 0 Register - SCTLO

®  TMS70x2 (Write-only register)

SCTLO is a write-only register, accessed at Peripheral-File location P17
on the second and subsequent write operations after a hardware or serial
port reset. After a hardware or serial port reset, SMODE must be written
to before the SCTLO register can be accessed, since the SMODE and
SCTLO registers are accessed through the same location.

‘Use the following procedure if you do not know if P17 is SCTLO or
SMODE. Writing a 0 to P17 puts this register at SCTLO, but the first
write operation might have changed the SMODE value so it needs to be
re-initialized.

SMODE EQU P17
SCTLO EQU P17

UARTRS MOVP %0,P17 P17 in an unknown state,

* ensure being at SCTLO
MOVP %>40,SCTLO Reset the serial port
MOVP %>XX,SMODE Set SMODE to proper

* values
MOVP $%?XO0XXXXXX,SCTLO Clear the reset bit

* (?=binary)

* . P17 is now SCTLO

® TMS70Cx2

SCTLO is a read/write register, and can be accessed anytime at Peri-
pheral-File location P21.
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Transmit Enable (TXEN) Bit 0
Data transmission through TXD (pin B3) cannot take place unless TXEN is set
to1.

When TXEN is reset to O, transmission does not halt until all the data previ-
ously written to TXBUF is sent. Thereafter, B3/TXD can be used as general-
purpose output. TXEN is set to O by a hardware or software reset.

In Isosynchronous mode, if an internally generated SCLK is used, the SCLK
output at pin A6 (TMS70x2) or A4 (TMS70Cx2) is enabled. When the entire
frame is transmitted, TX disables SCLK and sets TXRDY and INT4 flag to a 1,
and TXEN to 0. TXEN has no direct effect on TXRDY or INT4 flag in this
mode.

Serial Clock Enable (SCLKEN) Bit 1 - TMS70Cx2 devices only
This bit determines if the A4/SCLK pin will be used as general-purpose |/O
(bit 1 = 0), or as the serial clock SCLK pin (bit1 = 1).

Receive Enable (RXEN) Bit 2
In the communication modes (Asynchronous and Isosynchronous):

0 - Prevents received characters from being transferred into RXBUF, and no
RXRDY interrupt is generated. However, the receiver shift register
(RXSHF) continues to assemble characters. Thus, if RXEN is set during
character reception, the complete character will be transferred into
RXBUF.

1 - Enables RX (receiver) to set INT4 flag and enable RXRDY.

In Serial 1/0 mode:

0 - The UR bit sets RXEN to 0.
1 - Enables RX operation.

In Isosynchronous mode, if an internally generated SCLK is used, the SCLK
output at pin A6 (TMS70x2) or A4 (TMS70Cx2) is enabled. When the entire
frame is received, RX disables SCLK and sets RXRDY and INT4 flag to a 1, and
RXEN to 0. RXEN has no direct effect on RXRDY or INT4 flag in this mode.

Error Reset (ER) Bit 4
The error reset bit is used to reset any error flags during serial port operation.

0 - No error flags are affected.
1 - Clears all three error flags in the SSTAT register (PE, OE, FE).

Software UART Reset (UR) Bit 6
Writing a 1 to this bit puts the serial port in the reset condition, enablmg the
SMODE register for initialization. SCLK (pin A6 on TMS70x2 devices, pin
A4 on TMS70Cx2 devices) is put in the high-impedance input state. The TXD
signal is held at 1 so the B3 pin may be used as a general-purpose output line.
On TMS70Cx2 devices, the A5/RXD signal becomes a general-purpose 1/0
line; on TMS70x2 devices, it becomes an input.

Until a 0 is written to UR, all affected logic is held in the reset state. UR must
be set to 0 before the CPU can write a 1 to CLK and output SCLK on Port A.
UR is set to 1 by hardware RESET. The UART reset affects only the items
above; it is not a general device reset like the RESET pin.
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Sefial Port Halt Enable (SPH) Bit 7 - TMS70Cx2 devices only
This bit determines if the serial port and Timer 3 will be active or not during
an IDLE instruction.

0 - Serial port and Timer 3 will be fully active during an IDLE instruction.
1 - Serial port and Timer 3 will be halted during an IDLE instruction.

3.8.1.3 Serial Port Status Register (SSTAT)

SSTAT is the read-only serial port Status Register. Bits 0, 1, and 6 of this re-
gister are cleared by a hardware or software reset.

7 6 5 4- 3 2 1 0
IADD |BFKDT| FE OE PE TXE [RXRDY|TXRDY| Read
I
0 — TXBUF full
1 = TXBUF ready for
character

0 = RXBUF empty
1 — RXBUF ready with
new character
0 — Transmitter written to
1 = Transmitter empty
L 0 — If PEN=1, no parity error
1 = If PEN=1, parity error
L 0 — No overrun error
1 = Overrun error
L. 0 — No framing error
1 = Framing error
0 — No break detect
1 — Break detect
L_ Intel address bit (TMS70Cx2 devices):
0 — Last address bit received was 0O, or Intel mode not selected
1 — Last address bit received was 1
X — Don’t care on TMS70x2 devices

Figure 3-30. Serial Port Status Register - SSTAT

& TMS70x2

The SSTAT register is accessed anytime by reading Peripheral-File lo-
cation P17. :

® TMS70Cx2

The SSTAT register is accessed anytime by reading Peripheral-File lo-
cation P22.

Transmitter Ready (TXRDY) Bit 0
The TXRDY bit is set by the transmitter to indicate that TXBUF is ready to re-
ceive another character. It is automatically reset when a character is loaded.
If the serial port interrupt (INT4) is enabled, it is issued at the same time the
TXRDY bit is set. Resetting the UART sets TXRDY to 1.
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Receiver Ready (RXRDY) Bit 1
This bit is set by the receiver to indicate that RXBUF is ready with a new
character. It is automatically reset when the character is read out. If the serial
port interrupt (INT4) is enabled, it is set at the same time that the RXRDY bit
is set. Resetting the UART sets RXRDY to 1.

Transmitter Empty (TXE) Bit 2
The TXE bit is set to 1 when the transmitter shift register (TXSHF) and TXBUF
(shown in Figure 3-34, page 3-62) are empty. It is reset to O when the
TXBUF is written to. Resetting the UART sets TXE to 1.

Parity Error (PE) Bit 3
PE is set when a character is received with a mismatch between the number
of 1s and its parity bit. This bit is reset by the ER bit in SCTLO. Disabling the
parity does not disable this flag, so this flag may be set even when the parity
is disabled.

Overrun Error (OE) Bit 4
OE is set when a character is transferred into RXBUF (shown in Figure 3-34)
before the previous character has been read out. The previous character is
overwritten and lost. OE is reset by the ER bit in SCTLO.

Framing Error (FE) Bit 5
FE is set when a character is received with a O stop bit, meaning that syn-
chronization with the start bit has been lost and the character is incorrectly
framed. The ER bit in SCTLO resets FE.

Break Detect (BRKDT) Bit 6
The BRKDT bit shows that a break condition has occurred. BRKDT is set if
the RXD line remains continuously low for 10 bits or more, starting from the
end of a frame (stop bit). When the break ends, BRKDT is set to a 0 imme-
diately. In the Serial 1/0 mode, BRKDT remains a 0. UR (SCTLO bit 6) sets
BRKDT to 0. A break is generated by setting Port B bit 3 low. Setting B3 high
again resumes TXD operation.

The TXD and RXD lines are multiplexed on 1/0 lines B3 and Ab, respectively.
This configuration allows the TXD and RXD pins to be used as 1/0 pins if
desired. If transmission is disabled, then TXD follows B3. If reception is dis-
abled, then no receiver interrupts occur and A5 is an input bit.

Intel Address Bit (IADD) Bit 7 - TMS70Cx2 devices only
This bit shows the last data bit received when using the Intel protocol.

0 - Last address bit received was 0, or Intel mode was not selected.
1 - Last address bit received was 1.
X - Don’t care on TMS70x2 devices.

3-59




TMS7000 Family Architecture - Serial Port (TMS70x2 and TMS70Cx2)

3.8.1.4 Serial Control Register 1 (SCTLT1)

The SCTL1 register is the read/write serial control register 1. It is used to
control the Timer 3 start/stop function, the source of SCLK, multiprocessor
communication, Timer 3 interrupt, and the Timer 3 prescaler value.

7 6 5 4 3 2 1 0
T3RUN] CLK |SLEEP| WU |T3FLG |T3ENB [PRE3(1)|PRE3(0)| Read
T3RUN| CLK |SLEEP| WU |T3FLG |T3ENB |PRE3(1)|PRE3(0)| Write

2-bit prescaler reload reg. for timer

0 ~ Disables T3 interrupt
to set INT4 flag

1 = Enables T3 interrupt
to set INT4 flag

Write: 0 = Clear T3FLG
1 — Set T3FLG
Read: 0 — T3FLG was software cleared
1 — Timer 3 decremented through 0
or T3FLG was software set
L_ Controls TX multiprocessor communication
L Controls RX multiprocessor communication

| 0 — External clock from SCLK pin
1 = Internal SCLK from Timer 3
L 0 — Stop Timer 3
1 = Start Timer 3 '

Figure 3-31. Serial Port Control 1 Register - SCTL1

® TMS70x2
The SCTL1 register is accessed at Peripheral-File location P21.

® TMS70Cx2
The SCTL1 register is accessed at Peripheral-File location P24.

Timer 3 Prescale Reload Register (PRE3(1), PRE3(0)) Bits 0,1
These are the prescale bits for Timer 3. The internal clock input to Timer 3 is
either fosc/4, /8, /16, or /32, depending on how the prescale bits are set. The
Timer 3 output divided by 2 is the actual baud rate for the Isosynchronous
mode; divided by 8, it is the baud rate for for the Asynchronous mode.

Timer 3 Interrupt Enable (T3ENB) Bit 2
When T3ENB is set to 1, Timer 3 sets INT4FLG to 1 when it sets T3FLG to 1.
T3ENB is reset to 0 by a hardware reset, but not by UR (SCTLO bit 6). This
allows Timer 3 to operate independently of the serial port.
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Timer 3 Interrupt Flag (T3FLG) Bit 3
The T3FLG bit is set to 1 when both the Timer 3 prescaler and Timer 3 dec-
rement through zero together. T3FLG indicates that Timer 3 caused the serial
port interrupt. T3FLG must be cleared by software in the T3 interrupt service
routine, since it is not cleared when the INT4 vector is fetched by the CPU."
T3FLG is reset to 0 by a hardware reset, but not by UR (SCTLO bit 6). This
allows Timer 3 to operate independently of the serial port.

Wake-Up (WU) Bit 4
The WU bit controls the TX features of the multiprocessor communication
modes (see Section 3.8.2.2 and Section 3.8.2.1). Resetting th UART sets
WU to 0; it cannot be set again until UR is cleared.

Sleep (SLEEP) Bit 5
) The SLEEP bit controls the RX features of the multiprocessor modes (See
Section 3.8.2.2 and Section 3.8.2.1). Resetting the UART sets SLEEP to O.

Serial Clock Source (CLK) Bit 6
The CLK bit determines the SCLK source. Resetting the UART sets CLK to O;
it cannot be set again until UR is cleared.

0 - Selects an external SCLK, which is input on the high-impedance A6/SCLK
Ii_ne on the TMS70x2 devices, and pin A4/SCLK on the TMS70Cx2 de-
vices.

1 - Selects an internal SCLK, derived from Timer 3. This signal is output on
the low impedance SCLK line.

Timer 3 Start (START) Bit 7
This bit controls the starting and stopping of Timer 3.

0 - Stops Timer 3.
1 - Loads Timer 3 with the Timer 3 data value and then starts the timer.
Writing a 1 will have no effect if Timer 3 is already active.

3.8.1.5 Timer 3 Data Register

The Timer 3 data register, T3DATA, is a read/write register used to store the
countdown value of Timer 3.

7 | 6 | 58 | a4 ] 3 ] 2] 1] o
MSb Current Timer Value LSb| Read
MSb Timer Reload Register LSb | Write

Figure 3-32. Timer 3 Data Register - T3DATA

® TMS70x2
The T3DATA register is accessed at Peripheral-File location P20.

[ TMS70Cx2
The T3DATA register is accessed at Peripheral-File location P23.
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3.8.1.6 Receiver Buffer

The receiver buffer, RXBUF, is a read-only register used to store the current
3 RX data. Writing has no direct effect on this register. Data in the RXBUF is
right justified, padded with leading Os.

7 | 6 | 5 | 4 ] 3] 211 ]o
MSb Receiver Data LSb
0 0 0o |« 5 Data Bits -
0 0 - 6 Data Bits i
0 « 7 Data Bits -
< 8 Data Bits -

Figure 3-33. Receive Buffer - RXBUF

® TMS70x2
The read-only RXBUF register is accessed at PF location P22.
® TMS70Cx2
The read-only RXBUF register is accessed at PF location P25.
3.8.1.7 Transmitter Buffer
The transmitter buffer, TXBUF, is a write-only register used to store data bits

to be transmitted by TX. Data written to TXBUF must be right justified be-
cause the left-most bits will be ignored for characters less than eight bits long.

7 | 6 | 5 ] 4 ] 3 ] 2] 1] o
MSb Transmitter Data LSb]
X X X |< 5 Data Bits -
X X S 6 Data Bits ind
X « 7 Data Bits -
“ 8 Data Bits i

Figure 3-34. Transmitter Buffer - TXBUF

® TMS70x2 _
The write-only TXBUF register is accessed at PF location P23.
® TMS70Cx2

The write-only TXBUF register is éccessed at PF location P26.
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3.8.1.8 RX Signals in Communication Modes
INT.
x ] r
RXRDY | ; I

Ww0'0.0.0:0/0.0/ sTop

RXD

Notes: 1) Format shown is start bit + seven data bits + stop bit.
2) SCLK is continuous, external or internal.
3) If RXEN = 0, RXSHF still receives data from RXD. However, the data is not
transferred to RXBUF and RXRDY and INT4FLG are not set.

Sequence of Events:

1) RXSHF data is transferred to RXBUF. Error status bits are set if an error is detected.
2) Software writes to INTACLR to clear INTAFLG. If not, CPU clears.

3) INTAFLG on entry to level 4 interrupt routine.

4) Software reads RXBUF.

3.8.1.9 TX Signals in Communication Modes

INT4 |
Ha__| |

Txnovj_' ;—-I

0.
00 \»

BVD:0:0,0:0:0.:0.0

65
bb

Notes: 1 Format shown is start bit + eight data bits + parity bit + two stop bits.
2) SCLK is continuous whether internal or external.

Sequence of Events:

1) Software writes to TXBUF.

2) TXBUF and WU data are transferred to TXSHF and WUT. INT4FLG and TXRDY are
set.

3) Software writes to INTACLR to clear INT4FLG or CPU clears INTAFLG on entry to
level 4 interrupt routine.

4) Software writes to TXBUF.

5) Software writes to INT4CLR to clear INT4FLG or CPU clears INT4FLG on entry to
level 4 interrupt routine.

6) Software resets TXEN; current frame will finish and transmission will stop whether
TXBUF is full or empty. .

7) TXE is set if TXBUF and TXSFT are empty.
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3.8.1.10 RX Signals in Serial I/0 Modes
INT4
. -

e |
) —————————
1 k

o !

RXD X0X1X2X3X4X5X0X7#

s ML

2
Notes: 1 RXEN has no effect on INT4FLG or RXRDY in Serial |/O mode.
2) g)élLJKlsf s'fmpled on SCLK rise; external shift registers should be clocked on
all.
3) The SCLK source should be internal as it is gated by internal circuitry.

Sequence of Events:
1) Software starts receiving by setting RXEN.
2) Gated SCLK starts and data is received.
3) RXEN is automatically cleared in last data bit.
4; RXSHF data is transferred to RXBUF, and RXRDY and INT4 are set.
5) Software writes to INT4CLR to clear INTAFLG; if not, CPU clears INTAFLG on entry
to level 4 interrupt routine.
6) Software reads RXBUF

3.8.1.11 TX Signals in Serial I/0 Modes
Ha |
TXEN

me T ' [

™ \NoX1 X2 X X4 XsXeX7/

+

2 4

Notes: 1 Format shown is eight data bits.
2) The SCLK source should be internal as it is gated by internal circuitry.

Sequence of Events:

1) Software writes to TXBUF.

2) TXBUF data is transferred to TXSFT; INT4FLG and TXRDY are set, and SCLK starts.

3) Software resets TXEN, current frame will finish and transmission will halt whether
TXBUF is full or empty.

4) Frame ends and SCLK stops because TXEN = 0.

3-64



TMS7000 Family Architecture - Serial Port (TMS70x2 and TMS70Cx2)

3.8.2 Clock Sources and Serial Port Modes

The serial port can be driven by an internal (Timer 3) or external baud rate
generator. The serial clock source, SCLK, is determined by the SCTL1 clock
bit (CLK) as either an input or an output. If an external clock source is se-
lected, then the AG6/SCLK pin (TMS70x2 devices) or A4/SCLK pin
(TMS70Cx2 devices) is a high-impedance input. If an /internal clock source
is selected, then a 50% duty cycle clock signal is output on the low-impedance
SCLK pin. The clock output frequency depends on the crystal frequency. The
current logic level of SCLK (internal or external) can be determined by reading
SCLK. RX receives data on the rising SCLK edges and TX transmits data on
the falling SCLK edges.

RX/TX (receiver/transmitter) has three modes: two communication modes -
Asynchronous and Isosynchronous - and Serial 1/0. Serial /O Mode links the
serial port to shift registers for simple 1/0 expansion. The Isosynchronous and
Asynchronous communication modes link to other synchronous and asyn-
chronous devices. These two modes also have extra features for two forms
of multiprocessor communication, Motorola and Intel. In all modes, 1/0 is
NRZ (non-return to zero) format; that is, data value 1 = high level, and data
value 0 = low level.

3.8.2.1 Asynchronous Communication Mode

In Asynchronous communication mode, the frame format consists of a start
bit, five to eight data bits, an even/odd/no parity bit, and one or two stop bits.
The bit period is eight times the SCLK period.

Receiving a valid start bit initiates RX operation. A valid start bit consists of
a negative edge followed by three samples, two of which must be zero. If two
of the three samples are not zero, then the receiver continues to search for a
Start bit. These samples occur three, four, and five SCLK periods after the
negative edge. This sequence provides false start bit rejection and also locates
the center of bits in the frame where the bits will be read on a majority (two
out of three) basis. Figure 3-35 illustrates the asynchronous communication
format, with a start bit showing how edges are found and majority vote taken.

FALLING
EDGE
DETECTED

"MAJORITY VOTE"
TAKEN

dalelides 0 ia s

% _ —
¢ DATA BIT PERIOD >
= 8 8CLK PERIODS

8CLK

Figure 3-35. Asynchronous Communication Format

Since RX synchronizes itself to frames, the external transmitting and receiving
devices do not have to use the same SCLK; it may be generated locally. If the
internal SCLK is used it is output continuously on pin A6/SCLK (TMS70x2
devices) or A4/SCLK (TMS70Cx2 devices).
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3.8.2.2 Isosynchronous Communication Mode

3-66

Isosynchronous communication mode is a hybrid protocol, combining features
of the Asynchronous mode and the Serial I/O mode. The Isosynchronous
frame format is the same as the Asynchronous mode frame format, consisting
of a start bit, five to eight data bits, an even/odd/no parity bit, and -one or two
stop bits. However,it uses only one serial clock (SCLK) cycle per data bit as
compared to 8 SCLKs per data bit for Asynchronous mode. This allows much
faster transmission rates than Asynchronous mode. The bit period equals the
SCLK period, as it does in Serial I/0 mode. Bits are read on a single value
basis. Since the RX does not synchronize itself to the data bits, the transmitter
and receiver must be supplied with a common SCLK. The benefit of the Iso-
synchronous mode is that the frame format can be configured like the Asyn-
chronous mode, yet the baud rate is that of the Serial I/0 mode.

Receiving a valid start bit, which consists of a negative edge, initiates RX op-
eration. Since RX does not synchronize itself to data bits, the transmitter and
receiver must be supplied with a common SCLK. If the internal SCLK is used
it is output continuously on pin A6/SCLK/EC2 (TMS70x2 devices) or
A4/SCLK (TMS70Cx2 devices).

Figure 3-36 illustrates the Isosynchronous communication format, with a
complete frame consisting of a start bit, six data bits, even parity, and two stop
bits.

FALLING EDQE
INDICATES START BIT

8CLK J'LI'IJ'{J'L'LI’U'LJ'U'U'LI'U'U'\J'\J'LI'L

TXD

RO T Lefb0ID1 [5F DIlD4fOELERITT 82

Figure 3-36. Isosynchronous Communication Format

In both the Asynchronous and Isosynchronous Communication modes, when
a frame is fully received, RXBUF is loaded from RXSHF, RXRDY. and INT4
flag are set to 1, and the error status bits are set accordingly. RXRDY is reset
to 0 when the CPU reads RXBUF.

Transmission is initiated after the CPU writes to TXBUF. This sets TXE to O.
TXSHF is loaded from TXBUF, setting TXRDY and INT4 flag to 1. After
completing the transmission, TXSHF reloads if TXBUF is full; if not, TX idles
and TXE is 1 until TXBUF is written to. Bit 3 of Port 3 must be setto a1 to
enable data transmission through the B3/TXD pin.
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3.8.2.3 Serial /O Mode

In Serial I/0 mode, the frame format is five to eight data bits and one stop bit,
with no corresponding clock cycle for the stop bit. An external or internal
synchronizing clock signal must be supplied from either the internal Timer 3
or an external clock. An external clock must be supplied if the external SCLK
option is used. The bit period is equal to the SCLK period. TX operation is
initiated by writing to TXBUF when TXRDY equals 1. RX operation is initiated
by writing a 1 to the RXEN bit. When the receiver has received a full frame,
the RXEN bit is automatically cleared, disabling the receiver. The transmitter
starts operating when the TX enable bit (TXEN) is set to 1. Data is written to
TXBUF when TXRDY equals 1. Unlike the receiver, the TXEN bit is not au-
tomatically cleared when the transmitter finishes a full frame.

To start the receiver and transmitter at the same time, first write the transmitter
data to TXBUF and then set both RXEN and TXEN in one instruction. Be
careful that the enable bits are not set when Timer 3 rolls over past 0. This
can be done by adjusting the timer rate before the bits are enabled and then
setting the timer to the correct rate after enabling.

Figure 3-37 illustrates the serial 1/0 format for two back-to-back frames, each
containing five data bits.

SCLK ACTIVE AND DATA BEING TRANSMITTED OR RECEIVED

VLD LI
I ! T

8CLK & TXD INACTIVE AND HIGH

Figure 3-37. Serial I/0 Communication Format

An internal SCLK source will be output on pin A6/SCLK (TMS70x2 devices)
or A4/SCLK (TMS70Cx2 devices). In Serial I/0 mode, SCLK is only active
when data is being transmitted or received; otherwise, SCLK has a value of
one.
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3.8.3 Multiprocessor Communication

3-68

When the serial port is in either the Asynchronous or Isosynchronous com-
munications mode, the multiprocessor communication formats are available.
These formats efficiently transfer information between many microcomputers
on the same serial link. Information is transferred as a block of frames from a
particular source to some destination(s). The serial port has features to iden-
tify the start of a block of data, and suppress interrupts and status information
from RX until a block start is identified.

In both multiprocessor modes the sequence is:

1) The serial port wakes up at the start of a block and reads the first frame
(containing the destination address).

2) A software routine is entered through either an interrupt or polling rou-
tine and checks the incoming data byte against its address byte stored
in memory.

3) If the block is addressed to the microcomputer the CPU reads the rest
of the block; if not, the software routine puts the serial port to sleep
again and therefore will not receive serial port interrupts until the next
block start.

On the serial link, all processors set their SLEEP bit to 1 so that they will only
be interrupted when the address bit in the data stream is a 1. When the pro-
cessors receive the address of the current block, they compare it to their own
addresses and those processors which are addressed set their SLEEP bit to a
0, so that they will read the rest of the block.

Although RX still operates when the SLEEP bit is 1, it will not set RXRDY,
INT4 flag, or the error status bits to 1 unless the address bit in the received
frame is a 1. The RX does not alter the SLEEP bit; this must be done in soft-
ware. ’

To provide more flexibility, the serial port implements two multiprocessor
protocols, one supported by Motorola and the other by Intel. The Motorola
protocol is compatible with the Motorola MC6801 processor modes and the
Intel protocol is compatible with the Intel protocol for the 8051. The multi-
processor mode is software selectable via the MULTI bit in the SMODE reg-
ister (Figure 3-28). Both formats use the WU and SLEEP flags to control the
TX and RX features of these modes.

Because the Intel multiprocessor mode contains an extra address/data bit, it
is not as efficient as the Motorola mode in handling blocks containing more
than 10 bytes of data. The Intel mode is more efficient in handling many small
blocks. of data because it does not have to wait between blocks of data as
does the Motorola mode.
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3.8.3.1 Motorola (MC6801) Protoco/

blocks than between frames in the blocks. An idle time of 10 or more bits after

In this protocol, blocks are separated by having a longer idle time between the -
K}
a frame indicates the start of a new block.

The processor wakes up (serial port resets the SLEEP bit to 0) after the block
start signal. The processor now recognizes the next serial port interrupt. The
service routine then receives the address sent out by the transmitter and com-
pares this address to its own. If the CPU is addressed, the service routine does
not set the SLEEP bit, and receives the rest of the block. If the CPU is not
addressed, the service routine sets the SLEEP bit (in software) to a 1. This lets
the CPU continue to execute its main program without being interrupted by
the serial port. The serial port sets the SLEEP bit to O whenever it detects a
block start signal.

There are two ways to send a block start signal.

1)  The first is to deliberately leave an idle time of 10 bits or more by delay-
ing the time between the transmission of the last frame of data in the
previous block and the address frame of the new block.

2) In the second method, the serial port implements a more efficient
method of sending a block start signal. Using the Wake-Up (WU) bit,
an idle time of exactly one frame (timed by the serial port) can be sent.
The serial communications line is therefore not idle any longer than ne-
cessary.

Associated with the WU bit is the wake-up temporary (WUT) flag. WUT is
an internal flag, double buffered with WU. When TXSHF is loaded from
TXBUF, WUT is loaded from WU, and WU is reset to 0. This arrangement is
shown in Figure 3-38.

Lw | |

R

Figure 3-38. Double-Buffered WUT and TXSHF

Gemd
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3-70

Sending out a block start signal of exactly one frame time is accomplished as
follows:

1)  Write a 1 to the WU bit.
2)  Write a data word (don’t care) to TXBUF.

3)  When TXSHF is free again, TXBUF’s contents are shifted to TXSHF, and
the WU value is shifted to WUT.

4) If WU was set to a 1, the start, data, and parity bits are suppressed and
an idle period of one frame, timed by the serial port, is transmitted.

5) The next data word, shifted out of the serial port after the block start
signal, is the second data word written to the TXBUF after writing a 1
to the WU bit.

6) The first data word written is suppressed while the block start signal is
sent out, and ignored after that.

Writing the first don’t care data word to the TXBUF is necessary so the WU
bit value can be shifted to WUT. After the don’t-care data word is shifted to
the TXSHF, the TXBUF (and WU if necessary) may be written to again, since
WUT and TXSHF are both double-buffered.

Although RX still operates when the SLEEP bit is 1, it will not set RXRDY,
INT4 flag, or the error status bits to 1. The RX will set the SLEEP bit to O if it
times an appropriate 10-bit idle time on RXD. The Motorola multiprocessor
communication format is shown in Figure 3-39.

/aLocKsTFRAMEs\
1 ] 1 ; I’ ] 1 ] 1 ‘I?I, ] 1

—
]

romo LT L]
T—I].EPMG"IOBITSORWE—T

ST1____DATA

FIRST FRAME WITHIN FRAME WITHIN
BLOCK IS ADDRESS. BLOCK
IDLE PERIOD
LESS THAN 10 BITS

Figure 3-39. Motorola Multiprocessor Communication Format
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3.8.3.2 Intel (18051) Protocol

In the Intel protocol, the frame has an extra bit called an address bit just before
the parity bit. Blocks are distinguished by the first frame(s) in the block with
the address bit set to 1, and all other frames with the address bit setto 0. The

idle period timing is irrelevant.

The WU bit sets the address bit. In TX, when the TXBUF and WU are loaded
into TXSHF and WUT, WU is reset to 0 and WUT is the value of the address
bit of the current frame. Thus, to send an address, set the WU bit to a 1, and
write the appropriate address value to the TXBUF. When this address value
is transferred to TXSHF and shifted out, its address bit is sent as a 1, which
flags the other processors on the serial link to read the address. Since TXSHF
and WUT are both double-buffered, TXBUF and WU may be written to im-
mediately after TXSHF and WUT are loaded. To transmit non-address frames
in the block, the WU bit must be left at 0. On the TMS70Cx2 devices, the
received address bit is also placed in the SSTAT IADD bit.

/BLOCKSTH'«AMES\
T, 1

Romo LT L—T; Y I pry S o S Y - -
T——T—IDLTE PERIODTOF NO zlemnc.kzce-——T———T

STi____ DAIA 10 BP

IDLE TIME IS OF
NO SIGNIFICANCE

Figure 3-40. Intel Multiprocessor Communication Format
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3.8.4 Serial Port Initialization

3-72

The serial port must be initialized before it can be used; then it may be oper-
ated by simply reading and writing to Peripheral-File registers. A good pro-
gramming practice is not to assume that any registers have particular values
at power-up or reset. A program should write to every value or register that
might affect the serial port. Initialize the serial port as follows:

TMS70X2 A
1)  Set B3 data value to 1. This allows the TXD line to transmit.

2)  Write to the SMODE register (P17). This sets the character format
and the type of communication mode.

3)  Write to the SCTLO register (second write to P17) to set the UR
bit to 0. This same write can also enable the transmitter, receiver,
or both.

4) Load the Timer 3 reload registef value (P20).

5)  Write to SCTL1 (P21) to initialize Timer 3, the clock source, and
multiprocessor mode.

Once the serial port is initialized it can be operated continuously in the
selected operational mode. To send data, simply write to the transmit
buffers (P23), making sure that the transmitter is enabled (P17). Take
input data from the receive buffer (P22) with the receiver enabled (P17).
If the mode must be changed, the serial port must be reset and then re-
initialized for the desired mode. The serial port can be reset in two ways:
hardware reset (via the RESET pin) or software reset (via the UR bit in
SCTLO).

TMS70Cx2
1) Set B3 data value to 1. This allows the TXD line to transmit.

2)  Write to the SMODE register (P20). This sets the character format
and the type of communication mode.

3) Write to the SCTLO register (P21). Enable the receiver or the
transmitter or both. The UR bit must be set to 0.

4)  Load the Timer 3 reload register value (P23).

5) Write to SCTL1 register (P24) to initialize Timer 3, the clock
source, and multiprocessor mode, if desired.

Once the serial port is initialized it can be operated continuously in the
selected operational mode. To send data, simply write to the transmit
buffers (P26), making sure that the transmitter is enabled (P21). Take
input data from the receive buffer (P25) with the receiver enabled (P21).
If the mode must be changed, the serial port must be reset and then re-
initialized for the desired mode. The serial port can be reset in three
ways: hardware reset (via the RESET pin) or software reset (via the UR
bit in SCTLO), or by writing to the SMODE register.
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3.8.5 Timer 3

Timer 3, illustrated in Figure 3-41 and Figure 3-42, can be used as a stand-
alone timer or as the internal baud-rate generator on TMS70x2 and
TMS70Cx2 devices.

P21 prescaLER 21,

RELOAD REGISTER

0.
el +4 — fosc
[ |

|

! 2-BIT !

: PRESCALER e
|

8-B 8 UNDERFLOW
RELOAD REGISTER I’—“j
l <

SCTL1.6
(CLK)

:OJ—»AG

"1..-,'_" SERIAL PORT

8-BIT
DECREMENTER

|
! ReLoap puLsE 2

SET T3FLG, SCTL1.3

«1— SET INTERRUPT 4 FLAG (IOCNT1.1)
sctLiz_ 1%
(T3ENB)

INTERNAL
BUS

Figure 3-41. 8-Bit Timer 3 (TMS70x2)
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Figure 3-42. 16-Bit Timer 3 (TMS70Cx2)
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Timer 3 is accessed through T3DATA (similar to T1 DATA and T2DATA on the
TMS70x2 devices) and SCTL1 (shared with RX/TX functions). The clock
source for Timer 3 is internal only, and has a period of 2 x t¢(c). Timer 3 is
a free running clock and is updated with new timer reload values when the
prescaler and decrementer pass through zero together. Timer 3 is stopped and
started by bit 7 in SCTL1.

Timer 3 consists of a 2-bit prescaler (SCTL1 bits 1 and 0) and an 8-bit de-
crementer (register T3DATA). When they decrement through zero, both the
prescaler and the decrementer are reloaded from the 2-bit and 8-bit reload
registers, respectively.

The Timer 3 output goes to the serial port via a +2 circuit, producing an in-
ternal equal mark-space ratio SCLK. The baud rate generated by Timer 3 is
user-programmable and is determined by the value of the 2-bit prescaler and
the 8-bit timer reload register. The equations for determining the baud rates
for both the Asynchronous and Isosynchronous modes are:

Asynchronous baud rate, TMS70x2 and TMS70Cx2 only:

1
32 x (PR+1) x (TR +1) x tg(c)

Isosynchronous and Serial 1/0 baud rate, TMS70x2 and TMS70Cx2 only:

1
4 x (PR+1) x (TR+1) x te(c)

where: -

tc[geC) = 2/tosc o

P = Timer 3 prescale reload register value
TR = Timer 3 reload register value

For example, to program the serial port to operate at 300 baud in Asynchro-
nous mode (with fosc= 8 MHz), the prescaler value is set to 3 and the reload
register value is set to 103 decimal, or >67. Other prescaler and timer values
for common baud rates are shown in Table 3-17.

Table 3-17. Timer Values for Common Baud Rates - TMS70x2 and TMS70Cx2

BAUb 3.579454 MHz 4.9152 MHz 7.158908 MHz 8 MHz
RATE PS, T ERROR PS, T ERROR PS, T ERROR PS, T ERROR
75 3,186 0.2% 3, 265 .0% - - - -
110 1,253 0.1% 3,174 0.3% 3,253 0.1% - -

300 0,185 0.2% 0, 255 .0% 2,123 .0% 3,103 0.2%
600 0,92 0.2% 0,127° .0% 0,185 0.2% 3, 51 0.2%
1200 0, 46 0.8% 0, 63 .0% 0,92 0.2% 3,25 0.2%
2400 0,22 1.3% 0, 31 0% 0, 46 0.8% 3,12 0.2%
4800 0, 11 3.0% 0,15 .0% 0, 22 1.3% 1,12 0.2%
9600 0,5 3.0% 0,7 .0% 0, 11 3.0% 0,12 0.2%
19200 0,2 3.0% 0,3 .0% 0,5 3.0% - -
38400 - - 0,1 .0% 0,2 3.0% 0,2 .0%
125000 - - - - - - 0-0 .0%

Note: PS = prescaler; T = timer
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The Timer 3 output always sets T3FLG to 1, and sets INT4 flag to 1 if T3ENB
is a 1 when the timer and prescaler decrement through 0. This allows Timer
3 to be used as a utility timer if it is not used by the serial port. Timer 3 and
its flags are not affected by the serial port software reset, UR, allowing Timer
3 to be used independently of the serial port.

3.8.6 Initialization Examples

This section contains four examples that initialize the serial port. In each case
the data is moved to and from the buffers in the interrupt routines.

The first example shows a typical RS-232 application that connects to
a terminal.

The second demonstrates a system using the Serial I/0 mode to connect
to a shift register.

The third example uses the baud-rate timer as an additional third timer
when the serial port is not used.

The last example illustrates use of the Intel mode in a multiprocessor
application.

In all examples, assume the register mnemonics have been equated (EQU)
with the corresponding Peripheral-File location.

3.8.6.1 RS-232-C Example

This example transmits and receives data from a standard RS-232-C-type
terminal at 9600 baud with a data format of 7 data bits, 2 stop bits and no
parity.

RS232 DINT
ORP
MOVP
MOVP
MOVP
MOVP

MOVP
MOVP

MOVP

EINT

Precaution

%$?00001000,PORTB Enable TX pin

%$?200001011,I0CNT1 Enable INT4

%0,P17 Point to SCTLO

%$?200010000,SCTLO Reset the UART

%$?11001010,SMODE Two stop, 7 data bits, no
parity, no extra Intel mode bit,
communications mode

%$?00010101,SCTLO Clear RESET, clear error flags,
enable TX and RX

%$7,T3DATA Set baud rate to 9600
(4.9152 MHz crystal)

%?01000000,SCTL1 Internal clock, prescale=0, no
multiprocessing, disable Timer 3
interrupt, start Timer 3
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3.8.6.2 Serial 1/0 Example

This routine sends and receives data from a shift register device at 1200 baud
with 8 data bits and no parity.

SERIAL

*

3.8.6.3 Extra Timer with No Serial Port

TIMER3

*
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DINT
ORP

MOVP
MOvVP
MOVP
MOVP

MOVP
MOVP
Movp

EINT

%$200001000,PORTB
%$200001011,I0CNT1
%0,P17

%$200010000,SCTLO
%$200001100, SMODE

%$200010101,SCTLO
%64 ,T3DATA
%$211000000,SCTL1

Precaution

Enable TX pin

Enable INT4

Point to SCTLO

Reset the UART

One stop, 8 data bits,

no parity, no extra Intel
mode bit, Serial I/O mode
Clear RESET, clear error
flags, enable TX and RX
Set baud rate to

1200 (5MHz crystal)
Internal clock, prescale=0,
no multiprocessing, disable
Timer 3 interrupt,

start Timer 3

Timer 3 can be used as an additional timer when the serial port is not needed.
INT4 occurs whenever the timer passes 0. The timer period is determined by
the value TIME and the prescale bit in SCTL1. Disable the transmitter and
receiver to assure no interrupts come from that source. This timer works best
as a periodic interrupt, allowing a task to be performed at a fixed interval.

DINT
MOovp
MOVP
MOVP
Movp
MOvP

MOVP
MOVP

EINT

$200001011, IOCNT1
%0,P17
$?200010000, SCTLO
%$201000010 , SMODE
$?200010000, SCTLO

%$TIME, T3DATA
%$?110001XX,SCTL1

Precaution

Enable INT4

Point to SCTLO

Reset the UART )
Asynchronous communication mode
Clear RESET, clear error
flags, disable TX and RX
Set timer to selected rate
Internal clock, no
nultiprocessing selected
prescale, enable Timer 3
interrupts, start Timer 3
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\ -

3.8.6.4 Intel Multiprocessor Example

This example illustrates basic concepts of sending and receiving data in a
multiprocessor system. The processors are usually close to each other so they
can send at maximum speed without problems. The data is sent and received
during the interrupt routines.

MULTI DINT
ORP
MOVP
MOVP
MOVP
MOVP

MOVP
MOVP

*

MOvP

* X X X

EINT

%$200001000,PORTB
%$?200001011,I0CNT1
%0,P17

%$?00010000,SCTLO
%$?01111111, SMODE

$?00010101,SCTLO
%0, T3DATA
$?11100000,SCTL1

Precaution

Enable TX pin (?=binary)
Enable INT4

Point to SCTLO

Reset the UART

One stop, 8 data bits,

odd parity, Intel mode bit,
communications mode

Clear RESET, clear error
flags, enable TX and RX
Set baud rate to full
speed (5MHz crystal)
Internal clock, prescale=0,
no multiprocessing, disable
Timer 3 interrupts, put
receiver to sleep,

start Timer 3

* Meanwhile, back at the interrupt routines
%*

SENDIT ORP
*
MOVP

ANDP

MOVP
GETIT MOVP
*

CMP
JNE

*

ANDP

* Ok %k X Ok ¥ *

%BIT4,SCTL1
%$ADDRS, TXBUF

%#BIT4,SCTL1
%$DATA , TXBUF

RXBUF ,A

%ADDRS ,A
NOTIT

$#BIT5,SCTL1

Send Wake-Up bit
(Bit4=00010000)

Send address byte

wait for the transmit
complete interrupt . . . . .
Clear Wake-Up bit

(# = logical NOT)

start sending data bytes

Get address byte

(it only interrupts on an
address byte when sleeping)
Is it this processor's address?
If this is not the correct
address ignore the rest

of the following data bytes
Clear Sleep bit and wait for
additional data bytes

Some method should determine
End of Data so that the pro-
cessor can go back to sleep
Byte count in first data byte
or special end of data byte
are two methods
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3.8.7 Serial Port Interrupts
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INT4 is dedicated to the serial port. Three sources can generate an interrupt
through INT4:

1)  The transmitter (TX),
2) The receiver (RX), and
3) Timer 3 (T3).

Setting TXEN to 1 allows data loaded into the TXBUF to be shifted into
TXSHF. The TX sets TXRDY and INT4 flag to 1 when TXSHF is loaded from
TXBUF.

In the communication modes, if RXEN is set to 1, RX sets RXRDY and INT4
flag to a 1 when RXBUF is loaded from RXSHF. If RXEN is O, RXSHF still
receives frames and shifts them into RXBUF, but RXRDY and INT4 flag are
held to 0. If a character is in RXBUF, and RXEN is then set to a 1, RXRDY
and INT4 flag will be setto 1.

In Serial I/0 mode, RXEN is set to initiate the reception of a frame. When the
last bit of the frame is received RXEN is reset to 0; however, RXRDY and INT4
flag are still set to 1 when the character is shifted from RXSHF to RXBUF.
RXRDY and INT4 flag bits are not masked by RXEN.

Timer 3 sets T3FLG and INT4 flag (if T3ENB is 1) when its prescaler and timer
decrement through O together.

When the CPU acknowledges INT4, RXRDY, TXRDY, and T3FLG are the flags
that indicate its source. The INT4 service routine must determine which of
these sources caused INT4 in the specific application. For example, if all three
are likely sources, the INT4 service routine must check for the following pos-
sible situations:

1) RXRDY only

2) TXRDY only

3) T3only

4) RXRDY, TXRDY, T3
5) RXRDY, TXRDY

6) RXRDY, T3

7) TXRDY, T3

8) None

The last check is necessary because RXRDY, TXRDY, or T3FLG can set INT4
flag. It is possible that one or more interrupts may occur between CPU ac-
knowledgement of INT4 and INT4 service routine testing of RXRDY, TXRDY,
and T3FLG. The CPU clears the INT4 flag bit when it acknowledges INT4.
If a second INT4 source is set in the time between this clearing and the soft-
ware testing, the second or third interrupts will be serviced by the current INT4
service routine. Thus, when INT4 is again acknowledged (INT4 flag was set
again by the second interrupt) RXRDY, TXRDY, and T3FLG will all be set to
0.
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Section 4

Electricall Specifications

This section contains electrical and timing information for each category of
TMS7000 family devices. The NMOS devices are presented first, followed by
the CMOS devices. All TMS7000 CMOS devices with the exception of the
TMS70CTx0 devices can operate at wide voltage and frequency ranges;
therefore, the CMOS specifications are presented using two separate test vol-
tage ranges.

NMOS Devices:

Section Page
4.1 TMS7000, TMS7020, and TMS7040 Specifications ................... 4-2
4.2 TMS7002 and TMS7042 Specifications
4.3 TMS7742 Specifications .........cccoceevveevireninne
4.4 SE70P162 Specifications .......c.coceceveeenererenrerieeeeseseee e

CMOS Devices:

Section Page
4.5 TMS70CO00A, TMS70C20A, and TMS70C40A Specifications
(Wide VOIAGE) ...oovieciiiieeiiiceeeeeenee sttt e b s snaeenes 4-31
4.6 TMS70CO0A, TMS70C20A, and TMS70C40A Specifications
(BY 10%) oottt ne et sa et er et ne 4-38

4.7 TMS70CT20 and TMS70CT40 Specifications (5 V + 10%) ...... 4-45
4.8 TMS70C02 and TMS70C42 Specifications (Wide Voltage) ..... 4-49
4.9 TMS70C02 and TMS70C42 Specifications (6V £10%) ............. 4-58
4
4
4

10 SE77C42 Specifications .....ccccceeivveereenierceennisie s
.11 SE70CP160A Specifications
.12 SE70CP162 Specifications
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Electrical Specifications - TMS70x0 NMOS Devices

41 TMS7000, TMS7020, and TMS7040 Specifications

Table 4-1. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, VoeT e s -0.3Vto7V
n Input voltage range ............... .-03Vto7V
Output voltage range ................... .-03Vto7V
Maximum buffer current (Per Pin) ......cccoeceimiinieiicne e +10 mA

Continuous POWET diSSIPALION .......coiviiiiiiiieiie it eitert ettt et e ste s e e s e seeeseeaanes 1w
Storage teMPErature raNGE ...........cccceeeeiireririesreinneicerense e ereseseeseseeesnas -556°C to 150°C

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under "Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-2. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \Y
. : CLKIN 2.6 \
ViH High-level input voltage Al others 20 v
. CLKIN 0.6 \Y
ViL Low-level input voltage All others 08 v
TA Operating free-air temperature 0 70 °C
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Table 4-3. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS| MIN TYPt MAX | UNIT

| Input current Port A input-only pins V| = Vgg toV cc +2 +10 uA

1/0 pins Vi =04VtoVce +10 +100 MA
C Input capacitance 2 pF
VoH High-level output voltage loy = -400 pA 2.4 2.8 \
VoL Low-level output voltage loL = 3.2 mA 0.2 0.4 \
tr(0) Output rise time¥ See Figure 4-1 9 50 ns
1(0) Output fall timet See Figure 4-1 10 60 ns
lce Supply current All outputs open 80 150 mA
Pp(av) Average power dissipation All outputs open 400 825 mwW

All typical values are at Voo = 5V, Tp = 25°C.
Rise and fall times are measured between the maximum low level and the minimum high level using the

10% and 90% points (see Figure 4-2). Measured outputs have 100-pF loads to Vgg.

LOAD VOLTAGE

6560 Q

100 pF

Figure 4-1. Output Loading Circuit for Test

OUTPUTS

N
<<

oo
o
o<<

Figure 4-2. Measurement Points for Switching Characteristics

4-3



Electrical Specifications - TMS70x0 NMOS Devices

Table 4-4. Recommended Crystal Operating Conditions over Full Operating

Range

PARAMETER MIN TYP MAX | UNIT

fosc Crystal frequency 1.0 5.0 MHz
CLKIN duty cycle 50 %
te(P) Crystal cycle time¥ 200 1000 ns
te(C) Internal state cycle time 400 2000 ns
tw(PH) CLKIN pulse duration high 90 ns
tw(PL) CLKIN pulse duration low 920 ns
4 CLKIN rise timet 30 ns
t CLKIN fall timet 30 ns
td(PH-cH) CLKIN rise to CLKOUT rise delay 125 200 ns

-+

4-4

et

—'}'r—'f |

CLKOUT . J

t—qr—'fl

IL———-"U«PH-cH)

te(c)

Figure 4-3. Clock Timing

| | —4 ek
A AW R NA
—  —twr))

N\ /

Rise and fall times are measured between the maximum low level and the minimum high level.
See Section 3.4 for Recommended Clock Connections.
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Table 4-5. Memory Interface Timing at 5 MHz over Full Operating Free-Air
Temperature Range

PARAMETER MIN TYP MAX | UNIT
te(C) CLKOUT cycle timet 400 ns
| _tw(CH) CLKOUT high pulse duration 130 170 200 ns
twcL)  CLKOUT low pulse duration 150 190 240 ns
td(CH-JL) Delay time, CLKOUT rising to ALATCH fall 260 300 340 ns
tw(JH) ALATCH high pulse duration 150 190 230 ns
| tsu(HA-J1) Setup time, high address valid before ALATCH fall 50 170 220 ns
tsu(LA-JL) Setup time, low address valid before ALATCH fall 50 150 220 ns
—th—( JL-LA) Hold time, low address valid after ALATCH fall 30 45 80 ns
tsu(RW-JL) Setup time, R/W valid before ALATCH fall 50 140 200 ns
—t_h-(EH-RW) Hold time, R/_W valid after -E-WL—E rise 40 100 ns
th(EH-HA) Hold time, high address valid after ENABLE rise 30 40 ns
| tsu(Q-EH) Setup time, data output valid before ENABLE rise 230 290 ns
th(EH-q) Hold time, data output valid after ENABLE rise 65 80 ns
ty(EH-a) Delay time, ENABLE rise to next address drive 60 85 ns
ta(eL.D)  Access time, data input valid after ENABLE fall 1556 190 ns
ta(a-D)  Access time, address valid to data input valid 400 470 ns
td(a-EH)  Delay time, address valid to ENABLE rise 580 730 ns
th(eH.p) Hold time, data input valid after ENABLE rise 0 ns
tg(CH-EL) Delay time, CLKOQUT rise to ENABLE fall -10 15 50 ns

t te(c) is defined to be 2/, and may be referred to as a machine state or simply a state.
See Section 3.4 for Recommended Clock Connections.
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EXTERNAL READ
r————t c(C)—y
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]

)

1

1

:

l ' 1 Nl
1 |{o——.ﬂw(cu i
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{ st g |1 .
P sjpetau(A-o) M | IER-D) je-i—skth(eH-a)
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Figure 4-4. Read and Write Cycle Timing
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4.1.1 Application of Ceramic Resonator

The circuit shown in Figure 4-5 provides an economical alternative to quartz
crystals where frequency tolerance is not a major concern. Frequency toler-
ance over temperature is about 1%.

Figure 4-5. Ceramic Resonator Circuit

The following manufacturers supply ceramic resonators.

Murata Corporation of America

2200 Lake Park Dr. For 5 MHz operation

Smyrna, GA 30080 Resonator ceralock CSA5.00MT
(404) 436-1300 Resistor 1 MQ 10%

Telex - 4363030 Capacitors (both) 30 pF

Kyocera International
8611 Balboa Ave.

San Diego, CA 92123
(714) 279-8319

Telex - 697929
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4.2 TMS7002 and TMS7042 Specifications

Table 4-6. Absolute Maximum ‘Ratin'gs over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vet o -03Vto7V
n Input voltages range ........ ..-03Vto7V
Output voltages range ..... ..-03Vto7V
Maximum buffer CUITeNt ..........cocoeiiriie e +10 mA
Continuous POWEr diSSIPATION ......ccccuiiiieiiiceeie et ete et et e e e e re et nereenreeas 1.4 W
Storage teMPErature FANGE ......c...cccoevereeverireneseseesteaeesesrecneessssessessessenss -65°C to 150°C

t Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
”"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-7. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \"
CLKIN 2.6 v
V High-level input voltage

H 9 P 9 All other inputs 20 \Y
. CLKIN 0.6 \

ViL Low-level input voltage -
All other inputs 0.8 \
Ta Operating free-air temperature 1 o - 70 °C
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Table 4-8. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS| MIN TYPT MAX | UNIT
A5,MC,RESET V=V
1 18 ; 1 = VsstoVce +2 10
I Input current TNT1, TNT3, XTAL2 bA
Ports C and D
AO-A4, A6, A7 V;=04VtoVcc +10 +100
Cy Input capacitance 2 pF
VoH High-level output voltage lon = -400 pA 2.4 2.8 "
VoL Low-level output voltage log = 3.2 mA 0.2 0.4 \
tyo)  Output rise timet See Figure 4-7 9 30 ns
tyo)  Output fall timet See Figure 4-7 10 35 ns
160 21
lcc Supply current — Al outputs open 0 mA
Pp(av) Average power dissipation 800 1155 mW

- -+

All typical values are at Voc =5V, Ty = 25°C.
Rise and fall times are measured between the maximum low level and the minimum high level using the
10% and 90% points (see Figure 4-8).

LOAD VOLTAGE
560 Q

Vo
100 pF

Figure 4-6. Output Loading Circuit for Test

OUTPUTS
AV —— N MIN)
22v 901 Vou

102
———— Vo, MAX)

25
o<<

Figure 4-7. Measurement Points for Switching Characteristics
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Table 4-9. Recommended Crystal Operating Conditions over Full Operating

Range

PARAMETER MIN TYP MAX | UNIT

fosc Crystal frequency 1.0 8.0 MHz
CLKIN duty cycle 50 %
te(P) Crystal cycle time¥ 125 1000 ns
te(C) Internal state cycle time 250 2000 ns
tw(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
1 CLKIN rise timet 30 ns
t CLKIN fall timef 30 ns
tg(PH-CH) CLKIN rise to CLKOUT rise delay 70 200 ns

-+

l—te(p)

| I
o e

H)

Rise and fall times are measured between the maximum low level and the minimum high level.
See Section 3.4 for Recommended Clock Connections.

t
e ! —_le—twipH)
s NN\ \Y N
—i —twp)

[
CLKOUT
p—tc(c)—ql

Figure 4-8. Clock Timing
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Table 4-10. Memory Interface Timing

PARAMETER MIN MAX | UNIT
te(C) CLKOUT cycle timef 250 2000 ns
tw(CH) CLKOUT high pulse duration 0.5t;(c)-40 0.5t oy +10 ns
tw(CL) CLKOUT low pulse duration 0.5t(c)-40 0.5t ;(cy+15 ns
td(CH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t (cy-10 0.5t;(c)+30 ns
tw(JH) ALATCH high pulse duration 0.25t;(cy-15  0.25t () +30 ns
tsu(HA-JL) Setup time, high address valid before 0.25t ¢(c)-40 0.25t¢(c) +45 ns
ALATCH fall

tsu(LA-JL) Setup time, low address valid before 0.25t ¢(c)-40  0.25t¢(c)*+15 ns
ALATCH fall

th(JL-LA) Hold time, low address valid after 0.25t ¢(cy 0.25t;(cy +45 ns
ALATCH fall

tsu(RW-JL) fSela;tup time, R/W valid before ALATCH 0.25t ¢(c)-35  0.25t¢(c)+30 ns
a

th(EH-RW) Hold time, R/W valid after ENABLE rise 0.5t c(c)-40 ns

th(EH-HA) Hold time, high address valid after 0.5t ¢(c)-50 ns

(EH-HA) ENABLE rise °(©)

tsu(Q-EH) Setup time, data output valid before 0.5t ¢(c)-45 ns

sU(Q-B)  ERABLE rise °(©)

th(eH-q)  Hold time, data output valid after 0.5t ¢(c)-45 ns
ENABLE rise

td(LA-EL Delay time, low address high impedance 0.25t ¢(c)-45 0.25t(c ns

(A0 ENABLE fall °(©) o)

td(EH-A) gr?\l/aey time, ENABLE rise to next address 0.5t ¢(c)-25 ns

ta(EL-D Access time, data input valid after 0.75t ;(c)-105 ns

2EL0) ENABLE fal o(©

ta(A-D) éaclci;sss time, address valid to data input 1.5t ¢(c)-115 ns

t4(A-EH)  Delay time, address valid to ENKBLE_rjse 1.5t ¢(c)-80 1.5t¢(cy+30 ns

th(eH-p)  Hold time, data input valid after ENABLE 0 ns
rise

ty(EH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t ;(c)-25 0.5t¢(c)+10 ns

tq(CH-EL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

te(c) is defined to be 2/fogc and may be referred to as a machine state or simply a state.
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Table 4-11. Memory Interface Timing at 8 MHz

TEST
PARAMETER CONDITIONS| MIN TYP MAX | UNIT
‘ 15(C) CLKOUT cycle timef 250 ns
tw(CH) CLKOUT high pulse duration 85 110 135 ns
n tw(CL) CLKOUT low puise duration 86 115 140 ns
td(CH-JL) fDﬁlay time, CLKOUT rise to ALATCH 116 1356 155 ns
a
Tw(JH) ALATCH high pulse duration 47 70 92 ns
tsu(HA-JL) Setup time, high address valid before 22 65 108 ns
ALATCH fall
tsu(LA-JL) Setup time, low address valid before 22 50 78 ns
ALATCH fall
th(L-La) Hold time, low address valid after 62 90 108 ns
ALATCH fall
tsu(RW-JL) fS?ltup time, R/W valid before ALATCH 27 60 93 ns
a
th(EH-RW) Hold time, R/W valid after ENABLE rise 85 120 ns
th(EH-HA) Hold time, high address valid after 75 120 ns
ENABLE rise
tsu(Q-EH) Setup time, data output valid before 80 120 ns
Su(Q-EY)  ENABLE rise f=8MHz,
th(EH-Q Hold time, data output valid after 50% duty cycle] 80 115 ns
¢ ) ENABLE rise
t4(La-eL) Delay time, low address high impedanc 17 40 62 ns
to ENABLE fall e‘
td(EH-A) Br?\llzy time, ENABLE rise to next addres] 100 150 ns
ta(EL-D) Access time, data input valid after 82 120 ns
ENABLE fall
ta(A-D) Access time, address valid to data input 260 300 ns
valid
ta(a-eq)  Delay time, address valid to ENABLE 295 350 405 ns
rise
th(EH-D Hold time, data input valid after 0 ns
¢ ) ENABLE rise
tq(eH-JH) Delay time, ENABLE rise to ALATCH 100 1056 135 ns
rise
td(CH-EL) ?tﬁlay time, CLKOUT rise to ENABLE -10 25 35 ns
a

T tg(c) is defined to be 2/f,sc and may be referred to as a machine state or simply a state.
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EXTERNAL WRITE RAM READ | INTERNAL READ
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wor A\ /M M\
F——-44 -JL) | B
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HIGH ADDRESS 3 TGH
©0-D7) X HIGH ADDRESS X HIGH ADDRESS A ADDGESS
i e th(JL-LA)
| -»lh-tsu(LA-JL) o | ﬁ' t“(E""D’ k—v—bl-th(EH-O)
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| — e-tdea-EL) | l"“"I'tsu(C)—EH)

L e~ ta(EL-D)|

ENABLE

|
1
} ! [
! td(A-EH) —n
t - I""
-ol -tsuRw-al) e W)
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Figure 4-9. Read and Write Cycle Timing
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4.2.1 Application of Ceramic Resonator

The circuit shown in Figure 4-10 provides an economical alternative to quartz
crystals where frequency tolerance is not a major concern. Frequency toler-
ance over temperature is about 1%.

TM870x2

RESONATOR

} REBISTOR
IR CAPACITORS

Figure 4-10. Ceramic Resonator Circuit

The following manufacturers supply ceramic resonators.

Murata Corporation of America

2200 Lake Park Dr. For 5 MHz operation

Smyrna, GA 30080 Resonator ceralock CSA5.00MT
(404) 436-1300 Resistor 1 MQ 10%

Telex - 4363030 Capacitors (both) 30 pF

Kyocera International
8611 Balboa Ave.

San Diego, CA 92123
(714) 279-8319

Telex - 697929
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4.2.2 Serial Port Timing

4.2.2.1 Internal Serial Clock

e T ML LLLL

—  le—td(cL-8D)

ox 1] i
|

— e tdicL-TD)

k—d—td(no)

SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = te(C)-

PARAMETER TYP | UNIT
tg(cr-st)  CLKOUT low to SCLK low 1/4 to(c) ns
tgccL-Tpy  CLKOUT low to new TXD data 1/4 tg(c) ns
t4(rp-cl) RXD data valid before CLKOUT low 1/4 t () ns
t4(RD) RXD data valid time 1/2 tg(0y ns

4.2.2.2 External Serial Clock

d(CL-S) ! td(cL-8)

] b ——
SCLK _m— ta(eE-TD) —l

le——— ta(en-T)— I

00 ey VECEYVEEENNI s ey
B000aO00OGAOBNOONN

) OO XRXXXNNNNN) e
OO0 OR00RO00GON0

IR RN

td(RD) e

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT =t
3) SCLK sampleé i SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
t4(rp-cL) RXD data valid before CLKOUT low 1/4 t () ns
t4(RD) RXD data valid time 1/2 te(c) ns
t4(sp-Tp) Start of SCLK sample to new TXD data 31/4t () ns
t4(Sg-Tp)  End of SCLK sample to new TXD data 21/4t () ns
td(CL-S) Clockout low to SCLK transition tc(Q) ns
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4.3 TMS7742 Specifications

Table 4-12. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Ve o -0.3Vto7V
Supply voltage range, Vpp . .-03Vto22V
Input voltage range .......... .-03Vto7V

Output voltage range .......... -0.3Vto7V

Maximum buffer sink current ..... ...+10 mA
ContinUous POWEr diSSIPALION ........ccvevviruieiiieiieieieee e e et e et e s te e e e s beeseeeaean 2W
Storage temperature FaNGE ..........c...ccecceerivieriercsreeseeseriesiesesneesneseessesssssesseene -65°C to 150°C

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-13. Recommended Operating Conditionst

MIN NOM MAX | UNIT

Vee Supply voltage 4.5 5 55 Vv
Vpp Program supply voltaget 20.5 21 215 v

CLKIN 2.6 Y
Viy High-level input voltage -

All other inputs 2.0 \
ViL Low-level input voltage CLKIN - 0.6 v

All other inputs 0.8 \%
Ta Operating free-air temperature 0 70 °C

t Ambient light may affect operational functionality and electrical characteristics. It is recommended to
use an opaque label over the window when the EPROM is not being erased.
1 Vpp is applied to the MC pin in EPROM mode only.
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Table 4-14. Electrical Characteristics over Full Range of Operating Conditionst

PARAMETER TEST CONDITIONS| MIN TYP¥ MAX | UNIT

Iy Input current %1MTQNTR3E X?ALZ V17 VsstoVec 2 10 uA
Ry a2 V) =04VtoVce +£10 £100 -

C Input capacitance 2 pF
VoH High-level output voltage loH = -400 pA 24 2.8 \
VoL Low-level output voltage loL = 3.2 mA 0.2 0.4 \i
t(o)  Output rise time$ See Figure 4-13 9 50 ns
tyo)  Output fall time$ See Figure 4-13 10 60 ns
lcc Supply current All outputs open 180 250 mA
lpp Program supply current E=V|..G=Vpp 30| mA
Pp(av) Average power dissipation All outputs open 900 1375 mwW

w

Ambient light may affect operational functionality and electrical characteristics. It is recommended to
use an opaque label over the window when the EPROM is not being erased.
All typical values are at Vo = 5V, T = 256°C.

Rise and fall times are measured between the maximum low level and the minimum high level using the
10% and 90% points. - Measured outputs have 100-pF loads to Vgg.

LOAD VOLTAGE
560 Q

Vo
100 pF

Output Loading Circuit for Test

Figure 4-11.

Figure 4-12. Measurement Points for Switching Characteristics
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Table 4-15. Recommended Crystal Operating Conditions over Full Operéting

Range

PARAMETER MIN TYP MAX | UNIT

fo§£ Crystal frequency 1 5 MHz
CLKIN duty cycle : 50 %
te(p) Crystal cycle timet 200 1000 ns
te(C) Internal state cycle time 400 2000 ns
tw(PH) CLKIN pulse duration high 90 ns
tw(PL) CLKIN pulse duration low 90 ns
1, CLKIN rise timet , 30 ns
1 CLKIN fall timef 30 ns
t4(PH-CH) CLKIN rise to CLKOUT rise delay 120 200 ns

t Rise and fall times are measured between the maximum low level and the minimum high level.
¥ See Section 3.4 for Recommended Clock Connections.

r—tc(P)":
et le— L ta(PH-cH)

i 0 —4__e—twer
N e WaAWAW/AW AN
— k—twFD)

p——tetc)—

Figure 4-13. Clock Timing
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Table 4-16. Memory Interface Timing

PARAMETER MIN MAX | UNIT
te(C) CLKOUT cycle timef 400 2000 ns
tw(CH) CLKOUT high pulse duration 0.5t(c)-40 0.5t ;(cy+10 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-40 0.5t ¢(cy)*+15 ns
tg(CH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t (cy-10 0.5t;(c)+30 ns
tw(JH) ALATCH high pulse duration 0.25t;(c)-15 0.25t ;(cy+30 ns
tsu(HA-JL) Setup time, high address valid before 0.25t ¢(c)-40 0.25t¢(c)+45 ns
ALATCH fall

tsu(LA-JL) Setup time, low address valid before 0.25t ¢(c)-45 0.25t5(c)+15 ns
ALATCH fall

th(JL-LA) Hold time, low address valid after 0.25t ¢(c) 0.25t;(c) +45 ns
ALATCH fall

tsu(RW-JL) Setup time, R/W valid before ALATCH 0.25t ¢(¢)-35 0.25t¢(cy+30 ns
fall

th(g4-RwW) Hold time, R/W valid after ENABLE rise 0.5t ¢(c)-40 ns

th(EH-HA) Hold time, high address valid after 0.5t c(c)-SO ns
ENABLE rise

tsu(Q-EH) Setup time, data output valid before 0.5t ¢(c)-45 ns
ENABLE rise

th(EH-q)  Hold time, data output valid after 0.5t ¢(c)-45 ns
ENABLE rise ‘

td(LA-eL) Delay time, low address high impedance 0.25t ¢(c)-45 0.25t;(c)+15 ns
to ENABLE fall

td(EH-A) Delay time, ENABLE rise to next address 0.5t ¢(c)-25 ns
drive

ta(EL-D) Access time, data input valid after 0.75t ¢(c)-135 ns
ENABLE fall

ta(A-D) Access time, address valid to data input 1.5t ¢(c)-160 ns
valid

td(a-eH)  Delay time, address valid to ENABLE 1.5t ¢(c)-80 1'.5tc(c)+30 ns
rise

th(eH-p)  Hold time, data input valid after ENABLE 0 ns
rise

t4(EH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t ¢(¢)-70 0.5t;(c)+10 ns

tg(cH-eL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

te(c) is defined to be 2/fsc and may may be referred to as a machine state or simply a state.
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Table 4-17. Memory Interface Timing at 5 MHz

TEST
PARAMETER CONDITIONS| MIN TYP MAX | UNIT
te(C) CLKOUT cycle timef 400 ns
tw(CH) CLKOUT high pulse duration 160 185 210 ns
n tw(CL) CLKOUT low puise duration 160 190 215 ns
td(CH-JL) Pﬁlay time, CLKOUT rise to ALATCH 190 210 230 ns
a
tw(JH) ALATCH high pulse duration 86 110 130 ns
tsu(HA-JL) ile-tx_;lzct:_rin“ea,"high address valid before 60 100 145 ns
tsu(LA-JL) Setup time, low address valid before 55 90 125 ns
ALATCH fall
th(JL-La) Hold time, low address valid after 100 1256 1456 ns
ALATCH fall
tsu(RW-JL) fS(atup time, R/W valid before ALATCH 65 95 130 | ns
a
th(EH-RW) Hold time, R/W valid after ENABLE rise 160 195 ns
th(EH-HA) Hold tlLrEel:ishelgh address valid after 160 195 ns
tsu(Q-EH Setu time, data output valid before 155 185 ns
s(Q-EH)  ENABLE rise f =5 MHz,
th(eH-q) Hold time, data output valid after 50% duty cycle] 155 180 ns
E E rise
td(LA-EL Dela\x' time, low address high impedance] 55 86 1156 ns
( : to ENA fall
td(eH-A)  Delay time, ENABLE rise to next 175 205 ns
address drive
ta(EL-D) é\ccess Eu;r;e" data input valid after 165 205 ns
ta(A-D) Access time, address valid to data input 440 485 ns
valid
ty(a-eH)  Delay time, address valid to ENABLE 520 575 630 ns
rise
th(EH-D) Iéiok:l t:-mer,i sdeata input valid after 0 ns
td(eH-JH) Delay time, ENABLE rise to ALATCH 130 160 210 | ns
rise ol
td(CH-EL) fD?IIay time, CLKOUT rise to ENABLE | -10 25 35 ns
a

T t¢(c) is defined to be 2/f5; and may be referred to as a machine state or simply a state.
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EXTERNAL READ
j—tcC) -
Htmcm'

,,_.r\
tr(0)-» wew

F‘ u() .

+ uw(.m)l ot
/\

ﬁ ] “—\
" H—»'n(m-l-w

HIGH ADDRESS
(00-D7) X HIoH ADDRESS X +ian AooRess Xaarte X aooamee

EXTERNAL WRITE RAM READ | INTERNAL READ

' " th(IL-LA) | | Iy i
Vo -le-taua-a) ! 3“""5‘*“” h—i—u—‘na-:n-o)
DATA  DATA DATA TA OUTX /
{co-C7) - e ta(A-D) R o=y .' DDR
5 | - p_tda_A_EL)' |' _ Htw(Q-EH) :
: | b leta(EL-Dl :
ENABLE | | ! ! T
: ‘ ] ]
1 | H | H
| | F————‘d(A—El-I)—h '
' _".k—tw(RW‘JL) l: " ’h(ﬂ'l —RW) i

G

Figure 4-14. Read and Write Cycle Timing

4.3.1 Erasure

The TMS7742 is erased by exposing the chip to shortwave ultraviolet light
that has a wavelength of 253.7 nanometers (2537 angstroms). The recom-
mended minimum exposure dose (UV intensity x exposure time) is fifteen
watt-seconds per square centimeter. The lamp should be located about 2.5
centimeters (1 inch) above the chip during erasure. After erasure, all bits are
at a high level. Note that normal ambient light contains the correct wave-
length for erasure. Therefore, when using the TMS7742, the window should
be covered with an opaque label.
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Table 4-18. Switching Characteristics over Recommended Supply Voltage
Range and Operating Free-Air Temperature Range

'PARAMETER CON-I[-)E’?I.'(-)NST MIN MAX | UNITS
1 _taa) Access time from address CL =100 pF, 1 pus |
n ten(G) Output enable time from G 1 Series 74 TTL load, 350 ns
|_tdis(g)f ___Output disable time from G t, < 20ns 350 ns
ty(A) Output data valid time after change of tf < 20ns 0 ns
address, E or G, whichever occurs first

t  Timing measurement reference levels for inputs and outputs are 0.8 V and 2 V.
t Value calculated from 0.5 V delta to measured output level.

Table 4-19. Recommended Conditions for Programming, TA = 25°C

MIN NOM MAX | UNITS
tw(E) E pulse duration 9 10 11 ms
| tsu(A) Address setup time 2 us
tsu(D) Data setup time 2 us
tsu(VPP) Vpp setup time 2 Hs
th(A) Address hold time 0 us
th(D) Data hold time. 2 us
th(VPP) Vpp hold time 2 us
| trec(PG) Vpp recovery time 2 us
4Y(PG)G G rise time during programming 50 ns
tEHD Delay time, data valid after E flow 1 s

Table 4-20. Programming Characteristics, TA = 25°C
) TEST

PARAMETER CONDITIONST MIN  MAX | UNITS

| tdis(PR) Output disable time ] 0 100 ns

t  Timing measurement reference levels for inputs and outputs are 0.8 and 2.0 V.
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Figure 4-15. Program Cycle Timing
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Figure 4-16. Read Cycle Timing
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4.3.2 Serial Port Timing

4.3.2.1 Internal Serial Clock

cweor "L LML

—  le— ta(cL-sL) |
8CLK | ! I
—  e—tacL-) |
™ X ™D
ta(RD-CL) —

!Q—D!-td(RD)
RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = te(c)-

4.3.2.2 External Serial Clock

4-24

PARAMETER TYP UNIT
td(cr-sry  CLKOUT low to SCLK low 1/4 to(c) ns
tdccL-1py  CLKOUT low to new TXD data ~1/4 1) ns
t4(rp-cL) RXD data valid before CLKOUT low 1/4t (C) ns
td(RD) RXD data valid time 1/2 to(cy) ns

[—d(CL-8) . (td(CL-8)

8CLK m—t«ssm)-—t!
'4—— t4(eB~TD) ——) |
TXD
RXD
RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t¢(q).
3; SCLK sampleé; ?f SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = O then 1, rise transition found.

PARAMETER TYP UNIT
td(Rp-cL) RXD data valid before CLKOUT low 1/4 t o(C) ns
td(RD) RXD data valid time 1/2 te(c) ns
tda(sp-1py  Start of SCLK sample to new TXD data 31/41t .y ns
ty(sp.7p) End of SCLK sample to new TXD data 21/4t () ns
t4(CL-S) Clockout low to SCLK transition - to(C) ns
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4.4 SE70P162 Specifications

Table 4-21. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Voet s -0.
Input voltage range...
Output voltage range ............. .
Continuous Power diSSIPAtION ........c.cccvieiieeieiiiiricie et ree e e ree st e s eesteeseeesnessesreenes
Maximum buffer current ........
StOrage teMPEerature FANGE ..........cccccvveeieeieeeeeiresensenssresseesseesseessesssessssassesseessns 0°C to 100°C

T Unless otherwise noted, all voltages are with respect to Vgs.

Caution:

Stresses beyond those listed under ”“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions indicated in the "Recommended
Operating Conditions” section of this specification is not im-
plied. Exposure to absolute maximum rated conditions for ex-
tended periods may affect device reliability.

Table 4-22. Recommended Operating Conditions

MIN NOM MAX | UNIT

Vee Supply voltage 4.5 5 5.5 \'
V High-level input voltage CLKIN 2.6 v
1H 9 P 9 Al others 2.3 v
. CLKIN 0.6 \

ViL Low-level input voltage
All others 0.8 \
Ta Operating free-air temperature (V] 55 °C
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Table 4-23. Electrical Characteristics over Full Range of Recommended
Operating Conditions

PARAMETER TEST CONDITIONS| MIN TYPt MAX | UNIT

A5 MC,RESET, V,=V

D9,V 22 | sstoVee +2 +10
W Input current INT1, INT3, XTAL2 WA

Ports' C and D

AG-AG A8, A7 V| =04VtoVce +10 +100
Voy  High-level output voltage loy = -0.4 mA 2.4 \
VoL Low-level output voltage loL = 2 mA 0.4 \
(o)  Outputrise timet See Figure 4-20 9 30 ns
ty(0)  Output fall timet See Figure 4-20 10 35 ns
lcc Average supply current$ All outputs open 160 210 . mA
Pp(ay) Average power dissipation All outputs open 800 1155 mwW

++ —+

10% and 90% points (see Figure 4-21).
§ Average supply current without piggyback EPROM device installed.
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Vo

All typical values are at Voo = 5V, Tp = 25°C.
Rise and fall times are measured between the maximum low level and the minimum high level using the

LOAD VOLTAGE

660 Q

100 pF

Figure 4-17. Output Loading Circuit for Test

Figure 4-18. Measurement Points for Switching Characteristics
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Table 4-24. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER MIN TYP MAX | UNIT

_ﬂ.s_c Crystal frequency 1.0 8.0 MHz
CLKIN duty cycle 50 %
te(P) Crystal cycle time¥ 125 1000 ns
tc(C) Internal state cycle time 250 2000 ns
| tw(PH) CLKIN pulse duration high 50 ns
| tw(PL) CLKIN pulse duration low 50 ns
1, CLKIN rise timet 30 ns
¢ CLKIN fall timet 30 ns
tg(PH-CH) CLKIN rise to CLKOUT rise delay 1256 200 ns

Rise and fall times are measured betwen the maximum low level and the minimum high level.
See Section 3.4 for Recommended Clock Connections.

-+

wor N\ N\

Figure 4-19. Clock Timing
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Table 4-25. Memory Interface Timing

PARAMETER MIN MAX | UNIT
te(C) CLKOUT cycle timet . 250 2000 ns
tw(CH) CLKOUT high pulse duration 0.5t;(c)-40 0.5t o(cy+10 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-40 0.5t ;(cy*+15 ns

n tg(cH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t ¢(c)-10 0.5t;(cy+30 ns
tw(JH) ALATCH high pulse duration 0.251;(c)-15  0.25t ;) +30 ns
tsu(HA-JL) Setup time, high address valid before 0.25t ¢(c)-40  0.25t5(c)+45 ns

ALATCH fall .
tsu(LA-JL) Setup time, low address valid before 0.25t ¢(c)-40 0.25t¢(cy+15 ns
ALATCH fall
th(JL-LA) Hold time, low address valid after 0.25t ¢(c) 0.25t¢(c)+45 ns
ALATCH fall
tsu(RW-JL) fSt;tup time, R/W valid before ALATCH 0.25t (c)-35  0.25t5(c)+30 ns
a
th(EH-RW) Hold time, R/W valid after ENABLE rise 0.5t ¢(cy-40 ns
th(EH-HA) Hold time, high address valid after 0.5t ¢(c)-50 ns
(EH-HA) ENABLE rise °(©)
tsu(Q-EH) Setup time, data output valid before 0.5t ¢(c)-45 ns
Su(Q-EH)  SRRBLE rise °(©)
th(EH-Q Hold time, data output valid after 0.5t ¢(c)-45 ns
(EHQ) " ENABLE rise °(©)
tq(LA-gL) Delay time, low address high impedance 0.25t o (c)-45 0.25t;(c ns
(LAY ENABLE fal °(©) °(©)
td(EH-A) c?r?\lxiy time, ENABLE rise to next address 0.5t ¢(c)-25 ns
ta(EL-D) éccess Eir?a?i data input valid after 0.75t ¢(c)-105 ns
ta(A-D) O:Iic:ss time, address valid to data input 1.5t ¢(c)-115 ns
tya-gH)  Delay time, address valid to ENABLE rise 1.5t ¢(c)-80 1.5t(c)+30 ns
th(EH-D) :?;Id time, data input valid after ENABLE 0 ns
td(EH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t C(C)‘25 0.5tccc)+10 ns
t4(cH-gL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

T te(cy is defined to be 2/fogc and may be referred to as a machine state or simply a state.

Note: For memory interface timings at 8 MHz, see Table 4-11 on page 4-12.
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! EXTERNAL READ !  EXTERNAL WRITE ! RAM READ | INTERNAL READ
oy R
oo ; |
TR : : i
] H w(CL) ] H !
rob, e | h-t«O) 5 ; '
Le—ftaei ! !
ol -t " a1 : :
' | | ' | '

ALATCH | }I ‘% -# je-ta(CH-EL) )l \ ! WA\
P et iet—ot th(EH-HA) ; |
HiaH Ao X HiIGH ADDRESS X HIGH ADDRESS M
L et (UL i :
LW ADDRESS) i tA-) A r""‘E"'D’ le——oHth(EH-0)
ADDR . |
DATA DATA DATA TA O n
5 I h—'a(LA-a.) | H“'“(Q‘E"" 5
I - ta(ELD)| L ;
ENABLE | f i !
: | | | ! '
. o k——tau-em-—a : :
' t 1 1
) R artnea : :
R+ f 2 i L/

Figure 4-20. Read and Write Cycle Timings
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4.41 Serial Port Timing
4.4.1.1 Internal Serial Clock

ccer "L L LML

—  le—tg(cL-sL) |
ox 1] o
—  le— tdtcL-TD) 1
™ X ™D
tamn-cu—ﬂ f—

RXD

RXD
SAMPLE SAVED
Notes: 1; The CLKOUT signal is not available in Single-Chip mode.

CLKOUT = tc(c)

PARAMETER TYP UNIT
ty(cr-sp) CLKOUT low to SCLK low 1/4 t.(c) ns
td(cL-1py  CLKOUT low to new TXD data 1/4 t.(cy ns
tq(Rp-c1) RXD data valid before CLKOUT low 1/4 1 Q) ns
td(RD) RXD data valid time 1/2 te(C) ns

4.4.1.2 External Serial Clock

’U_’—LI d(CL-8) ' . ta(CL-8)

e\ ,
le— taten-T0) —f |
TXD
RXD
td(rRD) H
RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT =1,
3) SCLK sampleé i SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = O then 1, rise transition found.

PARAMETER TYP UNIT
t4(Rp-cL) RXD data valid before CLKOUT low 1/4 t () ns
td(RD) RXD data valid time 1/2 to(c) ns
t4(sp-1p) Start of SCLK sample to new TXD data 31/4t () ns
tq(se-7p)y  End of SCLK sample to new TXD data 21/4t () ns
td(CL-S) Clqckout low to SCLK transition to(C) ns
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

4.5 TMS70C00A, TMS70C20A, and TMS70C40A Specifications
(Wide Voltage)

Table 4-26. Absolute Maximum Rating over Operating Free-Air
Temperature Range (unless otherwise noted)

SUpPPly VOage, VEET «cc e -0.3Vto
All input voltages ..... ..-03VtoVee + 0.
All output voltages ..........ccccceevvcencnnnee .
Maximum /0 buffer current (Per Pin) .....cooccooieriiiioieerceneecrtr e +10 mA
Storage temperature range ..........c.cccccceevreeieernnnnns

.... -55°C to 150°C
lce. Iss current (maximum into pins 25 and 40) ... +60 mA
ContinUOUs POWET diSSIPALION ....ccieiiriiiiieierieecee e stee e seesre e e et e e e e sbeeae s s eneereeaaen 05W

1 Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
“"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute-maximum-rated
conditions for extended periods may affect device reliability.

Table 4-27. Recommended Operating Conditions

MIN NOM MAX | UNIT

Vee Supply voltage 2.5 6.0 A
XTAL2 pin, 0.8V v
Vec=25106V 8V cc

iah- i All other pins,

ViH High-level input voltage Vee=3106V 0.70V ¢cc \
All other pins, - 75V Vv
Vec=251w03v | %7%Vce
XTAL2 pin, v v

. Vec=25t06V 0-2Vee

ViL Low-level input voltage -
All other pins, 0.3V cc v
Vecc=25t06V
Commercial 0 70 °c

Ta Operating temperature (TMS70CxONL)

range Industrial 40 85 °C

(TMS70CxXONA) -
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

Table 4-28. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT

I Input leakage current| VN = VggtoV cc +0.10 +5 HA
C Input capacitance 5 pF
" Vou  Hightlevel Vee =25V, Igy = -50 uA 225 24 v
output voltaget Vee=40V, lgy = -0.4 mA 32 36 v

Vee =50V, Igy =-0.7mA 39 45 v

Vec =6.0V, lgy =-1.0mA 46 54 %

Vec =25V, lgL =04 mA 02 035 v

VoL Low-level - —

output voltaget Vee=40V, lgp =1.6 mA 0.4 0.8 \Y

Vee =50V, IgL = 2.5 mA 06 1.1 v

Vec = 6.0V, lgL =34mA 08 1.4 v
Vec =25V, Vgy =225V -0.05 -0.2 mA
o Qutput source Vec=40V, Vou =32V 04 14 mA
Vee=50V, Vgy =39V 07 -2.2 mA

Vec =60V, Vo =46V 1.0 -33 mA

, Vec =25V, VgL=035V 04 09 mA

oL Output sink Vec =40V, VoL =08V 16 35 mA
Vee=50V, Vo =11V 25 55 mA

Vec=6.0V, Vg =14V 34 80 mA

t Vee =5V, Tp =25C
1 Output levels ensure 400 mV of noise margin over specified input levels.
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

Table 4-29. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 6.0 MHz, Ve =5V 90 144 mA
fosc = 3.0 MHz, Vee =5V 45 72| mA

lcc Operating mode f;;c =05MHz, Vec=5V 0.8 1.2 mA
fosc =ZMHz, Voo =5V 15 2.4 |[mA/MHz
fosc = 0.5 MHz, Voo =25V 370 800 UA
fosc = 6.0 MHz, Vo =5V 960 1920 WA
fosc = 3.0 MHz, Vo = 5V 480 = 960 pA

lcc Wake-Up mode fosc =05 MHz, Vec=5V 80 160 WA

(timer active)
fosc =ZMHz, Vec=5V 160 320 |uA/MHz
fosc = 0.5 MHz, Vg =25V 40 80 HA
fosc = 6.0 MHz, Vee =5V 480 980 pA

lcc Halt osc-on fosc =3.0MHz, Ve =5V 240 500 pA
fosc = 0.5 MHz, Vee =5V 45 100 MA
fosc =ZMHz  Vee =5V See Note 2 WA
fosc = 0.5 MHz, Vgc =25V 25 60 pA
lcc  Halt osc-off Ve = 25106 V 1 10| pA

Notes: 1. Allinputs = Vg or Vgg (except XTAL2). All output pins are open.
2. Maximum current = 160(Z) + 20 pA

r-tcm)-}
e - e tatpLch
n

A=t ! At
XTAL2/CLKIN ! \
—  —twrn)

CLKOUT
— &=

Figure 4-21. Clock Timing
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

Table 4-30. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONTDEI?.I'-ONS MIN TYPT MAX | UNIT
Vee=25V | 05 0.8 | MHz
n Vec =40V | 05 40 | MHz
fosc Crystal frequency Vec=50V]| 05 50 Mz
Vec=60V | 05 65| MHz
CLKIN duty cycle 45 55 %
Vee =25V | 1260 2000 ns
te(P) Crystal cycle time¥ \\I/ ((::i — ‘:')(())\\ll fzg zggg :Z
Vec=6.0V | 153 2000 ns
Vee = 2.5V | 2600 4000 ns
) Vec=4.0V | 500 4000 ns
te(C) Internal state cycle time Vec=50V]| 333 2000 o~
Vee =60V 306 4000 ns
tw(PH) CLKIN pulse duration high 70 ns
tw(PL) CLKIN pulse duration low 70 ns
1 CLKIN rise time 30 ns
L CLKIN fall time 30 ns
tg(pL-CH) CLKIN fall to CLKOUT rise delay 110 250 ns

-+ —+
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Vec =5V, Ta =25°C
See Section 3.4 for Recommended Clock Connections.




Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

fosc — External Oscillator Frequency — MHz

lcc — Supply Current — mA

7

————Ta = 40°C to 85°C N
N

0

N

\\
NN

N
A
SANNN N

SO

oL,
) 2.5 3 3.5 4 4.5 5 5.5 6 6.5
Vce — Supply Voltage — V
Figure 4-22. Operating Frequency Range
10
9 -
Ta = 25°C 5 MHz
8 ALL OUTPUTS OPEN /
7 //
6
3 MHz
5 —
4 —
3
2
1
—F—1 0.5 MHz
ol—A
o YV 25 3 3.5 4 4.5 5 5.5 6 6.5

Ve — Supply Voitage — V

Figure 4-23. Typical Operating Current vs. Supply Volitage
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

1

0.9

TA = 25°C
< 98 ALL OUTPUTS OPEN WAKE-UP MODE
£ (Veg =5V)
| 0.7 A
- /
E oe /
g - ”
3 os ,/
2 ‘ 1
g 0.4
1]
| 0.3 2 1 JiaLt 0SC.ON MODE
8 o2 P — Vee = 5V)
S o -
L—1
0

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7
fosc — Frequency — MHz

Figure 4-24. Typical Power-Down Current vs. Oscillator Frequency

10
9
8 Ta = 25°C A
< ALL OUTPUTS OPEN L~ Ve =5V
E 7 pd
| |
fg 6
3 y
o 5
z // Vee = 4V
Q
s ¢ ¢
Tos <
I P ,/
° 2 L Vee =3V
1 e /‘/
Y
0

0O 05 1 15 2 25 3 35 4 45 5 55 6 6.5
fosc — Frequency — MHz

Figure 4-25. Typical Operating ICC vs. Oscillator Frequency
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

: —1 |

] /// Vee = 6.0V
<
? Ta = 25°C / VT’
;;v 4 ve / Vge =560V
(5 /
§ 3 ’;//AA////
(7]
::; % // Ve = 40V
° 2 /A/
| /
X
2 , // //Vcc =3.0V

/
[ —F— vee = :el.s v
0

o 0.2 04 06 0.8 1 1.2 14 1.6 1.8 2 2.2 24 26 2.8 3

Vds — Output Buffer Voltage Drop (Ve -VoH) — V

Figure 4-26. Typical Output Source Characteristics

N /[ =6.(I)V

9 ~1 Vcc
/
Ta = 25°C |

8 —
< Vee = 5.0V
E 4 ]
I g
i oo = ——
3 / L—T vec =40V
£ 5
c
3 s b
- / /
3
] ’ | B
T3 /| /7,/ Vce = 3.0V
o ///
o ~ A

2 -

// L— Vee = 25V
1
L
0
0O 02 04 06 08 1 1.2 14 16 18 2 22 24 26 28 3

VoL — Low Level Output Voltage — \"

Figure 4-27. Typical Output Sink Characteristics
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Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

4.6 TMS70C00A, TMS70C20A, and TMS70C40A Specifications

(5V +10%)

Table 4-31. Absolute Maximum Rating over Operating Free-Air
Temperature Range (unless otherwise noted)

SUPPIY VOItage, VEET et -03Vto7V
All input voltages ..... ..-03VtoVee +03V
All output voltages ..
Maximum 1/0 buffer current (Per Pin) ......cocooceveeeererirree e +10 mA
Storage temperature range ........c..c.cceceeeecereeeslens
lce Iss current (maximum into pins 25 and 40) ..o +60 mA
ContinUOus POWET diSSIPATION .......ccoveeuieeiericreeireeieeteeetreee e s esee et ereesveearesaseraeereereeens 0.5W

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute-maximum-rated
conditions for extended periods may affect device reliability.

Table 4-32. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5.5 Vv
i . XTAL2 pin 0.8Vee \'
ViH High-level input voltage All other pins 0.7V co v
. XTAL2 pin 0.2Vce Vv
ViL Low-level input voltage All other pins 0.3V cc v
Commercial 0 70 °C
Ta Operating temperature (TMS70CxONL)
range Industrial .40 85| * °C
(TMS70CxONA)
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Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-33. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
h Input leakage current ViN = Vssto Ve +0.1 +5 A
C Input capacitance 5 pF
Vou  High-level output
OH  Joltage I on = -0.3 mA Veg-05 47 v
\% Low-level output
0L oltage o pd loL=14mA 02 o4l v
toH High-level ou}put Voy =Vec-05V -0.3 -1.2 mA
source curren V on = 2.5 V min 10 30 mA
loL Output sink VoL =04V 14 2.0 mA
current
T Vec =5V, Tap =25°C
LOAD VOLTAGE
1000 Q
Vo
100 pF

Figure 4-28. Output Loading Circuit for Test

OUTPUTS

Figure 4-29. Measurement Points for Switching Characteristics
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Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-34. AC Characteristics for I/O Ports -

fall time

Cioad= 15 pFVcc =5V

PARAMETER TEST CONDITIONS MIN.  TYP MAX | UNITS
t 1/0 port output Cioad= 15 PFVcc =5V 35 60 ns
rise time
t 1/0 port output 220 .50 ns

Note: Rise and fall times are measured between the maximum low level and the minimum high level using

the 10% and 90% points.

Table 4-35. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 5.0 MHz 75 135 mA
lcc Operating mode fosc = 3.0 MHz 45 81 mA
f osc = 1.0 MHz 1.5 2.7 mA
fosc = Z MHz- 15 2.7 |[mA/MHz
fosc = 5.0 MHz 800 1750 uA
lcc  Wake-Up mode fosc = 3.0 MHz 480 1050 pA
(timer active)
f osc = 1.0 MHz 160 350 uA
fosc = Z MHz 160 350 | pA/MHz
fosc = 5.0 MHz 480 920 pA
lcc  Halt osc-on fO::c ~3.0 MHz 240 560 | pA
fosc = 1.0 MHz 80 200 UA
fosc = Z MHz See Note 2 HA
lcc Halt osc-off 1 0] pA
Notes: 1. Allinputs = V¢ or Vgg (except XTAL2). All output pins are open.

4-40

2.

Maximum current = 180(Z) + 20 pA.



Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-36. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER MIN TYPt MAX | UNIT

fosc Crystal frequency 0.5 50| MHz
CLKIN duty cycle 45 55 %
te(P) Crystal cycle timef 200 2000 ns
t(C) Internal state cycle time 400 4000 ns
tw(PH) CLKIN pulse duration high 90 ns
tw(PL) CLKIN pulse duration low 90 ns
1y CLKIN rise time 30 ns
tf CLKIN fall time 30 ns
tg(PL-cH) CLKIN fall to CLKOUT rise delay 140 250 ns

Vec =5V, Ta =25°C
See Section 3.4 for Recommended Clock Connections.

- —+

l—te(P)

|
L — Lt
”_ﬂr—t'l | iﬂ— d(PL-CH)

| i —__l—twipH)
A VAWATAWAT
T = etweD

CLKOUT
p——-'c(c)——j'

Figure 4-30. Clock Timing



Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-37. Memory Interface Timings?

PARAMETER MIN  TYP MAX | UNIT
te(Q) CLKOUT cycle time t5(C) ' ns
tw(CH) CLKOUT high pulse duration 0.5t;(c)-90 0.5t 5y +90 ns

“ tw(CL) CLKOUT low pulse duration 0.5t¢(c)-90 0.5t ¢(cy+90 ns

td(CH-JL) P?’Iay time, CLKOUT rise to ALATCH 0.75t ¢(c)-50 ns
a

tw(JH) ALATCH active duration 0.5t;(c)-15 ns

tsu(HA-JL) Setup time, high address valid 0.5t ¢(c)-100 ns
before ALATCH fall

tsu(LA-JL) Setup time, low address valid 0.5t ¢(c)y-100 ns
before ALATCH fall

th(JL-LA) Hold time, low address hold 0.5t ¢(C)-60 ns
after ALATCH fall

tsu(RW-JL) ittx_?éuﬂglr/w valid before 0.5t ¢(c)-100 ns

th(EH-RW) Hold time, R/W after ENABLE rise 0.25t ¢(c)-60 ns

th(EH-HA) Iéiold t'i-ngi,isl:}igh address valid after 0.25t ¢(c)-60 ns

t4(a-eH) Delay time, data out valid before 0.75t ¢(c)-70 ns

(@) ERABLE rise °(©)

th(eH-q) Hold time, data out valid after 0.25t ¢(c)-30 ns
ENABLE rise

t4(EH-A) (lj)r?:/aey time, ENABLE rise to next address | 0.25t ¢(C)-60 ns

ta(EL-D) an(I:Icess time, data in after ENABLE 0.75t ¢(c)-120 ns

ta(A-D) Access time, data in from valid 1.5t ¢(c)-300 ns
address

t4(A-EH) aD;(li?Zst’:me, ENABLE high after valid 1.75t ¢(c)-100 ns

th(EH-D) Hold time, data input valid after 0 ns
ENABLE rise

tg(cH-eL) Delay time, CLKOUT rise to -10 35 ns
ENABLE fall

td(LA-EL) Low address High Z 0.25t o(c)-45 ns

( ) before ENABLE fall °(©

t Vec=45t055V
CLKIN duty cycle = 50%



Electrical Specificatiohs - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-38. Memory Interface Timings at 6 MHzt

PARAMETER MIN TYP MAX | UNIT
1:(C) CLKOUT cycle time 400 ns
tw(CH) CLKOUT high pulse duration 110 200 290 ns
tw(CL) CLKOUT low pulse duration 110 200 290 ns
t4(cH-JL) Delay time, CLKOUT rise to ALATCH fall 250 300 ns
tw(JH) ALATCH active duration 185 200 ns
tsu(HA-JL) Setup time, high address valid before ALATCH fall 100 200 ns
| fsu(LA-Ji) Setup time, low address valid before ALATCH fall 100 200 ns
tg(JL-LA) Delay time, low address hold after ALATCH fall 140 200 ns
td(RW-JL) Delay time, R/W valid before ALATCH fall 100 200 ns
th(EH-rwW) Hold time, R/W valid after ENABLE rise 40 100 ns
th(EH-HA) Hold time, high address valid after ENABLE rise 40 100 ns
tsu(Q-EH) Setup time, data out valid before ENABLE rise 230 300 ns
th(eH-q)  Hold time, data out valid after ENABLE rise 70 100 ns
ty(EH-A)  Delay time, ENABLE rise to next address drive 40 100 ns
ta(eL.p)  Access time, data in after ENABLE fall 180 300 ns
ta(A-D) Access time, data in from valid address 300 600 ns
t4(a-gH)  Delay time, ENABLE high after address valid 600 700 ns
th(eH-p)  Hold time, data input valid after ENABLE rise 0 ns
ty(cH-£L) Delay time, CLKOUT rise to ENABLE fall -10 35 ns
td(LA-EL)  Delay time, low address High Z to ENABLE fall 55 100 ns

t Vecc=45t055V
CLKIN duty cycle = 50%



Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

EXTERNAL READ

te(c) -

RAM READ ; INTERNAL READ

1
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1
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1 | w(CL) 3
)
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)
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1

0

N r—td(CH-EL) /_\
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! " thtaL-La) | il
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1]
1
5
t
: H— w(JH)‘
|
]
)
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D e tou(LA-dn) 1 | IhER-D) 'p—‘—OL: Lth(gn-a)
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coen ADDR, ADDRESS . ADDR
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Figure 4-31. Read and Write Cycle Timing



Electrical Specifications - TMS70CT20 and TMS70CT40 (5 V + 10%)

4.7 TMS70CT20 and TMS70CT40 Specifications (5 V + 10%)

Table 4-39. Absolute Maximum Ratings over Operating Free-Air Temperature

Range (unless otherwise noted)

Supply voltage range, VOET et -03Vto7V
Input voltage range ... ..-03VtoVec+t03V
Output voltage range ..........ccceoeeeeenee ..-0.3VtoVcc+03V
Maximum [/0 buffer current (Per PiN) .....occovieririieeeeereeer e +10 mA
Storage temperature range .............c.c..... -55°C to 150°C

lcc: lss (maximum into pins 17 and 1) ... +60 mA
Continuous POWET diSSIPALION ......ccoiiiiiiieiiriieie et teesee et saeseae s e e aeaae e e 0.5 W

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-40. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vece Supply voltage 4.5 5.5 Vv
XTAL2 pin 0.8V cc v
ViH High-level input voltage All other pins 0.7V cc \4
ViL Low-level input voltage XTAL2 pin 0.2V ¢c
All other pins 0.3Vee \Y%
Ta Operating temperature range 0 70 °C
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Electrical Specifications - TMS70CT20 and TMS70CT40 (5 V + 10%)

Table 4-41. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT

h Input leakage current VN = Vgsto Vee +1 +5 uA
C Input capacitance 5 pF
VoH High-level output voitage lop =-0.3mA Vce-0.5 4.7 \%
VoL Low-level output voltage loL=14mA 0.2 0.4 \
lon High-level output VoH =Vecc-05V -0.3 -1.2 mA

source current VoH =25V -1.0 -3.0 mA
loL Output sink current VoL=04V 1.4 20 mA

¥ Vee =5V, Ta=25C
LOAD VOLTAGE
1000 @
Vo
T 100 pF
Figure 4-32. Output Loading Circuit for Test
OUTPUTS
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VoH (MIN)

VoL (MAX)

Figure 4-33. Measurement Points for Switching Characteristics




Electrical Specifications - TMS70CT20 and TMS70CT40 (5 V + 10%)

Table 4-42. AC Characteristics for 1/0 Port

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
t, 1/0 port output rise time Cioad = 15pPF, Vcec =5V ) 35 60 ns i
ty  1/0 port output fall time Cioad = 15PF. Vcc=5V 20 50 ns ‘
Note: 1. Rise and fall times are measured between the maximum low level

and the minimum high level using the 10% and 90% points.

Table 4-43. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 5.0 MHz 756 135 mA
fosc = 3.0 MHz 45 81| mA

lcc Operating mode fosc = 1.0 MHz 1.5 2.7 mA
, fosc = Z MHz 15 2.7 [mA/MHz
lce \(/;/i?‘i‘(;- g&i%c;de fosc = 5.0 MHz, 800 1750 | A
f osc = 3.0 MHz 480 1050 | pA
f osc = 1.0 MHz 160 350 HA
fosc = Z MHz 160 350 |puA/MHz
lcc Halt osc-on ' fosc = 5.0 MHz, 480 920 | pA
f osc = 3.0 MHz 240 560 | pA
f osc = 1.0 MHz 80 200 | uA
fosc = Z MHz (See Note 3) uA
lcc Halt osc-off 1 10 HA

Notes: 2. Allinputs = V ¢c or Vgg (except XTAL2). All output pins are open.
3. Maximum current = 180(Z) + 20uA.
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Electrical Specifications - TMS70CT20 and TMS70CT40 (5 V + 10%)

Table 4-44. Recommended Crystal/Clockin Operating Conditions over Full

Operating Range

PARAMETER MIN TYPT MAX | UNIT

fosc Crystal frequency 0.5 5.0 MHz
CLKIN duty cycle 45 55 %
to(P) Crystal cycle time? 200 2000 ns
te(C) Internal state cycle time 400 4000 ns
tw(PH) CLKIN pulse duration high 90 ns
tw(PL) CLKIN pulse duration low 90 ns
ty CLKIN rise time 30 ns
tf CLKIN fall time 30 ns

+H —+
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Vee =56V, Ta =25°C
See Section 3.4 for Recommended Clock Connections.

tr—-::c—-il |
|

|
XTALZICLKIW\—

Figure 4-34. Clock Timing




Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

4.8 TMS70C02 and TMS70C42 Specifications (Wide Voltage)

Table 4-45. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vcct
Input voltage range ............
Output voltage range ..........cccoeeeeuene .
Maximum [/O buffer current (Per Pin) ... +10 mA
Storage temperature range .................
lce. Iss (maximum into pin 26 0r 40) ..o +60 mA
Continuous power diSSIPAtiON ........cccoviiiiiiiee e e se e 05w

T Unléss otherwise noted, all voltages are with respect to Vgs.

Caution:

Stresses beyond those listed under ”"Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-46. Recommended Operating Conditions

MIN NOM MAX | UNIT

Vee Supply voltage 2.5 6.0 \
MC and XTAL2 pins, \V]
Vee = 25106 V 0-8Vcc v
X . All other input pins;
ViH High-level input voltage Vee=3t0 6V 0.70V cc \
All other input pins,
Vee =25103V 0.75V cc v
MC and XTAL2 pins, 0.2V v
= -4V .cC
ViL Low-level input voltage Veg =256V
All other input pins, 0.3V v
Vee = 25t0 6V cc
Commercial 70 °C
Ta Operating free-air (TMS70C42NL) °
temperatdre Industrial 85 c
-4 °
(TMS70C42NA) 0
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Table 4-47. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPtT MAX | UNIT
Iy Input current A,\I/:(t:)t?::;s}/\/l:\lN ==\</SSSSC::)\</CCCC +0.1 +5 pA
C Input capacitance 5 pF
“ , Vec =25V, lon=-50uA | 225 24 v
VoH High-level
output voltaget Veec=40V, Igy =-04mA 3.2 3.6 \
Vec=50V, lgy=-07mA | 39 45 v
Vec =60V, lgn=-10mA | 46 54 v
Ve =25V, lgL = 0.4 mA 02 035| V
VoL o v ltages Vec =40V, lo=-16mA 04 08| Vv
Ve =560V, lgL=25mA 06 1.1 v
Vec =60V, g =34mA 08 14| V
Vee =25V, VoH = 2.25V -50 -200 HA
lon  Qqtpnt source vcccc — 40V, vg: =32V 04 14 mA
Vee=50V, Voy =39V 07 2.2 mA
Vee = 6.0V, VOH =46V -1.0 -3.3 mA
_ Vec =25V, VoL =035V 04 09 mA
oL Qumput sink Vec =40V, VoL-08V 16 35 mA
Vee=50V. Vo =11V 25 55 mA
Vcc =6.0V, VoL=14V 3.4 8.0 mA

T Veg=5V, Ta=25C
¥ Output levels ensure 400 mV of noise margin over specified input levels.
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Table 4-48. Supply Current Requirements

PARAMETER TEST CONDITIONS' MIN  TYP MAX | UNIT
fosc = 7.0 MHz, Vg =5.0V 17 245 mA
fosc = 3.0 MHz, Ve =5.0V 7.2 105 mA

lcc Operating mode fosc = 0.6 MHz, Ve =5.0V 1.2 1.8 mA
fosc =2 MHz, Ve =5.0V 2.4 3.6 |mA/MHz
fosc = 0.5 MHz, Ve =256V 0.4 1.2 mA
lcc Wake-Up mode 1 fosc = 70 MHz, V=50V 2400 5600 HA
one_timer and
ART active) fosc = 3.0 MHz, Ve =50V 1200 3300 HA
f osc = 0.5 MHz, Ve =5.0V 250 800 pA
lcc Wake-Up mode 2 fosc = 7.0 MHz, Vcc=5.0V 960 3400 HA

{PAgfimer active: T osc = 3.0 MHz, Vog = 5.0V 480 2000 | WA
fosc = 0.5 MHz, Vec = 5.0V 140 550 pA

lcc Wake-Up mode 3 fosc = 7.0 MHz, Vec =50V 1500 2400 HA

(UART active only) , fosc = 3.0 MHz, Vg =50V 800 1500 MA
fosc = 0.5 MHz, Ve =5.0V 180 600 uA

lcc Halt osc-on fosc = 7.0 MHz, V¢ee=5.0V 560 1280 HA

fosc = 3.0 MHz, Ve =5.0V 240 560 HA

fosc = 1.0 MHz, Voc =50V 80 200 pA

fosc = Z MHz (See Note 2.) MA

lcc Halt osc-off 5 10 WA
Notes: 1. Allinputs = V¢ or Vgg (except XTAL2). All output pins are open.

2. Maximum current = 180(Z) + 20 pA.
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Table 4-49. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONTDEI'SI'TONS MIN TYPt MAX | UNIT
Vec =25V 0.5 08| MHz

Vee =40V 0.5 5.0 | MHz

fosc Crystal frequency Voc-50V]| 05 70 Mtz

Ve =6.0V 0.5 75| MHz
CLKIN duty cycle 45 55 %
Vee =25V 1250 2000 ns
. Vec =40V | 200 2000 ns
te(P) Crystal cycle time? Ve <50V ]| 143 2000 -
Vee=6.0V | 133 2000 ns
Vee = 2.5V | 2500 4000 ns
) Vee =40V | 400 4000 ns
te(C) Internal state cycle time Vec =50V 286 2000 e
Vee=6.0V | 267 4000 ns
tw(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
ty CLKIN rise time 30 ns
¢ CLKIN fall time 30 ns
td(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns

+H -+
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Vec =5V, Tp = 25°C
See Section 3.4 for Recommended Clock Connections.

!t—-—-—-tc(C) —

Figure 4-35. Clock Timing
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Figure 4-37. Typical Operating Current vs. Supply Voltage
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Icc — Supply Current — mA
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lcc — Supply Current — mp

1.1

0.9
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o

Ta = 26°C

P
ALL OUTPUTS OPEN _Vee

5V

\

—
/ ]
Ve =4V
xi
A
1 2 3 4 5 6 7

fosc — Frequency — MHz

Figure 4-38. Typical Operating ICC vs. Oscillator Frequency

Ta = 25°C
ALL OUTPUTS OPEN fosc = 0.5 MHz

0.3 J\/
0

25 3 35 4 4.5 5 5.5
Vee — Supply Voltage — V

Figure 4-39. Typical Operating Current vs. Supply Voltage
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

IoH — Output Source Current — mA

loL — Output Sink Current — mA

6
/ Vee = 6.0V
5 //
Ta = 25°C // P
4 /, — Vee = 5.0V
3 ( /
/ 1
/ // Vece = 40V
2
A1
L—
] A "1 vec = 30V
| Vee = 25V
o | ]
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Vds — Output Buffer Voltage Drop (Ve -~ VoH) — V
Figure 4-40. Typical Output Source Characteristics
Vee = 6.0V
9 //
Ta = 25°C
Q A / et
- / Vee = 5.0V
7 /r/
6 <
—
/ L—T vec - 40V
5 /
a4 ]
/ —___F_
3 / pa i Vec = 3.0V
oo
/ i
2 VoL
/ Vee = 25V
1
L—
o
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

VoL — Low Level Output Voltage — V

Figure 4-41. Typical Output Sink Characteristics

4-55




Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

4.8.1 Serial Port Timing
4.8.1.1 Internal Serial Clock

oweor "L LM LML

—  le—td(cL-sL)

=N e

—  je—ta(cL-TD)

v
DD
XXX XXX XXNXNNX
COXXRXX XKD

k—-l-td(n)

RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.

2) CLKOUT = te(C)-

PARAMETER TYP UNIT
t4(cr-sp)  CLKOUT low to SCLK low 1/4 te(cy ns
t4(cL-1py CLKOUT low to new TXD data 1/4 to(Cy ns
t4(RD-cL) RXD data valid before CLKOUT low 1/4 1t () ns
t4(RD) RXD data valid time 1/2 te(c). ns

4.8.1.2 External Serial Clock
RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT =t,
3) SCLK samplec‘ i)f SCLK = 1 then O, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
ty(rp-cL) RXD data valid before CLKOUT low 1/4 t () ns
14(RD) RXD data valid time 1/2 te(cy ns
t4(sp-Tp) Start of SCLK sample to new TXD data 31/4t () ns
tq(se-1py  End of SCLK sample to new TXD data 21/4t () ns

: td(CL-S) Clockout low to SCLK transition to(C) ns
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Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

4.9 TMS70C02 and TMS70C42 Specifications (5V +10%)

Table 4-50. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vot e -0.3Vto7V
Input voltage range ................ .-03VtoVcct03V
Output voltage range ...........cccoeoeeene .-0.3VtoVec+t03V

Maximum 1/0 buffer current (Per Pin) oo +10 mA
Storage temperature range ..................... -55°C to 150°C
lce, Iss (maximum into pin 25 0r 40) ... +60 mA
Continuous POWer diSSIPAtION ......ccoociiiiiiiiiiieieiite ettt st 05 W

Tt Unless otherwise noted, all voltages are with respect to Vgs.

Caution:

Stresses beyond those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-51. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vce Supply voltage } 45 55 \%
y Hiah-level input volt MC and XTAL2 pins 0.8Vce \i
tH 'gh-level Input VOIage ™A other input pins | 0.7V cc v
v Low-level input volt MC and XTAL2 pins 0.3Vee \
I ow-level Input voltage All other input pins 0.2V cc \
Commercial 7 oc
. ‘ (TMS70C42NL) 0 0
Ta Operating temperature -
Industrial -40 85 °C
(TMS70C42NA)

4-57



Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

Table 4-52. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
MC pin, V |y = Vgg or V. '
Iy Input leakage current| A ot’:wers, Ver = VSSSS to VCCCC +0.1 +5 HA
C Input capacitance 5 pF
VoH High-level
output voltage Il oy =-0.3mA Vce-0.05 4.7 '
VoL Low-level
output voltage | oL~™= 1.4 mA 0.2 0.4 \
loH High-level outtput Vo4 =Vcc-05V -0.3 -1.2 mA
source curren Von = 25V min 10 -30 mA
lo.  Outputsink VoL =04V 14 2.0 mA
current
Table 4-53. AC Characteristics for Input/Output Portst
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
1 (10) 1/0 port output rise time Cioad = 15pPF. Ve =5V 35 60 ns
1(10) 1/0 port output fall time Cioad = 15pF, Vcec =5V 20 50 ns

t Rise and fall times are measured between the maximum low level and the miniumum high level using
the 10% and 90% points.
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LOAD VOLTAGE

1000 Q

100 pF

Figure 4-42. Output Loading Circuit for Test



Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

Figure 4-43. Measurement Points for Switching Characteristics

Table 4-54. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 6.0 MHz 15 24 mA
fosc = 3.0 MHz 7.2 12 mA

lcc  Supply current f osa = 1.0 MHz 24 40| mA
fosc = Z MHz 2.4 4.0 |mA/MHz
lcc Wake-Up mode 1 fosc = 6.0 MHz 2400 5400 WA
one timer and
ART active) f osc = 3.0 MHz 1200 2900 A
f osc = 1.0 MHz 650 1500 WA
lcc Wake-Up mode 2 fosc = 6.0 MHz 960 3200 uA

&%31‘-'{232332)“"' f osc = 3.0 MHz 480 1800 | WA
f osc = 1.0 MHz 350 1000 WA

lcc Wake-Up mode 3 f osc = 6.0 MHz 1500 2200 WA

(UART acnve only) f osc = 3.0 MHz 800 1300 UA
fosc = 1.0 MHz 400 1100 WA

lcc Halt osc-on fosc = 6.0 MHz 480 1120 BA
f osc = 3.0 MHz 240 560 uA
fosc =1.0 MHz 80 200 WA
fosc = Z MHz (See Note 2.) uA
lcc Halt osc-off 5 10 uA

Notes: 1. Allinputs = V¢ or Vgg (except XTAL2). All output pins are open.
2. Maximum current = 180(Z) + 20 pA.
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Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

Table 4-55. Recommended Crystal/Clockin Operating Conditions over Full

Operating Range

PARAMETER MIN TYPT MAX | UNIT
fosc Crystal frequency 0.5 6.0 MHz
CLKIN duty cycle 45 55 %
te(py Crystal cycle timet 167 2000 ns
te(C) Internal state cycle time 333 4000 ns
tw(PH) CLKIN pulse duration high 70 ns
tw(PL) CLKIN pulse duration low 70 ns
1% CLKIN rise time 30 ns
tf CLKIN fall time 30 ns
tg(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns
t Vec=5V, Ty =25C
t See Section 3.4 for Recommended Clock Connections.
le—tc(P)

|
et - l— taL-ck
|

L= | — - tweer
e NN/ N

— e—twPD)

CLKOUT
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Figure 4-44. Clock Timing
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Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

Table 4-56. Memory Interface Timingst

PARAMETER MIN TYP MAX | UNIT
1(C) CLKOUT cycle time 333 4000 ns
tw(CH) CLKOUT high pulse duration 0.5t(c)-90 0.5t ¢(cy 0.5tc(c)+90 ns
tw(CL) CLKOUT low pulse duration 0.5t;(c)-90 0.5t ¢(cy 0.5tg(cy+90 ns
td(CH-JL) Delay time, CLKOUT rise to 0.5t ¢(c)-50 0.5t¢(c) ns
ALATCH fall
tw(JH) ALATCH high pulse duration 0.25t5(c)-50  0.25t¢(c) ns
tsu(HA-JL) Setup time, high address valid 0.25t ¢(c)-45 0.25t¢(cy ns
before ALATCH fall
V tsu(LA-JL) Setup time, low address valid 0.25t ¢(c)-45 0.25t¢(c) ns
before ALATCH fall
t4(JL-La) Delay time, low address valid after 0.5t ¢(c)-35 0.5t¢(c) ns
ALATCH fall
tsu(RW-JL) Setup time, R/W valid before 0.25t o(c)-40  0.25t¢(() ns
ALATCH fall
th(eH-RW) Hold time, R/W valid after 0.5t ¢(c)-60 0.5t¢(c) ns
ENABLE rise
th(EH-AH) Hold time, high address valid after 0.5t ¢(c)-60 0.5t¢(c) ns
ENABLE rise
tsu(Q-EH) Setup time, data out valid before 0.5t ¢(c)-70 0.5t¢(c) ns
ENABLE rise
th(eH-q) Hold time, data out valid after 0.5t ¢(c)-60 0.5t¢(c) ns
ENABLE rise
tq(LA-eL) Delay time, low address HI-Z to 0.25t ¢(c)-45 0.25t¢(c ns
(AED) ENABLEfa | °© °(©
t4(eH-A) Delay time, ENABLE rise to next 0.5t (c)-60 0.5t¢(c) ns
address drive
t4(eL-p) Delay time, data in after 0.75t ¢(c)-160 0.75t¢(c) ns
ENABLE fall
ta(A-D) Access time, data in from valid 1.5t ¢(c)-200 1.5t(c)-100 ns
address
tq(a-eH) Delay time, ENABLE high after 1.5t ¢(c)-50 1.5t¢(c) ns
address valid
th(EH-p) Hold time, Data input valid after 0 ns
ENABLE rise
t4(eH-JH) Delay time, ENABLE rise to 0.5t ¢(c)-60 . 0.5ty ns
ALATCH rise
t4(cH-eL) Delay time, CLKOUT rise to 30 ns
( ) ENABLE fall

t fose = 0.51t0 6.0 MHz
Veg =45t055V
CLKIN duty cycle = 50%
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Table 4-57. Memory Interface Timings at 6 MHzt

PARAMETER MIN TYP MAX | UNIT
1c(C) CLKOUT cycle time 333 ns
tw(CH) CLKOUT high pulse duration 76 166 252 ns
tw(CL) CLKOUT low pulse duration 76 162 252 ns

n ta(CH.JL) Delay time, CLKOUT rise to ALATCH fall 116 166 ns
tw(JH) ALATCH active duration 33 83 ns
tsu(AH-JL) Setup time, high address valid before ALATCH fall 38 83 ns
tsu(LA-JL) Setup time, low address valid before ALATCH fall 38 83 ns
t4(JL-LA) Delay time, low address hold after ALATCH fall 131 166 ns
t4(Rw-JL) Delay time, R/W valid before ALATCH fall 43 83 ns
th(EH-Rw) Hold time, R/W valid after ENABLE rise 106 166 ns
th(EH-HA) Hold time, high address valid after ENABLE rise 106 166 ns

| _tsu(Q-EH) _Setup time, data out valid before ENABLE rise 96 166 ns
th(eH.q)  Hold time, data out valid after ENABLE rise 106 166 ns
tg(ia-gL)  Delay time, low address HI-Z to ENABLE fall 38 83 ns
ta(eH-A)  Delay time, ENABLE rise to next address drive 106 166 ns
ty(eL.p)  Delay time, data in after ENABLE fall 90 250 ns
ta(A-D) Access time, data in from valid address 300 400 ns
td(A-EH) Delay time, E_-N—&ﬁf high after address valid 450 500 ns
th(eH.p)  Hold time, data input valid after ENABLE rise 0 ns
td(EH-JH) Delay time, ENABLE rise to ALATCH rise 106 166 ns
tq(cH.EL) Delay time, CLKOUT rise to ENABLE fall 30 ns

t Vec=45t1055V
CLKIN duty cycle = 50%
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EXTERNAL WRITE RAM READ ;| INTERNAL READ
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Figure 4-45. Read and Write Cycle Timing
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4.9.1 Serial Port Timing

4.9.1.1 Internal Serial Clock

cweor "ML LML

—  le—ta(cL-sL)

ox T 1] o
i

— le—td(cL-TD)

OO OO
by nunnnuny i,
RO 00000RXKA0000N)
RXRRXRRXRXRRRNRN QOO0
S OANANNNN0

k- ta(RD)

RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.

2) CLKOUT = te(C):

4.9.1.2 External Serial Clock
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PARAMETER TYP UNIT
tq(cr-st) CLKOUT low to SCLK low 1/4 to(c) ns
t4(crL-Tpy CLKOUT low to new TXD data 1/4 te(cy ns
t4(rp-cL) RXD data valid before CLKOUT low 1/4tc(C) ns
t4(RD) RXD data valid time 1/2 te(cy ns

[—td(CL-8) L ta(cL-8)

8CLK |'§§SS\|p—td(ss-m)——'! : |
le—— ta(eB-TD) — I
@D X ™D
ta(no—cu—»l le—
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
CLKOUT =t
5) SCLR sampIdH SCLK = 1 then 0, fall ransition found,
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP | UNIT
tq(rp-cL)y RXD data valid before CLKOUT low 1/4 t () ns
t4(RD) RXD data valid time 1/2 to(cy ns
t4(sp-1p)  Start of SCLK sample to new TXD data 31/4t.(cy ns
tq(se-Tp)y  End of SCLK sample to new TXD data 21/4t () ns
14(CL-S) Clockout low to SCLK transition tc(C) ns




Electrical Specifications - SE77C42 CMOS Prototyping Device

410 SE77CA42 Specifications

Table 4-58. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vet
Input voltage range ............
Output voltage range ............ccceeevveenns .
Maximum buffer sink current (Per PiN) ......ccccoeoiiiieiiiieeee e s +10 mA
Storage temperature range .................. ... -565°C to 150°C
lce, Iss (maximum into pin 25 or 40) ... +60 mA

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under ”“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute-maximum-rated
conditions for extended periods may affect device reliability.

Table 4-59. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vee Supply voltage 2.5 6.0 \
MC and XTAL2 Pins
Vee =25106.0V 0.8V cc v
\ High-level input voltage All other input pins
" Vec=30t060V |07 cc v
All other inputs
Vec =25t030V |0:75Vcc v
MC and XTAL pins
) Vee =25106.0V 0.2V cc v
ViL Low-level input voltage -
All other inputs
Vee =25106.0V 0.3V cc v
Ta Operating temperature Commercial 0 55 °C
fosc Oscillator frequency 0.5 7.5 MHz
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Electrical Specifications - SE77C42 CMOS Prototyping Device

Table 4-60. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
MC pin, V |y = Vgg or Ve
ly Input leakage current| A others, Viy = Vs to Vce +0.1 +5 HA
Cy Input capacitance 5 pF
Von  High-level
output voltage o =-0.3mA Vce-0.05 4.7 \
VoL Low-level
output voltage loL=14mA 0.2 0.4 \Y
loH High-level output VoH = Vcc - 05V -0.3 -1.2 mA
souirce current V on = 2.5 V min 10 30 mA
loL Output sink VoL=04V 1.4 20 mA
current
Table 4-61. AC Characteristics for Input/Output Portst
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
1(10) 1/0 port output rise time Cioad = 15pF. Vcc =56V 35 60 ns
t%(10) 1/0 port output fall time Cioad = 15pF. Ve =5V 20 50 ns

t Rise and fall times are measured between the maximum low level and the miniumum high level using
the 10% and 90% points.
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LOAD VOLTAGE

1000 Q

100 pF

Figure 4-46. Output Loading Circuit for Test
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Figure 4-47. Measurement Points for Switching Characteristics

Table 4-62. Supply Current Requirements ‘

PARAMETER TEST CONDITIONS' MIN TYP MAX | UNIT
fosc = 6.0 MHz 15 24| mA
fosc = 3.0 MHz 72 12| mA
lcc  Supply current f osc = 1.0 MHz 24 40| mA
fosc = Z MHz 24 40 |mA/MHz
lcc Wake-Up mode 1 fosc = 6.0 MHz 2400 5400 | pA
SRR e and f osc = 3.0 MHz 1200 2900 | pA
f ose = 1.0 MHz 650 1500 | pA
lcc Wake-Up mode 2 fosc = 6.0 MHz 960 3200 MA
PRE T macacye f osc = 3.0 MHz 480 1800 | yA
f osc = 1.0 MHz 350 1000 | pA
lcc Wake-Up mode f osc = 6.0 MHz 1500 2200 | pA
(UART active only) f osc = 3.0 MHz 800 1300 WA
fosc = 1.0 MHz 400 1100 | pA
lcc Halt osc-on fosc = 6.0 MHz 480 1120 WA
f osc = 3.0 MHz 240 560 | pA
f osc = 1.0 MHz 80 200 | pA
fosc = Z MHz (See Note 2.) WA
lcc Halt osc-off 5 15 uA

Notes: 1. Allinputs = Vg or Vgg (except XTAL2).All output pins are open.
‘ 2. Maximum current = 180(Z) + 20 pA.
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Table 4-63. Recommended Crystal/Clockin Operating Conditions over Full

Operating Range

PARAMETER MIN TYPt MAX | UNIT
fosc Crystal frequency 0.5 6.0 MHz
CLKIN duty cycle 45 55 %
te(P) Crystal cycle timet 167 2000 ns
te(C) Internal state cycle time 333 4000 ns
tw(PH) CLKIN pulse duration high 70 ns
tw(PL) CLKIN pulse duration low 70 ns
ty CLKIN rise time 30 ns
ts CLKIN fall time 30 ns
tq(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns
T Vec =5V, Tp=25C
¥ See Section 3.4 for Recommended Clock Connections.
k—‘c(P)-O}
— t) " le—taPL-cH)
=y 1) I — e—twen
' - le—twiPL)
CLKouT
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Table 4-64. Memory Interface Timingst

PARAMETER MIN TYP MAX | UNIT
te(C) CLKOUT cycle time 333 4000 ns
tw(CH) CLKOUT high pulse duration 0.5t;(c)-90 0.5t ;(cy 0.5tc(cy*+90 ns
tw(CL) CLKOUT low pulse duration 0.5t;(c)-90 0.5t o(cy 0.5t¢(cy+90 ns
t4(CH-JL) Delay time, CLKOUT rise to 0.5t ¢(c)-50 0.5t¢(c) ns
ALATCH fall

tw(JH)  ALATCH high pulse duration 0.25t;(c)-50  0.25t (¢ ns

tsu(HA-JL) Setup time, high address valid 0.25t ¢(c)-45 0.25t(c) ns
‘before ALATCH fall

tsu(LA-JL) Setup time, low address valid 0.25t ¢(c)-45 0.25t¢(c) ns
before ALATCH fall

t4(JL-LA) Delay time, low address valid after 0.5t ¢(c)-35 0.5t¢(c) ns
ALATCH fall

tsy(RW-JL) Setup time, R/W valid before 0.25t ¢(c)-40 0.25t¢(c) ns
ALATCH fall

th(EH-RW) Hold time, R/W valid after 0.5t ¢(c)-60 0.5t(c) ns
ENABLE rise

th(EH-AH) Hold time, high address valid after 0.5t ¢(c)-60 0.5t¢(c) ns
ENABLE rise

tsu(Q-EH) Setup time, data out valid before 0.5t ¢(c)-70 0.5t (c) ns
ENABLE rise

th(eH-qQ) Hold time, data out valid after 0.5t ¢(c)-60 0.5t¢(c) ns
ENABLE rise

tg(La-eL) Delay time, low address HI-Z to 0.25t ¢(c)-45 0.25t¢(c) ns
ENABLE fall

tg(eH-A) Delay time, ENABLE rise to next 0.5t ¢(c)-60 0.5t¢(c) ns
address drive

tq(eL-p)  Delay time, data in after 0.75t ¢(c)-160 0.75t¢(c) ns
ENABLE fall

ta(A-D) Access time, data in from valid 1.5t ¢(c)-200 1.515(c)-100 ns
address

t4(a-eH) Delay time, ENABLE high after 1.5t ¢(c)-50 1.5t¢(c) ns
address valid

th(eH-D) Hold time, Data input valid after 0 ns
ENABLE rise

t4(eH-JH) Delay time, ENABLE rise to 0.5t ¢(c)-60 0.5t¢(c) ns
ALATCH rise

t4(CH-EL) Delay time, CLKOUT rise to 30 ns
ENABLE fall

t fosc = 0.5t0 6.0 MHz
Vee =45t055V
CLKIN duty cycle = 50%
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\

Table 4-65. Memory Interface Timings at 6 MHzt

PARAMETER MIN TYP MAX | UNIT
1e(C) CLKOUT cycle time 333 ns
tw(CH) CLKOUT high pulse duration 76 166 252 ns

n tw(CL) CLKOUT low pulse duration 76 162 252 ns
tg(cH-JL) Delay time, CLKOUT rise to ALATCH fall 116 166 ns
tw(JH) ALATCH active duration 33 83 ns

E(AH_JL) Setup time, high address valid before ALATCH fall 38 83 ns
| tsu(LA-Jr) Setup time, low address valid before ALATCH fall 38 83 ns
td(JL-LA) Delay time, low address hold after ALATCH fall 131 166 ns
td(RW-JL) Delay time, R/W valid before ALATCH fall 43 83 ns
th(EH-RW) Hold time, R/W valid after ENABLE rise 106 166 ns
th(EH-HA) Hold time, high address valid after ENABLE rise 106 166 ns
| tsu(Q-EH) Setup time, data out valid before ENABLE rise 96 166 ns
th(eH-q)  Hold time, data out valid after ENABLE rise 106 166 ns
ty(LA-EL)  Delay time, low address HI-Z to ENABLE fall 38 83 ns
ty(eH-A)  Delay time, ENABLE rise to next address drive 106 166 ns
ty(EL.p)  Delay time, data in after ENABLE fall 80 250 ns
ta(A-D) Access time, data in from valid address 300 400 ns
ty(a-eH)  Delay time, ENABLE high after address valid 450 500 ns
th(eH-p)  Hold time, data input valid after ENABLE rise 0 ns
td(EH-JH) Delay time, ENABLE rise to ALATCH rise 106 166 ns
t4(cH-£L) Delay time, CLKOUT rise to ENABLE fall 30 ns

T Vec=451t0565V
CLKIN duty cycle = 50%
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Figure 4-49. Read and Write Cycle Timing
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4.11 SE70CP160A Specifications

These specifications are for wide-voltage operation. For operation at 5 V
+10%, see Section 4.6. Be sure to use an EPROM that uses similar supply
voltage specifications.

Table 4-66. Absolute Maximum Rating over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply VOItage, VEET e s -03Vto 7V
All input voltages ........ ..-03VtoVge +03V
All output voltages ..........ccceeviiniinene. ..-03VtoVge +03V
Maximum 1/0 buffer current (Per PiN) ....ccocovieeieiiiececeece e ane +10 mA
Storage temperature range ..........cccoveeeeeeveeenn 55°C to 150°C
lcc, Iss current (maximum into pins 25 and 40) ..., +60 mA

t Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under ”“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
“Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute-maximum-rated
conditions for extended periods may affect device reliability.

Table 4-67. Recommended Operating Conditions

MIN NOM MAX | UNIT

Vee Supply voltage 2.5 6.0 \
XTAL2 pin, 0.8V Vv
Veec=25t06V 8V cc

ViH High-level input voltage C”Cgtie%%g‘z v 0.70V c¢ v
All other pins, 0.75V Vv
Vee = 25103V ce
XTAL2 pin, 0.2V v

, Vce = 2510 6 V cc

ViL Low-level input voltage -
All other pins, 0.3V cc Y]
Vec=251t06V

Ta Operating temperature range 0 55 °C
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Table 4-68. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
I Input leakage current| Viy = VgstoV cc +0.1 +5 uA
C Input capacitance 5 pF
A Vee =25V, lgy = -50 pA 225 24 v
VoH High-level
output voltage¥ Vecc=40V, gy =-04mA 3.2 3.6 \']
Vec=50V, lgy=-07mA 39 45 v
Vec = 6.0V, gy = -1.0 mA 46 54 %
Voc = 25V, lgL = 0.4 mA 02 035]| V
VoL Lo v aget Vec=40V, g -16mA 04 08| V
Vec=50V, lgL=25mA 0.6 11 \Y
Vec =60V, IlgL=34mA 0.8 1.4 \
Ve =25V, Vou =225V 005 -0.2 mA
loH  Qutplt source Ve =40V, Vou =32V 04 14 mA
Vee=50V, Vogy =39V -0.7 -2.2 mA
Vcc =60V, Voy =46V -1.0 -3.3 mA
. Vec =25V, VoL =035V 04 09 mA
oL Qutput sink Vec=40V, Vo =08V 16 35 mA
Vec=50V., VgL =11V 25 5.5 mA
Vec = 6.0V, Vo =14V 34 80 mA

T Vec=5V, Ta =25C

% Output levels ensure 400 mV of noise margin over specified input levels.
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Table 4-69. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 6.0 MHz, Voc =56V 9.0 144 mA
fosc = 3.0 MHz, Vcc =5V 4.5 7.2 mA

lcc Operating mode fosc =05 MHz, Ve =56V 0.8 1.2 mA
fosc =ZMHz, V=5V 1.5 2.4 |[mA/MHz
fosc = 0.5 MHz, Voo =25V 370 800 HA
fosc = 6.0 MHz, Ve =5V 960 1920 pA
fosc = 3.0 MHz, Ve =5V 480 960 MA

lcc Wake-Up mode fosc =05 MHz, V=5V 80 160 HA

(timer active)
fosc=ZMHz, Vec=5V 160 320 |pA/MHz
fosc = 0.5 MHz, Vgc =25V 40 80 WA
fosc = 6.0 MHz, Vo =5V 480 980 HA

lcc Halt osc-on fosc =3.0MHz, Vee=5V 240 500 MA
fosc = 0.5 MHz, Ve =5V 45 100 uA
fosc =ZMHz Ve =5V See Note 2 pA
fosc = 0.5 MHz, Vg =25V 25 60 WA
lcc Halt osc-off Vec=25t06V 1 10 WA

Notes: 1. Allinputs = V¢ or Vgg (except XTAL2). All output pins are open.
2. Maximum current = 160(Z) + 20 pA
3. Icc applies to the supply current of the SE70CP160A without an EPROM device in-
stalled.
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Table 4-70. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONT|)EI$TONS MIN TYPT MAX | UNIT
Vec =25V 0.5 08| MHz
f Crystal frequency Vec 40V ] 05 401 MHz
os¢ Vcc=50V| 05 6.0 | MHz
Ve =60V 0.5 65| MHz
CLKIN duty cycle 45 55 %
Vec =25V | 1250 2000 ns
) Ve =40V 250 2000 ns
te(P) Crystal cycle timet Vec=50V| 166 2000 s
Vec =60V 153 2000 ns
Vee =25V | 2500 4000 ns
) Vec =40V | 500 4000 ns
te(c) Internal state cycle time Vo =50V| 333 2000 -
Vec =60V | 306 4000 ns
tw(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
t CLKIN rise time 30 ns
tf CLKIN fall time 30 ns
tg(pL-cH) CLKIN fall to CLKOUT rise delay 140 250 ns
t Vec=5V,Ta=25C
1 See Section 3.4 for Recommended Clock Connections.
le—tc(P)

= Lt
”—Wr_t" : in—d(PL-CH)

| —l_l—twrH)
LN e WaAWa aW Al
U= =t

CLKOUT * \ ;‘ \ /
——tetc)—|

Figure 4-50. Clock Timing
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4.12 SE70CP162 Specifications

These specifications are for wide-voltage operation. For operation at 5 V
+10%, see Section 4.9. Be sure to use an EPROM that uses similar supply
voltage specifications.

Table 4-71. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vot i -0.3Vto7V
Input voltage range ........... .

Output voltage range .........ccccoeeevveenenns .
Maximum 1/0 buffer current (Per Pin) .......cooeoeriiiieieiinenceeee e +10 mA
Storage temperature range .............c.....
Icc: Iss (maximum into pin 25 0or 40) ..o +60 mA

T Unless otherwise noted, all voltages are with respect to Vgg.

Caution:

Stresses beyond those listed under ”“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions beyond those indicated in the
"Recommended Operating Conditions” section of this specifi-
cation is not implied. Exposure to absolute maximum rated
conditions for extended periods may affect device reliability.

Table 4-72. Recommended Operating Conditions

MIN NOM MAX | UNIT

Vee Supply voltage 2.5 6.0 \
MC and XTAL2 pins, 0.8V v
Vec=25t06V 8Vcc

. . All other input pins,

ViH High-level input voltage Vec=3t06V 0.70V cc \
All other input pins,
Vec=25t03V 0.75V ¢cc , v
MC and XTAL2 pins, 0.2V Vv

, Vee =25t06V cc

ViL Low-level input voltage - -
All other input pins, 0.3V cc Vv
Veg=25t06V

Ta Operating free-air temperature 0 55 °C

4-76



Electrical Specifications - SE70CP162 CMOS Prototyping Device

Table 4-73. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Iy Input current A“,'}%ﬁ,l:,'st/\}:\"\‘ =:Vvssssotfo\</cccc +0.1 +5 HA
C Input capacitance ' 5 pF
. Vec =25V, loy = -50 pA 2.25 24 \%
VoH High-level
output voltaget Veec=40V, loH = -0.4 mA 3.2 3.6 \
Vec=50V, Igy=-07mA | 39 45 v
Vec=6.0V, loH = -1.0 mA 4.6 5.4 \
Vec =25V, gL = 0.4 mA 02 035| V
VoL Lo Ve aget Vec =40V, oL =16 mA 04 08| V
Vee =50V, loL = 2.5 mA 0.6 1.1 \
Vee =60V, g =34mA 08 14| v
Vec =25V, Vou=225V | -50 -200 pA
lon Qe source Voo =40V, Vou-32V | 04 14 mA
Vcc=50V, Voyq=39V 07 -2.2 mA
Vec =60V, Vou =46V 1.0 -33 mA
' Vec =25V, Vg =035V 04 09 mA
oL Qutput sink Veo=40V, VoL-08V 16 35 mA
Vee =50V, VoL=11V 25 55 mA
Vec =60V, Vg =14V 34 80 mA

Vee =5V, Ta =25°C
Output levels ensure 400 mV of noise margin over specified input levels.
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Table 4-74. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 6.0 MHz, Voc = 5.0V 14.6 21 mA
fosc = 3.0 MHz, Vec = 5.0V 7.2 105 mA

lcc Operating mode fosc = 0.5 MHz, Vg =5.0V 1.2 1.8 mA
n fosc =2 MHz, Vgc=5.0V 2.4 3.5 {mA/MHz
fosc = 0.6 MHz, Voo = 2.5V 04 12| mA
lcc Wake-Up mode 1 fosc = 6.0 MHz, Vcc =50V 2400 5600 MA
one timer and
ART active) f osc = 3.0 MHz, Ve = 5.0 V 1200 3300 uA
f osc = 0.5 MHz,Vce = 5.0V 250 800 uA
lcc Wake-Up mode 2 fosc = 6.0 MHz, Vcc =5.0V 960 3400 HA

(AR mer active. f oec = 3.0 MHz, Ve = 5.0 V 480 2000 | A
f osc = 0.5 MHz, Vgc =5.0V 140 550 uA

lcc  Wake-Up mode 3 f osc = 6.0 MHz, Ve =50V 1500 2400 pA

(UART active only) f osc = 3.0 MHz, Vgc =5.0V 800 1500 uA
fosc = 0.5 MHz, Voc = 5.0V 180 600 | pA

lcc Halt osc-on fosc = 6.0 MHz 480 1120 WA
f osc = 3.0 MHz 240 560 uA
f osc = 1.0 MHz 80 200 WA
fosc = Z MHz (See Note 3.) WA
lcc Halt osc-off 5 10 A

Notes: 1. Allinputs = Vg or Vgg (except XTAL2). All output pins are open.
2. lcc applies to the supply current of the SE70CP162 without an EPROM device installed.
3. Maximum current = 180(Z) + 20 pA.
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Table 4-75. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONTDEI'SI'TONS MIN TYPT MAX | UNIT
Ve =25V 0.5 08| MHz
fosc Crystal frequency Vec 40V ] 0% 50 | MHe
Vec=50V| 05 70| MHz
Vee =60V 0.5 75| MHz
CLKIN duty cycle . 45 55 %
Vec =25V | 1250 2000 ns
. Vec =40V | 200 2000 ns
te(P) Crystal cycle time? Vec-50V| 143 2000 s
Vec =60V | 133 2000 ns
Vee = 2.5V | 2500 4000 ns
. Vee =4.0V | 400 4000 ns
te(C) Internal state cycle time Voo =50v]| 286 2000 o~
Vcc =6.0V | 267 4000 ns
tw(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
ty CLKIN rise time 30 ns
t CLKIN fall time 30 ns
tg(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns
T Vee =5V, Ta = 25°C
1 See Section 3.4 for Recommended Clock Connections.
r——‘c(P)-':
tr
_.: r‘_'ﬂ P—'f; _’i }‘—td(PL-_c_:) le—tw(PH)
| — l—twiPL)
CLKouT
!'—'°‘°)—1|

Figure 4-51. Clock Timing
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4.12.1 Serial Port Timing

4.12.1.1 Internal Serial Clock

oweor "L LMLLLL

—»  le—td(cL-sD) |
8CLK | I L

— e tdicL-TD) |
™D X ™D

tdRD-cL) —¥ fe—

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t¢(c).

PARAMETER TYP UNIT
tq(cr-sy)  CLKOUT low to SCLK low 1/4 te(cy ns
tq(cL-Tp)y CLKOUT low to new TXD data 1/4 te(cy ns
tq(Rp-cL) RXD data valid before CLKOUT low 1/4 t oy ns
t4(RD) RXD data valid time 1/2 to(cy ns

4.12.1.2 External Serial Clock

¢ *id(CL-8) le——ttdicL-8)
SCLK —“\:t—td(SE-TD)—-ﬂ / 777 7

le——tdteB-T0) ——

td(RD) He—!

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT =t
3) SCLK sampleé i)f SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
t4(rp-cL) RXD data valid before CLKOUT low _1/4t (o) ns
t4(RD) RXD data valid time 1/2 to(cy) ns
tq(sp-Tp) Start of SCLK sample to new TXD data 31/4t¢cy ns
ty(se-Tpy End of SCLK sample to new TXD data 21/4t () ns
t4(crL.s)  Clockout low to SCLK transition tc(C) ns

4-80



The TMS7000 Assembler

b
-t

—t






Section b

The TMS7000 Assembler

TMS7000 Assembly Language instructions are mnemonic operation codes (or
mnemonics) that correspond directly to binary machine instructions. An as-
sembly language program (source program) must be converted to a machine
language program (object program) by a process called assembling before a
computer can execute it. Assembling converts the mnemonics to binary values
and associates those values with binary addresses, creating machine language
instructions. Assembler directives, discussed in Section 5.5, control this pro-
cess, place data in the object program, and assign values to the symbols used
in the object program.

TMS7000 assembly language is processed by a two-pass Macro Assembler
that executes on a host computer. During the first pass the assembler:

1)  Maintains the Location Counter,
2) Builds a symbol table, and
3) Produces a copy of the source code.

During the second pass the assembler:

1)  Reads the copy of the source code and
2) Assembles the object code using the opcodes and symbol table pro-
duced during the first pass.

This section discusses the following topics:

Section Page
5.1 Source Statement FOrmMat ...........cccoccveveeninnninnciiiicrciceeieeseereenes 5-2
5.2 CONSIANTS ..oooueeciicieeeeieeieeeeee e st e e sre s st see s e e e esene e sasebsesae s sansenns 5-4
5.3 SYMDOIS .ot st s s 5-6
B.4  EXPIESSIONS ..oouieirieeiiireeeeiteeaesee et et eseeseesaeere s s e e s ssssas et ann e anns 5-8
5.5 Assembler Directives ........ccccoceeverenncne ..5-12
5.6 Symbolic Addressing Techniques .... ...5-47
5.7 Assembler OQutput .......ccccceoirciieeienne ... 5-48
5.8 ODbjJect CoUE ..ot s 5-53
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The TMS7000 Assembler - Source Statement Format

5.1 Source Statement Format

5-2

An assembly language source program consists of source statements that may
contain assembler directives, machine instructions, pseudo-instructions, or
comments. Source statements may contain four ordered fields - label, com-
mand, operand, and comment. Source statements that have an asterisk (*) in
the first character position are comments and do not affect the assembly.

The syntax for source statements other than comment lines is:
[<label>] <mnemonic> [<operand>] [<comment>]
where:

® The label and comments fields are optional.

® One or more blank spaces must separate each field.
(] A statement must start with either a label or a blank space.

Note that square brackets ([ and 1) indicate an optional entry.

Figure 5-1 illustrates one method of entering source statements. Labels begin
in column 1, opcodes in column 8, operands in column 14, and comments in
column 26. The assembler produces the three left hand numbers. The first is
the statement number, the second shows the program address, and the third
shows the data value.

K e e *
* EXAMPLE OF SOURCE PROGRAM INPUT *
K e o e e e e e o *

IDT 'EXAMPLE'
CLR B

LABEL1 MOVP P4,A
BTJZ %01,A,LABELl

END

Figure 5-1. Source Statement Format
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5.1.1 Label Field

The label field is optional for machine instructions and for many assembler
directives. If it is not used, the first character position must contain a blank.
The label begins in the first character position of the source statement and
extends to the first blank. It contains a symbol of up to 6 alphanumeric char-
acters; the first character must be a letter.

A source statement that contains only a label field is a valid statement. It as-
signs the current value of the location counter to the label, which is equivalent
to the following directive statement:

<label> EQU §

5.1.2 Command Field

The command field begins after the blank that terminates the label field. It is
terminated by one or more blanks and may not extend past the right margin.
If the label is omitted, the command can start in the second character position.
The command field can contain one of the following opcodes:

[ ] Machine-instruction mnemonic
[ User-defined instruction
[ ] Assembler directive

5.1.3 Operand Field

The operand field begins following the blank that ends the command field. It
may not extend past the right margin of the source record. The operand field
may contain one or more constants or expressions (described in Section 5.2
and Section 5.4) separated by commas. It is terminated by one or more
blanks.

5.1.4 Comment Field

The comment field begins after the blank that terminates the operand field (or
the blank that terminates the command field, if there are no operands). The
comment field can extend to the end of the source record, if required, and can
contain any ASCII character including blanks. The comment field contents
(up to the end of the input record) are listed in the assembly source listing but
do not affect the assembly.
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5.2 Constants

The assembler recognizes five types of constants, each internally maintained
as a 16-bit quantity:

{ Decimal integer constants
Binary integer constants
Hexadecimal integer constants

Character constants

Assembly-time constants

5.2.1 Decimal integer Constants

Decimal integer constants are written as strings of decimal digits, ranging from
-32,768 to +65,535. Positive decimal integer constants in the range 32,768
to 65,5635 are considered negative when interpreted by functions needing 2's
complement values.

These are valid decimal constants:

1000 Constant equal to 1000 or >3E8
-32768 Constant equal to -32768 or >8000
25 Constant equal to 25 or >19

65535 Constant equal to 65535 to >FFFF

5.2.2 Binary Integer Constants

5-4

Binary integer constants are written és strings of up to 16 binary digits (0/1)
preceded by a question mark (?). If less than 16 digits are specified, the as-
sembler right justifies the bits.

These are valid binary constants:

700010011 Constant equal to 19 or >13
?70111111111111111 Constant equal to 32767 or >7FFF
711110 Constant equal to 30 or >001E
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5.2.3 Hexadecimal Integer Constants

Hexadecimal integer constants are written as strings of up to four hexadecimal
digits preceded by a greater than sign (>). Hexadecimal digits include the
decimal values ‘0’ through '9’ and the letters ‘A’ through 'F'.

These are valid hexadecimal constants:

>78 Constant equal to 120

>F Constant equal to 15

>37AC Constant equal to 14252
5.2.4 Character Constants

Character constants are written as strings of one or two alphabetic characters
enclosed in single quotes. Two consecutive single quotes are required to re-
present a single quote in a character constant. The characters are represented
internally as 8-bit ASCII characters. A character constant consisting of only
two single quotes (no letter) is valid and is assigned the value >0000.

These are valid character constants:

'AB’ Represented internally as >4142

'c’ Represented internally as >43 or >0043

"N’ Represented internally as >4E or >004E
"D’ Represented internally as >2744

5.2.5 Assembly-Time Constants

Assembly-time constants are symbols assigned values by an EQU directive
(see the EQU directive). The symbol value is determined at assembly time. It
is considered to be absolute or relocatable according to the relocatability of
the expression, not according to the relocatability of the Location Counter
value. Absolute value symbols may be assigned values with expressions using
any of the above constant types.
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5.3 Symbols

Symbols are used in the label field and the operand field. A symbol is a string
of alphanumeric characters (A-Z, 0-9, and $). The first character in a symbol
must be A-Z or $. No character may be blank. When more than six characters
are used in a symbol, the assembler prints all the characters, but only recog-
nizes the first six characters during processing (the assembler also prints a
symbol truncation warning). Therefore, the first six characters of a symbol
should be unique. User-defined symbols are valid only during the assembly
in which they are defined.

Symbols used in the label field become symbolic addresses. They are associ-
ated with locations in the program and must not be used in the label field of
other statements. Mnemonic opcodes and assembler directive names may be
used as valid user-defined symbols in the label field.

Symbols used in the operand field must be defined in the assembly, usually
by appearing in the label field of a statement or in the operand field of a REF
or SREF directive.

These are examples of valid symbols:

START
ADD ‘
OPERATION

Each of these symbols will be assigned the value of the location where it ap-
pears in the label field. Note that the symbol OPERATION will be truncated
to OPERAT.

5.3.1 Predefined Symbols
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The dollar sign ($), register (Rn), and port (Pn) symbols are predefined. The
dollar sign represents the current value of the location counter. Register and
port symbols are in the form Rn and Pn, respectively, where n is a constant in
the range 0-255. All registers and peripheral file addresses should be defined
before they are used in instructions.

These are examples of valid predefined symbols:

$ The current location
RO Register O
P22 Peripheral Register 22

The symbo! ST (Status Register) is reserved and may not be re-defined.
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5.3.2 Terms

Terms are used in the operand field of machine instructions and assembler
directives. A term may be a binary, character, decimal or hexadecimal con-
stant, an absolute assembly-time constant or a label having an absolute value.

5.3.3 Character Strings

Several assembler directives require character strings as operands. A character
string is a string of characters enclosed in single quotes. Single quotes within
a character string are represented by two consecutive single quotes. The
maximum length of a string is defined for each directive that requires a char-
acter string. The characters are represented internally as 8-bit ASCII charac-
ters.

These are valid character strings:

'SAMPLE PROGRAM’ Defines a 14-character string, SAMPLE PRO-
GRAM

‘'PLAN 'C’'"' Defines an 8-character string, PLAN 'C’

'OPERATCR MESSAGE : PRESS START SWITCH’
Defines a 37-character string, OPERATOR MES-
SAGE : PRESS START SWITCH
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5.4 Expressions

Expressions are used in the operand fields of assembler directives and machine
instructions. An expression is a constant or symbol, a series of constants or
symbols, or a series of constants and symbols separated by arithmetic opera-
tors. Each constant or symbol may be preceded by a unary minus sign (-), a
unary plus sign (+), or the unary invert symbol (#). The # symbol causes the
value of the logical complement of the following constant or symbol to be
used. An expression may not contain embedded blanks. Symbols defined as
external references may be operands of arithmetic instructions within certain
limits, as described in Section 5.4.1.

5.4.1 Arithmetic Operators in Expressions
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The arithmetic operators used in expressions are:

+ Addition
- Subtraction
* Multiplication
/ Signed division

Logical not (inversion)
When the assembler evaluates an expression, it first negates symbols or con-
stants preceded by a minus (-) sign and then performs arithmetic operations
from left to right. The assembler does not assign precedence to any operation
other than unary plus or unary minus. All operations are integer operations;
any fractions produced by division are truncated.

For example, the expression 4+5*2 is evaluated as 18, not 14. The expression
7+1/2 is evaluated as 4; the expression 1/2+7 is evaluated as 7 (note trun-
cation).

The assembler checks for overflow conditions when arithmetic operations are
performed. It issues a warning message when an overflow occurs or when
the sign of the result is not as expected in respect to the operands and the
operation performed. Examples where a "VALUE TRUNCATED” message is
given are:

-2%>4000 >FFFE+2 -1*>8001
>8000%*2 ->8000-1 -2*>8000

When the immediate value is greater than >7F and you precede the value with
%#, signifying immediate and unary negation operations, the assembler cor-
rectly calculates the value but issues an error message. Ignore the EX-
PRESSION OUT OF BOUNDS error message. (Note that this problem has
been fixed in version 2.3 of the assembler.) The following example illustrates
this condition.
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TEST TMS7000 MACRO ASSEMBER
PAGE 0001
0001 *
0002 * DX-10 X-SUPPORT TEST SOFTWARE
0003 *
0004 IDT 'TEST'
0005 FO0O0 AORG >F000
0006 FO0O0 52 MOV %$>10,B
FOO1l 10
0007 F002 OD LDSP
0008 F0O03 01 IDLE
0009 FO04 28 ADD $#>40,A
FOO5 BF
0010 FOO6 28 ADD S#>TF,A
FO07 80
0011 F008 28 ADD %#>80,A
FO09 7F
****x*x**EXPRESSION OUT OF BOUNDS
0012 END

0001 ERROR, 0000 WARNINGS, LAST ERROR AT 0011

5.4.2 Logical Operands in Expressions

If a pound sign (#) precedes a number or an expression it is complemented.
All other arithmetic operations have precedence over the logical not (#) op-
eration, except where modified by parentheses.

5.4.3 Parentheses in Expressions

Use parentheses to alter the order of expression evaluation. Parenthetical ex-
pressions can be nested up to eight levels. The portion of an expression
within the innermost parentheses is evaluated first, then the next innermost
pair is evaluated, etc. When all parenthetical phrases have been evaluated, the
expression is evaluated from left to right. Evaluation of parenthetical phrases
at the same nesting level may be considered to be simultaneous.

This expression is evaluated as follows:
LAB1+((4+3)*7)
1) Add4to3

2)  Multiply 7 by 7
3) Add the value of LAB1 to 49
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5.4.4 Well-Defined Expressions

Some assembler directives require well-defined expréssions in operand fields.
Well-defined expressions contain only symbols or assembly-time constants
that are defined before they are encountered in the expression. The evaluation
of a well-defined expression must be absolute. A well-defined expression
must not contain a character constant.

5.4.5 Relocatable Symbols in Expressions

An expression that contains a relocatable symbol or relocatable constant im-
mediately following a multiplication or division operator is illegal. When the
result of evaluating an expression up to a multiplication or division operator
is relocatable, the expression is illegal.

If the current value of an expression is relocatable with respect to one relo-
catable section, a symbol of another section may not be included until the
value of the expression becomes absolute. Some examples of relocatable
symbols used in expressions are:

BLUE+1 The sum of the value of symbol BLUE plus one.

GREEN-4  The result of subtracting four from the value of symbol GREEN.

2*16+RED The sum of the value of symbol RED plus the product of two
and 16. o

440/2-RED The result of dividing 440 by two and subtracting the value of
symbol RED from the quotient. RED must be absolute.

Table 5-1 defines the relocatability of the result for each type of operator.

Table 5-1. Results of Operations on Absolute and Relocatable Items in
Expressions

A B A+B A-B AxB A/B
ABS ABS ABS ABS ABS ABS(B<>0)
ABS RELOC RELOC illegal t illegal
RELOC ABS RELOC RELOC b §

RELOC RELOC illegal A illegal illegal

T lllegal unless A equals zero or one. If A is one, the result is relocatable. If A is zero, the result is an
absolute zero.

% lllegal unless B equals zero or one. I B is one, the result is relocatable. If B is zero, the result is an

absolute zero.

lllegal uniess B equals one. If B equals one, the result is relocatable.

Illegal unless A and B are in the same relocatable segment. If A and B are in the same section, the result

is absolute.

4w
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5.4.6 Externally Defined Symbols in Expressions

Externally defined symbols (defined in REF and SREF directives) are allowed
in expressions under the following conditions:

1)  Only one externally referenced symbol may be used in an expression.

2) The character preceding the referenced symbol must be a plus sign, a
blank, or a comma (the @ sign is not considered). The portion of the
expression preceding the symbol, if any, must be added to the symbol.

3)  The portion of the expression following the referenced symbo! must not
include multiplication, division, or logical operations on the symbol (as
for a relocatable symbol described in Section 5.4.5).

4)  The remainder of the expression following the referenced symbol must
be absolute.

The assembler limits the total number of external referenced symbols to 255
per module. Modules using more than 255 external symbols must be broken
into smaller modules for assembly and linked using the link editor.
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5.5 Assembler Directives

Assembler directives control the assembly process. This section discusses the
various categories of directives supported by the TMS7000 Assembler and
defines the directives in alphabetical order.

Directives that Affect the Location Counter

As the assembler reads program source statements it increments its Location
Counter. The Location Counter contents correspond to the memory locations
assigned to the resulting object code. Twelve directives, listed in Table 5-2
on page 5-13, affect the Location Counter. BES and BSS advance the Lo-
cation Counter to provide a block of program memory for the object code.
The EVEN directive ensures an even address word boundary. The remaining
nine directives initialize the Location Counter and define its value as relocata-
ble, absolute, or dummy.

Directives in this category include:

- AORG - CEND - DORG - PEND
- BES - CSEG - DSEG - PSEG
- BSS - DEND - EVEN - RORG

Directives that Affect Assembler Output

Directives that affect assembler output are mainly used to improve program
useability. The IDT directive supplies a program identifier; the five other di-
rectives affect the source listing.

- IDT - PAGE
- LIST - TITL
- OPTION - UNL

Directives that Initialize Constants

These directives assign values to successive bytes or words of the object code
(BYTE, DATA), place text characters in object code for display purposes
(TEXT), or initialize constants to be used during the assembly (EQU).

- BYTE - EQU
- DATA - TEXT

Directives for Linking Programs

The Link Editor resolves externally referenced symbols and definitions. These
directives help the Link Editor by identifying symbols and definitions that may
be used or defined by another program module. This allows separate program
modules to be assembled separately and integrated into an executable pro-
gram.

- DEF - REF
- LOAD - SREF

Miscellaneous Directives

This category includes those assembler directives not applicable to the other
categories:

- CopY
- END
- MLIB



The TMS7000 Assembler - Assembler Directives

Table 5-2. Summary of Assembler Directives

DIRECTIVES THAT AFFECT THE LOCATION COUNTER
MNEMONIC DIRECTIVE SYNTAX
AORG Absolute origin [<label>] AORG [<wd-exp> [<comment>]]
BES Block ending with symbol [<label>] BES <wd-exp> [<comment>]
BSS Block starting with symbol [<label>] BSS <wd-exp> [<comment>]
CEND Common segment end [<label>] CEND [<comment>]
CSEG Common segment [<label>] CSEG ['<string>’' [<comment>]]
DEND Data segment end [<label>] DEND [<comment>]
DORG Dummy origin [<label>] DORG [<exp> [<comment>]]
DSEG Data segment [<label>] DSEG [<comment>]
EVEN Even boundary [<label>] EVEN [<comment>]
PEND Program segment end [<label>] PEND [<comment>]
PSEG Program segment [<label>] PSEG [<comment>]
RORG Relocatable origin [<label>] RORG [<exp> [<comment>]]
DIRECTIVES THAT AFFECT ASSEMBLER OUTPUT
MNEMONIC DIRECTIVE SYNTAX
IDT Program identifier [<label>] IDT ’'<string>" [<comment>]
LIST Restart source listing [<label>] LIST [<comment>]
OPTION Output options [<label>] OPTION <option list> [<comment>]
PAGE Page eject [<label>] PAGE [<comment>]
TITL | Page title [<label>] TITL ‘<string>" [<comment>]
UNL Stop source listing [<label>] UNL [<comment>]
DIRECTIVES THAT INITIALIZE CONSTANTS
MNEMONIC DIRECTIVE SYNTAX
BYTE Initialize byte [<label>] BYTE <exp>[,<exp>] [<comment>]
DATA Initialize word [<label>] DATA <exp>[,<exp>] [<comment>] |
EQU Define assembly-time [<label>] EQU <exp> [<comment>]
constant
TEXT Initialize text [<label>] TEXT [-]'<string>' [<comment>]
DIRECTIVES FOR LINKING PROGRAMS
MNEMONIC DIRECTIVE SYNTAX
DEF External definition [<label>] DEF <symbol>[,<symbol>] [<comment>]
LOAD Force load [<label>] LOAD <symbol>[,<symbol>] [<comment>]
REF External reference [<label>] REF <symbol>[,<symbol>] [<comment>]
SREF Secondary external | [<label>] SREF <symbol>[,<symbol>] [<comment>]
reference
MISCELLANEQUS DIRECTIVES
MNEMONIC DIRECTIVE ’ SYNTAX
COPY Copy source file [<label>] COPY <filename> [<comment>]
END Program end [<label>] END [<symbol> [<comment>]]
MLIB Define macro library [<label>] MLIB ’<pathname>' [<comment>]




AORG Absolute Origin Directive
Syntax [<label>] AORG [<wd-exp> [<comment>]]
Fields Label Optional; if used, the label is assigned the same value that

Description

Example 1

Example 2
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AORG places in the Location Counter.

Operand  Optional; if used, the operand field must contain a well-de-
fined expression (<wd-exp>).

Comment Optional; may only be used with the operand field.

AORG loads the Location Counter with the first address of a segment of
absolute code. This address is usually specified by the operand. If no op-
erand is used, the value in the Location Counter equals the length of all
preceding absolute code. When no AORG directive is entered, the object
program does not include absolute addresses.

AORG >1000+X

Symbol X must be absolute and previously defined. If X has a value of 6,
the Location Counter is set to >1006. If a label had been included, it would
have been assigned the value >1006.

Avoid using AORG in object modules which will be linked. Linking a mo-
dule that contains an AORG directive may produce an //legal immediate tag

-encountered error at link time. Use the PSEG, CSEG, and DSEG directives

instead to identify the locations in the source code. Use the PROGRAM,
COMMON, and DATA commands in the link control file to define the lo-
cations.

The link control file will look similar to this example:

TASK MYPROG i

PROGRAM >F006 Program starting point (PSEG)

DATA >FFDO Trap and vector table stg pt (DSEG)
COMMON Additional starting location (CSEG)
INCLUDE FILE1l

INCLUDE FILE2

END



Block Ending with Symbol Directive BES

Syntax [<label>] BES <wd-exp> [<comment>]

Fields Label Optional; if used, the label is assigned the value of the lo-
cation following the block.

Operand Contains a well-defined expression that represents the num
ber of bytes to be added to the Location Counter.

Comment Optional

Description  BES increments the Location Counter by the operand value.

Example 1 BUFF2 BES >10

A 16-byte buffer is reserved. If the Location Counter had contained >100
when the directive was processed, BUFF2 would have been assigned the
value >110.



BSS Block Starting with Symbol Directive
Syntax [<label>] BSS <wd-exp> [<comment>]
Fields Label Optional; if used, a label is assigned the value of the location

, Description

Example
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of the first byte in the block.

Operand Contains a well-defined expression that represents the num-
ber of bytes to be added to the Location Counter.

Comment Optional
BSS increments the Location Counter by the operand value.

Avoid using the BSS directive for defining register names. Using BSS in
this manner may produce a Pass7/Pass2 operand conflict error at assembly
time. Use the EQU directive for defining register names. -

BUFF1 BSS 80 Card input buffer,

An 80-byte buffer is reserved starting at location BUFF1.



Initialize Byte Directive BYTE

Syntax [<label>] BYTE <exp>[,<exp>] [<comment>]

Fields Label Optional; if used, the label is assigned the location where the
assembler places the first byte.

Operand  Contains one or more expressions separated by commas.
These expressions cannot contain external references. The
assembler evaluates each expression and places the value in
a byte as an 8-bit number. If truncation is required, the as-
sembler prints a truncation warning message and puts the 8
LSbs of the value in the byte.

Comment Optional

Description BYTE places one or more values in one or more successive bytes of mem-
ory.

Example KONS BYTE >F+1,-1,'D'-'=',0,'AB'-'AA'

This example initializes five bytes, starting with a byte at location KONS.
The contents of the resulting bytes are 00010000, 11111111, 00000111,
00000000, and 00000001.



CEND Common Segment End Directive
Syntax [<label>] CEND [<comment>]
Fields Label Optional; if used, the label is assigned the value of the Lo-

Description
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cation Counter before modification.
Operand Not used
Comment Optional

CEND terminates the definition of a block of common-relocatable code by
placing a value in the Location Counter and defining succeeding locations
as program-relocatable. The Location Counter is set to one of the following
values:

[ ] The maximum value the Location Counter has ever attained by as-
sembling any preceding block of program-relocatable code.

(] Zero, if no program-relocatable code was previously assembled. .

If encountered in data- or program-relocatable code, this directive functions
as a DEND or PEND. CEND is invalid when used in absolute code.



Copy Source File Directive COPY

Syntax [<label>] COPY <filename> [<comment>]
Fields Label Optional

Operand Names a file that source statements are read from. The file
name may be:

® An access name recognized by the operating system
® A synonym form of an access name

Comment Optional

Description  COPY changes the source input for the assembler. A COPY directive may
be placed in a file being copied. Nested copying of files can be performed
by placing a COPY directive in a file being copied. The assembler limits
such nesting to eight levels; the host operating system may place additional
restrictions on nesting capabilities.

Example 1 COPY SFILE

This example causes the assembler to take its source statements from a file
SFILE. At the end-of-file for SFILE, the assembler resumes processing
source statements from the file or device previous to the COPY directive.
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CSEG

Common Segment Directive

Syntax
Fields

Description
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[<label>] CSEG ['<string>'[,<exp>] [<comment>]]

Label Optional; if used, the label is assigned the value placed in the
Location Counter.

Operand  Optional (see preceding Description).
Comment Optional; may only be used with the operand field.

CSEG begins or continues a common-relocatable segment (relocatable
with respect to a common segment) at the address in the Location Counter.
If the operand is not used, the CSEG directive defines the beginning of (or
continuation of) the blank common segment of the program.

When used, the operand field contains a character string of up to six char-
acters enclosed in quotes. (The assembler truncates strings that are longer
than six characters and prints a truncation error message.) If this string did
not previously appear as the operand of a CSEG directive, the assembler:

1)  Associates a new relocation section number with the operand,

2)  Sets the Location Counter to zero, and

3) Defines succeeding locations as relocatable with respect to the new
relocatable section.

If the operand string was previously used in a CSEG, the succeeding code
represents a continuation of the particular common segment associated
with the operand. The Location Counter is restored to the maximum value
attained during the previous assembly of any portion of that particular
common segment. The second operand, <exp>, specifies the memory
alignment for the beginning of the Section.

Common-relocatable code is normally terminated by a CEND directive, but
can also be terminated by the PSEG, DSEG, AORG, and END directives.
The CEND and PSEG directives define succeeding locations as program-
relocatable. The DSEG and AORG directives terminate the common seg-
ment by beginning a data or an absolute segment. The END directive
terminates the common segment and the program.

The CSEG directive permits construction and definition of independently
relocatable segments of data that several programs can access or reference
at execution time. Information placed in the object code by the assembler
permits the link editor to relocate all common segments independently and
make appropriate adjustments to all addresses that reference locations
within common segments. Locations within a common segment may be
referenced by several different programs if each program contains a CSEG
directive with the same operand or no operand.



Common Segment Directive CSEG

Example

COM1A CSEG 'ONE'

.

<Common-relocatable section, type 'ONE'>

CEND
COM2A  CSEG 'TWO "

<Common-relocatable section, type 'TWO'>

COM2B  CEND
COMIC CSEG 'ONE'

<Common-relocatable section, type 'ONE'>

COM1B  CEND

COM1L DA'i‘A COM1B-COM1A LENGTH OF SEGMENT 'ONE'
COoM2L DATA COM2B-COM2A LENGTH OF SEGMENT 'TWO'

The three blocks of code between the CSEG and CEND directives are
common-relocatable.

The first and third blocks are relocatable with respect to one common relo-
cation type; the second is relocatable with respect to another. The first and
third blocks comprise the common segment ‘ONE’; the value of the symbol
COM1L is the length in bytes of this segment.

The symbol COM2A is the symbolic address of the first word of the first
word of common segment ‘'TWQ’; COM2B is the common-relocatable (type
"TWO’) byte address of the location following the segment. (Note that the
symbols COM2B and COM1C are of different relocation types and possibly
different values.) The vaiue of the symbol COM2L is the length in bytes
of common segment " TWO'.
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DATA

Initialize Word Directive

Syntax

Fields

Description

Example

Example

TEST

0001

0002

0003

0004

0005 0000

0006

0007 0000

0008 0002

0009 0004

0010 0006
0008
000A

0011 000cC
000E

0012 0010

0013 0012

0014 0014

0015

0016

0017

0018

0019 0014

0020 0014
0016
0018

0021 001A
001C

[<label>] DATA <exp>[,<exp>] [<comment>]

Label Optional; if used, the label is assigned the location where the
assembler places the first word.

Operand Contains one or more expressions separated by commas. The
assembler evaluates each expression and places the value in
a word as a 16-bit number. Words are stored most significant
byte first, i.e., at the lower address.

Comment Optional

DATA places one or more values in one or more successive 2-byte words
of memory.

KONS1 DATA 3200,1+'AB',-'AF',>F4A0,'A'

This example initializes five words, starting with a word at location KONS1.
Thg c%r(t)tz?ts of the resulting words are >0C80, >4143, >BEBA, >F4A0,.
and > .

In a DATA directive statement with an operand of multiple fields, the as-
sembled value of the location counter symbol ($) will not be correctly
calculated if the $ is not in the first field (i.e., a correct value will be calcu-
lated for $ if it is in the first field of the DATA statement.) The following
example shows both cases. This example is for assembler revision 2.1.

7000 FAMILY MACRO ASSEMBLER DX2.1 83.074 15:23:38
7/25/84
PAGE 0001

Ihkhkkhkhkkhkhkhkhkhkhhhhhhhhhkhhkhkhrhkhkkhkhkhkhkkhkkkhkk

* This is an example which produces *
B x

* correct values
***************************************

IDT éTEST $!

0009 DATA

0008 DATA 8

0004' DATA S CORRECT VALUE FOR $
0006' DATA 5,8,9 CORRECT VALUE FOR $
0008

0009

OOOF' DATA $+3,7+1 CORRECT VALUE FOR $
0008 DATA 7+1

0015' DATA $+3 CORRECT VALUE FOR §
khkkkkhkhkkkhkhkhkhkkhhkhkhkhkkhhkhkkhhkhhkhkhkhhhkkikk
* This is an example which produces :

* incorrect values for $
khkhkhkkhkhkhkkhkkhkkkkhkkhhkhkhkhkhkhkhkkhhkhrhkhkkhkkkkki

0009 DATA 9,8,$ INCORRECT VALUE FOR §

0008 DATA 7+1,8+3 INCORRECT VALUE FOR §

0022 END
NO ERRORS, NO WARNINGS
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External Definition Directive DEF

Syntax [<label>] DEF <symbol>[,<symbol>] [<comment>]

Fields Label Optional; if used, the label assumes the current value of the
" Location Counter.

Operand Contains one or more symbols, separated by commas, to be
defined in the program being assembled.

Comment Optional

Description DEF makes one or more symbols available to other programs for reference.
All symbols used in the DEF statement must be defined in the same module.

Example 1 DEF ENTER,ANS

This example causes the assembler to include symbols ENTER and ANS in
the object code; these symbols are available to other programs.
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DEND Data Segment End Directive
Syntax [<data>] DEND [<commenf>]
Fields Label Optional; if used, the label is assigned the value of the Lo-

Description
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cation Counter before modification.
Operand Not used
Comment Optional

DEND terminates a block of data-relocatable code and defines succeeding
locations as program-relocatable. One of two values is placed in the Lo-
cation Counter:

1)  The maximum value attained by the Location Counter as a result of
assembling the preceding block of program-relocatable code

2)  Zero, if no program-relocatable code was previously assembled

If encountered in common-relocatable or program-relocatable code, DEND
functions as a CEND or PEND, and the assembler issues a warning mes-
sage. Like CEND and PEND, DEND is invalid in absolute code.



Dummy Origin Directive DORG

Syntax
Fields

Description

Example 1

Example 2

[<label>] DORG [<exp> [<comment>]]

Label Optional; when used, the label is assigned the same value that
is placed in the Location Counter.

Operand Optional; when used, it contains an expression <exp> that
can be either absolute or relocatable. Any symbol in the ex-
pression must have been previously defined.

When the operand field is absolute, the Location Counter is
assigned the absolute value. When the operand is relocatable,
the Location Counter is assigned the relocatable value and the
same relocation type as the operand. When this occurs, space
is reserved in the section that has that relocation type.

Comment Optional

DORG loads the Location Counter with the beginning address of a dummy
block or section. This address is specified by the operand. The assembler
does not generate code for a dummy section, but operates normally in all
other respects. The symbols that describe the dummy section layout are
available when the remainder of the program is assembled.

DORG O

The assembler assigns values relative to the start of the dummy section to
the labels within the dummy section. This example is appropriate for de-
fining a data structure. The executable portion of the module (following the
RORG directive) should use the labels of the dummy section as relative
addresses. In this manner, the data is available to the procedure regardless
of the memory area into which the data is loaded.

RORG O

. (code as desired)
DORG  $

: (data segment)

END

This is appropriate for the executable portion (procedure division) of a
procedure that is common to more than one task. The code corresponding
to the dummy section must be assembled in another program module. In
this manner, separate data portions (dummy sections) are available to the
procedure portion.

The DORG directive may also be used with data-relocatable or common-
relocatable operands to specify dummy data or common segments.
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DORG Dummy Origin Directive
Example 3 CSEG: 'COM1'
DORG § "$" has a common-relocatable
. value
LAB1 DATA $
MASK DATA >F000
CEND

In this example, no object code is generated to initialize the common seg-
ment COM1, but space is reserved and all common-relocatable labels de-
scribing the structure of the common block (including LAB1 and MASK)
are available for use throughout the program.
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Data Segment Directive DSEG

Syntax [<label>] DSEG [<comment>]

Fields Label Optional; if used, the label is assigned the data-relocatable
value placed in the Location Counter.

Operand Not used
Comment Optional

Description DSEG begins a block of data-relocatable code at the address in the Lo-
cation Counter. Data-relocatable blocks comprise the data segment of a
program. The data segment can be relocated independently of the program
segment at link-edit time. This separates modifiable data from executable
code.

A data-relocatable block is normaily terminated by a DEND directive. It can
also be terminated by a PSEG, CSEG, AORG, or END directive. The PSEG
and DEND directives identify succeeding locations as program-relocatable.
The CSEG and AORG directives terminate the data segment by beginning
a common or an absolute segment, respectively. The END directive termi-
nates the data segment and the program.

The Location Counter is initially set to zero.

Example 1 RAM DSEG Start of data area

.

éData-relocatable code>

ERAM  DEND

LRAM EQU ERAM-RAM
The block of code between the DSEG and DEND directives is data-relo-
catable. RAM is the symbolic address of the first word of this block; ERAM

is the data-relocatable byte address of the location following the code
block. The value of the symbol LRAM is the length in bytes of the block.
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Program End Directive

END
Syntax [<label>] END [<symbol> ‘[<comment>]]
Fields Label Optional; if used, the label assumes the current value of the

Description

Example
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Location Counter.

Operand Optional; when used, the operand contains a program-relo-
: catable or absolute symbol that specifies the program entry-
point. [f the operand is not used, no entry point is placed in

the object code.

Comment Optional; may only be used with the operand field.

" END terminates the assembly. It should be the last source statement

of a program. Any source statements following the END directive are
considered part of the next assembly.

END START

This example terminates program assembly. The assembler also places the
value of START in the object code as an entry point.



Define Assembly-Time Constant Directive EQU

Syntax <label> EQU <exp> [<comment>]

Fields Label A symbol that will be assigned the operand’s value.
Operand An expression whose value is assigned to the label.
Comment Optional

Description EQU assigns a value to a symbol.

Note:

<exp> may not contain a REF'd symbol or forward references.

Example SUM EQU R5

This example assigns an absolute value to the symbol SUM, making SUM
available to use as a register address. A register should always be defined
before it is used.

Example TIME EQU HOURS

This example assigns the value of the previously defined symbol HOURS
to the symbol TIME. When HOURS appears in the label field of a machine
instruction in a relocatable block of the program, the value is a relocatable
value. The two symbols may be used interchangeably. Symbols in the
operand field must be previously defined.
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EVEN Even Boundary Directive
Syntax [<label>] EVEN [<comment>]
Fields Label Optional; if used, the label is assigned the value in the Lo-
cation Counter after the directive is processed.
Operand Not used
Comment Optional
Description EVEN places the Location Counter on the next word boundary (even byte

Example 1
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address). When the Location Counter is already on an even boundary, the
Location Counter is not altered.

WRF1 EVEN

Assures that the Location Counter contains an even boundary address and
assigns the Location Counter address to label WRF1.



Program Ildentifier Directive IDT

Syntax
Fields

Description

Example

[<label>] IDT ’‘<string>' [<comment>]

Label Optional; if used, the label is assigned the current value of the
Location Counter.

Operand  Contains the module name <string>, a character string of up
to eight characters enclosed in single quotes. The assembler
truncates strings that are longer than eight characters and
prints a truncation error message.

Comment Optional

IDT assigns a name to the object module produced.

IDT 'CONVERT'

This example assigns the name CONVERT to the module being assembled.
The module name is printed in the source listing as the operand of the IDT
directive and appears in the page heading of the source listing. The module
name is also placed in the object code and is used by the link editor for
automatic entry-point resolution. A routine whose entry point is to be au-
tomatically resolved by the link editor must be declared as the 'string’ on the
IDT statement for that module. The entry point must also be REF’d in this
case.

Note:

Although the Assembler accepts lowercase letters and special charac-
ters within the quotes, ROM loaders (for example) will not. Therefore,
only uppercase letters and numerals are recommended.
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LIST Restart Source Listing Directive
Syntax [<label>] LIST [<comment>]
Fields Label Optional; if used, the label assumes the current value of the
Location Counter.
Operand Not used
Comment Optional; if used, the assembler does not print the comment.
Description  LIST restores printing of the source listing after it was cancelled by a UNL
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directive. This directive is not printed in the source listing, but the line
counter increments.



Force Load Directive

LOAD

Syntax
Fields

Description

Example 1

[<label>] LOAD <symbol>[,<symbol>] [<comment>]

Label

Operand

Optional

Contains one or more symbols, separated by commas, to be

used in the operand field of a subsequent source statement.

Comment Optional

The LOAD directive is like a REF, but the symbol does not need to be used
in the module containing the LOAD. The symbol used in the LOAD must

be defined in some other module. LOADs are used with SREFs.

If one-

to-one matching of LOAD and DEF symbols does not occur, then unre-
solved references will occur during link editing.

MODULE A1 MODULE A2 MODULE A3
LOAD C, D LOAD C LOADE, F
Y v L

MODULEB ¥
SREF C, D, E F

TA

DATA D

DATA E

DATA F
4

\ 4 y A 4 A 4
DEF C DEF D DEF E DEF F
MODULE C MODULE D MODULE E MODULE F

Module A1 uses a branch table in module B to obtain one module C,

D,E orF.

Module A1 knows which of module C, D, E, and F it requires.

Module B has an SREF for C, D, E, and F.
Module C has a DEF for C.
Module D has a DEF for D.
Module E has a DEF for E.
Module F has a DEF for F.

Module A1 has a LOAD for the modules C and D it needs.

Module A2 has a LOAD for the module C it needs.

Module A3 has a LOAD for the modules E and F it needs.
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LOAD

Force Load Directive
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The LOAD and SREF directives permit module B to be written to handle a
highly involved case and still be linked together without unnecessary mo-
dules since A1 only has LOAD directives for the modules it needs.

When a link edit is performed, automatic symbol resolutions will pull in the
modules appearing in the LOAD directives.

If the link control file included A1 and A2, modules C and D would be
pulled in while modules E and F would not be pulled in. If the link control
file included A3, modules E and F would be pulled in while modules C and
D would not be pulled in. If the link control file included A2, module C
would be pulled in while modules D, E, and F would not be pulled in.



Define Macro Library Directive MLIB

Syntax
Fields

Description

Example

Example

[<label>] MLIB ‘<pathname>' [<comment>]

Label Optional; if used, the label assumes the current value of the
Location Counter.

Operand  Contains the pathname, a character string of up to 48 char-
acters enclosed in single quotes. Longer strings produce
truncation error messages.

Comment Optional

The MLIB directive provides the assembler with the name of a library con-
taining macro definitions. The operand is a directory pathname (con-
structed according to the host operating system conventions) enclosed in
single quotes (see IDT and TITL directives). This directive is defined only
for hosts that support libraries on hard disks.

Note:

Neither the assembler nor its runtime support have access to the oper-
ating system’s synonym table, and so cannot expand pathnames. The
use of synonyms prevents finding any macros in that library.

MLIB 'MYVOLUME.MACDIR.CMPXMACS.NEWMACS'
MLIB 'USER32.BIGPROJ.MYTASK.MACROS'

This example causes the macro function, when the program finds a macro
call SUBMAC (not previously defined), to search first for a file named
USER32.BIGPROJ.MYTASK.MACROS.SUBMAC, and then if that file
isn't found, to search for a file named MYVOLUME .MACDIR.-
CMPXMACS .NEWMACS.SUBMAC, in that order.

On a VAX/VMS system, a pathname would be specified as follows:

MLIB ‘'DRCO: [MOORE.ASM32]'

The following program segment illustrates macro library use for an
MS/PC-DOS system.

MLIB 'E:' Pathname must be a drive name
. Typical assembly code

XMAC First macro call

YMAC Another macro call

END

The assembler will search the drive specified by the MLIB directive for a file
with the same name as the macro. The macro name cannot have an ex-
tension. Only one macro is allowed per file.
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OPTION Output Options Directive
Syntax OPTION  <option-list>
Fields Label Not used

Operand <option-list> (see preceding Description)

Description
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Comment Not used

OPTION selects several options for the assembler listing output. The <op-
tion-list> operand is a list of keywords separated by commas. Each key-
word selects one of the following listing features:

BUNLST:
DUNLST:
TUNLST:
FUNLST:

XREF:
NOLIST:

SYMLST:

Limit the listing of BYTE directives to one line

Limit the listing of DATA directives to one line

Limit the listing of TEXT directives to one Ime

Turn off all unlist options

Produce a symbol cross-reference listing

Inhibit all listing output (this overrides the LIST directive)
Produce a symbol listing in the object file, no symbols are put
in the listing file



Eject Page Directive PAGE

Syntax [<page>] PAGE [<comment>]

Fields Label Optional; if used, the label assumes the current value of the
Location Counter.

Operand Not used
Comment Optional; if used, the assembler does not print the comment.

Description  PAGE prints the source program listing on a new page. The PAGE directive
is not printed in the source listing, but the line counter increments.

Example 1 PAGE

The assembler begins a new page of the source listing. The next source
statement is the first statement listed on the new page. Using the PAGE
directive to separate source listing into logical divisions improves program
documentation.
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PEND Program Segment End Directive
Syntax [<>Iabel>] PEND [<comment>]
Fields Label Optional; if used, the label is assigned the value of the Lo-
cation Counter before modification.
Operand Not used
Comment Optional
Description  The PEND directive is the program-segment counterpart of the DEND and
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CEND directives. It begins a section of program-relocatable code at the
address in the Location Counter. The value placed in the Location Counter
is the maximum value it attained by assembling all preceding program-re-
locatable code. It is invalid when used in absolute code.



Program Segment Directive PSEG

Syntax [<label>] PSEG [<comment>]
Fields Label Optional; if used, the label is assigned the value placed in the
Location Counter.
Operand  Optional
Comment Optional
Description  PSEG begins a program-relocatable segment at the address in the Location
Counter. The Location Counter is set to one of the following values:
(] The maximum value the Location Counter has attained by assembling
any preceding block of program-relocatable code.
° Zero, if no program-relocatable code was previously assembled.
The PSEG directive is the program-segment counterpart of the DSEG and
CSEG directives. Together, the three directives provide a consistent method
of defining the various types of relocatable segments. The following se-
quences of directives are functionally equivalent.
SEQUENCE 1 SEQUENCE 2
DSEG DSEG
<ﬁata—relocatable code> <Data-relocatable code>
DEND .
CSEG CSEG

.

<Common-relocatable code> <Common-relocatable code>

CEND
PSEG

PEND

END

PSEG

.

<Program-relocatable code> <Program-relocatable code>

.

END
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REF External Reference Directive
Syntax [<label>] REF <symbol>[,<symbol>] [<comment>]
Fields Label Optional; if used, the label assumes the current value of the

Description

Example 1
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Location Counter.

Operand Contains one or more symbols, separated by commas, to be
i used in the operand field of a subsequent source statement.

Comment Optional

REF provides access to one or more symbols defined in other programs. If
a symbol is listed in the REF statement, then a corresponding symbol must
also be present in a DEF statement in another source module. If the symbol
is not defined in another module, then an error occurs at link edit time. The
system generates a summary list of all unresolved references.

REF ARG1,ARG2

This example causes the assembler to include symbols ARG1 and ARG2 in
the object code so that the corresponding addresses may be obtained from
other programs.



Relocatable Origin Directive RORG

Syntax
Fields

Description

Example

[<label>] RORG [<exp> [<comment>]]

Label Optional; if used, the label is assigned the same value that is
placed in the Location Counter.

Operand Optional; when used, the operand must be a relocatable ex-
pression (<exp>). It can only contain previously defined
symbols.

Comment Optional; may only be used with the operand field.

RORG places a value in the Location Counter. If encountered in absolute
code, RORG also defines succeeding locations as program-relocatable. The
operand usually specifies the value placed in the Location Counter. If the
operand is not used, the Location Counter is replaced by:

[ ] The current maximum length of the program segment of the program,
if RORG appears in absolute or program-relocatable code.

° The maximum length of the data segment if RORG appears in data-
relocatable code.

[ ] The maximum length of the common segment if RORG appears in
common-relocatable code.

The length of the program-, data-, or common-relocatable segment, at any
time during assembly, is determined by either of the following:

1)  The maximum value the Location Counter has ever attained as a result
of the assembly of any preceding block of relocatable code.
2)  Zero, if no relocatable code has been previously assembled.

Since the Location Counter begins at zero, the length of a segment and the
next available address within that segment are identical.

If RORG appears in absolute code, a relocatable operand must be pro-
gram-relocatable. In relocatable code, the operand’s relocation type (data,
common, or program) must match that of the current location counter.

In absolute code RORG places the operand value in the Location Counter
and changes the Location Counter’s relocation type to program-relocatable.
In relocatable code RORG places the operand value in the Location Counter
but does not change the Location Counter’s relocation type.

RORG $-10 Overlay ten bytes

The $ symbol contains the value of the current location. This example sets
the Location Counter to the current location less ten bytes. The instructions
and directives following the RORG directive replace the ten previously as-
sembled words of relocatable code, permitting correction of the program
without removing source records. If a label had been included, the label
would have been assigned the value placed in the Location Counter.
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RORG

Relocatable Origin Directive

Example
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SEG2 RORG

The Location Counter contents depend upon preceding source statements.
Assume that after defining data for a program that occupies >44 bytes, an
AORG directive initiates an absolute block of code. The absolute block is
followed by the RORG directive from the preceding example. This places
>0044 in the Location Counter and defines the Location Counter as relo-
catable. Symbol SEG2 is a relocatable value, >0044. The RORG directive
from the above example would have no effect except at the end of an ab-
solute block or a dummy block.



Secondary External Reference Directive SREF

Syntax
Fields

Description

Example 1

[<label>] SREF <symbol>[,<symbol>] [<comment>]

Label Optional; if used, the label assumes the current value of the
Location Counter.

Operand Contains one or more symbols, separated by commas, to be
used in the operand field of a subsequent source statement.

Comment Optional

SREF provides access to one or more symbols defined in other programs.
Unlike REF, SREF does not require a symbol to have a corresponding
symbol listed in a DEF statement of another source module. The SREF'd
symbol will be an unresolved reference but no error message will be pro-
duced.

SREF ARG1,ARG2

This example causes the link editor to include symbols ARG1 and ARG2 in
the object code so that the corresponding addresses may be obtained from
other programs.
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TEXT

Initialize Text Directive
Syntax [<label>] TEXT [-]'<string>’ [<comment>]
Fields Label Optional; if used, the label is assigned the location where the

Description

Example

Example
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assembler places the first character.

Operand  Contains a character string of up to 52 characters enclosed in
single quotes; it may be preceded by a unary minus sign.

Comment Optional

TEXT places one or more characters in successive bytes of memory. The
assembler negates the last character of the string when the string is pre-
ceded by a minus (-) sign (unary minus).

MSG1 TEXT 'EXAMPLE' Message heading

This example places the 8-bit ASCI| representations of the characters in
successive bytes. When the Location Counter is on an even address, the
result is >4558, >414D, >504C, and >45xx. >xx, the contents of the
rightmost byte of the fourth word, are determined by the next source state-
ment. The label MSG1 is assigned the value of the first byte address, con-
taining >45.

MSG2 TEXT -'NUMBER'
When the Location Counter is on an even address, the result is >4E55,

>4D42, and >45AE. The label MSG2 is assigned the value of the byte
address in which >4E is placed.



Page Title Directive TITL

Syntax
Fields

Description

Example 1

[<label>] TITL ‘<string>’ [<comment>]

Label Optional; if used, the label assumes the current value of the
Location Counter.

Operand Contains the title (<string>), a character string of up to 50
characters enclosed in single quotes. The assembler truncates
a string longer than 50 characters and prints a truncation error
message.

Comment Optional; the assembler does not print the comment but does
increment the line counter.

TITL supplies a title to be printed in the heading of each page of the source
listing. The title is printed on the next page after TITL is processed, and on
subsequent pages until another TITL directive is processed. The TITL di-
rective must be the first source statement submitted to the assembler if a
title heading is desired on the listing’s first page. This directive is not
printed in the source listing.

TITL '**REPORT GENERATOR**'

This example prints the title **REPORT GENERATOR** in the page head-
ings of the source listing.
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UNL Stop Source Listing Directive

Syntax [<label>] UNL [<comment>]

Fields Label Optional; if used, the label assumes the value of the Location
Counter.

Description
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Operand Not used
Comment Optional; if used, the assembler does not print the comment.

UNL halts the source listing output until a LIST directive is processed. It
is not printed in the source listing, but the source line counter is incre-
mented. This directive is frequently used in MACRO definitions to inhibit
the listing of the macro expansion. It is useful for reducing assembly time
and the size of the source listing. .



The TMS7000 Assembler - Symbolic Addressing Techniques

5.6 Symbolic Addressing Techniques
The assembler processes symbolic memory addresses for addressing registers.

The following example illustrates this type of coding:

SUM EQU R33 Assign SUM for
register 33
QUAN EQU R34 Assign QUAN for
register 34
ADD QUAN, SUM Add QUAN to SUM
* Store in SUM 5

.

The two initial EQU directives assign meaningful labels to be used as register
addresses in the subroutine.
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5.7 Assembler Output

This section discusses assembler output, including source listings, error mes-
sages, a cross reference listing, and object code.

5.7.1 Source Listing
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A source listing shows source statements and the object code they produce.

Each page of the source listing has a title line at the top. Any title supplied
by a TITL directive is printed on this line. A page number is printed to the right
of the title. A blank line follows the title line; subsequent lines contain the
assembled source statements. Each assembled source statement contains a
source statement number, a program counter value, the object code assem-
bled, and the source statement as entered. If a source statement produces
more than one byte of object code, the assembler prints the program counter
value and object code on a separate line for each additional byte. Each added
line is printed following the source statement line.

1 2 34 5

0018 F156 42 MOV  R10,R5
F157 OA
F158 05

The source statement number, 0018 in the example, is a 4-digit decimal
number. Source records are numbered in the order in which they are entered
including those source records that are not printed in the listing (TITL, LIST,
UNL, and PAGE directives are not listed; source records between a UNL di-
rective and a LIST directive are not listed). The difference between two con-
secutive source record numbers indicates if a source record was entered but
not listed. ‘

The next field on a line of the listing contains the program counter value
(hexadecimal). In the example, F156 is the program counter value. Not all
directives affect the program counter; the field is blank for those directives that
do not affect it (the IDT, REF, DEF, EQU, SREF, and END directives leave the
program counter field blank).

The third field normally contains a single blank. However, the assembler
places a dash in this field when warning errors are detected.

The fourth field contains the hexadecimal representation of the object code,
420A05 in the preceding example. Note that the assembler produces a line
containing the program counter value and the assembled object code for each
byte of object code. All machine instructions and the BYTE, DATA, and TEXT
directives use this field for object code. The EQU directive places the value
corresponding to the label in the object code field.

The fifth field contains the characters of the source statement as they were
scanned by the assembler. Spacing in this field is determined by the spacing
in the source statement. The four source statement fields will be aligned in the
listing only when they are aligned in the source statements or when tab char-
acters are used.
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5.7.2 Normal Completion Error Messages

The assembler issues two types of error messages: normal completion mes-
sages and abnormal completion messages (Section 5.7.3). When the assem-
bler completes an assembly, it indicates any errors it encounters in the
assembly listing. The assembler indicates errors following the source line in
which they occur. At the end of a module (IDT-END pair), the corresponding
messages are printed.

Table 5-3 lists error, warning, and information messages.

Table 5-3. Assembly Listing Errors

NONFATAL ERRORS

MESSAGE EXPLANATION/RESPONSE
WARNING = "CEND’ ASSUMED This is a warning that the following two state-
WARNING - 'DEND’ ASSUMED ments will produce:
WARNING - 'PEND’ ASSUMED CSEG 'DATA'
WARNING - 'DSEG’ ASSUMED DSEG
WARNING - SYMBOL TRUNCATED The maximum length for a symbol is six characters.
WARNING - STRING TRUNCATED Check the syntax for the directive in question to

determine the maximum length for the string.

WARNING -~ TRAILING OPERAND(S)

WARNING - BYTE VALUE TRUNCATED A value that is to be used as a byte value was lar-
ger than can be loaded into a byte.

**LAST WARNING

FATAL ERRORS

MESSAGE EXPLANATION/RESPONSE
ABSOLUTE VALUE REQUIRED
DISPLACEMENT TOO BIG An instruction with an operand with a fixed upper
limit was encountered that overflowed this limit.
INVALID EXPRESSION This may indicate invalid use of a relocatable
symbol in arithmetic.
EXPRESSION OUT OF BOUNDS There is a range limit for the value being used that
was exceeded.
DUPLICATE DEFINITION The symbol appears as an operand of a REF state-

ment, as well as in the label field of the source,
OR, the symbol appears more than once in the la-
bel field of the source.

INVALID RELOCATION TYPE The type of variable isn’t relocatable.

INVALID OPCODE The second field of the source record contained
an entry that is not a defined instruction, directive,
pseudo-op, DXOP, DFOP, or macro name.

INVALID OPTION The option given in the OPTION directive are in-
valid.
INVALID REGISTER VALUE The given register value is too large or too small.
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Table 5-3. Assembly Listing Errors (Concluded)

FATAL ERRORS (CONTINUED) .

MESSAGE

EXPLANATION/RESPONSE

INVALID SYMBOL

The symbol being used has invalid characters in it.

VALUE TRUNCATED

The value used was too big for the field, so it has
been truncated.

SYMBOL USED IN BOTH REF AND DEF

Symbol cannot be both referenced and defined in
the same module.

COPY FILE OPEN ERROR

File does not exist or is already being used.

EXPRESSION SYNTAX ERROR

Unbalanced parentheses OR invalid operations on
relocatable symboils.

INVALID ABSOLUTE CODE DIRECTIVE

The directive PEND, DEND and CEND have no
meaning in absolute code.

LABEL REQUIRED BLANK MISSING

A blank is needed but one was not found. (Usu-
ally the blank is required in column 1.)

COMMA MISSING

Expected a comma but did not find one. Usually
means that more operands were expected.

COPY FILENAME MISSING
INDIRECT (") MISSING

The indirect addressing (*) was needed.

SYMBOL REQUIRED
OPERAND MISSING

There was no operand field.

REGISTER REQUIRED

A register should be used rather than a label or an
absolute number.

CLOSE (') MISSING
STRING REQUIRED

TEXT directive used with no text following.

PASS1/PASS2 OPERAND CONFLICT

The symbols in the symbol table did not have the
same value in PASS1 and PASS2. Registers and
peripheral files should be defined before they are
used in an instruction. This error is also produced
when the BSS directive is used to define a register
name; use EQU instead.

SYNTAX ERROR

UNDEFINED SYMBOL

The symbol being used has not been REF’ed or it
has been DEF’ed but not used.

DIVIDE BY ZERO
ILLEGAL SHIFT COUNT
CANNOT INDEX BY REGISTER ZERO

The shift count being asked for is not valid.

INFORMATION MESSAGES

MESSAGE

EXPLANATION/RESPONSE

OPCODES REDEFINED

As a result of an MLIB directive, one or more as-
sembler opcodes has been redefined by a MACRO
within a MACRO directory. You should take action
if this is not intended.

MACROS REDEFINED

As a result of an MLIB directive, one or more cur-
rently defined macros has been redefined by a
MACRO (of the same name) with a MACRO di-
rectory. You should take action if this is not in-
tended.
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5.7.3 Abnormal Completion Error Messages

Most abnormal completion error messages are issued by the operating system
under which the assembly runs (messages in this category include those
concerned with file 1/0 errors). Refer to the applicable operating system ref-
erence manual for detailed information. Table 5-4 lists the abnormal error
messages.

Table 5-4. Abnormal Completion Error Messages

UNEXPECTED END OF PARSE

ERROR MAPPING PARSE ~ ASSEMBLER BUG
INVALID OPERATION ENCOUNTERED

NO OPCODE

INVALID LISTING ERROR ENCOUNTERED
SYMBOL TABLE ERROR
INVALID LIB COMMAND ID

UNKNOWN ERROR PASSED, CODE = XXXX
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5.7.4 Cross-Reference Listing
The assembler prints an optional cross-reference listing following the source

listing, as specified by the assembler OPTION directive. The format of the
listing is shown in Figure 5-2.

LABEL VALUE DEFN REFERENCES

ADDT 01A8 0325 0314

ADSR D 01A0 0316 0342 0343 0348 0349
GT 0006 0997

OBTCHN R 0088

SQUIB U 0127 0233

Figure 5-2. Cross-Reference Listing Format

As Figure 5-2 shows,

° The assembler prints each symbol defined or referenced in the assembly
in the label column. If a single character follows the symbol, it repres-
ents the symbol attribute. These symbol-attribute characters and their
meanings are listed in Table 5-5.

( The second (value) column contains a four-digit hexadecimal number,
the value assigned to the symbol. The number of the statement that
defines the symbol appears in

® the third (definition) column. This column is left blank for undefined
symbols.

(] The fourth (reference) column lists the source statement numbers that

reference the symbol. A blank in this column indicates that the symbol
was never used.

Table 5-5. Symbol Attributes

CHARACTER MEANING
R External reference (REF)
D External definition (DEF)
U Undefined
M Macro name
S Secondary reference (SREF)
L Force load (LOAD)
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5.8 Object Code

The assembler produces object code that may be linked to other code modules
or programs, and loaded directly into the computer. Object code consists of
records containing up to 71 ASCII characters. You can correct record data
manually for simple temporary changes for debugging. This prevents a lengthy
re-assembly but it causes problems if you don’t update the source. Figure 5-3
shows an example of object code.

SAMPLE 1 - ACTUAL CODE OUTPUT

KOOOOTESTPROGOF006B327BBB5ABBO0O02BCAFBB5246BODA2BO000BA242B0O2A27F113F
B2003BA2FFBO9A2BFFOBBA222BOAA2B4408B5208BD502BA2FOBOBCFBE32EB78047FOF6F |
B0292BOAB0OBOAA2BOOOAB230FBE2EFBD202BBDE7BFB4DB0203BE206B4202B03727F127F
B1004B7D02B04E7BO3DABO4DOBE205BD204B7401BO5S0AB72FFBO30A9F862*0B7F1D5F i
9FFF4BF862BF862BF862BF862BF862BF0067F7A4F

TESTPROG 11/28/84 15:59: 3 ASMMLP 2.1 83.074

SAMPLE 2 - EXPANDED CODE WITH KEYS (REFERENCE ONLY)
KOOOOTESTPROGOF006B327BBB5ABBO002BCAFBB5246BODA2BO0O00OBA242B02A27F113F

12 3 45 67 8 9 10
*88BF800B71EFBF788BF822B7 lEF*88BF848B7lEF*88BF87lB7 1EFBF788BF89781111F
11 12 13

BFFACB9CO19FFFEBF8C47FAD1F

: TESTPROG 11/28/84 15:59: 3 ASMMLP 2.1 83.074

16

1) K — Begins each program

2) 0000 - Bytes of relocable code, always O for final linked code

3) TESTPROG - Name from the IDT statement of the program

4) 8 - Address follows

5) FO06 - Beginning address

6) B - 16-bit word follows

7) 327B - 16-bit word, MSB first

8) 7 — Checksum follows

9) F113 - Checksum (2's complement of the sum of all ASCII characters prior to and including
the 7 tag)

10) F-End of line

11) * - 8-bit byte to follow

12) 8- Ignore checksum - useful when object code patching

13) 1111 - Any 4 numbers can follow an 8 tag

14) 9 - Address follows

15) FFFE — Address of vector area

16) : - Last line of object module

Note: Table 5-6 provides an explanation of the tag characters.

Figure 5-3. Sample Object Code
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5.8.1 Object' Code Format

Formatted object code contains records made up of fields sandwiched be-
tween tag characters. The specific tag character, defined by the assembler or
linker, specifies the function of the fields with which it is associated. A tag
character occupies the first position on each line of object code and identifies
the fields it precedes to the loader. Table 5-6 details the various tag characters
and their associated fields. Table 5-7 lists field and tag character information.

Table 5-6. Tag Characters

TAG
CHARACTER DESCRIPTION

K Placed at the beginning of each program; followed by two fields.

Fields

- Field one contains the number of bytes of program relocatable code.

- Field two contains the program identifier assigned to the program by an |DT directive.
When no IDT directive is entered, field two is blank.

The linker uses the program identifier to identify the program, and the number of bytes

of program-relocatable code to determine the load bias for the next module or program.

M Used when data or common segments are defined in the program; followed by three
fields.

Fields

- Field one contains the length, in bytes, of data- or common-relocatable code.

- Field two contains the data or common segment identifier, and field three contains a
"common number.” The identifier is a six-character field containing the name $DATA
(padded on the right by one blank) for data segments and $BLANK for blank common
segments. |f a named common segment appears in the program, an M tag will appear
in the object code with an identifier field corresponding to the operand in the defining
CSEG directive(s).

- Field three consists of a four-character hexadecimal number defining a unique com-
mon number to be used by other tags that reference or initialize data of that particular
segment. For data segments, this common number is always zero. For common
segments (including blank common), the common numbers are assigned in increas-
ing order, beginning at one and ending with the number of different common seg-
ments. The maximum number of common segments that a program may contain is
127.

1,2 Used with entry addresses.

Fields

- The associated field is used by the linker to determine the entry point in which exe-
cution starts when linking is complete.

Tag character 1 is used when the entry address is absolute; tag character 2 when the

address is relocatable. The field lists the address in hexadecimal form.

3,4,X Tag characters 3, 4, and X are used for external references. Tag character 3 is used when
the last appearance of the externally referenced symbol is in program-relocatable code;
tag character 4 when it is in absolute code; and the X tag when it is in data- or com-
mon-relocatable code. Tag characters 3 and 4 are associated with two fields. Tag
character X may identify one additional field.

Fields

- Field one contains the location of the last appearance of the symbol.

- Field two contains the symbol itself.

- Field three is only used to supply the common number for the X tag.
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Table 5-6. Tag Characters (Continued)

TAG
CHARACTER DESCRIPTION

E Used for external references. An E tag is used when a nonzero quantity is to be added

to a reference.

Fields

- Field 1 identifies the reference by occurrence in the object code (0, 1, 2, ...). In other
words, the value in field one is an index into references identified by 3, 4, V, X, Y and
Z tags in the object code. The list is maintained by order of occurrence (i.e., the first
entry in the list is the symbol located in field two of the first 3, 4, V, X, Y, or Z tag).

- Field 2 contains the value to be added to the reference after the reference is resolved.

@ Used for external references of an 8-bit value. It serves the same purpose for 8-bit va-
lues that the E-tag serves for 16-bit values.

5 6 W Used for external definitions. Tag character 5 is used when the location is program-
relocatable. Tag character 6 is used when the location is absolute. Tag character W is
used when the location is data- or common-relocatable. The fields are used by the
linker to provide the desired linking to the external definition.

Fields

- Field one contains the location of the last appearance of the symbol.
- Field two contains the symbol of the external definition.

- Field three of tag character W contains the common number.

7 Precedes the checksum, and is placed at the end of the set of fields in the record. The
checksum is an error detection word and is formed as the record is being written. It is
the two’'s complement of the sum of the 8-bit ASCII values of the characters of the re-
cord from the first tag of the record through the checksum tag, 7.

g,A S P Used with load addresses, required for data words that are to be placed at other than
the next immediate memory addresses. Tag character 9 is used when the load address
is absolute. Tag character A is used when the load address is program-relocatable. Tag
character S is used when the load address is data-relocatable. Tag character P is used
when the load address is common-relocatable.

Fields
- Field one contains the load address.
- Field two is only present for tag character P and contains the common number.

*, B, C, T, N | Used with data words. Tag characters * and B are used when the data is absolute (i.e.,
an instruction word or a word that contains text characters or absolute constants). Tag
* is used for absolute byte data (8 bits) and B is used for absolute word data (16 bits).
Tag character C is used for a word that contains a program-relocatable address. Tag
character T is used for a word that contains a data-relocatable address. Tag character
N is used for a word that contains a common-relocatable address.

Fields

- Field one contains the data word. The linker places the data word in the memory
location specified in the preceding load address field or in the memory location that
follows the preceding data word.

- Field two is only used with N and contains the common number.

G, H J Used when the symbol table option is specified. Tag character G is used when the lo-
cation or value of the symbol is program-relocatable, tag character H is used when the
location or value of the symbol is absolute, and tag character J is used when the lo-
cation or value of the symbol is data- or common-reiocatable.

Fields

- Field one contains the location or value of the symbol.

- Field two contains the symbol to which the location is assigned.

- Field three is used with tag character J only and contains the common number.
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Table 5-6. Tag Characters (Concluded)

TAG
CHARACTER

DESCRIPTION

Generated by the LOAD directive. The symbol specified is treated as if it were the value
specified in an INCLUDE command to the linker.

Fields
- Field one contains zeros.
- Field two contains the symbol for which the loader will search for a definition.

Used for secondary external references. Tag character V is used when the last appear-
ance of the externally referenced symbol is in program-relocatable code; tag character
Y when it is in absolute code; and the Z tag when it is in data- or common-relocatable
code. Tag characters V and Y are associated with two fields. Tag character Z may
identify one additional field.

Fields

- Field one contains the location of the last appearance of the symbol.
- Field two contains the symbol itself.

- Field three is only used to supply the common number for the Z tag.

Also associated with the checksum field, but used when the checksum field is to be
ignored.

Specifies a load bias. Its lone associated field contains the absolute address that will
be used by a loader to relocate object code. The Link Editor does not accept the D tag.

Placed at the end of the record. It may be followed by blanks.
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The end of each record is identified by the tag character 7 followed by the
checksum field and the tag character F (this data is described above). The
assembler fills the rest of the record with blanks and a sequence number and
begins a new record with the appropriate tag character.

The last record of an object module has a colon (i) in the first character posi-
tion of the record, followed by blanks or time and date identifying data.

Table 5-7 defines the 'object record format and tags.



The TMS7000 Assembler - Object Code

Table 5-7. Object Record Format and Tags :
TAG | 1ST FIELD ] 2ND FIELD T 3RD FIELD ‘
|

MODULE DEFINITION
K PSEG Length Program ID (8)
M DSEG Length SDATA 0000
M Blank Common l.ength $BLANK Common #
M CSEG Length Common Name (6) Common #
ENTRY POINT DEFINITION
1 Absolute Address
2 P-R Address
LOAD ADDRESS
9 ABSOLUTE ADDRESS
A P-R Address
S D-R Address
P C-R Address Common or CBSEG # ‘
DATA
¥ Absolute 8-bit Value (2)
B Absolute 16-bit Value
C P-R Address
T D-R Address
N C-R Address Common or CBSEG #
EXTERNAL DEFINITIONS
6 Absolute Value Symbol (6
5 P-R Address Symbol (6
w D-R/C-R Address Symbol (6 Common #
EXTERNAL REFERENCES
3 P-R Address of Chain Symbol (6
4 Absolute Address of Chain | Symbol (6
X D-R/C-R Address of Chain | Symbol (6 Common *
E Symbol Index Number Absolute Offset
@ Symbol Index Number Offset (2) Mask (2)
SYMBOL DEFINITIONS
G P-R Address Symbol (6
H Absolute Value Symbol (6
J D-R/C-R Address Symbol (6 Common #
FORCE EXTERNAL LINK
U 1 0000 | Symbol (6)
SECONDARY EXTERNAL REFERENCE
\ P-R Address of Chain Entry | Symbol (6)
Y Absolute Address of Chain | Symbol 6;
Z D—-R/C-R Address of Chain | Symbol (6 Common #
CHECK SUM
7 | Value ] |
IGNORE CHECK SUM
8 | Any Value | |
LOAD BIAS
D | Absolute Address ] ]
END OF RECORD
F_ 1 | |
END OF OBJECT MODULE
[ ! ]

Notes: 1. All field widths are four characters unless otherwise specified by numbers in parenthesis.
2. If the first tag is 01 (hex), the file is in compressed object format.
3. P-R Program segment relative (address)
D-R Data segment relative (address 1
C-R Common segment relative (address) |

5-57



The TMS7000 Assembler - Object Code

5.8.1.1 External References in Object Code

The Link Editor allows the use of external references in the object code. (See
Section 7.)

5.8.1.2 Changing Object Code
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In most cases, changing the object code is not the recommended way to cor-
rect errors in a program. All changes or corrections to a program should be
made in the source code, then the program should be re-assembled. Failure
to follow this procedure can make subsequent program correction or mainte-
nance impossible. The information in the following paragraphs is intended for
those rare instances when re-assembly is not possible. Any changes made
directly to the object code should be thoroughly documented so that the pro-
grammers who come later can see what the program actually does, not what
the source code says that it does.

To correct the object code without re-assembling a program, change the ob-
ject code by changing or adding one or more records. One additional tag
character is recognized by the loader to permit specifying an abolute address
that will be used to relocate object code. The additional tag character, D, may
be used in object records changed or added manually.

Tag character D is followed by a load bias (offset) value. The loader uses this
value instead of the load bias computed by the loader itself. The loader adds
the load bias to all relocatable entry addresses, external references, external
definitions, load addresses, and data. The effect of the D tag character is to
specify that area of memory into which the loader loads the program. The tag
character D and the associated field must be placed ahead of the object code
generated by the assembler.

Correcting the object code may require only changing a character or a word
in an object code record. You may duplicate the record up to the character
or word in error, replace the incorrect data with the correct data, and duplicate
the remainder of the record up to the seven tag character. The changes will
cause a checksum error when the checksum is verified as the record is loaded,
SO you must:

® Change the 7 tag character to an 8 tag character, in which case the
checksum value is ignored,
or

[ Recalculate the checksum.

When more extensive changes are required, you may write an additional object
code record or records. Begin each record with a tag character 9, A, S, or P,
followed by an absolute load address or a relocatable load address. This may
be an address into which an existing object code record places a different va-
lue. The new value on the new record will override the other value when the
new record follows the other record in the loading sequence. Follow the load
address with a tag character *, B, C, T, or N and an absolute data word or a
relocatable data word. Additional data words preceded by appropriate tag
characters may follow. When additional data is to be placed at a nonsequen-
tial address, write another load address tag character followed by the load
address and data words preceded by tag characters. When the record is full,
or all changes have been written, write tag character F to end the record.
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When additional relocatable memory locations are loaded as a result of
changes, you must change field one of tag character K, which contains the
number of bytes of relocatable code. For example, if the object field written
by the assembler contained 1000 hex bytes of relocatable code and you have
added eight bytes in a new object record, additional memory locations will be
loaded. You must find the K tag character in the object code file and change
the value following the tag character from 1000 to 1008; you must also
change the tag character 7 to 8 in that record, or recalculate the checksum.

When added records place corrected data in locations previously loaded, the

added records must follow the incorrect records. The loader processes the

records as they are read from the object file, and the last record that affects a n
given memory location determines the contents of that location at execution

time.

The object code records that contain the external definition fields, the external
reference fields, the entry address field, and the final program start field must
follow all other object records. An additional field or record may be added to
include reference to a program identifier. The tag character is 4, and the hex-
adecimal field contains zeros. The second field contains the first six characters
of the IDT character string. External definitions may be added using tag
character 5 or 6 followed by the relocatable or absolute address, respectively.
The second field contains the defined symbol, filled to the right with blanks
when the symbol contains less than six characters.

Note:

Both object code to be linked and object code to be downloaded can be
changed without re-assembling the program. The link editor, though, will
not accept tag character D in changed or added object records.
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Section 6

Assembly Language Instruction Set |
————-—-———————-———‘

The TMS7000 instruction set contains 61 instructions that control input, out- . 1
put, data manipulation, data comparison, and program flow. The instruction *
set can be divided into eight functional categories:

Arithmetic Instructions
Branch and Jump Instructions
Compare Instructions

Control Instructions

Load and Move Instructions
Logical Instructions

Shift Instructions

1/0 Instructions

Note:

TMS70x2 and TMS70Cx2 devices have 256 bytes of on-chip RAM; their
register locations range from R0-R255. TMS70x0 and TMS70Cx0 de-
vices have 128 bytes of on-chip RAM; their register locations range from
RO-R127.

Topics in this section include:

Section
6.1  DefiMitiONS ..ccceeeiiiieee e e
6.2 Addressing Modes
6.3  InStruction Set OVEIVIEW ........ccoeveeuiieiieeeeeeec et e e s esar e 6-9




Assembly Language Instruction Set - Definitions

6.1 Definitions

Table 6-1 lists and defines the symbols used in the instruction set.

Table 6-1. TMS7000 Symbol Definitions

SYMBOL DEFINITION SYMBOL,| DEFINITION
A Register A or RO in Register File B Register B or R1 in Register File
Rn Register n of Register File Pn Port n of Peripheral File (0 € n < 255)
s Source operand d Destination operand
Rs Source register in Register File Ps Source register in Peripheral File
(0 s < 2565)
Rd Destination register in Register File Pd Destination in Peripheral File
(0 £ d < 255)
Rp Register pair iop Immediate operand
ST Status Register SP Stack Pointer
PC Program Counter pcn Location of the next instruction
$ Current value of Program Counter b Bit number, as in b7 (0 £ b < 7)
offset Relative Address (offset = ta - pcn) ta Target Address (ta = offset + pcn)
@ Indicates an address or label % Indicates immediate operand
* Indicates Indirect Register File I<XADDR>| Indicates an extended address
Addressing mode operand
? Binary number > Hexadecimal number
MSB Most significant byte LSB Least significant byte
MSb Most significant bit LSb Least significant bit
cnd Condition () - Contents of
- Is assigned to « Becomes equal to
[] Indicates an optional entry. <> Indicates something that must be typed
The brackets themselves are not in. For example, <offset> indicates that
entered. an offset must be entered. The brackets
themselves are not entered.
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6.2 Addressing Modes

TMS7000 Assembly Language supports eight addressing modes, listed in Ta-
ble 6-2. Addressing modes that use 16-bit operands are sometimes referred
to as extended addressing modes.

Table 6-2. TMS7000 Addressing Modes

ADDRESSING MODE EXAMPLE
Single Register LABEL DEC B
INC R45
CLR R23
Dual Register LABEL MOV B,A
ADD A,R17
CMP R32,R73
Peripheral File LABEL XORP A,P17
MOVP P42,B
Immediate LABEL AND %$>C5,R55
ANDP $VALUE,P32
BTJO %>D6,R80,LABEL
Program Counter Relative LABEL1 JMP LABEL ‘
DJNZ A,LABEL
BTJO %$>16,R12,LABEL
BTJOP B,P7,LABEL
Direct Memory LABEL LDA @>F3D4
CMPA @LABEL
Register File Indirect LABEL STA *R43
Indexed LABEL2 BR @LABEL (B)
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6.2.1 Single Register Addressing Mode

6.2.2 Dual

SOURCE

Single Register Addressing mode instructions use a single register that con-
tains an 8-bit operand. The register can be specified as Rn, where n is the
Register File number in the range 0-127 or 0-255, depending upon the
amount of on-chip RAM available.

A and B can denote RO and R1, respectively. Single Register Addressing
mode instructions that use registers A and B are also called implied operand
instructions.

Single Register Addressing mode instructions that specify Rn are called sing/e
operand instructions. Figure 6-1 illustrates the object code generated by a
single operand instruction for the the following cases:

Case 1: <inst> A
<inst> B
Case 2: <inst> Rn
CASE 1 CASE 2

Figure 6-1. Single Register Addressing Mode Object Code

Register Addressing Mode

Dual Register Addressing mode instructions use a source and a destination
register that contain 8-bit operands. Assembly language syntax specifies the
source register before the destination register. Figure 6-2 illustrates the byte
requirements for all dual addressing instructions including the unique re-
quirements of the Move instructions using this addressing mode.

DESTINATION DESTINATION
A B Rd A B

A 2 1 2 SOURCE A 2 2 3
B 1 2 2 B 1 2 3
iop 2 2 3 iop 2 2 3
Rs 2 2 3 Rs 2 2 3
Bytes Needed for Bytes Needed for all

Move Instructions Other Instructions

Figure 6-2. Dual Register Addressing Mode Byte Requirements
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6.2.3 Peripheral-File Addressing Mode

Peripheral-File Addressing mode instructions perform 1/0O tasks. Each PF re-
gister is an 8-bit port that can be referred to as Pn.

Four instructions use Peripheral-File Addressing mode:

® MOVP,
[ ) ANDP,
° ORP, and
[ ) XORP.

These instructions may use Register A or B as the source register and Pn as
the destination register. MOVP may also be executed using Pn as the source
register and A or B as the destination register. (BTJOP and BTJZP are also
Peripheral-File instructions. but they have a different format.) Figure 6-3 il-
lustrates the byte requirements of the instructions using the Peripheral-File
Addressing mode.

DESTINATION DESTINATION
A B Pd Pd
SOURCE A 2 SOURCE A 3
B 2 B 3
iop 3 iop 4
Ps 2 2
Bytes Needed for Bytes Needed for all
ANDP, ORP, and MOVP BTJOP and BTJZP
Instructions Instructions

Figure 6-3. Peripheral-File Addressing Mode Byte Requirements
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6.2.4 Immediate Addressing Mode

Immediate Addressing mode instructions use an immediate 8-bit operand. The

immediate operand can be a constant value or a label preceded by a percent
sign (%). The MOVD instruction uses 16-bit immediate operands in two
special formats. Figure 6-4 illustrates the simplest case of an instruction using
this mode.

(PC) OPCODE

(PC +1)

Figure 6-4. Immediate Addressing Mode Object Code

6.2.5 Program Counter Relative Addressing Mode
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All Jump instructions use Program Counter Relative Addressing mode. The
assembly language source statement for a jump instruction always includes a
target address (ta). The microcomputer uses the target address to calculate
an offset as follows: offset = ta - pcn, where pcn is the location of the next
instruction and -128 < ra < 127. Figure 6-5 illustrates object code generated
by a Jump instruction. .

3

e OM—<m Z o o

g
R

.
(PC +n)

Figure 6-5. Program Counter Relative Addressing Mode Object
Code
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6.2.6 Direct Memory Addressing Mode

Direct Addressing mode instructions use a 16-bit address that contains the
operand. The 16-bit address is preceded by an @ sign and can be written as
a constant value or as a label. Figure 6-6 shows how the object code pro-
duced by an instruction using the Direct Memory Addressing mode generates
a 16-bit effective address. ’

(PC) OPCODE

(PC + 1) ADDR MSB

» 16-BIT EFFECTIVE
ADDRESS

ol

(PC +2) ADDR LSB

Figure 6-6. Direct Memory Addressing Mode Object Code

6.2.7 Register File Indirect Addressing Mode

Register File Indirect Addressing mode instructions use the contents of a reg-
ister pair as a 16-bit effective address. The indirect Register File address is
written as a register number (Rn) preceded by an asterisk (*), i.e.. *Rn. The
LSB of the address is contained in Rn, and the MSB of the address is con-
tained in the previous register (Rn-1). Figure 6-7 shows how the object code
produced by an instruction using Register File Indirect Addressing mode
generates a 16-bit effective address.

(PC) OPCODE RR-2

Rn-1 16-BIT

EFFECTIVE
posr— ] . oo e,

Rn+1

Figure 6-7. Register File Indirect Addressing Mode Object Code
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6.2.8 Indexed Addressing Mode

6-8

Indexed Addressing mode instructions generate a 16-bit address by adding
the contents of the B Register to a 16-bit direct memory address. The as-
sembly language statement for the Indexed Addressing mode contains the di-
rect memory address written as a 16-bit constant value or a label, preceded
by an @ sign and followed by a B in parentheses: @LABEL(B). The addition
automatically transfers any carries into the MSB. Figure 6-8 illustrates how
the object code produced by an instruction using the Indexed Addressing
mode generates a 16-bit effective address. Do not confuse this mode with the
MOVD (Move Double) instruction’s addressing mode.

(PC) | OPCODE

16-BIT
EFFECTIVE
ADDRESS

(PC+2) ADDR LSB

Figure 6-8. Indexed Addressing Mode Object Code



Assembly Language Instruction Set - Overview

6.3 Instruction Set Overview

Table 6-3 lists all instruction formats, opcodes, byte lengths, cycles/instruc-
tion, operand types, status bits affected, and an operational description.

The TMS7000 Assembly Language instructions are presented in alphabetical
order following the instruction overview table. All instructions may have op-
tional labels preceding the mnemonic and comments following the operands.
Labels, mnemonics, operands, and comments must be separated by at least
one space:

START MOVP %>00,P0 Initialize to single chip

The byte count for each instruction may be determined from its instruction
type and its operands.
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Table 6-3. TMS7000 Family Instruction Overview

MNEMONIC OPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
Te(gc) |C N 2 1}
ADC BA 69 1 5 R R R x| (s) + (d) + (C) = (d)
Rs,A 19 2 8 Add the source, destination, and carry bit
Rs,B 39 2 8 together. Store at the destination address.
Rs,Rd 49 3 10
%iop,A 29 2 7
%iop,B 59 2 7
%iop,Rd 79 3 9
ADD B,A 68 | 1 5 R R R x| (s) +(d) = (d)
Rs,A 18 2 8 Add the source and destination operands at
Rs,B 38 2 8 the destination address.
Rs,Rd 48 3 10
%iop,A 28 2 7
%iop, B 58 2 7
%iop, Rd 78 3 9
AND B,A 63 1 5 0 R R x| (s) .AND. (d) = (d)
Rs,A 13 2 8 AND the source and destination operands
Rs,B 33 2 8 together and store at the destination
Rs,Rd 43 3 10 address.
%iop,A 23 2 7
%iop,B 53 2 7
%iop, Rd 73 3 9
ANDP A Pd 83 2 10 0 R R x| (s) .AND. (Pn) = (Pn)
B,Pd 93 2 9 AND the source and destination operands
%iop,Pd A3 3 11 together, and store at the destination
address.
1) 0 RR x
BTJO B,A Ofst 66 2 7 (9) If (s) .AND. (d) # O,
Rn,A,Ofst 16 3 |10 (12) then (PC) + offset = (PC)
Rn,B,0fst 36 3 |10 (12) If the AND of the source and destination
Rn,Rd,Ofst 46 4 112 (14) operands # 0, the PC will be modified to
%iop,A, Ofst 26 3 9 (11) include the offset.
%iop, B,Ofst 56 3 9 (11)
%iop,Rn,Ofst | 76 4 111 (13)
(1) 0 RR x
BTJOP A,Pn,Ofst 86 3 |11 (13) If (s) .AND. (Pn) # O,
B,Pn,Ofst 96 3 110 (12) then (PC) + offset > (PC)
%>iop,Pn,Ofst| A6 4 112 (14) If the AND of the source and destination
operands # 0, the PC will be modified to
include the offset.
(1) 0 R R x
BTJZ B,A Ofst 67 2 7 (9) If (s) .AND. NOT(d) # O,
Rn,A,Ofst 17 3 |10 (12) then (PC) + offset = (PC)
Rn,B,0Ofst 37 3 110 (12) If the AND of the source and NOT(destina-
Rn,Rf,Ofst 47 4 112 (14) tion operands # O, the PC will be modi-
%>iop,A,Ofst | 27 3 9 (11) fied to include the offset.
%>iop,B,0fst | 57 3 9 (11)
%>iop,Rn,Ofst} 77 4 |11 (13)

Note: Add two to cycle count if branch is taken.

Legend:
0 Status Bit set always to 0.
1 Status Bit set always to 1.

R Status Bit set to a 1 or a 0 depending on results of operation.

x Status Bit not affected.
Bit () affected.
Ofst Offset
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Table 6-3. TMS7000 Family Instruction Overview (Continued)

MNEMONIC OPCODHBYTES] CYCLES | STATUS OPERATION DESCRIPTION
Te(gcy [C N Z |
(1) 0 R R x
BTJZP A, Pn,Ofst 87 3 |11 (13) If (s) .AND. NOT(Pn) # O,
B,Pn,Ofst 97 3 110(12) then (PC) + offset = (PC)
%>iop,Pn,Ofst] A7 4 112 (14) If the AND of the source and NOT (desti-
nation) operands # 0, the PC will be mo-
dified to include the offset.
BR @Label 8C 3 10 X x x x| (d) = (PC)
@Label(B) AC 3 12 The PC will be replaced with the contents
*Rn 9C 2 9 of the destination operand.
CALL @Label 8E 3 141 x x x x| (SP) +1 - (SP)
@Label(B) AE 3 16 (PC MSB) = ((SP))
*Rn 9E 2 13 (SP) +1 - (SP)
(PC LSB) = ((SP))
. Operand Address = (PC)
CLR A B5 1 50 0 1 x| 0 (d)
B C5 1 5 Clear the destination operand.
Rd D5 2 7
CLRC BO 1 6|0 R R x| 0= (C)
Clears the carry bit.
CMP BA 6D 1 5|R R R x| (d) - (s) computed
Rn,A 1D 2 8 Set flags on the result of the source
Rn,B 3D 2 8 operand subtracted from the destination
Rn,Rn 4D 3 10 operand.
%iop,A 2D 2 7
%iop,B 5D 2 7
%iop,Rn 7D 3 9
CMPA @Llabel 8D 3 12}R R R x| (A) - (s) computed
@Label(B) AD 3 14 Set flags on result of the source operand
*Rn 9D 2 11 subtracted from A.
DAC BA 6E 1 7/R R R x| (s) + (d) + (C) = (d) (BCD)
Rs.A 1E 2 10 The source, destination, and the carry bit
Rs,B 3E 2 10 are added, and the BCD sum is stored at the]
Rs,Rd AE 3 12 destinatjon address.
%>iop,A 2E 2 9
%>iop,B 5E 2 9
%>iop,Rd - 7E 3 11
DEC A B2 1 5|R R R x| (d)-1—(d)
B C2 1 5 Decrement destination operand by 1.
Rd D2 2 7
DECD A BB 1 9lR R R x| (rp) -1 = (rp)
B CcB 1 9 Decrement register pair by 1.
Rp DB 2 11 C = 0 on 0 - FFFF transition.
DINT 06 1 510 0 0 0| O — (global interrupt enable bit)
Clear the | bit.

Note: Add two to cycle count if branch is taken.

Legend:

0
1

R
x
b
Ofst

Status Bit set always to 0.
Status Bit set always to 1.

Status Bit set to a 1 or a O depending on results of operation.

Status Bit not affected.

Bit () affected.
Offset
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Assembly Language Instruction Set - Overview

Table 6-3. TMS7000 Family Instruction Overview (Continued)

MNEMONIC pPCODHBYTES| CYCLES [ STATUS OPERATION DESCRIPTION
Tc(c) C N 2Z |
() X X X X
DJUNZ A Ofst - BA 2 7 (9) (d) -1 = (d);
B,Ofst CA 2 7 (9) If (d) # 0, (PC) + offset > (PC)
Rd,Ofst DA 3 9 (11)
DSB BA 6F 1 7 R R R x| (d)-(s)-1+(C)— (d) (BCD)
Rs A 1F 2 10 The source operand is subtracted from the
Rs,B 3F 2 10 destination; this sum is then reduced by 1
Rs,Rd 4F 3 12 and the carry bit is then added to it. The
%>iop,A 2F 2 9 result is stored as a BCD number.
%>iop,B 5F 2 9
%>iop,Rd 7F 3 1
EINT 05 1 ) 1 1 1 1] 1 — (global interrupt enable bit)
Set the | bit.
IDLE 01 1 6 x x x x| (PC) — (PC) until interrupt
(PC) + 1 = (PC) after return from interrupt
Stops puC execution until an interrupt.
INC A B3 1 5 R R R x{(d)+1—(d)
B C3 1 5 Increase the destination operand by 1.
Rd D3 2 7
INV A B4 1 5 0 R R x| NOT(d) = (d)
B C4 1 5 1’s complement the destination operand.
Rd D4’ 2 7
JMP  Ofst EO 2 7 x x x x| (PC) + offset = (PC) )
The PC is modified by an offset to create a
new PC value.
(1) X X X X
JC Ofst E3 2 5 (7) If conditions are met,
JEQ  Ofst E2 2 5 (7) then (PC) + offset = (PC)
JHS  Ofst E3 2 5 (7) If the needed conditions are met, the PC
JL Ofst E7 2 5 (7)) is modified by the offset to form a new
JN Ofst E1 2 5 (7) PC value.
JNC  Ofst E7 2 5 (7)
JNE  Ofst E6 2 5 (7)
JNZ  Ofst E6 2 5 (7)
JP Ofst E4 2 5 (7)
JPZ  Ofst E5 2 5 (7)
Jz Ofst E2. 2 5 (7)
LDA @Label 8A 3 11 0 R R x| (s) 2 (A)
@L.abel(B) AA 3 13 Move the source operand to A.
*Rn 9A 2 10

Note: Add two to cycle count if branch is taken.

Legend:

o

1
R
X
b
(o]

Status Bit set always to 0.
Status Bit set always to 1.

Status Bit set to a 1 or a 0 depending on results of operation.

Status Bit not affected.

Bit () affected.
Offset




Assembly Language Instruction Set - Overview

Table 6-3. TMS7000 Family Instruction Overview (Continued)

MNEMONIC OPCODHBYTES| CYCLES STATUS OPERATION DESCRIPTION
Te(c) |C N Z 1
LDSP oD 1 5 X x x x| (B) = (SP)
Load SP with Register B’s contents.
MOV AB Co 1 6 0 R R x| (s) = (d)
A,Rd DO 2 8 Replace the destination operand with the .
B.A 62 1 5 source operand.
B,Rd D1 2 7
Rs,A i 12 2 8
Rs,B 32 2 8
Rs,Rd 42 3 10
%>iop,A 22 2 7
%>iop,B 52 2 7
%>iop,Rd 72 3 9
MOVD %>iop,Rp 88 4 15 0 R R x| (rp) = (rp)
%>iop(B),Rp | A8 4 17 Copy the source register pair to the
Rp.Rp 98 3 14 destination register pair.
MOVP A,Pd 82 2 10 0 R R x| (s) = (d)
B,Pd 92 2 9 Copy the source operand into the destina-
%=>iop,Pd A2 3 11 tion operand.
Ps,A 80 2 9
Ps,.B 91 2 8
MPY BA 6C 1 44 0 R R x| (s) x (d) = (AB)
Rs A 1C 2 47 Multiply the source and destination oper-
Rs,B 3C 2 47 ands, store the result in Registers A
Rn,Rn 4C 3 49 (MSB) and B (LSB).
%>iop,A 2C 2 46
%>iop,B 5C 2 46
%>iop,Rn 7C 3 48
NOP 00 1 4 x x x x| (PC)+1 — (PC)
Add 1 to the PC.
OR B.A 64 1 5 0 R R x| (s).OR. (d) = (d)
Rs,A 14 2 8 Logically OR the source and destination
Rs,B 34 2 8 operands, and store the results at the desti-
Rs,Rd 44 3 10 nation address.
%>iop,A 24 2 7
%>iop,B 54 2 7
%>iop,Rd 74 3 9
ORP APd 84 2 10 0 R R x| (s).OR. (d) = (d)
B,Pd 94 2 9 Logically OR the source and destination
%>iop,Pd A4 3 11 operands, and store the results at the des-
tination address.
POP A B9 1 6 0 R R x| ((SP)) = (d)
B Cc9 1 6 (SP) -1 - (SP)
Rd D9 2 8 Copy the last byte on the stack into the
destination address.

Note: Add two to cycle count if branch is taken.

Legend:

0 Status Bit set always to 0.

1 Status Bit set always to 1.

R Status Bit set to a 1 or a O depending on results of operation.
x Status Bit not affected.

b Bit () affected.



Assembly Language Instruction Set - Overview

Table 6-3. TMS7000 Family Instruction Overview (Continued)

MNEMONIC OPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
TC(C) C N 2Z |1
POP ST 08 1 6 Loaded ((SP)) - (ST)
from (SP) - 1 - (SP)
stack
Replace the Status Register with the last
byte of the stack.
PUSH A B8 1 6 X x x x| (SP)+1 - (SP)
B cs 1 6 (s) - (SP) .
Rs D8 2 8 Copy the operand onto the stack.
PUSH ST OE 1 6 x x x x| (SP) +1 - (SP)
(Status Register) = ((SP))
Copy the Status Register onto the stack.
RETI 0B 1 9 Loaded (SP) — (PC) LSByte
from the | (SP) - 1 = (SP)
stack (SP) - (PC) MSByte
(SP) -1 = (SP)
(SP) — Status Register
(SP) -1 = (SP)
RETS 0A 1 7 x x x x| (SP) - (PC LSB)
(SP) -1 — (SP)
(SP) - (PC MSB)
(SP) -1 = (SP)
RL A BE 1 5 |b7 R R x| Bit(n) = Bit(n +1)
B CE 1 5 Bit(7) — Bit(0) and Carry
Rd DE 2 7
RLC A BF 1 5 |b7 R R x| Bit(n) = Bit(n + 1)
B CF 1 5 Carry - Bit(0)
Rd DF 2 7 Bit(7) — Carry
RR A BC 1 5 [b0O R R x| Bit(n +1) — Bit(n)
B ccC 1 5 Bit(0) - Bit(7) and Carry
Rd DC 2 7
RRC A BD 1 5 |[b0OR R x| Bit(n + 1) — Bit(n)
B CD 1 5 Carry = Bit(7)
Rd DD 2 7 Bit(0) — Carry
SBB BA 6B 1 5 R R R x| (d)-(s)-1+(C)—(d)
Rs,A 1B 2 8 Destination minus source minus 1 plus
Rs,B 3B 2 8 carry; stored at the destination address.
Rs,Rd 4B 3 10
%>iop,A 2B 2 7
%>iop,B 5B 2 7
%>iop,Rd 7B 3 9
SETC 07 1 5 101 x|{1—>(C)
Set the carry bit.

Note: Add two to cycle count if branch is taken.

Legend:

0 Status Bit set always to 0.
1 Status Bit set always to 1.

R Status Bit set to a 1 or a 0 depending on resuits of operation.
x Status Bit not affected.
b Bit () affected.




Assembly Language Instruction Set - Overview

Table 6-3. TMS7000 Family Instruction Overview (Concluded)

MNEMONIC PPCOD@BYTES CYCLES STATUS OPERATION DESCRIPTION
TC(C) C N Z 1
STA @Label 8B 3 11 0 R R x| (A) = (d)
@Label(B) AB 3 13 Store A at the destination.
*Rd 9B 2 10
STSP 09 1 6 X x x x| (SP) = (B)

Copy the SP into Register B.

SUB BA 6A 1 5 R R R x| (d)-(s) = (d)
Rs,A 1A 2 8 Store the destination operand minus the
Rs,B 3A 2 8 source operand into the destination.
Rs,Rd 4A 3 10
%>iop,A - 2A 2 7
%>iop,B 5A 2 7
%>iop,Rd 7A 3 9

SWAP A B7 1 8 R R R x| d(Hn,Ln) = d(Ln,Hn)
B C7 1 8 Swap the operand’s hi and io nibbles.
Rn D7 2 10

TRAP 0-23 E8-FF 1 14 X X x x| (SP) +1 - (SP)

(PC MSB) — (SP)
(SP) +1 - (SP)
(PC LSB) - (SP)
(Entry Vector)— (PC)
TSTA BO 1 6 0 RR x| 0=(C)

Set carry bit; set sign and zero flags on the
value of Register A.

TSTB c1 1 6 0 RR x| 0=(C)
Set carry bit; set sign and zero flags on the
value in Register B.

XCHB A B6 1 6 0 R R x| (B) = (d)
Rn D6 2 8 Swap the contents of Register B with (d).
XOR BA 65 N 1 5 0 R R x| (s) .XOR. (d) = (d)
Rs,A 15 2 8 Logically exclusive OR the source and
Rs,B 35 2 8 destination operands, store at the
Rs,Rd 45 3 10 destination address.
%>iop,A 25 2 7
%>iop,B 55 2 7
%>iop,Rd 75 3 9
XORP A,Pd 85 2 10 0 R R x| (s) .XOR. (Pn) = (Pn)
B,Pd 95 2 9 Logically exclusive OR the source and
%>iop,Pd A5 3 11 destination operands, store at the

destination.

Note: Add two to cycle count if branch is taken.

Legend:

0 Status Bit set always to 0.

1 Status Bit set always to 1.

R Status Bit set to a 1 or a O depending on results of operation.
x Status Bit not affected.

b Bit () affected.



ADC Add with Carry ADC
Syntax [<label>] ADC <s>,<Rd>
Execution (s) + (Rd) + (C) - (Rd)

Status Bits
Affected

Description

Examples

C Set to 1 on carry-out of (s) + (Rd) + (C)
Y4 Set on result
N Set on result

ADC adds the contents of the source, the contents of the destination
register, and the carry bit. It stores the result in the destination register.

Adding a O to the destination register is equivalent to a conditional in-
crement (increment on carry).

ADC can implement multi-precision addition of signed or unsigned in-
tegers. For example, the 16-bit integer in register pair (R2,R3) may be
added to the 16-bit integer in (A,B) as follows:

ADD R3,B Low order bytes added
ADC R2,A High order bytes added
LABEL1 ADC R66,R117 Adds the contents of

*

register 66, register
117, and the carry bit,
and stores the sum in
register 117

* * *

ADC B,A Adds the contents of
Register B, Register A,
and the carry bit, and
stores the sum in
Register A

* ¥ o *

ADC %$>3C,R29 Adds >3C, contents of
register 29, and the

* carry bit, and stores

* the sum in register 29

*



ADD Add ADD
Syntax [<label>] ADD <s>,<Rd>
Execution (s) + (Rd) = (Rd)

Status Bits
Affected

Description

Examples

(o] Set to 1 on carry-out of (s) + (Rd)

z Set on result
N Set on result

ADD adds two bytes and stores the result in the destination register. It
can be used for signed 2's complement or unsigned addition.

LABEL
*

*

ADD A,B
ADD R7,A
ADD %TOTAL,R13

Adds the contents of

Registers A and B, stores

the results in B n
Adds the contents of R7

and A, and stores the
results in A

Adds the contents of
TOTAL to R13 and stores
the result in R13



AND Logical AND AND
Syntax , [<label>] AND <s>,<Rd>
Execution (s) .AND. (Rd) - (Rd)

Status Bits
Affected

Description

Examples
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C <0
N Set on result
Z Set on result

AND logically ANDs the two 8-bit operands. Each bit in the first oper-
and is ANDed with the corresponding bit in the second operand. This
is useful for clearing and resetting bits. If you need to clear a bit in the
destination operand, then put a O in the corresponding source bit. A 1
in a source bit will not change the corresponding destination bit.

This is the truth table for the AND instruction:

Source Destination | AND
Bit Bit Result
0 0 0
0 1 0
1 0 0
1 1 1

LABEL AND %>1,R12 Clear all bits in R12 except
Bit O, which will remain

‘ unchanged
AND R7,A AND the contents of R7 to A
* and store the contents in A
AND B,A AND the contents of B to A
* and store the contents in A



ANDP AND Peripheral Register ANDP

Syntax [<label>] ANDP <s>,<Pd>
Execution (s) .AND. (Pd) = (Pd)
Status Bits
Affected Cc <0
N Set on result
4 Set on result
Description ANDP clears one or more bits in a Peripheral-File register. It can reset

an individual output line to zero when the source is an immediate oper-
and serving as a mask field. Since the peripheral register is read before
it is ANDed, it may not work with some peripheral locations which have ‘
a different function when reading than when writing. The only valid
source operands are A, B, and %>iop. “

Examples - LABEL ANDP %>DF,P6 Clear bit 5 of Port B (Pb)
ANDP %>FE,P9 Clear Bit 0 of Port C Data
Direction Register
(CDDR - P9)

ANDP A,P33 AND the contents of A and
P33 and store in P33

6-19



BR

Branch ‘ BR

Syntax

Execution

Status Bits
Affected

Description

Examples

6-20

[<label>] BR <XADDR>
(XADDR) ~ (PC)

None

BR branches to any location in the the 64K memory space, including
the on-chip RAM. BR supports three extended addressing modes:

[ Direct
[ ] Indirect
[ ] Indexed

The powerful concept of computed GOTOs is supported by the BR *Rn
instruction. An indexed branch instruction of the form BR @TABLE (B)
is an extremely efficient way to execute one of sevéral actions on the
basis of a control input. This is similar to the Pascal CASE statement.
For example, suppose Register B contains a control value. The program
can branch to label ACTIONO if B=0, ACTION1 if B=1, etc, for up to
128 different actions. This technique may also be used to transfer con-
trol on character inputs, error codes, etc.

@THERE

LABEL1 BR Direct addressing

BR @TABLE(B) 1Indexed addressing

BR *R14 Indirect addressing
LABEL2 EQU $ Start execution here
MOV R3,B Move control input to B
RL B Multiply by 2 to get
* table offset
BR @TABLE(B) Branch to correct J<cnd>

statement

DISPATCH EQU §
JMP ACTIONO
JMP ACTION1

Dispatch table

JMP ACTIONn
ACTIONO EQU $

* <Code for action 0>
ACTION1 EQU ¢
* <Code for action 1>

ACTIONn EQU $
* <Code for action n>



Bit Test and Jump If One BTJO

BTJO
Syntax [<label>] BTJO <s>,<Rn>, <offset>
Execution If (s [Bit x]) .AND. (Rn [Bit x]) # O, then (PC) + offset - (PC)

Status Bits
Affected

Description

Examples

C <0 {
N Set on (s) .AND. (Rn) ’ 1
Z  Seton (s) .AND. (Rn)

BTJO tests for at least one bit position that contains a corresponding 1
in each operand. The source operand can be used as a bit mask to test
for one or more 1 bits in the specified register. The operands are not
changed by this instruction. If a corresponding 1 bit is found, the pro-
gram branches to the offset.

LABEL BTJO %>14,R4,ISSET Jump to ISSET if R4
* (bit 2) or R4 (bit

* 4) is a 1

BTJO %>1,A,LOOP Jump to LOOP if bit
* 0 of Register A is
* al

BTJO R37,R113,START Jump to START if any

* 1 bit of R113 corre-
* sponds to a 1 bit
* in R37
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BTJOP

Bit Test and Jump If One - Peripheral BTJOP

Syntax

Execution

Status Bits
Affected

Description

Examples

6-22

[<label>] BTJOP <s>,<Pn>, <offset>

" If (s [Bit x]) .AND. (Pn [Bit x]) # O, then (PC) + offset > (PC)

C <0
N Set on (s) .AND. (Pn)
Y4 Set on (s) .AND. (Pn)

BTJOP tests for at least one bit position that contains a corresponding
1 in each operand. The source operand can be used as a bit mask to test
for at least one 1 bit in the Peripheral-File register.

LABEL BTJOP %>81,P4,THERE Jump to THERE if
* bit 0 or bit 7 of
* Port A contain

* al

BTJOP %>FF,P10,STORE Test all bits of
Port D Data (P10);
jump to STORE if
any of the bits
are ls

* % % *

BTJOP B,P50,AGAIN Jump to AGAIN if
any 1 bit of P50
corresponds to any
1 bit of the B
Register

* % % F



BTJZ _ Bit Test and Jump If Zero BTJZ

Syntax [<label>] BTJZ <s>,<Rn>,<offset>
Execution If (s [Bit x]) .AND. NOT(Rn [Bit x]) # O, then (PC) + offset = (PC)

Status Bits

Affected C <0
N Set on (s) .AND. (NOT Rn)
Y4 Set on (s) .AND. (NOT Rn)

Description BTJZ tests for at least one bit position which has a 1 in the source and
a 0 in the destination. The source operand can be used as a bit mask
to test for zero bits in the specified register. The operands are un- ,‘
changed by this instruction. The jump is calculated starting from the |
opcode of the instruction just after the BTJZ. n
Examples LABEL BTJZ A,R23,ZERO If any 1 bits in A '
* correspond to O bits
in R23 then jump to

*
* ZERO to O bits in R23’
* then jump to ZERO

BTJZ %>FF,A,NEXT If A contains any O

* bits, jump to NEXT

BTJZ R7,R15,00T If any O bits in R15
* correspond to 1 bits
* in R7, jump to OUT
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BTJZP

Bit Test and Jump if Zero - Peripheral BTJZP

Syntax

Execution

Status Bits
Affected

Description

n Examples

6-24

[<label>] BTJZP <s>,<Pn>,<offset>

If (s [Bit x]) .AND. NOT(Pn [Bit x]) # O, then (PC) + offset — (PC)

C <0
N Set on (s) .AND. (NOT Pn)
z Set on (s) .AND. (NOT Pn)

BTJZP tests for at least one bit position which has a 1 in the source and
an 0 in the Peripheral-File register. The source operand can be used as
a bit mask to test for zero bits in the Peripheral-File register. The oper-
ands are unchanged by this instruction. The jump is calculated starting
from the opcode of the instruction just after the BTJZP.

LABEL BTJZP %>21,P4,THERE Jump to THERE if P4
* (bit 0) or P4 (bit

* 5) is O
BTJZP %>FF,P28,STORE Jump to STORE if P28
* contains any Os
BTJZP B,P37,NEXT Jump to NEXT if P37

*

contains any 0 bits
corresponding to 1
* bits in Register B

*



CALL Call CALL

Syntax [<label>] CALL <XADDR> 1

Execution (SP) +1 - (SP) |
(PC MSB) — ((SP))
(SP) +1 = (SP)
(PCLSB) - ((SP))
(XADDR) - (PC)

Status Bits
Affected None

Description CALL invokes a subroutine and pushes the PC contents on the stack.
The operand indicates the starting address of the subroutine. Use the
PUSH and POP instructions to save, pass, or restore Status or register
values. The extended addressing modes of the CALL instruction allow
powerful transfer of control functions.

Examples LABEL CALL @LABEL4 Direct addressing
CALL @LABEL5(B) Indexed addressing

CALL *R12 Indirect addressing
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CLR Clear CLR
Syntax [<label>] CLR <Rd>
Execution 0 - (Rd)
Status Bits :
Affected C <0

N <0

z «1
Description CLR clears or initializes any file register including Registers A and B.
Examples LABEL CLR B Clear Register B

CLR A Clear Register A

6-26

CLR R105 Clear register 105



CLRC Clear the Carry Bit CLRC
Syntax [<label>] CLRC
Execution Set status bits

Status Bits
Affected

Description

Example

C <0
N Set on value of Register A
Y4 Set on value of Register A

CLRC clears the carry flag. This may be required before an arithmetic
or rotate instruction. The logical and move instructions typically clear
the carry bit. The CLRC opcode is equivalent to the TSTA opcode.

LABEL CLRC Clear the carry bit
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cCMP

__Compare

cMP

Syntax

Execution

Status Bits
Affected

Description

Examples
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[<label>] CMP <s>,<Rn>

(Rn) - (s) computed but not stored

C
N
z

1 if (Rn) > (s)
Sign of result
1 if (Rn) = (s)

CMP compares the destination operand to the source operand and sets
the status bits. The CMP instruction is usually used in conjunction with
a Jump instruction; Table 6-4 shows which Jump instructions can be
used on status conditions set by CMP execution.

Table 6-4. Compare Instruction Examples - Status Bit Values

(S) [(Rn)|(Rn)-(S)] ¢ N Z | INSTRUCTIONS THAT WILL JUMP
FF | 00 01 0 0 0 | JL JNC JNE JNZ JP JprPz
00 | FF FF 1 1 0 | JHS JC JNE JNZ JN
00 | 7F 7F 1 0 0 | JHS JC JNE JNZ JP JpPz
81 00 7F 0 0 0 | JL JNC JNE JNZ JP JPZ
00 | 81 81 1 1 0 { JHS JC JNE JNZ JUN
80 | 00 80 0 1 0| JL JNC JNE JNZ JN
00 | 80 80 1 1 0 | JHS JC JNE JNZ JN
7F | 80 01 1 0 0 | JHS JC JNE JNZ JP JPZ
80 | 7F FF 0 1 0 | JL JNC JNE JNZ JN
7F 7F 00 1 0 1 JHC JC JEQ JZ JPZ
TF 00 81 0 1 0| JL JNC JNE JNZ JN
LABEL CMP R13,R89 Set status bits on
* result of R89 minus R13
CMP B,R39 Set status bits on result
* of R39 minus (B)
CMP %$>03,A Set status bits on result

of (A) minus >03



CMPA Compare Accumulator Extended CMPA

Syntax [<label>] CMPA <XADDR>
Execution (A) - (XADDR) computed but not stored

Status Bits

Affected (o3 1 if (A) logically > (XADDR)
N 1 if (A) arithmetically < (XADDR)
4 1 if (A) = (XADDR)

Description CMPA compares a long-addressed operand to the A register via direct,
indirect, or indexed addressing modes. It is especially useful in table
lookup programs that store the table either in extended memory or in
program ROM. The status bits are set exactly as if Register A were the
destination and the addressed byte the source. “

Examples LABEL CMPA @TABLE2 Direct addressing
CMPA @TABLE(B) 1Indexed addressing

CMPA *R123 Indirect addressing
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DAC Decimal Add with Carry DAC
Syntax [<label>] DAC <s>,<Rd>
Execution (s) + (Rd) + (C) = (Rd), Produces a decimal result

Status Bits
Affected

Description

Examples

6-30

(o4 1 if value of (s) + (Rd) + C > 100
N Set on result
Z Set on result

DAC adds bytes in binary-coded decimal (BCD) form. Each byte is as-
sumed to contain two BCD digits. DAC is not defined for non-BCD
operands. DAC with an immediate operand of zero value is equivalent
to a conditional increment of the destination operand (increment desti-
nation on carry). The DAC instruction automatically performs a decimal
adjust on the binary sum of (s) + (Rd) + C. The carry bit is added to
facilitate adding multi-byte BCD strings, and so the carry bit must be
cleared before execution of the first DAC instruction.

LABEL DAC %>24,A - Add the packed BCD value 24,
* and -the carry bit to the

* Register A carry bit to
* Register A

DAC R55,R7 Add the BCD value of R55,
* and the carry bit to the
* BCD value of R7

DAC B,A Add the carry bit to the
* BCD value in Register B
* to Register A



DEC Decrement DEC
Syntax [<label>] DEC <Rd>
Execution (d) -1 - (Rd)

Status Bits
Affected

Description

Examples

C 0 if (Rd) decrements from >00 to >FF; 1 otherwise

N Set on result
V4 Set on result

DEC subtracts 1 from any addressable operand. It is useful in counting
and addressing byte arrays.

LABEL DEC R102
DEC A
DEC B

Decrement R102 by 1

Decrement Register A by 1

Subtract 1 from the contents of

Register B
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DECD Decrement Double DECD
Syntax [<label>] DECD <Rp>
Execution (Rp) -1 - (Rp)

Status Bits
Affected

Description

Example

6-32

C 0 if most significant byte decrements from >00 to >FF; other-

wise, C = 1 ‘
N Set on most significant byte of result
Z Set on most significant byte of result

DECD decrements 16-bit indirect addresses stored in the Register File.
Tables longer than 256 bytes may be scanned using this instruction.

The JZ (Jump on Zero) command is often used in conjunction with the
DECD command. Note that JZ jumps when the MSB equals zero - not
just when both bytes equal zero.

LABEL DECD R51 Decrement (R50,R51) register
* pair, R51=LSB



DINT Disable Interrupts DINT

Syntax [<label>] DINT

Execution 0 - (Global interrupt enable status bit)

Status Bits

Affected I <0
C +«0
N <0
Z <0

Description DINT simultaneously disables all interrupts. Since the interrupt enable
flag is stored in the Status Register, the POP ST or RETI instructions
may re-enable interrupts even though a DINT instruction has been exe-
cuted. During the interrupt service, the interrupt enable bit is automat-
ically cleared after the old Status Register value has been pushed onto n
the stack.

Example LABEL DINT Disable global interrupt enable bit
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Decrement Register and Jump If Not Zero DJNZ

DJNZ
Syntax [<Iabe|>] DJNZ <Rd>,<offset>
Execution (Rd) -1 = (d)

Status Bits
Affected

Description

Examples
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If (Rd) # O, then (PC) + offset — (PC)

None

DJNZ is used for looping control. It combines the DEC and the JNZ
instructions, providing a faster and more compact instruction. DJNZ
does not change the status bits. ‘

LABEL DJNZ R15,THERE Decrement R15. If R15 #
* 0, jump to THERE

DJNZ A,AGAIN Decrement A; if A # O,
* jump to AGAIN

DJNZ B,BACK Decrement B; if B # O,
* jump to BACK



DSB Decimal Subtract with Borrow DSB
Syntax [<label>] DSB <s>,<Rd>
Execution (Rd) - (s) -1 + (C) = (Rd) (decimal result)

Status Bits
Affected

Description

Examples

C 1 no borrow required, O if borrow required
N Set on result
z Set on result

DSB performs multiprecision decimal BCD subtraction. A DSB in-
struction with an immediate operand of zero value is equivalent to a
conditional decrement of the destination operand. The carry bit func-
tions as a borrow bit, so if no borrow in is required, the carry bit should
be set to 1. This can be accomplished by executing the SETC instruc-
tion.

LABEL DSB R15,R76 R76 minus R15 minus 1 plus
* the carry bit is stored

* in R76

DSB A,B Register B minus Register
* A minus 1 plus the carry
* bit is stored in
* Register B

DSB B,R7 R7 minus Register B minus
* 1 plus the carry bit
* stored in R7
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_Enable Interrupts EINT

EINT
Syntax [<label>] EINT
Execution 1 - (Global interrupt enable bit)

Status Bits
Affected

Description

Example
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“1
<1

NZO™

“«1

EINT simultaneously enables all interrupts. Since the interrupt enable
flag is stored in the Status Register, the POP ST or RET! instructions
may disable interrupts even though an EINT instruction has been exe-
cuted. During the interrupt service, the interrupt enable bit is automat-
ically cleared after the old Status Register value has been pushed onto
the stack. Thus, the EINT instruction must be included inside the inter-
rupt service routine to permit nested or multilevel interrupts.

LABEL EINT All interrupts are enabled.



IDLE Idle Until Interrupt IDLE
Syntax [<label>] IDLE
Execution (PC) = (PC) until interrupt

Status Bits
Affected

Description

Example

(PC) + 1 — (PC) after return from interrupt

None

For NMOS devices, IDLE suspends program operation until either an
interrupt or reset occurs. [t is the programmer’s responsibility to assure
that the interrupt enable status bit (and individual interrupt enable bits
in the i/0 control register) are set before executing the IDLE instruction.
Upon return from an interrupt, control passes to the instruction follow-
ing the IDLE instruction.

For CMOS devices, the IDLE instruction causes the device to enter one
of two low-power modes, which use a fraction of the normal operating
power. In Wake-Up mode, the on-chip oscillator remains active, and
activating the timer interrupt or the external interrupts (RESET, INT1,

or INT3) releases the device from the low-power mode. In Halt mode,
using the osc-off clock option, the oscillator and timers are disabled; the
device can only be released from Halt mode by an external interrupt or
RESET. Using the osc-on clock option in Halt mode, the oscillator con-
tinues to operate and only the timers are disabled; the device can only
be released from Halt mode by an external interrupt or RESET.

For more information about low-power modes, see Section 3.5.

LABEL IDLE
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INC Increment INC

Syntax [<label>] INC <Rd>

Execution (Rd) +1 = (Rd)

Status Bits

Affected C 1 if (Rd) incremented from >FF to >00; O otherwise
N Set on result
4 Set on result

Description INC increments the value of any register. It is useful for incrementing
counters into tables.

Examples LABEL INC A Increment Register A by 1

n INC B Register B is increased by 1
INC R43 Register 43 is increased by 1
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INV

Invert INV

Syntax

Execution

Status Bits
Affected

Description

Examples

[<label>] INV <Rd>
NOT(Rd) = (Rd)

C <0
N Set on result
Z Set on result

INV performs a logical or 1s complement of the operand. A 2’s com-
plement of the operand can be made by following the INV instruction
with an increment (INC). A 1s complement reverses the value of every
bit in the destination.

LABEL INV A Invert Register A (0Os become
* 1ls, 1ls become Os)

INV B Invert Register B

INV ' R82 Invert register 82
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JMP Jump Unconditional JMP
Syntax [<label>] JMP <offset>
Execution (PC) + offset = (PC)

Status Bits
Affected

Description

Example
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(The PC contains the address of the instruction immediately following
the jump.)

None

JMP jumps unconditionally to the address specified in the operand. The
second byte of the JMP instruction contains the 8-bit relative address
of the operand. The operand address must therefore be within -128 to
+127 bytes of the location of the instruction following the JMP in-
struction. The assembler will indicate an error if the target address is
beyond -128 to +127 bytes from the next instruction. For a longer jump
the BR (branch) instruction can be used.

LABEL JMP THERE Load the PC with the address
* of THERE



J<cnd> Jump on Condition J<cnd>

Syntax [<label>] J<cnd> <offset>

Execution If tested condition is true, (PC) + offset - (PC)
(The PC contains the address of the instruction immediately following
the jump.)

Status Bits

Affected None

Description

Conditional Jump Instructions

INSTRUCTION MNEMONIC| C [N | Z
Jump if Carry JC 11X ]| X
Jump if Equal JEQ X1 X |1
Jump if Higher or Same JHS 1 X | X
Jump if Lower JL 0O X | X
Jump if Negative JN X111X
Jump if No Carry JNC 0O X | X
Jump if Not Equal JNE X|X|o0
Jump if Non-zero JNZ X1 X{|o0
Jump if Positive JP X10}|o0
Jump if Positive or Zero JPZ X101
Jump if Zero Jz X XxX11

Use the J<cnd> instructions after a CMP instruction to branch ac-
cording to the relative values of the operands tested. After MOV,
MOVP, LDA, or STA operations, a JZ or JNZ may be used to test if the
value moved was equal to zero. JN and JPZ may be used in this case
to test the sign bit of the va