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Read This First

How to Use This Manual

This document contains the following chapters:
Chapter 1  Introduction

Chapter 2 Family Devices
Presents the features of TMS370 family members including pinouts.

Chapters 3-12
Describe the operation and programming of each major function in the
TMS370 architecture.

Chapter 13 Instruction Set
Describes the TMS370 addressing modes and each of the 73 instructions
including samples and examples.

Chapter 14 Design Aids
Gives sample interface circuits and programming examples.

Chapter 15 Development Support
Describes the hardware and software design-development tools available
for the TMS370 series.

Chapter 16 Electrical Specifications
Gives timing diagrams and electrical specifications.

Chapter 17 Customer Information
Gives packaging, numbering, and ordering information.

Appendix A Peripheral File Map
Gives reference tables for TMS370 control bits.

Appendix B Block Diagrams
Gives reference block diagrams with control bits.
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 Appendix C Character Sets
Give reference tables for the TMS370 character set.

Appendix D Opcode/lnstruction Cross Reference
Gives an opcode-to-instruction cross reference of all 73 mnemonics and
246 opcodes of the TMS370 instruction set.

Appendix E Instruction/Opcode Cross Reference
Gives an instruction-to-opcode cross reference of all 73 mnemonics and
246 opcodes of the TMS370 instruction set and bus activity table.

Appendix F PLCC to PGA Pinouts
Gives PLCC to PGA Pinout (bottom view) for the TMS370 devices.

Appendix G PACT.H
Gives PACT.H macro used with PACT example programs.

Appendix H Glossary
Appendix | Index

Related Documentation

TMS370 Family Assembly Language Tools User’s Guide, SPNU010.

TMS370 Family XDS/22 User’'s Guide, SPNUOO8A.

TMS370 Family XDS/11 User’s Guide, SPNU015.

TMS370 Application Board User’s Guide, SPNU013.

TMS370/EEPROM Programmer’s User’s Guide, SPNUO11.

TMS370Cx5x 8-Bit Microcontrollers Data Sheet, SPNS010A.

TMS370Cx10 8-Bit Microcontrollers Data Sheet, SPNS012A.

TMS370Cx32 8-Bit Microcontrollers Data Sheet, SPNS015.

Using the TMS370 A/D Converter Module Application Report,

SPNAO005.

10) Using the TMS370 SPI and SCI Modules Application Report,
SPNAO0OS.

11) Using the TMS370 Timer Modules Application Report, SPNA0OS.

12) Using the TMS370 EEPROM Module Application Report (planned).
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Style and Symbol Conventions
This document uses the following conventions:

Symbol Example Description

(xxxxxx.n) SPICTL.4 Bit location convention used in text, where "xxxxxx’ is the name of the
register containing the bit and 'n’ is the bit number (7 = msb, 0 = Isb).

(xx.n) 4A.0 Bit location convention used in figures, where 'xx’ is the hexadecimal
address of the peripheral register containing the bit and 'n’ is the bit num-
ber (7 = msb, 0 = Isb).

h 1000h Designates a number in the hexadecimal number system.
set When used in reference to bits, means to write a logic 1 to the bit.
clear When used in reference to bits, means to write a logic 0 to the bit.
POn Po12 Hexadecimal Peripheral File (PF) address used in instructions accessing
the PF. (i.e., P012 = P18)
Pn P18 Decimal Peripheral File (PF) address used in instructions accessing the
PF. (i.e., P18 = P012).
ROn Ro10 Hexadecimal Register File (RF) address used in instructions accessing
the RF. (i.e., R0O10 = R16)
Rn R16 Decimal Register File (RF) address used in instructions accessing the

RF. (i.e., R16 = R010)

L4 Program listings, program examples, interactive displays, filenames,
and symbol names are shown in a special font. Examples use a bold
version of the special font for emphasis. Here is a sample program list-

ing:

7011 CAEF 0014 DJNZ B,LOOP ;loop until done

7013 FC 0015 POP ST ;restore stack to starting
0016 ;jposition

0014 F9 0017 RTS ;back to calling routine

(4 In syntax descriptions, the instruction, command, or directive is in a
bold face font and parameters are in italics. Portions of a syntax that
are in bold face should be entered as shown; portions of a syntax that
are in italics describe the type of information that should be entered.
Here is an example of a command syntax:

CMPBIT name

CMPBIT is the complement bit command and name indicates where a
bit name must be entered.

L Braces ( {and} ) indicate a list. The symbol | (read as or) separates
items within the list. Here’s an example of a list:

{+1 -1
This provides two choices: +or -.
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Unless the list is enclosed in square brackets, you must choose one
item from the list.

Ld Some directives can have a varying number of parameters. For exam-
ple, the .byte directive can have up to 100 parameters. The syntax for
this directive is:

.byte values [, ..., value,]

This syntax shows that .byte must have at least one value parameter,
but you have the option of supplying additional value parameters, sepa-
rated by commas.

Information about Cautions and Warnings

vi

This book may contain cautions and warnings.

(4 Acautiondescribes a situation that could potentially damage your soft-
ware or equipment.

(d A warning describes a situation that could potentially cause harm to
you.

The information in a caution or a warning is provided for your protection.
Please read each caution and warning carefuily.

Preface
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Updates Added to This Manual

This manual replaces the previous TMS370 Family Data Manual, literature
number SPNS014. Additional information has been added or modified to
the following sections:

(3 TMS370Cx1x Devices — New configurations added:

Section
B FamilyFeatures .......... ... il 1.1
B oSUMMary . ..o 2.1
B TMS370Cx1x Clockout Timing ................... 16.1
X TMS370Cx5x Devices — New configurations added:
Section
B FamilyFeatures ............... ..., 1.1
B O SUMMANY . ettt e 2.1
B MemoryMaps ......ccooiiiiiiiiiiiiiiiin... 3.4
(4 TMS370Cx3x Devices — New configurations added:
Section
B FamilyFeatures ......... ..ot 1.1
B Architectural Overview .............cccviaa.... 1.2
B O SUMMAIY ..ot e et ee e e e eeiaaeeeans 2.1
B Features .....oiiiiiiiiii e 2.2
B TMS370Cx3x Pinout ..............ccoviiiinn.t. 233
B TMS370Cx3x Pin Description .................... 234
B Peripheral File AddressMap ..................... 3.3.2
B VectorAddressMap ........ccoiiiiiiiiiiiia.n 3.34
B Memory OperatingModes ....................... 3.4
B Priviiege ModeBits .......... ... il 411
B Module Interrupt Priority .................. .. ... 5.1.1
B Interrupt VectorSources .............ooiiiiii.., 5.1.1
B PACTModule ..............cooiviiiiiin.... Chapter 12
B PACT Programming Examples ................... 14.5
B PACT XDS/22 (in circuit emulator) ................ 15.3
B TMS370Cx3x Electrical Specification ............. 16.2
B Mechanical Package Information ................. 17.2
B PLCCtoPGAPInOUt...........coviiinin... Appendix F
B PACT Macros (for programming examples) . ... Appendix G
(X New Modules
Section
B EPROM Module ............coviiiiiiiiennn.. 6.3
B PACTModule ... Chapter 12

vii
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viii

(4 Bit Descriptions enhanced/modified

Section
- B Oscillator PowerBit ... 4.1.5.1
B Array Program (Data EEPROM) .................. 6.1.1.2
B Timer2 Edge DetectBits ................ccoi.... 8.3.3
B Flags Affected by Software Reset ................ 9.3.2
L2 New Information

Section
B Programmers Model Figure ...................... 3.1
B  Program Memory Options .................oo.... 3.34
B Oscillator Fault Operation ....................... 412
B Using Interrupts to Exit from Powerdown Modes .... 4.1.4.3
B Reset Circuit with Low Voltage Detect ............. 5.2.2
B Timer 1 Compare Register Formula ............... 7.2.7
B Timer 2 Compare Register Formula ............... 8.2.8
B CommonSClBaudRates ....................... 9.23
B CommonSPIBitRates ......................... 10.2.3
B PACT XDS/22System .......c.ovviiiiiniiiinnnn. 15.3
B XDS/11 System ......ooviiiiiiiiiiiiiin e, 15.4
B DesignKit ... 15.6
M FFE Support of ROM Devices ..........c.oovint.. 15.7
B Block Diagrams with Peripheral Files ......... Appendix B
B Instruction Bus Activity Table . ................ Appendix E
B PLCCtoPGAPinouts.............cocvvnnnn. Appendix F

(2 Updated Information

Section
B XDS System Configuration Requirements ......... 15.5
B Standard Debugger Interface (SDI) ............... 15.7
B TMS370Cx1x Clockout Timing ................... 16.1
B Mechanical Package Information ................. 17.2
B Device Numbering Convention ................... 17.3.2
B Device Symbolization ... 17.3.3
B Development Tool Support Ordering Information .... 17.4
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This manual describes the TMS370 family of microcontroller products. The
objective of the manual is to provide the information needed to implement

a microcontroller design using a TMS370 device.

This chapter gives a broad overview of the TMS370 family covering the fol-

lowing topics:

Section

1.1 TMS370 Overview
TMS370 Architecture Overview
Manual Organization
Symbols and Conventions
Applicable Documents
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1

. TMS370 Overview

1.1 TMS370 Overview

1-2

The TMS370 family consists of VLSI, 8-bit, CMOS microcontrollers with on-
chip EEPROM storage and peripheral support functions. This family of mi-
crocontrollers provides superior performance in complex real-time control
applications in demanding environments. With devices available in mask-
programmable read-only memory (ROM), electrically-erasable program-
mable read-only memory (EEPROM), and electrically programmable read-
only memory (EPROM), the designer has a significant range of options to
chose from in deciding the most economical, efficient manner for getting a
product to market.

The prototyping and production devices of the TMS370 family are totally in-
terchangeable. This reduces development costs and cycle time, and facili-
tates rapid product modification and upgrade. The alterable non-volatile
memory (EEPROM) allows a designer to customize his equipment for a
specific application with quick turnaround.

The TMS370 family is fully supported by a host of Tl development tools
which provide simplified software development for quicker market introduc-
tion of new products. These development support tools include an Assem-
bler, a Linker, a design kit, in-circuit emulators (XDS — eXtended Develop-
ment Support), and an EEPROM/EPROM programmer. All of these tools
work together using an MS™-DOS-based Personal Computer (PC) as the
host and central control element. This allows selection of the host computer
and the text management and editing tools based on user preference.

TMS370 Features and Benefits

Features Benefits
— Sub 2-Micron Technology — Low power consumption over wide
temperature range
— Series of compatible devices — Supports software migration
— EPROM Technology — Alterable, non-volatile memory on-chip

to support form factor emulation and
one-time programming (OTP*) option.

— EEPROM Technology — Alterable, non-volatile memory on-chip
to support in-socket programming and
form factor emulation.

— A/D Technology — Allows interface to analog signals.

— Versatile memory configurations — Many memory options to meet
applications requirements

— Programmable Interrupt Handling — Provides design flexibility

— 14 Addressing Modes — Increases programmer’s flexibility

during software development phase

*For OTP (PLCC) availability information, contact local Tl sales office or distributor.
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Table 1-1. TMS370 Family Features

TMS370 Overview -
1

Feature 370Cx1x | 370Cx3x | 370Cx5x Comments/Benefits
Program Memory 4 Kbytes 8 Kbytes 4-16 Provides alternatives to meet the needs
ROM/ ROM/ Kbytes of the application.
EEPROM EPROM ROM/
EPROM/
EEPROM

Static RAM 128 256 256/512 Data retention in low-power modes.

bytes bytes bytes

Data EEPROM 0/256 0/256 0/256/512 Data retention in power-off mode.

bytes bytes bytes In-circuit programmability.

Watchdog Timer Y See Note Y Helps ensure system integrity, or can
be used as general purposeTimer.

Timer 1 Y - Y 16-bit timer with 8-bit prescale. Up to
200 ns resolution at 20 MHz. .

Timer 2 - - Y 16-bit timer with up to 200 ns resolu-
tion at 20 MHz.

PACT - Y - 20-bit timer, with up to 6 input capture,
8 timer-driven outputs. 18 independent
interrupt vectors. Watchdog with select-
able time out period. Mini SCI.

A/D Converter - Y Y 8 channel, 8-bit accuracy with select-
able reference.

Serial Communica- - See Note Y Async. transmission up to 156 kbits/s;

tions Interface Sync transmission up to 2.5 Mbits/s;
software selectable baud rate and data
format.

Serial Peripheral Y - Y Synchronous data transmission up to

Interface 2.5 Mbits/s.

External Interrupt Y Y Y Selectable edge detection

External Memory - - Y Non-multiplexed address bus and data

Bus Expansion bus. Eliminates requirements for glue
chips and saves board space.

Max. Digital /0 22 36 55 Provides the designer with multi—pur-
pose ports for increased flexibility.

Pin Count 28 44 68 Provides alternatives to meet the re-
quirements of the application.

Packaging DIP/ PLCC/ PLCC/ Supports high density surface mount.

PLCC CLCC CLCC

Note: This function is included in the PACT module. See Chapter 12 for details.
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TMS370 Applications

Industrial Automotive
— Motor control — Climate control systems
— Temperature controllers — Cruise control
— Process control — Entertainment systems
— Meter control — Instrumentation
— Medical instrumentation — Navigational systems
— Security systems — Engine control

— Anti-Lock Braking

Telecommunications omputer
— Modems — Keyboards
— Intelligent phones — Peripheral interface control
— Intelligent line card control — Disk controllers
— Telecopiers — Terminals
— Debit cards

1-4 Introduction
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1.2 TMS370 Architecture Overview

The TMS370 family is based on a register-to-register architecture which al-
lows access to a register file (up to 256 bytes) in a single bus cycle. On-
chip memory includes Program Memory (mask ROM, EPROM, or EE-
PROM), Static RAM, and Data EEPROM.

The versatile on-chip peripheral functions include (depending on the specif-
ic member of the series) an Analog-to-Digital converter (A/D), a Serial Com-
munications Interface (SCI), a Serial Peripheral Interface (SPI), 3 different
Timer modules, and up to 55 digital Input/Output pins.

Figure 1-1 is a block diagram of the TMS370Cx1x devices, showing the
major functional blocks.

Figure 1-1. TMS370Cx1x Block Diagram
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} |
| | | L[ Seral -lr<—> SPISOMI
I Peripheral  |-<e—# SPI|SIMO
| CPU RAM/Register [ |__Interface J|<——> SPICLK
| File |
: [
| ROM (TMS370C01x) Data EEPROM :
| EEPROM (TMS370C81x) |
! | | !
! L et [T T1C/CR
|  la—» T1EVT

: _______ J|<—> TIPWM
} — | Watchdog :
I L_l Vee
| — Vss
|
|
|
[
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Figure 1-2 is a block diagram of the TMS370Cx3x devices, showing the
major functional blocks.

Figure 1-2. TMS370Cx3x Block Diagram

INTH INT3

INT2

XTAL1

XTAL2/

CLKIN

ANO-AN7
e by i---i ----- 1A
Oscillator System A-to-D Vees
Interrupts Clock Control Converter : Vess
|
N L T CP1
CPU RAM/Register J|<— CP6
File _l___l PACT  [—®OP1
J|—> oP8
ROM (TMS370C03x) paageprROM| [~ T T T T 7] |
EPROM (TMS370C73x) Mini SCI ) %(%
N I |
Watchdog ||
|
|
|
I Vees
| Vss1
Port A Port D :
‘\E H l
P | - R |- S _

Note: Three of Port D’s four I/O buffers (D4, D6, and D7) are internally connected to three of the
PACT module’s inputs (CP3, CP4, and CP5). This gives the actual pins D4/CP3, D6/CP4,
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and D7/CP5.
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Figure 1-3 is a block diagram of the TMS370Cx5x devices, showing the
major functional blocks.

Figure 1-3. TMS370Cx5x Block Diagram
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CPU

The TMS370 CPU is an 8-bit processor with status register, Program Count-
er register, and Stack Pointer internal to the CPU module. The CPU uses
the register file as working registers, accessed on the internal bus inone bus
cycle. The 8-bitinternal bus also allows access to memory and the peripher-
al interfaces. TMS370Cx5x devices allow external bus expansion through
Ports A, B, C, and D.

Register File

The registerfile is located at the beginning of the TMS370 memory map. Re-
gister-access instructions in the TMS370 instruction set allow access to any
of the first 256 registers (if available) in one bus cycle. This segment of the
memory map is used as general purpose RAM and the stack.

RAM

All other RAM modules are mapped after the register file. The TMS370 ac-
cesses this RAM in 2 cycles.

Data EEPROM

The Data EEPROM modules contain 256 or 512 bytes of Electrically Eras-
able Programmable Read Only Memory. This memory is useful for con-
stants and infrequently changed variables required by the application pro-
gram. The EEPROM can be programmed and erased using available Pro-
grammers or by the TMS370 itself under program control.

Program Memory

The Program Memory modules presently contain 4, 8, or 16 kilobytes of
memory. The program memory in TMS370C8xx devices is EEPROM.
EEPROM allows the devices to be programmed and reprogrammed in
socket, for prototyping or small production runs. The program memory in
TMS370C7xx devices is EPROM. EPROM can be programmed, erased,
and reprogrammed for prototyping (in ceramic package). EPROM devices
that do not have a window (in plastic package) are one time programmable
(OTP) used for small production runs. In TMS370C0xx and TMS370C3xx
devices, the program memory is mask ROM programmed at the factory.

Input/Output Ports

TMS370Cx1x devices have two ports: Ports Aand D. Port A is an 8-bit wide
Port while Port D is a 5-bit wide Port. Both of these ports can be pro-
grammed, bit-by-bit, to function as either a digital input or a digital output.

TMS370Cx3x devices have two ports: Ports A and D. Port A is an 8-bit wide
portwhile Port D is a 4-bit wide port. Both of these ports can be programmed,
bit-by-bit, to function as either a digital input or a digital output.

Introduction
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TMS370Cx5x devices have four eight-bit ports: Ports A, B, C, and D. These
ports can be configured by software as the data, control, and address lines
for an external bus. Any bits not needed for an external bus can be pro-
grammed to be either a digital input or a digital output.

Watchdog Timer

The Watchdog Timer can be programmed to generate a hardware reset
when it times out. This function provides a hardware monitor over the soft-
ware to prevent a "lost” program. If not needed as a watchdog, this timer can
be used as a general purpose timer.

Timer 1 And Timer 2

These timers can be programmed to one of many configurations to count
events, compare the counter contents to a preset value, or time-out after a
presetinterval. The results of these operations can generate aninterrupt to
the CPU, set flag bits, reset the timer counter, toggle an I/O line, or generate
pulse-width-modulated (PWM) outputs.

PACT, Programmable Acquisition and Control Timer

The PACT module is a programmable timing module that uses some of the
on-chip RAM to store its commands as well as the timer values. This module
allows input capture on up to 6 pins, 4 of which have a programmable pres-
caler. One of the input capture pins can be used to drive an 8-bit event count-
er. Up to 8 outputs can be timer driven. The module has up to a 20-bit timer
capability. There is also interaction between the event counter and the timer
activity. This module has 18 independent interrupt vectors to allow better
servicing of events. This module also contains a Watchdog timer with select-
able time-out period, and a mini SCI which works as a full duplex UART.
Once set up, the PACT requires no CPU overhead, except to service inter-
rupts.

SCI, Serial Communications Interface

The SCI module is a built-in serial interface which can be programmed to
be asynchronous or isosynchronous. All timing, data format, and protocol
factors are programmable and controlled by the SCI module in operation.
The CPU takes no part in the serial communications except to write data to
be transmitted to registers in the SCI and read received data from registers
in the SCI when interrupted.

1-9
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SPI, Serial Peripheral Interface

The SPI module is a built-in serial interface which facilitates communication
between network master, slave CPUs, and external peripheral devices. As
in the SCI, the SPI is setup by software and from then on, the CPU takes
no partin timing, data format, or protocol. Also, as in the SCI, the CPU reads
and writes to memory mapped registers to receive and transmit data. An SPI
interrupt alerts the CPU when received data is ready.

A-to-D Converter

The A-to-D Converter module is an 8-channel, 8-bit, successive-approxi-
mation, analog-to-digital converter. The reference source and input channel
are selectable. The conversion result can be programmed to be the ratio of
the input voltage to the reference voltage or the ratio of one analog input to
another. Input lines not required for A/D conversion can be programmed to
be digital input lines.

Introduction
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1.3 Manual Organization

The following sections of this manual and their contents are summarized be-
low.
Chapter 2: Family Devices
Presents the features of TMS370 family members including pinouts.
Chapters 3-12
Describes the operation and programming of each major function inthe
TMS370 architecture.
Chapter 13: Instruction Set
Describes the TMS370 addressing modes and each of the 73 instruc-
tions including samples and examples.
Chapter 14: Design Aids
Gives sample interface circuits and programming examples.
Chapter 15: Development Support
Describes the hardware and software design-development tools avail-
able for the TMS370 series.
Chapter 16: Electrical Specifications
Gives timing diagrams and electrical specifications.

Chapter 17: Customer Information
Gives packaging, numbering, and ordering information.

Appendix A:
Gives reference tables for TMS370 control bits.

Appendix B:
Gives reference block diagrams with control bits.

Appendix C - E:
Give reference tables for the TMS370 character set, instruction set, op-
codes, and bus activity table.

Appendix F:
Gives PLCC to PGA Pinout (bottom view) for the TMS370 devices.

Appendix G:
Gives PACT.H macro used with PACT example programs.

Appendix H: Glossary
Index



1

- Symbols and Conventions

1.4 Symbols and Conventions

The following symbols and conventions are used in this manual.

Symbol Example Description
{Xxxxxx.n) SPICTL.4 Bit location convention used in text, where 'xxxxxx’ is the name of the
register containing the bit and 'n’ is the bit number (7 = msb, 0 = Isb).
(xx.n) 4A.0 Bit location convention used in figures, where 'xx’ is the hexadecimal
address of the peripheral register containing the bit and 'n’ is the bit num-
ber (7 = msb, 0 = Isb).
h 1000h Designates a number in the hexadecimal number system.
set When used in reference to bits, means to write a logic 1 to the bit.
clear When used in reference to bits, means to write a logic 0 to the bit.
POn PO12 Hexadecimal Peripheral File (PF) address used in instructions accessing
the PF. (i.e., P012 = P18)
Pn P18 Decimal Peripheral File (PF) address used in instructions accessing the
PF. (i.e., P18 = P012).
ROn Ro10 Hexadecimal Register File (RF) address used in instructions accessing
the RF. (i.e., R0O10 = R16)
Rn R16 Decimal Register File (RF) address used in instructions accessing the
RF. (i.e., R16 = R010)
1-12 Introduction
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1.5 Applicable Documents

1)
2)
3)
4)
5)
6)
7)
8)
9)

TMS370 Family Assembly Language Tools User’s Guide, SPNU010.
TMS370 Family XDS/22 User’s Guide, SPNUOO0SA.

TMS370 Family XDS/11 User’s Guide, SPNUOQ15.

TMS370 Application Board User’s Guide, SPNU013.
TMS370/EEPROM Programmer’s User’s Guide, SPNU011.
TMS370Cx5x 8-Bit Microcontrollers Data Sheet, SPNS010A.
TMS370Cx10 8-Bit Microcontrollers Data Sheet, SPNS012A.
TMS370Cx32 8-Bit Microcontrollers Data Sheet, SPNS015.

Using the TMS370 A/D Converter Module Application Report,
SPNAOQO0S5.

10) Using the TMS370 SPI and SCI Modules Application Report,

SPNAQO06.

11) Using the TMS370 Timer Modules Application Report, SPNA00S.
12) Using the TMS370 EEPROM Module Application Report (planned).
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Chapter 2

TMS370 Family DewcesE

b S B R e e

This chapter discusses the features of the TMS370 family of microcomput-
ers. All family members are software compatible, allowing easy migration
within the TMS370 family by maintaining a software base, development
tools, and design expertise.

The TMS370 family devices are divided into three categories:

d TMS370Cx1x devices whichinclude the TMS370C010, TMS370C310,
and TMS370C810

0 TMS370Cx3x devices whichinclude the TMS370C032, TMS370C332,
and TMS370C732

d TMS370Cx5x devices which include the TMS370C050,
TMS370C150, TMS370C250, TMS370C350, TMS370C850,
TMS370C052, TMS370C352, TMS370C056, TMS370C156,
TMS370C256, TMS370C356, and TMS370C756.

All categories are supported by development tools that include the in-circuit
emulators, Assembler, and Linker.

This chapter begins with a summary and comparison of the TMS370 family
devices, and then provides key features, pinouts, and pin descriptions for
the individual categories.

Section Page
2.1 Summary and Device Comparison ..............covuevuunn. 2-4
2.2 TMS370 Features ......cvviiniiriiiinen e iiiinnn s 2-6
2.3 TMS370 Family Pinouts/Pin Descriptions .................. 2-9
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Table 2—-1 shows all of the standard devices available at time of printing. For
current list of available family members check with the local Texas Instru-
ments Field Sales Office or the 8-bit Microcontroller Technical Hotline.

2-2 TMS370 Family Devices
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Table 2-1. TMS370 Family of 8-Bit Microcontrollers

Off-Chip
Program Memory Data Memory Memory Serial
(Bytes) (Bytes) Expansion | Interface | Timer A/D Vo No. of Pins
Device | ROM EPROM EEPROM | EEPROM RAM/| (Bytes) Modules | Modules | Channels | Pins /Package
A 0
370C010 | 4K — 256 128 None SPI T — 22 28 DIP/PLCC
370C050 | 4K — 256 256 112K SPI/SCI T1/T2 8 55 68 PLCC
ROM | 370C032 | 8K — — 256 256 None PACT-SCI | PACT 8 36 44 PLCC
370C052 | 8K — 256 256 112K SPI/SCI T1/T2 8 55 68 PLCC
370C056 | 16K — — 512 512 112K SPI/SCI T1/T2 8 55 68 PLCC
370C310 | 4K — — 128 None SPI T1 — 22 28 DIP/PLCC
370C350 | 4K — — — 256 112K SPI/SCI T1/T2 8 55 68 PLCC
370C332 | 8K — — — 256 None PACT-SCI | PACT 8 36 44 PLCC
370C352 | 8K — — — 256 112K SPI/SCI T1/T2 8 55 68 PLCC
370C356 | 16K — — — 512 112K SPI/SCI T1/T2 8 55 68 PLCC
370C150 | — — — 256 112K SPI/SCI T1/T2 8 55 68 PLCC
ROM- | 370C250 | — — — 256 256 112K SPI/SCI T1/T2 8 55 68 PLCC
less§ | 370C156 | — — — 512 112K SPI/SCI T1/T2 8 55 68 PLCC
370C256 | — — — 512 512 112K SPI/SCI T1/T2 8 55 68 PLCC
370C810 | — — 4K 256 128 None SPI T — 22 28 DIP/PLCC
FFE 370C850 | — — 4K 256 256 112K SPI/SCI T1/T2 8 55 68 PLCC
370C732 | — 8K — 256 256 None PACT-SCI PACT 8 36 44 CLCCY |
370C756 | — 16K — 512 512 112K SPI/SCI T1/T2 8 55 68 CLCCL,'

w»

Timer 1 module has a Watchdog timer included which can be programmed to a general purpose 16 bit timer.
PACT module has a Watchdog timer included.

PACT module has a mini SCI port.
In ROM-less (microprocessor) mode all Address, Data, and Control lines are fixed as their function.

For OTP (PLCC) availability information, contact local Tl sales office or distributor.

seoineq AjweH 0/ESWL
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2.1 Summary and Device Comparison

The TMS370 family CMOS devices contain multiple modules as illustrated
in Table 2—2 and can be summarized as follows:

N

The TMS370Cx1x are 8-bit, single-chip microcomputers, containing a
CPU, a 16-bit timer (with Watchdog timer), flexible 1/0, a Serial Periph-
eral Interface, static RAM, and an optional Data EEPROM. The Form
Factor Emulator (FFE) has user programmable program memory
(EEPROM) in place of ROM.

The TMS370Cx3x devices are 8-bit, single chip microcomputers, con-
taining a CPU, a programmable timing module (PACT) with built-in
Watchdog timer and a mini serial communications interface, an eight
channel 8-bit A/D converter, flexible 1/0, static RAM, and optional Data
EEPROM. The Form Factor Emulator (FFE) has user programmable
program memory (EPROM) in place of ROM.

The TMS370Cx5x devices have the same basic features as the
TMS370Cx1x with the addition of another 16-bittimer (Timer 2), a Serial
Communications Interface, memory expansion ports, and an eight
channel 8-bit A/D converter. The Form Factor Emulators (FFE) have
user programmable program memory (EEPROM or EPROM) in place
of ROM.

Developmenttools include a design kit (for evaluation), in-circuit emula-
tors, device programmers, assembler, and linker.

TMS370 Family Devices
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Table 2-2. TMS370 Family Feature Summary

Feature TMS370Cx1x TMS370Cx3x TMS370Cx5x
Oscillator Fre- 2-20 MHz 2-20 MHz 2-20 MHz E
quency Range
Voltage 5V +10% 5V110% 5V 10%
g&eggﬁa“t% o -40°C to 85°C -40°C to 85°C -40°C to 85°C
Program 4 Kbyte ROM / 8 Kbyte ROM / 0-16 Kbyte ROM /
Memory EEPROM EPROM EPROM / EEPROM
Static RAM 128 bytes 256 bytes 256 /512 bytes
Data EEPROM 0/ 256 bytes 0/ 256 bytes 0/256/512 bytes
Modules
SPI Yes - Yes
Timer 1 Yes - Yes
Watchdog Yes See Note. Yes
Timer
Timer 2 - -~ Yes
PACT - Yes -
SCI - See Note. Yes
A/D Converter - Yes Yes
Maximum Digital I/O
Bidirectional 21 14 46
Input Only 1 13 9
Output Only 0 9 0
External Memory No No Yes
Bus Expansion
Interrupts/Reset
External 4 4 4
Vectors total 6 23 10
Sources total 13 25 23
Pin Count 28 44 68
Packaging DIP /PLCC PLCC/CLCC PLCC/CLCC

Note: This function is included in the PACT module.
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2.2 TMS370 Family Features

The following are key features of all TMS370 family members.

a

oo

CMOS EEPROM Technology

B EEPROM programming with single 5-volt supply.

B EEPROM for reprogrammable program memory (FFE), used for
prototypes and can be reprogrammed in socket.

CMOS EPROM Technology
B EPROM for reprogrammable program memory (FFE), used for pro-
totypes and small volume production.

CMOS A/D Technology
B Conversion of analog signals to digital values.

Static RAM/Registers

Flexible operating features

B Power reduction STANDBY and HALT modes
B -40°C to 85°C operating temperature

B 2 MHz to 20 MHz input clock frequency

Flexible interrupt handling
B Two software programmable interrupt levels
B Programmabile rising or falling edge detect

System integrity features

B Oscillator fault detection
B Privileged mode lockout
B Watchdog timer

Memory-mapped ports for easy addressing

14 addressing modes using eight formats, including:
B Register-to-register arithmetic '

B Indirect addressing

B |ndexed and indirect branches and calls

250 mA typical latch-up immunity at 25°C
ESD protection exceeds 2,000 V per MIL-STD -883C Method 3015

TMS370 Family Devices



TMS370 Family Features

2.2.1 TMS370Cx1x Features

The TMS370Cx1x devices contain the features of the TMS370 family
shown in Section 2.2 plus these additional capabilities. E

[ 16-bit general-purpose timer (Timer 1), software configurable as:
Programmable 8-bit prescaler for effective 24-bit timer

16-bit event timer

16-bit pulse accumulator

16-bit input-capture function

Two 16-bit compare registers

Self contained PWM output function

[  On-chip 24-bit watchdog timer (Timer 1)

[ Serial peripheral interface (SPI)
B Variable-length high-speed shift register
B Synchronous master/slave operation
B Error detection flags

2.2.2 TMS370Cx3x Features

The TMS370Cx3x devices contain the features of the TMS370 family
shown in Section 2.2 plus these additional capabilities:

(1 Eight channel 8-bit A/D converter

[ Programmable Acquisition and Control Timer (PACT) module

Input capture on up to 6 pins, 4 of which may have a programmable
prescaler

One input capture pin can drive an 8-bit event counter

Up to 8 timer driven outputs

Up to 20-bit timer capability

Interaction between event counter and timer activity

18 independent interrupt vectors

Watchdog with selectable time-out period

Mini SCI
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2.2.3 TMS370Cx5x Features

The TMS370Cx5x devices contain the features of the TMS370 family
shown in Section 2.2 plus these additional capabilities:

.

(]

2-8

16-bit general purpose timer (Timer 1), software configurable as:
Programmable 8-bit prescaler for effective 24-bit timer

16-bit event timer

16-bit pulse accumulator

16-bit input-capture function

Two 16-bit compare registers

Self contained PWM output function

On-chip 24-bit watchdog timer (Timer 1)

Serial peripheral interface (SPI)

B Variable-length high-speed shift register
B Synchronous master/slave operation

B Error detection flags

Second 16-bit (Timer 2) timer
Eight channel 8-bit A/D converter

Serial communications interface (SCI)

B Asynchronous and Isosynchronous modes

B Full duplex, double buffered Rx and Tx

B Programmable format with error checking capabilities

Flexible system memory configurations

Precoded external chip select outputs

Programmable external memory/peripheral WAIT states
Addressable memory expansion to over 112 Kbytes

No logic needed for external memory addressing

WAIT line to extend bus cycles

TMS370 Family Devices
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2.3 TMS370 Family Pinouts/Pin Descriptions

2.3.1 TMS370Cx1x Pinouts

The pinouts for the TMS370Cx1x devices are shown below.

Figure 2-1. Pinouts for TMS370Cx1x
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2.3.2 TMS370Cx1x Pin Descriptions

Table 2-3. TMS370Cx1x Pin Descriptions

Pin
Name No. 1o Description (see Note)
A0 14 110 Port A is a general purpose bidirectional I/O port.
Al 13 /0
A2 11 /o
A3 10 /o
A4 9 /10
A5 8 /10
A6 7 /10
A7 3 110
Port D is a general purpose bidirectional I/O port.
D3 28 /O I/0 pin: also configurable as CLKOUT.
D4 26 /O I/0 pin
D5 15 110 I/O pin
D6 1 110 1/0 pin
D7 2 /0 1/0 pin
INT1 16 | External non-maskable or maskable interrupt/general purpose input pin
INT2 17 e} External maskable interrupt input/general purpose bidirectional pin.
INT3 18 /0 External maskable interrupt input/general purpose bidirectional pin.
T1IC/CR 22 /(o] Timer 1 Input Capture/Counter Reset input pin/general purpose bidirec-
tional pin.
T1PWM 21 lle} Timer 1 PWM output pin/general purpose bidirectional pin.
TI1EVT 20 le} Timer 1 external Event input pin/general purpose bidirectional pin.
SPISOMI 25 l{e] SPI Slave Output pin. Master Input pin/general purpose bidirectional
pin.
SPISIMO 23 1o} SPI Slave Input pin, Master Output pin/general purpose bidirectional
pin.
SPICLK 24 1o SPI bidirectional Serial Clock pin/general purpose bidirectional pin.
RESET 27 /0 | System reset bidirectional pin. As an input it initializes microcontrol-
ler, as an open-drain output it indicates an internal failure was detected
by the Watchdog or Oscillator Fault circuit.
MC 19 | Mode control input pin; enables EEPROM Write Protection Override
(WPO) mode.
XTAL2/ 5 | Internal oscillator crystal input/External clock source input.
CLKIN
XTAL1 6 (0] Internal oscillator output for crystal.
Vce 4 Positive supply voltage
Vss 12 Ground reference

Note: Each pin associated with Interrupt 2, Interrupt 3, Timer 1, and SPI functional blocks may be
individually programmed as a general purpose bidirectional pin if it is not used for its primary
block function. D3 may be configured as CLKOUT by appropriately programming the
DPORT1 and DPORT2 registers.
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2.3.3 TMS370Cx3x Pinouts
The pinouts for the TMS370Cx3x devices are shown below.
Figure 2-2. Pinout for TMS370Cx3x
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2.3.4 TMS370Cx3x Pin Descriptions

g Table 2-4. TMS370Cx3x Pin Descriptions

Pin
Name No. /0 Description
A0 20 /0 | Port A is a general purpose bidirectional port.
Al 19 l{e]
A2 18 e
A3 17 /10
A4 16 1o}
A5 15 /O
A6 13 /o]
A7 12 /10
Port D is a general purpose bidirectional port.
D3 23 /O | /O pin: Also configurable as CLKOUT. (See Note 1.)
D4/CP3 22 I/O | I/O pin: PACT input capture 3. (See Note 2.)
D6/CP4 24 /O | I/O pin: PACT input capture 4. (See Note 2.)
D7/CP5 21 /0 | I/O pin: PACT input capture 5. (See Note 2.)
INT1 7 | External interrupt (non-maskable or maskable)/general
purpose input pin.
INT2 8 I/O | Externable maskable interrupt input/general purpose bidi-
rectional pin.
INT3 9 /O | Externable maskable interrupt input/general purpose bidi-
rectional pin.
CP1 40 I | PACT input capture pin 1.
CcP2 36 I | PACT input capture pin 2.
CP6 34 I | PACT input capture pin 6. External Event input pin (for
event counter).
TXD 41 O | PACT SClI transmit output pin.
RXD 35 | PACT SCl receive input pin.
OP1 42 O | PACT output pin 1.
OoP2 43 O | PACT output pin 2.
OP3 44 O | PACT output pin 3.
OP4 1 O | PACT output pin 4.
OP5 2 O | PACT output pin 5.
OP6 3 O | PACT output pin 6.
OoP7 4 O | PACT output pin 7.
OP8 5 O | PACT output pin 8.

Notes: 1) D3 may be configured as CLKOUT by appropriately programming the
DPORT1 and DPORT2 registers.

2) Some of Port D’s digital I/O buffers are internally connected to some of
the PACT module’s input capture pins. This allows the microcontroller to
read the level on the input capture pin, or if the Port D pin is configured
as an output, to generate a capture. Be careful to leave the Port D pin con-
figured as an input if the corresponding input capture pin is being driven
by external circuitry.
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Table 2-4. TMS370Cx3x Pin Descriptions (Concluded)

Pin
Name No. /0 Description

ANO 25 I | A/D analog input (ANO—AN?7) or positive reference pins

AN1 26 | | (AN1—AN7).

AN2 27 |

AN3 28 |

AN4 30 I | The analog port may be individually programmed as gen-

AN5 31 | | eral purpose input pins if not used as A/D converter analog

ANG6 32 I | input or positive reference input.

AN7 33 |

RESET 6 /O | System reset bidirectional pin. As input it initializes micro-
controller, as open-drain output it indicates an internal
failure was detected by the watchdog or oscillator fault
circuit.

MC 39 I | Microcomputer mode control input pin, also enables
EEPROM write protection override (WPO) mode.

XTAL2/ 38 | Internal oscillator crystal input./External clock source input.

CLKIN

XTAL1 37 O | Internal oscillator output for crystal.

Vees 10 Positive supply voltage for digital logic and digital I/0 pins.

SS1 14 Ground reference for digital logic and digital /O pins.

Vees 11 A/D converter positive supply voltage and optional positive
reference input.

Vsss3 29 A/D converter ground supply and low reference input pin.
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2.3.5 TMS370Cx5x Pinouts

E Figure 2-3. Pinouts for TMS370Cx5x

c3
c4
C5
C6
c7
Veez

Vss2
A0

A1

A2

A3

A4

A5

A6

A7

T2EVT
T21C2/PWM

2-14

DO/CSE2/0CF

] 21
] 22
] 23
] 24
] 25
] 26

60 ]
59 []
58 ]
57 ]
56
55 ]
54
53 ]
52 [
51 []
50 ]
49 []
48 ]
47
46 [
45 ]
44 ]

T2IC1/CR [I
SCICLK [}

SCITXD I8
XTAL1 1%
Veet |18
Vees IR
Vss3 IR

ANO [Ig
AN1 [
AN2 [1©
AN3 [I8
AN4 15

SCIRXD [I%3
XTAL2/CLKIN [|©

ANS5 [|&

ANG6 [

AN7 [I15

D1/CSH3
D2/CSH2
D3/CLKOUT
D4/RW
D5/CSPF
D6/CSH1/EDS
D7/CSE1/WAIT
RESET

INT1

INT2

INT3

SPISOMI
SPISIMO
SPICLK
T1IC/CR
T1IPWM
T1EVT

TMS370 Family Devices



TMS370 Family Pinouts/Pin Descriptions

2.3.6 TMS370Cx5x Pin Descriptions
Table 2-5. TMS370Cx5x Pin Descriptions

Pin
Alternate
Name Function No. | I/O Description
A0 DATAOQ (LSB) 17 110 Single-chip mode: Port A is a general purpose bidirec-
Al DATA1 18 110 tional port.
A2 DATA2 19 110
A3 DATA3 20 I} Expansion mode: Port A may be individually pro-
A4 DATA4 21 110 grammed as the external bidirectional data bus
A5 DATA5 22 /10 (DATAO-DATA?).
A6 DATA6 23 110
A7 DATA7 (MSB) 24 110
BO ADDO 65 110 Single chip mode: Port B is a general purpose bidirec-
B1 ADD1 66 I/O tional I/0 port.
B2 ADD2 67 /O
B3 ADD3 68 110
B4 ADD4 1 110 Expansion modes: Port B may be individually pro-
B5 ADD5 2 110 grammed as the low order address output bus
B6 ADD6 3 /10 (ADDO-ADD7)
B7 ADD7 4 /10
Co ADD8 5 I} Single chip mode: Port C is a general purpose bidirec-
C1 ADD9 7 | IO tional /O port.
c2 ADD10 8 /10
C3 ADD11 10 110 Expansion mode: Port C may be individually pro-
C4 ADD12 1 110 grammed as the high order address output bus
C5 ADD13 12 Ie} (ADD8-ADD15).
Cé ADD14 13 110
C7 ADD15 14 /10
INT1 INTIN 52 | External interrupt (non-maskable or maskable)/ Gener-
al purpose input pin.
INT2 INTIO1 51 /0 External maskable interrupt input/General purpose
bidirectional pin.
INT3 INTI02 50 110 External maskable interrupt input/General purpose

bidirectional pin.
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Table 2-5. TMS370Cx5x Pin Descriptions (Continued)

Name

Alternate
Function

No.

110

Description

Function

Do

D1
D2
D3
D4
D5

Dé

D7

A B

CSE2

o]
(@]
b9

CSH3
CSH2
CLKOUT | CLK-

RW R/W
CSPF

64

60
59
58
57
56

55

54

/0

110
/0
110

/0
110

1/0.

/10

Single chip mode: Port D is a general purpose bidirec-
tional I/0 port.

Each of the Port D pins can be individually configured
as either a general purpose |/O pin, primary memory
control signal (Function A), or secondary memory con-
trol signal (Function B). All chip selects are indepen-
dent and can be used for memory bank switching.

1/0 pin/A: Chip Select Eighth output 2 goes low during
memory accesses to 2000h—3FFFh /B: Opcode fetch
goes low during the opcode fetch memory cycle.

I/O pin/A: Chip Select Half output 3 goes low during
memory accesses to 8000h—FFFFh.

1/0 pin/A: Chip Select Half output 2 goes low during
memory accesses to 8000h—-FFFFh.

1/0 pin/A, B: Internal clock signal is 1/4 XTAL2/CLKIN
frequency.

1/O pin/A, B: Read/Write output pin.

1/0 pin/A: Chip Select Peripheral output for peripheral
file goes low during memory accesses to
10COh—10FFh.

1/0 pin/A: Chip Select Half output 1 goes low during
memory accesses to 8000h—FFFFh/B: External Data
Strobe output goes low during memory accesses from
external memory and has the same timings as the five
chip selects.

1/0 pin/A: Chip Select Eighth output goes low during
memory accesses to 2000h—3FFFh /B: Wait input pin
extends bus signals.

T1IC/CR

T1IPWM

T1EVT

T1101

T1102

T2103

46

45

44

110

110

110

Timer 1 Input Capture/Counter Reset input pin/Gener-
al purpose bidirectional pin.

Timer 1 PWM output pin/General purpose bidirectional
pin.

Timer 1 External Event input pin/General purpose bidi-
rectional pin.

T2IC1/CR

T2i1C2/
PWM
T2EVT

T2i01
T2102
T2103

27
26
25

110
Vo]
110

Timer 2 Input Capture 1/Counter Reset input pin/Gen-
eral purpose bidirectional pin.

Timer 2 Input Capture 2/PWM output pin/general pur-
pose bidirectional pin.

Timer 2 External Event input pin/general purpose bidi-
rectional pin.
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Table 2-5. TMS370Cx5x Pin Descriptions (Continued)
Pin
Alternate
Name Function No. | I/O Description
SPISOMI SPIIO1 49 I/0 | SPI Slave Output pin, Master Input pin/general purpose
bidirectional pin.
SPISIMO SPIIO2 48 1/0 | SPI Slave Input pin. Master Output pin/general purpose
bidirectional pin.
SPICLK SPIIO3 47 I/O | SPI bidirectional Serial Clock pin/general purpose bidirec-
tional pin.
SCITXD SCIIO1 30 1/0 | SCI Transmit Data output pin/general purpose bidirectional
pin.
SCIRXD SCllo2 29 /0 | SCI Receive Data Input pin/general purpose bidirectional
pin.
SCICLK SCIIO3 28 I/0 | SClI bidirectional Serial Clock pin/general purpose bidirec-
tional pin.
ANO EO 36 I | A/D analog input (ANO-AN7) or positive reference pins
AN1 E1 37 I | (AN1-AN7).
AN2 E2 38 I
AN3 E3 39 l Port E may be individually programmed as general pur-
AN4 E4 40 I | pose input pins if not used as A/D converter analog input
AN5 E5 41 | | or positive reference input.
AN6 E6 42 |
AN7 E7 43 |
Vees 34 A/D converter positive supply voltage and optional positive
reference input pin.
Vsss 35 A/D converter ground supply and low reference input pin.
RESET 53 I/O | System reset bidirectional pin. As an input it initializes
microcontroller, as open-drain output it indicates an inter-
nal failure was detected by the Watchdog or Oscillator
Fault circuit.
MC 6 I | Microprocessor/microcomputer mode control pin, also en-
ables EEPROM Write Protection Override (WPO) mode.
XTAL2/ 31 | Internal oscillator crystal input/External clock source input.
CLKIN
XTALA 32 O | Internal oscillator output for crystal.
Vees 33, Positive supply voltage for digital logic.
61
Veeo 15, Positive supply voltage for digital I/O pins.
63
Vss1 9 Ground reference for digital logic.
Vsso 16, Ground reference for digital 1/0 pins.
62

Note: Eachpinassociatedwiththe Interrupt, Timer 1, Timer 2, SPI, and SCl functional blocks may be individual-
ly programmed as a general purpose bidirectional pin if it is not used for its primary block function.
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Chapter 3

CPU and Memory Organization

This chapter describes the CPU registers and memory organization. In the
TMS370 register-to-register architecture, the CPU and up to the first 256
bytes of RAM act as a single unit along with the program counter, stack
pointer, and status register.

This chapter covers the following topics:

Section Page
3.1 CPU/Register File Interaction ...................oooiiiiiat. 3-2
3.2 CPUREQIStErS ...t 3-3
3.3 MemoryMap .. .o 3-8
3.4 Memory OperatingModes ...........cooiiiiiiiiiiiiiann, 3-15
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CPU/Register File Interaction

3.1

CPU/Register File Interaction

The first 256 address locations in the memory space, 0000h through 00FFh
(0000h —007Fh for devices with only 128 bytes of RAM), are called the reg-
ister file. Any location in this block can be accessed as: a general purpose
register, data memory storage, program instructions, or part of the stack.

Registers RO and R1 are also called A and B respectively. Some instruc-
tions imply Registers A or B. For example, the instruction LDSP assumes
that the value to be loaded into the stack pointer is contained in
Register B.

This multiple use of the register file gives designers the flexibility to use the
register file however they wish. The partitioning of the register file is deter-
mined by the value loaded into the stack pointer and the use of the register
file by the program.

Figure 3-1. Programmer’s Model

3-2

15 0
| Program Counter |
7 0 Status Register
| stackPointer | [C[N]z]|V[E1]IE2[—]—]
RAM/Register File
RO(A) 0000h 4000h
Program
R1(B) 0001h ROM/EEPROM
R2 0002h 7F9Bh
R3 0003h 7FoCh
PACT Vectors
7FBFh
7FCOh
Traps 0-15
R127 007Fh 7EDFh
7FEOh
Reserved Legend:
7FEBh
C - Carmy
7FECh N — Negative
INT/Reset \Z/ - éeroﬂ
Vectors — Jveriiow
IE2 — Level 2 Interrupts Enable
R255 00FFh 7FFFh IE1 _ Level 1 Intorrupts Enable
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3.2 CPU Registers

The CPU contains three registers to control the status and direction of the
program. These are the: stack pointer, status register, and program counter.
These registers and their use are described in the following paragraphs.

3.2.1 Stack Pointer (SP) .

The stack operates as a last-in, first-out, read/write memory. The stack is
typically used to store the return address on subroutine calls and the status
register contents during interrupts.

The stack pointer (SP) is an 8-bit CPU register that points to the last entry
or top of the stack. The SP is automatically incremented before data is
pushed onto the stack and decremented afterdata is popped from the stack.

The stack can be placed anywhere in the register file. During reset, the SP
is loaded with 01h. To control the area occupied by the stack, the application
program must set the stack pointer and include code to monitor the stack
size.

The SPisloaded from Register B (R1) using the assembly language instruc-
tion LDSP. The LDsP instruction allows the stack to be located anywhere in
the register file space. The SP may be read into Register B using the sTsP
command. Figure 3-2 illustrates an example SP initialization and stack op-

eration.
INIT MOV #60h,B ;Load Register B with the value
;60h.
LDSP ;Load the stack pointer with the

;contents of Register B.

Figure 3-2. Stack Example

0000h
Top of Stack on Reset - 0001h

Increment
Push Then
Store

Fetch

: ) Pop| Then
Upper Stack Limit - 007Fh Decrement

or
00FFh

Initial Top of Stack - 0060h
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3-4

For devices with 256 (or more) bytes of RAM, if the stack is pushed beyond
its limitof 00FFh, the SP register wraps around from 00FFh to 0000h without
an error indication. The stack for devices with only 128 bytes of RAM is not
implemented beyond 007Fh; data pushed beyond this limit is lost. The
application program must guard against stack overflow.

CPU and Memory Organization
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3.2.2 Status Register (ST)

The ST register includes four status bits and two interrupt enable bits. The
four status bits indicate the outcome of the previous instruction. Conditional
instructions (for example, the conditional jump instructions) use these sta-
tus bits to determine program flow. The two interrupt bits control the two in-
terrupt levels. The ST register, status bit notation, and status bit definitions
are as follows: H

Status Register (ST)
Bit #- 7 6 5 4 3 2 1 0
C N Z \ IE2 1E1 — —

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, —n = Value after reset
Bits 0-1 -  Reserved. Read data is indeterminate.

Bit 2 - IE1. Level 1 Interrupt Enable.
This bit controls interrupt level 1 (highest priority).

0 = disable interrupt requests from priority level 1.
1 = enable interrupt requests from priority level 1.

Bit3- IE2. Interrupt Enable, Chain 2.
This bit controls interrupt level 2 (lowest priority).

0 = disable interrupt requests from priority level 2.
1 = enable interrupt requests from priority level 2.

Bit4 - V. Overflow.
Setby the CPU if a signed arithmetic overflow condition was detected during the
previous instruction. The value of this flag is significant at the completion of the
following instructions: ADC, ADD, SUB, SBB, CMP, DIV.

Instruction V=1If

ADC, ADD, INC, INCW (C XOR N) AND (Bit 7{s} XNOR Bit 7{d})
CMP, DEC, SUB, SBB (C XOR N) AND (Bit 7{s} XOR Bit 7{d})
DIV (Rs, A) 1 if Rs < A, which means quotient > 255

Bit5 - Z. Zero.
Set by the CPU if the result of the previous operation was 0; cleared otherwise.

Bit 6 - N. Negative.
CPU sets this bit to the value of the most significant bit (sign bit) of the result of the
previous operation.

Bit 7 - C. Carry.
This status bitis set by arithmetic instructions as a carry bitor as a no-borrow bit.
Itis also effected by the rotate instructions. See each instruction in Section 13 for
a detailed description of how the Carry bit is used.
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When the CPU acknowledges an interrupt, the contents of the status regis-
ter are automatically pushed onto the stack, then the status register is
cleared (for more information on interrupt effects on the status register, see
Section5.1.1). The normal exit from an interrupt service routine is made with
the RTlinstruction. When the CPU executes the RTlinstruction, it automati-
cally restores the content of the status register with a stack-pop operation.

The four condition flags (C, N, Z, and V) are updated every time an instruc-
tion is executed which manipulates or moves data. Thus, conditional
branches should be performed immediately after a data manipulation oper-
ation. The instructions that do not affect the contents of these flags are:

— TRAP 0 through TRAP 15 —IDLE
—CALL - NOP
—CALLR — PUSH ST
—BR - RTS
—DJNZ - STSP
—-JMP -JMPL

— Conditional Jump instructions - LDSP

The LDST instruction allows a program to change all bits in the status regis-
ter. The byte following this instruction is loaded directly into the status regis-
ter. The assembly language instructions DINT, EINT, EINTH, and EINTL en-
able specificinterrupts. These instructions are converted to a"LDST #iop8”
opcode by the assembler so that "#iop8” is the appropriate value to set or
clearthe specificinterrupt (see Section 13 for more information onthe LDST
instruction).

The carry (C) bit can be set with the SETC opcode and cleared with the
CLRC opcode.
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3.2.3 Program Counter

The contents of the program counter (PC) point to the memory location of
the next instruction to be executed. The PC consists of two 8-bit registers
in the CPU: the Program Counter High (PCH) and Program Counter Low
(PCL). These registers contain the MSB and LSB of a 16-bit address.

During reset, the PCH (MSB of the PC) is loaded with the contents of
memory location 7FFEh and the PCL (LSB of the PC) is loaded with the con-
tents of memory location 7FFFh. Figure 33 illustrates this operation using
an example value of 7000h as the contents of memory locations 7FFEh and
7FFFh (Reset vector).

Figure 3-3. Program Counter After Reset

Program  Counter (PC)

Memory PCH PCL
0000h l 70 l 00 _l
7FFEh 70
7FFFh 00
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3.3 Memory Map

Figure 3—4 shows the memory map of the present TMS370 family mem-
bers. The partitioning of memory and physical location of memory (that is,
on or off-chip) depends on the device used and the memory mode of opera-
tion. The memory modes of operation are discussed in Section 3.4.

Each device that has bus expansion can be programmed to use up to 16 ad-
dress bits. This allows access of up to 64 kilobytes of memory. In addition,
memory expansion features allow up to 112 kilobytes of external memory.
(The expansion features are described further in Section 3.4.2.)

Figure 3—4. TMS370 Memory Map

0000h
256 Byte RAM (Register File/Stack)
00FFh
0100h RAM Expansion (On-Chip)T
1000h ; .
Peripheral Fil
10BEh eripheral File
10C0h Peripheral File Expansion
Hoon
11 ',E:';gﬂ Data EEPROM Expansion (On-Chip)
256-B EEPROM
{FFFh 56-Byte Data EEPRO
2000h Memory Expansion/External Memory
3FFFh
4000h 16-Kbyte Program Memory Start or
Microprocessor Mode
S5FFFh Memory Expansion
6000h 8-Kbyte Program Memory Start or
Microprocessor Mode
6FFFh Memory Expansion
7000h 4-Kbyte Program Memory Start or
Microprocessor Mode
Memory Expansion
Interrupt & Reset Vectors, Trap Vectors
7FFFh
8000h Memory Expansion/External Memory
FFFFh

T In devices with more than 256 Bytes of RAM, only the first 256 byte block can be used as regis-
ters/stack.

The following paragraphs describe each block of the memory map.

3.3.1 Register File

The beginning addresses of the memory map (0000h — 00FFh) are on-chip
RAM called the register file (RF). In devices with 128 bytes of RAM, the RF

3-8 CPU and Memory Organization



Memory Map

has 128 memory locations treated as registers RO through R127. In devices
with 256 bytes of RAM, the RF has 256 memory locations treated as regis-
ters RO through R255. Ifthe device incorporates the PACT module with 128
bytes of Dual Port RAM, then the Dual Port RAM is mapped into memory
location 0080h — 00FFh. Any of this RAM not used by the PACT module can
be used as registers or stack.

The first two registers, RO and R1, are also called Register A and Register
B, respectively. The memory addresses of these registers are given in
Figure 3-5.

Figure 3-5. Register File Addresses

RO (A) | 0000h 3
R1(B) | 0001h
R2 0002h
R3 0003h
R4 0004h
R5 0005h
R6 0006h
R7 0007h
R8 0008h ® General Purpose
Ao 0009h Registers
R10_| oooAn * gf‘;fa g"eemmy
R11 000Bh
Ri2 000Ch ® Program Execution
R13 000Dh ® Stack
R14 000Eh
R15 000Fh
R255 00FFh /

Locations within the RF address space may serve as eitherthe CPU register
file or general purpose read/write memory. Instructions can reside in and
be executed from any location in the address space without restriction. The
stack also occupies a portion of the register file.
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Therefore, any location in the RF can be accessed by one of three ways:
1) Register access using the register number. For example,

MOV A,R6 ;Move the contents of Register A to
; Register R6.
MOV R12,R200 ;Move the contents of Register 12 to
; Register R200.
2) Stack access using the stack pointer. For example,
MOV #5,B ;:Move the value 5 into Register B.
LDSP ;Move the contents of Register B to
; the stack pointer.
PUSHA ;Increment stack pointer to 6.

; Move contents of Register A to 0006h.
3) Normal memory access using 16-bit addresses. For example,

MOV A,0006 ;Move the contents of Register A to
; memory location 0006h.

Access time to the register file, when used as a general purpose register,
is a single system clock cycle. Any other access to the register file takes two
clock cycles.

Areset operation has no effect on the contents of any memory location with-
inthe register file except for locations 0000h (Register A) and 0001h (Regis-
ter B). Registers A and B are cleared in the beginning of the reset process.

The Halt, Idle, and Standby states have no effect on the contents of the reg-
ister file or RAM.

RAM that is not in the first 256 bytes (0000h — 00FFh) is general purpose
RAM, and is not considered part of the register file. Access to this RAM will
take two clock cycles.

3.3.2 Peripheral File

3-10

The peripheral file (PF) is a set of memory-mapped registers which provide
access to all internal peripheral modules, system-wide control functions,
and EEPROM/EPROM programming control.

The PF includes 256 addresses in the memory map from 1000h — 10FFh.
The PF is divided into 16 frames of 16 bytes each. Each peripheral module
is allocated its own set of control registers. In addition, some frames are
dedicated to specific functions.

The instruction set includes some instructions which access'the peripheral
file directly. These instructions designate the register by the number of the
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file register relative to 1000h, preceded by PO for a hexadecimal designator
or P for a decimal designator. For example, the System Configuration Con-
trol Register 0 is located at address 1010h; its peripheral file hexadecimal

designator is P010 and its decimal designator is P16.
Table 3—1 gives the address map for the peripheral file.
Table 3-1. Peripheral File Address Map

Frame TMS370C
No. | Address Description x1x x3x x5x
0 1000h Reserved for factory test —_— _— —
1010h System and EEPROM / EPROM YES YES YES
control registers
1020h Digital I/0 port control registers YES YES YES
1030h SPI registers YES NA YES
4 1040h Timer 1 registers YES NA YES
PACT registers NA YES NA
5 1050h SCl registers NA NA YES
6 1060h Timer 2 registers NA NA YES
7 1070h A-to-D registers NA YES YES
8 1080h Reserved NA NA NA
9 1090h Reserved NA NA NA
10 10A0h Reserved NA NA NA
11 10BOh Reserved NA NA NA
12 10COh External Peripheral Control NA NA YES
13 10DOh External Peripheral Control NA NA YES
14 10EOh External Peripheral Control NA NA YES
15 10F0h External Peripheral Control NA NA YES

NA — Not Available

Frame 0 of the peripheral file (memory addresses 1000h — 100Fh) is re-
served for factory testing. The results of access to this frame-are unpredict-
able.

Frame 1 (1010h — 101Fh) contains system configuration and control func-
tions. It also contains registers for controling EEPROM / EPROM pro-
gramming. EEPROM / EPROM module control registers are described in
Chapter 6.

Frame 2 (1020h — 102Fh) contains the Digital I/O Pin configuration/control
registers. The individual functions controlled by these registers are de-
scribed in Section 4.2.
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Frames 3 through 7 are used by the internal peripherals. These peripherals
and their control registers are described in the following chapters:

SPI registers — Chapter 10
Timer 1 registers — Chapter 7
PACT registers — Chapter 12
SClI registers — Chapter 9
Timer 2 registers — Chapter 8
A-to-D registers — Chapter 11

Frames 8 through 11 are reserved.

Frames 12 through 15 are available for external expansion of the peripheral
file on devices that have bus expansion capability. These frames are located
in external memory and accessed by the external address and data buses.

3.3.3 Data EEPROM Modules

The Data EEPROM modules are 256 and 512 byte arrays. Each 256 bytes
is configured into 8 blocks of 32 bytes, and has an associated Write/Protect
Register (WPR). Each block can be individually write protected by setting
the appropriate bit in the WPR. This module can be programmed on anen-
tire array, byte-wide, or single-bit basis. Read-access time for the EEPROM
module is two system clock cycles. The 256 byte array is located at memory
locations 1F00h through 1FFFh, with the WPR at location 1FO0h. The 512
byte array is located at memory locations 1E00h through 1FFFh, with
WPR’s at locations 1E00h and 1FOOh. Larger arrays will continue to grow
toward the smaller memory addresses with WPR’s located in the first byte
of every 256 byte boundary.

Programming of the Data EEPROM array is controlled by the Data
EEPROM Control Register (DEECTL) at memory address 101Ah (PO1A)
and the corresponding Write Protect Registers (WPR's). EEPROM pro-
gramming commands are controlled through these registers. See Section
6.1.1.1 and Section 6.1.1.2 for more details onthe WPR and DEECTL regis-
ters.

3.3.4 Program Memory

3-12

The program memory options available in the TMS370 family allow a wide
selection of memory types; ROM, EPROM, or EEPROM, ranging in size
from 4 to 16 Kbytes.The program memory is arranged as individually-
addressable bytes in the memory map. Data may be read or code may be
executed directly from these locations.

Memory addresses 7F9Ch through 7FBFh and 7FECh through 7FFFh are
reserved for interrupt and reset vectors. Trap vectors, used with TRAPO
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through TRAP15 instructions, are at addresses 7FCOh through 7FDFh.
Table 3-2 gives the memory map for the reserved vector locations.

The program memory may be either ROM, EEPROM, or EPROM depend-
ing on the specific member of the TMS370 family. The differences are de-
scribed in the paragraphs following Table 3-2.

Table 3-2. Vector Address Map

Address Description TMS370C | TMS370C | TMS370C No. of
x1x x3x x5x Bytes
7F9Ch PACTINT 1-18 NA YES NA 36
7FCOh Trap 0-15 YES YES YES 32
7FEOh Reserved YES YES YES 12
7FECh A/D Converter NA YES YES 2
7FEEh Timer 2 NA NA YES 2
7FFOh Serial Communications Interface TX NA NA YES 2
7FF2h Serial Communications Interface RX NA NA YES 2
7FF4h Timer 1 YES NA YES 2
7FFeh Serial Peripheral Interface YES NA YES 2
7FF8h Interrupt 3 YES YES YES 2
7FFAh Interrupt 2 YES YES YES 2
7FFCh Interrupt 1 YES YES YES 2
7FFEh Reset YES YES YES 2

NA - Not Available

3.3.4.1 Program ROM Module (TMS370C0xx and TMS370C3xx devices only)

The Program ROM module consists of read-only memory which is pro-
grammed at the time of device fabrication. The present ROM module sizes
are 4K, 8K, and 16 kilobytes. All accesses to the ROM module requires two
system clock cycles.

Note:

All TMS370 family devices contain mask ROM space reserved for Tl use
only. This space includes locations 7FEOh through 7FEBh. This reserved
area should not be used in the customer’s software algorithm, nor should
it be used during mask ROM/firmware development.

The contents of the reserved locations are changed by TI.
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3.3.4.2 ROM-less Devices (TMS370C1xx and TMS370C2xx devices only)

The program memory for these devices must be off-chip. For the TMS370
to operate it must be in the microprocessor mode.

3.3.4.3 Program EEPROM Module (TMS370C8xx devices only)

The Program EEPROM module replaces the Program ROM for systems in
prototype or small production runs. The module consists of 4 kilobytes of
EEPROM (7000h — 7FFFh) and the necessary programming control logic.

The Program EEPROM Control Register (PEECTL) is located at memory
location 101Ch in the peripheral file.

Read access to the Program EEPROM is performed as normal memory
read cycles. Write cycles require a special sequence of events. This se-
quence is the same as that for the Data EEPROM. See Section 6.2.2 for
a detailed discussion of programming the EEPROM Modules.

The EEPROM can be written to only when the microcomputer is operating
under Write Protect Override (WPO), which is set by applying 12 volts to the
MC pin.

3.3.4.4 Program EPROM Modules (TMS370C7xx devices only)

3-14

The Program EPROM modules replaces the Program ROM for systems in
prototype or small production runs. The modules presently consist of 8 or
16 kilobytes of EPROM and the necessary programming control logic.

The Program EPROM Control Register (EPCTL) is located at memory loca-
tion 101Ch (P01C) in the peripheral file.

Read access to the Program EPROM is performed as normal memory read
cycles. Write cycles require a special sequence of events. See Section 6.3.2
for a detailed discussion of programming the EPROM Modules.

The EPROM can only be written to when Vpp is applied to the MC/EPVpp
pin and the VPPS (EPCTL.6) bitis set. When Vpp is applied to the
MC/EPVpp pin all on-chip EEPROM is in Write Protect Override (WPO)
mode regardless of the state of the Vppg bit. This allows the EPROM to be
protected while the EEPROM is in WPO.
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3.4 Memory Operating Modes

Devices that have the Memory Bus Expansion can operate in one of two ma-
jor memory modes.
4 Microcomputer modes
B microcomputer single-chip mode
B microcomputer with external expansion
L Microprocessor modes
B microprocessor without internal program memory
B microprocessor with internal program memory

Devices that do not have the Memory Bus Expansion can operate only in
the microcomputer, single-chip mode. Table 3-3 shows the presently avail-
able devices and the modes that they can operate in.

Table 3-3. Memory Modes Available

Device TMS370C
Mode x1x x3x 15x, 25x 05x, 35x, 75x, 85x

nC Single Chip Yes Yes No Yes

nC External Expansion No No No Yes

pP without Internal No No Yes Yes
Program Memory

pP with Internal Program No No No Yes
Memory

Fordevices that have the Memory Bus Expansion, the basic microcomputer
and microprocessor operating modes are selected by the voltage level
applied to the dedicated MC pin when the RESET pin goes inactive (high).

If the MC pin is low when the RESET signal goes high then the processor
enters the microcomputer mode. If the MC pin is high when the RESET sig-
nal goes high, then it enters the microprocessor mode. Changing the MC
pin alone will not change the memory mode. To change memory operating
mode, change the MC pin and then reset the device.

Applying 12 volts to the MC pin after reset forces the device to enter the
Write Protect Override (WPO) mode.

Note:

If 12 volts is applied to the MC pin when the RESET pin goes from low to
high, the results are unpredictable.

J
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Ifthe processor resets into a microcomputer mode, the software can change

the internal system configuration registers to select the desired memory ex-
pansion configuration. Part of this configuration setup involves Digital /0
Port D. Each pin of Port D can be programmed to serve one of three pur-
poses: Digital I/0O, Function A signal, or Function B signal. Function A in-
cludes chip select signals which may be used in the microcomputer mode
with External Memory Expansion. Function B includes signals used in either
the microcomputer or the microprocessor modes to access external
memory chips.

Each of these modes are described in the following paragraphs.

3.4.1 Microcomputer Mode Single-Chip

In the microcomputer mode single chip, a TMS370 device functions as a
self-contained microcomputer with all memory and peripherals on the chip.
There is no external address or data bus in this mode, which allows more
pins (used for the external buses in other modes) to be programmed as in-
put/output pins. This mode maximizes the general purpose /O capability for
real-time control applications. Figure 3—6 shows a memory map for the mi-
crocomputer mode single chip.

During reset the MC pin must remain at a low level in order to successfully
enter the microcomputer mode. While operating in the single-chip mode, ex-
ternal circuitry may place 12 volts on the MC pin to enter the Write Protect
Override (WPQ) mode to alter protected EEPROM.

To put a TMS370 device into the microcomputer mode, single chip:

1) Place a low logic level on the MC pin.

2) Take the RESET pin active low, then return RESET to its inactive high
state.

Note:

The preceding procedure must be followed for devices that do not have the
Memory Bus Expansion, even though they operate only in the microcom-
puter mode single chip.
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Figure 3-6. Microcomputer, Single Chip Mode

0000h

Register File/Stack { _____ _{ " 128-Byte RAM
00FFh Module ends at 007Fh
0100h

RAM Expansion 512-Byte RAM

Module ends
at 01FFh 3

{
Peripheral File {
1
1

Data EEPROM Expansion 512 Bytes start
at 1EOOh
Data EEPROM
1FFFh
2000h a—— 16 Kbytes start
Program Memo at 4000h
(ROM/EPROM/EEPRO! i gtié%)ggﬁ start

4 Kbytes start
at 7000h

3.4.2 Microcomputer Mode with External Expansion (All devices with
Bus Expansion and Internal Program Memory)

The microcomputer mode also supports bus expansion to external memory
or peripherals, while all on-chip memory (register file, ROM, and
EEPROM) remains active. Digital I/O ports, under the control of their asso-
ciated port control registers, become the external buses as follows:

Lk Port A: 8-bit data bus

X Port B and C: 16-bit address bus

(2 Port D: 8-bit control bus

Ifitis not necessary to use the entire address, data, or controlbus, then each
unused pin can be individually programmed as a general purpose input/out-
put pin. These bits are programmed by setting the Digital I/O control regis-
tersinthe peripheralfile (see Section 4.2 for further information on program-
ming I/O pins).

The address bus and data bus are non-multiplexed, eliminating the require-
ment for an external address/data latch, thereby lowering system cost. Ex-
ternal interface decode logic can be reduced further by using the precoded
chip select outputs. The Port D outputs can be programmed on a pin-by-pin
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basis to provide direct memory/peripheral chip selection or chip enable
functions.

Each Port D pin can be individually set to Function A, Function B or general
purpose /0. When Port D is set up to drive the chip selection signals (Func-
tion A), a memory access to any location between 2000h and 3FFFh, acti-
vates pins CSE1 and CSE2. Typically, an application that uses both CSE1
and CSE2 sets one as the active chip-select function and sets the other as
a general-purpose high-level output. Up to 16 kilobytes of external memory
can be mapped into this address space.

Similarly, a memory access to any location between 8000h and FFFFh acti-
vates CSH1, CSH2, and CSH3 if enabled by the appropriate port control
registers. The CSH1, CSH2, and CSH3 signals can be used as memory
bank select signals under software control. As a result, up to 96 kilobytes
of external memory can be mapped into the 32-kilobyte Ioglcal address
space of 8000h — FFFFh as shown in Figure 3—7.

The CSPF pinis activated, if enabled, during accesses to the upper 4 frames
(memory addresses 10C0h — 10FFh) of the peripheral file. This signal can
be used as a chip select for external expansion of the peripheralfile. These
chip select control lines allow access to more than 112 kilobytes of external
memory.

The RAM expansion area, Data EEPROM Expansion Area, and Internal
Memory Expansion Area are not available for external accesses.

Note:

Applications that use more than one chip-select signal for the same address
should set the unused chip-selects (i.e., chip-selects not currently used to
select memory banks) to general-purpose high-level outputs.
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Figure 3-7. Microcomputer Mode with Function A Expansion

Address Function A
(Hex) On Chip ff Chip  Chip Select Signals
0000h
Register File/Stack { 00FFh
0100h
RAM Expansion — — — —a— 512-Byte RAM
OFFFh Module ends
at 01FFh
. ) 1000h
Peripheral File
10BFh 10Coh
Peripheral Expansion :— CSPE
1100h 10FFh
Data EEPROM Expansion [~ — — —4— 512 Bytes start
1EFFh at 1EQOh
{ 1F0Oh
Data EEPROM 1FFFh
- 2000h
Memory Expansion <
CSE1
—— CSE2
16 Kbytes  3FFFh
- 4000h tart 21 4000n
Program Memor R
(ROWEPROM/EEPROM) T 8 Kbytes start
— — — —t4— 4 Kbytes start
L _—— at 7000h
r 8000h | |
Memory Expansion <
— CSH1
[ CSH2
C FFFFh CSH3

All predecoded chip selects have the same timing as the External Data
Strobe (EDS) signal (see Chapter 16, Electrical Specifications). EDS is a
Function B (microprocessor mode) signal which goes low whenever an ac-
cess to external memory is made. Figure 3-8 shows a memory map for the
microcomputer mode with Function B Expansion.
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Figure 3-8. Microcomputer Mode with Function B Expansion

Address Function B

(Hex) Qn Chip. Off Chi Chip Select Signal
0000h EDS
. . — EDS
Register File/Stack { 00FFh
0100h
RAM Expansion — — — —1@— 512-Byte RAM
OFFFh Module ends
at 01FFh
. . 1000h
Peripheral File
10BFh
Peripheral Expansion { 118%92 [:—
1100h
Data EEPROM Expansion — — — —@— 512 Bytes start
1EFFh at 1EOCh
{ 1F00h
Data EEPROM 1FFFh
d 2000h
Memory Expansion <
3FFFh
> 4000h ; ? Kbytﬁs start
Program Memor E—
(ROM/EPROM/EEPROM) < 8 Koytes start
— — — —4— 4 Kbytes start
at 7000h
> 7FFFh 8000h
Memory Expansion <
~ FFFFh

See Section 4.2 for a description of the Digital I/0 port control registers and
how the chip select signals are enabled.

To put a device into the microcomputer mode with External Expansion, the

following steps must be followed (device must have Bus Expansion):

1) Place a low logic level on the MC pin.

2) Take the RESET pin active low, then return RESET to its inactive high
state.

3) Program the Digital I/O registers to select the chip select or control sig-
nals needed (Function A or Function B).
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3.4.3 Microprocessor Mode without Internal Memory (Bus Expansion
Devices Only)

When a device is activated in the microprocessor mode, the register file and
data EEPROM remain active, but the on-chip Program ROM or EEPROM
is disabled. The EDS signal goes low when a memory access is made to
addresses 1020 - 102F, 10C0Oh — 10FFh, and 2000h — FFFFh. The program
area, the reset vector, interrupt vectors, and trap vectors must be located
in off-chip memory locations.

When a device is reset into the microprocessor mode, the Digital I/O, Port
D registers are set to Function B expansion memory control signals. The
chip-select signals are not available in Function B. Ports B and C are set
up as the external address bus and Port A is set up to be the external data
bus. Software cannot change the Digital 1/0O configuration.

Figure 3-9 shows a memory map for the microprocessor mode.

Figure 3-9. Microprocessor Mode without Internal Memory

Microprocessor

Address Chip Select
(Hex) n Chi Off Chip. Signal
0000h RS
. . —— EDS
Register File/Stack 00FFh
0100h
RAM Expansion § = [———— - 512 Byte RAM
OFFFh Module ends at
. : 1000h 01FFh
Peripheral File 101Fh
Peripheral Expansion { ? 8%,9? ¢
Peripheral File { 118:8322
Peripheral Expansion 18%2?, hd
1100h
Data EEPROM Expansion § = |~————] e 512-Byte EEPROM
1EFFh Mggg&e starts at
1F00h
Data EEPROM 1FFFh
2000h
Memory Expansion
FFFFh e
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To put a device into the microprocessor mode without Internal Memory:
1) Place a high logic level on the MC pin.

2) Take the RESET pin active low, then return RESET to its inactive high
state.

3 3.4.4 Microprocessor Mode with Internal Program Memory

3-22

(Bus Expansion Devices Only)

Once in microprocessor mode, the internal program memory can be re-
enabled by clearing the MEMORY DISABLE bit (SCCR1.2). This mode is
exactly the same as the microprocessor mode without Internal Memory ex-
cept that when the internal memory is enabled the EDS signal is no longer
active on memory access to 1020h—102Fh and 4000h—7FFFh. Memory ac-
cesses from 4000h—7FFFh will access internal program memory. The ac-
tual amount of program memory available depends on the device.

In this mode accesses to 1020h—102Fh are not valid for external memory
nor for the internal port control registers. This peripheral frame should not
be used in this mode.

To use this mode there must be external memory implemented at
7FFEh-7FFFh to contain the reset vector. This memory can be switched in
and out with the internal memory by clearing and setting the memory disable
bit.

Figure 3—10 shows a memory map for the microprocessor mode with Inter-
nal Program Memory.
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Figure 3-10. Microprocessor Mode with Internal Program Memory

Function B
Address Chip Select
(Hex) On Chip Off Chip Signals

0000h _ EDS a
00FFh
0100h

————— <4— 512-Byte RAM

OFFFh Module ends
1000h at 01FFh

10BFh

Register File/Stack

RAM Expansion

Peripheral File
Peripheral Expansion

10C0h
10FFh

®

1100h
Data EEPROM Expansion [— — — — —%— 512 Bytes start
1EFFh at 1EOOh

1FOOh

1FFFh

Data EEPROM

. 2000h
Memory Expansion

at 4000h

_____ 4 8 Kbytes start
at 6000h

6FFFh | ] <@— 4 Kbytes start
7000h at 703(/)0h

Program ROM/
EPROM/EEPROM

{ 4000h <t 16 Kbytes start 3FFFh

— ————— o—

SCCR1.2= g +
7FFFh

8000h
Memory Expansion
FFFFh

T After reset, until SCCR1.2 is cleared by the program.

[ ]

To put a device into the microprocessor mode with Internal Program

Memory the following steps must be followed:

1) Place a high logic level on the MC pin.

2) Take the RESET pin active low, then return RESET to its inactive high
state.

3) The CPU reads the reset vectors from external memory
(7FFEh/7FFFh). The program pointed to by the vectors must include
code to clear the MEMORY DISABLE bit (SCCR1.2) to enable the inter-
nal memory. The internal program memory is now available.
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Note:

Once the MEMORY DISABLE bit is cleared, the external memory at
1020h—102Fh and 4000h—7FFFh are no longer available to the processor.

3.4.5 Memory Mode Summary

Table 3—4 summarizes the features of each Memory Mode and gives the
procedure to activate the TMS370 device into each mode. Figure 3—11
gives the memory maps of the four modes.

Table 3—4. Operating Mode Summary

enter the mode

on the MC pin

2. Take the RESET
pin active low,

then release
RESET

the MC pin

2. Take the RESET
pin active low, then
release RESET

3. Set Digital /0
registers to Func-
tion A*/B**

theMCpin___
2. Take the RESET
pin active low, then
release RESET

3. Enable internal
memory (Clear
SCCR1.2)

nComputer nProcessor
Computer w/Expanded w/internal
Feature S,ng.e"cmp Memory Memory uProcessor
Device All TMS370s with Devices with Bus Devices with Bus Devices with Bus
Internal Program Expansion and Expansion and Expansion
Memory Internal Program Internal Program
Memory Memory
Memory Address Internal Internal Internal and External
Range External
4000h - 7FFFh
Ports A,B,C,D Digital /0 Digital I/O Function B £ Function B
Function A 1
Function B
Predecoded CS No Optional No No
(Chip Selects)
Procedure to 1. Place logic 0 1. Place logic0on | 1. Place logic 1 on | 1. Place logic 1 on

the MC pin

2. Take the RESET
pin active low, then
release RESET

1 Function A: Port D = chip select signals CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF (see Section 4.2).
1 Function B: Port D = expansion memory control signals OCF, EDS, and WAIT (see Section 4.2).
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Figure 3—11. Memory Operating Modes

Microcomputer Microprocessor
Microcomputer With External With Internal Microprocessor
Single Chip Mode Expansion Program Memory Mode
0000h
On Chip On Chip On Chip On Chip
So0n
On Chip On Chip On Chip On Chip
Expansion Expansion Expansion Expansion
OFFFh
Jsoon On Chip On Chip On Chip T On Chip
19C0N ™ "Not Available [ Externalt” | | Extermal ~ | [ External
1100h On Chip On Chip On Chip On Chip
1EFFh Expansion Expansion Expansion Expansion
1FO0h
On Chi On Chi On Chi On Chi
1FFFh P P P P
2000h
Not Available Externafr External External
3FFFh
4000h
On Chip On Chip On Chip External
6FFFh Expansion Expansion Expansion
7000h
On Chip On Chip On Chip External
7FFFh
8000h
Not Available ExternaIT External External
FFFFh

T Precoded Chip Select outputs available on External Expansion Bus.
¥ 1020h-102Fh External.
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Chapter 4

System and Digital
I/0 Configuration

This chapter discusses system and I/O configuration. Features and options
are described, as well as the registers that control the configuration. Exam-
ples of how to set specific configurations are also given. This chapter covers
the following topics:

Section Page
4.1 System Configuration ............... ... 4-2
4.2 Digital /O Configuration ............ ..., 4-15
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4.1

Figure 4—-1

ADDR
1010h

1011h

1012h

4.1.1

4-2

System Configuration

PF
PO10

PO11

PO12

The system configuration is controlled and monitored by the first three regis-
ters of peripheral file Frame 1. These registers’ names, designations, and
peripheral file register number (PF) are:

Name Designation Address PF
System Control and Configuration Register 0 SCCRO 1010h  PO10
System Control and Configuration Register 1 SCCR1 1011h  PO11
System Control and Configuration Register 2 SCCR2 1012h  PO12

These registers are shown in Figure 4—1. The "PF” numbers are used by pe-
ripheral file instructions, for example MOV #00h,P010.

. System Configuration and Control Registers

Peripheral File Frame 1: System Configuration and Control Registers

Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0

PF AUTO | OSCFLT MC PIN MC PIN ”P/”C SCCRO
WAIT FLAG WPO DATA — MODE

START

SCCR1

SCCR2

The bits shown in Figure 4—1 in shaded boxes are Privilege Mode bits, that
is, they can only be written to in the Privilege Mode.

Privilege Mode

The TMS370 architecture allows you to configure the system and peripher-
als by software to meet the requirements of a variety of applications. The
Privilege Mode of operation ensures the integrity of the system configura-
tion once defined for an application.

Following a hardware reset, the processor operates in the Privilege Mode.
In this mode, peripheral file registers have unrestricted read/write access.
The application program may configure the system during the initialization
sequence following reset. As the last step of a system initialization, set the
PRIVILEGE DISABLE bit (SCCR2.0) to enter the nonprivilege mode and
prevent changes to specific control bits within the peripheral file.

Table 4—1 shows the system configuration bits which are write-protected
during the nonprivilege mode. These bits should be configured by software
prior to exiting the Privilege Mode.
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Table 4-1. Privilege-Mode Configuration Bits

Register Bit
SCCRoO OSC POWER

SCCR1 MEMORY DISABLE
AUTOWAIT DISABLE

SCCR2 PRIVILEGE DISABLE
POWERDOWN/IDLE
HALT/STANDBY

INT NMI

OSC FLT DISABLE
OSC FLT RST ENA

SPIPRI SPI PRIORITY

SCIPRI SCI TX PRIORITY
SCI RX PRIORITY

T1PRI T1 PRIORITY
T2PRI T2 PRIORITY
ADPRI AD PRIORITY

PACTPRI PACT GROUP 1 PRIORITY
PACT GROUP 2 PRIORITY
PACT GROUP 3 PRIORITY
PACT STEST

PACT MODE SELECT

PACT WD PRESCALE SELECT 1
PACT WD PRESCALE SELECT 2

PACTSCR FAST MODE SELECT

PACT PRESCALE SELECT 3
PACT PRESCALE SELECT 2
PACT PRESCALE SELECT 1
PACT PRESCALE SELECT 0

The only way to change the privilege bits after leaving the Privilege Mode
is to reset the processor and then program the control registers. The write
protect override (WPO) used for the EEPROM, has no effect on the privi-
leged bits.

Privilege Mode has no effect on Timer 1 Watchdog bits. These bits are pro-
tected in a separate manner.

4.1.2 Oscillator Fault

The processor contains a system of circuits to monitor the oscillator opera-
tion and to detect and contain major oscillator problems. This enhances pro-
cessor and system reliability and aids in system recovery caused by a tem-
porary fault. Programmable bits allow the user the option of incorporating
or deleting some features of these circuits to match the application.
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The circuit stops the processor whenever circuitry detects an out of range
oscillator operation. The Oscillator Fault Detection circuitry consists of:

1) Amplitude detector: Detects if the oscillator signal has a proper voltage
level.

2) Frequency detector: Senses when the oscillator frequency goes too
low. The oscillator fault detection circuit will always trigger below 20 KHz
and never above 500 KHz.

The oscillator circuitry is designed to delay operation of the device until a
stable clock signal is received. This protects the part against slow crystal
startup times coming out of a halt mode or after an oscillator fault when the
input clock may not be operating at the correct voltage range. The circuitry
holds device operation until the input clock signal is within the required volt-
age range. '

The Oscillator Fault Reset Enable bit (OSC FLT RST ENA) allows the user
to determine what action the processor will take when the oscillator goes out
of range. When active, the processor pulls the RESET pin low for at least
eight cycles causing external devices to reset along with the processor.
When inactive, the processor enters a Pseudo-halt state and waits for a re-
set.

The OSC FLT RST ENA bit defaults to the active state after a reset. This
allows the processor to generate reset pulses until the oscillator operates
within the correct range.

After Reset, the program can check the Oscillator Fault Flag (OSC FLT
FLAG) along with the Cold Start flag and Watchdog Reset flag to help deter-
mine the source of the reset. A reset does not clear these flags.

Three bits control and monitor the operation of the Oscillator Fault circuitry:
OSC FLT FLAG, OSC FLT DISABLE and OSC FLT RST ENA. These bits
are described further in Section 4.1.5.

4.1.3 Automatic Wait States

4-4

If an application system uses peripherals or expansion memory with slower
access time than the TMS370 processor, wait states are required. Other
microprocessors require complex additional circuitry, but the TMS370 se-
ries provides for the automatic addition of wait states which can slow the pro-
cessor’s access time to a compatible period.

In addition, the TMS370 series has a WAIT pin which can hold the processor
in a wait state indefinitely. Two bits control the insertion of the Automatic
wait state: the PF AUTO WAIT bit and the AUTOWAIT DISABLE bit. The
PF AUTO WAIT bit controls the higher four frames (64 bytes) of the periph-
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eral file so that these frames can access off-chip peripherals. The AUTO-
WAIT DISABLE controls all other external memory.

When the AUTOWAIT DISABLE bit equals 1, any access to EXTERNAL
memory (excluding the PF file) takes 2 system clock cycles to complete.
When AUTOWAIT DISABLE equals 0, the access takes 3cycles. Thereset
value of this bit selects the slower 3-cycle access.

When the PF AUTO WAIT bit equals 1, memory access to the EXTERNAL
peripheral files takes 4 system clock cycles. This bit does not affect the ac-
cesses to the internal registers. When the PF AUTO WAIT equals 0, the
memory is treated like any external memory and the AUTOWAIT DISABLE
bit selects the number of cycles per access as either 2 or 3 cycles. Table 4-2
summarizes the effects of the Wait State Control bits.

Table 4-2. Wait State Control Bits

Wait State Control Bits No. of Clock Cycles per Access
Autowait
PF Auto Wait Disable External
(SCCRO0.5) (SCCR1.4) PF File Memory
0 0 3 3
0 1 2 2
1 0 4 3
1 1 4 2

An external device can pull the WAIT input pin low and cause the processor
to wait an indefinite number of clock cycles for its data. When the wait line
is released, the processor resynchronizes with the rising edge of the clock
out signal and continues with the program. The WAIT pin is sampled only
during EXTERNAL memory cycles.

Note:

When constructing an application circuit with expansion memory, do not for-
get to connect an unneeded WAIT line to Vcc.
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4.1.4 Powerdown and Idle Modes

Each TMS370 device has two low-power modes and an idle mode. The
powerdown modes reduce the operating power by reducing or stopping the
activity of various modules whenever processing is not needed. The proces-
sor has two types of powerdown modes, the halt mode and the standby
mode. Bits 6 and 7 of SCCR2 select the halt, standby, or idle modes.

The standby mode stops the internal clock in every module except the Tim-
er 1 module. The Timer 1 module continues to run and can bring the proces-
sor out of the standby mode. In devices with the PACT module, only the de-
fault timer and the first command are active in standby mode.

The halt mode stops the internal clock which stops processing in all the
modules providing the lowest power consumption.

The idle mode (which is not a low-power mode) is a state which waits for
the next interrupt.

Executing an IDLE instruction causes the processor to enter one of the two
powerdown modes or the simple idle mode depending on SCCR2.6 and
SCCR2.7. The powerdown and idie mode selection bits are summarized
inTable 4-3.

Table 4-3. Powerdown/Idle Control Bits

4-6

Powerdown Control Bits
Pwrdwn/ldle Halt/Standby Mode Selected
(SCCR2.6) (SCCR2.7)
1 0 Standby
1 1 Halt
0 Xt Idle
1 don’t care

These modes and the methods of exiting the modes are discussed further
in Section 4.1.4.1 and Section 4.1.4.2.

In the standby and halt mode, the following information is retained:

3 The CPU registers:
m PC
B Status
B Stack pointer

The contents of the RAM
The Digital output data registers

MRy Eiy N

The Digital output ports remain active
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(d Control and status registers of all the modules including the timer con-
tents and the watchdog counter.

If the Serial Peripheral Interface (SPI) or Serial Communications Interface
(SCl) is in the process of receiving or transmitting data, that data may be
lost. The results of an A-to-D conversion or an EEPROM write in process
will be invalid when a powerdown mode is entered.

The watchdog mode should be used with caution in the powerdown modes

since the watchdog stops counting in both powerdown modes. If the pro-

gram executes an IDLE instruction without the interrupts enabled (de-
scribed in Section 4.1.4.1 and Section 4.1.4.2), then only a reset can start n
the processor running again.

4.1.4.1 Standby Mode

The standby mode uses less power than the normal operating mode but
more than the halt mode. The standby mode stops the clocks to every mod-
ule except the Timer 1 module or the PACT module. These modules can
bring the processor out of this low power mode if the interrupts are enabled.
To enter this mode set the PWRDWN/IDLE bit (SCCR2.6) and clear the
HALT/STANDBY bit (SCCR2.7). The next execution of an IDLE instruction
causes the processor to enter the standby mode.

The processor can exit the standby mode by one of the following four meth-

ods.

1 Reset

(4 External Interrupt 1, 2, or 3 (if enabled)

L Low level on the SCIRXD pin if, the SCI RX interrupt and receiver are
enabled (described in Chapter 9)

(d Timer 1 or PACT'’s first command/definition entry interrupt if enabled

For additional standby mode power savings, see Section 4.1.4.3.

4.1.4.2 Halt Mode

The halt mode stops all internal operations and clocks (including Timer 1
and PACT counter) and uses the least power of the low power modes. Timer
1 can not bring the processor out of this low-power mode. To select the halt
mode, set the PWRDWN/IDLE bit (SCCR2.6) and the HALT/STANDBY bit
(SCCR2.7); then execute an IDLE instruction.

The processor can exit the halt mode by the following three methods.

(2 Reset

Ld External Interrupt 1, 2, or 3 if enabled

(2 Low level on the SCIRXD pin, if the SCI RX interrupt and receiver are
enabled (described in Chapter 9)

4-7



System Configuration

4.1.4.3 Using Interrupts to Exit from Powerdown Modes

The user should be aware of several items when using an interrupt to exit
a halt powerdown mode.

Interrupts enabled during halt mode are level sensitive and not edge sensi-
tive. This meansthat the interrupt must be atthe inactive level when entering
halt mode. The processor will exit the halt mode when the interrupt goes
from the inactive level to the active level. Bit 2 in the interrupt control register
determines the active and inactive levels. If the halt mode is entered with
the interrupt atan active level, the processor will exit the halt mode and enter
the idle mode.When the selected interrupt edge is detected the program will
continue.

If this condition exists and the part uses the watchdog, then the watchdog
can reset while the program is waiting and unable to service the watchdog
in the normal power idle mode.

The same considerations apply exiting halt mode using the SCIRXD pin.
The processor will exit halt mode anytime an enable SCI receiver and pin
detect a low level on SCIRXD.

Figure 4-2. Correct Method to Enter Halt Mode

INTx Pin

(Polarity = 0 active low) l [

Exits Halt Mode

V)
77

Execute IDLE Instruction “ L

/L

l /L

TIPWM ”I”””””“ 7/ mﬂ”nm—”-
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Figure 4-3. Improper Method to Enter Halt Mode

Exits Idle Mode

INTx Pin (Polarity = 0 active low) |_/’

|
| Py
Execute IDLE Instruction ” I

Exits Halt Mode
|
TIPWM ||||”””||”|||||||”||”|”|||| |”|||||””“”””l“””””” u

4.1.4.4 Oscillator Power Bit

The OSC POWER bit (SCCRO0.6) allows additional standby mode power
savings. When in effect, this feature reduces the oscillator drive current and
disables the oscillator fault detection circuitry. The OSC POWER bit can be
used effectively between 2 MHz and 12 MHz. If the oscillator frequency is
greater than 12 MHz, this bit must be cleared. For power reduction specifi-
cations, see Chapter 16, Electrical Specifications.




System Configuration

4.1.5 System Control Registers

Each System Control register is summarized in the following charts with def-
initions of each control bit.

4.1.5.1 System Control and Configuration Register 0 (SCCRO0)

System Control and Configuration Register 0 (SCCRO)
[Memory address — 1010h]

BIT#- 7 6 5 4 3 2 1 0
PF oscC MC MC
Po10 COLD OSC AUTO FLT PIN PIN — pP/uC
START | POWER WAIT FLAG WPO DATA MODE
RC-* RP-0 RW-0 RW-0 R-0 R-* R-*

R = Read, W = Write, P = Write only in Privilege mode, C = Clear only,
-n = Value after reset, * = see bit description

Bit0 - WP/ULC MODE. Microprocessor/Microcomputer Mode
This bit indicates the current operating mode (as described in Section 3.4).

0= Currently operating in microcomputer mode.
1 = Currently operating in microprocessor mode.

Bit1 - Reserved. Read data is indeterminate.

Bit2 - MC PIN DATA. Mode Control Pin Data.
This bit shows the current status of the MC pin.

0= Voltage on the MC pin is a logic 0 level.
1= Voltage on the MC pin is a logic 1 level.

Bit 3 - MC PIN WPO. Mode Control Pin Write Protect Override status.
This bit indicates whether or not the voltage on the MC pin is enough for WPO
functions. (If this bit is set, then bit 2 is also set.)

0= Voltage on the MC pin is not enough to override write protection.

1= Voltage on the MC pin is enough for write-protect operation
override. Protected bits in Data EEPROM and Program EEPROM can now
be written to. Override voltage is nominally 12 volts.

Bit4 - OSC FLT FLAG. Oscillator Fault Flag.
This flag is reset upon an initial power-up reset. A reset under power does not
affect this flag. Therefore, this bit can be be polled to determine the source of a
reset.

0 = No oscillator fault found.

1= Oscillator Fault found. Oscillator period is now or was out of
correct operating range. The Oscillator fault detect circuit always triggers
below 20 KHz and never above 500 KHz.
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Bit 5 - PF AUTO WAIT. Peripheral File Automatic Wait Cycle.

0= Any access to the peripheral file will take 2 system clock
cycles with no System Auto Wait (bit 4 of SCCR1=1), or 3
system clock cycles with the System Auto Wait on (bit 4 of SCCR1=0).
(See Section 4.1.3, page 4-4.)

1= Any access to the upper 4 frames of the peripheral
file (address 10C0h to 10FFh) will take 4 system clock cycles to complete.
This eases interface requirements for peripheral devices slower than the
TMS370 processor. Normal full speed operation consists of 2 system clock
cycles per access.

Bit 6 - OSC POWER.Oscillator Power.

This bit controls an oscillator power reduction feature. When this feature is in ef-
fect, the oscillator drive currentis reduced and the oscillator fault detection circuit-
ry is powered down. Current reduction is most useful in the standby mode. How-
ever, when this bit is set during normal operation, the operating mode power con-
sumption may be slightly reduced. When operating in the halt mode, this bit has
no effect since the oscillator is not active. This feature is effective upto a 12 MHz
maximum oscillator frequency. If the oscillator frequency is greater than 12 MHz,
this bit must be cleared. For power reduction specifications, see Chapter 16,
Electrical Specifications.

0 = no oscillator drive current reduction.
1 = oscillator drive current reduction.

Bit 7 - COLD START.
This bit does not change during a reset under power.

0= No power-up reset occurred since last writing a 0 to this bit.

1= Power-up reset has occurred since last writing a 0 to this bit, indicating one
cause of a system reset. The Watchdog Overflow Flag and the Oscillator
Fault Flag indicate two other causes of a system reset. A program may take
different actions depending upon the source of the reset.

Only writing a 0 to this bit can clear the COLD START flag.
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4.1.5.2 System Control and Configuration Register 1 (SCCR1)

BIT#-

PO11

4-12

System Control and Configuration Register 1 (SCCR1)
[Memory Address — 1011h]

7 6 5 4 3 2 1 0
AUTO-
— - —_ WAIT — |MEMORY| — —
DISABLE DISABLE
RP-0 RP-*

R = Read, P = Write only in Privilege state, -n = Value after reset, * = see bit description
Bits 0,1,3,5,6,7 - Reserved. Read data is indeterminate.

Bit2- MEMORY DISABLE.
This bit enables or disables the internal program memory (memory addresses
4000h—7FFFh). This bitdoes not affect Data EEPROM or internal RAM. RESET
initializes this bit to the state of the MC pin. Changes to this bit can occur only in
the privilege state.

0 = Enable internal Program Memory and access internal memory at these lo-
cations. The EDS memory signal will not appear during access to locations
4000h-7FFFh and 1020h—102Fh. These ranges are accessed as off-chip
memory.

1 = Disableinternal Program Memory and make all memory accesses to these
locations access external memory. An operation on these locations gener-
ates an external memory bus cycle with the EDS memory signal validating
the access. This bit disables the Program EEPROM and EPROM control
registers, PEECTL/EPCTL registers (described in Sections 6.2 and 6.3), if
applicable and 1020h—102Fh. These ranges are accessed as off-chip
memory.

Bit4 - AUTOWAIT DISABLE. Automatic Wait State Disable.
Thisbit, whichiis cleared atreset, causes an extra cycle to be added to all external
bus accesses in order to accommodate slower memory.

0 = Enable the Autowait feature and make external bus access 3 system clock
cycles long.

1 = Disable the Autowait feature and make external bus access 2 system clock
cycles long.

Changes to this bitcan occur only inthe privilege state. If the Peripheral File Auto-
wait bit in SCCRO is set, external peripheral file access takes 4 system clock
cycles regardless of the AUTOWAIT DISABLE bit.

System and Digital I/O Configuration
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4.1.5.3 System Control and Configuration Register 2 (SCCR2)

System Control and Configuration Register 2 (SCCR2)
[Memory Address — 1012h]

BIT#- 7 6 5 4 3 2 1 0
PWR- 0osC OSC PRIVI-
Po12 HALT/ DWN/ FLT RST BUS CPU FLT INT1 LEGE
STANDBY IDLE ENA STEST STEST | DISABLE NMI DISABLE
RP-0 RP-0 RP-1 RP-0 RP-1 RP-0 RP-0 RS-0

R = Read, P = Write only in Privilege state, S=Set only, -n = Value after reset

BitO - PRIVILEGE DISABLE. Privilege Mode Disable.
Many bits controlling the system configuration can only be changed while in the
privilege mode. After setting the system configuration bits, write a 1 to the Privi-
lege Disable bit to disable the privilege mode and lock out any changes to the priv-
ilege protected bits. Only a Reset can clear the Privilege Disable bit.

0= System is operating in privilege mode.
1= System is not operating in privilege mode.

Bit1 - INT1 NMI. Interrupt 1, Non-Maskable Interrupt.
This bit determines whether Interrupt 1 is maskable or non-maskable (NM!).
When Interrupt 1 is non-maskable, it is the second highest priority interrupt (Re-
setis highest) and is unaffected by the interrupt mask described in Section 5.1.2.
The NMI mode disables the enable and priority selectbits of the Interrupt 1 control
register. The program can change this bit only in the privilege mode.

0 = Interrupt 1 is maskable.
= Interrupt 1 is non-maskable (NMI).

Bit 2 - OSC FLT DISABLE. Oscillator Fault Disable.
This bit must be cleared (0) to ensure proper operation.
Bit 3 - CPU STEST.
This bit is used only during factory test and has no effect in normal operating
modes.
Bit 4 - BUS STEST.
This bit must be cleared (0) to ensure proper operation.
Bit5 - OSC FLT RST ENA. Oscillator Fault Reset Enable.

This bit determines whether or not asystemresetis generated when an oscillator
fault is detected. The oscillator fault circuitry will trigger below 20 kHz and may
trigger anywhere between 20 kHz and 500 kHz. The only exit from this halt state
is a Reset. Changes to this bit can occur only in the privilege mode.

0 = A Reset will not be generated if an oscillator fault is detected. An external
hardware reset is required to restart the program.

1= AResetis generated whenever an oscillator fault is detected if SCCR2.2 is
cleared.
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4-14

Bit 6 -

Bit 7 -

PWRDWN/IDLE. Powerdown/Idle.
This bit determines the mode entered by the CPU when an IDLE instruction is
executed. Changes to this bit can occur only in the privilege mode.

0=

The processor will enter an idie mode when the program executes an IDLE
instruction. The processor waits at the IDLE instruction until any enabledin-
terruptoccurs. The processor then enters the interruptroutine and returns to
the instruction after the Idle instruction..The idle is not a low-power mode.
The processor will enter a low power mode when the program executes an
IDLE instruction. The HALT/STANDBY bit determines the type of low power
mode.

HALT/STANDBY.

The following descriptions apply only if the Powerdown/Idle bit is set, otherwise
the Halt/Standby bit has no effect. See Section 4.1.4 for a description of the Halt
and Standby modes. Changes to this bit can occur only in the privilege mode.

0=

When an IDLE instruction is executed, the processor will enter the Standby
mode which stops program execution and disables the system clock to all
nonessential peripherals. The system clock to the Timer 1 continues to run
and the timer can generate an interrupt to bring the processor out of the
Standby mode.

When an IDLE instruction is executed, the processor will enter the Halt
mode which stops the internal oscillator and suspends the system and pe-
ripheral operations. This mode provides the lowest power consumption.

System and Digital I/O Configuration
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4.2 Digital I/O Configuration

On TMS370 devices, the power, reset, MC, and crystal pins are dedicated
to one function. Every other pin may be programmed to be a general pur-
pose input and/or output, or a special function pin. Some of these pins are
associated with the functions of the peripheral modules.

On TMS370Cx1x devices, 13 of a possible 22 1/O pins are dedicated to
Ports A and D. Port A contains 8 pins and Port D contains 5 pins.

On TMS370Cx3x devices, 12 of a possible 36 I/O pins are dedicated to
Ports A and D. Port A contains 8 pins Port D contains 4 pins. n

On TMS370Cx5x devices, 32 of a possible 55 /O pins are dedicated to
Ports A, B, C and D; each port has 8 pins each.

Frame 2 of the peripheral file (memory addresses 1020h —102Fh) contain
the control registers for reading, writing and configuring Ports A, B, C, and
D. These registers are shown in Figure 4—4.

Figure 4-4. Digital Port Control Registers

ADDR
1020h
1021h
1022h
1023h
1024h
1025h
1026h
1027h
1028h
1029h
102Ah
102B8h
102Ch
102Dh
102Eh
102Fh

PF
20
21
22
23
24
25
26
27
28
29
2A
28
2c
20
2E
oF

PERIPHERAL FILE FRAME 2: DIGITAL PORT CONTROL REGISTERS

Bir7 | s8me | Bms | Bm4 | Br3 | BT2 | BT1 | BITO
RESERVED APORT1
PORT A CONTROL REGISTER 2 APORT2
PORT A DATA ADATA
PORT A DIRECTION ADIR
RESERVED BPORT1
PORT B CONTROL REGISTER 2 BPORT2
PORT B DATA BDATA
PORT B DIRECTION BDIR
RESERVED CPORT1
PORT C CONTROL REGISTER 2 CPORT2
PORT C DATA CDATA
PORT C DIRECTION CDIR
PORT D CONTROL REGISTER 1 DPORT1
PORT D CONTROL REGISTER 2 DPORT2
PORT D DATA DDATA
PORT D DIRECTION DDIR
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Each port has up to four control registers associated with it. They are:
Q Port X Control Register 1 (XPORT1)

Qd Port X Control Register 2 (XPORT2)

[ Port X Data (XDATA)

@ Port X Direction (XDIR)

The same bit position of each of these registers affects the corresponding
bit in the port. For example, Bit 0 of registers DPORT1, DPORT2, DDATA
and DDIR control Port D, bit 0. This is illustrated in Figure 4-5.

Figure 4-5. Port Control Register Operation

4-16
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| Bit7 |B|t6 |B|t5 | Bit 4 |B|t3 |B|t2 |B:t1 |B|t0 | Port D

L -4 ___1__1__ — L
-T _f —1 —t —T —T ? I Port D Control
| Bit7 | Bite | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito | Register 1
(DPORTH Only)

Port D Control

L L L T 1 1 b T ] regster

(DPORT2)

Port D D
C T T T T T T T 1 ooam-

Port D Directi
C T T T T T T T 7 como

Bits from the XPORT1 and XPORT2 registers determine the function of the
corresponding port pin, either a I/O, data, address, or control signal depend-
ing on the port. The same bit from the XDIR register determines the direc-
tion (input or output) if the pin has been defined as a I/O pin. The same bit
from the XDATA register is the bit to write to or read from if the pin has been
defined as a I/O pin.

Figure 4-6 shows the function that each pin can serve depending on which
port contains the pin. Definitions of the memory expansion signals of Func-
tion A and Function B follow the figure.
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Figure 4-6. Port Configuration Registers Set-Up

_ Function A Function B
Output Output (LC Mode) (LC Mode) | WP Mode
Port Pin XPORT1 =0* XPORT1 =0" XPORT1 =0" XPORT1 =1*
XPORT2 =0 XPORT2 =0 XPORT2 = 1 XPORT2 =1
XDATA =y XDATA =q XDATA = x XDATA =x
XDIR =0 XDIR =1 XDIR = x XDIR =x
A 07 DataINy Data OUT q DATA BUS RESERVED | DATA BUS
B 0-7 DataINy DataOUT q LOW ADDR RESERVED LOW
ADDR
Cc o0-7 DataINy DataOUT q HI ADDR RESERVED HI ADDR
D O DataINy Data OUT q CSE2 OCF OCF
D 1 DataINy Data OUT q CSH3 =
D 2 DataINy Data OUT q CSH2 b
D 3 Data Ny Data OUT q CLKOUT CLKOUT CLKOUT
D 4 DataINy Data OUT q RW RW RW
D 5 DataINy Data OUT q CSPF b
D 6 DataINy Data OUT q CSH1 EDS EDS
D 7 DataINy Data OUT q CSE1 WAIT WAIT

XPORT1 = 1, XPORT2 = 0; not defined.

*  XPORT1 exists for DPORT only.

** Reserved. Not available.

LOW ADDR/HI ADDR - External memory address bus. Output only.

DATA BUS - External data bus. Input and output.

EDS -

External Data strobe: This signal goes low during external

memory operations. The rising edge of EDS validates the read
input data and the write data is available after the falling edge of

EDS.

Chip Select Half 1: This signal has the same timing as EDS but it

only goes active during access to the upper half of memory (loca-
tions 8000h ~ FFFFh). Used to select banks of memory. Setting
this pin to a high-level general-purpose output disables the bank.

Chip Select Half 2: This signal has the same timing as EDS but it

only goes active during access to the upper half of memory (loca-
tions 8000h — FFFFh). Used to select a second bank of memory.
Setting this pin to a high-level general-purpose output disables
the bank.

Chip Select Half 3: This signal has the same timing as EDS but it

only goes active during access to the upper half of memory (loca-
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tions 8000h — FFFFh). Used to select a third bank of memory.
Setting this pin to a high-level general-purpose output disables
the bank.

CSE1- ChipSelect Eighth 1: This signal has the same timing as EDS but
itonly goes active during accesses to an eighth of memory (loca-
tions 2000h — 3FFFh). Used to select banks of memory. Setting
this pin to a high-level general-purpose output disables the bank.

CSE2- Chip Select Eighth 2: This signal has the same timing as EDS
n but it only goes active during accesses to an eighth of memory
(locations 2000h — 3FFFh). Used to select a second bank of
memory. Setting this pin to a high-level general-purpose output
disables the bank.

CSPF -  Chip Select Peripheral File: This signal has the same timing as
EDS but it only goes active during access to external frames of
the peripheral file (locations 10C0h — 10FFh).

CLKOUT - Clock Output: Outputs one quarter of the crystal or external os-
cillator frequency. Used to synchronize external peripherals.

RW - . Read or Write operation: Goes high at the beginning of read op-
erations and low during write operations. This line is active dur-
ing both internal and external accesses.

AIT - WAIT input: An external, low signal applied to this pin, when
sampled, causes the processor to hold the information on the ex-
pansion bus for 1 or more extra clock out cycles. This pin is
sampled during the rising edge of CLKOUT after EDS goes ac-
tive .

CF - Opcode Fetch: Goes low at the beginning of a memory read op-
eration that fetches the first byte of an instruction. It then re-
sumes its high level at the end of the Opcode fetch(s).

The pre-decoded chip selects allow the TMS370 to access external ad-
dresses with a minimum of external logic. In many cases no external logic
is necessary between the TMS370 and the peripheral device because of the
pre-decoded chip selects, autowait features, and the non-multiplexed bus.
Another advantage of the chip selects is the ability to do easy memory bank
selection. Without bank selection, the CSH1, CSE1, and CSPF signals can
easily access about 40 kilobytes of memory in the three different areas. With
bank selection, the processor can access 112 kilobytes of memory.
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Example 4-1. Digital Ports Set-up Example

To illustrate configuring the Digital Ports, assume that a TMS370C050 is to
operate in the expanded microcomputer mode, and that 2 kilobytes of
memory is needed at 2000h to 27FFh. The top half of the figure below shows
the port configuration wanted. Port A is set as the external data bus. Port
B is the low-order byte of the address bus. Bits 0 through 2 of Port C are the
high-order address bits of the eleven bits necessary to access 2 kilobytes
of memory. Bits 4 through 7 of Port C are set as I/O input. In Port D, bit 7
is the chip select signal to access 2000h to 3FFFh; and bit 4 is used for exter-
nal memory control signal R/W. The remaining bits of Port D are used as

I/O output. u
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Bit 7 Bit6 Bit5 Bit 4 Bit3 | Bit2 Bit 1 Bit0
Port
Data Bus
AT I I I 1 | |
| T | | | | |
B |= Address Bus
| | | | | | .
| ! ! 1 "Address
C [= /0 In Lt Bus
| | | | ) X
| _ 1 1 ]
D SE1 [*— /O IOut — R/W "—'—l—— I} |Out —|——’
Port A Control Registers
1021h 1 1 1 1 1 1 1 1 MOV #0FFH, P021
1022h X X X X X X X X
1023h X X X X X X X X
Port B Control Registers
1025h 1 1 1 1 1 1 1 1 MOV #0FFH, P025
1026h X X X X X X X X
1027h X X X X X X X X
Port C Control Registers
1029h 0 0 0 0 0 1 1 1 MOV #007H, P029
102Ah X X X X X X X X
102Bh 0 0 0 0 0 X X X MOV #0, P02B
Port D Control Registers
102Ch 0 0 0 0 0 0 0 0 MOV #0, P02C
102Dh 1 0 0 1 0 0 0 0 MOV #090h, P02D
102Eh X q q X q q q q
102Fh X 1 1 X 1 1 1 1 MOV #0FFH, PO2F
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The bottom half of the above figure shows the port control registers set up
to establish the configuration shown in the top half of the figure. To deter-
mine the bits needed to set the registers, use Figure 4-6. For example, to
set Port A as the data bus, find Port A in the left hand column of Figure 4-6.
Look across the row to find Data bus, then follow the column up to find

1
X
X

in the column heading. These are the bits needed to set each Port A bit as
a data bus.

The assembly language instructions on the right of the preceding figure
show one method of setting up the registers to the left. The Pxxx operand
indicates peripheral file access (See Chapter 13 for more information on pe-
ripheral file instructions).

When operating with internal program memory disabled, any access to the
Port peripheral frame, 1020h — 102Fh, is decoded as external address.
Memory accesses to this frame can control external hardware which emu-
lates the digital 1/0 functions.

4.2.1 Microprocessor Mode

Initializing a device with Bus Expansion to the microprocessor mode forces
Ports A,B,C and D to Function B as shown in Figure 4—-6. Port A is the data
bus, Port B is the low-order-address bus and Port C is the high-order-ad-
dress bus in this mode. Neither the TMS370Cx1x northe TMS370Cx3x de-
vices is defined for operation in the memory expansion modes so the device
must be powered up in the microcomputer mode.

4.2.2 Microcomputer Mode

Initializing the device to the microcomputer mode forces Ports A,B,C and
D to General Purpose high impedance inputs. The program can set the con-
trol bits to change the function of the port pins to one of four functions: Gen-
eral Purpose Output, General Purpose Input, Function A, or Function B.

When changing a pin from an general-purpose input pin to an output pin,
write to the Data register first to set up the data and then set the data direc-
tion register. This prevents unknown data on the pin from interfering with
the external circuitry.

The TMS370 in the microcomputer mode can individually reconfigure any
address, data, or control signal to use only the necessary signals and leave
the other signals on the port for general purpose I/O operations.
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Figure 4—7 shows an example of the TMS370Cx5x interfaced to 112 kilo-
bytes of external memory (see Chapter 14 for a more complete example).
The Function-A chip-select signals are used to enable one of three banks
of EPROM, an external peripheral device, and one of two banks of static
RAM. In this example, all eight bits of port A are used as the data bus, all
eight bits of port B are used as the address LSB, and seven port C bits are
used to complete the 15 bit address bus.

Figure 4-7. System Interface Example

Veo
10 kQ
u1 (All)
RW
CSE2
CSE1
CSPF
CSH3
CSE2
CSH1 u2 U3 U4 us ue uz
L WE _WE
E E L e E CST |y | Ot
GG G CcS2|—e— cs2
’— OE |—e— OE
A a|llla a]l|a a [a_p| (oo ||[a w0
Vss Vss Vss
Address 0-14 15/ l l l l l l
Data 0-7 |24
Mc | U1 - TMS370Cx5x 8-Bit Microprocessor

U2, U3, U4 - TMS27C256 32K x 8 EEPROM
U5 - Unspecified 64 Byte Peripheral
Us, U7 - 8K x 8 Static RAM

Vss
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Chapter 5

In!prrupts gmd

&

System Reset

This chapter discusses the internal and external interrupts of the TMS370.

The methods of device reset are also considered. This chapter covers the
following topics:

Section Page
B Interrupts . ..o 5-2
5.2 RESEIS ..ottt e 5-14
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5.1 Interrupts

The TMS370 programmabile interrupt structure allows flexible on-chip and
external interrupt configurations to meet real-time interrupt-driven applica-
tion requirements.

Whenever an internal or external circuit requests an enabled interrupt, the
processor finishes the current instruction and then fetches, from the Inter-
rupt Table, the address of the appropriate interrupt service routine. The pro-
cessor then pushes the contents of the program counter and status register
onto the stack and begins execution at the interrupt service routine address
found in the Interrupt Table. When the interrupt service routine completes,
the program executes a RTI (Return from Interrupt) instruction which pops
the previous status-register and program-counter contents from the stack.
The processor resumes execution from the point of interruption.

5
. 5.1.1 Interrupt Operation

5-2

The hardware interrupt structure includes two selectable priority levels as
shown in Figure 5—1. Interrupt level 1 has a higher priority thaninterrupt lev-
el 2. The two priority levels can be independently masked by clearing the
global interrupt enable bits (IE1 and IE2) of the status register (described
in Section 3.2.2).

During system initialization, the application program can assign system in-
terrupts to either the high or low priority level. The program can reassign
priority levels at any time except for those priority levels which are protected
by the Privilege Mode. Within each level, hardware determines the interrupt
priority.

The processor services the pending interrupts upon completion of current
instruction execution, depending on their interrupt mask and priority condi-
tions. The processor services all enabled Level 1 interrupts before servicing
any Level 2interrupts. Within each level, the processor services the highest
priority interrupts first. The hardware priorities of the devices available at
time of printing are shown in Table 5-1.
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Table 5-1. Module Interrupt Priority

Module
Vector Start Device Module Priority Vector
Address Module TMS370Cx1x | TMS370Cx3x | TMS370Cx5x Bytes
7F9Ch PACT Group 2 NA 6 (See Note.) NA 36
Group 3 NA 7 (See Note.) NA
Group 1 NA 5 (See Note.) NA
7FECh A/D Converter NA 8 10
7FEEh Timer 2 NA NA 9
7FFOh SCI Transmit NA NA 8
Receive NA NA 7
7FF4h Timer 1 6 NA 6
7FF6h SPI 5 NA 5 H
7FF8h External INT3 4 4 4
7FFAh External INT2 3 3 3
7FFCh External INT1 2 2 2
7FFEh RESET 1 1 1 2

Note: The In-Circuit Emulator with PACT has the PACT module as the lowest priority interrupts,

while the device family (TMS370Cx3x) has the A/D interrupt at lowest priority.

Figure 5-1. Interrupt Control

Timer 1
P——————— 4 | Overflow —o Ext INT1
| scl I Compare —0¢ NTT
RX R Ext Edge —o7 o CPU
! I Compare —o— < ——o0
||BRKDT TXRDY
RXRDLO/ S~ I'1In Capture_y—o' 3 Non-
: TXPRI | Watchdog INT1 PRI Maskable
° l—_:_° | ° Interrupt
" { — RXPRI  °] }  T1 PRI
g§ i | :E; oo Level 1 Int
020 ——————————— - 001 Level 2 Int
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The TMS370 architecture allows there to be up to 128 independent interrupt
vectors. These system interrupt vectors must be located within the memory
locations 7F00h to 7FFFh. This memory space also contains the Trap
tables, and 12 bytes reserved for Texas Instruments’ use. If the device does
not define this memory for an interrupt vector, it may be used for program
memory. Table 5-2 shows the interrupt vector source(s) and its correspond-
ing address. Note that a system interrupt may have multiple interrupt

sources.
Table 5-2. Interrupt Vector Sources
Vector Interrupt Source System Priority in
Module Address Interrupt Flag Interrupt Groupt
PACT 7F9Ch, 7F9Dh | PACT SCI TXINT PACT TXRDY PTXINT 2
(Group 2) | 7F9Eh, 7F9Fh | PACT SCI RXINT PACT RXRDY PRXINT 1
PACT 7FAOh, 7FA1h | PACT Cmd/Def Entry 0 | CMD/DEF INT 0 CDINTO 1
(Group 3) FLAG
7FA2h, 7FA3h | PACT Cmd/Def Entry 1 | CMD/DEF INT 1 CDINTH 2
FLAG
7FA4h, 7FA5h | PACT Cmd/Def Entry 2 | CMD/DEF INT 2 CDINT2 3
FLAG
7FA6h, 7FA7h | PACT Cmd/Def Entry 3 | CMD/DEF INT 3 CDINT3 4
FLAG
7FA8h, 7FA9h | PACT Cmd/Def Entry 4 | CMD/DEF INT 4 CDINT4 5
FLAG
7FAAh, 7FABh | PACT Cmd/Def Entry 5 | CMD/DEF INT 5 CDINT5 6
FLAG
7FACh, 7FADh | PACT Cmd/Def Entry 6 | CMD/DEF INT 6 CDINT6 7
FLAG
7FAEh, 7FAFh | PACT Cmd/Def Entry 7 | CMD/DEF INT 7 CDINT?7 8
FLAG
PACT 7FBOh, 7FB1h | PACT Circular Buffer BUFFER HALF/ BUFINT 1
(Group 1) (Half/Full) FULL INT FLAG
7FB2h, 7FB3h | PACT CP6 Edge CP6 INT FLAG CP6INT 2
7FB4h, 7FB5h | PACT CP5 Edge CP5 INT FLAG CP5INT 3
7FBéh, 7FB7h | PACT CP4 Edge CP4 INT FLAG CP4INT 4
7FB8h, 7FBSh | PACT CP3 Edge CP3INT FLAG CP3INT 5
7FBAh, 7FBBh | PACT CP2 Edge CP2 INT FLAG CP2INT 6
7FBCh, 7FBDh | PACT CP1 Edge CP1 INT FLAG CP1INT 7
7FBEh, 7FBFh | PACT Default DEFTIM OVRFL POVRFL 8
Timer Overflow INT FLAG INT

1 1 is the highest priority.
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Table 5-2. Interrupt Vector Sources (Concluded)
Vector or System Priority in
Module Address Interrupt Source Interrupt Flag Interrupt Groupt
A/D 7FECh, 7FEDh | A/D Conversion Com- AD INT FLAG ADINT 1
plete
Timer 2 7FEEh, 7FEFh | Timer 2 Overflow T2 OVRFL INT T2INT 1
FLAG
Timer 2 Compare 1 T2C1 INT FLAG
Timer 2 Compare 2 T2C2 INT FLAG
Timer 2 External Edge | T2EDGE INT
FLAG
Timer 2 7FEEh, 7FEFh | Timer 2 Input Capture 1 | T2IC1 INT FLAG T2INT 1
Timer 2 Input Capture 2 | T2IC2 INT FLAG
SCITX 7FFOh, 7FF1h | SCI TX Data Register TXRDY FLAG TXINT 1
Empty
SCI RX 7FF2h, 7FF3h | SCI RX Data Register | RXRDY FLAG RXINT 1
Full
SCI RX Break Detect BRKDT FLAG
Timer 1 7FF4h, 7FF5h | Timer 1 Overflow T1 OVRFL INT T1INT 1
FLAG
Timer 1 Compare 1 T1C1 INT FLAG
Timer 1 Compare 2 T1C2 INT FLAG
Timer 1 External Edge | TIEDGE INT
FLAG
Timer 1 Input Capture 1 | T1IC1 INT FLAG
Watchdog Overflow WD OVRFL INT
FLAG
SPI 7FF6h, 7FF7h | SPI RX/TX Complete SPI INT FLAG SPIINT 1
External 7FF8h, 7FFSh | External INT3 INT3 FLAG INT3 1
INT 7FFAh, 7FFBh | External INT2 INT2 FLAG INT2 1
7FFCh, 7FFDh | External INT1 INT1 FLAG INTH 1
RESET 7FFEh, 7FFFh | External RESET COLD START RESET 1
Watchdog Overflow WD OVRFL INT
FLAG
Oscillator Fault Detect | WD OVRFL INT
FLAG
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The application program can individually enable or disable all of the interrupt
sources using local interrupt enable control bits in the associated peripheral
file. Also, software can read each interrupt source’s flag bit in order to deter-
mine which interrupt source generated the system interrupt.

The processor acknowledges aninterrupt f its flag bit equals 1 and the inter-
rupt is enabled. The interrupt service routine must clear all appropriate flag
bits before leaving the routine to avoid immediately re-entering the same in-
terrupt service routine.

Interrupts are sampled and arbitrated by the CPU during every opcode
feteh. If one or more requests are pending (and the appropriate enable bits
are set in the status register for maskable interrupts), then at the normal
completion of the opcode fetch, the interrupt context switch begins. The new
opcode is discarded and the program counter is rewound to point to the dis-
carded instruction. Thus, at the completion of the interrupt service routine,
the discarded instruction is fetched again. The context switch routine pro-
ceeds as follows.

1) Increment the stack pointer (SP) and store the contents of the status
register (ST) at the location pointed to by the SP.
) Set the ST to 00h (disables further interrupt recognition).
) Obtain the identity of the interrupting peripheral.
) Rewind the program counter to point to the aborted opcode.
) Increment SP and store the original PC high byte at the location pointed
to by the SP.
6) Get the interrupt-service-routine address (low byte) and store it in the
PC low byte (PCL).
7) Increment SP and store the original PC (low byte) at the location pointed
to by SP.
8) Getaddress (highbyte) of interrupt service routine and store itinthe PC
high byte (PCH).
9) Resume instruction execution with the new PC contents.

It takes a minimum of 15 cycles from the time that an interrupt is triggered,
to the reading of the first instruction of the interrupt service routine. The time
depends on the instruction in progress when the interrupt is asserted and
at what point during an instruction the interrupt is asserted. The worst case
occurs if the interrupt occurs near the start of a Divide instruction; the pro-
cessor may require up to 78 clock cycles to enter the interrupt service rou-
tine. If wait states are needed, the appropriate number of cycles must be
added. Also, an external interrupt (INT1, INT2, or INT3) requires 2 extra
clock cycles to synchronize before the processor can detect it.
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5.1.2 External Interrupts

External pins INT1, INT2 and INT3 allow external devices to interrupt the
program and enter a specific interrupt service routine. The INT1, INT2, and
INT3 control registers in peripheral file frame 1 govern the software configu-
ration of the external interrupts. Figure 5-2 shows these registers.

Figure 5-2. Peripheral File Frame 1 — External Interrupt Control Registers

Peripheral File Frame 1: External Interrupt Control Registers

Address  PF| Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w017h otz | INT1 AN . L L INT1 INT1 N1 | INT!

FLAG | pata POLARITY | PRIORITY| ENABLE
INT2 INT2 INT2 INT2

INT2 INT2 INT2 INT2

1o18h - PO18 | o D’;’?‘A — D[;\ITHA %ﬂ? POLARITY| PRIORITY| ENABLE
INT3 INT3 INT3 INT3

INT3 INT3 INT3 INT3

1019h PO £ 06 | da | T | DATA | DATA1POLARITY| PRIORITY| ENABLE

Software can configure each external interrupt individually, through the in-
terrupt polarity bits, to trigger on either a rising edge or a falling edge. If the
interrupt function is not required, the software can configure external inter-
rupts INT2 and INT3 to be general purpose input/output pins, and INT1 to
be an input pin.

INT1 can be programmed to be a maskable or non-maskable interrupt.
When INT1 is non-maskable, it cannot be masked by the individual or global
mask bits. Remember that the INT1 NMI bit (SCCR2.1) is protected during
nonprivileged operation and should be configured during the initialization
sequence following reset (see INT1 NMI bit description in Section 4.1.5.3).

The non-maskable interrupt is used for events that you want to respond to
immediately. For example this event could be derived from monitoring the
power supply and saving important data to EEPROM whenever a brown-
out/power loss condition occurs.

Note:

When using aNMI, the interrupt is taken on EVERY active edge of the INT1
pin. This pin should be debounced to avoid multiple interrupts which could
cause the stack to overflow. Once the stack has overflowed the program
may not operate as expected.
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The application program must configure the following bits for each interrupt
to function correctly. The INT PRIORITY bit configures the interrupt as either
alevel 1 or alevel 2 interrupt. The INT POLARITY bit selects the trigger as
either afalling edge or a rising edge. The INT ENABLE bit allows the request
to be transmitted to the CPU if either the IE1 or IE2 enable bit, whichever
is appropriate, is enabled.

The INT FLAG indicates that the selected edge (rising or falling) has oc-
curred. If the enables are set, an interrupt is requested. This bit remains
a 1 until the software or a RESET clears it. The INT FLAG bit is useful for
programs which poll the interrupt flag instead of generating a system inter-
rupt.

The INT PIN DATA bit shows the level presently on the interrupt pin. This
also allows the use of this bit as a simple input pin if the interrupt function
is not needed.

On interrupts 2 and 3, the INT DATA DIR determines if the pin functions as
ageneral purpose output or as an input/interrupt pin. If you select the gener-
al purpose output function, then the value written by software to the INT
DATA OUT bit determines the level of the output.

All external interrupts can bring the processor out of both the halt and the
standby low-power modes if the interrupt enable and the interrupt level
mask are enabled. Please note that in Halt mode the interrupt is detected
on the level and not the edge. For further information refer to Section
4.1.4.3.
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Figure 5-3. Interrupt 1 Block Diagram
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5.1.3 Interrupt Control Registers

Interrupt 1 Control Register (INT1)
[Memory Address — 1017h]

BIT#- 7 6 5 4 3 2 1 0
INT1 INT1 INT1
P0O17 INT1 PIN — — — POLAR- | PRIOR- INT1
FLAG DATA ITY ITY ENABLE
RC-0 R-0 RW-0 RW-0 RW-0
R=Read, P=Write, C=Clear only, -n=Value after reset

Bit0 - INT1 ENABLE. Interrupt 1 Enable.
This bit enables the interrupts for the INT1 pin. This bitis ignored if INT1 NMI=1.
1= Enable INT1 interrupts.
0 = Disables INT1 interrupts.

Bit 1 - INT1 PRIORITY. Interrupt 1 priority.
This bit determines interrupt level of the INT1 pin; either a high, level-1 interrupt or
a low, level-2 interrupt. This bit is ignored if INT1 NMI=1.
1= Level 2 interrupt (low level).
0= Level 1 interrupt (high level).

Bit 2 - INT1 POLARITY. Interrupt 1 Polarity.
This bit determines whether INT1 triggers on a rising edge or a falling edge.
1= Triggers on arising edge (low-to-high transition)
0 = Triggers on a falling edge (high-to-iow transition)

Bits 3,4,5- Reserved. Read data is indeterminate.

Bit 6 - INT1 PIN DATA. Interrupt 1 Pin Data.
This bit displays the current condition of the INT1 pin.
1= High level input voltage (V|4) at the INT1 pin.
0= Low level input voltage (V, ) at the INT1 pin.

Bit7 - INT1 FLAG. Interrupt 1 Flag.
This bit indicates that the selected transition on INT1 has occurred. An interrupt
can occur as long as this bit remains set, thus the application program must clear
this bit during the interrupt handling routine. This bit will be set even if the Inter-
rupt1 Enable bit is cleared.
1= transition detected
0 = no transition
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Interrupt 2 Control Register (INT2)
[Memory Address — 1018h]

BIT#- 7 6 5 4 3 2 1 0
INT2 INT2 INT2 INT2 INT2
Po18 INT2 PIN — DATA DATA POLAR- | PRIOR- INT2
FLAG DATA DIR ouT ITY ITY ENABLE
RC-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0

R=Read, P=Write, C=Clear only, -n=Value after reset

BitO0 - INT2 ENABLE. Interrupt 2 Enable.
This bit enables the interrupts for the INT2 pin.

1= Enable INT2 interrupts.
0 = Disables INT2 interrupts.

This bit determines the interrupt level of the INT2 pin; either a high, level-1 inter-

Bit1 - INT2 PRIORITY. Interrupt 2 Priority. .
5
rupt or a low, level-2 interrupt.

1= Level 2 interrupt (low level).
0= Level 1 interrupt (high level).

Bit2 - INT2 POLARITY. Interrupt 2 Polarity.
This bit determines whether INT2 triggers on a rising edge or a falling edge.

1= Triggers on a rising edge (low-to-high transition).
0 = Triggers on a falling edge (high-to-low transition).

Bit 3 - INT2 DATA OUT. interrupt 2 Data Out.
If software configures the INT2 pin as an output pin (INT2 DATA DIR=1), then the
value that the software writes to the INT2 DATA OUT bit determines the value of
that output pin.

Bit 4 - INT2 DATA DIR. Interrupt 2 Data Direction. The INT2 pin can be configured as
either an output pin or as an input/interrupt pin.

1= INT2 pin is an output pin.
0= INT2 pin is an input/interrupt pin.

Bit5 - Reserved. Read data is indeterminate.

Bit 6 - . INT2 PIN DATA. Interrupt 2 Pin Data.
This bit displays the current value of the INT2 pin.

1 = High-level input voltage (V) at the INT2 pin.
0= Low-level input voltage (V,.) at the INT2 pin.

Bit7 - INT2 FLAG. Interrupt 2 Flag.
This bit indicates that the selected transition on INT2 has occurred. An interrupt
can occur as long as this bit remains set, thus the program must clear this bit dur-
ing the interrupt handling routine. This bit will be set even if the INT2 ENABLE bit
is cleared.

1 = transition detected
0 = no transition
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Interrupt 3 Control Register (INT3)
[Memory Address — 1019h]

BIT#- 7 6 5 4 3 2 1 0
INT3 INT3 INT3 INT3 INT3
Po19 INT3 PIN _ DATA DATA POLAR- | PRIOR- INT3
FLAG DATA DIR ouT ITY ITY ENABLE
RC-0 R-0 RW-0 RW-0 RW-0 RwW-0 RW-0
R=Read, P=Write, C=Clear only, -n=Value after reset

BitO - INT3 ENABLE. Interrupt 3 Enable.
This bit enables the interrupts for the INT3 pin.
1= Enable INT3 interrupts.
0 = Disables INT3 interrupts.

Bit1 - INT3 PRIORITY. Interrupt 3 priority.
This bit determines the interrupt level of the INT1 pin; either a high, level-1 inter-
rupt or a low, level-2 interrupt.
1 = Level-2interrupt (low level).
0 = Level-1 interrupt (high level).

Bit2- INT3 POLARITY. Interrupt 3 Polarity.
This bit determines whether INT3 triggers on a rising edge or a falling edge.
1= Triggers on arising edge (low-to-high transition).
0 = Triggers on a falling edge (high-to-low transition).

Bit 3 - INT3 DATA OUT. Interrupt 3 Data Out.
If software configures the INT3 pin as an output pin (INT3 DATA DIR=1), then the
value that the software writes to the INT3 DATA OUT bit determines the value of
that output pin.

Bit4 - INT3 DATA DIR. Interrupt 3 Data Direction.
The INT3 pin can be configured as either an output pin or as an input/interrupt pin.
1= INT3 pin is an output pin.
0= INT3 pinis an inputinterrupt pin.

Bit5 - Reserved. Read data is indeterminate.

Bit 6 - INT3 PIN DATA. Interrupt 3 Pin Data.
This bit displays the current condition of the INT3 pin.
1 = High-level input voltage (V) at the INT3 pin.
0= Low-level input voltage (V) ) at the INT3 pin.

Bit7 - INT3 FLAG. Interrupt 3 Flag.
This bit indicates that the selected transition on INT3 has occurred. An interrupt
can occur as long as this bit remains set, thus the program must clear this bit dur-
ing the interrupt handling routine. This bit will be set even if the Interrupt 3 Enable
bit is cleared.
1= transition detected
0 = no transition
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5.1.4 Multiple Interrupt Servicing

When servicing an interrupt, the processor automatically clears the global
interrupt enable bits IE1 and IE2. This prevents all other interrupts from be-
ing recognized during the execution of the interrupt service routine. Once
the service routine is completed by executing the RTI (Return from Interrupt)
instruction, the old status register contents are popped from the stack. This
returns the IE1 and IE2 to their original conditions and allows any pending
interrupts to be recognized.

An Interrupt service routine can allow nested interrupts by executing the
EINT, EINTL or EINTH instructions to set the global Interrupt Enable bits in
the status register. This permits other interrupts to be recognized during the
service routine execution. When a nested interrupt service routine com-
pletes, it returns to the previous interrupt service routine when the RTl in-
struction executes. Too many nested interrupts could overflow the stack
causing program failure.
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5.2 Resets

The TMS370 has three possible reset sources: a low input to the RESET
pin, a programmable watchdog timer timeout (described in Section 7.3 or
Section 12.7), or a programmable oscillator fault failure (described in Sec-
tion 4.1.2). After the occurrence of a reset, the program can interrogate the
status bits (shownin Table 5-3) to determine the source of the resetin order
to take appropriate action. If none of the sources, indicated in Table 5-3,
caused the reset then the RESET pin was pulled low by external hardware
or the PACT module watchdog.

Table 5-3. Reset Sources

Register

Address PF Bit # Control Bit Source of Reset

SCCRoO

1010h PO10 7 COLD START Cold or Warm start reset.

SCCRo

1010h P010 4 OSC FLT FLAG Oscillator out of range.

T1CTL2

104Ah P04A 5 WD OVRFL INT FLAG Watchdog timer timeout.

5-14

The RESET pin starts the hardware initialization and ensures an orderly
software startup. The RESET pin is an input/output pin. A low level pulse
initiates the reset sequence. The processor may detect short reset pulses
of a few nanoseconds but a low level (active) of one cycle is necessary to
guarantee that the device sees the reset signal. The microcontroller is held
in reset until the RESET pin goes inactive (high). If the reset input signal re-
mains low for less than eight system clock cycles, the processor holds the
external RESET pin low for eight system clock cycles to reset external sys-
tem components.

Recall that the basic operating mode, microcomputer or microprocessor, is
determined by the voltage level applied to the MC pin when the RESET pin
goes inactive (high). The RESET pin can be pulled low at any time during
operation to start the reset sequence immediately.

The sequence of events during reset is as follows:

1) Initialize CPU registers: ST = 00h, SP = 01h.

2) Initialize registers A and B to 00h (no other RAM is changed).

3) Read the contents of 7FFFh and store in the PC low byte (PCL).

4) Read the contents of 7FFEh and store in the PC high byte (PCH).

5) Start user program execution with an opcode fetch from the address
pointed to by the PC.

The reset takes 21 cycles from the time reset is released to the first opcode
fetchinthe microcomputer mode and takes 23 cycles in the microprocessor
mode.
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When the Watchdog overflow or the Oscillator Fault detection circuit gener-
ates a reset, the RESET pin is pulled low in order to reset other external
components in the system.

During areset, RAM contents (except for Register A and Register B) are un-
changed and the majority of the peripheral file bits are set to 0 with the ex-
ception of the bits shown Table 5-4.

Table 5—4. Control-Bit States Following Reset

Powerup Warm Reset
Register Control Bit Microcomputer | Microcomputer | Microprocessor
SCCRO UP/UC Mode 0 0 1
MC PIN DATA 0 0 1
COLD START 1 See Note 1. See Note 1.
OSC FLT FLAG 0 See Note 1. See Note 1.
XPORT1 all 8 bits 0 0 1
(See Note 2.)
XPORT2 all 8 bits 0 0 1
(See Note 2.)
T1CTL2 WD OVRFL FLAG 0 See Note 1. See Note 1.
TXCTL TX EMPTY 1 1 1
TXRDY 1 1 1
ADSTAT AD READY 1 1 1
PACT PACT TXRDY 1 1 1

Notes: 1) State determined by cause of reset. See bit descriptions.
2) Refers to Port Control Registers A, B, C, and D.

5.2.1

Simple Reset Circuitry

An application must activate the RESET pin at power-up with an external
input ora RC power-up circuit. Reset must be held low until the clock signal
is valid. Figure 5-5 shows a simple reset circuit that will hold reset low dur-
ing power-up.
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Figure 5-5. Typical Reset Circuit

Vee To Other Devices’ Resets
o

TMS370 -

D2 51 kQ

D1 Reset In
EI—* Reset Out

ANV

~ 0.47uF

5.2.2 Reset Circuitry with Low-voltage Detection
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It is often desirable to have the device assert RESET during low-power or
brownout conditions. In these instances an active reset circuit with a low
voltage detection feature may be connected to the RESET pin. Devices in-
corporating EEPROM require that the external RESET pin must be active
(low) while Vg is below its minimum specified operating level to ensure
the integrity of the EEPROM contents. Active reset circuitry prevents the
EEPROM contents from being corrupted by improper instruction execution
due to insufficient Vg supply voltage and insures that the EEPROM write
control registers (DEECTL, PEECTL) power-up in the correct state when
Ve returns to its specified operating range.
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Figure 5-6. Typical Reset Circuit with Low-voltage Detection

The circuit illustrated in Figure 5-6 is a typical circuit that could be used to
cause a system reset in the event of a low-voltage condition. This circuit will
pullthe RESET pin low when V¢ falls below 4.5 V and will not allow RESET
to go high until Vg rises above 4.5 V. The trip point for the low-voltage con-
dition can be modified by changing the values of the appropriate circuit ele-
ments. The basic operation of this circuit is centered around the TL431C
precision voltage regulator. This regulator will not conduct if the trip point
(Node A) is less than 2.5 V. As long as V¢ stays above approximately 4.5
V, the regulator will have greater than 2.5 V applied to Node A through the
Ra/Rb divider network. When V¢ falls below 4.5 V, Node A will also fall be-
low 2.5 V.

The RC network of 22kQ and 0.1 uF provides a power-uprise time. Depend-
ing on the rise time of the power supply you are using, this may not be nec-
essary. The two diodes (1N4148) are needed since the reset of the TMS370
device can also be pulled low internally by the Watchdog counter as well as
othercircuits. The diodes are used to prevent the capacitor from discharging
directly to the RESET pin whenitis pulled low internally. Also the diode con-
nected from the capacitor to Vg provides an additional path for the capaci-
tor to discharge when Vg goes low suddenly.

5-17



Interrupts and System Reset



EEPROM Modules







Chapter 6

EPROM and EEPROM Modules

This chapter discusses the architecture and programming of the Data
EEPROM modules of the TMS370 family and the Program EPROM and
EEPROM module on the TMS370C7xx and TMS370C8xx devices. Addi-
tional information about these modules is included in Chapter 14, Design
Aids and Chapter 16, Electrical Specifications.

This chapter covers the following topics:

Section Page
6.1 DataEEPROMModule ... 6-2
6.2 Program EEPROMModule ...............cooiiiiinon.. 6-9
6.3 Program EPROMModule ................. ..., 6-12
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6.1

6.1.1

Data EEPROM Module

The TMS370 Data EEPROM module contains a 256-byte array configured
into eight 32-byte blocks. Devices may have multiple 256-byte arrays. Each
additional array is also configured with eight 32-byte blocks. The first byte
of each 256-byte array is the Write Protect Register (WPR) for that array.
This module also contains a voltage generator which provides a special pre-
cise programming voltage to the EEPROM array. This special voltage helps
increase the reliability of the EEPROM and allows the TMS370 to program
the EEPROM with a single Vg voltage source. Each EEPROM module
contains a voltage generator so a routine can simultaneously program a
byte of Data EEPROM and a byte of Program EEPROM without conflict.

Reading the EEPROM module is identical to reading other internal memory
and takes two system clock cycles. The CPU can fetch data and execute
instructions from the EEPROM arrays. The Data EEPROM module can be
programmed on array, a byte, or single-bit basis. The memory can aiso be
protected from inadvertent writing with a write-protect feature.

The Data EEPROM is controlled by the DEECTL register and the Write Pro-
tect Register (WPR). The Data EEPROM control register (DEECTL) con-
tains the bits needed to initiate and monitor EEPROM programming. The
Write Protect Register (WPR), of the given array, contains the write protec-
tion bits for each 32-byte block of that Data EEPROM array.

Control Registers

The Data EEPROM can be write protected, block by block (32 bytes), with
the WPR register(s). The DEECTL register determines the mode of pro-
gramming and when programming is initiated.

6.1.1.1 Write Protection Register (WPR)

6-2

The WPR register(s) provide write protection for the Data EEPROM con-
tents. The WPR is located as the first byte of each 256-byte Data EEPROM
array. The WPR itself is located in BLKO of this array, generally at location
1x00h (where x is in the range 1 to F). This implies that the WPR, for the
256-byte array, is itself protected whenever BLKO of that array is protected.

There are eight blocks of equal size in the Data EEPROM array. Each bit
inthe WPR corresponds to one of the blocks. Programming a bit in this reg-

ister to a 1 protects the corresponding block. Figure 6—1 shows the block

protected by each bit.

Once block 0 is protected, the write-protection configuration can not be al-
tered unless write protection is overridden by placing the microcomputer
into the Write Protection Override mode (12 volts on the MC pin). There is
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no write protection during a Write Protection Override, and the WPR is con-
sidered a normal data location within the Data EEPROM array during this

time.

Figure 6-1. Write Protection Bits
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1xFFh

MSB

Write Protection Register (WPR)
[Memory Address — 1x00h]
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Write Protect Register
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Write Protect Register

—— 0 = Normal Write Access

1 = Write Protect Block
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6.1.1.2 Data EEPROM Control Register (DEECTL)

The DEECTL Register is located in the peripheral file at address PO1A
(101Ah). Data EEPROM programming is controlled through this register.
The following figure illustrates the bit definitions for the DEECTL register.

Data EEPROM Control Register (DEECTL)
[Memory Address - 101Ah]

BIT#- 7 6 5 4 3 2 1 0
PO1A BUSY — —_ — — AP W1Wo EXE
R-* RW-0 RW-0 RW-0

R=Read, W=Write, -n=Value after reset (* -see Bit 7 description)

Bit 0 - EXE. Execute.
Set this bit to initiate the write operation defined by the remaining control register
bits. Clear this bit to terminate a programming operation in progress. If the appli-
cation program reads a Data EEPROM location while the EXE bit is set, the pro-
cessor reads the data being programmed into the EEPROM. If software attempts
a write to the EEPROM while the EXE bit is set, the data byte is ignored.

0= Inactive.
1= Active.
Bit1- W1WO. Write1/WriteO.

This bit determines whether the Ones or Zeroes programming mode is to be used
(see Section 6.1.2). This bit is write protected whenever the EXE bit is set.

0= Write zeros.
1= Write ones.

Bit 2 - AP. Array Program.

Set this bit to program the entire array with the value specified by the W1WO0 bit in
a single programming cycle (refer to Chapter 16 for timing). Blocks protected in
the WPR register are notprogrammed. For devices with multiple 256 arrays, the
device mustbe in the WPO mode for the array to be programmed. If the device is
notinthe WPO mode, the AP bit has no effect on the programming operation and
a single bite is programmed. This bit is write protected whenever the EXE bit is
set.

1t BLKO is unprotected and W1 WO is zero, this function clears the WPR; any array
locations previously protected will lose their protection, but their contents are not
altered during the current programming cycle.

0= Array programming disabled.
1= Array programming enabled.

Bit 3-6 - Reserved. Read data is indeterminate.
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Bit7 - BUSY.
This bitis set during Data EEPROM programming to indicate that an operation is
in progress. Reading any location of the EEPROM during programming returns
the data being programmed. In order to let the EEPROM voltages stabilize, the
BUSY bit is set for 128 cycles:
1) after areset,
2) after an exit from a power-down state, and
3) after programming the EEPROM.

If an attempt is made to access the EEPROM during this 128 cycle period, the
Data EEPROM holds execution of the processor by asserting the WAIT signal
until the 128 cycles is complete.

0= EEPROM array is ready for access.
1= EEPROM array is not ready for access.

6.1.2 Programming the Data EEPROM

The procedure for programming the Data EEPROM is controlled by the
DEECTL (P01A) register and the associated array’s WPR (1x00h) register.
Individual bits are programmed to a 1 or 0 under the control of the W1WO0
bit and the EXE bit in the DEECTL register. When the W1WQ0 bit is set, bit
positions setto 1in the data byte are programmedto 1 in the EEPROM byte;
zeros are not changed. When the W1WO bit is cleared, bit positions set to
0 in the data byte are programmed to 0 in the EEPROM byte; ones are not
changed. The EXE bit initiates EEPROM programming when set and dis-
ables programming when cleared. The WPR (1x00h) registers must have
the corresponding protection bit cleared or be in the WPO mode to enable
a Data EEPROM write operation. (To enter the WPO mode, place 12 volts
to the MC pin while the RESET pin is a logic 1.)

To load the data byte into the EEPROM module, perform a memory write
operation to the EEPROM at the desired address. The data byte is latched
in the module, ready for the Execute command (EXE bit=1).

Following the memory cycle to the EEPROM address, write 03h (for
W1W0=1) or 01h (for W1WO0=0) to the DEECTL register to set the W1WO0
and EXE bits. The W1WO0 and the EXE bits must remain unchanged for the
duration of the EEPROM timing parameter of tyy(PGM)B to insure proper
programming. When the program time has elapsed, reset the EXE bit with
another write operation to the DEECTL register.

If W1WO0=1, then the data which now resides in the programmed EEPROM
location is the logical OR of the previous data stored in the location and the
data written to the location. If W1W0=0, then the data which now resides in
the programmed EEPROM location is the logical AND of the previous data
stored in the location and the data written to the location.

If adata value cannot be achieved by writing only ones or zeros, first perform
the write-ones operation and follow it with a write zeros operation (or write
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zeros followed by write ones). Figure 6-2illustrates these operations. Inthe
programming operations, only the EEPROM bits that do not match the data
bits are programmed. Therefore, there is no need to read the EEPROM val-
ue to determine what bits to program.

Figure 6-2. EEPROM Programming Example

( DataByte (5A) [0 |1 o1 ]1]o]1]0]

Write Ones (W1Wo=1) < EEPROM Byte (1F6oh) | X | X [ X | X [ X | x | x| x|

(  Result(LogicalOn) [ X 1 [x |1 [1]x]1]x]

r DataByte (5A) [0 |1 Jof1]1]o]1][o]

Write Zeros (W1wWo=0) { EEPROMByte (1Feoh) | x [ 1 [ X[ 1] 1 [x]1[x]

(. Result (Logical And) [0 [1]o[1]1]o]1]0o]

The software should end the programming operation before entering a Halt
or Standby state. When the microcomputer is in the Halt or Standby low-
power mode, all operations of the data EEPROM module are stopped and
all DEECTL bits are cleared. Any EEPROM programming operation in
progress is aborted when the halt is entered, and the data at the address
being programmed is indeterminate.

Example 6-1. Data EEPROM Programming Example

The following subroutine loads the data byte 5A into the Data EEPROM lo-
cation 1F60h. Figure 6-2 illustrates the result of this subroutine.
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(a) DATA MOV #5Ah, A ;Write 5A to location 1F60h
MOV A,1F60h

(b) MOV #03,P01A ;Write Ones: W1W0=1l, EXE=1

(c) MOVW #2778,R017;Begin ty(PGM)B delay (10 ms)

(d) DELAY1l INCW #-1,R017 ;Decrement RO17

(e) Jc DELAY1 ;Jump to DELAY1l if R017>0

(f) MOV #0,P01A ;Clear DEECTL. EXE=0

(9) MOV #01,P01A ;Write zeros: W1lW0=0 EXE=1

(h) MOVW #2778,R017;Begin ty(PGM)B delay (10 ms)

(i) DELAY2 INCW #-1,R017 ;Decrement R0O17

(3) Jc DELAY?2 ;Jump to DELAY2 if R017>0

(k) MOV #0,P01A ;Clear DEECTL. EXE=0

Load the value 5A into the Data EEPROM address 1F60h (a). Begin a Write
Ones programming sequence by (b) setting the W1WO0 and EXE bits in the
DEECTL register to a 1. The programming delay parameter tyy(PGM)B (10
ms for this example — see Chapter 16 for required timing) is taken care of
with a delay loop (d,e). The number of loops required is #2278 (c), and can
be derived in the following manner:
(4 Delay loop (d,e) requires 18 cycles to complete if a jump is taken. n
L4 An operating frequency of 20 MHz results in a system cycle time of

200 ns.
L The number of loops required is calculated as follows:

loop count = ty(PGM)B / (system cycle time X delay loop cycle count)
loop count =10 ms /(200 ns X 18) =10 ms / 3.6 us =2778
Note: alternatively, a timer may be used for this delay.

After the delay, clear the EXE bit (f), and continue the Write Zeros routine
(gthrough k). The value 5A has now been programmed into location 1F60h
of the Data EEPROM.

The BUSY bit is set during EEPROM programming to indicate an operation
in progress. Reading any location of the Data EEPROM during program-
ming returns the data being programmed. In order to let the EEPROM volt-
ages stabilize, the BUSY bit remains set for 128 cycles:

[x after areset,

4 after exit from a power-down state, and

(& after programming the EEPROM.

If an attempt is made to access the EEPROM during this 128 cycle period,
the Data EEPROM holds execution of the processor by asserting the WAIT
signal until the 128 cycles is complete.
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6.1.3 Write Protection Register Operation

6-8

The Write Protection Register (WPR) allows the application program to
guard any or all of the eight blocks of EEPROM shown in Figure 6—1. Each
block has a representative bit in the WPR. The blocks to be protected have
their corresponding bit setinthe WPR. Block zero contains the WPR. There-
fore, once the bit for block zero (BLKO) is set, WPR can no longer be
changed unless the Write Protect Override mode is entered.

The following example illustrates programming the WPR. In this example,
the program protects blocks 0 and 2.

MOV #05,A ;Protect bits for BLKO and BLK2
MOV A,1F00h ;Set DEECTL to program 1’s
MOV #3,P01A ;Set WIWO and EXE bits

MOVW #2778,R011 ;10 ms delay loop
DELAY INCW #-1,R011
Jc DELAY
MOV #0,P01A ;Clear W1W0 and EXE bits

See Chapter 14 for more examples of programming the EEPROM module.
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6.2 Program EEPROM Module

The following is a description of the Program EEPROM module used in the
TMS370 family. This module serves in place of the program ROM
(TMS370C8xx devices) for systems in prototype and small production runs.

The module consists of a 4-kilobyte array of EEPROM at address locations
7000h through 7FFFh. The CPU can fetch data and execute instructions
from this memory space. Programming control logic for the Program
EEPROM is located at address 101Ch (P01C).

The CPU accesses the array with normal memory read cycles. Write cycles
to the Program EEPROM require a special sequence of events. This se-
quence is similar as that for the Data EEPROM, except that the PEECTL
register (P0O1C) is used for control and there is no Write Protection Register
for the Program EEPROM.

The Program EEPROM module can only be written to when the TMS370
device is operating in the Write Protect Override mode (12 volts on the MC
pin). A read access to the Program EEPROM during a WPQ programming
operation, returns the data being programmed.
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6.2.1 Program EEPROM Control Register (PEECTL)

The PEECTL register, at address 101Ch in the peripheral file, controls pro-
gramming of the Program EEPROM. The following figure illustrates the bit
definitions for the PEECTL.

Program EEPROM Control Register (PEECTL)
[Memory Address —101Ch]

BIT#- 7 6 5 4 3 2 1 0
Poi1C BUSY — —_ — — AP W1Wwo EXE
R-* RW-0 RW-0 RW-0

R=Read, W=Write, -n=Value after reset (* -see Bit 7 description)

Bit 0 - EXE. Execute.
Set this bit to initiate the write operation defined by the other control register bits.
Clear this bit to terminate the operation.

0 = Inactive.
1= Active.
Bit1 - W1WO. Write1/Write0.

This bit determines whether the Ones or Zeroes programming mode is to be
used. This bit is write protected when EXE=1.

0 = Write zeros.
1= Write ones.

Bit2 - AP. Array Program.
Set this bit to program the entire array with the value specified by the W1WO bit.
With this function, large sections of EEPROM can be altered in a fraction of the
time necessary to program byte by byte. This bit is write protected when EXE=1.

0= Array programming disabled.
1 = Array programming enabled.

Bit 3-6 - Reserved. Read data is indeterminate.

Bit 7 - BUSY.
This bit is set during EEPROM programming to indicate that an operation is in
progress. Reading any location of the EEPROM during programming returns the
data being programmed. In order to let the EEPROM voltages stabilize, the
BUSY bit is set for 128 cycles:
1) after an exit from a power-down state, or
2) after programming the EEPROM.

If an attempt is made to access the EEPROM during this 128 cycle period, the
Program EEPROM holds execution of the processor by asserting the WAIT sig-
nal until 128 cycles complete.

= EEPROM array is ready for access.
1= EEPROM array is not ready for access.
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6.2.2 Programming the Program EEPROM

The procedure to program this EEPROM module is similar to the procedure

described in Section 6.1.2 with the following differences.

(2 The PEECTL register (address P01C in the peripheral file) controls the
Program EEPROM.

(4 There is no write-protection register. The Program EEPROM is write
protected at all times unless the TMS370 device is in the Write Protec-
tion Override mode.

Before programming, make sure that the programming routine resides in

external memory, RAM, or Data EEPROM and that Memory Disable is

cleared. Internal program memory must be enabled. The programming se-

quence is:

1) External hardware puts 12 volts on the MC pin to enter the WPO mode
after reset.

2) Write a data byte to the desired address in the Program EEPROM.

3) Write the command byte (03h for programming ones or 01h for pro-
gramming zeros) to the PEECTL register at address 101Ch.

4) Waitforthe programming delay time, tyy(PGM)B (see Chapter 16, Elec-
trical Specifications).

5) Write 00h to the PEECTL register to clear the EXE bit.

6) Repeat steps 3 through 6 as necessary to complete the programming.

7) External hardware returns the MC pin to its normal value (logic 1 for mi-
croprocessor mode or logic 0 for the microcomputer mode).

When the AP bit is set, the entire Program EEPROM is programmed to all
ones or all zeros in a single write sequence. When W1W0=0, all zeros are
programmed to the entire Program EEPROM. When W1W0=1, allones are
programmed to the entire Program EEPROM. This function is useful for
block-erase operations. Issue this command by writing 05h to the PEECTL
register to set the AP and EXE bits.

When the TMS370 is inthe HALT or STANDBY low-power mode, all opera-
tions of the Program EEPROM are stopped. All programming operations
should be completed before entering a HALT or STANDBY state. Any
EEPROM programming operation, in progress at the time that the haltis en-
tered, is aborted. The data at the address being programmed is indetermi-
nate. See Chapter 14 for actual program example.

6.2.3 Write Protection of Program EEPROM

The Program EEPROM memory is always write protected unless the device
is put into the Write Protect Override (WPO) mode by applying 12 volts to
the MC pin while the RESET piniis alogic 1. When the device is in the WPO
mode, all Program and Data EEPROM memory can be overwritten.
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6.3 Program EPROM Modules

6-12

The following is a description of the Program EPROM modules used in the
TMS370 family. These modules replace the 4 K, 8 K, or 16 Kbyte program
ROM within the TMS370 families for system prototypes or small production
runs. Initially these devices are offered in a windowed package, for multiple
programming iterations, with plans to also include OTP versions. Call the
localfield sales office or the 8-bit Microcontroller Technical Hotline for latest
product status information.

These modules consist of a 8-Kbyte array as well as a 16-Kbyte array of
EPROM at address locations 6000h through 7FFFh and 4000h through
7FFFhrespectively. The CPU can fetch data and execute instructions from
this memory space. Programming control register for the Program EPROM
is located at address 101Ch (P01C).

The CPU accesses the array with normal memory read cycles. Write cycles
to the Program EPROM require a special sequence of events. This se-
quence is described in Section 6.3.2.

An external supply (Vpp) is needed at the MC pp pin to provide the neces-
sary voltage Vpp for programming. Programming is controlied through a
register (EPCTL) in the peripheral file.

Before programming (windowed versions), the EPROM MODULE is erased
by exposing the device through the transparent window to high-intensity ul-
traviolet light (wavelength 2537 angstroms). The recommended minimum
exposure dose (UV intensity x exposure time) is 15 watt-seconds per
square centimeter. A typical 12 milliwatt-per-square-centimeter, filterless
UV lamp will erase the device in 21 minutes. The lamp should be located
about 2.5 centimeters above the chip during erasure. After erasure, the en-
tire array is atlogic 1 state. A programmed 0 can be erased to 1 only by expo-
sure to ultraviolet light. It should be noted that normal ambient light contains
the correct wavelength for erasure. Therefore, when using a programmed
device, the window should be covered with an opaque label. All devices are
erased to logical 1 upon delivery from the factory.
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6.3.1

BIT#-

Po1C

Program EPROM Control Register (EPCTL)
The EPCTL register, at address 101Ch in the peripheral file, controls pro-

gramming

of the Program EPROM. The following figure illustrates the bit

definition for the EPCTL.

7 6

Program EPROM Control Register (EPCTL)
[Memory Address — 101Ch}

5 4 3 2 1 0

BUSY VPPS

— —_ — —_ Wo EXE

R-0 RW-0

Bit0 -

Bit1 -

Bit2-5 -
Bit 6 -

Bit 7 -

RW-0 RW-0
R=Read, W=Write, -n=Value after reset

EXE. Execute.
Set this bit to initiate the write operation defined by the other control register bits.
Clear this bit to terminate the operation.

0= Inactive.

1= Active.

WO. Write 0. B
This bit determines whether the programming of the zero bits (in the byte written)

is enabled.

0= programming of 0 bits enabled.
1 = programming of 0 bits disabled.

Reserved.

VPPS.
This bit determines whether the programming voltage Vpp at the MC pin is con-
nected to the EPROM module.

0 = programming disabled
1= programming enabled.

BUSY.
This bit reflects the value of the EXE bit.
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6.3.2 Programming the Program EPROM
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The procedure to program the EPROM module is described below.

Programming 0 to the EPROM is controlled by the EPCTL register via the
EXE bit and the Vppg bit. The EXE bit initiates EPROM programming when
set and disables programming when cleared. The Vppg connects the pro-
gramming voltage Vpp at the MC pin to the EPROM module. Vppg
(EPCTL.6) and EXE (EPCTL.0) should be set separately, and the Vppg
bit should be set at least two microseconds before the EXE bit is set. After
programming, the application programming should wait for four microsec-
onds before any read attempt is made. The programming operation (see
Figure 6-3) is performed in the following suggested sequence:

1)
2)
3)
4)

5)
6)
7)

ay
)

9)

Supply the programming voltage to the MC pin.

Write to the EPCTL to set the Vppg bit to 1.

Perform normal memory write to the target EPROM location.

Write to the EPCTL to set the EXE bit to 1. (Wait at least two microsec-
onds after step 2.)

Wait for program time to elapse (one millisecond).

Write to the EPCTL to clear the EXE bit (leave Vppg set to 1).

Read the byte being programmed; if correct data is not read, repeat
steps 4 through 6 X times up to a maximum of 25.

Wirite to the EPCTL to set the EXE bit to 1 for Final programming.
Wait for program time to elapse (3X milliseconds duration).

10) Write to the EPCTL to clear the EXE and Vppg bits.
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Figure 6-3. EPROM Programming Operation

Csat ) Wite to EPCTL

Set both Vppg

and EXE Bitto 1
Vec=5V
MC =125V
| Waitforims |
\
[ x-o0 |

Write to EPCTL
Clear EXE Bit

Write to EPTCL
Set Vppg to 1

r Increment X [

Normal Write to
EPROM Location

Program the Byte with
3X ms duration

Clear both EXE
and Vppg

An external power supply at Vpp, Ipp (30 mA) is required for programming
operation. Programming voltage Vpp is supplied via the MC pin. This also
automatically puts the microcontroller in the Write Protection Override
(WPOQO) mode. Programming voltage may be applied via the MC pin anytime
after reset and remain at Vpp after programming (after the EXE bit is
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cleared). Applying programming voltage while RESET is active will put the
microcontroller in reserved mode, where programming operation is inhib-
ited.

6.3.3 Write Protection of Program EPROM

To override the EPROM write protection the Vpp voltage must be applied
to the MC pin and the Vppg bit (EPCTL.6) must be set. This dual require-
ment ensures that the Program EPROM will not accidentally be overwritten
during Data EEPROM operations when Vpp is applied to the MC pin.
Data EEPROM may be programmed when the Vppg bit is set.
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Chapter 7

Timer 1 Module

This chapter discusses the architecture and programming of the Timer 1
module of the TMS370 family and covers the following topics:

Section Page
7.1 Timer 1 OVeIVIEW .. ..o e 7-2
7.2 Timer 10peration ........ouiinini i 7-7
7.3 Watchdog Timer ... ... 7-19
7.4 Low-PowerModes .......coiniiiiiii e 7-23
7.5 Timer 1 Control Registers ...........cooiiiiiiiiiiiiiiin, 7-24
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7.1

7.1.1
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Timer 1 Overview

The Timer 1 module of the TMS370 family provides enhanced timer re-
sources to perform real-time system control. The Timer 1 Overview contains
the following subsections:

7.1.1 Introduction: Describes Timer 1 functions and features.
7.1.2 Major Components: lllustrates Timer 1 system components.

7.1.3 Operating Modes Overview: Describes operating modes
of the Timer 1 module.

Introduction

This module contains a general-purpose timer (T1) and a Watchdog timer
(WD). Both T1 and WD allow program selection of input clock sources (real-
time, external event, or pulse accumulate) with multiple 16-bit registers (in-
put capture and compare) for special timer function control. These timers
provide the capabilities for:

System Requirements Timer Resource
Real-Time System Control Interval Timers with Interrupts
Input Pulse Width Measurement Pulse Accumulate or Input

Capture Functions
External Event Synchronization Event Count Function
Timer Output Control Compare Function
Pulse-Width Modulated Output PWM OQutput Function
Control
System Integrity Watchdog Function
FEATURES

L3 16-bit General Purpose Counter

B 16-bit Compare Register

B 16-bit Capture/Compare Register

B External Clock Source/Event Counter/Pulse Accumulator
B [nternal or External Counter Reset

B Programmable Pulse Width Modulated (PWM) Output
Selectable Edge Detection Input

Programmable Interrupts

Three 1/0 Pins

Watchdog Timer

(M) WY Ry
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7.1.2 Major Components
The Timer 1 module consists of three major blocks as shown in Figure 7-1:

Prescaler/Clock Source which determines the independent clock sources
for the general purpose timer and the watchdog timer.

16-bit General Purpose Counter which provides capture, compare and

event functions.

[ The capture function latches the counter value on the occurrence of an
external input.

L The event function keeps a cumulative total of the transitions on the
TA1EVT pin.

@ The compare function triggers when the counter matches the contents
of a compare register.

16-bit Watchdog Counter which software can reconfigure as a simple
counter/timer, an event counter, or a pulse accumulator if the watchdog fea-
ture is not needed.

The Timer 1 module contains additional blocks as follows:

Interrupts

The module can be programmed to issue interrupts on the occurrence of a:

X capture,

(2 compare equal,
[ counter overflow, or

(2 external edge detect.

/O Pins

The Timer 1 Module has three 1/0 pins which can be dedicated for timer
functions or as general purpose 1/O pins. They are:

& TIEVT

& T1IC/CR

& TIPWM

When these pins are dedicated to the timer module, TIEVT is an input to
the event counter or the external clock source; T1IC/CR is an input to the
input capture, counter reset, or PWM circuit; and T1PWM is the Pulse Width
Modulation output.
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Figure 7-1. Timer 1 Block Diagram

— T1 PWM
Pin
T1EVT
Pin
16-Bit
Watchdog
Counter
(Aux. Timer)
Table 7-1. Timer 1 /O Pin Definitions
Pin Dual Compare Mode Capture/Compare Mode
T1C1/CR Counter Reset Input Input Capture 1 Input
T1PWM PWM Output PWM Output
T1EVT External Event Input or External Event Input or
Pulse Accumulate Input Pulse Accumulate Input

Note: Pins may be used as general purpose I/O if not dedicated for timer functions.
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Control Registers

Seven addressable control registers govern Timer 1. These registers:
select the operating mode,

enable interrupts,
configure status flags,
configure the 1/0 pins, and
select the prescaler tap.

(S Ry YRy

Timer 1 control registers (shown in Table 7—2 and described further in Sec-
tion 7.5) are located at addresses P040 (1040h) to PO4F (104Fh) in the pe-
ripheral file. The location and name of each register is shown in Table 7-2.

Table 7-2. Timer 1 and Watchdog Counter Memory Map

Peripheral File
Location Symbol Name
P040 T1CNTR Counter — MSB
PO41 Counter - LSB
P042 TiC Compare Register — MSB
P043 Compare Register — LSB
P044 Ti1CC Capture/Compare Register — MSB
P045 Capture/Compare Register — LSB
P046 WDCNTR Watchdog Counter - MSB
P047 Watchdog Counter — LSB
P048 WDRST Watchdog Reset Key
P049 T1CTLA Timer 1 Control Register 1
P04A T1CTL2 Timer 1 Control Register 2
P04B T1CTL3 Timer 1 Control Register 3
P04C T1CTL4 Timer 1 Control Register 4
P04D T1PC1 Timer 1 Pin Control 1
PO4E T1PC2 Timer 1 Pin Control 2
PO4F T1PRI Timer 1 Priority
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7.1.3 Operating Modes Overview
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The general-purpose Timer 1 module has two modes of operation: the Dual
Compare Mode and the Capture/Compare Mode.

Dual Compare Mode

The counter is configured to provide two compare registers, external or soft-
ware reset of the counter, internal or external clock source, and a program-
mable Pulse Width Modulated (PWM) output. The PWM output may be con-
figured to toggle on selected events.

Capture/Compare Mode

The counter is configured to provide one input capture register and one
compare register for use with the general purpose timer. The compare regis-
ter may be used to provide periodic interrupts to the TMS370 CPU. The cap-
ture register may be configured to capture the current counter value upon
either edge of an external input.

Timer 1 Module
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7.2 Timer 1 Operation

This section describes the elements of the 16-bit General Purpose Timer
(T1). The function of each block within T1 is discussed in general and for
each mode of operation. Section 7.2 contains the following subsections:

7.2.1  General-Purpose Timer Operating Modes: Explains theory of
operating modes.

7.2.2 ClockPrescaler/External Clock Source: lllustrates operation of
the Prescaler and clock source selection circuitry.

7.2.3 Edge Detection: Explains operation of the External Edge De-
tection circuitry for both operating modes.

7.2.4 General Purpose Counter: Explains operation of the free run—
ning Timer 1 up counter.

7.2.5 Compare Register: Explains operation of the 16-bit Compare
register.

7.2.6 Capture/Compare Register: Explains operation of the Cap-
ture/ Compare register during both operating modes.

7.2.7 Interrupts: Explains interrupting capability for both operating
modes.

7.2. P i i
2.1 General Purpose Timer Operating Modes

The General Purpose Timer operation mode determines whether the Cap-
ture/Compare register functions as a capture register in the Capture/Com-
pare mode or as a compare register in the Dual Compare mode. The T1
MODE bit (T1CTL4.7) selects the mode as follows:

T1 MODE = 0 - Dual Compare Mode
T1 MODE = 1 - Capture/Compare Mode

Dual Compare Mode

The Dual Compare Mode provides two compare registers, an external-re-
settable counter, and a timer output pin. These allow the timer to act as an
intervaltimer, a PWM output, simple output toggle, or many othertimer func-
tions.

The Dual Compare mode as shown in Figure 7—-3 continuously compares
the contents of the two compare registers to the current value of the 16-bit
counter. If a timer compare register equals the counter, the circuit sets the
associated interrupt flag to 1 and toggles the T1PWM output pin if enabled,
and/or generates a Timer 1 interrupt.

A compare-equal condition from compare register 1 can also initiate a
counter reset. A programmable-interval timer function (selected by using
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7-8

the compare equal condition to generate a system interrupt combined with
the counter reset function) generates a periodic interrupt.

Either compare function may be used to toggle the T1PWM output pin when
a compare-equal condition occurs, while the other compare function may
be used for another system timing function. Using both compare functions
to control the T1PWM pin allows direct PWM generation with minimal CPU
software overhead.

Intypical PWM applications, the compare register is loaded with the period-
ic interval and configured to allow counter reset on a compare-equal condi-
tion, and the Capture/Compare register is loaded with the pulse width to be
generated within that interval. The program pulse width may be changed
by the application program during the timer operation to alter the PWM out-
put. For high-speed control applications, a minimum pulse width of 200 ns
and a period as low as 400 ns can be maintained when using a CLKIN of
20 MHz.

In addition, the PWM output can be used to support time-critical control
applications. Typically, in these applications an external input (T1IC/CR) is
used to: :

1) reset the counter,

2) generate a timer interrupt, and

3) toggle the T1PWM pin to start the PWM output.

The compare function then toggles the output after the programmed pulse
width has elapsed.

The input edge detect function is enabled under program control by the
T1CRDET ENAbit, and upon the next occurrence of the selected edge tran-
sition:

1) the TIEDGE INT FLAG bit is set,

2) atimerinterrupt is generated (if TIEDGE INT ENA =1), and

3) the T1PWM output pin is toggled (if TICR OUT ENA = 1).

The TIEDGE POLARITY bit selects the active input transition. In the Dual
Compare mode, the edge detect function must be re-enabled after each val-
id edge detect.

The clock input to the counter is either the internal system clock, with or with-
out prescale, or the external clock (T1EVT). The clock pulse to the counter
is always synchronized with the system clock.

Timer 1 Module
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The counter is free-running except when it receives a reset pulse from one
of the following sources:

1) a1 written to the T1 SW RESET (T1CTL2.0) bit,

2) acompare equal condition from the dedicated T1 compare function,
3) system RESET, or

4) an external pulse on the T1IC/CR pin (Dual Compare mode).

The counter rolls over to 0000h if not reset prior to a count of FFFFh. When
this rollover occurs, the counter sets the T1 OVRFL INT FLAG (T1CTL2.3)
and generates an interrupt (if T1 OVRFL INT ENA {T1CTL2.4} is set), and
continues counting.

Figure 7-2. Dual Compare Mode

Prescale 16-Bit LsB |45
Clock —  Capt/Comp  —
Source R MSB |44
Qutput Enable
Compare 2 4B.1
Compare - Flag o—- T1C2
486 TiC2 INTENA 40.(5)UT ENA .
41| LSB  16-Bit N o
40| msg Counter T1C1 G[=> PWM
Reset Compare 1 4B.0 OUTENA |g[™ Pin
Compare = Fla o 40,%/ L
485 Tic1 INT ENA T1CR E
i | OUT ENA
16-Bit Lsl43 403
RSTENA | [ Compare =] " o
T1S/W o Reg MSB
RESET
4A.0 g T1 OVRFL 4A4
T1CR l — ::PI\IT .
RST ENA [(Fiag o
T1 EDGE 4A3 T1 OVRFL
acoET ENA i INT ENA Lovel 11
ne Edge | T 4F6 O— Level 1 Int
CRD Select © T1EDGE 4B 2 o—
Pin INT O— Level 2 Int
[ Flag }o—o—-
T1 EDGE 4B.7 INT ENA
POLARITY 4C.2
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Capture/Compare Mode

In the Capture/Compare mode (T1 MODE = 1), Timer 1 provides one input
capture register for external timing and pulse-width measurement, and one
compare register for use as a programmable interval timer. In this mode, the
compare register functions the same as in the Dual Compare mode de-
scribed previously, including the ability to toggle the PWM pin. The capture/
compare register functions in this mode as a 16-bit input capture register,
as shown in Figure 7-3. On the occurrence of a valid input on the T11C/CR
pin:

1) thecurrentcounter value is loaded into the 16-bitinput capture register,
2) the TIEDGE INT FLAG is set, and

3) atimer interrupt is generated (if TIEDGE INT ENA = 1).

The input detect function is enabled by the TIEDGE DET ENA bit, with
T1EDGE POLARITY selecting the active input transition. In the Capture/
Compare mode, the edge detect function, once enabled, remains enabled
following a valid edge detect.

Figure 7-3. Capture/Compare Mode

Output|{ T
Clock 16-Bit  ; spl 45 Enable g
Prescaler — Capt/Comp — oo P
Reg  MSH 44 4C6 |
E
411LSB  46.git
40 | msg Counter -
Compare 4B.0 :
Reset '_p_|Flag oo o/o— Level 1 Int
4B5 : INT ENA o— Level 2 Int

SW
RESET
4A.0

T1 IC/ICR

Pin

7-10

4C.4
Overflow 4A.4
|| Flag II o0
4A3 INT ENA
EDGE DETECT
ENA
Ext Edge 4B.2
| Edoe o II Flag —o—o
Select 4C.0 4B.7 " INT ENA
|—EDGE POLARITY 4C.2

16-Bit LSB| 43
Compare
Reg MSB} 42
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7.2.2 Clock Prescaler/External Clock Source

This block, as illustrated in Figure 7—4, allows selection of the clock inputs
to the General Purpose Counter and the Watchdog Counter independently.
Each counter has three bits in the TICTL1 Register (see Section 7.5.1)
which determine whether the counter is clocked by one of the prescaled sys-

tem clock values or the external clock source (T1EVT).

The counter clock sources are as follows:

eration).

Ul Odd

system clock with no prescale.
no clock (the counter is stopped).
external source synchronized with the system clock (event counter op-

by 4, 16, 64, or 256.

The external clock input to the module (T1EVT) must not exceed CLKIN/8.
If the application does not require the external clock, the T1EVT pin may be

reconfigured as a

digital 1/0O pin.

Figure 7-4. Timer 1 System Clock Prescaler

|

system clock while the external input is high (pulse accumulation).
one of four taps from the prescaler which provide a system clock divided

Event
] Accum o
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)
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HEEEEN WD Select
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The event input is not routed through the prescaler; so the Timer 1 module
can use different taps of the prescaler for Timer 1 and the Watchdog Timer.

The maximum counter duration using the internal clock is determined by the
internal system clock time (SYSCLK) and the prescale tap. These relation-
ships are shown below:

216 x PS x SYSCLK
PS x SYSCLK
4/CLKIN

1 for no prescale

4 for divide by 4

16 for divide by 16
64 for divide by 64
256 for divide by 256

Maximum Counter Duration (seconds)
Counter Resolution

where: SYSCLK

PS

Table 7-3 gives the real-time counter overflow rates for various crystal and
prescaler values.

Software can also configure the overflow rates for the Watchdog Counter
as shown in Table 7-3 or the value shown divided by two if the WD OVRFL
TAP SEL bit (T1CTL1.7) is set (see Section 7.3). This bit configures the
Watchdog Counter as either a 15-bit counter when set or a 16-bit counter
when cleared.

Table 7-3. Counter Overflow Rates

Crystal Oscillator Frequency (MHz)
2.0 4.0 | 10 | 20
Select Select Select Divide System Clock Period (ns)

2 1 0 By 2000 1000 400 200
0 0 0 218 0.1311 0.066 0.026 0.013
0 0 1 (PA.) t t t t
0 1 0 (Event) T 1 % i
0 1 1 (Stop) E ¥ t ¥
1 0 0 218 0.524 0.262 0.105 0.052
1 0 1 220 2.10 1.05 0.419 0.210
1 1 0 222 8.39 419 1.68 0.839
1 1 1 224 33.6 16.8 6.71 3.355

1 Time is given in seconds.
1 Not applicable.
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The event counter input senses a low-to-high transition on the T1EVT pin
while in the event-counter mode, and senses a high level (true) on the pin
while in the pulse-accumulator mode.

The pulse accumulator mode keeps a cumulative count of SYSCLK pulses
gated by the T1EVT signal as shown in Figure 7-5.

Figure 7-5. Pulse Accumulation

T1EVT | | | ' |

I | | | | |

| | |

| | I |
I | I |
| [ | |
| | | |
I | | |
I I I |
| | | |
| | | |
| | | |
| | | |
| | |
: |

|
|

COUNTER
VALUE

7.2.3 Edge Detection

The edge detection circuitry senses active transitions on the Timer 1 Input-
Capture/Counter-Reset pin (T1IC/CR). The T1EDGE POLARITY bit
(T1CTL4.2) determines whether the active transition is low-to-high or high-
to-low. The module setsthe TIEDGE INT FLAG (T1CTL3.7) when an active
transition is detected. The program must reset this flag.

Dual Compare Mode

In this mode, the program must set the TIEDGE DET ENA bit (T1CTL4.0)
to re-enable the circuit after each edge detection. Writing a one to this bit,
enables the detect circuit to look for the next correct level transition. After
this active transition occurs, the TIEDGE DET ENA bit (T1CTL4.0) is
cleared.
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When the edge detection circuit is enabled and detects the appropriate edge
transition, the TIEDGE INT FLAG bit (T1CTL3.7) is set.

When the TICR RST ENA bit (T1CTL4.1) is set, the selected edge resets
the counter. If the TICR OUT ENA bit (T1CTL4.3) is set, the selected edge
toggles the T1PWM output latch.

The TIEDGE POLARITY bit (T1CTL4.2) determines which edge polarity
(rising or falling) is detected.

Capture/Compare Mode

When the appropriate (rising or falling) transition is detected, the edge de-
tection circuit signals the capture register to load the current counter value
ifthe T1 EDGE DET ENAbitis set. The TTEDGE POLARITY bit (T1CTL4.2)
determines which edge of the signal on the T1IC/CR pin to detect.

The input detect function is enabled by the TIEDGE DET ENA bit, with
T1EDGE POLARITY selecting the active input transition. In the Capture/
Compare mode, the edge detect function, once enabled, remains enabled
following a valid edge detect.

7.2.4 General Purpose Counter

7-14

The counter is a free-running, 16-bit up-counter, clocked by the output of the
Prescaler/Clock source. During initialization, the counter is lcaded witt

0000h and begins its up-count. If the counter is not reset before reaching
FFFFh, the counter rolls over to 0000h and continues counting. Upon count-
er roll-over, the T1 OVRFL INT FLAG (T1CTL2.3) is set, and a timer inter-
rupt is generated if the T1 OVRFL INT ENA (T1CTL2.4) bitis set. The pro-
gram can access the 16-bit compare register at P040 (MSB) and P041
(LSB) in the peripheral file frame.

The counter may be reset to 0000h during counting by either:

1) a1 written to the T1 SW RESET (T1CTL2.0) bit,

2) acompare equal condition from the dedicated T1 compare function,
3) system reset, or

4) an external pulse on the T1IC/CR pin (Dual Compare mode).

The designer may select through software (T1EDGE POLARITY bit) which
external transition on the T1IC/CR pin, low-to-high or high-to-low, will reset
the counter.

Timer 1 Module
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7.2.5 Compare Register

The Compare Register circuit consists of a 16-bit wide, read/write data reg-
ister and logic to compare the counter’s current value with the value stored
in the compare register. The program can access the 16-bit compare regis-
ter at P042 (Compare Register MSB) and P043 (Compare Register LSB)
in the peripheral file frame (see note in Section 7.5).

When the counter’s value matches the compare register value, the follow-

ing events occur:

1) the T1C1 INT FLAG bit (T1CTL3.5) is set,

2) the compare register generates a counter reset signal if the T1IC1 RST
ENA bit (T1CTL4.4) is set,

3) the output latch to TIPWM toggles if TIC1 OUT ENA is set, and

4) an interrupt is generated if enabled (T1C1 INT ENA).

The compare register is initialized to 0000h following reset.

Note:

If the counter is programmed to reset when its value equals the content of
the compare register, the reset occurs on the following counter clock cycle
(after prescale). However, the compare flag is set and the interrupt event
occurs during the clock cycle that incremented the counter to equal the
compare equal value. Thus, there could be a delay of up to 256 system
clock cycles (depending on the prescale tap in use) from the time the event
is recognized by the program until the counter actually resets to zero. If the
program writes to the compare register during this interval, the counter may
not be reset on the following counter clock cycle.
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7.2.6 Capture/Compare Register

7-16

The Capture/Compare register for Timer 1 is a 16-bit wide register which
can serve one of two functions depending on the operating mode. The Cap-
ture/Compare register is located at address P044 (Capture/Compare regis-
ter MSB) and P045 (Capture/Compare register LSB) in the peripheral file
(see note in Section 7.5).

Dual Compare Mode

In the Dual Compare mode, the 16-bit Capture/Compare Register acts as
acompare register. This compare register functions exactly as the one de-
scribed in Section 7.2.5 except that it cannot reset the counter. When an
output compare equal occurs, the T1C2 INT FLAG bit (T1CTL3.6) is set.

In the Dual Compare mode, the Capture/Compare register is a read/write

register. Compare logic generates a pulse when the the counter value

matches the Capture/Compare Register value. This puise:

1) sets the T1C2 INT FLAG bit (T1CTL3.6),

2) clocks the output latch to T1PWM if the T1C2 OUT ENA bit (T1CTL4.5)
is enabled, and

3) generates aninterrupt (T1C2)if TIC2INT ENA (T1CTL3.1) is enabled.

Capture/Compare Mode

Inthis mode, the edge detection signal captures the current counter content,
loads itinto the 16-bit Capture/Compare register, and sets the TIEDGE INT
FLAG bit (T1CTL3.7).

Timer 1 Module
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7.2.7 Timer 1: Compare Register Formula

The Compare Register value required for a specific timing application can
be calculated using the following formula:

Compare Value =

where:

t

SYSCLK

PS

t

~1

PS x SYSCLK

desired timer Compare period (seconds)

4/ CLKIN (external clock frequency)
1, 4, 16, 64, or 256 depending on the

Prescale Tap selected

Table 7—4 provides some sample Compare Register values to achieve vari-
ous desired timings using a 20-MHz Crystal.

Table 7—4. Timer 1 Compare Values: (CLKIN = 20 MHz)

Time T1 Compare Register % Error
Prescale Value (N) (See Note)
Seconds mSeconds Decimal Hex

0.0005 0.5 None 2499 009C3h 0.000
0.001 1 None 4999 01387h 0.000
0.002 2 None 9999 0270Fh 0.000
0.005 5 None 24999 061A7h 0.000
0.01 10 None 49999 0C34Fh 0.000
0.02 20 /4 24999 061A7h 0.000
0.05 50 4 62499 0F423h 0.000
0.1 100 /16 31249 07A11h 0.000
0.2 200 /16 62499 0F423h 0.000
0.5 500 /64 39062 09896h 0.000
1.0 1000 /256 19530 04C4Ah 0.001
2.0 2000 /256 39061 09895h 0.001
3.0 3000 /256 58593 OE4E1h 0.001

Note: % Errorinduced by the Timer 1 Formula. This error margin will vary depending on the desired

Timer Compare period and the minimum Timer resolution (PS X SYSCLK).
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7.2.8

7-18

Interrupts
Dual Compare

In dual compare mode, four separate events can generate an interrupt.

These interrupts are:

1) compare equal from Compare Register 2 if the T1C2 INT ENA bit
(T1CTL3.1) is set,

2) compare equal from Compare Register 1 if the T1IC1 INT ENA bit
(T1CTL3.0) is set,

3) counter overflow if the T1 OVRFL INT ENA bit (T1CTL2.4) is set, or

4) edge detect is set if the TIEDGE INT ENA bit (T1CTL3.2) is set.

Capture/Compare

In the Capture/Compare mode, three separate events can generate an in-

terrupt. These interrupts are:

1) compare equal if the T1IC1 INT ENA bit (T1CTL3.0) is set,

2) counter overflow if the T1 OVRFL INT ENA bit (T1CTL2.4) is set, and

3) input capture acknowledge if the TIEDGE INT ENA (T1CTL3.2) bit is
set.

Note:

All set and enabled interrupt flags must be cleared before exiting the T1 in-
terrupt routine. If the flags are not reset then the processor will enter the T1
interrupt routine again before continuing with the mainstream program. If
the flag bits are never reset then the program will lock up.

Timer 1 Module
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7.3 Watchdog Timer

The Watchdog Timer, shown in Figure 7-6, consists of the following blocks:
4 16-bit, Watchdog/Event Counter which provides up to 224 clock cycles
between counter resets depending on the prescaler tap used. The pro-
gram can read the contents of this counter at locations P046 (MSB) and
P047 (LSB) in the peripheral file.

Prescaled clock input selection or external clock, the same as the Gen-
eral Purpose Timer.

Watchdog Reset key which provides protection against illegal resets.
An Overflow flag which the program may read following reset to deter-
mine if the Watchdog caused the reset.

(4 Programmable interrupt and system reset.

M) I N

Figure 7-6. Watchdog Timer

16-Bit Watchdog 4A.7
e Watchdog Overflow gz;sst;m
47 Counter Flag WD
4A5 OVRFL
Clock A A RST ENA
Prescaler WD OVRFL
Reset 4A6
TAP SEL O— Interrupt
48 Watchdog Reset Key WD
OVRFL
INT ENA

7.3.1 Watchdog Counter

The watchdog timer is a free-running 16-bit resettable up-counter clocked
by the output of the Prescaler/Clock source. The timer is software confi-
gured as either a watchdog timer to protect against system software failures
and corruption, or as a simple counter/timer if the watchdog function is not
desired. The 16-bit up-counter is programmable (with the WD OVRFL TAP
SEL bit) to set the initial count at either 0000h or 8000h. The current value
of the watchdog timer may be read at anytime during its operation (see note
in Section 7.5).

Watchdog Mode

Inthe Watchdog mode (WD OVRFL RST ENA = 1), the WD timer generates
a system reset which pulls the RESET pin low for 8 system clock cycles if
the counter overflows or if the WD timer is reinitialized by an incorrect value.
The required re-initialization frequency is determined by the system clock
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7-20

frequency, the prescaler/clock source selected, and whether the WD
OVRFL TAP SEL bit is set for 15 or 16 bit counter rollover.

With a 20 MHz clock, the watchdog-timer overflow rates range from 6.55 ms
to 3.35 seconds. These values are selected prior to entering the watchdog
mode because once the software enables the watchdog reset function
(WDOVRFL RST ENA = 1), subsequent writes to these control bits are ig-
nored. Writes to these watchdog control bits can occur only following a pow-
erup reset which enhances watchdog-timer system integrity.

The watchdog timer is re-initialized by writing a predefined value to the
watchdog reset key (WDRST) located in the peripheral file at P048. The
correct reset key alternates between 55h and AAh, beginning with 55h fol-
lowing the enable of the watchdog reset function. Writes of the correct value
must occur prior to the timer overflow period.

A write of any value other than the correct predefined value to the watchdog
reset key is interpreted as a lost program and a system reset is initiated.
A watchdog-timer overflow or incorrect reset key sets the WD OVRFL INT
FLAG bit to 1 and may be interrogated by the program following system re-
set to determine the source of the reset. This bit must be cleared after a
watchdog reset before other watchdog resets can occur.

Non-Watchdog Mode

Inthe Non-Watchdog mode (WD OVRFL RST ENA = 0), the waichdog timer
may be used as an event counter, pulse accumulator, or as an interval timer.
Inthis mode, the system reset function is disabled. The watchdog timer may
be re-initialized by writing any value to the watchdog reset key (WDRST).
In real-time control applications, the timer overflow rates are determined by
the system clock frequency, the prescaler/clock source value selected, and
the value of the WD OVRFL TAP SEL bit. If the WD counter is not reset be-
fore overflowing , the counter rolls over to either 0000h or 8000h, as deter-
mined by the WD OVERFL TAP SEL bit, and continues counting. Upon
counter overflow, the WD OVRFL INT FLAG is set and a timer interrupt is
generated if the WD OVRFL INT ENA bit set. Alternatively, an external input
on the T1EVT pin may be used with the watchdog timer to provide an addi-
tional 16-bit event counter or pulse accumulator.
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7.3.2 Power-up Reset

After a system power-up reset, the Watchdog Counter resets to the non-
watchdog mode configured as a simple up-counter with the system clock
(no prescale) as its input. Thus, if the watchdog mode is used, the program
must explicitly enable it (by setting WD OVRFL RST ENA). The Watchdog
Counter resets to 0000h when the WD OVRFL RST ENA bit (T1CTL2.7) is
set.

Example 7-1. Watchdog Initialization Example

The following routine initializes the Watchdog Timer to generate a system
reset when the counter overflows. The Watchdog counter is set to 16 bits
in length and the full 8-bit prescale tap is used.

;Set up Watchdog Timer for a 24-bit countdown time.

OR #70h,P049 ;Set the Watchdog Overflow Tap to 16 bits
;and select the /256 prescale value
OR #COh,P04A ;Watchdog Timer Reset is enabled along

; with clearing and enabling the
; Watchdog Timer interrupt.

The Watchdog Timer has now been initialized to cause a
system RESET if the counter is not reset before reaching
FFFFh. To reset the counter, the code must write an

alternating 55h and AAh, starting with 55h, to the

Watchdog Timer Reset Key register (P048), e.g.:

MOV #55h,P048 ;First write to WD RESET KEY
MOV #0AAh,P048 ;Next write to WD RESET KEY

MOV #55h,P048 ;Next write to WD RESET KEY
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7.3.3 Reset Frequency

When the Watchdog timer overflows, it pulls the RESET line low to cause
a system reset and sets the WD OVRFL INT FLAG bit (T1CTL2.5). The re-
quired reset frequency of the watchdog timer is determined by the value of
the clock prescaler selected to clock the Watchdog Counter and by the
choice of whether the overflow tap is set for a 15 or 16 bit counter. The pro-
gram must set these choices before entering the watchdog mode.

The overflow tap is selected by the WD OVRFL. TAP SEL bit (T1CTL1.7).
When WD OVRFL TAP SEL is cleared, the Watchdog Counter is a full 16
bit counter. When WD OVRFL TAP SEL is set, the most-significant bit re-
mains set, the Counter behaves as a 15-bit counter, and overflow occurs
twice as often as in the 16-bit configuration.

The watchdog overflow rates are the same as given in Table 7—3 when con-
figured as a 16-bit counter (WD OVRF TAP SEL = 0). Divide the rates in
Table 7-3 in half when the timer is configured as a 15-bit counter (WD
OVRFL TAP SEL = 1).

7.3.4 Overflow Flag

7-22

Watchdog Mode

When the Watchdog Counter initiates a reset, it sets the WD OVRFL INT
FLAG bit (T1CTL2.5). The program may read this flag after a reset to deter-
mine the source of the reset. The program must clear this flag by writing
a zero to the WD OVRFL INT FLAG bit.

Non-Watchdog Mode

Upon overflow, the module sets the WD OVRFL INT FLAG bit (T1CTL2.5).
This causes an interrupt if the WD OVRFL INT ENA bit (T1CTL2.6) is set.
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7.4 Low-Power Modes

The Timer 1 module supports extended operating states which aid in reduc-
ing power consumption during periods of inactivity. These two states are the
Halt and the Standby modes. For more information on powerdown modes,
see Section 4.1.4.

7.4.1 Halt

The halt mode is entered when the CPU executes an IDLE instruction while
the Halt/Standby bit (SCCR2.7) and the PWRDWN/IDLE bits (SCCR2.6)
are set. During the halt mode, the Timer 1 module holds the pre-halt status
of all other storage elements.

The module holds the state of the each external pin constant regardless of
whether the pins are used as general purpose port pins or as dedicated I/O
pins. That is, inputs remain inputs, output low levels remain low, and output
high levels remain high.

When the halt state terminates, the Timer 1 module continues where it left
off.

7.4.2 Standby

Standby mode is entered by executing an IDLE instruction when the
PWRDWN/IDLE (SCCR2.6) bit is set and the HALT/STANDBY bit 7
(SCCR2.7) is cleared. During the standby mode, the watchdog counter
clock input is halted while the rest of the Timer 1 module remains fully func-
tional.
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7.5 Timer 1 Control Registers

7-24

Seven registers control the configuration of Timer 1 global functions, pres-
cale values, watchdog timing, optional uses for the associated I/O pins, and
other counter functions. The bits shown in shaded boxes in Figure 7-7 are
Privilege Mode bits, that is, they can only be written to in the Privilege Mode.
The bits shown in the hatched boxes cannot be changed once the WD
OVRFL RST ENA bit is set until after a power-up reset.

Note:

Special circuitry prevents 16-bit registers from changing in the middle of a
16-bit read or write operation. When reading a 16-bit register, read the
least-significant byte (LSB) first to lock in the value and then read the most-
significant byte (MSB). When writing to a 16-bit register, write the MSB first
and then write the LSB. The register value does not change between read-
ing or writing the bytes when done in this order. While accessing a 16-bit
register, do notread or write from a second 16-bit register within this module
and expect a correct value for the first register's MSB. The 16-bit read/write
operation actually occurs when accessing the LSB.

Read: LSB then MSB
Write: MSB then LSB
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Figure 7-7. Peripheral File Frame 4 — Timer 1 Control Registers
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Dual Compare Mode
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1
INT INT INT — - INT INT INT
FLAG FLAG FLAG ENA ENA ENA
Capture / Compare Mode
T1EDGE TIC1 T1EDGE T1C1
INT — INT — — INT — INT
FLAG FLAG ENA ENA
Dual Compare Mode
T1 T1C1 TiC2 T1C1 TICR T1 EDGE TICR T1EDGE
MODE ouTt ouT RST ouT POLAR- RST DET
= ENA ENA ENA ENA Iy ENA ENA
Capture / Compare Mode
T1 T1C1 T1C1 T1 EDGE T1EDGE
MODE ouT — RST — POLAR- — DET
=1 ENA ENA ITY ENA
T1EVT T1EVT TIEVT TIEVT
— — - — DATA DATA FUNC- DATA
IN ouTt TION DIR
TIPWM T1IPWM TIPWM TIPWM | T1IC/CR | THIC/CR | THIC/CR | T1IC/ICR
DATA DATA FUNC- DATA DATA DATA FUNC- DATA
IN ouTt TION DIR IN ouT TION DIR

TICNTR
T1CNTR
T1C

TiC
TiCC
T1CC
WDCNTR
WDCNTR
WDRST
T1CTL1

T1CTL2

TI1CTL3

T1CTL4

T1PC1
TiPC2

T1PRI

T These bits cannot be changed until a power-up reset once the WD OVRFL RST ENA
bit is set.
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7.5.1 Timer 1 Counter Control Register 1

The T1CTL1 Register controls the prescaler inputs to the Watchdog counter
and the general purpose counter. The bit assignments and definitions fol-

low:
Timer 1 Control Register 1 (T1CTL1)
[Memory address — 1049h]

BIT#- 7 6 5 4 3 2 1 0

WD WD WD WD T1 T1 T1
P049 | OVRFL INPUT INPUT INPUT — INPUT INPUT INPUT

TAP SEL | SELECT2 | SELECT1 | SELECTO SELECT2 | SELECT1 | SELECTO
RP-0 RP-0 RP-0 RP-0 RW-0 RW-0 RW-0

R=Read, W=Write, P=Write Protected when WD OVRFL RST ENA=1, —n=Value after reset

Bits 0-2-  T1INPUT SELECT 0 - 2. Timer 1 Input Select 0- 2.
These three bits select one of eight possible clock
sources for the Timer 1 general purpose counter. These sources are:

— the system clock with no prescale (system clock)

— the system clock when the external input T1EVT is high
(pulse accumulation)

— an external source synchronized with the system clock (event input)

— - no system clock source (no clock input)

— one of four taps from the 8-bit prescaler which provides the system clock
divided by either 4, 16, 64, or 256

The combinations are shown below.

2 1 0 Counter Clock Source
0 0 0 system clock
0 0 1 pulse accumulation
0 1 0 event input
0 1 1 no clock input
1 0 0 system clock / 4
1 0 1 system clock / 16
1 1 0 system clock / 64
1 1 1 system clock / 256
Bit 3 - Reserved. Read data is indeterminate.

Bits4-6- WD INPUT SELECT 0 - 2. Watchdog Input Select 0 - 2.
These three bits select one of eight possible clock sources for the Watchdog
counter. These sources and the bit combinations to select the sources are the
same as listed above for the General Purpose Counter. Once the WD OVRFL
RSTENAbitis set, the values of these bits can only be changed after a Power-Up
reset.
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Bit 7 -

WD OVRFL TAP SEL. Watchdog Overflow Tap Select.

This bitdetermines whether the Watchdog Counteris to operate asa 15bitora16
bit counter. The default is the full 16 bits of the counter. If a shorter Watchdog
Counter overflow rate is desired, the most significant bit of the counter can be
forced to remain ata 1. This, in effect, changes the Watchdog Counter to a 15-bit
counter with an overflow period 1/2 that of a 16 bit counter. This tap select feature,
combined with the clock prescaler, allows Watchdog overflow rates from 2' to
224system clock cycles. This bitis cleared by a) a Power-Upreset, or b) any reset
while WD OVRFL RST ENA=0 (Non-Watchdog Mode).

0 = 16-bit Watchdog Counter overflow.
1 = 15-bit Watchdog Counter overflow.
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7.5.2 Timer 1 Counter Control Register 2

The T1CTL2 register controls the Timer 1 and Watchdog overflow inter-
rupts, and contains the Timer 1 software reset bit. A summary of the bit as-
signments and definitions is shown below.

Timer 1 Counter Control Register 2 (T1CTL2)
[Memory Address — 104Ah]

BIT#- 7 6 5 4 3 2 1 0
WD WD WD T1 T1 T1
PO4A | OVRFL | OVERFL | OVERFL | OVRFL OVRFL —_ —_ SW
RSTENA | INTENA | INT FLAG | INT ENA | INT FLAG RESET
RS-0 RW-0 RC-* RW-0 RC-0 S-0

R=Read, S=Set Only, W=Write, C=Clear Only, —n=Value after reset, * —see bit description

Bit 0 - T1 SW RESET. Timer 1 Software Reset.
This bit is always read as a zero; however, when a one is written to this bit, the
counter resets to 0000h on the next system clock cycle.

Bit1,2 - Reserved. Read values are indeterminate.

Bit 3 - T1 OVRFL INT FLAG. Timer 1 Overflow Interrupt Flag
This bit indicates the status of the T1 Overflow Interrupt.

0= General Purpose Overflow interrupt inactive.
1 = General Purpose Overflow interrupt pending.

Bit 4 - T1 OVRFL INT ENA. Timer 1 Overflow Interrupt Enable.
This bit controls the Timer 1 Overflow interrupting capability.

0= Disable Interrupt.
1= Enable Interrupt.

Bit5 - WD OVRFL INT FLAG. Watchdog Overflow Interrupt Flag.
This bit indicates the status of the Watchdog overflow interrupt. Clear this bit by
writing a zero to it. This bitis NOT cleared following a Watchdog initiated reset.
Thus it may be read and cleared, to determine the cause of the reset. This bitis
cleared by power-up reset or by any reset if WD OVRFL RST ENA = 0. This bit
MUST be cleared after a Watchdog reset before other Watchdog resets can oc-
cur.

0= Watchdog Interrupt Inactive
1= Watchdog Counter has overflowed or the incorrect value is written
to the Watchdog Reset Key register while in Watchdog mode.

Bit6 - WD OVRFL INT ENA. Watchdog Overflow Interrupt Enable.
This bit controls the Watchdog Overflow interrupting capability.
Once the WD OVRFL RST ENA bit is set, the values of these bits can only be
changed after a Power-Up reset.

0= Watchdog Interrupt Disabled.
1 = Watchdog Interrupt Enabled.

7-28 Timer 1 Module



Timer 1 Control Registers

Bit 7 - WD OVRFL RST ENA. Watchdog Overflow Reset Enable.
Thisbit controls the ability of a Watchdog overflow to generate areset. The watch-
dog counteris a simple up-counter or pulse accumulator whencleared. Once set,
this bitcan only be cleared by a Power-Up reset, and locks the values of other WD
bits so they can only be changed after Power-up reset.

0 = Watchdog Counter does notinitiate a reset upon overflow.
1 = Watchdog Counter does initiate a reset upon overflow.

Note:

Be careful using the AND, OR, XOR, CMPBIT, SBITO or SBIT1 instruction
to modify this register. The Read/Modify/Write nature of these instructions
may inadvertently clear an interrupt flag that was set between the read and
the write cycles. If the state of the interrupt enable bits is known, the MOV
#n1,Pn2 instruction can be used. If the state of the interrupt enable bits is
notknown, a sequence similar to the example shown below should be used.

;clearing the Tl OVRFL INT FLAG
MOV P04A,A
OR #028h,A
AND #0F7h,A
MOV A,P04A
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7.5.3 Timer 1 Counter Control Register 3

BIT#-

P04B

BIT#-

P04B

7-30

The T1CTL3 register controls the edge-detect and compare interrupts.The
six active bits in this register serve different functions for each mode, as

shown below:
Timer 1 Control Register 3 (T1CTL3)
[Memory Address — 104Bh]
Mode: Dual Compare
7 6 5 4 3 2 1 0
T1EDGE T1C2 T1CA T1EDGE T1C2 T1C1
INT INT INT — — INT INT INT
FLAG FLAG FLAG ENA ENA ENA
RC-0 RC-0 RC-0 RW-0 RW-0 RW-0
Mode: Capture/Compare
7 6 5 4 3 2 1 0
T1EDGE T1CH T1EDGE T1C1
INT — INT — — INT — INT
FLAG FLAG ENA ENA
RC-0 RC-0 RW-0 RW-0

R=Read, W=Write, C=Clear Only, —n=Value after reset

Bit0 -

Bit 1 -

Bit 2 -

Bits 3,4 -

T1C1 INT ENA. Timer 1 Compare 1 Interrupt Enable.
This bit determines whether or not the compare register flag
can generate an interrupt.

0 = Disable interrupt.
1 = Enable interrupt.

T1C2 INT ENA. Timer 1 Compare 2 Interrupt Enable.
Dual Compare mode only: This bit determines whether or not the Capture/Com-
pare register flag can generate an interrupt.

0 = Disable interrupt.
1 = Enable interrupt.

Capture/Compare Mode:
Reserved. Read data is indeterminate.

T1EDGE INT ENA. Timer 1 Edge Interrupt Enable.

This bitdetermines whether or not the active edge inputto the T1IC/CR pin gener-
ates an interrupt. The TIEDGE DET ENA bit (T1CTL4.0) must be set before an
edge can be detected.

0 = Disable interrupt.
1 = Enable interrupt.

Reserved. Read data is indeterminate.
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Bit 5 -

Bit 6 -

Bit7 -

T1C1 INT FLAG. Timer 1 Compare 1 Interrupt Flag.
This bit is set when the compare register first matches the counter value.

0 = Interrupt inactive.
1 = Interrupt pending.

T1C2 INT FLAG. Timer 1 Compare 2 Interrupt Flag.
Dual Compare Mode: This bit is set when the Capture/Compare register first
matches the counter value.

0 = Interrupt inactive.
1 = Interrupt pending.

Capture/Compare Mode:
Reserved. Read data is indeterminate.

T1EDGE INT FLAG. Timer 1 Edge Interrupt Flag.

This bit indicates when an external pulse transition of the correct polarity is de-
tected on the Timer 1 Input-Capture/Counter-Reset (T1IC/CR) pin. This bit also
indicates an input capture in the Capture/Compare mode.

0 = no transition
1 = transition detected

Note:

Be careful using the AND, OR, XOR, CMPBIT, SBITO or SBIT1 instruction
to modify this register. The Read/Modify/Write nature of these instructions

may inadvertently clear an interrupt flag that was set between the read and
the write cycles. If the state of the interrupt enable bits is known, the MOV

7

#n1,Pn2 instruction can be used. If the state of the interrupt enable bits is
notknown, a sequence similar to the example shown below should be used.

;Clearing the T1Cl INT FLAG
MOV  PO04B,A
OR #0EOh,A
AND #0DFh, A
MOV A,P04B
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7.5.4 Timer 1 Counter Control Register 4

The T1CTL4 register controls the mode of operation, and various functions
of the Timer 1 input and output pins. The bits in this register serve different
functions depending on the mode, as shown below:

Timer 1 Counter Control Register 4 (T1CTL4)
[Memory Address — 104Ch]

Mode: Dual Compare

BIT#- 7 6 5 4 3 2 1 0
T T1C1 T1C2 TiC1 T1CR T1 Ti1CR T1EDGE
P04C | MODE ouT ouT RST ouT EDGE RST DET
=0 ENA ENA ENA ENA POLAR- ENA ENA
ITY
RW-0 RW-0 RW-0 RW-0 RW-0 ‘RW-0 RW-0 RW-0
Mode: Capture/Compare
BIT#- 7 6 5 4 3 2 1 0
T T1C1 T1C1 T1 T1EDGE
P04C | MODE ouT — RST — EDGE — DET
=1 ENA ENA POLAR- ENA
: ITY
RW-0 RW-0 RW-0 RW-0 RW-0

R— Read, W- Write, —n = Value after reset
The function of the bits are as follows.

Bit 0 - T1EDGE DET ENA. Timer 1 Edge Detect Enable.
Dual Compare Mode: This bitenables the edge detection circuit to sense the next

. level transition on the Timer 1 T1IC/CR pin. This bitis cleared after the selected
transition is detected or during reset.

0 = Edge detect disabled
1 = Edge detect enabled.

Capture/Compare Mode: This bit enables the input capture circuit to capture the
current counter value upon the next level transition on the counter reset/input
capture pin, as determined by the TTEDGE POLARITY bit. This bit remains un-
changed after the selected transition is detected.

0 = Input capture disabled.
1 = Input capture enabled.
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Bit1 - T1CR RST ENA. Timer 1 External Reset Enable.
Dual Compare Mode: This bit determines whether or not an external signal can
reset the counter.

0 = Disable external reset of the counter.
1 = Enable external reset of the counter on the next valid edge detect.

Capture/Compare Mode:
Reserved. Read data is indeterminate.

Bit2 - T1EDGE POLARITY. Timer 1 Edge Polarity.
This bit determines the transition direction on the Timer 1 T1IC/CR pinto trigger a
capture or counter reset, depending on the counter mode selected.

0 = Trigger on a high-to-low transition.
1 = Trigger on a low-to-high transition.

Bit 3 - T1CR OUT ENA. Timer 1 External Edge Output Enable.
Dual Compare Mode: This bit determines whether or not the input signal on the
T1IC/CR pin can toggle the output signal on theT1PWM pin.

0 = Disable pulse to toggle output.
1 = Enable pulse to toggle output.

Capture/Compare Mode:
Reserved. Read data is indeterminate.

Bit4 - T1C1 RST ENA. Timer 1 Compare 1 Reset Enable.
When this bit is set and Compare Register 1 is equal to the Counter, the Counter
will reset on the next counter increment. 7

0 = Disable counter reset upon compare equal.
1 = Enable counter reset upon compare equal.

Bit5 - T1C2 OUT ENA. Timer 1 Output-Compare Output Enable 2.
Dual Compare Mode: When this bit is set and Compare Register 2 is equal to the
Counter, the T1PWM pin toggles (when configured as a PWM pin).

0 = Disable pulse to toggle output.
1 = Enable pulse to toggle output.

Capture/Compare Mode:
Reserved. Read data is indeterminate.

Bit 6 - T1C1 OUT ENA. Timer 1 Output-Compare Output Enable 1.
When this bit is set and the Compare Register 1 is equal to the Counter, the
T1PWM pin toggles (when configured as a PWM pin).

0 = Disable pulse to toggle output.
1 = Enable pulse to toggle output.

Bit 7 - T1 MODE. Timer 1 Mode Select.
This bit selects the General Purpose Counter mode.

0 = Dual compare mode
1 = Capture/Compare mode.
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7.5.5 Timer 1 Port Control Registers

Port Control Registers T1IPC1 and T1PC2 are organized to allow all func-
tions for a pin to be programmed in one write cycle. Each module pin is con-
trolled by a nibble in one of the PCRs. A summary of the Port Control Regis-
ter functions and bit assignments is shown below.

7.5.5.1 Timer 1 Port Control Register 1
The T1PC1 register controls the I/O functions of the Timer 1 Module, TIEVT

pin.
Timer 1 Port Control Register 1 (T1PC1)
[Memory Address — 104Dh]
BIT#- 7 6 5 4 3 2 1 0
T1EVT T1EVT T1EVT T1EVT
P04D — — — — DATA DATA FUNC- DATA
IN ouT TION DIR
R-0 RW-0 RW-0 RW-0
R=Read, W=Write, —n=Value after reset
Bit O - T1EVT DATA DIR. Timer 1 Event-Pin Data Direction.
This bit selects the TIEVT pin as an input or output, if the TIEVT FUNCTION
bit = 0.

0 = Enable T1EVT pin as data input.
1 = Enable T1EVT pin as data output.

Bit1 - T1EVT FUNCTION. T1EVT Pin Function Select.
This bit determines. the function of the T1EVT pin.

0 = T1EVT is a general-purpose digital /O pin.
1 =T1EVT is the event-input pin.

Bit2- T1EVT DATA OUT. T1EVT Pin Data Out.
This bit contains the data to be output on the T1EVT pin if the following conditions
are met:
a. TIEVT DATADIR = 1.
b. TIEVT FUNCTION = 0.

Bit 3 