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1.

Introduction

The TMS7000 is a family! of 8-bit single-chip microcomputers. These
microcomputers incorporate a CPU, memory (ROM, RAM, EPROM), bit I/0,
serial communication port, timers, interrupts, and external bus interface logic,
all on a single chip. The products are available in varying complexity of
functions, process technology, performance, and packaging to meet end
equipment cost goals and application requirements.

Typical applications of TMS7000 family devices include:

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

1

The terms TMS7000 and TMS7000 family refer to all TMS7000 devices: TMS7000,
TMS7020, TMS7040, TMS7002, TMS7042, TMS70C00, TMS70C20, TMS70C40,
TMS70C02, TMS70C42, TMS7742, and all future members, unless otherwise stated.
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Introduction - How to Use this Manual

1.1 How to Use this Manual
This manual is divided into four major parts:

- Hardware (Sections 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 - TMS7000 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)

Section 5 - TMS7000 Assembler
- Discusses basic assembler information, including:

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

1-2
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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.

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.

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
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1-4

Section 10 - Development Support

Discusses several prod'ucts 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

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix

Index

Discusses quality and reliability.

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.

A - TMS7000 Bus Activity Tables

B - TMS7500/TMS75C00 Data Encryption Device
C - TMS70x1 Devices

D - Character Sets

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

G - CrossWare Installation

H - Glossary



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, and design expertise.

The TMS7000 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

- - TMS70Cx2 devices include the TMS70C02 and TMS70C42

- Prototyping devices include the TMS7742 (EPROM), the
TMS77C82 (see note below) 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 Page
2.1 Summary and Device COMPArison .........ccccceevieeeeniiniiieninieeeeeeaees 2-2
2.2 TMS70x0 and TMS70CX0 DeViCes ...cc.oeevureereieenieeeceeeeeee e 2-4
2.3 TMS70x2 and TMS7742 DEVICES ...occeereeieeiieecieeeeeiniesieeesnnaneenn 2-8
2.4 TMS70Cx2 and TMS77C82 DEVICES .....cceeeiiureciriiiiriiiieeccinnnnees 2-12
2.5 TMS7742 and SE70P162 Prototyping Devices ........ccccccceeriunnnens 2-16
2.6 SE70CP160 and SE70CP162 Prototyping Devices ..........cccc...c. 2-20
Note:

information regarding the TMS77C82 is classified as Advance Informa-
tion, which means that it is information on a new product in the sampling
or preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.

2

Throughout this manual, the term TMS7000 or TMS7000 family refers to all members of
the group.
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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, single-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 acts like a ROM-coded TMS70x2 device.

Table 2-1. TMS7000 NMOS Family Feature Summary

5

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) 4 | 210 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




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 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, which are based on the TMS70Cxx architecture and act like
ROM-coded TMS70xx or TMS70Cxx devices.

Table 2-2. TMS7000 CMOS Family Feature Summary

TMS70C40A
TMS70C20A TMS70C42 TMS77C82t
TMS70C00A | TMS70C02
Max osc freq at 5V + 10 % 5 MHz 6 MHz 7.5 MHz
Voltage 5V + 10% 25t06V 25t06V
Operating temperature
Industrial -40°C to 85°C -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) 4] 21]o 4 | o 8 (EPROM)
Internal RAM (bytes) 128 256 256
Interrupt levels:
External 2 2 2
Total 4 6 6
Timers/event counters:
21-bit - 2 2
13-bit 1 - -
10-bit - 1 1
1/0 lines: Bidirectional 16 24 24
Input only 8 - -
Output only 8 8 8
Additional features - Serial Port Serial Port
Development support:
Prototyping:
EPROM - TMS77C82t -
Piggyback SE70CP160A SE70CP162 SE70CP162
XDSs Yes Yes Yes
EVM Yes Yes Yes

t Advance information
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2.2 TMS70x0 and TMS70Cx0 Devices
2.2.1 TMS70x0 (NMOS) Key Features

TMS7040/20/00

Maximum oscillator frequency 5 MHz
On-chip ROM (Kbytes) 4] 2]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
XDS 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
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2.2.2 TMS70Cx0 (CMOS) Key Features

TMS70C40A/
C20A/CO0A
Max osc freqat5V + 10 % 5 MHz
On-chip ROM (Kbytes) 41210
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 SE70CP160
XDS Yes
EVM Yes

t Advance information

- 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

- Wide voltage operating range, frequency range:
- 25V -0.8 MHz maximum
- 6 V-6.5 MHz maximum

- Two power-down modes:
- Wake-Up (160 pA at 1 MHz typical)
- Halt, XTAL/CLKIN=GND (10 uA typical)

- Silicon-gate CMOS technology
- 40-pin, 600 mil, dual-inline package
- 44-pin PLCC
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BS/R/le 1 U4o []Vss
B7/CLKOUTE 2 39| ]B6/ENABLE
Bo[l3 38[ 1B4/ALATCH

B1[]sa 37[]B3

B2[s 3sIMC
ao]e 3s|]c7

a1[]7 34[cse

a2[}s 33[]cs

A3[]e 32[c4
aa]1o 31[]c3
A7/EC1[]11 30[]C2
WT3[]12  290[]cC1
NT1[]1s 28]]co
RESET[]14 27[JDO
as[J1s 26[]D1

as[J16 25 1Vce
XTAL2/CLKIN[]17 24[]D2
XTAL1[J18 23] ]D3
p7[J1e 22 ]Dp4

pe[Jz20 21[]D5

A. Plastic 40-Pin DIP
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B. 44-Pin PLCC (CMOS only)

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

B5/R/W[]1 U ao0llvss
B7/CLKOUT[} 2 39/]B6/ENABLE
BO[}3 o vce Vce o 38[IB4/ALATCH
B1[J4 o A12 PGM o 37[IB3
BZE 5 o A7 A13 o 36[IMC
AO[]l6 o A6 A8 o 35[C7
A1[]l7 o as A9 o 34fiC6
A2[]8 o A4 A11 o 33JIC5
A3[]9 o A3 G o 32fc4
A4fl10 o A2 A10 o 31[lC3
A7/ECI[J11 o A1 E o 30fIC2
INT3[J12 o A0 D7 o 29fIC1 TMS7742: 8-bit EPROM microcomputer which
_INT1{}13 o DO D6 o 28JICO supports prototyping development for
RESET[]14 o D1 D5 o 27}IDO the TMS70x0 devices (pinout on page
A6[]15 o D2 D4 o 26]ID1 2-18).
A5[l16 o vss p3 o 25flVce
XTAL2/CLKIN[}17 24]ID2
XTAIE;;E :g ;: gi SE70P162:8-bit piggyback microcomputer which
o620 supports _prototyping deyelopment for
{ 21[ibs 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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Table 2-3. TMS70x0 and TMS70Cx0 Pin Descriptions

SIGNAL PIN 1/0 DESCRIPTION
pLcc| DIP
AO LSb 7 6 I Port A. All pins may be used as high-impedance input-only
A1l 8 7 I lines. Pin A7/EC1 may also be used as the timer/event
A2 9 8 | counter input.
A3 10 9 |
Ad 11 10 1
A5 18 | 16 l
A6 16 | 15 |
A7/EC1 12 | 11 |
BO 3 3 o] 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 (0]
B4/ALATCH 42 38 o] Data output/Memory interface address latch strobe
B5/R/W 1 1 (0] Data output/Memory read/write signal
B6/ENABLE 43 | 39 (o] Data output/Memory interface enable strobe
B7/CLKOUT 2 2 (¢] Data output/Internal clockout
co 31 28 1/0 Port C. CO—-C7 can be individually selected in software as gen-
C1 32 29 1/0 eral-purpose input or output pins in Single-Chip mode. CO-C7
C2 33 | 30 1/0 become the LSB address/data bus in Peripheral-Expansion,
C3 34 31 1/0 Full-Expansion, and Microprocessor modes.
C4 35 | 32 1/0
C5 36 | 33 1/0
C6 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
L
TNT1 14 13 | Highest priority maskable interrupt
TNT3 13 | 12 I Lowest priority maskable interrupt
_ﬁﬁﬁ 15 | 14 | Device reset
MC 40 | 36 | Mode control pin, V¢ for microprocessor mode
XTAL2/CLKIN 19 | 17 | Crystal input for control of internal oscillator
XTAL1 20 | 18 (e] Crystal output for control of internal oscillator
Vee 28 | 25 Supply voltage (positive)
Vss 44 | 40 Ground reference
39
23
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2.3 TMS70x2 and TMS7742 Devices
2.3.1 TMS70x2 (NMOS) Key Features

60] 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 /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 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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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
Output 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 /0O modes

Two muitiprocessor 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

[ B T T |

- 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

- 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
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Bs/R/W []1 \Jao [ lvss
B7/CLKOUT[ ]2  39[1B6/ENABLE
Bo[]s 38| JB4/ALATCH
B1[Js+ 37[Bs3/TxD
B2[]s 36 Imc
ao[ds 35[c7
a7 34dce
A2[]s  33[]cs
A3[Js 32[ca
Aa[Jio 31[]c3
A7/EC1 11 30[Jc2
INT3[12  29c1
INT1[13  28[]co
RESET[]14 27[Joo
A6/SCLK/EC2[ 15  26[ ]D1
ABRXD[J16 250 Jvce
XTAL2/CLKIN[J17  24[Jp2
XTAL1[J18 23[]D3
D71 22[Jp4
p6[J20 21[]Dp5
40-Pin DIP

Figure 2-3. Pinouts for TMS7002, TMS7042, and TMS7742 EPROM Device

ssRW ] o U a0 [ Jvss
B7/CLKOUT [J2 39| ]B6/ENABLE
B0 []3 38[_1B4/ALATCH
B1 [+ 37[1B3/TXD
B2 s 3s[Imc
Ao []s as[]c7
a1} 34%(:6
A2[]s 33[]cs
A3[]e 32f]ca
A4[Jro 31f]cs3
A7/ECT [ o[ ]c2
INT3 ]2 29[]C1
INT1[]13 28 Jco
RESET []14 27%00
A6/SCLK/EczE 15 26[]D1
AB/RXD []16 25[JVce
XTAL2/CLKINE 17 24[p2
XTAL1 []18 23] ]D3
D7 []19 22| ]D4
D6 []29 21| D5
TMS7742

Supports TMS70x2 devices

B5/R/W []1 40
B7/CLKOUT []2 39
BO[}3 o Vee Vcc o 38
B1fJa o A12 PGM o 37
B2[|s o A7 A13 o 36
AO[l6 o A6 A8 o 35
Alll7 o as A9 o 34
A2[ls o A4 A11 o 33
A3[la o A3 G o 32
A4fl10 o A2 A10 o 31
A7/EC1[}11 o A1 Eo 30
INT3[}12 o A0 D7 o 29
iINT1{}13 o DO D6 o 28
RESET[J14 o D1 D5 o 27
AB/SCLK/EC2 [|15 o D2 D4 o 26
A5/RXD[}16 o Vgg D3 o 25
XTAL2/CLKIN[| 17 24
XTAL1[}18 23
D7{]19 22
D6 20 21
SE70P162
(8 MHz)

Vss
B6/ENABLE
B4/ALATCH
B3/TXD

MC

Supports TMS70x2 and TMS7742 devices

Figure 2-4. Prototyping Devices Available for TMS70x2 and TMS7742 Devices
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Table 2-4. TMS70x2 and TMS7742 Pin Descriptions

OPERATION MODES EPROM MODE
(TMS7742 ONLY)
SIGNAL PIN |I/O DESCRIPTION SIGNAL|I/O DESCRIPTION
AQ 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 | address lines.
A2 8 1/0] input-only data pins. A5 I
A3 9 1/0 A4 1
A4 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 11 1/O| Data I/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. Q5 1/0
C5 33 1/0 Q6 1/0
Ccé 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 | AO—-A2 and
D1 26 1/0| Microprocessor or Full-Expansion A9 | A8-A11 are
D2 24 1/0] mode, it is the high address bus. A1 | | address lines.
D3 23 1/0 A10 |
D4 22 1/0 E | Chip enable
D5 21 1/0 A0 |
D6 20 1/0 A1l |
D7 19 1/0 A2 I
IN i1 13 | Highest priority external maskable interrupt
Iﬁ I 3 12 | Lowest priority external maskable interrupt
RESET 14 I | Reset GND Vgg for EPROM
mode
MC 36 I | Mode control pin, V¢c for G/Vpp Program enable
Microprocessor mode (21 V to program,
(O 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 Supply voltage
5V)
Vssg 40 Ground reference GND Ground reference
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2.4 TMS?OCxZ and TMS77C82 Devices
2.41 TMS70Cx2 (CMOS) Key Features

TMS70C42/C02

Max oscfreqat5V + 10 % 6 MHz
On-chip ROM (Kbytes) 4 | o
Internal RAM (bytes) 256
Interrupt levels:

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 TMS77C82t
Piggyback SE70CP162
XDS Yes
EVM Yes

t Advance information

- 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, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls
- 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
- Wide voltage operating range, frequency range:

- 2.5V -0.8 MHz maximum
- 6V-75 MHz maximum

- Wake-Up power-down mode
- Silicon-gate CMOS technology
- 40-pin, 600 mil, dual-inline package, 44-pin PLCC
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2.4.2 TMS77C82 (CMOS) Key Features (Advance Information)

This is advance information on a new product in the sampling or preprod-
uction phase of development. Characteristic data and other specifications are
subject to change without notice.

TMS77C82t
Max osc freqat5V + 10 % 7.5 MHz
On-chip ROM (Kbytes) 8 (EPROM)
Internal RAM (bytes) 256
Interrupt levels:
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 -
Piggyback SE70CP162
DS Yes
EVM Yes

—+

Advance information
- EPROM programming procedure compatible with ‘27C64 or ‘27C128
- Prototyping support for the TMS70C42

- Flexible on-chip serial port:
- Asynchronous, Isosynchronous, or Serial I/O 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, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls

- 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

- Silicon-gate CMOS technology, 40-pin, 600 mil, dual-inline package
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B5/R/W 1 Uio Vss
B7/cLkouT[J2 39 JB6/ENABLE
BO/T20UT[ |3  38[]B4/ALATCH
B1/T1oUT[J4+ 37[]B3/TXD

B2[Js 3s[IMC
ao[Je 3s[]c7
a7 34[Jce
a2[]s 33[]cs
a3[Jo 32[]ca
A4/scLk [J1o 31[Jc3
az7/ec1 11 3o[Jc2
iNT3[J12 29[]cC1
iNT1 13 28[Jco
RESET[ 14 27[]DO
as/ec2[]1s  26[]D1

as/RxD[}16  25[Jvce
XTAL2/CLKIN[]17 24[]D2
xTAL1[J18 23] ]D3
p7[J1e 22 o4
p6[J20 217Jos

A. 40-Pin DIP

~[IB1/T10UT
w[IBO/T20UT
S[lB7/CLKOUT

o =[] B5/R/W

B6/ENABLE

B4/ALATCH

Figure 2-5. Pinouts for TMS70C02 and TMS70C42 Devices

BS/RIW[]1 @ U w0 Jvss
B7/CLKOUT[]2 39| ]1B6/ENABLE
BO/T20UT [}3 38| ]B4/ALATCH
B1/T10UT[4 37[JB3/TXD

B2[]s 36 aMC
Ao[Js 35| ]C7
A1 E 7 3a[]ce
A2[]s a3[]cs
A3[o 32[]Jca
A4/scLK[10 31]c3
A7/EC1[]11 30 E'ICZ
INT3[]12 29f]C1
INT1[]13 28f]co
RESET[]14 27 ]DO
A6/EC2[]15 26| _]D1

A5/RXD[J16 25 JVce
XTAL2/CLKIN[]17 24{]D2
XTAL1[}18 23[]D3
D7[]19 22 ]D4
p6[]20 21[7]D5

TMS77C82

Aofl7 Vss
A1 c7
A2j9 cé
A3flio c5

A4/SCLK ca
A7/ECT c3
INT3 c2
INT1 C1
RESET] CcO
AB/EC2 DO
NC D1
OZ~~NN©O T ONO
E é S an g) [alalalyal ;)
28
<
&
B. 44-Pin PLCC
BS/R/W[|1 U aoflvss
B7/CLKOUT[J2 39[]B6/ENABLE
BO/T20UT[}3 o vcc vee o 38[1B4/ALATCH
B1/T10UT[]4 o A12 PGM o 37[IB3/TXD
B2[]s o A7 A13 o 38[IMC
AO[l6 o A6 A8 o 35[IC7
A1[l7 o A5 A9 o 34fIC6
A2[ls o A4 A11 o 33]IC5
A3[]s o A3 G o 32flca
A4/SCLK[]10 o A2 A10 o 31JIC3
A7/ECT[J11 o A1 E o 30fjc2
INT3[]12 o A0 D7 o 29fJC1
INT1[J13 o DO p6 o 28fJCO
RESET[]14 o D1 D5 o 27[JDO
AB/EC2[]15 o D2 D4 o 26f]D1
AS5/RXD[}16 o Vss D3 o 25fVce

XTAL2/CLKIN[}17 24[]D2

XTAL1[}18 23]]D3
D7[]19 22[]D4
D6[]20 21{lD5

SE70CP162

Figure 2-6. Prototyping Devices Available for TMS70Cx2 and TMS77C82
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Table 2-5. TMS70Cx2 and TMS77C82t Pin Descriptions

OPERATION MODES EPROM MODE
(TMS77C82 ONLY)
SIGNAL | PIN NOJI/O DESCRIPTION SIGNAL|I/O DESCRIPTION
pLcc|DIP
A0 LSb 7 6 |1/0O] AO-A7 are general-purpose A7 I | A3-A7 are
A1l 8 7 {1/0]| bidirectional pins. A6 | | address lines.
A2 9 8 |1/0 A5 |
A3 10 | 9 |1I/O Ad I
A4/SCLK 11 1 10 {1/0O| Data |/O/Serial port clock A3 |
A5/RXD 18 |16 |1/O| Data i/O/Serial port receiver Al12 |
A6/EC2 16 | 16 |1/0O| Data I/O/Timer 2 event counter PGM |
A7/EC1 12 | 11 |1/O| Data I/O/Timer 1 event counter G |
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
(o4] 31 | 28 |1/0| Port C is a bidirectional data port. In Q1 1/0}1 Q1-Q8 are
Cc1 32 |29 |1/0] Microprocessor, Peripheral-Expansion,| Q2 1/0| bidirectional
C2 33 | 30 |1/0O| and Full-Expansion modes, Port C is Q3 1/0| data lines.
C3 34 | 31 |1/0O| a muitiplexed low address and data Q4 1/0
C4 35 | 32 |1/0] bus. Q5 1/0
C5 36 |33]1/0 Q6 1/0
C6 37 |134]1/0 Q7 1/0
C7 38 | 35]1/0 Q8 1/0
DO 30 | 27 |1/O]| Port D is a bidirectional data port. In A8 | A0-A2 and
D1 29 |26 |1/O] Microprocessor and Full-Expansion A9 | A8-A10 are
D2 27 | 24 11/0] modes, it is the high address bus. A1 | | address lines.
D3 26 |123{1/0 A10 |
D4 25 |22 {1/0 E I | Chip enable
D5 24 | 21 {1/0O A0 |
D6 22 1 20{1/0 A1l I
D7 21 119{1/0 A2 [
TNT1 14 | 13| | | Highest priority maskable interrupt
INT3 13 |12 1 Lowest priority maskable interrupt
AL
RESET 15 {14 | | Reset GND Vgg for EPROM
mode
MC 40 | 36| | | Mode control pin, V¢ for V pp Program enable
Microprocessor mode (21 V to program,
(0 V to verify)
XTAL2/CLKIN] 19 [17] I | 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 | 25 Supply voltage (positive) Vce (S5up;;ly voltage
Vv
Vss 23 | 40 Ground reference GND Ground reference
39
44

t  Advance information
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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:
Proéot&ping:

- 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

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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2.5.2 SE70P162 (NMOS) Piggyback Prototyping Device Key Features

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

Development support:

e

- Uses TMS2764 or TMS27128 EPROMs in a piggyback socket
- Register-to-register architecture

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

Error detection flags

Fully software pro?rammable

Internal or external baud-rate generator

Separate baud-rate timer useable as a third timer

- 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

- Fully compatible with TMS7042 at 8 MHz
- 40-pin, 600 mil, dual-inline package
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BsRWL]1 © J  aofdvss
B7/CLKOUT []2 39| 186/ENABLE
Bo 3 38| _1B4/ALATCH
B1 [+ 37[71B3/TXD
B2[]s 36f_IMC
Ao[Je 35 ]c7
Al E7 34 ]ce
A2[]s 33[cs
A3[]e 32[]ca
A4[J10 31[]c3
A7/ECT []11 so[]c2
INT3[12 29[]c1
INT1[]13 28[]co
RESET []14 27[]po
AB/SCLK/EC2 []15 26| ]D1
AB/RXD []16 25 JVce
XTAL2/CLKIN []}17 24 ]D2
XTAL1 []18 23[]D3
D710 22[]p4
D6 []29 21[]D5

Ceramic 40-Pin DIP

Figure 2-7. TMS7742 Pinout

B5/RIW [|1 U aoflvss
B7/CLKOUT []2 39[] B6/ENABLE
BO[}]3 o vee Vee o 38[1B4/ALATCH
B1fJ4 o A12 PGM o 37[]B3/TXD
B2[|s o A7 A13 o 36[IMC
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A1[l7 o As A9 o 34fjC6
A2[ls o A4 A11 o 33JJC5
A3[]o o A3 G o 32flc4
A4fl10 o A2 A10 o 31{]C3
A7/ECT1[J11 o A1 E o 30[jC2
INT3[]12 o A0 D7 o 29fJC1
INT1[]13 o DO D6 o 28fJCO
RESET[]14 o D1 D5 o 27[]DO
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A5/RXD[]16 o vss D3 o 25[]Vce
XTAL2/CLKIN[} 17 24[] D2
XTAL1[]18 23[] D3
D7[]19 22]] D4
DGL 20 21{]1 D5

Ceramic 40-Pin DIP

Figure 2-8. SE70P162 Pinout
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Table 2-6. TMS7742 and SE70P162 Pin Descriptions

OPERATION MODES EPROM MODE
TMS7742 ONLY)
SIGNAL PIN {I/O DESCRIPTION SIGNALJ|I/0 DESCRIPTION
A0 LSb 6 |1/0] AO-A4 and A7 are general-purpose A7 I | A3-A7 are
A1l 7 |1/0]| bidirectional pins. A5 and A6 are A6 I | address lines.
A2 8 |1/0] input-only data pins. A5 |
A3 9 |I/O A4 |
Ad 10 |1/0 A3 |
A5/RXD 16 I Data input/Serial port receiver
A6/SCLK/EC2 | 15 |I1/O| Data input/Serial port clock/
Timer 2 event counter
A7/EC1 11 |1/0] Data |/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 (¢]
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 Cis a bidirectional data port. In Q1 1/0] Q1-Q8 are
C1 29 |1/0]| Microprocessor, Peripheral-Expansion, Q2 1/0| bidirectional
Cc2 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
Cc4 32 [1/0] bus. Q5 1/0
C5 33 |1/0 Q6 1/0
Cé 34 |1/0 Q7 1/0
C7 35 |1/0 Q8 1/0
DO 27 |1/O| Port D is a bidirectional data port. In A8 I | A0O-A2 and
D1 26 |I/0O| Microprocessor and Full-Expansion A9 I | A8-A11 are
D2 24 | | | modes, it is the high address bus. Al1 | | address lines.
D3 23 | A10 |
D4 22 | E | | Chip enable
D5 21 | A0 I
D6 20 | A1l |
D7 19 ! A2 |
TNT1 13 | Highest priority external maskable interrupt
TNT3 12 | Lowest priority external maskable interrupt
RESET 14 | | | Reset GND Vgg for EPROM
mode
MC 36 | | | Mode control pin, Vg 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) Ve Supply voltage
(5V)
Vsg 40 Ground reference GND Ground reference
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2.6 SE70CP160 and SE70CP162 Prototyping Devices

2.6.1 SE70CP160 (CMOS) Piggyback Prototyping Device Key Features

The SE70CP160 supports prototyping development for the TMS70C20 and
the TMS70C40.

Development support:

rotot%%?f

t  Advance information

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

- Wide voltage operating range, frequency range:
- 25V -0.8 MHz maximum
- 6V-6.5 MHz maximum

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

- Fully compatible with TMS70Cx0 devices
~ Silicon-gate CMOS technology
- 40-pin, 600 mil, dual-inline package
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2.6.2 SE70CP162 (CMOS) Piggyback Prototyping Device Key Features
The SE70CP162 supports prototyping development for the TMS70C42.

evelopment support:
Protot .

t Advance information

- Uses '27C64, '27C128, or compatible EPROMSs in a piggyback socket
- 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
- 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
- Wide voltage operating range, frequency range:
- 2.5V -0.8 MHz maximum
- 6V-7.5 MHz maximum
- Wake-Up power-down mode
- Fully compatible with TMS70Cx0 devices
- Silicon-gate CMOS technology

- 40-pin, 600 mil, dual-inline package
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B5/R/W[} 1 U a0llvss
B7/CLKOUT[] 2 39|1B6/ENABLE
BO[}J3 o vcc vee o 38[IB4/ALATCH

B1[]4 o A12 PGM o 37[|IB3

B2[|s o A7 A13 o 36[IMC

AO[J6 o A6 A8 o 35]IC7

A1[}7 o As A9 o 34fICe

A2EB o A4 A11 o 33lIC5

A3[]s o a3 G o 32flca
A4fl10 o A2 A10 o 31[IC3
A7/ECI[J11 o A1 E o 30[jC2
INT3[J12 o A0 D7 o 29fIC1
iINT1[]13 o DO D6 o 28[]CO
RESET[}14 o D1 D5 o 27]JDO
A6[}15 o D2 D4 o 26]ID1
A5[J16 o Vss D3 o 25[lVce
XTAL2/CLKIN[}17 24]]D2
XTAL1[]18 23}]D3
D7[}19 22]jpa

D6 [J20 21 jlDs

Ceramic 40-Pin DIP

Figure 2-9. SE70CP160 Pinout

B5/R/W |1 J 40flvss
B7/CLKOUT[J2 391 B6/ENABLE
BO/T20UT{}3 o v¢e Vee o 38[IB4/ALATCH
BI/TIOUT]4 o A12 PGM o 37[IB3/TXD
B2[|s o A7 A13 o 36[]MC
AO[le o A6 A8 o 35[]C7
A1ll7 o A5 A9 o 34f]ce
A2(l8 o A4 A11 o 33JICs
A3[le o A3 G o 32flca
A4/SCLK[J10 o A2 A10 o 31fJC3
A7/ECT1[J11 o A1 E o 30fC2
INT3[]12 o A0 p7 o 29fIC1
INT1[]13 o DO o6 o 28fJCo
RESET[]14 o D1 D5 o 27{]DO
AB/EC2[]15 o D2 D4 o 26[]D1
A5/RXD[}]16 o Vsg p3 o 25[Jvce
XTAL2/CLKIN(]17 24[]D2
XTAL1[j18 23(]D3
D7[j19 22{]D4
D6[j20 21f]D5

Ceramic 40-Pin DIP

Figure 2-10. SE70CP162 Pinout
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Table 2-7. SE70CP162 Pin Descriptions?t

SIGNAL PIN [I/O DESCRIPTION
AO LSb 6 1/0] AO-A4 and A7 are general-purpose bidirectional pins.
Al 7 1/0
A2 8 1/0
A3 9 1/0
A4/SCLK 10 1/0
A5/RXD 16 1/0| Data 1/O/Serial port receiver
A6/EC2 15 1/0| Data |/0/Serial port clock/Timer 2 event counter
A7/EC1 11 {/O| Data I/O/Timer 1 event counter
BO/T20UT 3 O | BO-B3 are outputs. B4~B7 are outputs in Single-Chip mode and
B1/T10UT 4 O | memory interface pins in all other modes. BO and B1 also contain
B2 5 O | the timer output functions. i
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 interface 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 Microprocessor, Peripheral-
C1 29 I/0| Expansion, and Full-Expansion modes, Port C is a
C2 30 1/0| multiplexed low address/data bus.
C3 31 1/0
C4 32 170
C5 33 1/0
Ccé6 34 1/0
c7 35 1/0
DO 27 1/0| Port D is a bidirectional data port. In Microprocessor and Fuli-
D1 26 1/0| Expansion modes, it is the high address bus.
D2 24 1/0
D3 23 1/0
D4 22 1/0
D5 21 1/0
D6 20 1/0
D7 19 1/0
NT1 13 | Highest priority maskable interrupt
TNT3 12 | | Lowest priority maskable interrupt
RESET 14 | Device reset
MC 36 I | Mode control pin, V¢ for Microprocessor mode
XTAL2/CLKIN 17 I | Crystal input for control of internal oscillator
XTAL1 18 O | Crystal output for control of internal oscillator
Vce 25 Supply voltage (5 V)
Vss 40 Ground reference

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

page 2-7.
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3. TMS7000 Family Architecture

This section discusses the internal architecture of the TMS7000 family3 de-

vices. Topics in this section include:

Section

System Clock Options ..............
CMOS Low-Power Modes

Interrupts and System Reset
Programmable Timer/Event Counters

0000 W W W W
NOoOOThWN=-

3.8 Serial Port (TMS70x2 and TMS70Cx2 Devices Only)

On-Chip RAM and RegiSters .......ccooeieiiiininnicniniecie s
On-Chip General Purpose 1/0 POrts .......cccevrmnimiriecceeeenea
MEMOTY MOAES ....ooveeieeiiieiieieictiete ettt

Figure 3-1 shows the major components of the TMS7000 family devices’ in-

ternal architecture.
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PORT A
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I—
7
|
|
|
|
|
|
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|

ROM PORT B

PORT C

PORT D J

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

Figure 3-1. TMS7000 Family Block Diagram

3

32 /o

& TIMER OUTPUT

2538

TMS7000 and TMS7000 family refer to all TMS7000 devices as described in Section 2.
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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
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 R0O-R255. These are located in lower memory as follows:

Number of Register
Device Registers Range Memory Address

TMS70x0 128 RO-R127  >0000 - >007F
TMS70Cx0 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)

3-2

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/0 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
>0000
TOP OF STACK ON RESET - >

0001 .
- T e bR
. STORE

INITIAL TOP OF STACK - >0080
: FETCH
port  THEN
DECREMENT

UPPER STACK LIMIT - >007F

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

3.1.4 Status Register (ST)

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 (1). The C, N, and Z bits are used for arithmetic operations, bit
rotating, and conditional branching.

MSb 7 6 5 4 3 2 1 0 LSb
Lein]z] 1] rumRe 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 (2Z) Bit Contains a 1 when the destination operand equals zero after
instruction execution.
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Global Interrupt Enable (1) 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 bit is settoa 1 ora 0.

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.

3.1.6 Program Counter (PC)

3-4

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.
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3.2 On-Chip General Purpose I/0 Ports

TMS7000 devices have 32 |/O pins organized as four 8-bit parallel Ports A,
B, C, and D.

Port A TMS70x0 and TMS70Cx0 devices - Port A is an input-only
port

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

the address/data bus for memory expansion

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 value is an
input or an output. 1/0 pins can be individually designated as input or output
by writing a 1 or O 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 will be the same as the last value
internally written to the port. Reading the port returns the
value at the pins, which can override the data written to the
port.

Figure 3-4 (page 3-6) shows the logic for each bidirectional 1/0 line.
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Vo
PIN

DATA READ
DDR READ
OUTPUT
ENABLE fo ol—— DDR WRITE
DDR
FUP DDR WRITE
FLOP STROBE
Q
OUTPUT
OUTP!
—< VALUE Rl DATA WRITE
3-STATE DATA ’
FLIP DATA WRITE
DRIVER FLOP STROBE
Q

Figure 3-4. Bidirectional I/O Logic

Table 3-1. TMS70x0 and TMS70Cx0 Port Configuration

SINGLE-CHIP PERIPHERAL- FULL-EXPANSION |[MICROPROCESSOR
/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 8 1/0 pins address/data bus address/data bus address/data bus
(LSB) (LSB)
Port D 8 1/0 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
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Table 3-2. 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 A5=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 81/0 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
Table 3-3. TMS70Cx2 Port Configuration
SINGLE-CHIP PERIPHERAL- FULL-EXPANSION |[IMICROPROCESSOR
1/0 MODE EXPANSION MODE MODE MODE
8 1/0 pins 8 1/0 pins 81/0 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 Ab5=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=B0O/T20UT B3=B3/TXD B3=B3/TXD B3=B3/TXD
B1=B1/T10UT B1=B1/T10UT B1=B:/T10UT
BO=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 1/0 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 general-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 TMS70x2 parts, pins AO-A4 and pin A7/EC1 of Port A are bidirectional
1/0 lines. Pins A5 and A6 are general-purpose input-only pins that also have
other functions when using 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 1/0 port. However,
pins A5/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 Single-Chip mode, Port B is an 8-bit general-purpose output port.
Reading Port B returns the value written to the pins unless modified by an
external value at the pins.

In all other memory modes, Port B is split into two parts. The lower nibble
(pins BO-B3) are general-purpose output-only pins. The most significant
nibble (pins B4-B7) contains the bus control signals: ALATCH, R/W,
ENABLE, and CLKOUT.

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.

In all other memory modes, Port C becomes a multiplexed address/data
port for the off-chip memory 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
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In Single-Chip or Peripheral-Expansion mode, Port D is an 8-bit bidi-
rectional 1/O port. Any of its eight pins may be individually programmed as
an input or output line under software control.

In Full-Expansion and Microprocessor modes, Port D becomes a multi-
plexed address/data port for the off-chip memory bus. In this case, Port D
provides the most significant byte of a 16-bit address. (Port C provides the
least significant byte of the 16-bit address.)
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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 Mode Control (MC) input pin forces the TMS7000 into Microprocessor
mode when set to a Vce. If the MC pin is held at Vgg, the remaining memory
modes can be selected by bits 6 and 7 of the Peripheral File |/O Control Re-
gister (IOCNTO - PQ), as shown in Table 3-4.

Table 3-4. Mode Selection Conditions (MC Pin)

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

Note: X = Don’t Care

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-
gister.) Table 3-5 and Table 3-6 summarize the four memory modes.

Table 3-5. TMS70x0 and TMS70Cx0 Memory Map
PERIPHERAL- FULL
SINGLE-CHIP EXPANSION EXPANSION MICROPROCESSOR
188(7)2 Register File Register File Register File Register File
>
>88§2 Reserved Reserved Reserved Reserved
>0100 . . .
>010B On-Chip I/0 On-Chip 1/0 On-Chip I/0O On-Chip I/0
>010C
Peripheral Expansion | Peripheral Expansion | Peripheral Expansion
>0200
>0201 .
Not Available Not Available Memory Expansion Memory Expansion
>F000
4K ROM 4K ROM 4K ROM
>F800
2K ROM 2K ROM 2K ROM
>FFFF
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Table 3-6. TMS70x2 and TMS70Cx2 Memory Map

PERIPHERAL- FULL MICRO-
70x2| SINGLE-CHIP EXPANSION EXPANSION PROCESSOR |’70Cx2
>0000 >0000
Register File Register File Register File Register File
>00FF >00FF
>0100 >0100
On-Chip I/0 On-Chip 1/0 On-Chip I/0 On-Chip I/0
>0117 . >0123
>0118 >0124
Peripheral Expansion | Peripheral Expansion
>01FF >01FF
>0200 >0200
Not Available Not Available Not Available Memory Expansion
>EFFF >EFFF
>F000 >F000
4K ROM 4K ROM 4K ROM
>FFFF >FFFF
Table 3-7. TMS70x0 and TMS70Cx0 Peripheral Memory Map
PERIPHERAL- FULL- MICRO-
SINGLE-CHIP | expANSION EXPANSION PROCESSOR
PO | >0100 | IOCNTO 1/0 Control register
P1 | >0101 - Reserved
P2 | >0102 | T1IDATA 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-|>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 3-17.



TMS7000 Family Architecture - Memory Modes

Table 3-8. TMS70x2 Peripheral Memory Map

SINGLE-CHIP Péféiﬂi‘?éh EX;XI\II-EION PR“glccERS%OR
PO | >0100 | IOCNTO 1/0 Control register O
P1 |>0101 - Reserved
P2 | >0102 | TIDATA 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 Port B Data 1
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
P17|>0111 SCTLO Write — Serial Control register O
SSTAT Read — Serial port status register
P181>0112 | T2DATA Timer 2 Data
P19|>0113 | T2CTL Timer 2 Control
P20|>0114 | T3DATA Timer 3 Data
P21}>0115 | scCTL1 Serial Control register 1
P22|>0116 | RXBUF Receiver Buffer
P23|>0117 | TXBUF Transmitter Buffer
P24-|>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 3-17.
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Table 3-9. TMS70Cx2 Peripheral Memory Map

PERIPHERAL- FULL- MICRO-
SINGLE-CHIP | expaNSION EXPANSION PROCESSOR

PO | >0100 | IOCNTO | 1/0 Control register O

P1 | >0101 IOCNT2 | 1/0 Control register 2

P2 | >0102 | IOCNT1 1/0 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]1>0113 | T2CTLO Timer 2 control register 0/LSB capture latch value
P20|>0114 | SMODE Serial port mode control register
P21|>01156 SCTLO Serial port control register O
P22|>0116 | SSTAT Serial port Status Register
P23|{>0117 | T3DATA Timer 3 reload register/decrementer value
P24]1>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 3-17.
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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 32 1/0 lines may be used for var-
ious purposes, such as scanning keyboards, driving displays, and controlling
other mechanisms. The four ports are configured as shown in Figure 3-5.

INPUT
LINES

OUTPUT
LINES

BIDIRECTIONAL
LINES

BIDIRECTIONAL
LINES

Figure 3-5. 1/0 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 1/0 ports and other on-chip functions. Table 3-7, Table 3-8, and
Table 3-9 list the Peripheral-File registers that are available in Single-Chip

mode.
'70x2 '70Cx2
>0000 >0000 >0000
Register File
>007F Register Fil
>0080 gister Hle
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip I/0 On-chip I/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 and TMS70Cx0 B. TMS70x2 and TMS70Cx2
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 (AO) 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 TMS70x2 parts, pins AO-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 3-6) shows a diagram of the bidirectional 1/0 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 I/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 1/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.

(CPORT and DPORT) are bidirectional I/O 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 O causes a high-impedance input. Writing to the Data-Direction Reg-
isters does not affect the Data Registers. Writing to the Data Registers modi-
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
3-6) for a diagram of the bidirectional I/0 logic.
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IOCNTO
APORT
BPORT
CPORT
CDDR
DPORT
DDDR

*

RESET
*

*
L1
*

L2
*

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 the use of the 1/0 lines in the Sin-
gle-Chip mode for all family members.

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 %oad 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

BTJzZP %>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/O-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.

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

'70x2 '70Cx2
>0000 >0000 >0000
Register File
>007F ; .
>0080 Register File
Reserved
>00FF >00FF >00FF
>0100 >0100 >0100
On-chip I/0 On-chip I/O
>0108B >0117 >0123
>010C >0118 >0124
Peripheral Expansion Peripheral Expansion
>01FF >01FF >01FF
>0200 >0200 >0200
Not Available Not Available
>F000 >F000 >F000
4K ROM 4K ROM
>F800 2K ROM
>FFFF >FFFF >FFFF
A. TMS70x0 and TMS70Cx0 B. TMS70x2 and TMS70Cx2
Devices 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 O 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
(BO-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 I/O 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

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 I/O port. The four ports are
configured as shown in Figure 3-9. Figure 3-10 shows the I/0 memory as-
signments for the Full-Expansion mode.

AO-ATK_ /8 > BIDIRECTIONAL LINES

TMST70xx

88

~

CO-C7TK " 78 > ADDRESS/DATA (ADRO/DATO-ADR7/DAT7)
DO-D7K 78 > 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 3-7, Table 3-8, and Table 3-9. 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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>0000

>007F
>0080

>00FF
>0100

>010B
>010C

>01FF
>0200

>F000

>F800
>FFFF

A. TMS70x0 and TMS70Cx0

Register File

Reserved

On-chip 1/0

Peripheral Expansion

Not Available

4K ROM

2K ROM

Devices

'70x2
>0000

>00FF
>0100

>0117
>0118

>01FF
>0200

>F000

>FFFF

Register File

On-chip I/O

Peripheral Expansion

Memory Expansion

4K ROM

'70Cx2
>0000

>00FF
>0100

>0123
>0124

>01FF
>0200

>F000

>FFFF

B. TMS70x2 and TMS70Cx2

Devices

Figure 3-10. Full-Expansion Mode Memory Map

3.3.4 Microprocessor Mode

Microprocessor mode is selected when:
MC = Ve 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 (V¢c) 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.

>0000

>007F
>0080

>00FF
>0100

>010B
>010C

>FFFF

A. TMS70x0 and TMS70Cx0

Register File

Reserved

On-chip I/0

Memory Expansion

Devices

'70x2
>0000

>00FF

. >0100

>0117
>0118

>FFFF

Register File

On-chip I/0

Memory Expansion

'70Cx2
>0000

>00FF
>0100

>0123
>0124

>FFFF

B. TMS70x2 and TMS70Cx2

Devices

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

The internal state cycle period, called te(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

3-20

The TMS7000 devices use the following methods to implement the system
clock options:

Crystals: Crystals are connected between pins XTAL1 and
XTAL2/CLKIN. To optimize the crystal waveform, a 15-pF ca-
pacitor should be connected between XTAL1 and ground, and
a 30-pF capacitor should be connected between 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..

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 Ve, 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
P17 XTAL2

‘—nl-‘ RESONATOR

A+ RESISTOR

71N 7N CAPACITORS

b. Ceramic resonator

)] WO
RS
1 L () P
CLOCK
SOURCE XTAL2/CLKN °x
b. External clock source d. R-C circuit

Figure 3-12. System Clock Connections
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3.4.2 Low-Power Mask Options for CMOS Devices

3-22

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 TMS70Cx0 devices are mask programmable with either the OSC-ON
option or the OSC-OFF mask options.

The TMS70Cx2 devices are mask programmable with the OSC-ON mask
option.

The OSC-On option will keep the on-chip oscillator active during the Halt
low-power mode. Since the oscillator is still active, typical power consump-
tion will be 80 pA/MHz for the TMS70Cx0 devices. When the device is
brought out of Halt mode, there will be no delay in restoring the full operation
since the oscillator is already running. The OSC-ON option is useful in ap-
plications where no delay in restoring 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 for the TMS70Cx0 devices. The OSC-OFF
mask-programmable option supports an R-C circuit as well as a crystal, ce-
ramic resonator, or other approximately 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 oscillations 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 recom-
mended for RESET when using a crystal or ceramic resonator with the OSC-
OFF low-power mask option.

Table 3-10. Low-Power Mask Options for CMOS Devices

MASK HALT POWER OSCILLATOR
OPTION| CONSUMPTION CLOCK SOURCE START UP
Ceramic resonator, crystal, or 10 millisecond
OSC-OFF Lowest external clock source delay
R-C circuit No delay
OSC-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 when the IDLE instruction is executed. The
TMS70Cx0 and TMS70Cx2 devices can both enter Wake-Up (startup) low-
power mode; the TMS70Cx0 devices can also enter Halt (power-down) low-
power mode. For information concerning mask options associated with the
Halt low-power mdoe, see Section 3.4.2.

3.56.1 TMS70Cx0 Low-Power Modes

The TMS70Cx0 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 (O 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. Both low-power modes freeze the |/0 ports, retaining their
conditions before the IDLE instruction was executed. Complete RAM data
retention is also maintained through both low-power modes as long as power
is applied. Table 3-11 describes the low-power options.

Table 3-11. Low-Powér Options for TMS70Cx0 Devices

P ENTER EXIT CLOCK
MODE ST?AT%S TIMER 1 STATUS | OSC | MODE MODE SOURCE
VIA VIA

Wake-Up Halted Active Active| IDLE RESET, INT1, Crystal, R-C Circuit,
INT2, INT3 Ceramic Resonator,

(if enabled) External Clock

Halt Halted Halted Active| IDLE RESET,INT1, Crystal,

(OSC-ON) INT2 (if enabled) | Ceramic Resonator,

External Clock
Halt Halted Halted Halted| IDLE | RESET, INT1, Crystal, R-C Circuit,
(OSC-OFF INT2 (if enabled) Ceramic Resonator,

External Clock

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 the
OSC-ON and the OSC-OFF options.

3.5.2 TMS70Cx2 Devices

The TMS70Cx2 devices support the Wake-Up low-power mode. This mode
is 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 Wake-Up mode, further reducing total power consumption. To disable
Timer 1 during Wake-Up mode, set the TTHALT bit (bit 5 of TICTLO) to 1.
To disable Timer 2 during Wake-Up mode, set the T2HALT bit (bit 5 of
T2CTLO) to 1. The UART/Timer 3 is disabled during Wake-Up mode by set-
ting the SPH bit (bit 7 of SCTLO) to 1.
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3.6 Interrupts and System Reset

N

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 and TMS70Cx0 devices have three separate, maskable inter-
rupts that are triggered from three sources. The TMS70x2 and TMS70Cx2
devices have five separate maskable interrupts that can be triggered from as
many as seven sources. Each interrupt has a specific priority level; if two or
more interrupts occur simultaneously, they are serviced according to priority —
highest first, lowest last. Table 3-12 summarizes the interrupts.

Table 3-12. Interrupt Summary

EXTERNAL, VECTOR ADDRESS
INTERRUPT INTERNAL/ SOURCE PRIORITY MSBO LSBS
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 O
INTS E/I Timer/Event counter 2 Priority 5 >FFF4 >FFF5
countdown thru O

Tt 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.

3.6.1 Device Initialization

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 |/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 3-6). 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), regardiess of the internal machine clock state.




TMS7000 Family Architecture - Interrupts and System Reset

The reset function does not change the INTn flag bits in the IOCNTO register
(since all zeros are written). If 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 foliowing operations are
performed before the first instruction acquisition:

1)  All Os are written to the Status Register. This clears the global interrupt
enable bit (1), 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 3-12, page 3-24),
and loaded into the Program Counter.

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

MOVP

MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP
MOVP

MOVP
MOVP

MOV
MOV
MOVP
MOVP

MOVP
MOVP

EINT

%>2E,PO

$>0F,P16

%$VALUl,P4
%$MASK1,P5
%VALU2,P8
%MASK2,P9

%VALU3,P10
%$MASK3,P11

%VALU4 ,P2
%VALUS5,P3

%$VALU6,P18
%$VALU7,P19

0,P17
%$>40,P17

$MASK4,P17

£>05,P17

$VALUS,P20
$VALU9,P21

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

Clear INT4, INT5 flags,

and INTS

enable INT4

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
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MOVP
MOVP
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MOVP
MOVP
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VALU1,P4
MASK1,P5

VALU2,P8
MASK2,P9
VALU3,P10
MASK3,P11
VALU4,P12
VALU5,P13
%$>40,P14
MASK4 ,P15

VALU6,P1l6
VALU7,P17
%$>40,P18

MASK5,P19

MASK6 ,P20
MASK7,P21
MASKS,P23
MASK9, P24

Clear INT1l-, INT2, and INT3- flags,
place device in Single-Chip mode, and
enable INT2

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
Confi?ure serial port control
Set g obal interrupt enable bit
to allow interrupts

oo

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 a 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 value 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 VQQ (1.25t ¢(c))| + towr = R-C

IL
where:
t,st = Total time RESET pin is held at logical level O
Vce = Supply voltage
ViL = Low-level input voltage
tecc)y = Internal machine clock period
towr = Ramp-up time for Vcc
R = Resistor value in ohms (no more than 1 megohm)
C = Capacitor value in farads
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3.6.2 Interrupt Operation
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The TMS7000 family’s interrupts can be falling-edge sensitive, falling-edge
and level sensitive, rising-edge sensitive, or rising-edge and level sensitive.
Table 3-13 illustrates the interrupt configurations supported by each
TMS7000 family device.

Table 3-13. External Interrupt Operation

TMS7000 DEVICE |FALLING EDGE|FALLING EDGE|RISING EDGE|RISING EDGE
AND INTERRUPTS AND LEVEL - AND LEVEL
TMS70x0 INT1 X
INT3 X
TMS70x2 INT? X
INT3 X
TMS7742 INT1 X
INT3 X
SE70P162  INT1 X
INT2 X
TMS70Cx0  INT1 X
INT3 X
SE70CP160 INTH X
INT3 X
TMS70Cx2t INT1 X X X X
INT3 X X X X
SE70CP162t INT1 X X X X
INT3 X X X X
TMS77C82 INT1 X X X X
INT3 X X X X

T The TMS70Cx2 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, to(c), which has a cycle period of
2/Fgsc- To detect an interrupt, the ll\(JT)n 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. If 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 3-13.
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INTn INTn
CLEAR FLAG
RL rJ w R
INTn
ACK
D 0 To
PRIORITY
LOGIC
ENABLE
LATCH
— INTn
INTh —D Q, ACTIVE
o —
str'gc
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 (1) 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 3-12 on page
3-24. Instruction execution then proceeds at the new address value in
the Program Counter.

Nineteen internal state clock cycles [tc(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
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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 |/O control registers are mapped into PF locations as follows:

Table 3-14. 1/0 Control Registers

TMS7
PERIPHERAL FILE Tmssmoé)?o TMS70x2 | TMS70Cx2
IOCNTO PO PO PO
IOCNT1 P16 P16 P2
IOCNT2 N/A N/A P1

0 — INT3 inactive
1 = INT3 pending

0 — INT2 inactive
1 = INT2 pending

- I inactive
l_'1 = INT1 pending
7 6 5 4 3 2 0

Memory|Memory| INT3 | INT3 | INT2 | INT2 _1‘1 INT1
Mode 1|Mode O| Flag |Enable | Flag |Enable| Flag |Enable | Read

Memory|Memory| INT3 | TNT3 | INT2 | INT2 | TNT1 | TNT1 .
Mode 1|Mode O| Clear |Enable | Clear | Enable | Clear | Enable | Write

| l_ 0 — INT1 disabled
00 = Single Chip 1 = INT1 enabled
01 = Peripheral 0 = No effect
Expansion 1 = Clear INT1 flag
10 = Full 0 — INT2 disabled
Expansion 1 — INT2 enabled
11 = Undefined 0 — No effect
1 — Clear INT2 flag
0~ Iﬁi disabled
1 — INT3 enabled
L__ 0 — No effect

1 — Clear INT3 flag

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

0 — INT4 inactive
I——1 = INT4 pending

7 6 5 4 3 2 1 0
INTS | INTS INT4 INT4
0 0 0 0 Flag |Enable | Flag |Enable | Read
INTS INTS INT4 INT4 i
X X X X Clear |Enable | Clear |Enable | Write
L_ 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/O Control Register 1

in the i/O control registers, each interrupt is associated with a fiag bit (INTn
flag) and enable bit (INTn enable). The global interrupt enable (1) 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 O 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

3-29):

—  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.
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7 6 5 4 3 2 1 0

INT3 | INT3 INT1 | TNT1 | Read or
0 0 Edge |Polarity] O 0 Edge |Polarity| Write
0 = Active low/
falling edge
1 — Active high/
rising edge
L__ 0 — Edge & level sensitive
1 — Edge sensitive only
__ 0 — Active low/falling edge
1 = Active high/rising edge
| 0 — Edge & level sensitive
1 — Edge sensitive only

Figure 3-18. IOCNT2 - I/O Control Register 2 (TMS70Cx2 Only)

Thus, INTn going active is returned both as a latched and an edge-sensitive
signal for the TMS70x0 and TNT3 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 0 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 TNT1 pin by testing INT1 flag:

WAIT BTJOP %$>01,P0,WAIT Wait for INT1-
* (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 1.25 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 IOCNTI1.

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
| bit (interrupt enable) in the Status Register is reset to 0. Also, the IOCNTO
register is cleared. This clears the INTn enable bits, disabling INT1, 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 I 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 rautine 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,

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

TMS70Cx2,

SE70CP162 The external interrupts on the TMS70Cx2 and SE70CP162 de-
vices can be individually programmed as falling-edge sensitive
only, falling-edge and level sensitive, rising-edge sensitive only,
or rising-edge and level sensitive.

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
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activate the interrupt (see Figure 3-15 on page 3-29). 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 RETI instruction

te(c)y = 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 devices and interrupts on the
TMS70x2 devices, since they are edge-sensitive only, not level-sensitive.

Some applications may cause an incorrect interrupt vector to be accessed
when using edge- and level-sensitive interrupts on the TMS70x0 and
TMS70Cx0 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
condition occurs, interrupt vector fetches from locations >FFF8 and >FFF9
(for TNT3) will occur for TMS70x0 and TMS70Cx0 devices. This situtation
does not exist for edge-sensitive only interrupts (such as TNT1 on the
TMS70Cx0 device and the interrupts on the TMS70x2 and TMS70Cx2 de-
vices).
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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 0 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 >FFFO 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 sensitive
and will not exhibit the condition.
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3.7 Programmable Timer/Event Counters

3-36

The programmable timer/event counters are 8-bit or 16-bit counters with a
programmable, prescaled clock source. TMS70x0 and TMS70Cx0 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 3-37-3-40).

Timer 1 is available on all TMS7000 devices.
TMS70x0, TMS70Cx0, 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.

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. s

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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PRESCALER
RELOAD REGISTER

A7

8-BIT
RELOAD REGISTER

SET INT2 FLAG, IOCNTO0.3
CASCADE OUT TO TIMER 2

INTERNAL INTERNAL
BUS BUS

Figure 3-19. 8-Bit Programmable Timer/Event Counters - Timer 1 (TMS70x0,
TMS70x2, and TMS70Cx0)
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Figure 3-20. 16-Bit Programmable Timer/Event Counters - Timer 1 (TMS70Cx2)
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Timer 1 Data Register - TIDATA

7 ] 6 | 5 | a4 ] 3] 2] 1] o
MSb Decrementer Value LSb| Read
MSb T1 Reload Register LSb| Write

Timer 1 Control Register - TICTL

7 16 | 5 | 4 ] 3 | 2] 1]o
MSb Capture Latch Value (CL) LSb| Read
START ISOURCE, IDLE | Prescale Reload Register Write

0 for all NMOS devices
0 — Wake-Up low-power mode, TMS70Cx0
1 — Halt low-power mode, TMS70Cx0

0 = Internal clock source = fog./16

1 — External clock source from pin A7/EC1

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

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

T1IMSDATA T1LSDATA
7 6]5]a|3|2|1]o]7|6]5]4]3]2]1]0
MSByte Readout Latch LSByte Decrementer Read
MSByte T1 Reload Register LSByte T1 Reload Register Write
T1CTL1

7 16 | 5 | a4 | 3 2] 1] o
MSByte Readout Latch . Read
X qmout] x [ x T x T x [ x [ x | wiite

0 — Data register bit B1
1 = Timer 1 out; toggles B1 when T1 decrements through 0

T1CTLO
7 16 | s | a4 | 3 ] 2] 1] o
LSByte of Capture Latch Read
START [SOURCEIH HALTl Prescaler Reload Register Write

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

0 — Internal clock source = fyg./4
1 — External clock source from A7/EC1

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

Figure 3-22. Timer 1 Data and Control Registers (TMS70Cx2)

3-38



TMS7000 Family Architecture - Programmable Timer/Event Counters

- PRESCALER
RELOAD REGISTER

- 8-BIT
RELOAD REGISTER

I, RELOAD PULSE ¥
SET INT6 FLAG, IOCNT1.3

INTERNAL
BUS

Figure 3-23. 8-Bit Programmable Timer/Event Counters - Timer 2 (TMS70x2)
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Figure 3-24. 16-Bit Programmable Timer/Event Counters - Timer 2 (TMS70Cx2)
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Timer 2 Data Register - T2DATA

7 | 6 | 5 ] 4 ] 3] 21]1]o
MSb Decrementer Value LSb| Read
MSb T2 Reload Register LSb| Write

Timer 2 Control Register - T2CTL

7 | 6 | 5 | 4 | 3] 2| 1]o
MSb Capture Latch Value (CL) LSb| Read
START ]SOURCE|Cascadel 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 = fy5c/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 T2LSDATA

7 6|5]a]3|2]1]o|7]6|5]a]3]2]1]0
MSByte Readout Latch LSByte Decrementer Read
MSByte T2 Reload Register LSByte T2 Reload Register Write

T2CTL1
7 | 6 | 581 4 | 3| 21]1]o

- MSByte Readout Latch Read
Cascadel TZOUTJ X l X l X l X l X l X Write

0 — Data register bit B1
1 — Timer 2 out; toggles B1 when T1 decrements through 0

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

T2CTLO
7 | 6 | 5 ] 4 | 3] 21]1]o
LSByte of Capture Latch Read
START |[SOURCE|T2HALT] Prescaler Reload Register Write

0 = Timer 2 remains active during Idle
1 = Timer 2 will halt during Idle

0 - Internal clock source = fogo/4
1 = External clock source from A6/EC2

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

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, 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 = 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,
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 T1CTLO (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, T2MSDATA, and other write-only re-
gisters.
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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 0 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 O 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, and TMS70x2

Devices)

The Timer 1 8-bit capture latch can be accessed by reading 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
INT3 is used to exit a low-power mode on the TMS70Cx0 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 T1CTLO (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 TIMSDATA (P12) or T1ICTL1 (P14). Timer 2 MSB readout
latch can be read from T2ZMSDATA (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 P14

Capture Latch: Read P15 then P12 or read P15 then P14
Timer 2: Decrementer: Read P17 then P16 or read P17 then P18
' Capture Latch: Read P19 then P16 or read P19 then P18
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3.7.4 Clock Source Control (Bit 6)

For the TMS70x0, TMS70Cx0, and TMS70x2 devices, bit 6 (SOURCE) of
T1CTL 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:

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

The Event-Counter mode allows INT2 and INT5 to function as positive edge-
triggered external interrupts by loading a start value of 1 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 1/O pin. The minimum clock
period on pins A7/EC1 or AB6/EC2 must not be less than fuogc/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 tc(c)] to be properly detected by the device.
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3.7.5 Idle/Timer Halt Bit (Bit 5)

The function of the Idle 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

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 T1ICTLO (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 Wake-Up low-power 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 A6/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 tc(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 O 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

3-46

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 0 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 fygc/16.

TMS70x0, TMS70Cx0, 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.

TMS70Cx2

Timer 1 Bits 0-4 of Timer 1 control register TICTLO 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 timer 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, 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 1/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.
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- TMS70Cx2

The 16-bit timer reload registers are loaded through the Timer 1 data
registers TILSDATA (P13) and TITMSDATA (P12), and the Timer 2 data
registers T2LSDATA (P17) and T2ZMSDATA (P16). This value is write
only. When read, T1LSDATA 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 1/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 T1ICTLO (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, and TMS70x2
tNT = tck x (PR+1) x (TR+1)
where:

tint = Period between timer interrupts

tcLk = Period of the timer input clock which is 16/fysc 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 =
At the falling edge of the TNT3 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
tNT = tck x (PR+1) x (TR+1)
where:
UNT Period between timer interrupts

tcLk = Period of the timer input clock which is 4/fog. 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 INT1 input will cause the
16-bit decrementer value of Timer 2 to be loaded into the Timer 2 cap-
ture 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 T1OUT bit is returned to O, BO or B1 will become an
output-only pin, like B2. The vaslue 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 O by a reset, so the timer output func-
tion will not be enabled unless the user sets TTOUT 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 set to 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 1/0 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 3-50) 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 3-63) 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 3-64)
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 3-64) 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

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 3-15. Figure 3-27 contains a block
diagram of the serial port registers and functional blocks.

Table 3-15. 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 O
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, SMIODE, 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 /0 pins B3/TXD and A5/RXD, respectively. This
configuration allows the TXD and RXD pins to be used as 1/0 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 an an input pin
on TMS70x2 devices and as a general-purpose 1/O pin on TMS70Cx2 de-
vices. The B3 I/O pin must be set to a 1 in order to enable the TXD pin.
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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 |CHAR1|CHAROJASYNC|MULTI| 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. O — Parity disabled
1 — Parity enabled
L_ 0 — Odd parity
1 — Even parity
L 0 — Serial 1/0 mode
1 = Communication mode
| 0 — 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 0
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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.

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
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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.

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 I/0O mode which allows easy I/O 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 control 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 [SCLKEN| TXEN | Read
SPH UR X ER X RXEN [SCLKEN] TXEN | Write

]
0 — Transmitter disabled
1 — Transmitter enabled

SCLK enable (TMS70Cx2):
0 — A4 is general-purpose 1/0
1 = Ad4is SCLK
0 — Receiver disabled; A5 is
general-purpose 1/0
1 — Receiver enabled; A5 is RX input
L_ 0 — No reset flag
1 — Reset error flag

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 O 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,P1l7 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 %?X0XXXXXX,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
to 1.

When TXEN is reset to 0, 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 flagto 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 |I/0
(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, enabling 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 O is written to UR, all affected logic is held in the reset state. UR must
be set to O 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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Serial 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
|
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
L 0 — No break detect
1 — Break detect
L Intel address bit (TMS70Cx2 devices):
0 — Last address bit received was 0, or Intel mode not selected
1 — Last address bit receives 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 3-60) 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 he 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 /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 A5, respectively.
This configuration allows the TXD and RXD pins to be used as 1/0 pins if
desired. |f 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.
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3.8.1.4 Serial Control Register 1 (SCTL1)

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

Read: O — Clear T3FLG
1 — Set T3FLG
Write: 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

L 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.

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 O 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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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
line 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.

3.8.1.56 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 | 5 ] 4 | 3 | 2] 1 | o
MSb Current Timer Value LSb| Read
MSb Timer Reload Register LSb | Write

Figure 3-32. Timer 3 Data Register - T3SDATA

-  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
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| 2|1 ]o
MSb Receiver Data LSb
0 0 o |+« 5 Data Bits -
0 0 - 6 Data Bits -
0 « 7 Data Bits nd
- 8 Data Bits e

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 LSh)
X X X |e 5 Data Bits -
X X « 6 Data Bits -
X « 7 Data Bits d
« 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 accessed at PF location P26.
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3.8.1.8 RX Signals in Communication Modes

He [ [

RXRDY ] |

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 INT4CLR to clear INT4FLG. If not, CPU clears.

3)

INT4FLG on entry to level 4 interrupt routine.

4) Software reads RXBUF.

3.8.1.9 TX Signals in- Communication Modes

INT4 l__ -1
FLG |

[oX1XzX2X+XsXeX7X5/85

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)
2)

3)

4)
5)

6)
7)

Software writes to TXBUF.

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

Software writes to INT4CLR to clear INTAFLG or CPU clears INTAFLG on entry to
level 4 interrupt routine.

Software writes to TXBUF.

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

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

TXE is set if TXBUF and TXSFT are empty.
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3.8.1.10 RX Signals in Serial /0 Modes

INT4
G

']
Rxm—_% |
e | ]
RXD X0X1X2X3X4X5XGX7T

e 1ML

2
Notes: 1 RXEN has no effect on INT4FLG or RXRDY in Serial I/0 mode.
2) g)éEKmf s”ampled 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 INT4FLG; if not, CPU clears INT4FLG on entry
to level 4 interrupt routine.

6) Software reads RXBUF.

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

e I
H

TXRDY

AT €0 0.0 0.0V

4

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.
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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 A6/SCLK pin (TMS70x2 devices) or A4/SCLK pin
(TMS70Cx2 devices) is a high-impedance input. |f 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 I/0. Serial I/0O 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

121314156 7 8 1 2 3

¢ DATA BIT PERIOD >
= 8 SCLK PERIODS

SCLK

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

3-64

Isosynchronous communication mode is a hybrid protocol, combining features
of the Asynchronous mode and the Serial /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 /O 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 /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 EDGE
INDICATES START BIT

SCLK _I'U'LI'L'L'\J'IJ'LI'LH_HJ‘U"LI‘LI‘LFLH_

1 ]
! ]
1 |
! 1

] ]
1 1
XD i i

RO T LeIbOID1 DT G4 [DELERIET 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 O 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 set to a 1 to
enable data transmission through the B3/TXD pin.
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3.8.2.3 Serial I/0 Mode

In Serial 1/0 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

LLLLL LI
I I T

SCLK & TXD INACTIVE AND HIGH
Figure 3-37. Serial /O Communication Format
An internal SCLK source will be output on pin A6/SCLK (TMS70x2 devices)
or A4/SCLK (TMS70Cx2 devices). In Serial I/O 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
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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 destinatﬁon 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) I 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.



TMS7000 Family Architecture - Serial Port (TMS70x2 and TMS70Cx2)

3.8.3.1 Motorola (MC6801) Protocol

In this protocol, blocks are separated by having a longer idle time between the
blocks than between frames in the blocks. An idle time of 10 or more bits after
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 | | TXBUF ]

mj l TXECF ]

Figure 3-38. Double-Buffered WUT and TXSHF
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Sending out a block start signal of exactly one frame time is accomplished as
follows:

1)
2)
3)

4)

5)

6)

Write a 1 to the WU bit.
Write a data word (don‘t care) to TXBUF.

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

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.

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.

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.

rxo/rxo L1 L] t

1 ] 1 Jal

I L __J L J ol ] 1 ]
IlEPEi!GxOF‘K)ETSCRIDF!E-—I

g 0. SPEIL__DATA ___JsP STI___DATA ISP
- v " v

FIRST FRAME WITHIN FRAME WITHIN

BLOCK 18 ADDRESS. BLOCK

IT FOLLOWS IDLE

PERIOD OF 10 BITS

OR MORE. 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 set to 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
recejved address bit is also placed in the SSTAT IADD bit.

/ BLOCKS OF FRAMSS \
\ /

ROMXD LTal—Jal ITT ITI
L——T—IDLE PERIOD OF NO saemncmce—-I——J

FIRST FRAME WITHIN ADDR/DATA BIT
BLOCK IS ADDRESS. 1S 0 FOR FRAME
;IéH;E ADDR/DATA BIT WITHIN BLOCK.

IDLE TIME IS OF
NO SIGNIFICANCE.

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

0
L2 o 4 —1
| v v o =
! -BIT '
} PRESCALER E3RON
]
8-BIT ;
RELOAD REGISTER unoa’m.ow
SCTL1.6
(CLK)
e
" lE— SERAL PORT
INTERRUPT 4 FLAG (IOCNT1.1)
INTERNAL
BUS
Figure 3-41. 8-Bit Timer 3 (TMS70x2)
21, N
| +4 f,
: Yy v i =
| 2-BIT !
{ PRESCALER A1)
|

8-BIT
RELOAD REGISTER

A UNDERFLOW SCTLO.1
Ll
[ I (SCLKEN) ],

8-BIT S M
[
: 10 e
= s
| RELOAD PULSE 2 |ls SERIA

SET T3FLG, SCTL1.3

«1— SET INTERRUPT 4 FLAG (IOCNT1.1)

R
Figure 3-42. 16-Bit Timer 3 (TMS70Cx2)
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Timer 3 is accessed through T3DATA (similar to T1DATA 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 te(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 tec)

where:

tc&C) = 2./fosc .

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 fogc= 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 3-16.

Table 3-16. Timer Values for Common Baud Rates - TMS70x2 and TMS70Cx2

BAUD 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, 255 .0% = - - -
110 1, 2563 0.1% 3,174 0.3% 3, 2563 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, 1 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% 0.6 7.0%
38400 0,1 27.0% 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 /O 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

RS232

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.

DINT Precaution

ORP %$?200001000,PORTB Enable TX pin

MOVP %?200001011,IO0OCNT1 Enable INT4

MOVP %0,P17 Point to SCTLO

MOVP $%?00010000,SCTLO Reset the UART

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

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

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

MOVP %?01000000,SCTL1 Internal clock, prescale=0, no
multiprocessing, disable Timer 3
interrupt, start Timer 3

EINT
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3.8.6.2 Serial I/0 Example

This routine sends and receives data from a shift register device at 1200 baud

with 8 data bits and no parity.

SERIAI. DINT
ORP %$2?00001000,PORTB
MOVP %?00001011,I0CNT1
MOVP %0,P17
MOVP %$?00010000,SCTLO
MOVP %?700001100,SMODE
*
*
MOVP %200010101,SCTLO
*
MOVP %64 ,T3DATA
*
MOVP %?11000000,SCTL1
*
*
*
EINT

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

3.8.6.3 Extra Timer with No Serial Port

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.

TIMER3 DINT
MOVP %?00001011,IOCNT1
MOVP %0,P17
MOVP %$?00010000,SCTLO
MOVP %?01000010,SMODE
MOVP  %?200010000,SCTLO
*
MOVP  %TIME,T3DATA
MOVP  %?110001XX,SCTL1
*
*
*
EINT
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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
multiprocessing 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 Precaution

ORP %$200001000,PORTB Enable TX pin (?=binary)

MOVP %?00001011,IO0OCNT1 Enable INT4

MOVP %0,P17 Point to SCTLO

MOVP $%?00010000,SCTLO Reset the UART

MOVP %?01111111,SMODE One stop, 8 data bits,
odd parity, Intel mode bit,
communications mode

MOVP %?200010101,SCTLO Clear RESET, clear error

* flags, enable TX and RX

MOVP %0,T3DATA Set baud rate to full
speed (5MHz crystal)

MOVP %?11100000,SCTL1 Internal clock, prescale=0,
no multiprocessing, disable
Timer 3 interrupts, put
receiver to sleep,
start Timer 3

*

* ok ¥ *

EINT

*

* Meanwhile, back at the interrupt routines
*

SENDIT ORP %$BIT4,SCTL1 Send Wake-Up bit
* (Bit4=00010000)
MOVP %ADDRS, TXBUF Send address byte
* wait for the transmit
* complete interrupt . . . . .
ANDP %#BIT4,SCTL1 Clear Wake-Up bit
* (# = logical NOT)
MOVP %DATA, TXBUF start sending data bytes
*
*
GETIT MOVP RXBUF,A Get address byte
*

(it only interrupts on an
address byte when sleeping)
CMP %ADDRS, A Is it this processor's address?
JNE NOTIT If this is not the correct
address ignore the rest
of the following data bytes
ANDP %#BIT5,SCTL1 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

* *

* ¥ % Ok ¥ F F
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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. [f RXEN is 0, 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.



4. Electrical 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. The TMS7000 CMOS devices can operate at wide voltage
and frequency ranges; therefore, the CMOS specifications are presented using
two separate test voltage ranges.

NMOS Devices:

Section Page
41 TMS7000, TMS7020, and TMS7040 Specifications .................... 4-2
4.2 TMS7002 and TMS7042 Specifications .......cccccceeeeevceeeerecnnrennnns 4-8
4.3 TMST7742 SpecCifications .......cccccevveiiriieeiiii e 4-16
4.4 SE70P162 Specifications ......ccccceeeeeeceeeieeceieeee e e e ee e 4-25

CMOS Devices:

Section Page
45 TMS70CO00A, TMS70C20A, and TMS70C40A Specifications
(Wide VOIAGE) ....ooiiiiiiiiiiiteeie sttt et 4-31
4.6 TMS70CO00A, TMS70C20A, and TMS70C40A Specifications
(BY 10%0) ittt st ettt e an e e enanee 4-38
4.7 TMS70C02 and TMS70C42 Specifications (Wide Voltage) ..... 4-45
4.8 TMS70C02 and TMS70C42 Specifications (5V +10%) ............ 4-54
4.9 TMS77C82 (Advance Information) ......cc.ccccceeevvcevivninereeiecieneeeens 4-62
4.10 SE70CP160A Specifications .....cccoccceeeiieiiiiieeecceiececeeee e 4-63
4.11 SE70CP162 Specifications ....c..cccocerviieeiiiieeir e 4-68
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Electrical Specifications - TMS70x0 NMOS Devices

4.1 TMS7000, TMS7020, and TMS7040 Specifications

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

Supply voltage range, Vet e -03Vto7V
Input voltage range ............. .-03Vto7V
Output voltage range ....... ..-03Vto7V
Maximum buffer current ............ .. +£10 mA
Continuous POWET diSSIPAtION ......iveiiiiiiiiiiiiieie et e e e e e e e ee e e e e e ennaeeeeassanneeeas 1w
Storage temperature FaNGE .......ccccceeeviueeerieereeecieeesereersaeeeeeeeessseessseeesssaeaeas -55°C to 150°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 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 \
CLKIN 2.6 Vv
ViH High-level input voltage Al others 20 v
CLKIN 0.6 Vv
ViL Low-level input voltage Al others 08 v
Ta Operating free-air temperature 0 70 °C
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Electrical Specifications - TMS70x0 NMOS Devices

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| =VggtoV cc +2 10 pA
1/0 pins V| =04VtoVcc +10 +100 A
C Input capacitance 2 pF
VoH High-level output voltage loH = -400 pA 24 2.8 \Y
VoL Low-level output voltage loL = 3.2mA 0.2 0.4 Vv
t(0) Output rise timet See Figure 4-1 9 50 ns
%(0) Output fail time¥ See Figure 4-1 10 60 ns
Ice Supply current All outputs open 80 150 mA
PD(av) Average power dissipation All outputs open 400 825 mwW

T All typical values are at Voc = 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 Vgs.

Figure 4-2. Measurement Points for Switching Characteristics

Vo

Figure 4-1.

LOAD VOLTAGE

S
$ 6600

718100 pF
L 4

Output Loading Circuit for Test
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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 90 ns
t CLKIN rise timet 30 ns
tf CLKIN fall timef 30 ns
td(PH-CH) CLKIN rise to CLKOUT rise delay 125 200 ns

t Rise and fall times are measured between the maximum low level and the minimum high level.

f—teP) -+l

| 4 |
i — Lt
||—ﬂr—tf| ' | d(PH-CH)

| | —__ke—twiPH)
— k—twPD)

|
CLKOUT
ta—

Figure 4-3. Clock Timing

W (B)
NC — XTAL1
TMS70x0
CLOCK 17
ook XTAL2/CLKIN

T RENE o

Figure 4-4. 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 timef 400 ns
tw(CH) CLKOUT high pulse duration 130 170 200 ns
tw(CL) CLKOUT low pulse duration 150 190 240 ns
t4(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-JL) Setup time, high address valid before ALATCH fali 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
th(EH-RW) Hold time, R/W valid after ENABLE 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 155 190 ns
ta(A-D) Access time, address valid to data input valid 400 470 ns
t4(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
tq(cH-£L) Delay time, CLKOUT rise to ENABLE fall -10 15 50 ns

T te(c) is defined to be 2/f,gc and may be referred to as a machine state or simply a state.
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EXTERNAL WRITE

L h:—fwuu)' ; !
ALATCH | —qn—td(CH-EL) /\ a\
b e tsuHASL) el ) th(EH-HA) !
HIGH Aoeon X HGH ADDRESS | HIGH ADDRESS ngnss e
' “e—otth(JL-LA) |
LOW ADDRESS/ ; _'”"t’"““”-’ _ﬂ th(EH'D) k—'—»th(m-o)
! TOW S
con DATA ADDRESS ADPATA °UTX ADDR
i H—ta(A—D) 'ﬂ |Q-‘—ﬂ-t d(EH-A)
h—*rtsu(o-izl-l)

-M H—- ta(EL—D)I

ENABLE

|
I le—taasn—n

I
I
ket su(Rw-JL) h.,_.rt h(EH-RW)

\

(RO B P,
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Figure 4-5. Read and Write Cycle Timing
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4.1.1 Application of Ceramic Resonator

The circuit shown in Figure 4-6 provides an economical alternative to quartz
crystals where frequency tolerance is not a major concern. Frequency toler-
ance over temperature is about 1%.

TMS70x0
XTALY
XTAL2
oL
o 7

’ —Inl— RESONATOR

AMv+ RESISTOR

7 7K CAPACITORS

Figure 4-6. Ceramic Resonator Circuit

The following manufacturers supply ceramic resonators.

Murata Corporation of America

1148 Franklin Rd. SE For 5 MHz operation

Marrietta, GA 30067 Resonator ceralock CSA5.00MT
(404) 952-9777 Resistor 1 MQ 10%

Telex - 0542329 Murata ATL Capacitors (both) 30 pF

NGK Spark Plugs (USA) Inc.

20608 Madrona Ave. For 5 MHz operation

Torrance, CA 90503 Resonator R5.0M

(213) 328-6882 Resistor 1 MQ 10%

Telex - 664290 Capacitors 68 pF + 10%

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 Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, VoeT oo -03Vto7V
Input voltages range ............ ..-03Vto7V
Qutput voltages range ..... ..-03Vto7V
Maximum BUFFer CUITEBNT ... o, +10 mA
Continuous POWEr diSSIPATION .....iiiiiiiiiie ettt eee e eanssen e ane e 1.4 W
Storage temperature raNge ........cccoccvieiiiiiriiiiiieeieeeeiiee e e -55°C to 150°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 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

Vece Supply voltage 4.5 5 5.5 \Y
. ) CLKIN : 2.6 \Y

ViH High-level input voitage
All other inputs 2.0 \Y
CLKIN 0.6 \

ViL Low-level input voltage
All other inputs 0.8 \Y
Ta Operating free-air temperature 0 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

—_ ’ = +

INT1, INT3, xTAL2 | V!~ VsstoVee 2 £10
I Input current HA

Ports C and D

AO-Ad, AG, A7 V=04VtoVcc +10 +£100
C Input capacitance 2 pF
VoH High-level output voltage lon = -400 pA 24 2.8 \
VoL Low-level output voltage loy = 3.2 mA 0.2 0.4 \"
t(0) Outputrise timet See Figure 4-7 9 30 ns
ty0)  Output fall time? See Figure 4-7 10 35 ns
| S | 160 210 A
cc Upply current All outputs open m
Pp(av) Average power dissipation 800 1155 mwW

T All typical values are at Vo = 5V, Ta = 25°C.
T 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

e
:: 560 Q

Vo

1(100 pF
F

Figure 4-7. Output Loading Circuit for Test

Figure 4-8. 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 v 50 ns
tw(PL) CLKIN pulse duration low 50 ns
t, CLKIN rise timet 30 ns
¢ CLKIN fall timef 30 ns
tg(PH-CH) CLKIN rise to CLKOUT rise delay 70 200 ns

t Rise and fall times are measured between the maximum low level and the minimum high level.

:n—tc(P)*:
e le— ol taeH-cH)
ll—qr—"l I | i e tuprg
T = e—twe

CLKOUT I[ \ }{ \ /
J
1

p te(c)

Figure 4-9. Clock Timing

17
SOURCE XTAL2/CLKIN

Figure 4-10. Recommended Clock Connections
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Table 4-10. Memory Interface Timing

PARAMETER MIN MAX | UNIT
te(C) CLKOUT cycle timet 250 2000 ns
tw(CH) CLKOUT high pulse duration 0.5tc(c)-40 0.5t ¢(c)*+10 ns
tw(CL) CLKOUT low pulse duration 0.5tc(c)-40 0.5t c(c)+15 ns
t4(cH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t ¢(c)-10 0.5t¢(cy+30 ns
tw(JH) ALATCH high pulse duration 0.25t¢(c)-15  0.25t () +30 ns
tsu(HA-JL) Setup time, high address valid before 0.25t ¢(c)-40 O.25tc(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¢(cy+45 ns
ALATCH fall

tsu(Rw-JL) Setup time, R/W valid before ALATCH 0.25t ¢(c)-35 0.25t¢(cy+30 ns
fall

th(EH-Rw) 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)-50 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

t4(La-EL) Delay time, low address high impedance 0.25t ¢(c)-45 0.25t¢(c) 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)-105 ns
ENABLE fall ‘

ta(A-D) Access time, address valid to data input 1.5t¢(c)-115 ns
valid

td(A-EH) Delay time, address valid to ENABLE rise 1.5t ¢(c)-80 1.5t¢(cy+30 ns

th(en-p)  Hold time, data input valid after ENABLE 0 ns
rise

td(eH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t ¢(cy-25 0.5t;(c)+10 ns

td(cH-eL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

te(c) is defined to be 2/f55c 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

te(C) CLKOUT cycle timef 250 ns

tw(CH) CLKOUT high pulse duration 85 110 1356 ns

tw(CL) CLKOUT low pulse duration 86 1156 140 ns

td(CH-JL) Delay time, CLKOUT rise to ALATCH 115 135 1565 ns
fall

tw(JH) ALATCH high pulse duration 47 70 92 ns

tsu(HA-JL) Setup time, high address valid before 22 656 108 ns
ALATCH fall

tsu(LA-JL) Setup time, low address valid before 22 50 78 ns
ALATCH fali

th(JL-La) Hold time, low address valid after 62 90 108 ns
ALATCH fall

tsy(RW-JL) Setup time, R/W valid before ALATCH 27 60 93 ns
fall

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
ENABLE rise f =8 MHz,

th(EH-Q) Hold time, data output valid after 50% duty cycle] 80 115 ns
ENABLE rise

tg(LA-eL) Delay time, low address high impedance 17 40 62 ns
to ENABLE fall

td(EH-A) Delay time, ENABLE rise to next addresg 100 150 ns
drive

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

td(A-EH) Delay time, address valid to ENABLE 295 350 405 ns
rise

th(EH-D) Hold time, data input valid after 0 ns
ENABLE rise

td(eH-JH) Delay time, ENABLE rise to ALATCH 100 105 135 ns
rise

td(cH-eLy Delay time, CLKOUT rise to ENABLE -10 25 35 ns
fall

T te(c) is defined to be 2/foe; and may be referred to as a machine state or simply a state.
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EXTERNAL WRITE

: —-J “_t wl JH)‘ r?—’!-td(EH_JH)
i | sl ptalcH-eL)

ALATCH | . 1
= L] (7w :
HGH ADDRESS — o It ot thEH-HA : - o
vo-on X__HoHADDRESS X HeH ADORESS X apnrees X_apbREss
: " th(JL-LA) T :
LOW ADDRESS/ Ll teulLa-u) —" FJMEH'D) le—+—-th(EH-Q)
rowy | oW oW
© (?—Achi DATA X LGW ) DATA ADDarss NDATA om-r LOW
i¢-ta(A-D) ¥ je—attd(EH-A)
| p-tdea-en) | h——'rtsu(cx_z-:m
| 4ol ta(EL-D)I
ENABLE |

!
I
t -
—v:!‘— su(RW-JL) e/ th(eH-RW)

)
1
1
1
]
1
]
]
]
]
1
1
1
1
1
1
1

I P E———

r]
i

Figure 4-11. Read and Write Cycle Timing
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4.2.1 Application of Ceramic Resonator

The circuit shown in Figure 4-12 provides an economical alternative to quartz
crystals where frequency tolerance is not a major concern. Frequency toler-
ance over temperature is about 1%.

TMS70x2

RESONATOR

b RESISTOR
IR CAPACITORS

Figure 4-12. Ceramic Resonator Circuit

The following manufacturers supply ceramic resonators.

Murata Corporation of America

1148 Franklin Rd. SE For 5 MHz operation

Marrietta, GA 30067 Resonator ceralock CSA5.00MT
(404) 952-9777 Resistor 1 MQ 10%

Telex - 0542329 Murata ATL Capacitors (both) 30 pF

NGK Spark Plugs (USA) Inc.

20608 Madrona Ave. For 5 MHz operation

Torrance, CA 90503 Resonator R5.0M

(213) 328-6882 Resistor 1 MQ 10%

Telex - 664290 Capacitors 68 pF + 10%

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

o LML
—

—  le—ta(cL-sL)

—  le— td(cL-TD)

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = tg(c)-

PARAMETER TYP UNIT
td(CL-SL) CLKOUT low to SCLK low . 1/4 te(C) ns
td(CL-TD) CLKOUT low to new TXD data 1/4 t(c) ns
t4(RD-cL) RXD data valid before CLKOUT low 1/4 t c(c) ns
td(RD) RXD data valid time 1/2 te(c) ns

4.2.2.2 External Serial Clock

CLKouT
d(CL-8)

| k Hd(CL-8)
oo NI\t ,

le—— ta(eB-TD) —— [
D X ™
RHAEIIIRS DON'T CARE SRRURIRONI
td(RD) 4e—l
RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.

2) CLKOUT = t¢
3) SCLK samp|e(s i SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
t4(RD-cL) RXD data valid before CLKOUT low 1/4 t () ns
td(RD) RXD data valid time 1/2 tc(C) ns
t4(sB-TD) Start of SCLK sample to new TXD data 31/4t¢c) ns
t4(se-Tp) End of SCLK sample to new TXD data 21/4t () ns
td(CL-S) Clockout low to SCLK transition t¢(C) ns




Electrical Specifications - TMS7742 NMOS Prototyping Device

4.3 TMS7742 Specifications

Table 4-12. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, VoeT o -03Vto7V
Supply voltage range, Vpp ... .-03Vto22V
INPUL VOITAGE FANGE ....ooneeiiieeeeee ettt ae e eneean -0.3Vto7V
OULPUL VOILAgE FANGE ...ooveveeieeiiceieceie ettt ee e s s s e e e e eeaessesennenane -0.3Vto7V
Maximum buffer SINK CUITENT ..........cociiiiii it +10 mA
ContinUOoUs POWET AISSIPALION ....c..oeiiiiiieiicieeeceeeeeetie e ceeeeeee e e e e eseseeseeaaeessaeeeesseeenaneeens 2WwW
Storage tempPerature FaNGE ........cccocueeeeeiuieeeeiieieeeeieeeeeeeeeeseeeeseeeeseeeeneseesanne -55°C to 150°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 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 45 5 55 \
Vpp Program supply voltage¥ 20.5 21 215 \"
CLKI . \"
Vin High-level input voltage N 2.6
All other inputs 2.0 \
CLKIN 0.6 \"
ViL Low-level input voltage
: 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 erase.
* 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 TYPt MAX | UNIT ;|
ly Input current TA'\‘S—T‘]M%TR;SX?ALZ Vi Veato Tec ¥ * HA
Zg’_‘;:;%‘,’% V| =04VtoVce +10 4100
C Input capacitance 2 pF
VoH High-level output voltage loy = -400 pA 24 2.8 \
VoL Low-level output voltage loL = 3.2mA 0.2 0.4 \%
1(0) Output rise time$ See Figure 4-13 9 50 ns
tyo)  Output fall time8 See Figure 4-13 10 60 ns
lcc Supply current All outputs open 180 250 mA
Ipp Program supply current E=V| G =Vpp 30 mA
Pp(av) Average power dissipation All outputs open 900 1375 mW

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.
T All typical values are at Vcc = 5V, Ta = 25°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.

Vo

Figure 4-13.

o6V
04V
0

LOAD VOLTAGE

S
$6600

718100 pF
-

Output Loading Circuit for Test

Figure 4-14. Measurement Points for Switching Characteristics
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Table 4-15. Recommended Crystal Operating Conditions over Full Operating

Range

PARAMETER MIN TYP MAX | UNIT

fosc Crystal frequency 1 5 MHz
CLKIN duty cycle 50 %
to(P) Crystal cycle time 200 1000 ns
tc(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 timet 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.

r—tc(P)-':
— oot : ' -
arc | e——l td(PH-CH)
:l—ﬁr—"n o 4 e twer
o DAl at/aa s
= k—tweD
CLKOUT
p——te()——|

Figure 4-15. Clock Timing

17|
$538% [ oo

® BT RESONANT Tow

Figure 4-16. Recommended Clock Connections
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Table 4-16. Memory Interface Timing

PARAMETER MIN MAX | UNIT
te(C) CLKOUT cycle timet 400 2000 ns
tw(CH) CLKOUT high pulse duration 0.5t;(c)-40 0.5t ¢(c)+10 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-40 0.5t ¢(c)+15 ns
t4(cH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t ¢(c)-10 0.5t¢(c)+30 ns
tw(JH) ALATCH high puise duration 0.25t;(c)-15  0.25t ¢(c)+30 ns
tsy(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 ¢(cy-45 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) Setup time, R/W valid before ALATCH 0.25t ¢(c)-35 0.25t¢(c) +30 ns
fall

th(EH-RW) 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)-50 ns
ENABLE rise

tsu(a-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(c)-45 ns
ENABLE rise

t4(La-EL) Delay time, low address high impedance 0.25t ¢(c)-45 0.25t(cy+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 ¢(cy-135 ns
ENABLE fall

ta(A-D) Access time, address valid to data input 1.5t ¢(c)-160 ns
valid

t4(A-EH) Delay time, address valid to ENABLE 1.5t ¢(c)-80 1.5t (cy+30 ns
rise

th(EH-D) Hold time, data input valid after ENABLE 0 ns
rise

t4(EH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t ¢(c)-70 0.5tc(cy*+10 ns

td(cH-eL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

T tg(c) is defined to be 2/fosc 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

fall

TEST
PARAMETER CONDITIONS| MIN TYP MAX | UNIT

te(C) CLKOUT cycle timet 400 ns

tw(CH) CLKOUT high pulse duration 160 185 210 ns

tw(CL) CLKOUT low pulse duration 160 190 215 ns

t4(cH-JL) -Delay time, CLKOUT rise to ALATCH 190 210 230 ns
fall

tw(JH) ALATCH high pulse duration 85 110 130 ns

tsu(HA-JL) Setup time, high address valid before 60 100 145 ns
ALATCH fall

tsu(LA-JL) Setup time, low address valid before 55 90 125 ns
ALATCH fall

th(JL-LA) Hold time, low address valid after 100 125 145 ns
ALATCH fall

tsu(RW-JL) Setup time, R/W valid before ALATCH 65 95 130 ns
fall

th(eH-RW) Hold time, R/W valid after ENABLE rise 160 195 ns

th(EH-HA) Hold time, high address valid after 150 1956 ns
ENABLE rise

tsu(Q-EH) Setup time, data output valid before 166 185 ns
ENABLE rise f =5 MHz,

th(EH-Q) Hold time, data output valid after 50% duty cycle] 155 180 ns
ENABLE rise

t4(LA-EL) Delay time, low address high impedance| 55 86 115 ns
to ENABLE fall

td(EH-A) Delay time, ENABLE rise to next 175 205 ns
address drive

ta(EL-D) Access time, data input valid after 165 205 ns
ENABLE fall

ta(A-D) Access time, address valid to data input 440 485 ns
valid

t4g(a-eH)  Delay time, address valid to ENABLE 520 575 630 ns
rise

th(EH-D) Hold time, data input valid after 0 ns
ENABLE rise

t4(EH-JH) Delay time, ENABLE rise to ALATCH 130 160 210 ns
rise

t4(cH-eL) Delay time, CLKOUT rise to ENABLE -10 25 35 ns

t te(c) is defined to be 2/fysc and may be referred to as a machine state or simply a state.
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Figure 4-17. 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 fore 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 CONBE%BNST MIN MAX | UNITS
ta(A) Access time from address CL = 100 pF, 1 us
ten(G) Output enable time from G 1 Series 74 TTL load, 350 ns
tdis(G)} Output disable time from G t; <20 ns 350 ns
tv(A) Output data valid time after change of t§ < 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 us

K™ Address hold time 0 us
th(D) Data hold time 2 Ms
th(VPP) Vpp hold time 2 us
trec(PG) Vpp recovery time 2 us
1 (PG)G G rise time during programming 50 ns
tEHD Delay time, data valid after E flow 1 us

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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' ' v
AO-AT1 X  ApDRESS N ) ADDRESS N+1 H
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Figure 4-18. Program Cycle Timing
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Figure 4-19. Read Cycle Timing

4-23



Electrical Specifications - TMS7742 NMOS Prototyping Device

4.3.2 Serial Port Timing

4.3.2.1 Internal Serial Clock

owoor "L

—  le—td(cL-sL)

ox ] i

— e ta(cL-TD)

00 OCRKRKERXRR XYY

) unuuu.n X000

X0 0 XXX

o —— QORRRXKXXK XU
REOOOO0000 LOOOO0O0000

k—ﬂ-‘d(RD)
RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = te(C)-

PARAMETER TYP UNIT
tg(cL-st)y CLKOUT low to SCLK low 1/4 to(c) ns
tg(cL-Tp) CLKOUT low to new TXD data 1/4 tc(c) ns
t4(rRD-cL) RXD data valid before CLKOUT low 1/4tcc) ns
td(RD) RXD data valid time 1/2 t;(¢) ns

4.3.2.2 External Serial Clock

FLJ:OL' d(CL-8) . |td(CL -8)

T N\ ,

le—— taeB-TD) ——f I

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t,
3) SCLK samplecs if SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = O then 1, rise transition found.

PARAMETER . TYP UNIT
t4(RD-ct) RXD data valid before CLKOUT low 1/4 t ¢(c) ns
td(RD) RXD data valid time 1/2 tc(C) ns
ty(s-Tp) Start of SCLK sample to new TXD data 31/4t¢ccy ns
tg(se-TD)  End of SCLK sample to new TXD data 21/4t () ns
t4(cL-s) _ Clockout low to SCLK transition t¢(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, Vet ... .. -03Vto 7V
Input voltage range............... ... -03Vto7V
Output voltage range .............. -03Vto7V
ContinUous POWET diSSIPALION ....cccuiiiiiiiiiriii e 1.4 W
Maximum DUTFEr CUITENT oot e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e +10 mA
StOrage teMPErature FANGE .......ccocooieuerueieeeiererieererebeeaeeneaeneeseeeesseeseeneesesaeannas 0°C to 100°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 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 \%
CLKIN 2.6
ViH High-level input voltage v
All others 2.3 Y
CLKIN 0.6 \%
ViL Low-level input voltage
All others 0.8 \%
Ta Operating free-air temperature 0 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

Iy Input current %%":A%\%E:;SE;QAQ Y17 Ysstoee 2 0 HA
oy V| =04VtoVce +10 +100

VoH High-level output voltage loH = -0.4 mA 24 \Y
VoL Low-level output voltage loL =2mA 0.4 \'
t(0)  Output rise timet See Figure 4-20 9 30 ns
tf(0) Output fall timet See Figure 4-20 10 35 ns
lce Average supply current$ All outputs open 160 210 mA
Pp(ay) Average power dissipation All outputs open 800 1155 mWwW

T All typical values are at Vec = 5V, Tp = 25°C.

1 Rise and fall times are measured between the maximum low level and the minimum high level using the
10% and 90% points (see Figure 4-21).

§ Average supply current without piggyback EPROM device installed.

LOAD VOLTAGE

560 O

100 pF

Figure 4-20. Output Loading Circuit for Test

Figure 4-21. 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

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
tf CLKIN fall timet 30 ns
td(PH-CH) CLKIN rise to CLKOUT rise delay 125 200 ns

t Rise and fall times are measured betwen the maximum low level and the minimum high level.

k—tc(P)*:
=t el tapH-cH)
Il—ﬂr’"l l l —o l—twen
e N /NN
—  k—twiP)

1

 — telc) —!!

Figure 4-22. Clock Timing

CLKOUT

®)

NC XTAL1

SE70P162

17
CLOCK
SOURCE XTAL2/CLKIN

Figure 4-23. Recommended Clock Connections
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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 ;(c)+10 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-40 0.5t ¢(c)+15 ns
td(cH-JL) Delay time, CLKOUT rise to ALATCH fall 0.5t ¢(c)-10 0.5t (c)+30 ns
tw(JH) ALATCH high pulse duration 0.25tc(c)-1 5 0.25t c(c)+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(C)-40 0.25t;(c)+15 ns
ALATCH fall

th(JL-LA) Hold time, low address valid after 0.25t ¢(C) 0.25tc(c)+45 ns
ALATCH fall

tsu(RW-JL) Setup time, R/W valid before ALATCH 0.25t o(c)-35  0.25t(cy+30 ns
fall

th(EH-RW) Hold time, R/W valid after ENABLE rise 0.5t C(C)‘40 ns

th(EH-HA) Hold time, h‘igh address valid after 0.5t C(C)'50 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

t4(LAa-eL) Delay time, low address high impedance 0.25t ¢(c)-45 0.25t¢(c) ns
to ENABLE fall

t4(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)-105 ns
ENABLE fall

ta(A-D) Access time, address valid to data input 1.5t ¢(c)-115 ns
valid

td(A-EH) Delay time, address valid to ENABLE rise 1.5t ¢(c)-80 1.5t (c)+30 ns

th(eH-p)  Hold time, data input valid after ENABLE 0 ns
rise

td(EH-JH) Delay time, ENABLE rise to ALATCH rise 0.5t ¢(c)-25 0.5t;(cy+10 ns

t4(CH-eL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

T t¢(c) is defined to be 2/f,5; 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
—tcC)
‘4—»Ltw(cu)'

| t
n——vr w(CL)
l‘" h—tf(o)

EXTERNAL WRITE RAM READ | INTERNAL READ

§roommeeee

tr(0)

CLKOUT

-JL)
By H), F—o——bl-td(EH-JH)
! 5 n—td(CH-EL)
—f‘ r-t SU(HA-JL) ch(EH_HA)

X HIGH ADDRESS X HIGH ADDRESS M
. ]

i " th(JL-LA) | | '
; -Nk—tsu(LA—JL) S | ﬁ‘t"‘E“ D) l—~—»Hth(EH-Q)

LOW ADDRESS/ |
s _DATA i ADbtes KDATA ouT X Ak )

H—ta(A-D)-ﬂ —ttdEH-A) | |
| - e-tdea-EL) | h—*""SM(Q-EH)
| -|>= b ta(EL-D)|

ALATCH

HIGH ADDRESS
(DO-D7)

ENABLE

td(A—EH) —

I
|
t -
—-ik— su(RW-JL) h , tn(ﬂ-« _RW)

W] \

[
'

]
1
1
1
1
1
]
1
1
1
]
]
1
1
1
]
]

Figure 4-24. Read and Write Cycle Timings
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4.41 Serial Port Timing

4.41.1 Internal Serial Clock

cwer LML MLLLL

—  le—ta(cL-sD) |
8CLK || ' L
|

—  le—tdtcL-TD)

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2)

CLKOUT = te(C)-

PARAMETER TYP UNIT
td(CL-SL) CLKOUT low to SCLK low 1/4 tc(C) ns
td(CL-TD) CLKOUT low to new TXD data 1/4 tc(C) ns
t4(rp-cL) RXD data valid before CLKOUT low 1/4 t ¢(C) ns
td(RD) RXD data valid time 1/2 1c(C) ns

4.41.2 External Serial Clock
FE:LI d(CL-S) L d(CL-8)
8CLK _m\p— ta(eE-TD) —l |
le————tatea-T0) — |
™D X )
RXD
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t¢ C):
3) SCLK sampleé; if SCLK = 1 then O, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
td(RD-cL) RXD data valid before CLKOUT low 1/4 t () ns
td(RD) RXD data valid time 1/2 te(c) ns
ty(sB-Tp) Start of SCLK sample to new TXD data 31/4tc) ns
t4(se-1p) End of SCLK sample to new TXD data 21/4t () ns
td(cL-s)  Clockout low to SCLK transition tc(C) ns
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4.5 TMS70C00A, TMS70C20A, and TMS70C40A Specifications

(Wide Voltage)

Table 4-26. Absolute Maximum Rating over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage, VEET .o -03Vto 7V
All INPUT VOITAGES .......oceiviiiiiiiiiciccrc e -0.3VtoVge +03V
All output voltages ................ .-03VtoVgc +03V

Maximum [/O buffer CUITENT ...t +10 mA
Storage temperature range .............ciceeceeneeeenenne ... -65°C to 150°C
Icc Iss current (maximum into pins 25 and 40) ... +60 mA

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 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 25 6.0 Y
XTAL2 pin, 0.8V
Vec =25t06V sree v

. : All other pins,
Vv High-I | .70V
H igh-level input voltage Vee=31086V 0.70V cc \

All other pins, 0.75
Vec=25103V 7V ce v
XTAL2 pin,
Vec=25t06V 0-2Vcc v

ViL Low-level input voltage -
All other pins, 0.3V v
Vec =25t06V v e
Commercial 0 70 °c

Ta Operating temperature (TMS70CxONL)

range -

Industrial _40 85 °c
(TMS70CxONA)
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Table 4-28. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Iy Input leakage current ViN = VsstoV ce +0.1 +1 uA
C Input capacitance 5 pF
) Vee =25V, lgy = -50 uA 2.25 2.4 \
VoH High-level —

output voltaget Vce=40V, Igy =-04mA 3.2 3.6 \Y

Ve =50V, Igy =-0.7mA 3.9 4.5 Vv

Vee =60V, Igy =-1.0 mA 4.6 5.4 \

Vec =25V, IgL =04mA 0.2 0.35 Vv

VoL Low-level oot Vec=40V, gL = 1.6 mA 04 08| V
Vec=50V, IgL =25mA 0.6 1.1 \'

Vcc =60V, Igy =34 mA 0.8 1.4 \'
Vee =25V, Vgy =225V -0.05 -0.2 mA

o Qiribnt source Vec-40V, Voy =32V 04 14 mA
Vec=50V, Vgy =39V -0.7 -2.2 mA

Vec =60V, Voy =46V -1.0 -33 mA

. Vee=25V, Voy =035V 0.4 0.9 mA
loo  Quiput sink Ve =40V, Vou =08V 16 35 mA
Vec=50V, Voy=11V 25 55 mA

Vec =60V, Voy =14V 3.4 8.0 mA

T VCC =5V, Ta =25°C
1 OQutput levels ensure 400 mV of noise margin over specified input levels.
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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, Ve =5V 45 7.2 mA

lcc Operating mode fosc = 0.6 MHz, Voo =56V 0.8 1.2 mA
fosc =Z MHz, Vge=5V 1.5 2.4 |mA/MHz
fosc = 0.5 MHz, Vgc =25V 370 800 MA
fosc = 6.0 MHz, Vg =5V 960 1920 uA
fosc = 3.0 MHz, V¢c =5V 480 960 HA

lcc Wake-Up mode fosc = 0.6 MHz, Vcc =5V 80 160 HA

(timer active) fosc=ZMHz, Vec=5V 160 320 | uA/MHz
fosc = 0.6 MHz, Ve =25V 40 80 uA
fosc = 6.0 MHz, Ve =5V 480 980 HA

lcc Halt osc-on fosc =30MHz, Veec=5V 240 500 HA
fosc = 0.6 MHz, Ve =5V 45 100 pA
fosc = Z MHz Ve =5V See Note 2 MA
fosc = 0.5 MHz, Vgc =25V 25 60 HA
lcc Halt osc-off Veg=25t06V 1 10 MA

Notes: 1. All inputs = V¢ or Vgg (except XTAL2). All output pins are open.
2. Maximum current = 160(Z) + 20 yA

le—tcP) -l

e — et
"‘1{""' | le— ta(PL-CH)

, —i_l—twrr)
S A VAWl aw
= —twrL)

CLKOUT
— =

Figure 4-25. Clock Timing
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

w TMS70Cx0A

BT R Tow
=

()]
NC — XTAL1
TMS70CX0A
17
CLOCK
SLocK XTAL2/CLKIN

Figure 4-26. Recommended Clock Connections

Table 4-30. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONTI;EI'SFTONS MIN TYPT MAX | UNIT
Vec =25V 0.5 0.8 MHz
Vee =40V 0.5 4.0 MHz
fosc Crystal frequency Vec=50V 05 6.0 MHz
Vec =60V 0.5 6.5 MHz
CLKIN duty cycle 45 55 %
Vee =25V | 1250 2000 ns
Vec =40V | 250 2000 ns
te(P) Crystal cycle time Vec =50V ]| 166 2000 s
Vecc=60V | 1563 2000 ns
Vee =25V | 2500 4000 ns
Vec =40V | 500 4000 ns
te(C) Internal state cycle time Ve =50V | 333 2000 s
Vec =60V | 306 4000 ns
tw(PH) CLKIN pulse duration high 70 ns
tw(PL) CLKIN pulse duration low 70 ns
ty CLKIN rise time 30 ns
t CLKIN fall time 30 ns
t4(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns

t Vee=5V, Ta=25C
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Electrical Specifications - TMS70Cx0A CMOS Devices (Wide Voltage)

fosc — External Oscillator Frequency — MHz

lcc — Supply Current — mA

7

6
o

4 ﬂt:ts;;>\::55::\ ‘\:::5
3 ZANMNN
2 %w&&\
T

AN \\\ \\\ SOOVINNNNNNNY

0 -——4
0 2.5 3 3.5 4 4.5 5 5.5 6 6.5
Vee — Supply Voltage — V

7

Figure 4-27. Operating Frequency Range

10
9
Ta = 25°C 5 MHz
8 ALL OUTPUTS OPEN /
7 //
6
3 MHz
5
/
4
3
2
1 __
0.5 MHz
0
o—AV 2.5 3 3.5 a 2.5 5 5.5 6 6.5

Vge — Supply Voitage — V

Figure 4-28. Typical Operating Current vs. Supply Voltage
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1
0.9 ) '/
Ta = 25°C |
< 08 ALL OUTPUTS OPEN W‘\‘IKE UP MODE
E (Vecc =5V)
| 0.7 A
/
€ P
o 0.6 —
g 0.5 /
> é =
§ 0.4
(7]
0.3 v ,// HALT OSC-ON MODE —
| v
8 N 1 Ve = 5 V)
0.2
- L —
oal LA 4+
L]
o

0O o5 1 166 2 25 3 35 4 45 5 55 6 65 7

fosc — Frequency — MHz
Figure 4-29. Typical Power-Down Current vs. Oscillator Frequency

10
9
8 Ta = 25°C .
< ALL OUTPUTS OPEN L~ Ve = 5V
E e
I 7 ~
E 6
3 A
o 5 —
> Vec =4V
2 . -
(7]
| 3 ///
8 2 <<
- Vee =3V
1 2,//
0

0O 05 1 1 2 25 3 35 4 45 5 55 6 6.5

fosc — Frequency — MHz

Figure 4-30. Typical Operating ICC vs. Oscillator Frequency
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é /r_—-r
/ Vee = 6.0V
5 -
; d
| Ta = 25°C // T
§ 4 v Vee = 5.0V
]
g ° s
—
g /
g / 1T Vee = 4.0V
s ., /; L
I // L~
X
1 - — | vcc = 30v
/—__
— Vee = 2.5V
o ] |
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

Vds — Output Buffer Voltage Drop (Voc - VoH) — V

Figure 4-31. Typical Output Source Characteristics

b T 1
V = 6.0V

1 Vec

° L~
Ta = 25°C / -
Q ——
° Ve = 5.0 V
7 //
6 ///
/ /'{cc =40V

/1
/

b
L—1 Vce = 3.0V

loL — Output Sink Current — mA
o

AN RN

Vee = 25V

Vi
L
[—

0 0. 4 06 08 1 1.2 14 16 1.8 2 22 24 2.6 2.8 3

VoL — Low Level Output Voitage — V

Figure 4-32. Typical Output Sink Characteristics
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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 VOIAGE, VEET woerieiccn et -0.3Vto7V
All input voltages ...... .-03VtoVgc +03V
All output voltages ................. .-03VtoVgc +03V
Maximum 1/0 buffer CUrrent ... +10 mA
Storage temperature range .........c.cccceeeereeceeeeeeens .. -b5°C to 150°C
lce. lgs current (maximum into pins 25 and 40) ........ccceoiiicincce +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 4-32. Recommended Operating Conditions

MIN NOM- MAX | UNIT
Vee Supply voltage 4.5 5.5 \
v XTAL2 pin 0.8Vcc Vv
High-level i |
H igh-level input voltage All other pins 0.7V cc v
XTAL2 pin 0.2Vcc \"
\% Low-level i I
I ow-level input voltage Al other pins 03Vee | V
Commercial 0 70 oc
Ta Operating temperature (TMS70CxONL)
range - )
Industrial .40 85 °c
(TMS70Cx0NA)
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Table 4-33. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
] Input leakage current ViN = VsstoVee +0.1 +1 HA
C Input capacitance 5 pF
Voy  High-level output _
voltage oy =-0.3mA Vec-0.5 47 \Y
VoL Low-level output _
voltage loL=14mA 0.2 0.4 \'
loH ;Ioig:lc-;e(\;/el o;ijttput Voy = Vec-05V -0.3 -1.2 mA
ure V o4 = 2.5 V min 10 -30 mA
loL Output sink VoL=04V 14 2.0 mA
current
t Vec=5V, Ta = 25°C
LOAD VOLTAGE
1000 Q
Yo
100 pF

Figure 4-33. Output Loading Circuit for Test

Figure 4-34. Measurement Points for Switching Characteristics
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Table 4-34. AC Characteristics for 1/0 Ports

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
1, 1/0 port output Cioad= 15pFVcc =5V 35 60 ns
rise time
tf 1/0 port output Cioad= 15pFVcc =5V 20 50 ns
fall time

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
fosc = 3.0 MHz 45 81| mA

lcc  Operating mode fosc = 1.0 MHz 15 27| mA
fose = Z MHz 15 2.7 |mA/MHz
fosc = 5.0 MHz 800 1750 | uA

lcc Wake-Up mode fosc = 3.0 MHz 480 1050 MA

(timer active) fosc = 1.0 MHz 160 350 | pA
foso = Z MHz 160 350 |pA/MHz
fos = 5.0 MHz 480 920 | pA

lcc  Halt osc-on f osc = 3.0 MHz 240 560 | pA
fosc = 1.0 MHz 80 200 | pA
fosc = Z MHz See Note 2 WA
lcc Halt osc-off 1 10 HA

Notes: 1. Allinputs = V¢ or Vgg (except XTAL2). All output pins are open.
2. Maximum current = 180(Z) + 20 pA.
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Table 4-36. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

Figure 4-36. Recommended Clock Connections

PARAMETER MIN TYPT MAX | UNIT

fosc Crystal frequency 0.5 5.0 MHz

CLKIN duty cycle 45 55 %
te(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
ts CLKIN fall time 30 ns
tg(pL-CH) CLKIN fall to CLKOUT rise delay 140 250 ns

t Vec =5V, Ta =25°C
r—‘c(P)-'l
=t —  le—taPL-cH)
J= oy g
o AN YNNI
| —twiPL)
CLKOUT
—’L__ac(é——')__.; —
Figure 4-35. Clock Timing
®)
ne — 8] xracs
TMS70Cx0A
17|
CLOCK
SOURCE XTAL2/CLKIN
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Electrical Specifications - TMS70Cx0A CMOS Devices (5V +10%)

Table 4-37. Memory Interface Timingst

PARAMETER MIN TYP MAX | UNIT
1c(C) CLKOUT cycle time te(C) ns
tw(CH) CLKOUT high pulse duration 0.5t¢(c)-90 0.5t ¢(c)+90 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-90 0.5t ¢(c)+90 ns
t4(cH-JL) Delay time, CLKOUT rise to ALATCH 0.75t ¢(c)-50 ns
fall

tw(JH) ALATCH active duration O'SthC)"‘ 5 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)-100 ns
before ALATCH fall

th(L-LA) Hold time, low address hold 0.5t ¢(c)-60 ns
after ALATCH fall

tsu(RW-JL) Setup time, R/W valid before 0.5t ¢(c)-100 ns
ALATCH fall

th(eH-rw) Hold time, R/W after ENABLE rise 0.25t ¢(c)-60 ns

th(EH-HA) Hold time, high address valid after 0.25t ¢(c)-60 ns
ENABLE rise

td(a-eH) Delay time, data out valid before 0.75t ¢(c)-70 ns
ENABLE rise

th(eH-q) Hold time, data out valid after 0.25t ¢(c)-30 ns
ENABLE rise

td(EH-a) Delay time, ENABLE rise to next address | 0.25t ¢(c)-60 ns
drive

ta(EL-D)  Access time, data in after ENABLE 0.75t ¢(c)-120 ns
fall

ta(A-D) Access time, data in from valid 1.5t ¢(c)-200 ns
address

td(A-eH) Delay time, ENABLE high after valid 1.75t ¢(c)-100 ns
address

th(eH-p) Hold time, data input valid after 0 ns
ENABLE rise

tg(CH-eL) Delay time, CLKOUT rise to -10 35 ns
ENABLE fall

t Vgc=451t055V
CLKIN duty cycle = 50%
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Table 4-38. Memory Interface Timings at 5 MHzt

PARAMETER MIN TYP MAX | UNIT
te(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
tsu(LA-JL) Setup time, low address valid before ALATCH fall 100 200 ns
t4(JL-LA) Delay time, low address hold after ALATCH fall 140 200 ns
t4(Rw-JL) Delay time, R/W valid before ALATCH fall 100 200 ns
th(EH-RW) 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
ty(eL-p)  Delay time, data in after ENABLE fall 180 300 ns
ta(A-D) Access time, data in from valid address 400 600 ns
t4(A-EH)  Delay time, ENABLE high after address valid 600 700 ns
th(EH-D) Hold time, data input valid after ENABLE rise 0 ns
t4(cH-eL) Delay time, CLKOUT rise to ENABLE fall -10 35 ns

t Vec=45t055V
CLKIN duty cycle = 50%
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Table 4-41. Electrical Characteristics over Full Range of Operating Conditions
PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Iy Input current A’\I/:E)t?::;s?/\}rN ==VVS SSS(zLVVCCCc +0.1 +1 HA
C Input capacitance 5 pF
, Vee =25V, gy = -50 pA 225 24 v
Von e aget Vec=40V, loy=-04mA | 32 36 v
Vee=560V, lgy=-07mA 39 45 Y%
Vee =60V, gy =-1.0mA 46 54 v
Vec =25V, lgL=04mA 02 035 v
VoL tﬁmu'te \\//ilatagei Vee=40V, loL=16mA 04 08| V
Vee =50V, IgL=25mA 06 1.1 v
Vec =60V, IgL=34mA 08 14 Vv
Vec =25V, Vgu=225V -50 -200 HA
low  Output source Vec =40V, Vou=32V 04 14 mA
Vec=5.0V, Vgy=39V 07 -22 mA
Vec =60V, Voy =46V 1.0  -33 mA
Vec =25V, Vgy =035V 04 09 mA
loo  Qutputsink Vec=40V, Vou =08V 16 35 mA
Vec=50V, Vou=1.1V 25 55 mA
Ve =6.0V, VoH =14V 3.4 8.0 mA
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Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Table 4-42. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fose = 7.0 MHz, Ve = 5.0 V 17 245| mA
fose = 3.0 MHz, Vog = 5.0V 72 105| mA

lcc Operating mode fosc = 0.6 MHz, Vgc =5.0V 1.2 1.8 mA
fosc = ZMHz, Vge = 5.0V 24 35 |mA/MHz
fosc = 0.6 MHz, Ve = 25V 04 12| mA

lcc Wake-Up mode 1 fosc = 70 MHz, Vg =50V 2400 5600 HA
ff:;;‘g;i{;’;d f osc = 3.0 MHz, Vee = 5.0V 1200 3300 | pA

f osc = 0.6 MHz, Ve = 5.0V 250 800 | pA

lcc Wake-Up mode 2 fosc =70MHz, Ve =50V 960 3400 HA
SART or active: f osc = 3.0 MHz, Ve = 5.0V 480 2000 | pA

f osc = 0.6 MHz, Vcg = 5.0 V 140 550 | pA

cc Wake-Up mode 3 f osc = 7.0 MHz, Ve = 5.0V 1500 2400 | pA
(UART active only) f osc = 3.0 MHz, Voo = 5.0V 800 1500 | pA

fose = 0.6 MHz, Vce = 5.0V 180 600 | pA

Note: All inputs = V¢ or Vgg (except XTAL2). All output pins are open.
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Table 4-43. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONT[)EI'SFTONS MIN TYPt MAX | UNIT
Veec =25V 0.5 0.8 | MHz
Vec =40V 0.5 50| MHz
fosc Crystal frequency Ve =50V 05 70 MHz
Vec=6.0V 0.5 75| MHz
CLKIN duty cycle 45 55 %
Vce =25V | 1250 2000 ns
. Vec =40V | 200 2000 ns
te(P) Crystal cycle time Vec=50V] 143 2000 s
Vecc=6.0V | 133 2000 ns
Vce = 2.5V | 25600 4000 ns
t Internal state cycle time Vee Z20V | 400 4000 L
<(C) Y Ve =50V | 286 4000 | ns
Vec =60V | 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
tf CLKIN fall time 30 ns
td(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns

T Vec =5V, Tap = 25°C
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r—tc(P)-*l

|
f) |

— e tatPL-cH)
: —i

||—ﬁ|"— i | ‘W(Pi-o
LI U AWAT/aW oW
—

l—tw(PL)

CLKOUT F \ A \ /

!o———tc(c) ——-{

Figure 4-38. Clock Timing

®)

CLOCK

17

SOURCE

NC — XTAL1

TMS870Cx2

XTAL2/CLKIN

Figure 4-39. Recommended Clock Connections

4-49



Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

0
©
L = > = > > ©
VoVl Lo 724271
M RSP Mt P P A
\.\\\‘\\\\\\\\\\\\\\\\\
AT~ 7~ < - “b r g
- - -
\\\\\\\\\\\\\\AVT\\\\\\\\
2 z P 2 R . Z 4 0
SE2 SIS S
117~ - I e - A
7 Ve 1 y e
S I T RIS 358 %
~ > - - A
\\\\\\.\\\\\\\\\\M\\\\.
-~ <] P e P )
e L > — L
\\\\\\\\\\ T ‘\\\\\\\\\
- 1T
\\\\\ [~ \\\\\\\\\ \\\\\;
4 T-_1 -
\\\\\\ \\‘\\\\\\\\\\\ [
P2 Vil Vi DA P 0 0
\\ \\\ =y 2 V\\ 7 <
-
e v\\\;‘\\\\\\\\\\\\\
-~
\\\\\\\\\\\\\\\\\\
-2 \\\\\\\\.\\
\\\ \\\\\\‘\\\\
-
<
P 7 A V7
\\\\\\\\\\\\\\
122k~ 12
\\\\‘\\\ \\\\
o \\\\\\\\\\\\. o
o 4 Ve = ™
S L7 A
2] L “ ¥ “x
A - r s -
o - A
S A= |71
A -
o .\\\\\
o \\\ E
< ke ™
[ /A\\ -
“1-
1 -
TA P
Ity
o~
%0
~ © n < ™ N - o

ZHI — Aouenbaig i01e10s(Q [euIRIX] — OSO)

Vce — Supply Voltage — V

Figure 4-40. Operating Frequency Range

6 MHz
/

-]
-

1
N N
2 I T
«© ] s
™ 10
i o -
o It
"
© 3
)
o
2
w
o
o O
S
o 2
N >
=
2
)
-
-
<
© < N =4 © © <
- - - -

vw — jueun)d Alddng — 39

6.5

5.5

4.5

3.5

25

Vce — Supply Voltage — V

Typical Operating Current vs. Supply Voltage

Figure 4-41.

4-50



Electrical Specifications - TMS70Cx2 CMOS Devices (Wide Voltage)

Icc — Supply Current — mA

Icc — Supply Current — mA

1.1

Ta = 25°C
ALL OUTPUTS OPEN fosc = 0.5 MHz
0.9
0.8 V////’,/
0.7 e

/V
0.6

//

0.5

0.4

03 \—/\/
0

25 3 35 4 a5 5 5.5 8 8.5
Vce — Supply Voltage — V
Figure 4-42. Typical Operating ICC vs. Oscillator Frequency
1.1
1
Ta = 25°C
ALL OUTPUTS OPEN fosc = 0.5 MHz
0.9
0.8 //
0.7 //
0.6 //
oe /
0.4
0.3 -J\/
0 2.5 3 35 4 45 5 5.5 6 6.5

Vee — Supply Voltage — V

Figure 4-43. Typical Operating Current vs. Supply Voltage
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Figure 4-45. Typical Output Sink Characteristics
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4.7.1 Serial Port Timing

4.7.1.1 Internal Serial Clock

cweur LML

—  le—ta(cL-sL) |
8CLK i L
|

— e tacL-TD)

DRI OO
XXX XNKRARKNN) QOO
o CXROXRX RO XXNXNX)
NI SN

Ht(RD)
RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t¢(c)-

PARAMETER TYP UNIT
td(CL-SL) CLKOUT low to SCLK low 1/4 te(c) ns
tg(cL-Tp) CLKOUT low to new TXD data 1/4 te(c) ns
td(RD-CL) RXD data valid before CLKOUT low . 1/4 t c(C) ns
td(RD) RXD data valid time 1/2 t¢(c) ns

4.7.1.2 External Serial Clock
CLKOUT I I I I I l I I
pL_—orll d(CL-6) L . )
P U ,
le— taeB-T0) — I
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t,
3) SCLK sampteé i SCLK = 1 then O, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
t4(rRD-cL) RXD data valid before CLKOUT low 1/4 tc(c) ns
td(RD) RXD data valid time 1/2 te(c) ns
tq(sp-Tp) Start of SCLK sample to new TXD data 31/4 1t ns
t4(se-7p) End of SCLK sample to new TXD data 21/4 t(c) ns
tg(cL-sy  Clockout low to SCLK transition t ¢(C) ns
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4.8 TMS70C02 and TMS70C42 Specifications (5V +10%)

Table 4-44. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, VoeT oo -03Vto7V
Input voltage range ............ -0.3VtoVgct03V

Output voltage range ..., ... 0.3V toVgct+03V
Maximum 1/0 buffer CUMENt ..........cccooiiiiieieeccceeeeeee e +10 mA
Storage temperature range .................... -55°C to 150°C
lcc. Iss (maximum into pin 25 0r 40) .....cooiiiiiiiiieeeeece e +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 4-45. Recommended Operating Conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.5 55 \
MC and XTAL2 pins 0.8Vce \'
v igh- i |
tH High-level input voltage All other input pins 0.7V cc \
MC and XTAL2 pins 0.3Vce \Y
\ Low-level i
I ow-level input voltage All other input pins 0.2V cc \
Commercial o
70 Cc
. (TMS70C42NL) 0
Ta Operating temperature g o
ndustria o
- 5 Cc
(TMS70C42NA) 40 8
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Table 4-46. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
MC pin, V |y = Vgs or Ve
Iy Input leakage current| A others, VN = Vss to Ve +0.1 +1 HA
C Input capacitance 5 pF
VoH High-level _
output voltage oy = -0.3mA Vce-0.5 4.7 \"%
VoL Low-level _
output voltage | oL~ 1.4 mA 0.2 0.4 \
loH High-level output Voy = Ve -05V -0.3 -1.2 mA
source current V oH = 2.5 V min 10 30 mA
loL Output sink VoL=04V 1.4 2.0 mA
current
Table 4-47. AC Characteristics for Input/Output Ports?
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.Vcc =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.

LOAD VOLTAGE

1000 Q

100 pF

Figure 4-46. Output Loading Circuit for Test

Figure 4-47. Measurement Points for Switching Characteristics

4-55



Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

Table 4-48. 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 4.0 |mA/MHz

lcc Wake-Up mode 1 fosc = 6.0 MHz 2400 5400 HA
(e imer and f osc = 3.0 MHz 1200 2900 | pA

f osc = 1.0 MHz 650 1500 | WA

lcc  Wake-Up mode 2 fose = 6.0 MHz 960 3200 | pA
(RE fimer active: f osc = 3.0 MHz 480 1800 | pA

f osc = 1.0 MHz 350 1000 | pA

loc Wake-Up mode 3 f osc = 6.0 MHz 1500 2200 | pA
(UART active only) f osc = 3.0 MHz 800 1300 | pA

fosc = 1.0 MHz 400 1100 | pA

Note: All inputs = V¢ or Vgg (except XTAL2). All output pins are open.

Table 4-49. 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 time 167 2000 ns
tc(C) Internal state cycle time 333 4000 ns
tw(PH) CLKIN pulse duration high 70 ns
tw(PL) CLKIN pulse duration low 70 ns
t CLKIN rise time 30 ns
t¢ CLKIN fall time 30 ns
tg(pL-CcH) CLKIN fall to CLKOUT rise delay 110 250 ns

t Vec =5V, Ta=25°C

4-56




Electrical Specifications - TMS70Cx2 CMOS Devices (5V +10%)

—tc(P)

| |
_’Il = —l l ta(PL-CH)

1 r"'" | : — ! twiPH)
e a baValiawat
—  —twPn)

CLKOUT

e

Figure 4-48. Clock Timing

17
CLOCK
SOURCE XTAL2/CLKIN

wg BN oo

Figure 4-49. Recommended Clock Connections
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Table 4-50. Memory Interface Timingst

osc

Vcc =45t055V
CLKIN duty cycle = 50%

PARAMETER MIN TYP MAX | UNIT
1c(C) CLKOUT cycle time 333 4000 ns
tw(CH) CLKOUT high pulse duration 0.5t¢(c)-90 0.5t ¢(c) 0.5tg(cy+90 ns
tw(CL) CLKOUT low pulse duration 0.5t¢(c)-90 0.5t ;(cy 0.5t¢(c)+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 ¢(c) ns

tsy(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

tq(JL-LA) Delay time, low address valid after 0.5t ¢()-35 0.5t¢(c) ns
ALATCH fall

tsu(Rw-JL) Setup time, R/W valid before 0.25t ¢(c)-40  0.25t,(C) ns
ALATCH fall

th(eH-RW) Hoid time, R/W valid after 0.5t ¢()-60 0.5t¢(c) ns
ENABLE rise

th(EH—AH) Hold time, high address valid after 0.5t C(C)'GO 0.5tc(c) ns
ENABLE rise

tsy(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(c)~60 0.5tc(c) ns
ENABLE rise

t4(LA-eL) Delay time, low address HI-Z to 0.25t ¢(c)-55 0.25t(c) ns
ENABLE fall

td(En-a) Delay time, ENABLE rise to next 0.5t ¢(c)-60 0.5t¢(c) ns
address drive

t4(eL-py  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

t4(a-eH) Delay time, ENABLE high after 1.5t c(C)-50 1.5tc(c) ns
address valid

th(eH-D) Hold time, Data input valid after 0 ns
ENABLE rise

td(EH-JH) Delay time, ENABLE rise to 0.5t C(C)'Go 0-5tC(C) ns
ALATCH rise

td(cH-eL) Delay time, CLKOUT rise to 30 ns
ENABLE fall

Tf =0.51t0 6.0 MHz
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Table 4-51. 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
tw(CL) CLKOUT low pulse duration 76 162 252 ns
td(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(RwW-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
tsy(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
td(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
ty(A-gH)  Delay time, ENABLE high after address valid 450 500 ns
th(eH.p)  Hold time, data input valid after ENABLE rise 0 ns
ty(eH-JH) Delay time, ENABLE rise to ALATCH rise 106 166 ns
td(cH-EL) Delay time, CLKOUT rise to ENABLE fall 30 ns

Vec = 4510565V

CLKIN duty cycle = 50%
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| EXTERNAL READ | EXTERNAL WRITE | RAM READ | INTERNAL READ
P etelO ! ! i
: Htw(cu)} 5 i !
b |HI twicL) i H i
r(O)—sbI i“ llh—"f(fl)) ! i :
CLKOUT /A i : ]
: p—ﬁ{—' L) , : !
Lt m—Jl-td(EH-JH) i 5
ALATCH E H - l-td(CH-EL) E i /'\
' —>| p—-t su(HA-JL) " II th(EH-HA) ' :
HiGH A?ggfgg X HIGH ADDRESS x HIGH ADDRESS *gg“ s ADF[‘EESS
' - th(JL-LA) |
LOW ADDRESS/ ; "““ts“(LA-JL) o | F‘ *h(EH-D) H-T—ﬂ-th(EH-Q)
' TOW Tow
(DATA _DATA S ) DATA X AoEOW 'DATA ouTX oW
i¢ta(A-D) ¥ je—v-td(EH-A) I
| e-taLA-E) | “—-rtsu(o-su)

| i - taEL-D)i

ENABLE ‘ ' ’
| le—tanEn—

| :

l i

t - !
"{!“ su(RW-JL) h: . th(ﬂ_'_Rw)

RAW 4 L\

Figure 4-50. Read and Write Cycle Timing
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4.8.1 Serial Port Timing

4.8.1.1 Internal Serial Clock
CLKOUT
—  le— ta(cL-sL) |
8CLK | I L
|

— e tatcL-o)

TXD
!d(Ro-cu —ﬂ —

OO0000ODEORODDT)

QOXXOXXAOCRKXKUXXXNAN)
OO000ROGIROODBR

QOORXOENCXXRXNN
NN

Io—ul—t d(RD)

RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = te(C)-

PARAMETER TYP UNIT
td(CL-SL) CLKOUT low to SCLK low 1/4 te(c) ns
tg(cL-TD) CLKOUT low to new TXD data 1/4 t(c) ns
t4(rD-cL) RXD data valid before CLKOUT low 1/4 t () ns
td(RD) RXD data valid time 1/2 te(c) ns

4.8.1.2 External Serial Clock
d(CL-6) ta(cL-8)
8CLK _m—td(se-m)—t{ ;5552
le———tateB-TD) —— |
™D X ™
td(RD-CL) —¥ le—
RXD RIS DON'T CARE M auis
td(RD) He—l
RXD
SAMPLE SAVED
Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT =1,
3) SCLK samp!eé if SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = O then 1, rise transition found.

PARAMETER TYP UNIT
t4(RD-cL) RXD data valid before CLKOUT low 1/4 t¢(c) ns
t4(RD) RXD data valid time 1/2 tg(cy ns
tq(sB-TD) Start of SCLK sample to new TXD data 31/4t ¢ ns
tq(se-Tp)  End of SCLK sample to new TXD data 21/4 t¢(c) ns
td(CL-S) Clockout low to SCLK transition 1 ¢(C) ns
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4.9 TMS77C82 (Advance Information)

Table 4-52. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, VECT e et -0.3Vto7V
Input voltage range ............. ..-0.3VtoVgct03V
Output voltage range .............. ..-0.3VtoVgct0.3V
Maximum buffer SINK CUITENT ...t +10 mA
Storage temperature range .................. -565°C to 150°C
lcc, Iss (maximum into pin 25 0r 40) ....ccooiviiiiiieece e +60 mA

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

Caution:

This is advance information on a new product in the sampling
or preproduction phase of development. Characteristic data
and other specifications are subject to change without notice.

Table 4-53. Recommended Operating Conditions

MIN NOM MAX UNIT
Vee Supply voltage 25 6.0 Y
MC and XTAL2 Pins
Vee =25106.0V 0.8V cc v
VIH High-level input voltage All other input pins
Vec=30t060V |070Vcc v
All other inputs
Vec=251w030V [075Vcc v
MC and XTAL pins
) Vec =25106.0V 0.2V cc v
ViL Low-level input voltage -
All other inputs
Vee = 25106.0 V 0.3Vcc v
. Commercial 0 70 °C
Ta Operating temperature -
Industrial -40 85 °C
fosc Oscillator frequency 5 75| MHz
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410 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 4-54. Absolute Maximum Rating over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage, VEET e -0.3Vto 7V
All input voltages ........ .-0.3VtoVec + 03V

All OUTPUL VOITABGES ...oviiiiiiiiii e -03VtoVgec +03V
Maximum /0 buffer CUITENt ..o e +10 mA
Storage temperature range .............cceeeeeevieeeniienens -565°C to 150°C
lcc. lss current (maximum into pins 25 and 40) ..o +60 mA

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 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 4-55. Recommended Operating Conditions

MIN NOM MAX UNIT

Vee Supply voltage 25 6.0 Y
XTAL2 pin, 0.8V v
Ve =251t06V =vec

: : All other pins,
\ -level | 7
H High-level input voltage Vec=3106V 0.70V ¢cc \

All other pins, 75V
Vee =25t03V 0.78V cc v
XTAL2 pin,
Vee = 2510 6 V 02Vee |V

ViL Low-level input voltage -
All other pins, 0.3V v
Vec =25t06V v ee

Ta Operating temperature range 0 55 °C
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Table 4-56. Electrical Characteristics over Full Range of Operating Conditions

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
l Input leakage current| Vyy = VgstoV cc +0.1 +1 HA
C Input capacitance 5 pF
_ Vec =25V, loy = -50 pA 225 24 v
Vo ?&%;‘l]{e\‘,’g,'tagei Vec =40V, lgy = -0.4mA 32 36 v
Vee=50V, Igy =-07mA 3.9 4.5 \%
Vec =60V, loy = -1.0 mA 46 54 v
Vec =25V, loL = 0.4 mA 02 035| V
VoL o e taget Vec=40V, lo = 16mA 04 08| Vv
Vec =50V, loL=25mA 06 11| Vv
Vec = 6.0V, loL = 3.4 mA 08 14| V
Vec =25V, Vou =225V -0.05 -0.2 mA
lon  Qutput source Vec =40V, Voy =32V 04 -14 mA
Vec =50V, Voy =39V 07 -22 mA
Vec =60V, Vou = 46V 1.0 -33 mA
, Vec =25V, Vou =035V 04 09 mA
lo.  Outputsink Vec =40V, Vo =08V 16 35 mA
Vec =50V, Vog=11V 25 55 mA
Vec =60V, Vou =14V 34 80 mA

T Vee=5V,Ta=25C
1 Output levels ensure 400 mV of noise margin over specified input levels.
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Table 4-57. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fosc = 6.0 MHz, Ve =5V 9.0 144 mA
fosc = 3.0 MHz, Vo =5V 45 7.2 mA

lcc Operating mode fosc =05 MHz, V=5V 0.8 1.2 mA
fosc =ZMHz, Vgc=5V 1.5 2.4 |mA/MHz
fosc = 0.5 MHz, Vec =256V 370 800 HA
fosc = 6.0 MHz, Vg =5V 960 1920 HA
fosc = 3.0 MHz, Vg =5V 480 960 A

lcc Wake-Up mode fosc =05 MHz, Veec=5V 80 160 A

(timer active)
fosc=ZMHz, Vec=5V 160 320 |pA/MHz
fosc = 0.5 MHz, Vgc =25V 40 80 MA
fosc = 6.0 MHz, Vcc =5V 480 980 HA

lcc Halt osc-on fosc =3.0MHz, Vcc=5V 240 500 HA
fosc = 0.5 MHz, Ve =5V 45 100 A
fosc = Z MHz Vee =5V See Note 2 HA
fosc = 0.5 MHz, Vo =25V 25 60 HA
lcc Halt osc-off Veg=25t06V 1 10 MA
fo on
Notes: 1. All inputs = Vg or Vgg (except XTAL2). All output pins are open.

2. Maximum current = 160(Z) + 20 pA
3. lcc applies to the supply current of the SE70CP160A without an EPROM device in-

stalled.
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Table 4-58. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONTDES'-IFONS MIN TYPT MAX | UNIT
Vec =25V 0.5 0.8 MHz
Vec =40V 0.5 4.0 MHz
fosc Crystal frequency Voo =50V] 05 50 Mtz
Vee =60V 0.5 6.5 MHz
CLKIN duty cycle 45 55 %
Vecc =25V | 1250 2000 ns
) Ve =40V | 250 2000 ns
te(P) Crystal cycle time Voo =50V] 166 2000 e
Vcc =60V | 153 2000 ns
Vee = 2.5V | 2500 4000 ns
) Vec =40V | 500 4000 ns
te(c) Internal state cycle time Vec-50V] 333 2000 e
Vcc =6.0V | 306 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
tq(pL-cH) CLKIN fall to CLKOUT rise delay 140 250 ns

t Vec=5V, Ta=25C

4-66




Electrical Specifications - SE70CP160A CMOS Prototyping Device

I*—‘c(P)-t:

et t
11— o=t —»: E‘—d(PL-CH)

XTAL2/CLKIN :

te(e)—|

!

L

rint

3T
2

Figure 4-51. Clock Timing

®)
ne — 8 xrat
SETOCP180
1
K XTAL2/CLKIN

Figure 4-52. Recommended Clock Connections
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4.11 SE70CP162 Specifications

These specifications are for wide-voltage operation. For operation at 5 V
+10%, see Section 4.8. Be sure to use an EPROM that uses similar supply
voltage specifications.

Table 4-59. Absolute Maximum Ratings over Operating Free-Air
Temperature Range (unless otherwise noted)

Supply voltage range, Vo T e -03Vto7V
Input voltage range ...........

Output voltage range

Maximum [/O buffer CUITENT .......ocoiiiiiiiee e +10 mA
Storage temperature raNGE .......ooc.eeieveeeeeieieeeeeeie et eeee e e ee e e eeeaeeeneneens -55°C to 150°C
Icc. lss (maximum into pin 25 or 40) ... TR +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 4-60. Recommended Operating Conditions

MIN NOM MAX UNIT
Vee Supply voltage 25 6.0 \"
MC and XTAL2 pins
' 0.8V \Y
Vec=25t06V cc
. . All other input pins,
ViH High-level input voltage Vee = 3106V 0.70V cc \"
All other input pins, ‘
Vee =25t03V 0.78V cc v
MC and XTAL2 pins, 0.2V v
Vee = 25106V v ec
ViL Low-level input voltage - -
All other input pins, 0.3V v
Vec=25t06V or e
Ta Operating free-air temperature 0 55 °C
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Table 4-61. Electrical Characteristics over Full Range of Operating Conditions
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Iy Input current A,\l/:%tr::r’s?/\;:\‘N ==\</SSSS(1;J\(/CCCC +0.1 +1 HA
C Input capacitance 5 pF
_ Vee =25V, gy =-50uA | 2256 24 v
VoH 'J&%{,‘;i%”g,‘tagez Vec=40V, lon=-04mA | 32 36 v
Vee=50V, lgy=-07mA | 39 45 v
Ve =6.0V, loy = -1.0 mA 4.6 54 \Y)
Vec =25V, gL =04mA 02 0.35 v
Vou o v taget Vec =40V, lgL=16mA 04 08| vV
Veec=50V, loL = 2.5 mA 0.6 1.1 \Y
Vec =60V, gL =34mA 08 1.4 %
Vec =25V, Vgy=225V -60 -200 pA
'o  Output source Vec =40V, Vou =32V 04 14 mA
Vec=50V, Voy=39V 07 -22 mA
Vee =60V, Vo =46V -1.0 -3.3 mA
‘ Vec =25V, Voy =035V 04 09 mA
lou  Outputsink Vee =40V, Voy =08V 16 35 mA
Vee=50V, Vou=1.1V 256 55 mA
Vec =60V, Vgoy =14V 34 80 mA

Vee =5V, Tp = 25°C
Output levels ensure 400 mV of noise margin over specified input levels.
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Table 4-62. Supply Current Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fosc = 7.0 MHz, Ve = 5.0V 17 245 mA
fosc = 3.0 MHz, Ve =5.0V 7.2 105 mA

lcc Operating mode f osc = 0.5 MHz, Vcc = 5.0V 1.2 1.8 mA
fosc =ZMHz, Vgc=5.0V 24 3.5 |mA/MHz
fosc = 0.5 MHz, Veg = 25V 04 12| mA
lcc Wake-Up mode 1 fosc = 7.0 MHz, Vcc =5.0V 2400 5600 HA
one timer and
ART active) f osc = 3.0 MHz, Ve = 5.0V 1200 3300 HA
fosc = 0.6 MHz, Ve =5.0V 250 800 HA
lce \(/Xarl‘kee{i%%rrgcégsg fosc = 7.0 MHz, Vcc =5.0V 960 3400 HA

UART inactive) f osc = 3.0 MHz, Voo = 5.0 V 480 2000 pA
f osc = 0.6 MHz, Ve = 5.0V 140 550 A

lcc  Wake-Up mode 3 f osc = 7.0 MHz, Ve = 5.0V 1500 2400 HA

(UART active only) fosc = 3.0 MHz, Ve =5.0V 800 1500 A
fosc = 0.5 MHz, Vcc =5.0V 180 600 HA

Notes: 1. All inputs = 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.
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Table 4-63. Recommended Crystal/Clockin Operating Conditions over Full
Operating Range

PARAMETER CONT[l)Eg‘-IrONS MIN TYPt MAX | UNIT
Vec =25V 0.5 0.8 MHz
Vec =40V 0.5 5.0 MHz
fosc Crystal frequency Vec=50V| 05 70 MHz
Ve =60V 0.5 7.5 MHz
CLKIN duty cycle 45 55 %
Vee =25V | 1250 2000 ns
. Vec =40V | 200 2000 ns
te(P) Crystal cycle time Voo =50V] 143 2000 -
Vcc =60V | 133 2000 ns
Vee = 25V | 2500 4000 ns
t Internal state cycle time Vec 40V | 190 2000 -
c(C) v Vcee=-50V| 286 4000 | ns
Vecc =60V | 267 4000 ns
tw(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
t, CLKIN rise time 30 ns
7 CLKIN fall time 30 ns
tg(pL-cH) CLKIN fall to CLKOUT rise delay 110 250 ns

Vee =5V, Ta = 25°C
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Figure 4-53. Clock Timing

E70CP162 ®

8
XA XTALZ/CLION Ne XTAL1
SETOCP162
17
Aok, XTAL2/CLIKIN

Figure 4-54. Recommended Clock Connections

15ij:
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411.1 Serial Port Timing

411.1.1 Internal Serial Clock

e LML LLLL

—  le—ta(cL-sL)

SCLK —_':_I :;r_-

— e tdicL-TD)

RXD
SAMPLE SAVED

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = te(C)-

PARAMETER TYP UNIT
td(CL-SL) CLKOUT low to SCLK low 1/4 t(c) ns
td(CL-TD) CLKOUT low to new TXD data 1/4 te(c) ns
t4(rRD-cL) RXD data valid before CLKOUT low 1/4 t c(c) ns
t4(RD) RXD data valid time 1/2 te(c) ns

4.11.1.2 External Serial Clock

CLKOUT | | l I l | | I
d{CL-8) !

| L td(CL-8)
SCLK _m4— ta(eE-TD) — |

e |

LA
e
OO OO OOONCK)

0
e e
KRR IR

Notes: 1) The CLKOUT signal is not available in Single-Chip mode.
2) CLKOUT = t,
3) SCLK sampleé #f SCLK = 1 then 0, fall transition found.
4) SCLK sampled; if SCLK = 0 then 1, rise transition found.

PARAMETER TYP UNIT
t4(RD-cL) RXD data valid before CLKOUT low 1/4 t(C) ns
td(RD) RXD data valid time 1/2 1c(C) ns
td(sB-TD) Start of SCLK sample to new TXD data 31/4t¢c) ns
td(se-7p)  End of SCLK sample to new TXD data 21/4t ¢ ns
t4(CL-S) Clockout low to SCLK transition tc(C) ns
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5. 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
process, 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
produced during the first pass.

This section discusses the following topics:

Section Page
Source Statement FOrmMat .........cccooviiieiiiiiiie e 5-2
Constants
Symbols
EXDIrESSIONS ...ooiiiiiiieeiiee ettt ettt ettt e e e aee e
Assembler Directives .........cccecvveenne
Symbolic Addressing Techniques ....

Assembler Output ........ccocoeevieriienene
ODbJECE COAE ..ottt sttt et se e s e e

aoaano oo
CONOOOPRPWN -
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The TMS7000 Assembler - Source Statement Format

5.1 Source Statement Format

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.

EXAMPLE TMS7000 FAMILY MACRO ASSEMBLER

PAGE 0001

5-2

0001 K e e *
0002 * EXAMPLE OF SOURCE PROGRAM INPUT *
0003 K e e *
0005 '
0005 IDT  'EXAMPLE'
0006 0000 c5 CLR B
0007 0001 80 LABEL1 MOVP P4,A

0002 04
0008 0003 67 BTJZ %01,A,LABEL1

0004 FC
0009 END

NO ERRORS, NO WARNINGS

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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The TMS7000 Assembler - Constants

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 65,535 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 as 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:

200010011 Constant equal to 19 or >13
?70111111111111111 Constant equal to 32767 or >7FFF
211110 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 equail 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 nf 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 ali 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 symbol 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 ASCll 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’

'"OPERATOR 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

5-8

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.



The TMS7000 Assembler - Expressions

TEST TMS7000 MACRO ASSEMBER
PAGE 0001
0001 *
0002 * DX-10 X-SUPPORT TEST SOFTWARE
0003 *
0004 IDT 'TEST'
0005 FOO0OO AORG >F000
0006 FOOO 52 MOV %>10,B
FO0O1 10
0007 F002 OD LDSP
0008 FO03 01 IDLE
0009 F0O04 28 ADD s#>40,A
FOO5 BF
0010 FOO6 28 ADD s#>7F,A
FOO7 80 '
0011 FO0O8 28 ADD %#>80,A
FO0O9 T7F
**k*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 expressions 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.

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 T 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.

T lllegal unless B equals zero or one. If B is one, the result is relocatable. If B is zero, the result is an
absolute zero.

§ Illegal unless B equals one. If B equals one, the result is relocatable.

T Illegal unless A and B are in the same relocatable segment. If A and B are in the same section, the result

is absolute.
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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 symbol 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
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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 Relocata<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>