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1. Introduction

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 section gives a broad overview of the TMS370 family ‘covering the
following topics:

Section Page
1.1 TMS370 OVEIVIEW .ooeireieiieeneecteeinne e eneresiaeesiaessessssseesssnssssevesssesenens 1-2
1.2 TMS370 Architecture Overv:ew ......................................................... 1-4
1.3 Manual Organization .........ccccieeineeneine e
14 Symbols and Conventions ....

1.5 Applicable DOCUMENTS ......ccovieiiririerieernee s re e s sre s ree e eeas
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Introduction

1.1 TMS370 Overview

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

The prototyping and production devices of the TMS370 family are totally
interchangeable. 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 spe-
cific 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 introduction of
new products. These development support tools include an Assembler, a
Linker, an In-Circuit emulator (XDS - eXtended Development Support), and
an EEPROM/UVEPROM 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
-~ EEPROM Technology = Alterable, non-volatile memory on-chip

to support in-socket programming and
form factor emulation

- Versatile memory = Many memory options to meet
configurations applications requirements

— Programmable Interrupt = Provides design flexibility
Handling

- 14 Addressing Modes ~ Increases programmer’s flexibility

during software development phase

1
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Table 1-1. TMS370 Family Features

FEATURE 370C010 370C810 370C050 370C850 COMMENTS/BENEFITS
Program Memory 4 Kbytes 4 Kbytes 4 Kbytes 4 Kbytes EEPROM supports in-socket
ROM EEPROM ROM EEPROM programming
Static RAM 128 128 256 256 Data retention in low-power
bytes bytes bytes bytes modes
Data EEPROM 256 256 256 256 Data retention in power-off
bytes bytes bytes bytes mode
Watchdog Timer Y Y Y Y Helps ensure system integrity
Timer 1 Y Y Y Y 16 bits with 200 ns resolution
Timer 2 Y Y 16 bits with 200 ns resolution
A/D Converter Y Y 8 channel, 8-bit accuracy with
selectable references; provides
conversion of external analog
inputs in 164 cycles
Serial Async. transmission up to
Communications Y Y 156 kbits/s; Sync transmission
Interface up to 2.5 Mbits/s; software
selectable baud rate
and data format
Serial Peripheral Y Y Y Y Data transmission up to
Interface 2.5 Mbits/s.
External Interrupt Y Y Y Y Selectable edge detection
Inputs (3)
External Memory Y Y Non-muitiplexed address bus and
Bus Expansion data bus. Eliminates requirements
for glue chips and saves board
space
Max. Digital I/0 22 22 55 55 Provides the designer with multi-
purpose ports for increased
flexibility
Pin Count 28 28 68 68 Provides alternatives to meet the
requirements of the application
Packaging DIP/ DIP/ PLCC PLCC Supports high density surface
PLCC PLCC mount
TMS370 APPLICATIONS
INDUSTRIAL AUTOMOTIVE

= Motor Control

- Temperature controllers
- Process control

= Meter control

* = Medical Instrumentation

= Security systems

TELECOMMUNICATIONS

- Modems

= Intelligent phones

= Intelligent line card control
- Telecopiers

- Debit cards

- Climate control systems
- Cruise control

= Entertainment systems

- Instrumentation

- Navigational systems

= Engine control

—~ Sub-systems diagnostics

COMPUTER

- Keyboards

~ Peripheral interface control
- Disk controllers

- Terminals
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1.2 TMS370 Architecture Overview

Figure 1-1 is a block diagram of the TMS370 architecture showing the major
functions. The unshaded blocks and paths in the figure are features common
to TMS370Cx10 and TMS370Cx50 devices. Shaded blocks and paths are
present only on TMS370C050 and TMS370C850 devices.

‘The TMS370 family is based on a register-to-register architecture which
allows access to a 256-byte Register File in a single bus cycle. On-chip
memory includes a 4-kilobyte Program Memory (EEPROM or mask ROM), a
128/256-byte Static RAM, and a 256-byte Data EEPROM.

The versatile on-chip peripheral functions include (depending on the specific
member of the series) an Analog-to-Digital converter (A/D), a Serial Com-
munications Interface function (SCIl), a Serial Peripheral Interface (SPl), up
to three timers, and up to 55 digital Input/Output pins.

XTAL2/

INT1 INT2 INT3 XTAL1 CLKIN MC RESET ANO-AN7
[ O O N O 11944
e e ] —
INTERRUPTS OSCILLATOR SYSTEM : H—vcea
cLoCK
CONTROL Vess
I | SERIAL SPISOMI
PERIPHERAL SPISIMO
cpu REGISTER FILE INTERFACE SPICLK
256 BYTES (TMS370Cx50) G
128 BYTES (TMS370Cx10) RAEeN SCIRXD
= SCITXD
PROGRAM MEMO LT SeicLk
MORY
ROM (TMS370COx0) DATA EEPROM [ e—~ T2IC1/CR
EEPROM (TMS370C8x0) 256 BYTES & T2EVT
% T2IC2/PWM
l l | T1C/CR
TIMER 1 TIEVT
[ % T1PWM
WATCHDOG
[ BUS EXPANSION'
paTat  ADDRESS'  ADDRESS'!  conTROL' e veen
LsB MSB — Vss1

Vssz Vccz

TMS370Cx50 onty

tBus expansion for TMS370Cx50 only

Figure 1-1. TMS370 Block Diagram
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CPU

The TMS370 CPU is an 8-bit processor with Status register, Program Counter
register, and Stack Pointer internal to the CPU module. The CPU uses the
Register File as working registers, accessed on the internal bus in one bus
cycle. The 8-bit internal bus also allows access to memory, and the peripheral
interfaces. TMS370C050 and TMS370C850 devices allow external bus
expansion through Ports A, B, C, and D.

REGISTER FILE

The Register File is located at the beginning of the TMS370 memory map.
Register-access instructions in the TMS370 instruction set allow access to any
of these registers in one bus cycle. This segment of the memory map is used
as general purpose RAM and the Stack.

DATA EEPROM

The Data EEPROM module contains 256 bytes of Electrically Erasable Pro-
grammable Read Only Memory. This memory is useful for constants and
infrequently changed variables required by the application program. .The
EEPROM can be programmed and erased using available Programmers or by
the TMS370 itself under program control.

PROGRAM MEMORY

The Program Memory module contains four kilobytes of memory. In
TMS370C810 and TMS370C850 devices the Program Memory is EEPROM
and can be programmed, erased, and reprogrammed for prototype or small
production runs. In TMS370C010 and TMS370C050 devices, the program
memory is mask ROM, programmed at the factory.

INPUT/OUTPUT PORTS

TMS370C010 and TMS370C810 devices have two ports: Ports A and D. Both
of these ports can be programmed, bit-by-bit, to function as either a digital
input or a digital output.

TMS370C050 and TMS370C850 devices have four 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.
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WATCHDOG TIMER

The Watchdog Timer can be programmed to generate an interrupt when it
times out. This function provides a hardware monitor over the software 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
preset interval. The results of these operations can generate an interrupt to the
CPU, set flag bits, reset the timer counter, toggle an 1/O line, or generate
pulse-width-modulated (PWM) outputs.

SCl, 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 trans-
mitted to registers in the SC! and read received data from registers in the SCI
when interrupted.

SPI, SERIAL PERIPHERAL INTERFACE

The SPI module is a built-in serial interface which facilitates communication
between networked master and slave CPUs. As in the SCI, the SPI is setup
by software and from then on, the CPU takes no part in 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 SP! interrupt alerts the CPU when
received data is ready.

A-TO-D CONVERTER

The A-to-D Converter module is an eight-channel, 8-bit, successive-
approximation, 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 voitage or the ratio of one analog
input to another. Input lines not required for A/D conversion can be pro-
grammed to be digital input lines.
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1.3 Manual Organization

The following sections of this manual and their contents are summarized
below.

Section 2: Family Devices
Presents the features of TMS370 family members including pinouts.
Sections 3 - 11

Describes the operation and programming of each major function in the
TMS370 architecture.

Section 12: Instruction Set

Describes the TMS370 addressing modes and each of the 73 instruc-
tions including samples and examples.

Section 13: Design Aids
Gives sample interface circuits and programing examples.
Section 14: Development Support

Describes the hardware and software design-development tools avail-
able for the TMS370 series.

Section 15: Electrical Specifications

Gives timing diagrams and electrical specifications.
Section 16: Customer Information

Gives packaging, numbering, and ordering information.
Appendix A:

Gives reference tables and diagrams for TMS370 control bits.
Appendix B - D:

Give reference tables for the TMS370 character set, instruction set, and
opcodes.

Appendix E: Glossary

Index
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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 number (7 = msb, 0 = Isb).

h 1000h Designates a number in the hexadecimal number system.
TMS370C0x0 Refers to TMS370C010 and TMS370C050 devices.
TMS370C8x0 Refers to TMS370C810 and TMS370C850 devices.
TMS370Cx10 Refers to TMS370C010 and TMS370C810 devices.
TMS370Cx50 | . Refers to TMS370C050 and TMS370C850 devices.
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 O to the bit.
POn PO12 Hexadecimal Peripheral File (PF) address used in instructions
accessing the PF.
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.
Rn R16 Decimal Register File (RF) address used in instructions accessing
the RF. (i.e., R16 = R010)

1.5 Applicable Documents

1-8

)y  TMS370 Family Assembly Language Tools User's Guide, SPNU010.

TMS370/EEPROM Programmer's User's Guide, SPNUO11.
TMS370 Family PC Debugger Interface User's Guide, SPNU012
TMS370 XDS/22 Quick Reference Card, SPNUQO09
TMS370C050/TMS370C850 8-Bit

Microcontrollers Data

SPNS010

TMS370C010/TMS370C810 8-Bit

Microcontrollers

SPNS012

Sheet,

Data Sheet,









2. TMS370 Family Devices

This section discusses the features of the TMS370 family! of microcomputers.
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 two categories:

® TMS370Cx10 devices which include the TMS370C010 and
TMS370C810

® TMS370Cx50 devices which include the TMS370C050 and
TMS370C850

Both categories are supported by development tools that include the XDS,
Assembler, and Linker.

This section 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
21 Summary and Device COMPAriSON. .....cccccevveieerienierrsnieeeseesareesienas 2-2
2.2 TMS370CXT0 FEALUIES ..eovviceiriicreriecceereee et e b arene e 2-3
2.3 TMS370CXD50 FEBIUIES. ..ovverieriiceeireirirree e e e s 2-4
2.4 TMS370 Family Pinouts/Pin Descriptions

2.41 TMS370CXT0 PiNOULS ..ooeeeeiiieieierecceer e e aseae e

2.4.2 TMS370Cx10 Pin Descriptions .......cccoeecveveeeeereeceeicerseaenns

2.4.3 TMS370CX50 PiNOULS .cceeoceeeeeiieeeceeceeeeeeeeee e e eeas

244 TMS370Cx50 Pin Descriptions ......cccoceeirieieneiceneeneeeeeee e

1 Throughout tﬁis manual, the term TMS370 or TMS370 family refers to all members of the
group.
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Summary and Device Comparison.

21 Summary and Device Comparison.
The TMS370 family CMOS devices can be summarized as follows:

- The TMS370C010 and TMS370C810 are 8-bit, single-chip microcom-
puters, containing a CPU, a 16-bit timer, flexible 1/0, a serial peripheral inter-
face, 128 bytes of on-chip static RAM, and 256 bytes of data EEPROM. The
TMS370C010 also has 4K bytes of mask ROM program memory, while the
TMS370C810 has 4K bytes of EEPROM program memory. ’

- The TMS370C050 and TMS370C850 devices have the same basic features
as the TMS370Cx10 with the addition of another 16-bit timer (timer 2), a
serial communications interface, 128 bytes of on-chip static RAM (for a total
of 2566), memory expansion ports, and an eight channel A/D converter.

- Development tools include the TMS370 XDS, Assembler, and Linker.

Table 2-1. TMS370 Family Feature Summary

TMS370C010 | TMS370C810 | TMS370C050 | TMS370C850
'l Maximum Oscillator 20 MHz 20 MHz 20 MHz 20 MHz
Freq.
Voltage 5V +£10% 5V £10% 5V +10% 5V +£10%
Operating -40°C to 85°C -40°C to 85°C -40°C to 85°C -40°C to 85°C
temperature
Program Memory 4K ROM 4K EEPROM 4K ROM 4K EEPROM
Internal RAM 128 bytes 128 bytes 256 bytes 256 bytes
Data EEPROM 256 bytes 256 bytes 256 bytes 256 bytes
Modules
SPI Yes Yes Yes Yes
Timer 1 Yes Yes Yes Yes
Watchdog timer " Yes Yes Yes Yes
Timer 2 No No Yes Yes
SCI No No Yes Yes
A/D Port No No Yes Yes
1/Q Lines:
Bidirectional 22 22 46 46
Input only 1 1 9 9
Memory Expansion No No Yes i Yes
Interrupts/Reset
External 4 4 4 4
Vectors total 6 - 6 10 10
Sources total 13- 13 23 23
Package Type 28-pin DIP 28-pin DIP 64-pin PLCC 64-pin PLCC
28-pin PLCC 28-pin PLCC
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TMS370Cx10 Features

2.2 TMS370Cx10 Features
The key features of the TMS370Cx10 devices are as follows: ﬂ

- CMOS EEPROM Technology
- EEPROM programming with single 5-volt supply

- Flexible operating features
- Power reduction STANDBY and HALT modes
- -40C to 85C operating temperature
- 2 MHz to 20 MHz input clock frequency
- 5-volt supply (Vcc)
- Wake-up power-down mode

- Memory-mapped ports for easy addressing

- 14 addressing modes using eight formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls

- 16-bit general-purpose timer, software configurable as:
- 16-bit event timer
- 16-bit pulse accumulator
- 16-bit input-capture function
- Two compare registers
- Self contained PWM output function

- On-chip 24-bit watchdog timer

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

- Flexible interrupt handling
- Two software programmable interrupt levels
- Programmable rising or falling edge detect

~ System integrity features:
- Oscillator fault detection
- Privileged mode lockout
- Watchdog timer (24-bit)
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TMS370Cx50 Features.

2.3 TMS370Cx50 Features.

Table 2-2. TMS37OCx50‘Feature Summary

FEATURE e TMS370C050 | TMS370C850

Maximum Oscillator 20 MHz 20 MHz

Freq.
Voltage 5V +10% 5V +10%
Operating -40°C to 85°C -40°C to 85°C

temperatures 0°Cto 70°C 0°C to 70°C
Program Memory 4K ROM 4K EEPROM
Internal RAM 256 bytes 256 bytes
Data EEPROM 256 bytes 256 bytes
Modules

SPI Yes Yes

Timer 1 Yes Yes

Watchdog timer Yes Yes

Timer 2 Yes Yes

SCI Yes Yes

A/D Converter Yes Yes
1/0 Lines:

Bidirectional 46 46

Input only 9 9
Memory Expansion Yes Yes
Interrupts/Reset

External 4 4

Vectors total 10 10

Sources total 23 23
Package Type 64-pin PLCC 64-pin PLCC

The TMS370Cx50 devices contain all the features of the TMS370Cx10
devices plus additional capabilities. The following features are common to all
TMS370Cx50 and TMS370Cx10 devices:

- CMOS EEPROM Technology
- EEPROM programming with single 5-volt supply

- Flexible operating features
- Power reduction STANDBY and HALT modes
- -40C to 85C operating temperature
- 2 MHz to 20 MHz input clock frequency
- 5-volt supply (Vcc)
- Wake-up power-down mode

- Memory-mapped ports for easy addressing



TMS370Cx50 Features.

- 14 addressing modes-using eight formats, including:
- Register-to-register arithmetic
- Indirect addressing
- Indexed and indirect branches and calls

- 16-bit general purpose timer - software configurable as:
- 16-bit event timer
- 16-bit pulse accumulator
- 16-bit input-capture function
- Two compare registers
- Self contained PWM output function

- On-chip 24-bit watchdog timer

- Serial peripheral interface (SP1)
- Variable-length high-speed shift register
- Synchronous master/slave operation
- Error detection flags

- Flexible interrupt handling
- Two software programmable interrupt levels
- Programmable rising or falling edge detect

- System integrity features:
- Oscillator fault detection
- Privileged mode lockout
- Watchdog timer (24-bit)

The following features are unique to the TMS370Cx50 devices:

~ Eight channel A/D converter
- 2nd 16-bit general purpose timer

- Serial communications interface (SCI)
- Asynchronous and Isosynchronous modes
- Full duplex, double buffered Rx and Tx

- Additional 128 bytes of on-chip RAM (256 bytes total)

- Flexible system memory configurations
- Precoded external chip select outputs
- Programmable external memory/peripheral WAIT states
- Addressable memory expansion to over 112K bytes
- No logic needed for external memory addressing
- WAIT line to extend bus cycles
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TMS370 Family Pinouts/Pin Descriptions

n 2.4 TMS370 Family Pinouts/Pin Descriptions

2.41 TMS370Cx10 Pinouts
The pinouts for the TMS370Cx10 devices are shown below.

pe ]+ U28[] b3
D72 27 ] RESET
A7[]3 26[]D4
vee[J4 25 spisomi
XTAL2/CLKIN[]5 247 spicLK

xTAL1[]6 237 spisimo  XTAL2/CLKIN SPISOMI

T a7 22 TiicicR XTAL1 SPICLK
as[le  21F7 T1PwMm A6 SPISIMO
Aalle  20[]T1EVT A5 T1IC/CR
a3 1sfgmc Ad T1PWM
A2 18[JINT3 A3 TIEVT

“vss[iz 17 iNT2 A2 Mc

A1[]13 16[JINT1
AO[J14 15[]D5

A. 28-Pin DIP B. 28-Pin PLCC

Figure 2-1. Pinouts for TMS370C010, and TMS370C810
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2.4.2 TMS370Cx10 Pin Descriptions

Table 2-3. TMS370Cx10 Pin Descriptions

Pin

Name No. 1/0 Description

A0 14 1/0 | Port A is a general purpose bidirectional 1/0 port.

A1 13 1/0

A2 11 1/0

A3 10 1/0

A4 9 1/0

A5 8 1/0

A6 7 1/0

A7 3 1/0

D3 28 1/0 | Port D is a general purpose bidirectional 1/0 port.

D4 26 1/0

D5 15 1/0

D6 1 1/0

D7 2 1/0
INT1 16 | External non-maskable or maskable interrupt/General purpose input pin.
INT2 17 1/0 | External maskable interrupt input/General purpose bidirectional pin.
INT3 18 1/0 | External maskable interrupt input/General purpose bidirectional pin.

T1IC/CR | 22 1/0 | Timer 1 Input Capture/Counter Reset input pin/General purpose
bidirectional pin. )

T1PWM 21 1/0 | Timer 1 PWM output pin/General purpose bidirectional pin.
T1EVT 20 1/0 { Timer 1 external Event input pin/General purpose bidirectional pin.

SPISOMI | 25 1/0 | SPI Slave Output pin. Master Input pin/General purpose bidirectional pin.
SPISIMO | 23 I/0 | SPI Slave Input pin, Master Output pin/General purpose bidirectional pin.
SPICLK 24 1/0 | SPI bidirectional Serial Clock pin/General purpose bidirectional pin.

RESET 27 1/0 | System reset bidirectional pin. As an input it initializes microcontroller,
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. Normal operation = 0V, WPO = 12V.
Xg&lﬁ/ 5 | Internal oscillator crystal input/External clock source input.
XTAL1 6 0] Internal oscillator output for crystal.
Vee 4 Positive supply voltage
Vss 12 Ground reference

NOTE: Each pin associated with Interrupt 2, Interrupt 3, Timer 1, and SP! functional blocks may be
individually programmed as a general purpose bidirectional pin if it is not used for it's primary
block function. ‘
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2.4.3 TMS370Cx50 Pinouts
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Figure 2-2. Pinouts for TMS370C050 and TMS370C850
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2.4.4 TMS370Cx50 Pin Descriptions

Table 2-4. TMS370Cx50 Pin Descriptions

Pin
Alternate
Name Function No. I/0 Description
A0 DATAO (LSB) 17 1/0 Single-chip mode: Port A is a general
Al DATA1 18 1/0 | purpose bidirectional port.
A2 DATA2 19 1/0
A3 DATA3 20 1/0 | Expansion mode: Port A may be individually
Ad DATA4 21 1/0 | programmed as the external bidirectional
A5 DATAb 22 1/0 | data bus (DATAO-DATA7).
A6 DATA6 23 1/0
A7 DATA7 (MSB) 24 1/0
BO ADDO 65 1/0 | Single chip mode: Port B is a general purpose
B1 ADD1 66 170 bidirectional 1/0 port.
B2 ADD2 67 i/0
B3 ADD3 68 I/0 | Expansion modes: Port B may be individually
B4 ADD4 1 1/0 programmed as the low order address output
B5 ADD5 2 1/0 | bus (ADDO-ADD7).
B6 ADD6 3 1/0
B7 ADD7 4 1/0
co ADD8 5 I/0 | Single chip mode: Port C is a general purpose
c1 ADD9 7 1/0 | bidirectional I/0 port.
Cc2 ADD10 8 1/0
C3 ADD11 10 1/0 Expansion mode: Port C may be individually
Cc4 ADD12 1 1/0 | programmed as the high order address output
C5 ADD13 12 1/0 | bus (ADD8-ADD15).
Ccé ADD14 13 I/O
Cc7 ADD15 14 1/0
INT1 INTIN 52 | External interrupt (non-maskable or maskable)/
General purpose input pin.
INT2 INTIO1 51 1/0 | External maskable interrupt input/General
purpose bidirectional pin.
INT3 INTIO2 50 1/0 External maskable interrupt input/General
purpose bidirectional pin.
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Table 2-4. TMS370Cx50 Pin Descriptions (Continued)

Pin
Alternate
Name Function No. 1/0 Description

Single chip mode: Port D is a general purpose
bidirectional 1/0 port.
Each of the Port D pins can be individually
configured as either a general purpose I/0
pin, primary memory control signal (Function A),
or secondary memory control signal (Function B).
All chip selects are independent and can be used
for memory bank switching.

Function

A B

DO CSE2 | OCF 64 | 1/0 | 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.

D1 CSH3 60 | 1/0 1/0 pin/A: Chip Select Half output 3 goes low
during memory accesses to 8000h-FFFFh.

D2 CSH2 59 | IO 1/0 pin/A: Chip Select Half output 2 goes low
during memory accesses to 8000h-FFFFh.

D3 CLK- | CLK-. 58 | 1/0 | 1/0 pin/A, B: Internal clock signal is 1/4

ouT | OUT XTAL2/CLKIN frequency.

D4 R/W | R/W 57 | 1/0 | 1/0 pin/A, B: Read/Write output pin.

D5 CSPF 56 1/0 1/0 pin/A: Chip Select Peripheral output for
peripheral file goes low during memory accesses
to 10COh-10FFh.

D6 CSH1 | EDS 55 1/0 | 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.

D7 CSET | WAIT 54 | 1/0 | 1/0 pin/A: Chip Select Eighth output goes low
during memory accesses to 2000h-3FFFh /B: Wait input
pin extends bus signals.

Alternate
Function
T11C/CR | T1101 46 1/0 | Timer 1 Input Capture/Counter Reset input
) pin/General purpose bidirectional pin.
T1PWM | T1102 45 1/0 | Timer 1 PWM output pin/General purpose
bidirectional pin.
T1EVT | T2103 44 1/0 | Timer 1 External Event input pin/General purpose
bidirectional pin.
T21C1/ | T2101 27 1/0 | Timer 2 Input Capture 1/Counter Reset input
CR pin/General purpose bidirectional pin.
T21C2/ | T2102 26 1/0 | Timer 2 Input Capture 2/PWM output pin/
PWM General purpose bidirectional pin.
T2EVT | T2103 25 I/0 | Timer 2 External Event input pin/General purpose
bidirectional pin.
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Pin
Alternate
Name | Function No. | I/O | Description
SPISOMI| SPIIO1 49 | 1/0 | SPI Slave Output pin, Master Input pin/
General purpose bidirectional pin.
SPISIMO| SPI102 48 | 1/0 | SPI Slave Input pin. Master Output pin/
General purpose bidirectional pin.

SPICLK | SPI10O3 47 | 1/0 | SP! bidirectional Serial Clock pin/
General purpose bidirectional pin.

SCITXD | SClIO1 30 170 SCI Transmit Data output pin/General
purpose bidirectional pin.

SCIRXD | SCll02 29 | 1/O | SCI Receive Data Input pin/General
purpose bidirectional pin.

SCICLK | SCII03 28 | 1/O0 | SCI bidirectional Seriaf Clock pin/
General purpose bidirectional pin.

ANO EO 36 | A/D analog input (ANO-AN7) or posmve

. reference pins (AN1-AN7).

AN1 E1 37 1

AN2 E2 38 1 Port E may be individually programmed as general
purpose input pins if not used as A/D converter

AN3 E3 39 | analog input or positive reference input.

AN4 E4 40 |

AN5 ES 41 |

AN6 E6 42 |

AN7 E7 43 |

Vee3 34 A/D converter positive supply voltage and optional
positive reference input pin.

Vss3 35 A/D converter ground supply and low reference input
pin.

RESET 53 | 1/0 | System reset bidirectional pin. As an input it
initializes microcontroller, as open-drain output it
indicates an internal failure was detected by the
Watchdog or Oscillator Fault circuit.

MC 6 | Microprocessor/Microcomputer mode contro! pin, also
enables EEPROM Write Protection Override (WPO)
mode.

XTAL2/ 31 | Internal oscillator crystal input/External

CLKIN clock source input.

XTAL1 32 0 Internal oscillator output for crystal.

Vcel 33,61 Positive supply voltage for digital logic.

Vee2 15,63 Positive supply voltage for digitat 1/0 pins.

Vss1 9 Ground reference for digital logic.

Vss2 16,62 Ground reference for digital 1/0 pins.

NOTE. Each pin associated with the Interrupt, Timer 1, Timer 2, SPI, and SCI functional blocks may
be individually programmed as a general purpose bidirectional pin if it is not used
for its primary biock function.
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3. CPU and Memory Organization

This section describes the CPU registers and memory organization. In the
TMS370 register-to-register architecture, the CPU and RAM act as a single
unit along with the Program Counter, Stack Pointer, and Status Register. n

The following conventions are used in this section when discussing specific
members of the TMS370 family:

® TMS370C0x0 refers to TMS370C010 and TMS370C050 devices.
® TMS370C8x0 refers to TMS370C810 and TMS370C850 devices.
® TMS370Cx10 refers to TMS370C010 and TMS370C810 devices.
® TMS370Cx50 refers to TMS370C050 and TMS370C850 devices.

This section covers the following topics:

Section

3.1 CPU/Register File INteraction ..........cccccovvveervenvrcvnrennrescereesesrersenes

3.2 CPU RegiSters .....ccocivvivrcenveereincnseennrinnsseanes

3.2.1  Stack Pointer (SP) ..cocccievivviviiirnce

3.2.2 Status Register (ST) ...cocvvvrvininiinniinnicnnne

3.2.3 Program Counter ......cccccvvnsrincsncensennens

3.3 Memory Map ....cccveeccvviercecc e

3.3.1  Register File .....cccovvevivinviienniinieiriercecnreecnnen.

3.3.2 Peripheral File ......ccccocnniiiiiiice e

3.3.3 Data EEPROM Module .....cocoervvierieeininceneecsreenaeees

3.3.4  Program MEMOTY ....cccocoeeeeecrnieneciereeenseneenesnenes

3.4 Memory Operating Modes ........cccoevvrciiiiieniciiinesseeeneneraeesreseesnes

3.4.1 Microcomputer Single-Chip Mode (all TMS370 devices) .......... 3-14
3.4.2 Microcomputer Mode w/External Expansion (TMS370Cx50) ... 3-16
3.4.3 Microprocessor Mode without Internal Memory

3.4.4 Microprocessor Mode with Internal Program Memory. ............... 3-20
3.45
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CPU/Register File Interaction

3.1 CPU/Register File Interaction

3-2

The first 256 address locations in the memory space, 0000h through OOFFh
(0000h-007Fh for TMS370Cx10 devices), are called the Register File. Any
location in this block can be accessed as: a general purpose register, data
memory storage, program instructions, or part of the stack.

Figure 3-1 illustrates the multiple use of the Register File. For example, mem-
ory address 0004h can also be treated as register R4. Or, the stack pointer
could be loaded with the address 0004h and the stack would start at the next
location.

Registers RO and R1 are also called A and B respectively. Some instructions
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.

RO (A) 0000h )
R1 (B) 0001h
R2 0002h
R3 0003h
R4 0004h
R5 0005h
R6 0006h
R7 ® GENERAL PURPOSE
0007h REGISTERS
R8 oooah |
RO 0008h © DATA MEMORY
R10 000Ah STORAGE
R11 000Bh © PROGRAM EXECUTION
R12 000Ch o STACK
R13 000Dh
R14 000Eh
R156 000Fh
R255 OOFFh ]

Figure 3-1. Register File

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
determined by the value loaded into the stack pointer and the use of the
Register File by the program.
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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. n

3.2.1 Stack Pointer (SP)

The stack operates as a last-in, first-out, read/write memory. The stack is typ-
ically used to store the return address on subroutine calls and the status reg-
ister 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 after data 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 SP is loaded 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 oper-

ation.
INIT MOV  #60h,B ;Load Register B with the value
;60h.
LDSP ;Load the stack pointer with the
;contents of Register B.
0000h
T STACK ON RESET - INCREMENT
OP OF ST. 0091h ] |PUSH THEN
. STORE
INITIAL TOP OF STACK - 0060h
R FETCH
POP THEN
. DECREMENT
UPPER STACK LIMIT - 007%
00FFh

Figure 3-2. Stack Example

For TMS370Cx50 devices, if the stack is pushed beyond its limit of 00FFh, the
SP register wraps around from O0FFh to 0000h without an error indication.
The stack for TMS370Cx10 devices is not implemented beyond 7Fh; data
pushed beyond this limit is lost. The application program must guard against
stack overflow.
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3.2.2 Status Register (ST)

34

Bit # -

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 status
bits to determine program flow. The two interrupt bits control the two inter-
rupt levels. The ST register, status bit notation, and status bit definitions are
as follows:

Status Register (ST)
7 6 5 4 3 2 1 0

[ N 4 \'% 1E2 IE1 - .

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.
Bit 3 - 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.

Bit 4 - V. Overflow.
Set by the CPU if an 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 \
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 1 if Rn < A, which means quotient > 255

Bit 5 - 2. 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 bit is set by arithmetic instructions as a carry bit or as a no-borrow
bit. It is also effected by the rotate instructions. See each instruction in
Section Section 12 for a detailed description of how the Carry bit is used.

When the CPU acknowledges an interrupt, the contents of the Status Register
are ‘automatically pushed onto the stack, then the Status Register is cleared
(for more information on interrupt effects on the Status Register, see Section
5.1.1). The normal exit from an interrupt service routine is made with the RTI
instruction. When the CPU executes the RTI instruction, it automatically re-
stores the content of the Status Register with a stack-pop operation.



CPU Registers

The four condition flags (C, N, Z, and V) are updated every time an instruction
is executed which manipulates or moves data. Thus, conditional branches
should be performed immediately after a data manipulation operation. 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

- DUNZ - STSP

- JMP - JMPL

- Conditional Jump instructions - LDSP

The LDST instruction allows a program to change all bits in the Status
Register. The byte following this instruction is loaded directly into the Status
Register. The assembly language instructions DINT, EINT, EINTH, and EINTL
enable specific interrupts. These instructions are converted to a “"LDST #iop8”
opcode by the assembler so that “#iop8” is the appropriate value to set or clear
the specific interrupt (see section Section 12 for more information on the
LDST instruction).

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

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
contents of memory location 7FFFh. Figure 3-3 illustrates this operation using
an example value of 7000h as the contents of memory locations 7FFEh and
7FFFh (Reset vector).

PROGRAM COUNTER (PC)
PCH PCL

MEMORY
0000h [ 70 [ 00
A \
L L
7FFER 70
7FFFh 00

Figure 3-3. Program Counter After Reset
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3.3 Memory Map

Figure 3-4 shows the memory maps of TMS370Cx50 and TMS370Cx10
The partitioning of memory and the physical location of memory
(that is, on or off chip) depends on the device used and the memory mode of
operation. The memory modes of operation are discussed in Section 3.4.

devices.

Each TMS370Cx50 device can be programmed to use the 16 address bits to
access 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.)

The following paragraphs describe each block of the memory map.

3-6

FFFFh

256 BYTE RAM
(REGISTER FILE STACK)

PERIPHERAL FILE

PERIPHERAL EXP

256 BYTE
DATA EEPROM

MEMORY EXPANSION

MICROPROCESSOR MODE
MEMORY EXPANSION

4K BYTE ROM

MEMORY EXPANSION

Figure 3-4. TMS370 Memory Map
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3.3.1 Register File

The beginning addresses of the memory map (0000h-00FFh for TMS370Cx50

devices or 0000h-007Fh for TMS370Cx10 devices) are on-chip RAM called

the Register File (RF). In TMS370Cx50 devices, the RF has 256 bytes of

memory treated as registers RO through R255. In TMS370Cx10 devices, the “
RF has 128 bytes of memory treated as registers RO through R127.

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.

RO (A) 0000Ch )
R1 (B) 0001h
R2 0002h
R3 0003h
R4 0004h
R5 0005h
R8 0006h
e GENERAL PURPOSE
A 0007h REGISTERS
R8 0008h S
RS 0008h ® DATA MEMORY
R10 000Ah STORAGE
R11 000Bh © PROGRAM EXECUTION
Ri2 000Ch | o gTACK
R13 000Dh
R14 000Eh
R15 000Fh
T T
R255 O00FFh

Figure 3-5. Register File Addresses
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Locations within the RF address space may serve as either the 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.

Therefore, any location in the register file can be accessed by one of three
ways.

1)  Normal memory access using a hexadecimal address. For example,

MOV  A,0006(B);Move the contents of Register A to
; memory location 0006h indexed by B.

2) Register access using the register number. For example,

MOV A,R6 ;Move the contents of Register A to
; Register R6.

3) 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.

PUSH A ;Increment Stack Pointer to 6.

; Move contents of Register A to 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.

A Reset operation has no effect on the contents of any memory location within
the Register File except for locations 0000h (Register A) and 0001h (Register
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
Register File.
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3.3.2 Peripheral File

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 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 allo-
cated 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 file
register relative to 1000h, preceded by ‘PO’ for a hexadecimal designator or 'P’
for a decimal designator. For example, the System Configuration Control
Register O is located at address 1010h; its Peripheral File hexadecimal desig-
nator is PO10 and its decimal designator is P16.

Table 3-1 gives the address map for the Peripheral File.

Table 3-1. Peripheral File Address Map

Fl::\IAOI\.IIE ADDRESS DESCRIPTION TMS370Cx50 | TMS370Cx10
0 1000h Reserved for factory test --- ---
1 1010h System and EEPROM control registers Yes Yes
2 1020h Digital 1/0 port control registers Yes Yes
3 1030h SPI registers Yes Yes
4 1040h TIMER1 registers Yes Yes
5 1050h SClI registers Yes NA
6 1060h TIMER2 registers Yes NA
7 1070h A-to-D registers Yes NA
8 1080h Reserved NA NA
9 1090h Reserved NA NA
10 10A0h Reserved NA NA
11 10BOh Reserved NA NA
12 10COh External Peripheral control Yes NA
13 10DOh External Peripheral control Yes NA
14 10EOh External Peripheral control Yes NA
15 10FOh External Peripheral control Yes NA

NA - Not Available
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Frame O of the Peripheral File (memory addresses 1000h-100Fh) is reserved
for factory testing. The results of access to this frame are unpredictable.

Frame 1 (1010h-101Fh) contains system configuration and control functions.
It also contains registers for controlling EEPROM programming. EEPROM
module control registers are described in Section 6.

Frame 2 (1020h-102Fh) contains the Digital I/0 Pin configuration/control
registers. The individual functions controlled by these registers are described
in Section 4.2, page 4-11.

Frames 3 through 7 are used by the internal peripherals. These peripherals and
their control registers are described in the following sections.

{ SPI registers - Section 10
Timer 1 registers - Section 7
SCl registers - Section 9
Timer 2 registers - Section 8
A-to-D registers - Section 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.
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3.3.3 Data EEPROM Module

The Data EEPROM module is a 256 byte array at memory locations 1FOOh
through 1FFFh. This 256 byte array is configured into 8 blocks of 32 bytes.
Each block can be individually write protected. This module can be pro- g
grammed on either a byte-wide or single-bit basis. Read-access time for the |
EEPROM module is two system clock cycles.

Programming of the Data EEPROM array is controlled by the Data EEPROM
Control Register (DEECTL) at memory address 101Ah and a Write Protection
Register (WPR) at memory address 1FOOh. EEPROM programming com-
mands are controlled through these registers. See Section 6.1.1.1 and Section
6.1.1.2 for more details on the WPR and DEECTL registers.

3.3.4 Program Memory

The Program Memory is arranged as individually-addressable bytes located at
7000h through 7FFFh in the memory map. Data may be read or code may be
executed directly from these locations.

Memory addresses 7FECh through 7FFFh are reserved for interrupt and reset
vectors. Trap vectors, used with TRAPO 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 or EEPROM depending the specific
member of the TMS370 family. The differences are described in the para-
graphs following Table 3-2.

Table 3-2. Vector Address Mapv

ADDRESS DESCRIPTION TMS370Cx50 | TMS370Cx10 IEBKY)TI(-E)SF
7FCOh Trap 0-15 Yes Yes 32
7FECh Reserved NA NA 12
7FECh A-D Converter Yes NA 2
7FEEh Timer 2 Yes NA 2
7FFOh Serial Communications Interface TX Yes NA 2
7FF2h Serial Communications Interface RX Yes NA 2
7FF4h Timer 1 Yes Yes 2
7FF6h Serial Peripheral Interface Yes Yes 2
7FF8h Interrupt 3 Yes Yes 2
7FFAh Interrupt 2 Yes Yes 2
7FFCh Interrupt 1 Yes Yes 2
7FFEh Reset Yes Yes 2

NA - Not Available
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3.3.4.1 Program ROM Module (TMS370C0x0 devices only)

The Program ROM module consists of read-only memory which is pro-
grammed at the time of device fabrication. 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 reserve locations are changed by TI.

3.3.4.2 Program EEPROM Module (TMS370C8x0 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 sequence is the
same as that for the Data EEPROM. See Section 6.2.2 for a detailed dis-
cussion 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. '
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3.4 Memory Operating Modes
TMS370Cx50 devices have four memory operating modes.

® Microcomputer modes
- microcomputer single-chip mode
—  microcomputer with external expansion
L Microprocessor modes
- microprocessor without internal program memory
- microprocessor with internal program memory

TMS370Cx10 devices have no memory expansion capability and operate only
in the microcomputer, single-chip mode.

For TMS370Cx50 devices, 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 signal
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 (WPQO) mode.

Note:

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

If the processor resets into a microcomputer mode, the software can change
the internal system configuration registers to select the desired memory
expansion configuration. Part of this configuration setup involves Digital I/0
Port D. Each pin of Port D can be programmed to serve one of three purposes:
Digital 1/0, Function A signal, or Function B signal. Function A includes chip
select signals which may be used in the Microcomputer Mode with External
Memory Expansion.. Function B includes signals used in either the Micro-
computer or the Microprocessor modes to access external memory chips.

Each of these modes are described in the following paragraphs.
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3.4.1 Microcomputer Single-Chip Mode (all TMS370 devices)

In the Microcomputer Single Chip mode, a TMS370 device functions as a
self-contained microcomputer with ail 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
input/output pins. This mode maximizes the general purpose 1/0 capability for
real-time control applications. Figure 3-6 shows a memory map for the
Microcomputer,

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,
external circuitry may place 12 volts on the MC pin to enter the Write Protect
Override (WPO) mode to alter protected EEPROM.

To put a TMS370 device into the Microcomputer Single Chip Mode:

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 TMS370Cx10 devices even
though they operate only in the Microcomputer, Single Chip Mode.
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ADDRESS
(HEX)
0000
QOFF
0100

ON CHIP

REGISTER FILE/STACK {

OFFF
1000
10BF
10C0

PERIPHERAL FILE {

1EFF
1F00
1FFF
2000

DATA EEPROM {

PROGRAM ROM/EEPROM { 7000

FFFF |

Figure 3-6. Microcomputer, Single Chip Mode
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3.4.2 Microcomputer Mode w/Externa»l Expansion (TMS370Cx50)

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 1/O ports, under the control of their associated port
control registers, become the external buses as follows:

° Port A: 8-bit data bus
[ ] Port B and C: 16-bit address bus
® Port D: 8-bit control bus

If it is not necessary to use the entire address, data, or control bus, then each
unused pin can be individually programmed as a general purpose input/output
pin. These bits are programmed by setting the Digital 1/0O control registers in
the Peripheral File (see Section 4.2 for further information on programming
1/0 pins).

The address bus and data bus are non-multiplexed, eliminating the require-
ment for an external address/data latch, thereby lowering system cost. Exter-
nal 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 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 1/0. When Port D is set up to drive the chip selection signals

(Function A), a memory access to any location between 2000h and 3FFFh,
activates 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-leve! output.

Similarly, a memory access to any location between 8000h and FFFFh acti-
vates CSH1, CSH2, and CSH3 if enabled by the appropriate port control regis-
ters. 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 logical address space of
8000h-FFFFh as shown in Figure 3-7.

The CSPF bin is activated, if enabled, during accesses to the upper 4 frames
(memory addresses 10COh-10FFh) of the peripheral file. This signal can be
used as a chip select for external expansion of the Peripheral File.

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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FUNCTION A
ADDRESS CHIP SELECT
(HEX)  ON_CHIP OFF CHIP SIGNALS
0000
REGISTER FILE/STACK{ OOFF
0100
OFFF {
PERIPHERAL FILE 1000
10BF 1000
PERIPHERAL EXPANSION 1FF[____ e}————C&FF
1100
1EFF |
DATA EEF’ROM{ 1F00
1FFF ———
2000
MEMORY EXPANSION o EBE
3FFF ol
4000
6FFF |
PROGRAM ROM/EEPROM{ 7000
7FFF N S
8000
MEMORY EXPANSION o SSFit
- CSH2
FFFF of———C&Ha

N/A - NOT AVAILABLE

Figure 3-7. Microcomputer Mode with Function A Expansion

All predecoded chip selects have the same timing as the External Data Strobe
(EDS) signal (see Section 15, Electrical Specifications). EDS is a Function B
(microprocessor mode) signal which goes low whenever an access to external
memory is made. Figure 3-8 shows a memory map for the Microcomputer
Mode with Function B Expansion.
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ADDRESS FUNCTION B
(HEX)  ON CHIP OFF CHIP CHIP SELECT
REGISTER FILE/STACK { — ED§
PERIPHERAL FILE {
PERIPHERAL EXPANSION { }8%,‘:’ ,
DATA EEPROM {
2000
MEMORY EXPANSION
3FFF b
PROGRAM ROM/EEPROM {
8000
MEMORY EXPANSION
FFFF °

N/A - NOT AVAILABLE

Figure 3-8. Microcomputer Mode with Function B Expansion

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 TMS370Cx50 device into the Microcomputer Mode with External
Expansion:

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

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

3) Program the Digital 1/0 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
(TMS370Cx50 only)

When a TMS370Cx50 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 n
made to addresses 1020-102F, 10COh-10FFh, and 2000h-FFFFh. The pro-

gram area, the reset vector, interrupt vectors, and trap vectors must be located

in off-chip memory locations.

When a TMS370Cx50 device is RESET into the microprocessor mode, the
Digital 1/0, 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 I/0 configuration.

Figure 3-9 shows a memory map for the Microprocessor Mode.

FUNCTION B
ADDRESS CHIP SELECT
(HEX)  ON CHIP OFF CHIP SIGNALS
0000 e
REGISTER FILE/STACK{ OOFF ___ Eps

0100

9600
PERIPHERAL FILE{ 101F

PERIPHERAL EXPANSION { 1020 E—_——ﬂ
PERIPHERAL FILE{ 1030 [:—l
PERIPHERAL EXPANSION ¢ 10c0 ‘:E____ﬂ

1100

1EFF
DATA EEPROM 1F00
1FFF
. 2000

MEMORY EXPANSION <

L FFFF i

N/A-NOT AVAILABLE

Figure 3-9. Microprocessor Mode without Internal Memory
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To put a TMS370Cx50 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.

3.4.4 Microprocessor Mode with Internal Program Memory.

3-20

In the microprocessor modes, Ports A, B, C, and D become the address, data,
and control buses for interface to external memory and peripherals. The on-
chip Register File, data EEPROM, and internal Program ROM or EEPROM
remain active. Any memory access to addresses 1020h-102F, 10COh-10FFh,
2000h-3FFFh, and 8000h-FFFFh causes EDS to go low.

When a TMS370Cx50 device is RESET into the microprocessor mode, the
Digital 1/0, 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 I/O configuration.

After RESET, the TMS370Cx50 device enters the microprocessor mode with
no internal memory. External memory must contain the reset vector. Software
must clear the MEMORY DISABLE bit (SCCR1.2) to enable the internal
memory.

Figure 3-10 shows a memory map for the Microprocessor Mode, with internal
Program Memory.
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FUNCTION B
ADDRESS CHIP SELECT
(HEX) ON CHIP OFF CHIP SIGNALS

REGISTER FILE/STACK { EDS

PERIPHERAL FILE

10C0
PERIPHERAL EXPANSION ¢ | 19c0 :;lr—“

DATA EEPROM {

2000
MEMORY EXPANSION { SFFE ET

4000

6FFF |
PROGRAM ROM/EPROM{ 7000 SCCR12=-0}] t
-» 7FFF -—
8000
MEMORY EXPANSION
FFFF .

N/A-NOT AVAILABLE
T-AFTER RESET UNTIL SCCR1.2 IS CLEARED BY THE PROGRAM.

Figure 3-10. Microprocessor Mode with Internal Program Memory

To put a TMS370Cx50 device into the Microprocessor Mode with Internal
Program Memory:

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

2) Take the RESET pin active iow, 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
internal memory. The internal program memory (7000h-7FFFh) is now
available.

Note:

Once the MEMORY DISABLE bit is cleared, the external memory at
4000h-7FFFh is no longer available to the processor.
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3.4.5 Memory Mode Summary

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

Table 3-3. Operating Mode Summary

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

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

3. Set Digital I/0
registers to
Function Af/B?

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

3. Enable internal
memory

(Clear SCCR1.2)

pCOMPUTER uCOMPUTER HWPROCESSOR
FEATURE SINGLE CHIP w/EXPANDED w/INTERNAL uPROCESSOR

MEMORY MEMORY

Device TMS370C050/850 [ TMS370C050/850 | TMS370C050/850 | TMS370C050/850

TMS370C010/810

Memory Address Internal Internal Internal External

7000h-7FFFh

Ports A,B,C,D Digital 1/0 Digital 1/0 Function B} Function Bt
Function At
Function B¥

Predecoded CS No Optional No No

(Chip Selects)

Procedure to 1. Place logic O 1. Place logic O 1. Place logic 1 1. Place logic 1

enter the mode on the MC pin on the MC pin on the MC pin on the MC pin

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

tFunction A: Port D = chip select signals CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF (see Section 4.2).

IFunction B: Port D = expansion memory control signals OCF, EDS, and WAIT (see Section 4.2).
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ON CHIP ON CHIP ON cHP? ON cHp?
yLol= N IR N A N R R I |
1%CON | NOT AVAILABLE EXTERNAL! EXTERNAL EXTERNAL

ON CHIP ON CHIP ON CHIP ON CHIP
1FFFh
2000h

NOT AVAILABLE EXTERNAL' EXTERNAL EXTERNAL
EXTERNAL

ON CHIP ON CHIP ON CHIP EXTERNAL
7FFFh
8000h

NOT AVAILABLE EXTERNAL' EXTERNAL EXTERNAL
FFFFh

MICROCOMPUTER MICROPROCESSOR
MICROCOMPUTER WITH EXTERNAL WITH INTERNAL MICROPROCESSOR
SINGLE CHIP MODE EXPANSION PROGRAM MEMORY MODE

ON CHIP

ON CHiP

ON CHIP

ON CHIP

TPRECODED CHIP SELECT OUTPUTS AVAILABLE ON EXTERNAL EXPANSION BUS.

$1020h-102Fh EXTERNAL

Figure 3-11. Memory Operating Modes
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4. System and Digital I/O Configuration

This section discusses system and [/O configuration. First, the features and
options are described; then, the register and bits that control the configuration
are described. Lastly, examples of how to set configuration are given.

This section covers the following topics:

Section _
41 System Configuration .........coccoeveireneneinrin sttt se s

411 Privilege MOGE ..ottt e
7 0 B 0 T-T o1 || F- C o - TV | OO
4.1.3 Automatic Wait States ......c.ccvevvrevvnrccennnnen.

4.1.4 Powerdown and ldle Modes ........ccccvverennen

4.1.4.1 Standby Mode

4.1.4.2 Halt MOdE ...coveenriiecereececeereeeereere e

4.1.4.3 Oscillator Power Bit ....cccccovccenevvenieeninennnnne

4.1.5 System Control Registers ........ccceeeveevvernnnnn.

4.2 Digital 1/0 Configuration ........c.cccoccecvvrnenen.

421 Microcomputer MOdE ......cccceceeiieciiiriciecce et
4.2.2  MicroproCessor MOAE .....cccceeeveueerieriieriiieeeeieeeceneeeeesree e s e e seneesanas
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4.1 System Configuration

ADDR

1010h

1011h

1012h

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
Peripheral File instructions, for example MOV #00h,P010.

PERIPHERAL FILE FRAME 1: SYSTEM CONFIGURATION AND CONTROL REGISTERS

BIT § BIT 4 BIT 3 BIT 2 BIT 1 BIT O

PF AUTO | 0SC FLT| MCPIN | MCPIN | —_ | wP/uC | scero
WAIT

SCCR1

Figure 4-1. System Configuration and Control Registers

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.

4.1.1 Privilege Mode

4-2

The TMS370 architecture allows you to configure the system and peripherals
by software to meet the requirements of a variety of applications. The Privilege
Mode of operation ensures the integrity of the system configuration 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 (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. The bits shown in the shaded part of Table
4-1 are discussed in later sections which cover the peripheral modules.
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Table 4-1. Privilege-Mode Configuration Bits

REGISTER BIT
SCCR1 MEMORY DISABLE
AUTOWAIT DISABLE
SCCR2 PRIVILEGE DISABLE
POWERDOWN/IDLE
HALT/STANDBY
INT NMI

0SC FLT DISABLE
OSC FLT RST ENA
TICLTT . [WDINPUT

« | WD.OVERFL TAP: sa_
SPIPRI 7 BP) PRIORITY
SCIPR “TSCITX PRIORITY
S SCI'RX-PRIORITY
TIPR - 1 PRIORITY. .

: |12 PRIORITY.
ADFRIT T zo BRIORITY 7

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 (WPQ) used for the EEPROM, has no effect on the privileged bits.

4.1.2 Oscillator Fault

The processor contains circuitry to monitor the oscillator operation and to
indicate whenever the oscillator runs outside the normal operating range. The
oscillator fault detection circuit will always trigger below 20 kHz and never
above 500 kHz.

Whenever this circuitry detects oscillator operation below the trigger level, the
circuit stops the processor. The oscillator monitoring circuit can also pull the
RESET pin low causing external devices to reset along with the processor.
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

If an application system uses peripherals or expansion memory with slower
access time than the TMS370 processor, wait states are required. In some
systems this involves complex additional circuitry, but the TMS370 series
provides for the automatic addition of wait states which can slow the
processor’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 peripheral
file so that these frames can be migrated off-chip. The AUTOWAIT 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
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AUTOWAIT DISABLE equals 0, the access takes 3 cycles. The reset 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. 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 13-1 summarizes the effects of the Wait State Control bits.

Table 4-2. Wait State Control Bits

Wait State No. of Clock Cycles
Control Bits per Access
PF Auto Autowait PF External
Wait Disable 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
forget to connect an unneeded WAIT line to Vcc.

4.1.4 Powerdown and Idle Modes

4-4

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 processor
has two types of powerdown modes, the Halt mode and the Standby mode.

The Standby mode stops the internal clock in every module except the Timer
1 module. The Timer 1 module continues to run and can bring the processor
out of the Standby mode.

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

Bits 6 and 7 of SCCR2 select the Halt, Standby, or Idle modes. 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 ldle mode depending on SCCR2.6 and
SCCR2.7. The powerdown and ldle mode selection bits are summarized in
Table 4-3
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Table 4-3. Powerdown/Ildle Control Bits

Powerdown Control Bits
Pwrdwn/ Halt/ Mode
Idle Standby Selected
(SCCR2.6) (SCCR2.7)
1 0 Standby
1 1 Halt
0 xt Idle
tdon'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:

® The CPU registers:

- PC

- Status

- Stack pointer

The contents of the RAM

The Digital output data registers

The Digital output ports remain active

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 in process will be invalid when a power-
down mode is entered.

The watchdog mode (described in Section 7) should be used with caution in
the powerdown modes since the watchdog stops counting in both power-
down modes. If the program executes an IDLE instruction without the inter-
rupts enabled (described in Section 4.1.4.1 and Section 4.1.4.2), then only a
reset can start 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 module
except the Timer 1 module. The Timer 1 module 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.

4-5



System Configuration

The processor can exit the Standby mode by one of the following four
methods. )

L Reset
® External Interrupt 1, 2, or 3 if enabled

] Low level on the RXD pin if, the SCI RX interrupt and receiver are ena-
bled (described in Section 9)

®  Timer 1 interrupt if enabled (described in Section 7)

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 (including Timer 1) 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.

L ] Reset
® External Interrupt 1, 2, or 3 if enabled

[ ] Low level on the RXD pin, if the SCI RX interrupt and receiver are ena-
bled

4.1.4.3 Oscillator Power Bit

4-6

The OSC POWER bit (SCCRO0.6) allows additional Stand-by 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. For power reduction specifi-
cations, see Tables 15-3 and 15-13.
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4.1.5 System Control Registers

Bit # -

P010

Each System Control register is summarized in the following charts with
definitions .

System Control and Configuration Register 0 (SCCRO0)
[Memory address - 1010h]

6 5 4 3 2 1 0

CcoLD
START

PF osc MODE MC
osc AUTO FLT PIN PIN uP/uC
POWER | waIT FLAG WPO DATA Mode

RC

Bit O -

Bit 1 -
Bit2 -

Bit 3 -

Bit4 -

Bit 5 -

RP-0 RW-0 RwW-t R-T R-T R-T

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

uP/uC 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.

Reserved. Read data is indeterminate.

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

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 writ-
ten to. Override voltage is nominally 12 volts.

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 triggers somewhere
within the range of 20 kHz to 500 kHz.

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 4-3.)

1 = Any access to the upper 4 frames of the peripheral file (address 10COh 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.
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Bit # -

PO11

Bit 6 - 0SC POWER.Oscillator Power.
This bit controls an oscillator power reduction feature. When this feature is in
effect, the oscillator drive current is reduced and the oscillator fault detection
circuitry is powered down. Current reduction is most useful in the Standby
mode. For power reduction specifications, see Tables 15-3 and 15-13.
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 O to this bit.
1 = Power-up reset has occurred since last writing a O 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 pro-
gram may take different actions depending upon the source of the reset.
Only writing a O to this bit can clear the COLD START flag.
System Control and Configuration Register 1 (SCCR1)
[Memory Address - 1011h]
7 6 5 4 3 2 1 0
--- |autowair| --- [MEMORY| ---
DISABLE DISABLE
RP-0 RP-t

R=Read, P=write only in privilege state, -n= Value after RESET (fsee bit description)

Bits 0,1,3,5,6,7 - Reserved. Read data is indeterminate.

Bit 2 -

Bit 4 -

MEMORY DISABLE.

This bit enables or disables the internal Program Memory (memory addresses
7000h=7FFFh). This bit does 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
locations. The EDS memory signal will not appear during access to
locations 4000h—-7FFFh.

1 = Disable internal Program Memory and make all memory accesses to these
locations access external memory. An operation on these locations gen-
erates an external memory bus cycle with the EDS memory signal validat-
ing the access. This bit disables the Program EEPROM control register,
PEECTL (described in Section 6.2 on page 6-9), if applicable.

AUTOWAIT DISABLE. Automatic Wait State Disable.
This bit, which is cleared at reset, 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 bit can occur only in the privilege state. If the Peripheral File
Autowait bit in SCCRO is set, external peripheral the AUTOWAIT DISABLE bit.
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Bit # -

P012

System Control and Configuration Register 2 (SCCR2)

[Memory Address - 1012h]

7 6 5 4 3 2 1 0
PWR- osc 0SsC PRIV-
HALT/ DWN/ | FLT RST BUS CPU FLT INT1 ILEGE
STANDBY| IDLE ENA STEST STEST | DISABLE NMI DISABLE
RP-0 RP-0 RP-0 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

Bit O - 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
Privilege Disable bit to disable the privilege mode and lock out any changes
to the privilege protected bits. Only a Reset can clear the Privilege Disable bit.
0 = System is not operating in the privilege mode.
1 = System is operating in the privilege mode.

Bit 1 - INT1 NMI. Interrupt 1, Non-Maskable interrupt.
This bit determines whether Interrupt 1 is maskable or non-maskable (NMI).
When Interrupt 1 is non-maskable, it is the second highest priority interrupt
(Reset is highest) and unaffected by the interrupt mask and level bits
(described in Section 5.1.2) The NMI mode disables the enable and priority
select bits of the Interrupt 1 control register. The program can change this bit
only in the privilege mode.
0 = Interrupt 1 is maskable.
1 = Interrupt 1 is non-maskable (NMI).

Bit 2 - OSC FLT DISABLE. Oscillator Fault Disable.
This bit controls circuitry which monitors the oscillator. If this circuitry is ena-
bled and the oscillator falls outside of the correct voitage and frequency range,
the processor enters an Oscillator Fault Halt. The oscillator fault circuitry will
trigger below 20 kHz and may trigger anywhere between 20 kHz and 500 kHz
500 kHz. The only exit from this halt state is a Reset. [f the Oscillator Fault
Reset Enable bit (SCCR2.5) is 1, entry to the Fault Halt triggers a system reset.
Changes to this bit can occur only in the privilege state.
0 = the oscillator fault circuitry is enabled.
1 = the oscillator fault circuitry is disabled; no attempt is made to halt or reset

the processor if the oscillator falls out of range.

Bit 3 - BUS STEST.
This bit must be cleared (0) to ensure proper operation.

Bits 4 - CPU STEST.
This bit must be cleared (0) to ensure proper operation.

Bit 5 - 0OSC FLT RST ENA. Oscillator Fault Reset Enable.

This bit determines whether or not a system reset is generated when an oscil-
lator fault is detected. Changes to this bit can occur only in the privilege mode.

0 = A Reset will not be generated if the oscillator falls below the correct
operating range. (The monitor circuit also depends upon the Oscillator
Fault Disable bit.)

1 = A Reset is generated whenever the oscillator frequency falls below the
correct operating range if SCCR2.2 is cleared.
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Bit 6 -

Bit7 -

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 a idle mode when the program executes an IDLE
instruction. The processor waits at the IDLE instruction until any enabled
interrupt occurs. The processor then enters the interrupt routine and
returns to the instruction after the Idle instruction. The idle is not a low-
power mode. :

1 = 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, other-
wise 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 privi-
lege 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 ciock to the Timer 1 continues to
run and the timer can generate an interrupt to bring the processor out of
the Standby mode.

1 = When an IDLE instruction is executed, the processor will enter the Halt
mode which stops the internal oscillator and suspends the system and
peripheral operations. This mode provides the lowest power consumption.
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4.2 Digital I/0 Configuration

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

PF
20
21
22
23
24
25
26
27
28
29

28
2C
2D
2E
2F

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 purpose
input and/or output, or a special function pin. Some of these pins are associ-
ated with the functions of the peripheral modules.

On TMS370Cx50 devices, 32 of a possible 55 |/0 pins are dedicated to Ports
A, B, C and D; each port has 8 pins each.

On TMS370Cx10 devices, 13 of a possible 22 1/0 pins are dedicated to Ports
A and D. Port A contains 8 pins and Port D contains 5 pins.

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 4-2.

PERIPHERAL FILE FRAME 2: DIGITAL PORT CONTROL REGISTERS

Br7 | Bre | BTs | BT4 [ BT3 | BT2 [ BT1 | BTO
RESERVED APORTA
PORT A CONTROL REGISTER 2 APORT2
PORT A DATA ADATA
PORT A DIRECTION ADIR
RESERVED BPORTA
PORT B CONTROL REGISTER 2 BPORT2
PORT B DATA BDATA
PORT B DIRECTION BDIR
RESERVED CPORTH
PORT C CONTROL REGISTER 2 CPORT2
PORT C DATA CDATA
PORT C DIRECTION CDIR
PORT D CONTROL REGISTER 1 DPORTY
PORT D CONTROL REGISTER 2 DPORT2
PORT D DATA DDATA
PORT D DIRECTION DDIR

Figure 4-2. Digital Port Control Registers
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Each port has four control registers associated with it. They are:

®  Port X Control Register 1 (XPORT1)

® Port X Control Register 2 (XPORT2)

® Port X Data (XDATA)

® Port X Direction (XDIR)

The same bit position of each of these register affects the corresponding bit

in the port. For example, Bit O of registers DPORT1, DPORT2, DDATA and
DDIR control Port D, bit 0. This is illustrated in Figure 4-3.

PORT X

'----T ‘T ,f f ? } f T PORT D CONTROL

[ T T
l BIT 7—l BIT ;l BITS | BIT 4 | BIT ;[ BIT 2 l BIT 1T BIT 0 ] REGISTER 1
(DPORT1 ONLY)

AL I U LI LI LI AN -0
L A —L —L T T T [ —[ ‘ PORT D DATA (DDATA)
l L L | | I | j | PORT D DIRECTION (DDIR)

Figure 4-3. Port Control Register Operation

Bits from the XPORT1 and XPORT2 registers determine the function of the
corresponding port pin, either a I/0, data, address, or control signal depending
on the port. The same bit from the XDIR register determines the direction
(input or output) if the pin has been defined as a [/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 |/0 pin.

Figure 4-4 shows the function that each pin can serve depending on which
port contains the pin. Definitions of the memory expansion signals of Function
A and Function B follow the figure.
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FUNCTION
FUNCTION B
INPUT OUTPUT A (4P MODE)
XPORT1 = 0| XPORT1 = 0! xPORT1 = 0| XPORT1 = 11
XPORT2 = 0 | XPORT2 = 0 | XPORT2 = 1 | XPORT2 = 1
XDATA =y | XDATA =q| XDATA =x | XDATA =x
ORT _PIN XDIR = 0 XDIR = 1 XDIR = x XDIR = x
A____0-7 | DATAINY |DATA OUT q| DATA BUS | RESERVED
B___0-7 | DATAINy |DATA OUT q| LOW ADDR | RESERVED
C___0-7 | DATAINY |DATA OUT q| H ADDR RESERVED
D 0 | DATAINY |DATAOUT q CSE2 OCF
D 1 | DATAINY |DATA OUT q CSH3
D 2 | DATAINY |DATA OUT q CSH2
D 3 | DATAINY |DATAOUT q| CLkoUT CLKOUT
D 4 | DATAINY |[DATAOUT q R/W RIW
D 5 | DATAINY |DATAOUT q CSPF
D 6 | DATAINY |DATA OUT q CSH1 EDS
D 7 | DATAINY |DATAOUT g CSE WAIT
XPORT1 = 1
XEORT2 29 & NOT DEFINED
XDIR = x

TDPORT ONLY

Figure 4-4. Port Configuration Registers Set-Up

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.

CSH1 - 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 (locations
8000h-FFFFh). Used to select banks of memory. Setting this pin to

a high-level general-purpose output disables the bank.

CSH2 - 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 (locations
8000h-FFFFh). Used to select a second bank of memory. Setting

this pin to a high-level general-purpose output disables the bank.

CSH3 - 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 (locations
8000h-FFFFh). Used to select a third bank of memory. Setting this

pin to a high-level general-purpose output disables the bank.

CSE1 - Chip Select Eighth 1: This signal has the same timing as EDS but it
only goes active during accesses to an eighth of memory (locations
2000h-3FFFh). Used to select banks of memory. Setting this pin to

a high-level general-purpose output disables the bank.
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CSE2 -

Chip Select Eighth 2: This signal has the same timing as EDS 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.

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

CLKOUT - Clock Output: Outputs one quarter of the crystal or external oscil-

lator frequency. Used to synchronize external peripherals.

Read or Write operation: Goes high at the beginning of read oper-
ations and low during write operations.

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

Opcode Fetch: Goes low at the beginning of a memory read opera-
tion that fetches the first byte of an instruction. It then resumes its
high level at the end to the Opcode fetch cycle.

The Pre-decoded chip selects allow the TMS370 to access external addresses
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 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 kilo-
bytes of memory in the three different areas. With bank selection, the proces-
sor 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 O 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 1/0 input. In Port D, bit 7 is the chip select
signal to access 2000h to 3FFFh; and bit 4 is used for external memory control signal R/W.
The remaining bits of Port D are used as 1/0O output.

BIT 7]BIT 6[BIT 5[BIT 4[BIT 3[BIT 2[BT 1[BIT 0
T 1 ] T T T T

PORT
A |¢———————— DATABUS ———
1 L 1 Il L L 1

T T T T T T T

B [«— ADDRESS BUS

! ) 1 1 1 1 |

T T T T T T
<«— ADDRESS

o] /0 IN BUS . ——

T T T T

D SE1 [=-1/0 OUT»| R/W [&——1/0 OUT ——

PORT A CONTROL REGISTERS

1021h 1 1 1 1 1 1 1 1 MOV #0FFh, P0O21
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 MOV #OFFh, PO25
1026h X X X X

1
X
1027h X X X X X X X X
PORT C CONTROL REGISTERS
1028h 0 o] 0 0 0 1 1 1 MOV #007h, PO29 -
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, P0O2C
102Dh 1 0 0 1 0 0 0 0 MOV #090h, PO2D
102Eh X q q X q q q q
102Fh X 1 1 X 1 1 1 1 MOV #OFFh, PO2E

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 determine the bits needed to set the
registers, use Figure 4-4. For example, to set Port A as the data bus, find Port A in the left
hand column of Figure 4-4. 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
Section 12 for more information on peripheral file instructions). '
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4.2.1 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 control
bits to change the function of the port pins to one of four functions: General
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 direction
register. This prevents unknown data on the pin from interfering with the
external circuitry.

4.2.2 Microprocessor Mode

4-16

Initializing the TMS370Cx50 to the microprocessor mode forces Ports A,B,C
and D to Function B as shown in Figure 4-4. Port A is the data bus, Port B
is the low-order-address bus and Port C is the high-order-address bus in this
mode. The TMS370Cx10 is not defined for operation in the memory expan-
sion modes so the device must be powered up in the Microcomputer mode.

When operating in the microprocessor mode, any access to the Port peripheral
frame, 1020-102F, is decoded as external address. Memory accesses to this
frame can control external hardware which emulates the digital 1/0 functions.
Write operations to this frame still update the internal registers which is useful
when operating in microcomputer mode with internal memory disabled.

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 1/0 operations.

Figure 4-5 shows an example of the TMS370C850 interfaced to 112 kilobytes
of external memory. 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.
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Vee
10 k0
L (ALL)
RIW
TSE2
TSET
TSPF
TsA3
tshz
CSAT u2 L u3 L usa us ue 7|
= E 3 E E WE WE
Cs1 ver] 51
G[9G G cc
[ [] Ccs2i4—cs2
Vss Vss o || OF
AQ AQ AQ A D A O]y. | avo
ADDRESS 0-14 [ 15 ° o : J| )t 1
DATA 07 |82
MC ——
Vss U1 — TMS370C850 8-BIT MICROPROCESSOR
U2, U3, U4 — TMS370C850 32K x 8 EEPROM

U5 — UNSPECIFIED 64 BYTE MEMORY
U6, U7 — HM6264-15 8K x 8 RAM

Figure 4-5. System Interface Example
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5. Interrupts and System Reset
This section covers the following topics:

Section
5.1 INTEITUPLS <.ttt ae e s st st a e saaen s saan
Interrupt Operation ...

External Interrupts
Interrupt Control Registers
Muitiple Interrupt Servicing
RESEES ..ttt sae st et a e e e e nneeean

oo,
N=—
PWN -
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5.1 Interrupts

The TMS370 programmable interrupt structure allows flexible on-chip and
external interrupt configurations to meet real-time interrupt-driven application
requirements.

Whenever an internal or external circuit requests an enabled interrupt, the
processor finishes the current instruction and then fetches, from the Interrupt
Table, the address of the appropriate interrupt service routine. The processor
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.

5.1.1 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 than interrupt level
2. The two priority levels can be independently masked by clearing the global
interrupt enable bits (IE1 and |E2) of the Status Register (described in Section
3.2.2 on page 3-4).

During system initialization, the application program can assign each system
interrupt independently 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 2 interrupts. Within each level, the processor services the highest
priority interrupts first. The hardware priorities are shown in Table 5-1.
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TIMER 1
OVERFLOW —o-
P 1 |COMPARE —o-%
! scl i [EXT EDGE —o-% EXT INT 1 cPU
i RX ™ i |COMPARE —o-G
' i {IN CAPTURE —o-% NON
INTH -
i BRKDT ! > i MASKABLE
| RXRDY © o S~ XRDY |, WATCHDOG INTERRUPT
! TXPRI H
E o BRI DN — o PRIORITY
it | oRXxRDY  o—p | |! —T1 PRI 9 INT1 PRI Loaic
: s
w8 i E1
5 < : b LEVEL 1 INT
3 ] E2, & LEVEL 2 INT
58 i :

Figure 5-1. Interrupt Control

TMS370Cx50 devices have ten hardware system interrupts as shown in Table
5-1. TMS370Cx10 devices have the first six interrupts shown non-shaded in
this table. Each system interrupt has a dedicated interrupt vector located near
the end of program memory (locations 7FECh-7FFFh) which contains the
address of the interrupt service routine. A system interrupt may have multiple
interrupt sources (for example, SCI RX has two interrupt sources).

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 an interrupt if 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
interrupt service routine.

Interrupts are sampled and arbitrated by the CPU during every opcode fetch.
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 discarded
instruction. Thus, at the completion of the interrupt service routine, the dis-
carded instruction is fetched again. The context switch routine proceeds 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.

2) Set the ST to 00h (disables further interrupt recognition).

3) Obtain the identity of the interrupting peripheral.

4) Rewind the Program Counter to point to the aborted opcode.

5) Increment SP and store the original PC high byte at the location pointed
to by the SP.
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5-4

6)
7)
8)
9)

Get address (high byte) of interrupt service routine and store it in the
PC high byte (PCH).

Increment SP and store the original PC (low byte) at the Iocation
pointed to by SP.

Get the interrupt-service-routine address (Iow byte) and store it in the
PC low byte (PCL).

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 routine.
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.

Table 5-1. Hardware System Interrupts
System Vector

Interrupt Source Interrupt Flag Interrupt Address Priority ¢
External RESET COLD START RESETT 7FFEh, 7FFFh 1
Watchdog Overflow WD OVRFL INT FLAG
Osclllator Fault Detact OSC FLT FLAG
External INT1 INT1 FLAG INT1T 7FFCh, T7FFDh 2
External INT2 INT2 FLAG INT21 TFFAh, 7FFBh 3
External INT3 INT3 FLAG INT3T 7FF8h, 7FF8h 4
SPI RX/TX Complete SPI INT FLAG SPIINT 7FF6h, 7FF7h 5
Timer 1 Overflow T1 OVRFL INT FLAG TINT¥ 7FF4h, TFF5h [
Timer 1 Compare 1 TiC1 INT FLAG
Timer 1 Compare 2 TIC2 INT FLAG
Timer 1 External Edge TIEDGE INT FLAG
Timer 1 Input Capture T11C INT FLAG
Watchdog Overﬂo WD OVRFL INT FLAG

Y a ¥ A

fReleases microcontroller from STANDBY and HALT low-power modes.
Releases microcontroller from STANDBY low-power mode.
$Relative priority within an Interrupt level.




Interrupts

5.1.2 External Interrupts

ADDRESS PF

1017h  PO17

1018h PO18

1018h PO18

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 config-
uration of the external interrupts. Figure 5-2 shows these registers.

PERIPHERAL FILE FRAME 1: EXTERNAL INTERRUPT CONTROL REGISTERS

BT7 | BB | BTS5 | BT4 | BT3 | BT2 | BI1 BT O
INT1 INT1 L . — INT1 INT1 INT! | T
FLAG |PIN DATA POLARITY| PRIORITY | ENABLE
INT2 INT2 . INT2 INT2 INT2 INT2 INT2 | 7o
FLAG |PIN DATA DATA DIR|DATA OUT| POLARITY| PRIORITY | ENABLE
INT3 INT3 o INT3 INT3 INT3 INT3 INT3 | T3
FLAG |PIN DATA DATA DIR |DATA OUT|POLARITY| PRIORITY | ENABLE

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

Software can configure each externa! interrupt individually, through the inter-
rupt 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 non-
privileged operation and should be configured during the initialization
sequence following reset (see INT1 NMI bit description on page 4-9).

The application program must configure the following bits for each interrupt
to function correctly. The INT PRIORITY bit configures the interrupt as either
a level 1 or a level 2 interrupt. The INT POLARITY bit selects the trigger as
either a falling edge or a rising edge. The INT ENABLE bit allows the request
to be transmitted to the CPU if either the |E1 or IE2 enable bit, whichever is
appropriate, is enabled.

The INT FLAG indicates that the selected edge (rising or falling) has occurred.
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 interrupt.

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.
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5-6

On interrupts 2 and 3, the INT DATA DIR determines if the pin functions as a
general purpose output or as an input/interrupt pin. If you select the general
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.

P017.6 . NMi
PIN WAKE-UP
DATA CIRCUITRY

VO

1 P0O12.1
' , 1= RISING oleo [ nw
o E T o |ENABLE
x
INT 1 10 = FALLING PO17.0 :

INPUT | CLR @
' ST
1P017.2 ENABLE :
1
POLARITY : P B 7 LEVEL 2 INT REQ
——o{o——o?”o A LEVEL 1 INT REQ
WRITE READ ! !
INT FLAG %Réfgé? E1 ST
FO17.7 PO17.1
o1 | \STATUS REGISTER
OTHER LEVEL 2 INTERRUPTS GLOBAL INTERRUPT
ENABLE BITS

OTHER LEVEL 1 INTERRUPTS

Figure 5-3. Interrupt 1 Block Diagram
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P018.6 P018.3
F019.6 P018.3 OTHER LEVEL 2 INTERRUPTS—
DATA
NN ouT OTHER LEVEL 1 INTERRUPTS—
DATA WAKE-UP
P018.0 CIRCUITRY
1, P019.0 @sr
Fo——o— 0 1—b ENABLE S
INT ‘ . i A LEVEL 2 INT REG
PIN 5 iIZRIBNG | :x:(o———o—%/:_‘ , :20 "] LEVEL 1INT REG
DATA [- i CLR : .
DIR 0= FALLING 9" PRIORITY sr
PO18.4
PO19.4 POLARITY WRITE READ PO18.1  STATUS REGISTER GLOBAL
PO18.2 INT FLAG P019.1 INTERRUPT ENABLE BITS
PO19.2
P018.7
PO19.7

Figure 5-4. Interrupts 2 and 3 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
P017 INT1 Pin —-- --- --- INT1 INT1 INT1
FLAG DATA POLARITY|PRIORITY| ENABLE

RC-0 R-0 RW-0 RW-0 RW-0
R=Read, W=Write, C=Clear only, -n= Value after RESET ’

Bit O - INT1 ENABLE. Interrupt 1 Enable..
This bit enables the interrupts for the INT1 pin.

1 = Enable INT1 interrupts.
0 = Disables INT1 interrupts.

Bit 1 - INTT PRIORITY. Interrupt 1 priority.
This bit determines interrupt level of the INT1 pin; either a high, level-1 inter-
rupt or a low, level-2 interrupt.

1 = Level 2 interru.pt (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 a rising edge (low-to-high transition)
0 = Triggers on a falling edge (high-to-low transition)

Bits 3,4,6- 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|y) 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 inter-
rupt can occur as iong as this bit remains set, thus the application program
must clear this bit during the interrupt handling routine. This bit is not affected
by the Interrupt 1 Enable bit.
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Interrupt 2 Control Register (INT2)
[Memory Address - 1018h]

Bit # - 7 6 5 4 3 2 1 0
INT2 INT2 INT2
P0O18 INT2 PIN .- DATA DATA INT2 INT2 INT2
FLAG DATA DIR OUT |POLARITY|PRIORITY| ENABLE
RC-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0

R=Read, W=Write, C=Clear only, -n= Value after RESET

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

1 = Enable INT2 interrupts.

0 = Disables INT2 interrupts. E

Bit 1 - INT2 PRIORITY. Interrupt 2 Priority.
This bit determines the interrupt level of the INT2 pin; either a high, level-1
interrupt or a low, level-2 interrupt.

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

Bit 2 - 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.

Bit 5 - 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)y) at the INT2 pin.
0 = Low-level input voltage (V) at the INT2 pin.

Bit 7 - INT2 FLAG. Interrupt 2 Flag.
This bit indicates that the selected transition on INT2 has occurred. An inter-
rupt can occur as long as this bit remains set, thus the program must clear this
bit during the interrupt handling routine. This bit is not affected by the INT2
ENABLE bit.
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Bit # - 7

Interrupt 3 Control Register (INT3)
[Memory Address - 1019h]

6 5 4 3 2 1 0

P019 INT3
FLAG

INT3 INT3 INT3
PIN --- DATA DATA INT3 INT3 INT3
DATA DIR OUT |POLARITY|PRIORITY| ENABLE

RC-0

Bit O -

Bit1 -

Bit 2 -

Bit 3 -

Bit 4 -

Bit5 -
Bit 6 -

Bit 7 -

R-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, C=Clear only, -n= Value after RESET

INT3 ENABLE. interrupt 3 Enable.
This bit enables the interrupts for the INT3 pin.

1 = Enable INT3 interrupts.
0 = Disables INT3 interrupts.

INT3 PRIORITY. Interrupt 3 priority.
This bit determines the interrupt level of the INT1 pin; either a high, level-1
interrupt or a low, level-2 interrupt.

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

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).

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.

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 pin is an input/interrupt pin.

Reserved. Read data is indeterminate.

INT3 PIN DATA. Interrupt 3 Pin Data.
This bit displays the current condition of the INT3 pin.

1 = High-level input voltage (V;y) at the INT3 pin.
0 = Low-level input voltage (V) at the INT3 pin.

INT3 FLAG. Interrupt 3 Flag.

This bit indicates that the selected transition on INT3 has occurred An inter-
rupt can occur as long as this bit remains set, thus the program must clear this
bit during the interrupt handling routine. This bit is not affected by the Inter-
rupt 3 Enable bit.
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5.1.4 Multiple Interrupt Servicing

When servicing an interrupt, the processor automatically clears the global
interrupt enable bits |E1 and |E2. This prevents all other interrupts from being
recognized during the execution of the interrupt service routine. Once the
service routine is completed by executing the RTI (Return from Interrupt)
instruction, the old Status Register contents are popped from the stack. This
returns the IE1 and |E2 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 ser-
vice routine execution. When a nested interrupt service routine completes, it
returns to the previous interrupt service routine when the RTI instruction exe-

‘cutes. 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, 7-17), or a
programmable oscillator fault failure (described in Section 4.1.2, 4-3). After
the occurrence of a reset, the program can interrogate the status bits (shown
in Table 5-2) to determine the source of the reset in order to take appropriate
action. [f none of the sources, indicated in Table 5-2, caused the interrupt
then the RESET pin was pulled low by external hardware.

Table 5-2. Reset Sources

Register | Address | PF | Bit # Control Bit Source of Reset
SCCRO 1010h |PO10 7 COLD START Determines Cold or Warm start reset.
SCCRO 1010h [PO10 4 OSC FLT FLAG Indicates oscillator out of range.
T1CTL2 104Ah |PO4A 5 WD OVRFL INT FLAG Indicates watchdog timer timeout.

5-12

The RESET pin starts the hardware initialization and ensures an orderly soft-
ware startup. The RESET pin is an input/output pin. A low level pulse initiates
the reset sequence. The microcontroller is held in reset until the RESET pin
goes inactive (high). If the reset input signal remains low for less than eight
system clock cycles, the processor holds the external RESET pin low for eight
system clock cycles to reset external system components.

Note:

TMS370 family members with on-chip EEPROM require external RESET
control during power transitions. The external RESET pin must be active
(low) while V¢ is below its minimum specified operating level, thereby
ensuring the integrity of EEPROM contents. An active RESET prevents
the EEPROM contents from being corrupted by improper instruction exe-
cution due to insufficient Voo supply voltage and ensures that the
EEPROM write control registers (DEECTL, PEECTL) power up in the
correct state when V¢ returns to its specified operating range.

An application must activate the RESET pin at powerup, with an external input
or a RC power-up reset circuit. Recall that the basic operating mode, micro-
computer 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.
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The sequence of events during reset is as follows:

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

2) Initialize registers A and B to O0Oh (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.

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 com-
ponents in the system.

During a reset, RAM contents (except for Register A and Register B) are
unchanged and the majority of the peripheral file bits are set to 0 with the
exception of the bits shown Table 5-3.

Table 5-3. Control-Bit States Following Reset

Powerup Warm Reset
Micro- Micro- Micro-
Register Control Bit computer computer processor
SCCRO HP/uC Mode 0 0 1
MC PIN DATA 0 0 1
COLD START 1 t t
OSC FLT FLAG 0 t t
PORT1# all 8 bits 0 0 1
PORT2¢ all 8 bits 0 0 1
T1CTL2 WD OVRFL FLAG 0 t t
TXCTL TX EMPTY 1 1 1
TXRDY 1 1 1
ADSTAT AD READY 1 1 1

tStatus bit corresponding to the active reset source is set, else no effect.

tRefers to Port Control Registers A, B, C, and D.
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Figure 5-5. Typical Reset Circuit









6. EEPROM Modules

This section discusses the architecture and programming of the Data EEPROM
modules on all TMS370 devices and the Program EEPROM module on
TMS370C8x0 devices. Additional information about the EEPROM modules is
included in Section 13, Design Aids and Section 15, Electrical Specifications.

This section covers the following topics:

Section
6.1 Data EEPROM Module .....ccocveevrrieennee.
1.1 Control Registers ......ccccomveneeieenerccreenennne
.1.1.1 Write Protection Register (WPR)

.1.1.2 Data EEPROM Control Register (DEECTL)

1.2 Programming the Data EEPROM ...
1.3  Write Protection Register Operation ........cccccoeveeecsiecrrnreerinnennenn.
2 Program EEPROM Module .......ccoecerviinirciecenrciee e
2.
2.
2.

Program EEPROM Control Register (PEECTL) ..coevvrieiivcvcecens 6-10
Programming the Program EEPROM .....ccoooiiciiiiieircceceee 6-11
Write Protection of Program EEPROM .......coceeviinccieieecre 6-12
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6.1 Data EEPROM Module

The TMS370 Data EEPROM module is a 256-byte array configured into eight
32-byte blocks at addresses, 1FOOh-1FFFh. This module also contains a volt-
age generator which provides a special precise 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 V¢c
voltage source. Each EEPROM module contains a voltage generator so a rou-
tine can simultaneously program a byte of Data EEPROM and a byte of Pro-
gram 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 in-
structions from the EEPROM arrays. The Data EEPROM module can be pro-
grammed on either a byte or single-bit basis. The memory can also be
protected from inadvertent writing with a write-protect feature.

The Data EEPROM is controlled by the DEECTL register and the Write Protect
Register (WPR). The Data EEPROM control register (DEECTL) contains the
bits needed to initiate and monitor EEPROM programming. The Write Pro-
tection Register (WPR) contains the write protection bits for each 32-byte
block of Data EEPROM.

6.1.1 Control Registers

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

6.1.1.1 Write Protection Register (WPR)

The WPR register provides write protection for Data EEPROM contents. The
WPR is located in BLKO of the Data EEPROM at address 1F00h; therefore, the
WPR itself is write protected whenever BLKO is protected.

There are eight blocks of equal size in the Data EEPROM array. Each bit in the
WPR corresponds to one of the blocks. Programming a bit in this register to
a 1 protects the corresponding block. Figure 6-1 shows the block protected
by each bit.

Once block O is protected, the write-protection configuration can not be
altered unless write protection is overridden by placing the microcomputer into
the Write Protection Override mode (12 volts on the MC pin). There is no
write protection during a Write Protection Override, and the WPR is consid-
ered a normal data location within the Data EEPROM array during this time.
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Write Protection Register (WPR)
[Memory Address - 1F00h]

MSB LSB

1FOOh | WRITE PROTECT REGISTER | ____ \ BLK7 | BLKS | BLKS | BLK4 | BLK3 | BLK2| BLK1 | BLKO
BLKO -
1F20h WRITE PROTECT REGISTER
BLK1
1F40h 0 = NORMAL WRITE ACCESS
BLK2 1 = WRITE PROTECT BLOCK
1F60h
BLK3
1F80h
BLK4
1FAOh
BLKS
1FCOh
BLKE
1FEOh
BLK7
1FFFh

Figure 6-1. Write Protection Bits
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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 W1iwo EXE
R-1 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET (1-see Bit 7 description)

Bit O- 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 application program reads a Data EEPROM location while the EXE bit is
set, the processor 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.

Bit 1- W1WO. Write1/WriteO.
This bit determines whether the Ones or Zeroes programming mode is to be
used (see Section 6.1.2, page 6-4). 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 W1W0
bit in a single programming cycle (refer to Section 15 for timing). Blocks
protected in the WPR register are not programmed. This bit is write protected
whenever the EXE bit is set.

If BLKO is unprotected and W1WO 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.

Bit 7 - BUSY.

This bit is 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 sta-
bilize, the BUSY bit is set for 128 cycles:

1) after a reset,

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.
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6.1.2 Programming the Data EEPROM

The procedure for programming the Data EEPROM is controlled by the
DEECTL (PO1A) and the WPR (1FOOh) registers. Individual bits are pro-
grammed to a 1 or 0 under the control of the W1WO bit and the EXE bit in the
DEECTL register. When the W1WO bit is set, bit positions set to 1 in the data
byte are programmed to 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 O in the EEPROM byte; ones are not changed. The EXE bit initiates
EEPROM programming when set and disables programming when cleared.
The WPR (1F00h) register 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 u
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 WIWO0=0) to the DEECTL register to set the W1WO
and EXE bits. The W1WO and the EXE bits must remain unchanged for the
duration of the EEPROM timing parameter of ty(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 WIWO0=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 W1WO0=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 a data 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
zeros followed by write ones). Figure 6-2 illustrates these operations. In the
programming operations, only the EEPROM bits that do not match the data
bits are programmed. Therefore, there is no need to read the EEPROM value
to, determine what bits to program.
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DATA BYTE (5A) [ o] 1]o] 1] 1]o[1]0]

. . \ / /
WRITE ONES (WiW0 = 1) < EEPROM BYTE (1F60h) [X]X]X[X]X]X[x]X]

RESULT (LoGICAL oR) [x[1]x]1]1]x]1]x]

DATA BYTE (5A) [ o] 1]o] 1] 1]o]1]0]

WRITE ZEROS (WIWO = 0) EEPROM BYTE (1F6oh) [X[1[x[1]1]x]1]x]

RESULT (LOGICAL AND) [o]1]o[1][1]o]1]0]

Figure 6-2. EEPROM Programming Example

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 pro-
grammed is indeterminate.
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Example 6-1. Data EEPROM Programming Example

The following subroutine loads the data byte 5A into the Data EEPROM
location 1F60h. Figure 6-2 illustrates the result of this subroutine.

(a) DATA MoV #5Ah,A ;Write 5A to location 1F60h
MOV A,1F60h

(b) MOV #03,P01A ;Write Ones: W1WO=1, EXE=1

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

(d) DELAY1 INCW #-1,R017 ; Decrement RO17

(e) Jc DELAY1 ; Jump to DELAY1 if RO17>0

(£) MOV #0,P01A ;Clear DEECTL. EXE=0

(g) MOV #01,P01A ;Write zeros: W1W0=0 EXE=1

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

(i) DELAY2 INCW #-1,R017 ; Decrement RO17

(3) Jc DELAY?2 ; Jump to DELAY2 if RO17>0

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

Load the value BA into the Data EEPROM address 1F60h (a). Begin a Write
Ones programming sequence by (b) setting the W1WO and EXE bits in the
DEECTL register to a 1. The programming delay parameter tyy(PGM)B
(10 ms for this example - see Section 15 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:

1) Delay loop (d,e) requires 18 cycles to complete if a jump is taken.

2)  An operating frequency of 20 MHz results in a system cycle time of
200 ns.

3) The number of loops required is calculated as follows:

loop count = tyw(PGM)B / (system cycle time X delay loop cycie count)
loop count =10ms / (200 ns X18) =10 ms / 3.6 ys = 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
(g through 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 programming
returns the data being programmed. In order to let the EEPROM voltages sta-
bilize, the BUSY bit remains set for 128 cycles:

o after a reset,
° 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, page 6-3.
Each block has a representative bit in the WPR. The blocks to be protected
have their corresponding bit set in the WPR. Block zero contains the WPR.
Therefore, 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. See Section 13 for more examples of pro-
gramming the EEPROM module.

MoV #05,A ;Protect bits for BLKO and BLK2

MOV A,1F00Oh ;Set DEECTL to program 1l's
MOV #3,P01A ;Set W1WO0 and EXE bits

MOVW #2778,R011 ;10 ms delay loop
DELAY INCW #-1,RO11
Jc DELAY
MOV #0,P01A ;Clear WIWO and EXE bits
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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 4- kllobyte program ROM
within the TMS370C850 and TMS370C810 for systems in prototype or 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 (PO1C).

The CPU accesses the array with normal memory read cycles. Write cycles to

the Program EEPROM require a special sequence of events. This sequence is

similar as that for the Data EEPROM, except that the PEECTL register (PO1C)

is used for control and there is no Write Protection Register for the Program n
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 write 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
PO1C BUSY - - - - AP wWiwo EXE
R-1 RW-0 RW-0 RW-0

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

Bit O- 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.

Bit 1- 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.

Bit 2- AP. Array Program.
Set this bit to program the entire array with the value specified by the W1W0
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.

Bit7 - 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 a reset,
2) after an exit from a power-down state, or
3) 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
signal until 128 cycles complete.

0 = 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.

° The PEECTL register (address PO1C in the peripheral file) controls the
Program EEPROM.

® There is no write-protection register. The Program EEPROM is write
protected at all times unless the TMS370 device is in the Write Pro-
tection Override mode.

The programming sequence is:
1)  External hardware puts 12 volts on the MC pin to enter the WPO mode.
2)  Write a data byte to the desired address in the Program EEPROM.

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

4)  Wait for the programming delay time, tyw(PGM)B (see Section 15,
Device 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
microprocessor 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 pro-
grammed to the entire Program EEPROM. When W1WO0=1, alf ones are pro-
grammed 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 in the HALT or STANDBY low-power mode, all oper-
ations 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 halt is
entered, is aborted. The data at the address being programmed is indetermi-
nate. .
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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 pin is a logic 1. When the device is in the WPO mode,
all Program and Data EEPROM memory can be overwritten.
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7. Timer 1 Module

This section discusses the architecture and programming of the Timer 1 mod-
ule on all TMS370 devices.

This section covers the following topics:

Section
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7.1.3 Operating Modes Overview

7.2 Timer 1 - 16-Bit, General Purpose Timer

7.2.1  General-Purpose-Timer Operating Modes

7.2.2 Clock Prescaler/External Clock Source ......cccceeevvecennnns

7.2.3 Edge Detection ........ccccooemiiiiinvinecneseecrnsnsses e

7.2.4 General Purpose Counter

7.2.5 Compare REQISTEr ....ccccccvuiiriereiimiireecieeereeseessnsesteseraeeeeeeanes
7.2.6 Capture/Compare RegiSter .......ccccvvvieccmninienienercriereceeens
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7.3 Watchdog TiMEr ....ceveceiiiiecieeerrieeie e sies e rme e e

7.3.1  Watchdog COUNLEr ....cocevieerieceicereeercrceeee e

7.3.2 Power-up RESET ...ooiiiiere et
7.3.3  Reset FIEQUENCY ...cccvririeciicecteie e

7.3.4  Overflow FIag ....ccooeeceeireieeteceeee et r e anens

7.4 Low-Power Modes .....ccccecieiiiienienceeenrecree e
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7.5.1 Timer 1 Counter Control Register 1

7.5.2 Timer 1 Counter Control Register 2

7.5.3 Timer 1 Counter Control Register 3

7.5.4 Timer 1 Counter Control Register 4

7.5.5 Timer 1 Port Control Registers

7.5.5.1 Timer 1 Port Control Register 1

7.5.5.2 Timer 1 Port Control Register 2

7.5.6 Timer 1 Interrupt Priority Control Register
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7.1 Timer 1 Overview

The Timer 1 module of the TMS370 family provides enhanced timer resources
to perform real-time system control. The Timer 1 Overview contains the fol-
lowing 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.

7.1.1 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
(input 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 Output Function
Control
System Integrity Watchdog Function
FEATURES

® 16-bit General Purpose Counter

—  16-bit Compare Register

-  16-bit Capture/Compare Register

- External Clock Source / Event Counter / Pulse Accumulator
- Internal or External Counter Reset

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

Programmable Interrupts

Three 1/0 Pins

Watchdog Timer



Timer 1 Overview

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.

® The event function keeps a cumulative total of the transitions on the
T1EVT 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:
[ capture,

L ] compare equal,

® counter overflow, or
® external edge detect.

1/0 Pins

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

® TIEVT
® T1IC/CR
¢ T1PWM

When these pins are dedicated to the timer module, T1EVT is an input to the
event counter or the external clock source; T11C/CR is an input to the input
capture, counter reset, or PWM circuit;, and T1PWM is the Pulse Width Mod-
ulation output. '

7-3
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16-BIT

™ IC/glﬁ CAP??-{E%OMP

16-8IT
COUNTER > PN

pIN 2 PRESCALE

Figure 7-1. Timer 1 Block Diagram

Table 7-1. Timer 1 1/0 Pin Definitions

THICY/CR COUNTER RESET INPUT INPUT CAPTURE 1 INPUT

TIPWM PWM OUTPUT ) PWM OUTPUT

TAEVT EXTERNAL EVENT INPUT OR EXTERNAL EVENT INPUT OR
PULSE ACCUMULATE INPUT PULSE ACCUMULATE INPUT

Note: pins may be used as general purpose 1/0 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.

© 6 00

Timer 1 control registers (shown in Table 7-2 and described further in
Section 7.5) are located at addresses PO40 (1040h) to PO4F (104Fh) in the
Peripheral 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
P041 Counter - LSB
P042 T1C Compare Register - MSB
P043 Compare Register - LSB
P044 T1CC Capture/Compare Register - MSB
P045 Capture/Compare Register - LSB
P046 WDCNTR Watchdog Counter - MSB
P047 . Watchdog Counter - LSB
P048 WDRST Watchdog Reset Key
P049 T1CTL Timer 1 Control Register 1
PO4A T1CTL2 Timer 1 Control Register 2
P04B T1CTL3 Timer 1 Control Register 3
Po4C T1CTL4 Timer 1 Control Register 4
P0O4D T1PC1 Timer 1 Pin Control 1
PO4E T1PC2 Timer 1 Pin Control 2
PO4F T1PRI Timer 1 Priority

7-5
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7.1.3 Operating Modes Overview

7-6

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
configured to toggle on selected events.

Capture/Compare Mode

The counter is configured to provide one input capture register and one com-
pare register for use with the general purpose timer. The compare register may
be used to provide periodic interrupts to the TMS370 CPU. The capture reg-
ister may be configured to capture the current counter value upon either edge
of an external input.
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7.2 Timer 1 - 16-Bit, General Purpose Timer

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 oper-
ating modes.

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

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

7.2.4 General Purpose Counter: Explains operation of the free running
Timer 1 up counter.

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

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

7.2.7 Interrupts: Explains interrupting capability for both operating
modes.

7.2.1 General-Purpose-Timer Operating Modes

The General Purpose Timer operation mode determines whether the
Capture/Compare register functions as a capture register in the Capture/
Compare 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-
resettable counter, and a timer output pin. These allow the timer to act as as
interval timer, a PWM output, simple output toggie, or many other timer
functions.

The Dual Compare mode as shown in Figure A-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 the compare
equal condition to generate a system interrupt combined with the counter
reset function) generates a periodic interrupt.

7-7
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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 TIPWM pin allows direct PWM generation with minimal CPU
software overhead.

in typical PWM applications, the compare register is loaded with the periodic
interval and configured to allow counter reset on a compare-equal condition,
and the Capture/Compare register is loaded with the pulse width to be gen-
erated within that interval. The program pulse width may be changed by the
application program during the timer operation to alter the PWM output. 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 clock 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 TIPWM 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 T1CR
DET ENA bit, and upon the next occurrence of the selected edge transition:

1) the TTEDGE INT FLAG bit is set,
2) atimer interrupt is generated (if TTEDGE INT ENA =1), and
3) the T1PWM output pin is toggled (if TICR OUT ENA = 1).

The TTEDGE POLARTIY bit selects the active input transition. In the Dual
Compare mode, the edge detect function must be re-enabled after each valid
edge detect.

The clock -input to the counter is either the internal system clock, with or
without prescale, or the external clock (T1EVT). The clock pulse to the
counter is always synchronized with the system clock.

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.
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PRESCALE 6-BT _Log) 45
CLOCK — CAPT/COMP —|
SOURCE REG _ MSB| 44
COMPARE 2 481
COMPARE = | I FLAG | oo
—rica INTENA BNABLE
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40|MsB COUNTER COMPARE 1 48.0 ric2
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- g ] 4C.6
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RST ENA
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N «p7 [TEDGE
T1 EDGE -

POLARITY 4C.2

Figure 7-2. Dual Compare Mode
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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 described
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 A-5. On the occurrence of a valid input on the T11C/CR pin:

1)  the current counter value is loaded into the 16-bit input capture register,
2) the TTEDGE INT FLAG is set, and
3) atimer interrupt is generated (if TTEDGE 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.

T ENABLE
-8
CLOCK LsB| 45
CAPT/COMP, T
PRESCALER /e OMP\isB| 44 o
G T1PWM
. Zg’g— G > pIN
E
41]LSB 15-BIT _ |-
40 [MSB COUNTER
RESET
< COMPARE 4B.0| ,ce o— LEVEL 1INT
COMPARE = {FLAG - INEI,'/ENA o
4B5 o— LEVEL 2 INT
6-BIT  Lsg) 42
— COMPARE , — ]
REGET ENA REG  MSBJ 42
RESET No—
4A.0 4C.4
OVERFLOW 4A4
LELAG INEI)'/ENA
4A3
EDGE DETECT i
T1 EDGE = EXT_EDGE -
o FLAG | oo
Ic/eR [A sevect 4C.0 48'—47 INT ENA
L EDGE POLARITY 4C.2
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Figure 7-3. Capture/Compare Mode
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7.2.2 Clock Prescaler/External Clock Source

FREQUENCY

¢5)

T1 EVT.
PIN

This block, as illustrated in Figure A-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 system clock

values or the external clock source (T1EVT).

The counter clock sources are as follows:

system clock with no prescale.

no clock, in which the counter is stopped.

external source synchronized with the system clock (event counter

operation).

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

by 4, 16, 64, or 256.

The external clock input to the module (T1EVT) must not exceed CLKIN/S. [t

If the application does not require the external clock, the T1EVT pin may be

reconfigured as a digital I/0 pin.

- EVENT
ACCUM GENERAL
PURPOSE
COUNTER
cLock
Va
4 716 (64 1258 =
T T TTT T1 SELECT
PRESCALE
N T WD SELECT
SYNC 4 £16 164 {256 L 11
o
WATCHDOG
—— COUNTER
/( cLock
ACCUM
/)
EVENT

Figure 7-4. Timer 1 System Clock Prescaler
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The event input is not routed through the prescaler; thus 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 (T). These
relationships are shown below:

216 « pg * SYSCLK

Maximum Counter Duration (seconds)
Counter Resolution = PS * SYSCLK

where: SYSCLK
PS

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

L I {  {  A

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 effectively sets 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)
20 [ 40 | 10 | 20
Select | Select | Select | Divide System Clock Period (ns)

2 1 0 BY 2000 1000 400 200
0 0 0 216 0.131t 0.066 0.026 0.013
0 0 1 (P.A) H ] E: 1
0 1 0 (Event) b t t ¥
0 1 1 (Stoéu) 3 ot : 1
1 0 0 21 0.524 0.262 0.105 0.052
1 0 1 220 2.10 1.06 0.419 0.210
1 1 0 222 8.39 4.19 1.68 0.839
1 1 1 224 33.6 16.8 6.71 3.355

TTime is given in seconds.
tNot applicable.

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
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1
1
]
1
1
1
1
1
1
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1
]
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1
1
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]
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]
1
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'
]
1
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t
]
1
]
]
]
]
]
)
1
4

Figure 7-5. Pulse Accumulation

7.2.3 Edge Detection

The edge detection circuitry senses an active pulse transition on the Timer 1
Input-Capture/Counter-Reset pin (T11C/CR), and provides appropriate out-
put transitions to the rest of the module. The TIEDGE POLARITY bit
(T1CTL4.2) determines whether the active transition is low-to-high or high-
to-low. The module sets the TTEDGE 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 T1EDGE DET ENA bit (T1CTL4.0) to
re-enable the circuit after each edge detection. Writing a one to this bit, ena-
bles the detect circuit to look for the next correct level transition. After this
active transition occurs, the TTEDGE DET ENA bit (T1CTL4.0) is cleared.

When the Edge Detection circuit is enabled and detects the appropriate edge
transition, the TTEDGE INT FLAG bit (T1CTL3.7) is set.

When the T1CR RST ENA bit (T1CTL4.1) is set, the TY'EDGE INT FLAG resets
the counter. If the T1CR OUT ENA bit (T1CTL4.3) is set, the T1 EDGE INT
FLAG toggles the T1PWM output latch.

The TTEDGE POLARITY bit (T1CTL4.2) determines which edge polarity (ris-
ing or falling) is detected.
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Capture/Compare Mode

When the appropriate (rising or falling) transition is detected, the Edge
Detection circuit signals the capture register to load the current counter value
if the T1 EDGE DET ENA bit is set. The TTEDGE POLARITY bit (T1CTL4.2)
determines which edge of the signal on the T1EVT pin to detect.

The input detect function is enabled by the TTEDGE 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

The counter is a free-running, 16-bit up-counter, clocked by the output of the
Prescaler/Clock source. During initialization, the counter is loaded with 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 counter roll-over,
the T1 OVRFL INT FLAG (T1CTL2.3) is set, and a timer interrupt is generated
if the T1 OVERFL INT ENA (T1CTL2.4) bit is set (see note, page 7-22).

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

1) a1 wiitten 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 T11C/CR pin (Dual Compare mode).

The designer may select through software (T1EDGE POLARITY bit) which
external transition on the T11C/CR pin, low-to-high or high-to-low, will reset
the counter.

7.2.5 Compare Register

7-14

The Compare Register circuit consists of a 16-bit wide, read/write data regis-
ter and logic to compare the counter's current vaiue with the value stored in
the compare register. The program can access the 16-bit compare register at
P042 (Compare Register MSB) and P043 (Compare Register LSB) in the
Peripheral File frame (see note, 7-22).

When the counter’'s value matches the compare register value, the following
events occur:

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

2) the compare register generates a counter reset signal if the T1C1 RST
ENA bit (T1CTL4.4) is set,

3) the output latch to T1PWM toggles if CMP 1 is enabled, and

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

The Compare Register is initialized to 0000h following RESET.
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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 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.

7.2.6 Capture/Compare Register

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
Capture/Compare register is located at address P044 (Capture/Compare reg-
ister MSB) and P045 (Capture/Compare register LSB) in the Peripheral File
(see note, 7-22).

Dual Compare Mode |

In the Dual Compare mode, the 16-bit Capture/Compare Register acts as a
compare register. This compare register functions exactly as the one described
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 pulse:

1) sets the TIC2 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 an interrupt (T1C2) if TIC2 INT ENA (T1CTL3.1) is enabled.

Capture/Compare Mode

In this mode, the edge detection signal captures the current counter content,
loads it into the 16-bit Capture/Compare register, and sets the T1EDGE INT
FLAG bit (T1CTL3.7).
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7.2.7 Interrupts

Dual Compare

In dual compare mode, four separate events can generate an interrupt. These
interrupts are:

1) compare equal from Compare Register 1 if the T1C1 INT ENA bit
(T1CTL3.0) is set,

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

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

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

Capture/Compare

In the Capture/Compare mode, three separate events can generate an inter-
rupt. These interrupts are:

1)  output compare equal if the T1C1 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 TTEDGE INT ENA (T1CTL3.2) bit is
set.

Note:

All set and enabled interrupt flags must be cleared before exiting the T1
interrupt 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 bit flag bits are never reset then the program will lock up.
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7.3 Watchdog Timer

CLOCK
PRESCALER

The Watchdog Timer, shown in Figure A-6, consists of the following blocks:

o 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 P0O46 (MSB) and
P047 (LSB) in the Peripheral File.

° Prescaled clock input selection or external clock, the same as the General
Purpose Timer.

® Watchdog Reset key which provides protection against illegal resets.

o An Overflow flag which the program may read following RESET to
determine if the Watchdog caused the reset.

[ ] Programmable interrupt and system RESET.

4AT
46| 16-BIT g SYSTEM
47 [ WATCHDOG COUNTER ETAG RESET
WD OVRFL
| | T 4A5 RST ENA
’ WD OVRFL
TAP SEL
RESET 4AB
o—— INTERRUPT
48 |WATCHDOG RESET KEY WD OVRFL
INT ENA

Figure 7-6. Watchdog Timer

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 configured as
either a watchdog timer to protect against system software failures and cor-
ruption, 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, page
7-22).

Watchdog Mode

In the Watchdog mode (WD OVRFL RST ENA = 1), the WD timer generates
a system reset 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 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-tinﬁer overflow rates range from 6.55 ms
to 3.35 seconds. These values are selected prior to entering the watchdog
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mode because once the software enables the watchdog reset function
(WD OVRFL RST ENA = 1), subsequent writes to these control bits are
ignored. Writes to these watchdog control bits can occur only following a
powerup 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 reset to
determine the source of the reset.

Non-Watchdog Mode

In the Non-Watchdog mode (WD OVRFL RST ENA = 0), the watchdog timer
may be used as an event counter, pulse accumulator, or as an interval timer.
In this 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 before
overflowing , the counter rolls over to either 0000h or 8000h, as determined
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 additional
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,P049 ;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 required
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 program 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 remains
set, the Counter behaves as a 15-bit counter, and overflow occurs twice as
often as in the 16-bit configuration.

The watchdog overfiow rates are the same as given in Table 7-3, page 7-12
when configured 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
7.3.4 Overflow Flag
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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 determine 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 reducing
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, page 4-4.

7.41 Halt

The Halt Mode is entered when the CPU executes an IDLE instruction while
the Halt/Standby bit (SCCR2.7) and the Powerdown/IDLE bits (SCCR2.6)
are set. During the Halt Mode, the Timer 1 Module clears the interrupt enable
bits, but holds the pre-Halit 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/0
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 the CPU executing a IDLE instruction when the

Powerdown/ldle (SCCR2.6) bit is set and the Halt/Standby bit (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 functional.
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7.5 Control Registers

Seven registers control the configuration of Timer 1 global functions, prescale
values, watchdog timing, optional uses for the associated 1/0 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.

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 reading or writing the bytes when done in this order. While
accessing a 16-bit register, do not read 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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ADDR
1040h
1041h
1042h
1043h
1044h
1045h
1046h
1047h
1048h

1048h

104Ah

104Bh

104Ch

104Bh

104ch

104Dh

104Eh

104Fh

PERIPHERAL FILE FRAME 4: TIMER 1 CONTROL REGISTERS

PF| B|IT7 | BIT 6 | BIT 5 | BIT 4 | BIT 3 ‘ BIT 2 [ BIT 1 { BIT 0
040/ BIT 15 COUNTER MSB BIT 8
TICNTR
041] BIT 7 COUNTER LSB BIT 0
o042 BIT 15 COMPARE REGISTER MSB BIT 8
TiIC
043 | BIT 7 COMPARE REGISTER LSB BIT 0
044 | BIT 15 CAPTURE/COMPARE REGISTER MSB BIT 8
Tice
045|BIT 7 CAPTURE/COMPARE REGISTER LSB BIT 0
046 | BIT 15 WATCHDOG COUNTER MSB BIT 8
WDCNTR
047! BIT 7 WATCHDOG COUNTER LSB BIT 0
048 WATCHDOG RESET KEY WDRST
i _ T4 INPUT | T1 INPUT | T1 INPUT
049 =~ |SELECT 2| SELECT 1|SELECT 0| T1CTL1
04A |WD OVRFLIWD OVRFLIWD OVRFL|T1 OVRFL [T1OVRFL| ___ L T |1ieTie
RST ENA | INT ENA | INT FLAG | INT ENA | INT FLAG SW RESET :
|
MODE: DUAL COMPARE REGISTERS WITH EVENT COUNTER
TIEDGE | TiC2 TiCH . | TEDGE | TIC2 TiC
04B| \\T FLAG | INT FLAG |INT FLAG INT ENA | INT ENA | INT ENA | 11CTL3
o4c| TIMODE | _Tic1 Tic2 TIC1 TICR | TIEDGE | TICR | TIEDGE | 14cis
=0 | OUT ENA | OUT ENA | RST ENA | OUT ENA | POLARITY| RST ENA | DET ENA
MODE: SINGLE CAPTURE AND COMPARE REGISTERS
TIEDGE | ___ TiC1 L | TEDEE | TIC
04B | INT FLAG INT FLAG INT ENA INT ENA | TICTL3
TIMODE | TiC1 . TIC1 ___ | TEDGE T{EDGE
04C| "2y OUT ENA RST ENA POLARITY| ==~ | DET ENa |TICTL4
TIEVT | TEVT | TEVT | TIEVT
04D} - - == === | DATA IN |DATA OUT FUNCTION|DATA DIR| T 'PC1
o4E| TIPWM | TIPWM | TIPWM | TIPWM | THC/CR | THC/CR | TIC/CR | THC/CR | 14ncn
DATA IN [DATA OUT [FUNCTION | DATA DIR | DATA IN |DATA OUT|FUNCTION | DATA DIR
04F -— - - - e -—- | TPRI

Figure 7-7. Peripheral File Frame 4 - Timer 1 Control Registers
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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 follow:

Timer 1 Control Register 1 (T1CTL1)
[Memory address - 1049h]

Bit # - 7 6 5 4 3 2 1 0
WD WD wD wbD T1 ™ T
P049 OVRFL INPUT INPUT INPUT --- INPUT INPUT INPUT
TAP SEL |SELECT 2|SELECT 1|SELECT O SELECT 2{SELECT 1{SELECT 0
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 - T1 INPUT 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 provndes 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 " /16
1 1 0 " 4 / 64
1 1 1 “ " /256
Bit 3 - Reserved. Read data is indeterminate.

Bits 4-6 - 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
RST ENA bit is set, the values of these bits can only be changed after a
Power-Up RESET.

Bit 7 - WD OVRFL TAP SEL. Watchdog Overflow Tap Select.

This bit determines whether the Watchdog Counter is to operate as a 15 bit or
a 16 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 at a 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, combmed with the clock prescaler, allows
Watchdog overflow rates from 215 to 224 system clock cycles. This bit is
cleared by a) a Power-Up RESET, or b) any RESET while WD OVRFL RST
ENA=0 (Non-Watchdog Mode).

6-bit Watchdog Counter overflow.
5-bit Watchdog Counter overflow.

—_—
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7.5.2 Timer 1 Counter Control Register 2

Bit # -

PO4A

The T1CTL2 regisfer controls the Timer 1 and Watchdog overflow interrupts,
and contains the Timer 1 software reset bit. A summary of the bit assignments
and definitions is shown below.

Timer 1 Counter Control Register 2 (T1CTL2)
[Memory Address - 104Ah}

7 6 5 4 3 2 1 0
WD WD WD T T T
OVRFL | OVERFL | OVERFL | OVRFL OVRFL --- --- sw
RST ENA | INT ENA |INT FLAG| INT ENA |INT FLAG RESET
RS-0 RW-0 RC-t RW-0 RC-0 S-0

R=Read, S=Set Only, W=Write, C=Clear Only, -n=Value after RESET,

Bit O -

Bit1,2 -
Bit 3 -

Bit4 -

Bit 5 -

Bit 6 -

t-see bit 5 description

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.

Reserved. Read values are indeterminate.

T1 OVRFL INT FLAG. Timer 1 Overflow Interrupt Flag

This bit indicates the status of the T1 Overflow Interrupt. This bit is cleared
by RESET or by writing a zero to it.

0 = General Purpose Overflow interrupt inactive.

1 = General Purpose Overflow interrupt pending.

T1 OVRFL INT ENA. Timer 1 Overflow interrupt Enable.
This bit controls the Timer 1 Overflow interrupting capability.
0 = Disable Interrupt.

1 = Enable Interrupt.

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 bit is NOT cleared following a Watchdog initiated

RESET. Thus it may be read and cleared, to determine the cause of the RESET.

This bit is cleared by power-up RESET or by any reset if WD OVRFL RST

ENA = 0. 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 Inactive

1 = Watchdog Counter has overflowed or the incorrect value is written to the
Watchdog Reset Key register while in Watchdog mode.

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.

o
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Bit7 - WD OVRFL RST ENA Watchdog Overfiow Reset Enable.
This bit controls the ability of a Watchdog overflow to generate a RESET. When
set, this bit determines the function of the Watchdog Counter; either as a the
Watchdog Counter, or as a simple up tounter or event counter/pulse accu-
mulator. Once set, this bit can only be cleared by a Power-Up RESET, and
locks the values of other WD bits so they can only be changed during
Power-up RESET.
0 = Watchdog Counter does not initiate a RESET upon overflow.
1 = Watchdog Counter does initiate a RESET upon overflow.
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7.5.3 Timer 1 Counter Control Register 3

Bit # -

P04B

Bit # -

P0O4B

The T1CTL3 register controls the edge-detect and compare interrupts.

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 T1C1 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 T1C1 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
Bit O - 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.
Bit1 - T1C2 INT ENA. Timer 1 Compare 2 Interrupt Enable.
Dual Compare mode only: This bit determines whether or not the
Capture/Compare register flag can generate an interrupt.
0 = Disable interrupt.
1 = Enable interrupt.
Capture/Compare Mode: Read data is indeterminate.
Bit 2 - T1EDGE INT ENA. Timer 1 Edge Interrupt Enable.
This bit determines whether or not the active edge input to the T11C/CR pin
generates an interrupt. The TIEDGE DET ENA bit (T1CTL4.0) must be set
before an edge can be detected.
0 = Disable interrupt.
1 = Enable interrupt.
Bits 3,4 - Reserved. Read data is indeterminate.
Bit 5 - T1C1 INT FLAG. Timer 1 Compare 1 Interrupt Flag.

This bit is set when the compare register first matches the counter value. lItis
cleared by writing a zero to this bit, or during RESET.

0 = Interrupt inactive.
1 = Interrupt pending.
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Bit 6 -

Bit 7 -

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. It is cleared by writing a zero to this bit or by
RESET.

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
detected on the Timer 1 Input-Capture/Counter-Reset (T11C/CR) pin. This
bit also indicates an input capture in the Capture/Compare mode. The
T1EDGE INT FLAG is cleared by writing a zero to the bit, or during RESET.

0 = no transition

1 = transition detected
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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 T1C1 TI1CR T1 T1CR T1EDGE
P04C MODE ouT ouT RST ouT EDGE RST DET
= ENA ENA ENA ENA |POLARITY| ENA ENA

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
T1 T1C1 T1C1 T T1EDGE
P04C MODE ouT --- RST --- EDGE --- DET
=1 ENA ENA POLARITY] ENA
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 O - T1EDGE DET ENA. Timer 1 Edge Detect Enable.
Dual Compare Mode: This bit enables the edge detection circuit to sense the
next level transition on the Timer 1 T11C/CR pin. This bit is 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 TIEDGE POLARITY bit. This bit
remains unchanged after the selected transition is detected.

0 = Input capture disabled. :

1 = Input capture enabled.

Bit 1 - 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.

Bit 2 - T1EDGE POLARITY. Timer 1 Edge Polarity.
This bit determines the transition direction on the Timer 1 T1IC/CR pin to
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.
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Bit 3 -

Bit 4 -

Bit 5 -

Bit 6 -

Bit 7 -

T1CR OUT ENA. Timer 1 External Edge Output Enable.
Dual Compare Mode: This bit determines whether or not the input signal on
the T11C/CR pin can toggle the output signal on the T1PWM pin.

0 = Disable pulse to toggle output.
1 = Enable pulse to toggle output.
Capture/Compare Mode: Reserved. Read data is indeterminate.

T1C1 RST ENA. Timer 1 Compare 1 Reset Enable.
When this bit is set and the Compare Register 1 is equal to the Counter, the
Counter will reset on the next counter increment.

0 = Disable counter reset upon compare equal.
1 = Enable counter reset upon compare equal.

T1C2 OUT ENA. Timer 1 Output-Compare Output Enable 2.
Dual Compare Mode: When this bit is set and the 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.

T1C1 OUT ENA. Timer 1 Output-Compare Qutput 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.

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 T1PC1 and T1PC2 are organized to allow all functions
for a pin to be programmed in one write cycle. Each module pin is controlled
by a nibble in one of the PCRs. A summary of the Port Control Register
functions and bit assignments is shown below.

7.5.5.1 Timer 1 Port Control Register 1
The T1PC1 register controls the I/0O functions of the Timer 1 Module, T1EVT

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 |FUNCTION| DATA
IN ouT 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 T1EVT pin as an input or output, if the TTEVT 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 /0 port.
1 = T1EVT is the event-input pin.

Bit 2 - T1EVT DATA OUT. T1EVT Pin Data Out.
This bit contains the data to be output on the T1EVT pin if the following con-
ditions are met:
a. TIEVT DATA DIR = 1.
b. TTEVT FUNCTION = 0.

Bit 3 - T1EVT DATA IN. T1EVT Pin Data In.
This bit contains the data present on the T1EVT pin. A write operation to this
bit has no effect.

Bits 4-7 Reserved. Read data is indeterminate.
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7.5.5.2 Timer 1 Port Control Register 2

The T1PC2 register controls the I/O functions of the Timer 1 Module,
T1IC/CR and T1PWM pins.

Timer 1 Port Control Register 2 (T1PC2)
[Memory Address - 104Eh]
Bit # - -7 6 5 4 3 2 1 0

TIPWM | TIPWM| T1PWM |[T1PWM | T1IC/CR | TIIC/CR| T1IC/CR |T1IC/CR
PO4E DATA DATA [FUNCTION| DATA DATA DATA |FUNCTION| DATA
IN ouT DIR IN ouT DIR

R-0 RW-0 RW-0 RW-0 R-0 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET

Bit O - T1IC/CR DATA DIR. T1IC/CR Pin Data Direction.
This bit selects the T11C/CR pin as an input or output, if the T1I1C/CR Function
bit = 0.
0 = Enable T1IC/CR pin data input.
1 = Enable T11C/CR pin data output.

Bit 1 - T11C/CR FUNCTION. T11C/CR Pin Function Select.
This bit determines the function of the T11C/CR pin.
0 = the T1IC/CR pin is a general-purpose digital 1/0 port
1 = the T1IC/CR pin is the input capture/counter reset pin.

Bit 2 - T11C/CR DATA QUT. T1IC/CR Pin Data Out.
This bit contains the data output on pin T1IC/CR if the following conditions
are met:
a. T1IC/CR DATA DIR = 1.
b. T1IC/CR FUNCTION = 0.

Bit 3 - T11C/CR DATA IN. T1IC/CR Pin Data In.
This pin contains the data input on pin T1IC/CR. A write operation to this bit
has no effect.

Bit 4 - T1PWM DATA DIR. T1PWM Pin Data Direction.
This bit selects the TIPWM pin as an input or output if the T1PWM
FUNCTION bit = 0.
0 = Enable T1PWM pin data input.
1 = Enable T1PWM pin data output.

Bit 5 - TIPWM FUNCTION. T1PMW Pin Function Select.
This bit determines the function of the T1PWM pin.
0 = the T1PWM pin is a general-purpose digital /0O port
1 = the T1PWM pin is the PWM output.

Bit 6 - T1PWM DATA OUT. T1PWM Pin Data Out.
This bit contains the data to be output on the T1PWM pin if the following
conditions are met:
a. TTPWM DATA DIR =1
b. TTPWM FUNCTION = 0
This bit may be used to preset the PWM output level.

Bit 7 - T1PWM DATA IN. TIPWM Pin Data In 1.
This bit contains the data input on pin TIPWM. A write operation to this bit
has no effect.

S
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Note:
See Section 13.5.1, page 13-22 for examples of PWM pin initialization.

7.5.6 Timer 1 Interrupt Priority Control Register
The T1PRI register controls the level of the Timer 1 interrupt. Software can
write to this register only in the privilege mode. During normal operation this
is a read-only register.

Timer 1 Interrupt Priority Control Register (T1PRI)
[Memory Address - 104Fh]

Bit # - 7 6 5 4 3 2 1 0
POAF ™ T
STEST |PRIORITY

RP-0 RP-0 . .

R=Read, P=Privileged Write, -n=Value after RESET

Bits 0-6 Reserved. Read data is indeterminate.

Bit 6 - T1 PRIORITY. Timer 1 Interrupt Priority Select. This bit determines the level
of the interrupt generated by Timer 1.

0 = Interrupts are Level 1 (high priority) requests.
1 = Interrupts are Level 2 (low priority) requests.

Bit 7 - T1 STEST. This bit must be cleared (0) to ensure proper operation.
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8. Timer 2 Module

This section discusses the architecture and programming of the Timer 2 mod-
ule on TMS370C050 and TMS370C850 devices.

This section covers the following topics:

Section Page
8.1 TIMEr 2 QVEIVIEW ..ccouvieeiririeeecrceeee et sta e ess e e saesesnsesaesnnesnne 8-2
8.2 TiMer 2 OPEIatioN ....co.ccceeceiiiieireceeiecre et beenreeseeesseesneerareeneen 8-5
8.2.1  Operation MOAES .....coceeveieverciiininrtreieeteees et s st sse s an e ssnaesaeas 8-5
8.2.2  ClOCK SOUICES ...oeeeeiceeinieriiiesesieireee et s sa et s se et seiene 8-8
8.2.3 Timer 2 Edge Detection CirCUitry .......ccccocvveerrerccrerieerie e eseeneenns 8-9
8.2.4 16-Bit Resettable Up Counter. .........cocccocievieevieveeieeereceecte e 8-9
8.2.5 Compare REGISTEr .....coccvuerieerierrereeee et 8-10
8.2.6 Capture Register (Dual Capture Mode only) ........cccecveuen. . 8-11
8.2.7 Capture/Compare Register. ........ccccomviirieerceviieviiesiecseieenne ... 8-11
8.2.8 Timer-2 I/0 Pin FUNCLONS ...c.cevveveieeeceiieeeeeerte et .. 8-12
8.2.9 Timer 2 Interrupts ............. ... 8-12
8.2.10 Power-Down Modes .... ... 8-13
8.3 Timer 2 Control RegiSters .......cccovcvevceeeececeecieeeece e ... 8-14
8.3.1 Timer 2 Control Register 1 .......ccccecevevrirenenen. ... 8-16
8.3.2 Timer 2 Control Register 2 .......cccecvvvevercenen. . 8-17
8.3.3 Timer 2 Control Register 3 ........ccceeevvrrerenne 8-19
8.3.4 Timer 2 Port Control Registers ........c.c....... 8-21
8.3.4.1 Timer 2 Port Control Register 1 .......ccccc...... 8-21
8.3.4.2 Timer 2 Port Control Register 2 ........ccccrueneeue. 8-22
8.4 Timer 2 Interrupt Priority Control Register 8-23
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8.1 Timer 2 Overview

8-2

The Timer 2 module (T2), available on TMS370C050 and TMS370C850
devices, adds an additional timer for these devices that provides event count,
input capture, and compare functions. Figure 8-1 shows a block diagram of
the Timer 2 Module.

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 Output Function
Control

The Timer 2 Module has three 1/0 pins which may be reconfigured as general
purpose I/O Pins for use by other parts of the microcomputer. They are:

® T2EVT
® T2IC1/CR
® T2iC2/PWM

When these pins are dedicated to the timer module, T2EVT is an input to the
event counter or the external clock source, T2IC1/CR is an input to the
counter reset, input capture, or PWM circuit, and T2IC2/PWM is the Pulse
Width Modulation output or a second input capture.

The Timer 2 Module consists of the following blocks as shown in Figure 8-1.

® 16-bit resettable up counter,

[ ) 16-bit Compare Register with associated compare logic,
[ 16-bit Capture Register,

® 16-bit Capture/Compare Register.

The General Purpose Counter operates in one of two modes. The mode of
operation determines whether the Capture/Compare Register functions as a
compare register (in the Dual Compare mode) or as a capture register (the
Dual Capture mode).

Timer 2 has maskable interrupts for two input captures, two output compares,
counter overflow and external edge detect.
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T2IC1/CR PIN [

T2IC2/PWM PIN >

(DUAL
CAPTURE
MODE)
(> T2IC2/PWM PIN
(DUAL
COMPARE
MODE)
T2EVT PIN [

Figure 8-1. 16-Bit Programmable General Purpose Timer 2

FEATURES

® 16-BIT, General Purpose Counter
- Compare Mode: Dual 16-Bit Compare Registers
- Capture Mode: Dual Capture and one Compare Register
- External Clock Source / Event Counter / Pulse Accumulator
- Internal or External Counter Reset
- Programmable Pulse Width Modulated Output

® Selectable Edge Detection input
o Programmable Interrupts
[ ) Three programmable 1/0 Pins

Timer 2 Operating Modes:

Dual Compare Mode: The counter is configured to provide dual compare
registers, external or software reset of the counter, internal or external clock
source, and a programmable Pulse Width Modulated (PWM) output. The
T21C2/PWM pin may also be configured to toggle upon an external input
edge. The external clock source may be selected for use as an event counter
or pulse accumulator.
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Dual Capture Mode: The counter is configured to provide dual input capture
registers and one compare register for use as a general purpose timer. The
Compare Register may be used to provide periodic interrupts to the rest of the
microcomputer. Each capture register may be configured to capture the current

counter value upon either edge of an external input.

Timer 2 Control Registers

The Timer 2 Control registers are located at addresses 1060h to 106Fh, with
locations 1068h and 1069h reserved. The functions of these locations are
shown in Figure 8-2.

Peripheral
File
Location Symbol Name
P060 T2CNTR T2 Counter - MSB
PO61 T2 Counter - LSB
P062 T2C T2 Compare 1 Register - MSB
P063 T2 Compare 1 Register - LSB
P064 T2CC |T2 Capture 1/Compare Register 2 - MSB
P0O65 T2 Capture 1/Compare Register 2 - LSB
P066 T2IC Capture Register 2 - MSB
P0O67 Capture Register 2 - LSB
P068 Reserved
P069 Reserved
PO6A T2CTL1 Timer 2 Control Register 1
P0O6B T2CTL2 Timer 2 Control Register 2
P06C T2CTL3 Timer 2 Control Register 3
PO6D T2PC1 Timer 2 Pin Control 1
POGE T2PC2 Timer 2 Pin Control 2
PO6F T2PRI Timer 2 Priority

Figure 8-2. Timer 2 Memory Map
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8.2 Timer 2 Operation -

The 16-bit general purpose timer, T2, is composed of a 16-bit resettable
counter, 16-bit Compare Register with associated compare logic, a 16-bit
Capture Register, and a 16-bit register that functions as a capture register in
one mode and a compare register in the other mode. In the following para-
graphs, the functions of each block within T2 is discussed in general and for
each mode of operation.

8.2.1 Operation Modes

The Timer 2 Module mode of operation is determined by the T2 MODE bit
(T2CTL3.7).

T2 MODE = 0 - Dual Compare Mode.
T2 MODE = 1 - Dual Capture Mode.

Dual Compare Mode

In this mode, as illustrated in Figure A-7, the timer has two compare registers,
an external-resettable counter, and a timer output pin. These allow the timer
to act as an interval timer, a PWM output, simple output toggle, or many other
timer functions. In this mode, the Capture/Compare Register functions as a
16-bit read/write compare register. The operation of T2 is identical to T1 whiie
operating in the Dual Compare mode with the exception of the clock sources.
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6-BIT
cLocK LsB| 65
L CAPT/COMP
SOURCE TICOMP s8] 64
COMPARE 2  6B1 OUTPUT
COMPARE = | [FLAG] A ENABLE
66 INT ENA
60 |MSB COUNTER ~ | g
RESET COMPARE 1  6B.0 608, |G~ pu
COMPARE = [$»1—{FLAG} o cmp.1 (@ PIN
INT ENA L
6B.5 L
6C.3, .,
6-BIT S
WP 1 L compARe 52| 63 EXT
RESET ENA REG __MSE] 62 EDGE1
S/W
reser - | L84
BA0 |_6C.A
Eégl:‘EngEA OVERFLOW  6A4
[FLAG o
——INT ENA
6A.3
EDGE1 DETECT orp o LEVEL1INT
T21cY _ | EpaEt E’i"/BLE EXT EDGE! 682 87
CR o— o
SR LA seLecT s asl—_'7 recdm o— LEVEL 2 INT .

8-6

I—E)GE1 POLARITY 6C.2

Figure 8-3. Dual Compare Mode
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Dual Capture Mode

In the Dual Capture Mode, illustrated in Figure A-8, T2 is configured to pro-
vide one compare register for use as a programmable interval timer, and two
input capture registers for external input timing and pulse width measurement.
In this mode the Capture/Compare Register functions as 16-bit input capture
register. Each capture input pin (T2IC1/CR and T2IC2/PWM) has an input
edge detect function enabled by the associated DET ENA control bit, with the
associated POLARITY bit selecting the active input transition.

On the occurrence of a valid input on the T2IC1/CR or T2IC2/PWM pin, the
current counter value is loaded into the 16-bit Capture/Compare Register or
16-bit input Capture Register, respectively. In addition, the respective input
capture INT FLAG is set and a timer interrupt is generated if the respective INT
ENA is set.

16-BIT  LsB(65 16-BIT _ LsBl67
CLOCK
| CAPT/COMP, — CAPTURE  ——
SOURCE s SMPMiEB |64 REG 2 MSB|66
61|LSB  46_gT
60 [MsB COUNTER
RESET "
o COMPARE 1 6B.0 aFs o LEVEL 1 INT B
COMPARE = - FLAG > v
s 68.5 INT ENA o— LEVEL 2 INT
16-BIT LSB|63
CMP 1 —— COMPAR
RESET ENA COMPARE \isB|62
§/W RESET '
8A.0 o
OVERFLOW  6A4
| —{FLAG (o
6A3 INT ENA
EDGE 1
DEI'EgT (I’ENA 1 53
T2 IC1 C. EXT EDGE 1 .
CR/ | EDGE! oo = —{ FLAG} o
pFIN | SELECT INT ENA
~ POLARITY 1 68.7
6C.2 EDGE 1
DErEcéz 1ENA 2 55
T2 1C2/ , EXT EDGE 2 -
PwM [ EDGE2 oo »—{FLAG}—0"0-
PIN |~ POLARITY 2 6B.6 INT ENA

Figure 8-4. Dual Capture Mode
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8.2.2 Clock Sources

Timer 2 clock sources are illustrated in Figure 8-5. The T2 INPUT SELECT O
bit (T2CTL1.1) and the T2 INPUT SELECT 1 bit (T2CTL1.2) select one of four
clock sources:

® system clock,

® no clock (in which the counter is stopped),

® external clock synchronized to the system clock (event counter), or
L system clock when external input is high (pulse accumulation).

The maximum counter duration with an internal clock is based on the internal
system clock time (SYSCLK) as follows:

Maximum Counter Duration 216 » sYSCLK
Counter Resolution SYSCLK

where; SYSCLK = 4/ CLKIN

The external event frequency input to the module may not exceed CLKIN/8.
All external event inputs are synchronized with the system clock.

When using the system clock input, the 16-bit timer generates an overflow
rate of 13.1 ms with 200 ns resolution (CLKIN = 20 MHz).

Event Counter Mode

Using this clock source, the general purpose timer is programmable as a 16-bit
event counter. An external low-to-high transition on the T2EVT pin is used to
provide the clock for the internal timer. The T2EVT external clock frequency
may not exceed the system clock frequency divided by 2.

Pulse Accumulator Mode

Using this clock source, the general purpose timer is programmable as a 16-bit
pulse accumulator. An external input on the T2EVT pin is used to gate the
internal system clock to the internal timers. While T2EVT input is logic one
(high), the timer is clocked at the system clock rate and counts system clock
pulses until the T2EVT pin returns to logic zero.

T2EVT PIN [>—| SYNC o RENL
ACCUM
TN COUNTER

cLock
FREQUENCY R
(CLKIN) T
4 SELECT

Figure 8-5. Timer 2 Clock Sources
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8.2.3 Timer 2 Edge Detection Circuitry

This edge detection circuitry senses an active pulse transition on the input pins
and provides appropriate output transitions to the rest of the module.

Dual Compare Mode

The edge detection circuitry is connected to the module’s T2IC1/CR pin. In
this mode, the program must re-enable the Timer 2 Module after each edge
detection by setting the T2ZEDGE1 DET ENA bit (T2CTL3.0).

When the Timer 2 module detects an active transition (while enabled), the
module performs the following actions:

1) clears the T2EDGE DET ENA bit,

2) sets the external edge flag, T2ZEDGE1 INTERRUPT FLAG (T2CTL2.7),

3) resets the counter if T2ZEDGE1 RST ENA bit (T2CTL3.1) is set, and

4) toggles the output flip-flop if the T2ZEDGE1 OUT ENA bit (T2CTL3.3)
is set.

In the Dual Compare mode, the T2EDGE1 POLARITY bit (T2CTL3.2) deter-
mines whether the active transition is low-to-high or high-to-low.

Dual Capture Mode
Edge detection circuitry is connected to both the T2IC1/CR pin and the “
T2IC2/PWM pin.

When the Edge 1 Detect circuit detects an active edge transition on the

T2I1C1/CR pin:
1) the Capture/Compare Register is {oaded with the current counter value,
and

2) the T2EDGE1 INT FLAG bit is set.

When the Edge 2 Detect circuit detects an active edge transition on the
T2I1C2/PWM pin:

1) the Capture Register is loaded with the current counter value, and
2) the T2EDGE2 INT FLAG bit is set.

The T2EDGE1 POLARITY bit (T2CTL3.2) and the T2EDGE2 POLARITY bit
(T2CTL3.3) determine the transition (rising or falling) to be detected.

8-9
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8.2.4 16-Bit Resettable Up Counter.

The counter is a free-running, 16-bit, read-only, up-counter clocked by the
system clock, external event, or system clock while an external event is active
(pulse accumulate). During initialization, the counter is loaded with 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 counter roll-over,
the T2 OVRFL INT FLAG (T2CTL1.3) is set, and a timer interrupt is generated
if the T2Z0OVRFL INT ENA bit (T2CTL1.4) is set.

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

1)  writing a 1 to the T2 SW RESET bit (T2CTL1.0),

2) acompare equal condition from the dedicated T2 compare function,
3) System RESET, or

4) an external pulse on the T2IC/CR pin (Dual Compare mode only).

The designer may select by software (T2CR POLARITY bit) which external
transition, low-to-high or high-to-low, on the T2IC1/CR pin will cause the
counter to be reset.

Special circuitry prevents the contents of the T2CNTR register from changing
in the middle of a 16-bit read operation. See the note in Section 8.3. on page

- 8-14

8.2.5 Compare Register

8-10

The Compare Register circuit consists of a 16-bit wide, read/write data regis-
ter (T2C) and logic to compare the counter’'s current value with the value
stored in the Compare Register.

Special circuitry prevents the T2C register from changing in the middle of a
16-bit read or write operation. See the note in Section 8.3. on page 8-14

~ The compare logic sets T2C1 INT FLAG (T2CTL2.5) as soon as the value in

the timer matches that in the Compare Register. Once T2C1 INT FLAG is set
by a compare-equal condition, then cleared, it will not be set again if the same
compare-equal condition still exists, i.e., the same compare-equal condition
can only set the T2C1 INT FLAG once. This flag causes various events to
occur depending on the mode of operation and which enable bits are set.

On a compare equal condition, the T2 module:

1) sets the T2C1 INT FLAG bit (T2CTL2.5),
2) generates an interrupt if the T2C1 INT ENA bit (T2CTL2.0 ) is set, and
3) resets the counter if T2C1 RST ENA bit (T2CTL3.4) is set.

In Dual Compare Mode only:
4) toggles the PWM output pin if the T2C1 OUT ENA bit (T2CTL3.6) is
set.
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8.2.6 Capture Register (Dual Capture Mode only)

The Capture Register is a 16-bit wide, read-only, data register (T2IC). This
register captures the counter values when an input capture pulse (pin
T2IC2/PWM) is received. The Capture Register can be read at addresses
P066 (MSB) and P067 (LSB) of the Peripheral File. Writes to this register
are ignored. Thus, the Capture Register retains the last counter value captured
until another input capture pulse loads a new value in the register.

On receipt of a capture pulse, the following events occur:

1) value of counter is loaded into the Capture Register,

2) the module sets the T2ZEDGE2 INT FLAG bit (T2CTL2.6) to indicate that
the Capture Register has latched the current counter value, and

3) the module generates an interrupt if the T2C2 INT ENA bit (T2CTL2.1)
is set.

Special circuitry prevents the T2IC register from changing in the middle of a
16-bit read or write operation. See the note in Section 8.3. on page 8-14

8.2.7 Capture/Compare Register.

The Capture/Compare Register (T2CC) for Timer 2 is a 16-bit wide register
which can be programmed to serve one of two functions. In the Dual Capture
Mode this register functions as a capture register and in the Dual Compare
Registers Mode, it functions as a compare register. The Capture/Compare
Register is located at addresses P064 (MSB) and P065 (LSB) of the Periph-
eral File.

Special circuitry prevents the T2CC register from changing in the middle of a
16-bit read or write operation. See the note in Section 8.3 on page 8-14.

Dual Compare Mode

In the Dual Compare mode, the Capture/Compare Register becomes a
read/write compare register. This compare register’s functions are similar to
the dedicated Compare Register except that it can not reset the counter.

In this mode, the current counter value and the current Capture/Compare
register value are directed to compare logic which generates a puise when the
two values match. This pulse is used to:

1) setthe T2C2 INT FLAG bit (T2CTL2.6),

2) toggle the PWM output pin if the T2C2 OUT ENA bit (T2CTL3.5) is set,
and

3) generate an interrupt if the T2C2 INT ENA bit (T2CTL2.1) is set.
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Dual Capture Mode

In the Dual Capture Mode, the Capture/Compare Register becomes a read-
only capture register. When an external pulse appears on pin T2IC1/CR, the
following events occur if the T2ZEDGE1 DET ENA bit (T2CTL3.0) is set.

1) the current counter value is latched into the Capture/Compare register.
2) the T2EDGE1 INT FLAG bit (T2CTL2.7) is set.
3) aninterrupt is generated if the T2ZEDGE1 INT ENA bit (T2CTL2.2) is set.

8.2.8 Timer-2 1/0 Pin Functions

The Timer 2 module has three 1/0 pins which may be dedicated as timer
functions or used as general purpose 1/O pins. The definitions of these pins
are contained in the two Port Control Registers located at addresses PO6E and
PO6D of the Peripheral File.

Table 7-1 defines the functions of the three Timer-2 I/O pins for both oper-
ating modes.

Table 8-1. Timer 2 1/O Pin Definitions

T2iC1/CR
T2I1C2/PWM
T2EVT

COUNTER RESET INPUT
PWM OUTPUT

EXTERNAL EVENT INPUT OR
PULSE ACCUMULATE INPUT

INPUT CAPTURE 1 INPUT
INPUT CAPTURE 2 INPUT

EXTERNAL EVENT INPUT OR
PULSE ACCUMULATE INPUT

8.2.9 Timer 2 Interrupts

Interrupts may be enabled to occur upon an input capture, output compare
equal, counter overflow and/or upon an external edge detect.

Dual Compare Mode:
In this mode, interrupts are generated when any of the following events occur:

1) when a compare equal condition occurs for the dedicated Compare
Register if the T2C1 INT ENA bit (T2CTL2.0) is set,

2) when a compare equal condition occurs for the Capture/Compare
Register if the T2CC2 INT ENA bit (T2CTL2.1) is set, ,

3)  when the counter overflows if the T2 OVERFL INT ENA bit (T2CTL1.4)
is set, or

4) when an External Edge detect occurs if the T2ZEDGE1 DET ENA and
T2EDGE1 INT ENA bits are set (T2CTL3.0 and T2CTL2.2 respectively).
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Dual Capture Mode:
In this mode, interrupts are generated when any of the following events occur:

1) when a compare equal condition occurs for the dedicated Compare
Register if the T2C1 INT ENA bit (T2CTL2.0) is set,

2)  when the counter overflows if the T2 OVERFL INT ENA bit (T2CTL1.4)
is set,

3) when an External Edge 1 detect occurs if the T2ZEDGE1 DET ENA and
T2EDGE1 INT ENA bits are set (T2CTL3.0 and T2CTL2.2), or

4)  when an External Edge 2 detect occurs if the T2ZEDGE2 DET ENA and
T2EDGE2 INT ENA bits are set (T2CTL3.1 and T2CTL2.1).

Note:

All set and enabled interrupt flags must be cleared before exiting the T2
interrupt routine. If the flags are not reset, then the processor will enter the
T2 interrupt routine again instead of continuing the mainstream program.
If the flag bits are never reset then the program will lock up.

8.2.10 Power-Down Modes

This module supports the power-down modes which aid in reducing power
consumption during periods of inactivity. In both the Halt and Standby modes,
no clocks or external inputs are recognized.

The low-power modes are entered when an IDLE instruction is executed by
the CPU if the POWERDOWN/IDLE bit (SCCR2.6) is set. During the low-
power mode, the Timer 2 Module holds the pre-idile status of all storage ele-
ments. The module’s external pins are held constant regardless of the pin
function, i.e., inputs remain inputs, output low levels remain low, and output
high levels remain high. When the idle state is exited, the 1/O Timer Module
continues where it left off.
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8.3 Timer 2 Control Registers

Peripheral File registers control the Timer 2 module operating mode selection,
interrupt enable, status flags, and output configuration. These registers are
shown in Table 8-2 The bits shown in shaded boxes in Table 8-2 are Privilege
Mode bits, that is, they can only be written to in the Privilege Mode.

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 reading or writing the bytes when done in this order. While
accessing a 16-bit register, do not read 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

8-14



Timer 2 Control Registers

ADDR
1060h
1061h
1062h
1063h
1064h
1065h
1066h
1067h

1068h
1068h

106Ah

106Bh

106Ch

106Bh

106Ch

106Dh

106Eh

106Fh

PF
060
061
062
063
064
065
066
067

068
069

06A

06B

06C

oeB

06C

06D
06E

Q6F

Table 8-2. Peripheral File Frame 6: Timer 2 Control Registers

PERIPHERAL FILE FRAME 6: TIMER 2 MODULE CONTROL REGISTERS

Br7 | ere | ars | Bra | mra | mr2 | sr1 | arvo
BIT 15 T2 COUNTER MSB BIT 8
BIT 7 T2 COUNTER LSB BIT 0
BIT 15 T2 COMPARE 1 REGISTER MSB BIT 8
BIT 7 T2 COMPARE 1 REGISTER LSB BT 0
BIT 15 CAPTURE 1/COMPARE 2 REGISTER MSB BIT 8
BIT 7 CAPTURE 1/COMPARE 2 REGISTER LSB BIT 0
BIT 15 CAPTURE REGISTER 2 MSB BIT 8
BIT 7 CAPTURE REGISTER 2 L6B BIT 0

RESERVED

T2 OVRFL|T2 OVRFL| T2 INPUT | T2 INPUT T2
INT ENA | INT FLAG | SELECT 1| SELECT O|SW RESET

MODE: DUAL COMPARE REGISTERS

T2EDGE1 T2C2 T2C1 T2EDGE1| T2C2 T2C1
INT FLAG [ INT FLAG | INT FLAG INT ENA [ INT ENA | INT ENA

T2MODE T2C1 T2C2 T2C1 T2EDGE1 | T2EDGE1 | T2EDGE1 | T2EDGE1
=0 OUT ENA | OUT ENA | RST ENA | OUT ENA | POLARITY| RST ENA | DET ENA

MODE: DUAL CAPTURE AND SINGLE COMPARE REGISTERS

T2EDGE1 | T2EGDE2 | T2C1 T2EDGE1 [ T2EGDE2 T2C1

INT FLAG | INT FLAG | INT FLAG T T INT ENA | INT ENA | INT ENA

T2MODE o . T2C1 T2EGDE?2 { T2EDGE1 | T2EDGE2 | T2EDGE1
=1 - RST ENA | POLARITY | POLARITY | DET ENA | DET ENA

T2EVT T2EVT T2EVT T2EVT
DATA IN |DATA OUT| FUNCTION| DATA DIR

T2I1C2/ T21c2/ T21C2/ T2Ic2/ T2I1CY/ TaIcY T2I1cY/ T2ICY/
Wi PWM PWM PWM CR CR CR CR
DATA IN [DATA OUT|FUNCTION| DATA DIR| DATA IN |DATA OUT|FUNCTION| DATA DIR

T2CNTR

T2C

T2CC

T2IC

T2CTL1

T2CTL2

T2CTL3

T2CTL2

T2CTL3

T2PC1

T2PC2

T2PRI
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8.3.1 Timer 2 Control Register 1

The T2CTL1 register controls the clock input selection, counter overflow
interrupts, and counter software reset.

Timer 2 Control Register 1 (T2CTL1)
[Memory Address - 106Ah]

Bit # - 7 6 5 4 3 2 1 0

T2 OVRFL|T2 OVRFL| T2 INPUT|T2 INPUT T2

PO6A --- --- --- INT INT SELECT | SELECT sSwW
ENA FLAG 1 0 RESET

RW-0 RC-0 RW-0 RW-0 S-0
R=Read, S=Set only, W=Write, C=Clear only, -n= Value after RESET

Bit O - T2 SW RESET. Timer 2 Software Reset.
When a one is written to this bit, the counter will reset to 0000h on the next
system clock cycle, however, this bit is always read as a zero.

Bits 1,2 - T2 INPUT SELECT 0-1. Timer 2 Input Select 0,1.
These two bits select one of four clock sources as an input to the counter. The
four options are:
- system clock with no prescale,
- system clock when external input is high (pulse accumulation),
- external source synchronized with system clock (event input).
- no clock,
The combinations are shown below.

Bit 2 Bit 1 Counter Clock Source
0 0 system clock
0 1 pulse accumulation
1 0 event input
1 1 no clock input

Bit 3 - T2 OVRFL INT FLAG. Timer 2 Overflow Interrupt Flag.
This bit is the Timer 2 Counter Overflow Bit. It is cleared by writing a zero to
this bit or during RESET.
0 = Overflow interrupt inactive.
1 = Overflow interrupt pending.

Bit 4 - T2 OVRFL INT ENA. Timer 2 Overflow Interrupt Enable.
This bit controls the Timer 2 overflow interrupting capability.
0 = Disable Interrupt.
1 = Enable Interrupt from overflow.

Bits 5,6,7 - Reserved. Read data is indeterminate.
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8.3.2 Timer 2 Control Register 2

Bit # -

P06B

Bit # -

P06B

The T2CTL2 register contains interrupt flags and controls the capability of the

module t

0 issue interrupts.

Timer 2 Control Register 2 (T2CTL2)
[Memory Address - 106Bh]

Mode: Dual Compare

7 6 5 4 3 2 1 0
T2EDGE1 T2C2 T2C1 T2EDGE1 T2C2 T2C1
INT INT INT --- --- INT INT INT
FLG FLG FLG ENA ENA ENA
RC-0 RC-0 RC-0 RW-0 RW-0 RW-0
Mode: Dual Capture
7 6 5 4 3 2 1 0
T2EDGE1 | T2EDGE2 T2C1 T2EDGE1 | T2EDGE2| T2C1
INT INT INT - --- INT INT INT
FLG FLG FLG ENA ENA ENA
RC-0 RC-0 RC-0 RW-0 RW-0 RW-0
R=Read, W=Write, C=Clear only, -n= Value after RESET
Bit O - T2C1 INT ENA. Timer 2 Compare 1 Interrupt Enable.
This bit controls the interrupting capability of the Compare 1 register.
0 = Disable interrupt.
1 = Enable interrupt from Compare 1 register.
Bit 1 - Dual Compare Mode:
T2C2 INT ENA. Timer 2 Output Compare 2 Interrupt Enable.
This bit controls the interrupting capability of the Compare 2 register.
0 = Disable interrupt.
1 = Enable interrupt from Compare 2 register.
Dual Capture Mode:
T2EDGE2 INT ENA. Timer 2 External Edge 2 Interrupt Enable.
This bit determines whether or not the active edge input to the T21IC2/PWM
pin generates an interrupt.
0 = Disable interrupt.
1 = Enable interrupt.
Bit 2 - T2EDGE1 INT ENA. Timer 2 External Edge 1 Interrupt Enable.
This bit determines whether or not the active edge input to the T2IC1/CR pin
generates an interrupt.
0 = Disable interrupt.
1 = Enable interrupt.
Bit 3,4 - Reserved. Read data is indeterminate.
Bit5 - T2C1 INT FLAG. Timer 2 Output Compare 1 Interrupt Flag.

This bit is set when the output Compare Register first matches the counter
value. It is cleared by writing a zero to this bit, or during RESET.

0 = Interrupt inactive.

1 = Interrupt pending from Compare 1.
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Bit 6 -

Bit 7 -

Dual Compare Mode:

T2C2 INT FLAG. Timer 2 Output Compare 2 Interrupt Flag.

This bit is set when the Capture/Compare Register first matches the counter
value. It is cleared by writing a zero to this register bit, or during RESET.

0 = Interrupt inactive.

1 = Interrupt pending from Compare 2.

Dual Capture Mode:

T2EDGE2 INT FLAG. Timer 2 Edge 2 Interrupt Flag.

This bit is set when the appropriate edge is detected on T21C2/PWM and
indicates that the Capture Register was loaded. It is cleared by writing a zero
to this register bit, or during RESET.

0 = Interrupt inactive.

1 = Interrupt pending from Edge 2 Detect.

T2EDGE1 INT FLAG.Timer 2 External Edge 1 Interrupt Flag.

This bit is set when the appropriate edge is detected on the T2IC1/CR pin. It
is cleared by writing a zero to this register bit, or during RESET.

0 = Interrupt inactive.

1 = Interrupt pending from Edge 1 Detect circuitry.
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8.3.3 Timer 2 Control Register 3

The T2CTL3 register controls the Timer 2 module mode of operation, outputs,
active transition polarity, and counter reset.

Timer 2 Control Register 3 (T2CTL3)
[Memory Address - 106Ch]

Mode: Dual Compare

Bit # - 7 6 5 4 3 2 1 0
T2 T2C1 T2C2 T2C1 T2EDGE1 T2EDGE1T | T2ZEDGE1
PO6C MODE ouT ouT RST ouT T2EDGE1 RST DET
= ENA ENA ENA ENA |POLARITY| ENA ENA

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Mode: Dual Compare

Bit # - 7 6 5 4 3 2 1 0

T2 T2C1 T2EDGE2 | T2EDGE1
PO6C MODE --- --- RST T2EDGE2 | T2EDGE1 DET DET

= ENA |POLARITY|POLARITY| ENA ENA

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

Bit O - T2EDGE1 DET ENA: . Timer 2 Edge 1 Detect Enable.
This bit enables the edge detection circuit to sense the next active level tran-
sition on the T2IC1/CR pin. This bit is cleared after the selected transition is
detected or during RESET.
0 = Edge 1 detect disabled.
1 = Edge 1 detect enabled.

Bit1 - Dual Compare Mode:
T2EDGE1T RST ENA. Timer 2 Edge 1 Detect Reset Enable.
This bit controls whether or not an external signal can reset the counter.
0 = Disable external reset of the counter.
1 = Enable external reset of the counter.

Dual Capture Mode:

T2EDGE2 DET ENA. Timer 2 External Edge 2 Detect Enable.

This bit enables the edge detection circuit to sense the next active level tran-
sition on the T2IC2/PWM pin. This bit is cleared after the selected transition
is detected or during RESET.

0 = Edge detect disabled.

1 = Edge detect enabled.

Bit 2 - T2EDGE1 POLARITY. Timer 2 Edge 1 Polarity Select. ‘
This bit controls which level transition on the T2I1C1/CR pin is active.
0 = Trigger on high-to-low transition.
1 = Trigger on low-to-high transition.
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8-20

Bit 3 -

Bit 4 -

Bit 6 -

Bit 6 -

Bit 7 -

Dual Compare Mode:

T2EDGE1 OUT ENA. Timer 2 Edge 1 Detect Output Enable.

This bit controls whether or not the pulse indicating an external edge detect
toggles the module’s output pin.

0 = Disable pulse to toggle output.

1 = Enable pulse to toggle output.

Dual Capture Mode:

T2EDGE2 POLARITY. Timer 2 Edge 2 Polarity Select.

This bit controls which level transition on the T2IC2/PWM 1 pin, will trigger
a counter reset, depending upon the counter mode selected.

0 = Trigger on high-to-low transition.

1 = Trigger on low-to-high transition.

T2C1 RST ENA. Timer 2 Output Compare 1 Reset Enable.

This bit controls whether or not the compare equal pulse from the Compare
Register resets the counter on the next counter increment.

0 = Disable reset upon compare equal.

Enable reset upon compare equal.

1

Dual Compare Mode:

T2C2 OUT ENA. Timer 2 Output Compare 2 Enable.

This bit controls whether or not the output compare equal pulse from the
Capture/Compare Register toggles the T21C2/PWM output pin.

0 = Disable pulse to toggle output.

1 = Enable pulse to toggle output.

Dual Capture Mode:
Reserved. Read data is indeterminate.

Dual Compare Mode:

T2C1 OUT ENA. Timer 2 Output Compare 1 Enable.

This bit controls whether or not the compare equal pulse from the Compare
Register toggles T21C2/PWM pin.

0 = Disable pulse from toggling output.

1 = Enable pulse to toggle output.

Dual Capture Mode:
Reserved. Read data is indeterminate.

T2 MODE. Timer 2 Mode Select.

This bit selects the operating mode for the counter.
0 = Dual Compare mode.

1 = Dual Capture mode.
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8.3.4 Timer 2 Port Control Registers

The Port Control Registers (T2PC1, T2PC2) control the functions of the 1/0
pins. Each module pin is controlled by a nibble in one of the PCRs.

8.3.4.1 Timer 2 Port Control Register 1

The T2PC1 register assigns the 1/O function of the T2EVT pin as either a
general-purpose digital I/0 or external event input of the module.

Timer 2 Port Control Register 1 (T2PC1)
[Memory Address - 106Dh}

Bit # - 7 6 5 4 3 2 1 0
T2EVT | T2EVT T2EVT
PO6D DATA DATA | T2EVT | DATA
IN OUT |FUNCTION| DIR

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

Bit O - T2EVT DATA DIR. Timer 2 Event Pin Data Direction.
This bit determines the data direction on the T2EVT pin if the T2EVT
FUNCTION bit = 0.

0 = T2EVT2 is configured as input.
1 = T2EVT is configured as output.

Bit 1 - T2EVT FUNCTION. Timer 2 Event Pin Function Select.
This bit selects the function of the T2EVT pin.

0 = T2EVT is a general-purpose digital 1/0 port.
1 = T2EVT is the event input pin.

Bit 2 - T2EVT DATA OUT. Timer 2 Event Pin Data Out.
This bit contains the data to be output on the T2EVT pin if the following con-
ditions are met:
a. T2EVT DATADIR = 1
b. T2EVT FUNCTION =0

Bit 3 - T2EVT DATA IN. Timer 2 Event Pin Data In.
This bit contains the data to be input from the T2EVT pin. A write to this bit
has no effect.

Bits 4,5,6,7 - Reserved. Read data is indeterminate.
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8.3.4.2 Timer 2 Port Control Register 2

The T2PC2 register assigns the |/O functions of the T2IC1/CR and
T21C2/PWM pins as either general-purpose digital I/O pins or the input-
capture/counter-reset and PWM output pins, respectively.

Timer 2 Port Control Register 2 (T2PC2)
[Memory Address - 106Eh]

Bit # - 7 6 5 4 3 2 1 0
T2iC2/ T21C2/ T2IC2/ T2I1C2/ T2I1C1/ T21C1/ T21c1/ T21C1/
POGE PWM PWM

PWM PWM CR CR CR CR
DATA IN |DATA OUT|{FUNCTION| DATA DIR| DATA IN |DATA OUT|FUNCTION| DATA DIR
R-0 RW-0 RW-0 RW-0 R-0 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET

Bit O - T2IC1/CR DATA DIR. Timer 2 IC1/CR Data Direction.
This bit determines the direction of data on the T2IC1/CR pin if the T2IC1/CR
FUNCTION bit = 0.

0 = T2IC1/CR is an input.
1 =T2IC1/CR is an output.

Bit1 -  T2IC1/CR FUNCTION. Timer 2 IC1/CR Function Select.
This bit determines the function of the T2IC1/CR pin. )

0 = T2IC1/CR is a general-purpose digital |/O port.
1 = T2IC1/CR is the input capture/counter reset pin.

Bit 2 - T2IC1/CR DATA OUT. Timer 2 IC1/CR Data Out.
This bit contains the data output on the T2IC1/CR pin if the following condi-
tions are true:
a. T21IC1/CR DATADIR = 1
b. T2IC1/CR FUNCTION = 0

Bit 3 - T2IC1/CR DATA IN. Timer 2 IC1/CR Data In.
This bit contains the data input on the T2IC1/CR pin. A write to this bit has
no effect.

Bit 4 - T2IC2/PWM DATA DIR. Timer 2 IC2/PWM Data Direction.
This bit determines the direction of data on the T2IC2/PWM pin if the
T2I1C2/PWM FUNCTION bit = 0.

0 = T2IC1/PWM is an input.
1 = T2IC2/PWM is an output.

Bit5 - T2I1C2/PWM FUNCTION. Timer 2 1C2/PWM Function Select.
This bit determines the function of the T2IC2/PWM pin.

0 = T21C2/PWM is a general-purpose digital 1/0 port.
1 = T2IC2/PWM is the input capture/PWM output pin.

Bit 6 - T2I1C2/PWM DATA OUT. Timer 2 IC2/PWM Data Out.
This bit contains the data output on the T21C2/PWM pin if the following
conditions are true:
a. T21C2/PWM DATA DIR =1
b. T21C2/PWM FUNCTION =0

Bit 7 - T2iC2/PWM DATA IN. Timer 2 IC2/PWM Data In.
This bit contains the data input on the T2IC2/PWM pin. A write to this bit has
no effect.
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8.3.5 Timer 2 Interrupt Priority Control Register

The T2PRI register assigns the priority level of interrupts generated by the
Timer 2 module.

Ti'mer 2 Priority Control Register (T2PRI)
[Memory Address - 106Fh]

Bit # - 7 6 5 4 3 2 1 0
POGF T2 T2
STEST |PRIORITY
RP-0  RP-0

R=Read, P=Privileged Write, -n= Value after RESET

Bits 0-5 - Reserved. Read data is indeterminate.

Bit 6 - T2 PRIORITY. Timer 2 Interrupt Priority Select.
This bit determines the level of Timer 2 interrupts.

0 = Interrupts are level 1 (high priority) requests.
1 = Interrupts are level 2 (low priority) requests.

Bit 7 - T2 STEST.
This bit must be cleared (0) to ensure proper operation.
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9. Serial Communications Interface (SCI) Port

This section discusses the architecture and programming of the Serial Com-
munications Interface module on TMS370C050 and TMS370C850 devices.

This section covers the following topics:
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9.1 SCI Overview

The programmable Serial Communications Interface (SCI) allows digital
communications between the TMS370 device and other asynchronous peri-
pherals using the standard NRZ (Non Return to Zero) format. Both the SCI
receiver and transmitter are double buffered and have their own separate ena-
ble and interrupt bits. Thus, they may be operated independently or simul-
taneously in the Full Duplex mode.

To ensure data integrity, the SCI checks received data for Break detection,
Parity, Overrun, and Framing errors. The speed of operation, or Baud rate, is
programmable to over 65,000 different speeds through a 16-bit baud-select
register.

9.1.1 Physical Description

The major elements of the full-duplex SCI is shown in Figure A-9 and in-
cludes:

1)  a transmitter (TX),

a) TXBUF - Transmitter Buffer Register, contains data written by the
CPU, to be transmitted.

b) TXSHF - Transmitter Shift Register, loaded from TXBUF, shifts
data onto SCITXD pin one bit at a time.

2)  areceiver (RX),

a) RXSHF - Receiver Shift Register, shifts data in from SCIRXD pin
one bit at a time.

b) RXBUF - Receiver Buffer Register, contains data to be read by the
CPU, received from remote processor, loaded from RXSHF.

3) a programmable baud rate generator, and
4)  memory mapped control and status registers.

The SCI receiver and transmitter can operate independently and simultane-
ously. A third port line (SCICLK) is available for the optional synchronizing
clock line in the Isosynchronous mode.
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9.1.2 SCI Features

Features of the Serial Communications Interface (SCI) include the following:

® Two Communications Formats
- Asynchronous
- Isosynchronous
[ ] Programmable Baud Rates
- Asynchronous:
A Range at 20 MHz - 3 Bps to 156K Bps
A Number of Rates - 64K
- Isosynchronous:
A Range at 20 MHz - 39 Bps to 2.5M Bps
A Number of Baud Rates - 64K

° Programmable Data Word Length From 1 To 8 Bits
Programmable Stop Bits Of Either 1 Or 2 Bits In Length

® Error Detection Flags:
- Parity Error
- Overrun Error
- Framing Error
- Break Detect

{ Two Wake-Up Multiprocessor Modes which may be used with either
Communications Format.
- Idle Line Wake-Up
- Address Bit Wake-Up

° Full Duplex Operation

[ ] Separate Transmitter and Receiver Interrupts For Polled or Interrupt Dri-
ven Operation

L Double Buffered Receive and Transmit Functions
[ ) Separate Enable Bits for the Transmitter and Receiver.
® NRZ (Non-Return-To-Zero) Format.
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9.1.3 SCI Formats and Operation Modes

The SCI may use one of two communication formats, Asynchronous or [so-
synchronous. These formats may be programmed to contain:

o 1 start bit,

o 1 to 8 data bits,

o an even/odd parity bit or no parity bit, and
° 1 or 2 stop bits.

The SCI provides the following Universal Asynchronous Receiver/Transmitter
(UART) communications formats for interfacing with many popular peripher-
als:

[ Asynchronous Mode (discussed in Section 9.2.4.1, page 9-9) requires
two lines to interface with many standard devices such as terminals and
printers using RS-232-C formats.

Q Isosynchronous Mode (discussed in Section 9.2.4.2, page 9-10) permits
high transmission rates and requires a synchronizing clock signal
between the receiver and transmitter.

The SCI also has two multiprocessor protocols, the Idle Line Multiprocessor
Mode (see Section 9.2.5.1) and the Address Bit Multiprocessor Mode (see
Section 9.2.5.2). These protocols allow efficient data transfer between multi-
ple processors, and may be used with either the Isosynchronous or standard
Asynchronous formats.

The SCI transmits and receives serial data, one bit at a time at a programmable
baud rate. If the TMS370 operates at 20 MHz, the Baud rate for the Asyn-
chronous mode would range from 3 bits-per-second to 156 kilobits-per-
second, and for the Isosynchronous mode would range from 39
bits-per-second to 2.5 megabits-per-second.
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9.1.4 SCI Control Registers

The SCI Control registers are located at addresses 1050h to 105Fh.

function of each location is shown in Table 9-1.

Table 9-1. SCI Memory Map

The

Peripheral
File
Location Symbol Name
PO50 SCICCR SCI Communication Control Register
PO51 SCICTL SCI Contro! Register
P052 BAUD MSB Baud Rate Select MSB
P053 BAUD LSB Baud Rate Select LSB
P054 TXCTL Transmitter Interrupt Control and Status Register
PO55 RXCTL Receiver Interrupt Control and Status Register
P056 Reserved
P0O57 RXBUF Receiver Data Buffer
P058 Reserved
P059 TXBUF Transmit Data Buffer
PO5A
PO5B Reserved
PO5C
PO5D SCIPC1 Port Control 1
POSE SCiPC2 Port Control 2
POSF SCIPRI Priority Control
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9.2 SCI Operation

The functions of the SCI are software configurable. A set of control words
sent to the SCI initializes the desired communications format. These control
words determine the:

1)  operating mode and protocol,
2)  baud rate,

3) character length,

4) even/odd parity or parity off,
5)  number of stop bits, and

6) interrupt priorities and enables.

9.2.1 SCI Programmable Data Format

SCI data, both receive and transmit, is in NRZ (Non-Return to Zero) format.
The data format consists of one Start bit, 1 to 8 data bits, an optional
even/odd parity bit, and either 1 or 2 Stop bits, as illustrated in Figure 9-3

ISTART[ LsB| 2 ‘ 3 | 4 ‘ 5 ] 6 ] 7 |MS?‘PARITYETOPI

IDLE LINE MODE
(NORMAL NON-MULTIPROCESSOR COMMUNICATIONS)

T Jetart|sa [ 2 | 3 [ 4| 5| 6] 7 |wmes | panmy|sToP!

ADDRESS BIT MODE '

Figure 9-3. SCI Data Frame Formats

9.2.2 SCI Port Interrupts

The SCI provides independent interrupt requests and vectors for the receiver
and transmitter.

The receiver interrupt is asserted when the RXRDY (RXCTL.6) or BRKDT
(TXCTL.5) flags are set, assuming the SCI RX INT ENA bit (RXCTL.O) is set.
The transmitter interrupt is asserted when the TXRDY flag (TXCTL.7) is set,
assuming the SCI TX INT ENA bit (TXCTL.0) is set.

SCI Interrupts can be programmed onto different priority levels by the SCI RX
PRIORITY (SCIPRL.5) and SCI TX PRIORITY (SCIPRL.6) control bits. When
both RX and TX interrupt requests are made on the same level, the receiver
always has higher priority than the transmitter to reduce the possibility of
receiver overrun.

An SCI TX interrupt is asserted whenever TXBUF is transferred to TXSHF. This
interrupt indicates that the CPU can write to the TXBUF.

An SCI RX interrupt is asserted whenever the SCI receives a complete frame
(RXSHF transfers to RXBUF) or when a break detect condition occurs
(SCIRXD is low for 10 bit periods following a stop bit).
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9.2.3 SCI Clock Sources

9-8

The SCI port can be driven by an internal or external baud rate generator. The
CLOCK bit (SCICTL.4) configures the SCi clock source as either an input or
an output.

If an external clock source is selected (CLOCK = 0), and the SCICLK
FUNCTION bit (SCIPC1.1) is set, then the SCICLK pin functions as the high
impedance Serial Clock input pin.

If an internal clock source is selected (CLOCK = 1), the SCICLK pin may be
used as a general purpose I/O pin or as the Serial Clock output pin. If the
Serial Clock output is selected, a 50 percent duty cycle clock signal is output
on the SCICLK pin, which becomes a Serial Clock output pin.

The internally generated serial clock is determined by the TMS370 CLKIN
frequency and the Baud Rate Select Registers. The SCI uses the 16-bit value
of the Baud Rate Select Registers to select one of 64K different serial clock
rates for the communication modes in the following manner:

Asynchronous Baud Rate = CLKIN / [(BAUD RATE REG + 1) * 128]
and

Isosynchronous Baud Rate = CLKIN / [(BAUD RATE REG + 1) * 8]
and

SCICLK frequency = CLKIN / [(BAUD RATE REG + 1) * 8]

where,
BAUD RATE REG = The 16-bit value in the Baud Rate Select Registers.

Note:

When an external serial clock signal is used, the maximum SCICLK fre-
quency is CLKIN/16.

The current logic level on the SCICLK pin can be determined by reading the
SCICLK DATA IN bit (SCIPC1.3).

The SCI receives data on rising clock edges and transmits data on falling clock
edges.
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9.2.4 SCl Communications Modes

The SCIRX/SCITX (receiver/transmitter) has two operating modes, Asyn-
chronous and Isosynchronous. The ASYNC/ISOSYNC bit (SCICCR.4) deter-
mines the mode of operation. Either of these two modes can be used with
either of the two forms of multiprocessor protocol, Idle Line and Address Bit.

9.2.4.1 Asynchronous Communications Mode

The SCI Asynchronous communication mode uses either single line (one way)
or double line (two way) communications. In this mode, the frame consists
of a start bit, one to eight data bits, an optional even/odd parity bit, and one
or two stop bits. There are 16 SCICLK periods per data bit.

The receiver begins operation on receipt of a valid start bit. A valid start bit
consists of a negative edge followed by three samples, two of which MUST
be zero. If two of the three samples are not zero, then the receiver continues
to search for a start bit. These samples occur on the seventh, eighth, and ninth
SCICLK periods after the negative edge. This sequence provides false start
rejection and also locates the center of bits in the frame where the bits are read
on a majority (two out of three) basis. Figure 9-4 illustrates the asynchronous
communication format, with a start bit showing how edges are found and
where a majority vote is taken.

Since the receiver synchronizes itself to frames, the external transmitting and
receiving devices do not have to use synchronized serial clocks; it may be
generated locally. If the CLOCK (SCICTL.4) and SCICLK FUNCTION
(SCIPC1.1) bits are set, the serial clock function is output continuously on the
SCICLK pin.

FALLING
EDGE MAJORITY MAJORITY
DETECTED VOTE VOTE

I "1 23 45 6 78 9111213141516 1 2 3 4 5 6 7 8 9 1011 1213141516 1

wo 1 Y | T X

START BIT LS BIT OF DATA

SCI CLK

Figure 9-4. Asynchronous Communication Format
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9.2.4.2 SCI Isosynchronous Communications Mode

9-10

The SCI Isosynchronous communication mode uses either two line (one way)
or three line (two way) communications. The extra line (Serial Clock) is
required for data synchronization. In the Isosynchronous mode, each bit of
data requires only one serial clock pulse for transmission or reception. Thus,
the data bit period equals the SCICLK period, and data bits are read on a sin-
gle sample basis.

Since the receiver does not synchronize itself to data bits, the transmitter and
receiver must be supplied with a common serial clock. If the internal serial
clock is used it must be output continuously on the SCICLK pin. The arrival
of a valid start bit, which consists of a low on the RXD line at the time of a
rising SCICLK edge, initiates receiver operation.

Figure 9-5 illustrates the Isosynchronous communication format. A complete
frame consists of a start bit, one to eight data bits, an optional even/odd parity
bit, and one or two stop bits.

SCICLK | l | {

TXD

RXD

orour X BIT OUT X BIT oUT X

(RRRXIKRIX) _ (RXXXTXIXKXRD - (KRXRXRXD)
RRRRLRRRLY BTIN KRR BITIN - KRR

Figure 9-5. Isosynchronous Communication Format
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9.2.4.3 Receiver Signals in Communications Modes

Figure 9-6 illustrates an example of receiver signal timing assuming the fol-
lowing:

1)  Address bit wake-up mode

2) 6 bits per character

Lettered notes following the diagram are keyed to the letter labels in the dia-
gram.

RX ENA _J L

A F
RXRDY | l
Cc D
B E
SCIRXD
PIN
STR 0 1 2 3 4 5 ADD PAR STP STR 0 1 2

A. RX ENA goes high to enable the receiver.

B. Data arrives on the SCIRXD pin, start bit detected.

C. RXRDY goes high to signal that a new character has been received, data is shifted to
RXBUF, an interrupt is requested. )

D. The program reads the RXBUF register, RXRDY is automatically cleared.

E. The next byte of data arrives on the SCIRXD pin; start bit detected. cleared.

F. RX ENA goes low to disable the receiver. Data continues to be assembled in the RXSHF
register but is not transferred to the RXBUF register.

Figure 9-6. SCI RX Signals in Communication Modes
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9.2.4.4 Transmitter Signals in Communications Modes

Figure 9-6 illustrates an example of transmitter signal timing assuming the
following:

1)  Address bit wake-up mode (address bit would not appear in Idle line
mode)
2) 3 bits per character

Lettered notes following the diagram are keyed to the letter labels in the dia-
gram.

TX ENA _J . l
k] [
oy ] | L |

SCITXD
STR o 1 2 AD PA ST STR 0 1 2 AD PA ST

A. TX ENA goes high to enable the transmitter to send data.

B. Write to TXBUF, TX is no longer empty.

C. SCI transfers data to shift register; TX is ready for new character, requests an interrupt.
D. Program writes new character to TXBUF after TXRDY goes high (item C).

E. Finished transmitting first character; transfer new character to shift register.

F. TX ENA goes low to disable transmitter; SCI finishes transmitting current character.

G. Finished transmitting character; TX is empty and ready for new character.

Figure 9-7. SCI TX Signals in Communications Modes
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9.2.5 SCI Multiprocessor Communications

The Multiprocessor Communication format allows one processor to efficiently
send blocks of data to other processors on the same serial link. On one serial
line there should be only one talker at a time. The first byte of a block of
information contains an address byte which is read by all listeners. Only cor-
rectly addressed listeners can be interrupted by the following data bytes. The
listeners not addressed remain uninterrupted until the next address byte.

The two different multiprocessor modes, supported by TMS370 devices, differ
in how the processor recognizes an address byte. The Idle Line mode leaves
a quiet space before the address byte. The Address Bit mode adds an extra
bit into every byte to distinguish addresses from data.

The multiprocessor mode is software selectable via the ADDRESS/IDLE WUP
bit (SCICCR.3). Both formats use the TXWAKE and SLEEP flags to control
the SCITX and SCIRX features of these modes.

On the serial link, all processors set their SLEEP bit to 1 so that they are
interrupted only when the address byte is detected. When a processor reads
a block address which corresponds to the CPU’s device address as set by
software, the program must clear the SLEEP bit to enable the SCI to generate
an interrupt on receipt of each data byte.

Although the receiver still operates when the SLEEP bit is 1, it does not set
RXRDY, RXINT, or the error status bits to 1 unless the address byte is detected
and the address bit in the received frame is a 1. The SCI does not alter the J§
SLEEP bit; software must alter the SLEEP bit. 2

In both multiprocessor modes the sequence is:

1)  The SCI port wakes up (requests an interrupt) at the start of a block and
reads the first frame which contains the destination address.

2) A software routine is entered through the interrupt and checks the
incoming byte against its device address byte stored in memory.

3) If the block is addressed to the microcomputer, the CPU clears the
SLEEP bit and reads the rest of the block; if not, the software routine
exits with the SLEEP bit still set and does not receive SCI interrupts until
the next block start.

The Idle Line multiprocessor mode does not contain the extra address/data
bit, and is more efficient than the Address Bit mode in handling blocks con-
taining more than 10 bytes of data.

The Address Bit mode is more efficient in handling many small blocks of data
because it does not have to wait between blocks of data as does the Idle Line
mode. However, at high transmit speeds, the program may not be quick
enough to avoid a 10-bit idle in the transmission stream.
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9.2.5.1 ldle Line Multiprocessor Mode
In the ldle Line multiprocessor protocol, blocks are separated by having a
longer idie time between the blocks than between frames in the blocks. An

idle time of 10 or more bits after a frame indicates the start of a new block.
The Idle Line multiprocessor communication format is shown in Figure 9-8.

4[-—BLOCKS OF FRAMES ——l
) /7

momo | J L JL JL J, L JLJ L 1, L],
T—IDLE PERIODS OF 10 Bltl's ———T

RXD/TXD ~'I
L sr} ADDR |3P|sﬂ DATA sP ISTI LAST DATA sP
\

7\
\/ -/ \——V—J
FIRST FRAME WITHIN FRAME WITHIN l IDLEEF.‘A%'RIED
BLOCK IS ADDRESS, BLOCK THiN o %ns
IT FOLLOWS IDLE IDLE PERIOD
PERIOD OF 10 BITS LESS THAN 10 .
OR MORE BITS

Figure 9-8. Idle Line Multiprocessor Communication Format

The SCI wakes up after the block start signal. The processor now recognizes
the next SCI interrupt. The service routine then receives the address sent by
a remote transmitter and compares this address to its own. If the CPU is
addressed, the service routine clears the SLEEP bit, and receives the rest of the
data block. If the CPU is not addressed, the SLEEP bit is left set. This lets the
CPU continue to execute its main program without being interrupted by the
SCI port.

There are two ways to send a block start signal.

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

2) In the second method, the SCI port uses the TXWAKE bit to send an idle
time of exactly 11 bits. Therefore, the serial communications line is not
idle any longer than necessary.

Associated with the TXWAKE bit is the wake-up temporary (WUT) flag. WUT
is an internal flag, double buffered with TXWAKE. When TXSHF is loaded
from TXBUF, WUT is loaded from TXWAKE, and TXWAKE is reset to 0. This
arrangement is shown in Figure 9-9.
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[ TXWAKE ] [ TXBUF

[ wur | i TXSHF |

Figure 9-9. Double-Buffered WUT and TXSHF

To send out a block start signal of exactly one frame time:
1)  Write a 1 to the TXWAKE bit.

"~ 2)  Write a data word (don't care) to TXBUF. (The first data word written
is suppressed while the block start signal is sent out, and ignored after
that.)

When TXSHF is free again, TXBUF's contents are shifted to TXSHF, the
TXWAKE value is shifted to WUT, and then TXWAKE is cleared.

If TXWAKE was set to a 1, the start, data, and parity bits are replaced
by an idle period of 11 bits transmitted following the last stop bit of the
previous frame.

3)  Write an address value to the TXBUF.

Writing the first "don’t care” data word to the TXBUF is necessary so the

TXWAKE bit value can be shifted to WUT. After the "don’t-care” data word _
is shifted to the TXSHF, the TXBUF (and TXWAKE if necessary) may be

written to again, since WUT and TXSHF are both double-buffered.

The receiver. operates regardless of the SLEEP bit. The receiver does not set
RXRDY, RXINT, or the error status bits until an address frame is detected.

9.2.5.2 Address Bit Multiprocessor Mode

In the Address Bit protocol, the frame has an extra bit called an address bit

immediately after the last data bit. The first frame in the block has the address

bit set to 1, and all other frames have the address bit set to 0. The idle period
_ timing is irrelevant.

The TXWAKE bit sets the address bit. In SCITX, when the TXBUF and

- TXWAKE are loaded into TXSHF and WUT, TXWAKE is reset to 0 and WUT
is the value of the address bit of the current frame. Thus, to send an address,
set the TXWAKE bit to a 1, and write the appropriate address value to the
TXBUF. When this address value is transferred to TXSHF and shifted out, its
address bit is sent as a 1, which flags the other processors on the serial link
to read the address. Since TXSHF and WUT are both double-buffered, TXBUF
and TXWAKE may be written to immediately after TXSHF and WUT are
loaded. To transmit non-address frames in the block, the TXWAKE bit is left
at 0. :
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IDLE TIME IS OF
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Figure 9-10. Address Bit Multiprocessor Communication Format

9.2.6 SCI Initialization Examples

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

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

o The secand example illustrates the Address Bit mode in a multiprocessor
application.

In all examples, assume the register mnemonics have been equated (EQU)
with the corresponding Peripheral-File location.
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9.2.6.1 RS-232-C Example

This example initializes the transmitter and receiver to accept data at 9600
baud with a format of 8 data bits, 1 stop bit, and even parity.

B9600 .EQU 15 ;Value for counter for 9600 baud
; value = (CLKIN/128/baud rate) - 1 =
; (20 MHz/128/9600) - 1 = 15.27 ~ 15
; 1.8 percent error
AND #01Fh,SCICTL ;Make sure that SCI SW RESET bit is
; clear before writing to the SCI
; configuration registers

MOV  #000h,SCIPRI ;Set TX and RX to high priority
MOV  #005h,SCIPC1l ;Set SCLK for general purpose output
MOV #022h,SCIPC2 ;Set pins for RXD and TXD functions

MOV #Hi B9600,BAUDMSB ;Set baud rate for 9600 (MSB)
MOV #Lo B9600,BAUDLSB ;Set baud rate for 9600 (LSB)

MOV #077h,SCICCR ;1 stop bit, even parity,
;and 8 data bits/char
MOV  #033h,SCICTL ;Enable Rx, Tx, clock is internal
MOV  #001h, TXCTL ;Enable TX interrupt
MOV  #001h,RXCTL - ;Enable RX interrupt
EINT ;Let the interrupts begin
MOV  #00, TXBUF ;Start transmitter by sending null

; character
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9.2.6.2 RS-232-C Multiprocessor Mode Example

This example initializes the transmitter and receiver to accept data at 9600
baud with a format of 8 data bits, 1 stop bit, and even parity. It uses the
address bit wake-up mode to implement the multiprocessor protocol.

B9600 .EQU 15 ;Value for counter for 9600 baud
;value=(CLKIN/128/baud rate) - 1 =
; (20 MHz/128/9600) - 1 = 15.27 ~ 15
;1.8 percent error

MOV  #000h,SCIPRI ;Set TX and RX to high priority
MOV #005h,SCIPC1 ;Set SCLK for general purpose output
MOV #022h,SCIPC2 ;Set pins for RXD and TXD functions

MOV #Hi B9600,BAUDMSB ;Set baud rate for 9600 (MSB)
MOV #Lo B9600,BAUDLSB ;Set baud rate for 9600 (LSB)

MOV #077h,SCICCR ;1 stop bit, even parity,
;and 8 data bits/char
MOV #037h,SCICTL ;Enable Rx, Tx; RX to sleep,
;clock is internal
MOV  #001h,TXCTL ;Enable TX interrupt
MOV  #001h,RXCTL ;Enable RX interrupt
EINT : ;Let the interrupts begin
;MAIN ROUTINES
H
SENDADD OR #8,SCICTL ;Main line routine; set TXWAKE
;wake bit
MOV ADDR,TXBUF ;Transmit address stored in ADDR
RTS
n : INTERRUPT ROUTINES
i
SENDATA PUSH A ;Address has already been sent by
;the SENDADD
MOV OUTDATA, TXBUF ;Output character that is

;stored in DATA

’
. ;Other transmitter code

. ’
POP A ;Restore and exit

RTI
. ’
GETDATA PUSH A ;Receive a new character
BTJZ #2,RXCTL,ISDATA ;Is this address or data byte?
MOV RXBUF,A ;Get new character and clear
;interrupt flag
CMP #MYADDR,A ;Is this my address or
;another processor's address
JNE RXEXIT ;Exit if another's; 'still
;in sleep mode
AND #OF7h,SCICTL ;If my address get out of sleep mode
JMP RXEXIT ;Exit and wait for data
’
ISDATA MOV RXBUF,INDATA ;Put incoming data in register

;
. ;Other receiver code
. i
RXEXIT POP A ;Restore and exit
RTI
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9.3 SCI Control Registers

The SCI is controlled and accessed through registers in the Peripheral File.
These registers are listed in Table 9-1 and described in the following sections.
The bits shown in shaded boxes in Table 9-1 are Privilege Mode bits, that is,
they can only be written to in the Privilege Mode.

Table 9-1. SCI Control Registers

PERIPHERAL FILE FRAME 5: SERIAL COMMUNICATION INTERFACE (SCI) CONTROL REGISTERS

ADDR PF[ BT 7 BT6 | BT5 | BT4 | BTS BIT 2 BIT 1 BIT 0
STOP |EVEN/ODD| PARITY | ASYNC/ |ADDRESS/|  Scl scl scl
1050h 050\ ‘miTe | PARITY | ENABLE | ISOSYNC|IDLE WUP| CHAR2 | CHAR1 | CcHARo |SCICCR
sci
1051h 051 —— —  lowSEiey| cLock | TXWAKE | GLEEP | TXENA | RXENA |SciCTL
1052h 052 [BIT 15 BAUD RATE SELECT REGIGTER MSB BIT 8 |BAUD MSB
1053h 053 [BIT 7 BAUD RATE SELECT REGISTER LGB BIT 0|BAUD LSB
§CI TX
1054h 054| TXRDY |TX EMPTY| -—- — — — — | REIX |TxcTL
RX RX SCI RX
1055h 085| goiXo | RXRDY | BRKDT FE OE PE wike | SEIRX lpxeTL
1056h 056 RESERVED
1057h 057 RECEIVE DATA BUFFER REGISTER RXBUF
1058h 058 RESERVED
1058h 058 TRANSMIT DATA BUFFER REGISTER TXBUF
105Ah O5A
1058h 05B RESERVED
{05Ch 05C ’
SCICLK | SCICLK | SCICLK | SCICLK
105Dh 05D| --- - S === | DATA IN |DATA OUT|FUNCTION! DATA DiR | SCIPC1
105en ose| SCITXD | 8C1TX0 | sci TxD [ sci TXD | sCI RXD | 8CIRXD | SCI RXD | SCIRXD |gepea
DATA'IN [DATA OUT|FUNCTION| DATA DIR | DATA IN |DATA OUT|FUNCTION| DATA DIR

105Fh O5F _— _— — -— |scipRi
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9.3.1 Communication Control Register (SCICCR) -

The SCICC Register defines the character format, protocol, and communi-
cations mode used by the SCI.

SCI Communication Control Register (SCICCR)
[Memory Address - 1050h]

Bit # - 7 6 5 4 3 2 1 0
EVEN/ ADDRESS
P050 STOP oDD PARITY | ASYNC/ IDLE SCI SCi SCI
BITS PARITY | ENABLE [ISOSYNC| WUP CHAR2 | CHAR1 CHARO

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, -n= Value after RESET
Bits 0-2 SCI CHARO-2. SCI Character Length Control Bits 0-2.
These bits select the SCI character length, from 1 to 8 bits. Characters of less

than 8 bits are right-justified in RXBUF and TXBUF, and are padded with
leading Os in RXBUF. TXBUF need not be padded with leading zeros.

Table 9-2. Transmitter Character Bit Length

SCi SCI SCl CHARACTER
CHAR2 | CHAR1 | CHARO LENGTH
0 0 0 1
0 0 2
0 1 0 3
0 1 1 4
1 0 0 5
1 0 1 6
1 1 0 7
1 1 1 8

Bit 3 - ADDRESS/IDLE WUP. SCI Multiprocessor Mode Contro! Bit.
This bit selects one of the multiprocessor protocols.

0 = Idle Line Mode protocol selected.
1 = Address Bit Mode protocol selected.

The Idle Line Mode is usually used for normal communications because the
Address Bit Mode adds an extra bit to the frame. The Idle Line Mode does not
add this extra bit and is compatible with RS-232-type communications.
Multiprocessor communication is different from the other communication
modes because it uses TXWAKE and SLEEP functions.

Bit 4 - ASYNC/ISOSYNC. SCI Communications Mode Control Bit. -
This bit determines the SCI communications mode.

0 = Selects Isosynchronous mode (described in Section 9.2.4.2). In this mode,
the bit period is equal to the SCICLK period; bits are read on a single
sample basis.

1 = Selects Asynchronous mode (described in Section 9.2.4.1). In this mode
the bit period is 16 times the SCICLK period; bits are read on a two out
of three majority basis.
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Bit 5 -

Bit 6 -

Bit 7 -

PARITY ENABLE. SCI Parity Enable.

This bit enables or disables the parity function. When parity is enabled during
the Address Bit multiprocessor mode, the address bit is included in the parity
calculation.

0 = Parity disabled. No parity bit is generated during transmission or expected
during reception.
1 = Parity enabled.

EVEN/ODD PARITY. SCI Parity Odd/Even.

If the PARITY ENABLE (SCICCR.5) is set, then this bit selects odd or even
parity (odd or even number of 1 bits in both transmitted and received charac-
ters).

0 = Sets odd parity.
1 = Sets even parity.

STOP BITS. SCI Number of Stop Bits.
This bit determines the number of stop bits transmitted. The receiver checks for
one stop bit only.

0 = One stop bit.
1 = Two stop bits.
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9.3.2 Control Register (SCICTL)

Bit # -

P051

9-22

The SCICTL register controls the RX/TX enable, TXWAKE and SLEEP func-
tions, internal clock enable, and the SCI software Reset.

SCI Control Register (SCICTL)
[Memory - 1051h]

7 6 5 4 3 2 1 0
SCI
--- --- sw CLOCK | TXWAKE | SLEEP TXENA RXENA
RESET
RW-0 RW-0 RS-0 RW-0 RW-0 RW-0
R=Read, W=Write, S=Set only, -n= Value after RESET

Bit O - RXENA. SCI Receive Enable.
When this bit is set, received characters are transferred into RXBUF and the
RXRDY flag is set. When cleared, this bit prevents received characters from
being transferred into the receiver buffer (RXBUF); and no receiver interrupts
are generated. However, the receiver shift register continues to assemble char-
acters. Thus, if RXENA is set during the reception of a character, the complete
character is transferred into RXBUF.
0 = SCI Receiver disabled.
1 = SCI Receiver enabled.

Bit 1 - TXENA. SCI Transmit Enable.
Data transmission through the SCITXD pin occurs only when this bit is set. If
this bit is reset, the transmission is not halted until all the data previously
written to TXBUF has been sent.
0 = SCI Transmitter disabled.
1 = SCI Transmitter enable.

Bit 2 - SLEEP. SCI Sleep.
This bit controls the receive features of the multiprocessor communication
modes. This bit must be cleared by the user to bring the SCI out of Sleep mode.
0 = Sleep mode disabled.
1 = Sleep mode enabled.

Bit 3 - TXWAKE. SCI Transmitter Wake-up.
The TXWAKE bit controls the transmit features of the multiprocessor commu-
nication modes. This bit is cleared only by System RESET. The SCI hardware
“clears this bit once it has been transferred to Wake Up Temporary (WUT).

Bit 4 - CLOCK. SCI Internal Clock Enable.

This bit determines the source of the SCICLK. Clearing this bit selects an
external SCICLK, which is input on the high impedance SCICLK line and
bypasses the baud rate generator. For Isosynchronous transactions, one bit is
transmitted or received per SCICLK period. For Asynchronous transactions, one
bit is transmitted or received per 16 SCICLK periods. The maximum frequency
for the externally sourced SCICLK is CLKIN/16. Setting this bit selects an
internal SCICLK, derived from the baud rate generator. This signal can be
output on the SCICLK line.

0 = External SCICLK.
1 = Internal SCICLK.
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Bit 5 - SCl SW RESET. SCI Software Reset (Active Low).
Writing a O to this bit initializes the SCI state machines and operating flags to
the reset condition. The CLOCK bit retains its state prior to the assertion of SCi
SW RESET. If SCICLK is configured as an output, then the SCICLK resets (low
level). All effected logic is held in the reset state until a 1 is written to the SCi
SW RESET bit. Thus, after a System RESET, the SCI must be re-enabled by
writing a 1 to this bit.

Note:

The SCI SW RESET bit must be cleared before the SCI configuration
registers can be set up or altered. All configuration registers should be set
up by the application program prior to setting SCl SW RESET.

Bits 6,7 -Reserved. Read data is indeterminate.
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9.3.3 Baud Select Registers (BAUD MSB and BAUD LSB)

9-24

Bit # -

P052

Bit # -

P053

The BAUD MSB and BAUD LSB registers store the data required to generate
the baud rate. The SCI uses the combined 16-bit value, BAUD RATE REG,
of the baud select registers to set the SCI clock frequency as follows:

SCICLK frequency = CLKIN / [(BAUD RATE REG + 1) * 8]
where,
BAUD RATE REG = The 16 bit value in the Baud Rate Select Registers.

For example, if the CLKIN frequency is 20 MHz, then the maximum internal
SCICLK frequency would be [20 MHz / 8], or 2.5 MHz.

For Asynchronous mode communication, data is transmitted and received at
the rate of one bit for each 16 SCICLK periods. For Isosynchronous mode
communication, data is transmitted and received at the rate of one bit for each
SCICLK period. The Asynchronous and Isosynchronous Baud Rates are cal-
culated as follows:

Asynchronous Baud Rate = CLKIN / [(BAUD RATE REG + 1)* 128}
Isosynchronous Baud Rate = CLKIN / [(BAUD RATE REG + 1)‘; 8]

Baud Rate Select MSB Register (BAUD MSB)
[ Memory address - 1052h]

7 6 5 4 3 2 1 0

BAUDF | BAUDE | BAUDD | BAUDC | BAUDB | BAUDA | BAUD9 | BAUDS
(msb)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Baud Rate Select LSB Register (BAUD LSB)
[Memory address - 1053h]

7 6 5 4 3 2 1 0

BAUD7 BAUD6 BAUDS BAUD4 BAUD3 BAUD2 BAUD1 BAUDO
(Isb)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, -n= Value after RESET
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9.3.4 Transmitter Interrupt Control and Status Register (TXCTL)

Bit # -

P054

The TXCTL Register contains the Transmitter Interrupt Enable, the Transmitter
Ready flag, and the Transmitter Empty flag. The status flags are updated each
time a complete character is transmitted. A summary of the register functions
and bit assignments is shown below.

Transmitter Interrupt Control and Statﬁs Register (TXCTL)
[Memory address - 1054h]

7 6 5 4 3 2 1 0
SCITX
TXRDY X --- --- - - - INT
EMPTY ENA
R-1 R-1 RW-0
R=Read, W=Write, -n= Value after RESET
Bit O - SCI TX INT ENA. SCI Transmitter Ready Interrupt Enable.
This bit controls the ability of the TXRDY bit to request an interrupt, but does
not prevent the TXRDY bit from being set. The SCI TX INT ENA bit is set to O
by an SCI SW RESET or a system RESET.
0 = SCI TXRDY interrupt disabled.
1 = SCI TXRDY interrupt enabled.
Bits 1-5 - Reserved. Read data is indeterminate.
Bit 6 - TX EMPTY. SCI Transmitter Empty.
This bit indicates the status of the transmitter-shift register and the TXBUF
register. TX EMPTY is set to 1 by a SC| SW RESET or a System RESET.
0 = the CPU has written data to the TXBUF register, the data has not been
completely transmitted.
1 = TXBUF and TXSHF register empty.
Bit 7 - TXRDY. SCI Transmitter Ready.

The TXRDY bit is set by the transmitter to indicate that TXBUF is ready to
receive another character. The bit is automatically cleared when a character is
loaded into TXBUF. This flag asserts a transmitter interrupt if the interrupt
enable bit SCI TX INT ENA (TXCTL.0) is set. TXRDY is a read-only flag. It is
set to 1 by an SCI SW RESET or a system reset.

0 = TXBUF is full.

1 = TXBUF is ready to receive character.
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9.3.5 Receiver Interrupt Control and Status Register (RXCTL)

9-26

Bit #-

P0O55

The RXCTL register contains one interrupt enable bit and seven receiver status
flags (two of which can generate interrupt requests). The status flags are

updated

each time a complete character is transferred to the RXBUF. They are

cleared each time RXBUF is read.

SCI Receiver Interrupt Control and Status Register (RXCTL)
[Memory address - 1055h]

7 6 5 4 3 2 1 0
SCI
RX RXRDY BRKDT FE OE PE RXWAKE RX
ERROR INT ENA
R-0 R-0 R-0 R-0 R-0 R-0 R-0 RW-0
R=Read, W=Write, -n= Value after RESET

Bit O - SCI RX INT ENA. SCI Receiver Interrupt Enable.
The SCI RX INT ENA bit controls the ability of the RXRDY and the BRKDT bits
to request an interrupt, but does not prevent these flags from being set.
0 = RXRDY/BRKDT interrupt disabled.
1 = RXRDY/BRKDT interrupt enabled.

Bit 1 - RXWAKE. Receiver Wakeup Detect.
The SCI sets this bit when a receiver wakeup condition is detected. In the
Address Bit multiprocessor mode, RXWAKE reflects the value of the address
bit for the character contained in RXBUF. In the Idle line multiprocessor mode
RXWAKE is set if an idle SCIRXD line is detected. RXWAKE is a read-only flag.
It is cleared by transfer of the first byte after the address byte to RXBUF, by
reading the address character in RXBUF, by an SC! RX RESET, or by a system
Reset. See Section 9.2.5.

Bit 2 - PE. SCI Parity Error Flag.
This flag bit is set when a character is received with a mismatch between the
number of 1s and its parity bit. The parity checker includes the address bit in
the calculation. {f Parity generation and detection is not enabled, the PE flag
is disabled and read as 0. The PE bit is reset by an SCI SW RESET, a system
reset, or by reading RXBUF.
0 = No Parity error or Parity is disabled.
1 = Parity error detected.

Bit 3 - OE. SCI Overrun Error Flag.
The SCI sets this bit when a character is transferred into RXBUF before the
previous character has been read out. The previous character is overwritten and
lost. The OE flag is reset by an SCI SW RESET, a system reset, or reading
RXBUF.
0 = No Overrun error detected.
1 = Overrun error detected.

Bit 4 - FE. SCI Framing Error Flag.

The SCl sets this bit when a stop bit is not found when expected. Only the first
stop bit is checked. The missing stop bit indicates that synchronization with
the start bit has been lost and the character is incorrectly framed. It is reset
by an SCI SW RESET, a system reset, or by reading RXBUF.

0 = No Framing error detected.
1 = Framing error detected.
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Bit 5 -

Bit 6 -

Bit7 -

BRKDT. SCI Break Detect Flag.

The SCI sets this bit when a break condition occurs. A break condition occurs
when the SCIRXD line remains continuously low for at least 10 bits beginning
after a missing first stop bit. The occurrence of a break causes a receiver inter-
rupt to be generated if the SCI RX INT ENA bit is a 1, but it does not cause the
receiver buffer to be loaded. A BRKDT interrupt can occur even if the receiver
SLEEP bit is set to 1. BRKDT is cleared by reading RXBUF, by an SCI SW
RESET, or by a system reset. It is not cleared by receipt of a character after the
break is detected.

RXRDY. SCI Receiver Ready.

The receiver sets this bit to indicate that RXBUF is ready with a new character,
and clears the bit when the character is read. A receiver interrupt is generated
if the SCI RX INT ENA bit is a ‘1’. RXRDY is reset by an SCI SW RESET or a
system reset.

RX ERROR. SCI Receiver Error Flag.

The RX ERROR Flag indicates that one of the error flags in the receiver status
register is set. It is a logical “or” of the parity, overrun, framing error, and break
detect flags. The bit can be used for fast error condition checking during the
interrupt service routine since a negative value of the status register indicates
that an error condition has occurred. This error flag cannot be cleared directly,
but is cleared if no individual error flags are set. This bit is cleared by an SCI
SW RESET, a system reset, or reading RXBUF.
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9.3.6 Receiver Data Buffer Register (RXBUF)

The RXBUF register contains current data from the receiver shift register.
RXBUF is cleared by system reset.

Receiver Data Buffer Register (RXBUF)
[Memory address - 1057h]

Bit #- 7 6 5 4 3 2 1 0

P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R=Read, -n= Value after RESET

9.3.7 Transmit Data Buffer Register (TXBUF)

The TXBUF register is a read/write register used to store data bits to be
transmitted by SCITX. Data written to TXBUF must be right justified because
the left-most bits are ignored for characters less than eight bits long.

Transmit Data Buffer Register (TXBUF)
[Memory address - 1059h]

Bit#- 7 6 5 4 3 2 1 0

PO59 TXDT?7 TXDT6 TXDTS TXDT4 TXDT3 TXDT2 TXDT1 TXDTO

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, -n= Value after RESET
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9.3.8 Port Control Register 1 (SCIPC1)
The SCIPC1 register controls the SCICLK pin functions.

SCI Port Control Register 1 (SCIPC1)
[Memory address - 105D]

Bit # - 7 6 5 4 3 2 1 0
SCICLK | SCICLK SCICLK
POSD --- --- --- --- DATA DATA SCICLK DATA
IN OUT |FUNCTION| DIR

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

Bit O - SCICLK DATA DIR. SCICLK Data Direction.
This bit determines the data direction on-the SCICLK pin if SCICLK has been
configured as a general purpose 1/0 pin.

0 = SCICLK pin is a general purpose INPUT port.
1 = SCICLK pin is a general purpose QUTPUT port.

Bit 1 - SCICLK FUNCTION.
This bit defines the function of the SCICLK pin.

0 = SCICLK pin is a general purpose digital 1/0O port.
1 = SCICLK pin is the SCI serial clock pin.

Bit 2 - SCICLK DATA QUT.
This bit contains the data to be output on the SCICLK pin if the following
conditions are met: n
a. SCICLK pin is configured as general purpose 1/0.
b. SCICLK pin data direction is defined as output.

Bit 3 - SCICLK DATA IN.
The SCICLK DATA IN bit contains the current value on the SCICLK pin.

Bits 4-7 - Reserved. Read data is indeterminate.
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9.3.9 Port Control Register 2 (SCIPC2)
The SCIPC2 register controls the SCIRXD and SCITXD pin functions.

9-30

Bit # -

PO5E

7

SCI Port Control Register 2 (SCIPC2)
[Memory address - 105E]

6 5 4 3 2 1 0

SCITXD
DATA
IN

SCITXD SCITXD | SCIRXD | SCIRXD SCIRXD
DATA SCITXD DATA DATA DATA | SCIRXD DATA
OUT |FUNCTION| DIR IN QUT |FUNCTION DIR

R-0

Bit O -

Bit 1 -

Bit 2 -

Bit 3 -

Bit 4 -

Bit 5 -

Bit 6 -

Bit 7 -

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

SCIRXD DATA DIR. SCIRXD Data Direction
This bit determines the data direction on the SCIRXD pin if SCIRXD has been
defined as a general purpose /0 pin.

0 = SCIRXD pin is a general purpose INPUT port.
1 = SCIRXD pin is a general purpose OUTPUT port.

SCIRXD FUNCTION. :
This bit defines the function of the SCIRXD pin.

0 = SCIRXD pin is a general burpose digital 1/0 port.
1 = SCIRXD pin is the SCI Receiver pin.

SCIRXD DATA OUT.

This bit contains the data to be output on the SCIRXD pin if the following
conditions are met:

a. SCIRXD pin has been defined as a general purpose 1/0 pin.

b. SCIRXD pin data direction has been defined as output.

SCIRXD DATA IN.
This bit contains the current value on the SCIRXD pin.

SCITXD DATA DIR.SCITXD Data Direction. ;
This bit determines the data direction on the SCITXD pin if SCITXD has been
defined as a general purpose /0 pin.

0 = SCITXD pin is a.general purpose INPUT port.
1 = SCITXD pin is a general purpose OUTPUT port.

SCITXD FUNCTION.
This bit defines the function of the SCITXD pin.

0 = SCITXD pin is a general purpose digital 1/0 port.
1 = SCITXD pin is the SCI Transmit pin.

SCITXD DATA OUT.

This bit contains the data to be output on the SCITXD pin if the following
conditions are met:

a. SCITXD pin data direction is defined as output.

b. SCITXD pin is configured as general purpose 1/0.

SCITXD DATA IN.
This bit contains the current value on the SCITXD pin.
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9.3.10 Priority Control Register (SCIPRI)

The SCIPRI register contains the Receiver and Transmitter Interrupt Priority
Select bits. This register is read-only during normal operation, but can be
written to in the privileged mode.

Bit # -

POSF

7

SCI Priority Control Register (SCIPRI)
[Memory address - 105F]

6 5 4 3 2 1 0

SCI
STEST

SCITX SCIRX SCl --- --- .- -
PRIORITY|PRIORITY| ESPEN

RP-0

Bits 0-3 -
Bit 4 -

Bit 5 -

Bit 6 -

Bit 7 -

SCI RX PRIORITY. SCI Receiver Interrupt Priority Select.

RP-0 RP-0 RP-0
R=Read, P=Privileged State write only, -n= Value after RESET

Reserved. Read values are indeterminate.

SCI ESPEN. SC! Emulator Suspend Enable.

This bit has no effect except when using the XDS emulator to debug a program.
Then, this bit determines how the SCI operates when the program is suspended
by an action such as a hardware or software breakpoint.

0 = When the emulator is suspended, the SCI continues to work until the
current transmit or receive sequence is complete.

1 = When the emulator is suspended, the SCI state machine is frozen so that
the state of the SCI can be examined at the point that the emulator was
suspended.

This bit assigns the interrupt priority level of the SCI receiver interrupts.

0 = Receiver Interrupts are Level 1 (high priority) requests.
1 = Receiver Interrupts are Level 2 (low priority) requests.

SCI TX P.RIORITY. SCI Transmitter Interrupt Priority Select.
This bit assigns the interrupt priority level of the SCI transmitter interrupts.

0 = Transmitter Interrupts are Level 1 (high priority) requests.
1 = Transmitter Interrupts are Level 2 (low priority) requests.

SCI STEST. -
This bit must be cleared (0) to ensure proper operation.
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10. Serial Peripheral Interface (SPlI) Module

This section discusses the architecture and programming of the Serial Periph-
eral Interface module on TMS370 devices.

This section covers the following topics:

Section Page
10.1  Serial Peripheral Interface (SP1) Module Overview .........cccccceee. 10-2
10.1.1 Physical DesCription ........cccoeeiervienrcrrirreeseneresae et ens s esereas 10-2
10.1.2 SPI Control RegiSters .......ccoccerieieerirniieceree et e e 10-4
T0.2  SPI OPEration ....coeveveeieeriererenieereensreree ettt st sasesnenans 10-5
10.2.1 SPI Data FOrMAL .....ccooeeeceeeieeeeeeieeee e sae e esse s nesaeeaee 10-6
T10.2.2 SPIINEITUPES coeeeriicireireeeee ettt sse e er s 10-6
10.2.3 SPI ClOCK SOUICES ...occeviieeeeieeree ittt sresbaeeme e saneetanaes 10-7
10.2.4 SPI Operation Modes ......ccccevrveiirniecinecrcceneneeesies e seseenenens 10-7
10.2.56 INitIAliZation .....cooeeeeeeeeteee s 10-8
10.2.6 SPI EXAMPILE .cvevrieiceeiriereee e s es ettt ass e serene s sn e sees 10-9
10.3  SPI Control REGISters ........ccociveevmrrernircimeneinises s ses s 10-10
10.3.1 SPI Configuration Control Register ........c.cocverveerceniervenrnniecenenne
10.3.2 SPI Operation Control Register ......
10.3.3 Serial Input Buffer (SPIBUF) .....coovcriiiiininiernrcenereneneeens
10.3.4 Serial Data Register (SPIDAT) ....

10.3.5 Port Control REGISters ........cccceevvrreerversienrcnesccsnessssnensnesseesenenns
10.3.6 SPI Interrupt Priority Contral Register (SPIPRI) .....covirveiinnnne 10-17
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10.1 Serial Peripheral Interface (SP1) Module Overview

The SPIl module is a high-speed synchronous serial 1/0 port that allows a
serial bit stream of programmed length (one to eight bits) to be shifted into
and out of the device at a programmed bit transfer rate. The SPI is normally
used for communications between the microcontroller and external peripherals
or another microcontroller. Typical applications include external I/O or
peripheral expansion using devices such as shift registers, display drivers, A/D
converters, etc. Multiprocessor communications are also supported by the
master/slave operation of the SPI.

10.1.1 Physical Description

10-2

The SPI module, as shown in Figure A-10, consists of:

® Three I/0 pins:
- SPISIMO - SPI Slave In, Master Out.
- SPISOMI - SPI Slave Out, Master In
- SPICLK - SPI CLOCK

SPIBUF - SPI Buffer register

SPIDAT - SPI Data Shift register

State Control logic

SPI Control registers located at PO30-PO3F
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37 SPIBUF BUFFER 8 OVERRUN 31.7

3Pl INTERRUPT
° — c/31.0 PRIOR'T:/o——O LEVEL 1 INTREQ
FLAG A
| FLAG |
INT ENA 3F.6 o LEVEL 2 INTREQ
316
oM
39 SPIDAT ‘
DATA REGISTER N s PISIMO P
ic 3 s IN
311 ic
s [, O}‘\
TALK
io—'—KE SPISOMI PIN
5
STATE CONTROL |—e i
1
] MASTER/SLAVE MD |
_______________ 312 ________2
5
[ BITS/CHAR ] '
1
3/2 |1 ]o ;
1
H
SYS l L
CLOCK_.—J— CLOCK RATE | % POLARITY SPICLK

30.'5|4 3| 30.6

Figure 10-1. SPI Block Diagram
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10.1.2 SPI Control Registers

The SPI Control registers occupy Peripheral File Frame 3 as shown in

Figure 10-2.
Table 10-1. SPI Memory Map
Peripheral
File
Location Symbol ‘ Name
PO30 SPICCR SPI Configuration Control Register
P031 SPICTL SPI Contro! Register
P032-P036 Reserved
P037 SPIBUF Receive Data Buffer Register
P038 Reserved
P0O39 SPIDAT Serial Data Register
PO3A-P03C Reserved
PO3D SPIPC1 SPI Pin Control 1
PO3E SPIPC2 SPI Pin Control 2
PO3F SPIPRI SPI Priority Control
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10.2 SPI Operation

Figure 10-2 shows a typical connection of the SPI for communications
between two microcontrollers. One controller, the master, initiates data trans-
fer by sending the SPICLK signal. Data is enabled out of both shift registers
on one edge of the clock and latched into both shift registers on the opposite
clock edge. Thus both controllers send and receive data at the same time.
Whether or not the data is meaningful or “"dummy” data depends on the
application software.

‘ There are three possible cases for data transmission:

o Master sends data and Slave sends “"dummy” data
° Master sends data and Slave sends data
o Master sends "dummy” data and Slave sends data

The Master can initiate data transfer at any time because it controls the
SPICLK. The manner in which the master knowns when the Slave wishes to
broadcast data is determined by the software protocol.

SPI MASTER (MASTER/SLAVE = 1) SPI SLAVE (MASTER/SLAVE = 0)

I
SLAVE IN/

1
1 1 H
sIMO_ 1 1 SIMO '
! MASTER | |
| ouT ! 1
SERIAL INPUT BUFFER ' i SERIAL INPUT BUFFER '
(SPIBUF) i ‘ (SPIBUF) !
! ! '
] 1 1)
i 1 H
] ] t
SHIFT REGISTER som | SLAVEOUT: gom SHIFT REGISTER |, | |
(SPIDAT) " MASTER | (SPIDAT) !
msb Isb ' IN H msb Isb !
E E ;
: : !
! SERAL |
—RArare—™
PROCESSOR 1 SCLK —¢Lock ™ SCLK PROCESSOR 2 :

" Figure 10-2. SPI Master/Slave Connection
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10.2.1 SPI Data Format

Three character-length bits (SPICCR.2-0) specify the number of bits in the
data character (1-8 bits). This information directs the state control logic to
count the number of bits received or transmitted to determine when a com-
plete character has been processed. For characters with fewer than 8 bits:

1) Data must be written to SPIDAT left justified.

2) Data must be read back from SPIBUF right justified.

3) SPIBUF contains the most recently received character, right justified,
plus any bits left over from previous transmission(s) which have been
shifted to the msb position.

For example:

If the character length = 1 bit, and

the value written into SPIDAT = 07Fh,
then;

SPIDAT (before transmission)
Lofafafafafafafr]
SPIDAT (after transmission)
(transmitted) 0 + |1 |1 11 |1 |1 L1 |1 l1 |*-1 (received)

SPIBUF (after transmission)

Llrfofafafefefo]

m 10.2.2 SPI Interrupts
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The interrupt for the SP1 is controlled by bits in two registers. The SPI INT
ENA bit (SPICTL.0), when set, allows assertion of an interrupt request when
an interrupt condition occurs. The SPI PRIORITY bit (SPIPRI.6) determines
whether SPI interrupts are level 1 or leve! 2 priority requests.

When a complete character has been shifted into or out of the SPIBUF regis-
ter, the SPI Interrupt Flag is set and an interrupt is generated if enabled by SPI
INT ENA (SPICTL.0). The interrupt flag remains set until cleared by one of
the following four events.

[ ) CPU reads the SPI receiver buffer (SPIBUF),

® CPU enters the Halt or Standby mode with an IDLE instruction,
® Software sets the SPI SW RESET bit, or

[ ] A System resets occurs.

An interrupt request must be explicitly cleared by one of the four methods
listed above to avoid generating another interrupt. An interrupt request can
be temporarily disabled by clearing the SPI INT ENA bit. However, unless the
SPI INT FLAG itself is cleared, the interrupt request will be reasserted when
the enable bit is again set to 1.
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The priority level of the SPI interrupt is specified by the SPI PRIORITY bit
(SPIPRL.6). If SPI PRIORITY = 0, then a level 1 priority interrupt is generated.
If SPI PRIORITY = 1, then a level 2 priority interrupt is generated.

The SPI INT FLAG bit indicates, when set, that a character has been placed
into the SPIBUF register and is ready to be read. If the CPU does not read the
character by the time the next complete character has been received, the new
character is written into the SPIBUF and the RECEIVER OVERRUN bit
(SPICTL.7) is set. This indicates that the last character of data has been
overwritten with new data before the previous character could be read.

10.2.3 SPI Clock Sources

The CLOCK POLARITY bit (SPICCR.6), selects the active edge of the clock,
either rising or falling.

In the slave mode, the SPI clock is received from an external source and can
be no greater than the CLKIN frequency divided by 32.

In the master mode, the SPI clock is generated by the SP| and is output on the
SPICLK pin.

The SPI BIT RATEOQ-2 bits (SPICCR.5-3) determine the bit transfer rate for
sending and receiving the data. This transfer rate is defined by:

SPI BAUD RATE = CLKIN / (8 * 2b)
where b=bit rate in SPICCR.5-3 (range 0-7).

10.2.4’ SPI Operation Modes

The MASTER/SLAVE bit (SPICTL.2) selects the operating mode and the
source of SPICLK. The SPl module may operate as a Master or Slave.

10.2.4.1 Master

In the Master mode (MASTER/SLAVE = 1), the SPI provides the serial clock
on the SPICLK pin for the entire serial communicatipns network. Data is
output on the SPISIMO pin on the first SPICLK edge and latched from the
SPISOMI pin on the aopposite edge of SPICLK.

The SPICCR register (SPI BIT RATEO-2) determines the bit transfer rate for
the network, both transmit and receive. There are eight data transfer rates that
can be selected by these control bits as shown in Table 9-3 on page 9-20.

Data written to the SPIDAT register initiates data transmission on the
SPISIMO pin, msb of data transmitted first. Simultaneously, received data is
shifted in the SPISOMI pin into the SPIDAT register, and upon completion
of transmitting the selected number of bits, the data is transferred to the
SPIBUF (double buffered receiver) for reading by the CPU to permit new
transactions to take place. Data is shifted into the SPI most significant bit first;
there, it is stored right-justified in the SPIBUF.
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To receive a character when operating as a master, data must be written to the
SPIDAT to initiate the transaction. When the specified number of data bits
have been shifted through the SPIDAT register, the following events occur:

1)  The SPI INT FLAG bit is set,
2) SPIDAT contents transfer to SPIBUF, and
3) If the SPI INT ENA bit is set to one, an interrupt is asserted.

Writing to the SPIDAT register before transmission is complete corrupts the
current transmission.

10.2.4.2 Slave

In the slave mode (MASTER/SLAVE = 0), data shifts out on the SPISOMI
pin and in on the SPISIMO pin. The SPICLK pin is used as the input for the
serial shift clock, which is supplied from the external network master. The
transfer rate is defined by the input clock on the SPICLK pin, which is supplied
from the network master. The SPICLK input frequency should be no greater
than CLKIN frequency divided by 32.

Data written to the SPIDAT register is transmitted to the network when the
SPICLK is received from the network master. To receive data, the SPI waits for
the network master to send SPICLK and then shifts the data on the SPISIMO
pin into the SPIDAT register. If data is to be transferred by the slave simul-
taneously, then it must be written to the SPIDAT register prior to the begin-
ning of SPICLK.

When the TALK bit (SPICTL.1) is cleared, data transmission is disabled and
the output line is put into a high impedance state. This allows many slave
devices to be tied together on the network, but only one slave is allowed to
talk at a time.

10.2.5 Initialization
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A system reset forces the SPI peripheral module into the following defauit
configuration.

®  The unit is configured as a slave module (MASTER/SLAVE = 0).
The transmit capability is disabled (TALK = 0).

Data is latched at the input.on the falling edge of SPICLK.
Character length is assumed to be 1 bit.

The SPI interrupts are disabled.

Data in the SPI Data Register is 00h.

To change this SPI configuration it is a good idea to use the SPI SW RESET
bit. Set the SPI SW RST bit (SPICCR.7); make your desired changes; then
clear the SPI SW RST bit. This prevents unwanted and unforeseen events
from occurring during or as a result of mode change.
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10.2.6 SPI Example

The following timing diagrams illustrate an example SPI data transfer between
two TMS370 devices using a character length of five bits. The lettered notes
following the first diagram are keyed to the letter labels in the diagram.

5 BITS PER CHARACTER

MASTER SPI J |.____.__|

INT FLAG
SLAVE SPI
INT FLAG r—LS‘; [
A B C DEF G HoI
SPI SOMI
FROM SLAVE = — — L I L | A

6 b5 4

12
7 3 7 6 5 4 3
SPI SIMO T .7S—|_J T T
FROM MASTER —————o» L1 |-
7 6 5 4 3 7 6 5 a4 3
cLock
POLARITY = 0 mm
clock——) M ML UL —
POLARITY = 1

Slave writes ODOh to SPIDAT and waits for the master to shift out the data.
Master writes 058h to SPIDAT which starts the transmission procedure.
First byte is finished and sets the interrupt flags.

Slave reads OBh from its SPIBUF register (right justified).

Slave writes 04Ch to SPIDAT and waits for the master to shift out the data.
Master writes O6Ch to SPIDAT which starts the transmission procedure.
Master reads 01Ah from the SPIBUF register (right justified).

Second byte is finished and set the interrupt flags.

Master received 0Sh and the Slave received a ODh (right justified).

TIommoowy

SIGNALS CONNECTING TO MASTER PROCESSOR.

SPI SIMO
OUTPUT | Bira an'a [ B2 |
SPI sOMmI 1 1 11
INPUT SAMPLED [ L |
SPICLK OUT
{CLOCK | l I I l | |
POLARITY = 0)
SPICLK OUT
(CLOCK j [ l I I I I

POLARITY = 1)
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10.3 SPI Control Registers

The SP! is controlled and accessed through registers in the Peripheral File.
These registers are listed in Figure 10-3 and described in the following sec-
tions. The bits shown in shaded boxes in Figure 10-3 are Privilege Mode bits,
that is, they can only be written to in the Privilege Mode.

PERIPHERAL FILE FRAME 3: SERIAL PERIPHERAL INTERFACE (SPI) CONTROL REGISTERS
ADDR PF BIT 7 BIT 6 BIT & BIT 4 BiIT 3 BIT 2 BIT 1 BIT O

SPI CLOCK | SPIBIT | SPIBIT | SPIBIT SPI SPI SPI
1030h 30 |y RESET|POLARITY| RATE2 | RATEY | RATEO | CHAR2 | cHAR1 | cHARo [SPICCR

RECEIVER| _SPI MASTER/ SPI

1031h 31 | GUERRUN | INT FLAG | =~ - -= SLAVE | VALK | NTENA [SPICTL
1032h 32

To TO RESERVED

1036h 38

1037h a7 SPI DATA BUFFER REGISTER SPIBUF
1038h 38 RESERVED

103sh 39 SPI SERIAL DATA REGISTER SPIDAT
103Ah  3A

T To RESERVED

103ch ac

SPICLK | SPICLK | SPICLK | SPICLK
103Dh 3D == -— -— - DATA IN [DATA OUT|FUNCTION| DATA DIR | SPIFC1

103Eh  3E SPISIMO | SPISIMO | SPISIMO | SPISIMO | SPISOMI [ SPISOMI | SPISOMI [ SPISOMI SPIPC2
DATA IN |DATA OUT [FUNCTION [ DATA DIR | DATA IN |DATA GUT|FUNCTION| DATA DIR

103Fh 3F _— — —— _— ——  |sPIPRI

Figure 10-3. SPI Control Registers
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10.3.1 SPI Configuration Control Register

The SPICCR register controls the setup of the SPI for operation. A summary
of the register functions and bit assignments is shown below.

SPI Configuration Control Register (SPICCR)
[Memory Address - 1030h]

Bit # - 7 6 5 4 3 2 1 0
SPI SPI SPI SPI
P030 sw CLOCK BIT BIT BIT SPI SPI SPI
RESET |POLARITY| RATE2 RATE1 RATEO CHAR2 | CHAR1 CHARO

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

Bits 0-2 CHARO-2. Character Length Control Bits 0-2.
These three bits determine the number of bits to be shifted in or out as a single
character during one shift sequence. The value of these bits is represented in
the following table.

Table 10-2. SPi Character Bit Length

CHARACTER
CHAR2 CHAR1 | CHARO LENGTH
0 0 0 1
0 0 1 2
0 1 0 3
0 1 1 4
1 0 0 5
1 0 1 6
1 1 0 7
1 1 1 8
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Bits 3-5. SPI BIT RATEOQ-2. SPI Bit Rate Control Bits 0~2.

Bit 6

Bit 7 -

These bits determine the bit transfer rate if the SPI is the network master. There
are eight data transfer rates (each a function of the system clock) that can be
selected. The system clock is divided by an eight bit, free-running prescaler
from which eight taps are available for use as the shift clock. One data bit is
shifted per SPICLK cycle.

Table 10-3. SPI Clock Frequency

SPIt spit SPit

BIT - BIT BIT SPI CLOCK

RATE2 RATE1 | RATEO FREQUENCY
0 . 0 0 CLKIN/8
0 0 1 CLKIN/16
0 1 0 CLKIN/32
0 1 1 CLKIN/64
1 0 0 CLKIN/128
1 0 1 CLKIN/256
1 1 0 CLKIN/512
1 1 1 CLKIN/1024

tif the SPI is a network slave, the module receives a clock on the SPICLK pin
from the network master; and these bits have no effect on SPICLK. The fre-
quency of the input clock should be no greater than the CLKIN frequency
divided by 32.

CLOCK POLARITY. Shift Clock Polarity.
The CLOCK POLARITY bit controls the polamy of the SPICLK sugnal

0 = The inactive level is low; data is output by the rising edge of SPICLK; input
data is latched by the falling edge of SPICLK."

1 = The inactive level is high; data is output by the falling edge of SPICLK;
input data is latched by the rising edge of SPICLK.

SPI SW RESET. SP! Software Reset.

Writing a 1 to this bit initializes the SPI circuitry and operating flags to the reset
condition. Specifically, the RECEIVER OVERRUN and SPI INT FLAG flags are
cleared. The SPI configuration remains unchanged. if it is operating as a mas-
ter, the SPICLK output level returns to its inactive level.

When a "0” is written to SPI SW RESET the SPI is ready to transmit or receive
the next character. A character written to the transmitter when SPI SW RESET
is a "1” will not.be shifted out when SPI SW RESET bit is cleared. A new
character must be written to the Serial Data Register. To change any config-
uration bits, this. bit should be used (see Section 10.2.5, page 10-8).
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10.3.2 SPI Operation Control Register

The SP| Operation Control Register contains control and status bits as shown

below.
SPI Operation Control Register, (SPICTL)
[Memory Address - 1031h]
Bit # - 7 6 5 4 3 2 1 0
SPI SPI
P031 | RECEIVER INT --- --- --- MASTER/| TALK INT
OVERRUN/| FLAG SLAVE ENA
R-0 R-0 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET

Bit 0- SPI INT ENA. SPI Interrupt Enable.
This bit controls the SPI’s ability to generate an interrupt. The SPI INT FLAG
is unaffected by this bit.

0 = disable interrupt.
1 = enable interrupt.

Bit 1 - TALK. Master/Slave Transmit Enable.
This bit allows data transmission (master or slave) to be disabled by placing
the serial data output in a high impedance state. TALK is cleared (disabled)
by a system reset.

0 = Transmission disabled; if not programmed as a general purpose I/0 pin, the
SPI serial output is in a high impedance state.
1 = Transmission enabled.

Bit 2 - MASTER/SLAVE. SPI Network Mode Control.
This bit determines whether the SPI is a network master or slave. During reset
initialization, the SPI is automatically configured as a slave.

0 = SPI configured as a slave.
1 = SPI configured as a master

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

Bit 6 - SPI INT FLAG. Serial Peripheral Interrupt Flag.
The SPI hardware sets this bit to indicate it has completed sending or receiving
the last bit and is ready to be serviced. A character received is placed in the
receiver buffer at the time the SPI INT FLAG bit is set. SPI INT FLAG is cleared
when the receiver buffer is read. It is also cleared by an SPI software reset (SPI|
SW RESET) or by a system reset.

Bit 7 - RECEIVER OVERRUN.
This bit is a read only flag which the SPI hardware sets when a receive or
transmit operation completes before the previous character has been read from
the receive buffer. It indicates that the last received character has been over-
written, and therefore has been lost. RECEIVER OVERRUN is cleared when
the receiver buffer is read. It is also cleared by SPI SW RESET or a system
reset.
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10.3.3 Serial Input Buffer (SPIBUF)

The SPIBUF register contains the data received from the network ready for the

CPU to read.
Serial Input Buffer, (SPIBUF)
{Memory Address - 1037h]
Bit # - 7 6 5 4 3 2 1 0
P037 RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO
(msb) (Isb)
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

R=Read, -n= Value after RESET

Once the Serial Data Register has received the complete character, the character is then
transferred to the SPIBUF Register where it can be read. The SPI INT FLAG bit
(SPICTL.6) is set to indicate that the data is available when the received character is
transferred. Since data is shifted into the SPI most significant bit first, it is stored right
justified in the SPIBUF.

10.3.4 Serial Data Register (SPIDAT)

The SPIDAT register is the transmit/receive shift register. Data written to the
SPIDAT is shifted out on subsequent SPICLK cycles. For every bit shifted out
of the SPI a bit is shifted into the other end of the shift register.

Writing to the SPIDAT performs two functions. First, it provides data to be
output on the serial output pin if the TALK bit is set. Second, when the SPI
is operating as a master, writing to this register initiates a transaction.

To initiate a receiver sequence, dummy data is written to the register. Since the
data is not hardware justified for characters that are shorter than eight bits,
transmit data must be written in left justlfled form and received data read in
right justified form.

Serial Data Register, (SPIDAT)
[Memory Address - 1039h]

Bit # - 7 6 5 4 3 2 1 0

P039 SDAT7 SDAT6 SDATS SDAT4 SDAT3 SDAT2 SDAT1 SDATO

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R=Read, W=Write, -n= Value after RESET
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10.3.5 Port Control Registers

Two Port Control Registers (SPIPC1 and SPIPC2) allow a programmer to
control all functions for a SPI port pin in one write cycle. Each module pin is
controllied by a nibble in one of the SPIPC's.

10.3.56.1 Port Control Register 1 (SPIPC1)
This register controls the SPICLK pin.

Port Contro! Register 1, (SPIPC1)
[Memory Address - 103Dh]

Bit # - 7 6 5 4 3 2 1 0
SPICLK | SPICLK SPICLK
PO3D --- --- --- ——- DATA DATA SPICLK DATA
IN OUT |FUNCTION DIR

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

Bit O - SPICLK DATA DIR.. SPICLK Data Direction.
This bit determines the data direction on the SPICLK pin if SPICLK has been
defined as a general purpose /0 pin.

0 = SPICLK pin is a general purpose INPUT port.
1 = SPICLK pin is a general purpose QUTPUT port.

Bit1 - SPICLK FUNCTION. SPICLK Pin Function Select.
This bit defines the function of the SCICLK pin.

0 = SPICLK pin is a general purpose digital 1/0 port.
1 = SPICLK pin contains the SPI clock.

Bit 2 - SPICLK DATA OUT. SPICLK Port Data QOut.
This bit contains the data to be output on the SPICLK pin if the following
conditions are met:
a. SCICLK pin has been defined as a general purpose |/0 pin.
b. SCICLK pin data direction has been defined as output.

Bit 3 - SPICLK DATA IN. SPICLK Pin Port Data In.
This bit contains the current value on the SCICLK pin regardless of the mode.
A write to this bit has no effect.

10

Bits 4-7 - Reserved. Read data is indeterminate.

Note:

The SPICLK pin always functions as the SPICLK input pin in the slave
mode (i.e., SPICLK.2=0) even if SPICLK FUNCTION = 0 and SPICLK
DATA DIR = 0.
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10.3.5.2 Port Control Register 2
The SPIPC2 register controls the SPISOMI and SPISIMO pin functions.

10-16

Bit # -

PO3E

7

Port Control Register 2, (SPIPC2)
[Memory Address - 103Eh)

[] 5 4 3 2 1 0

SPISIMO
DATA
IN

SPISIMO SPISIMO | SPISOMI | SPISOM! SPISOMI
DATA SPISIMO DATA DATA DATA SPISOMI DATA
ouT FUNCTION DIR IN ouT FUNCTION DIR

R-0

Bit 0 -

Bit1 -

Bit 2 -

Bit 3 -

Bit 4 -

Bit5 -

Bit 6 -

Bit7 -

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

SPISOMI DATA DIR. SPISOMI Data Direction.
This bit determines the data direction on the SPISOMI pin if SPISOMI has
been defined as a general purpose I/0 pin.

0 = SPISOMI pin is a general purpose INPUT port.
= SPISOMI pin is a general purpose OUTPUT port.

SPISOMI FUNCTION. SPISOMI Pin Function Select.

This bit defines the function of the SPISOMI pin. When SPISOMI is an input
and SPISOMI FUNCTION and SPISOMI| DATA DIR are disabled, then SPICLK
still clocks the internal circuitry.

0 = SPISOMI pin is a general purpose digital 1/0 port.
1 = SPISOMI pin contains the SPI data. :

SPISOMI DATA OUT. SPISOMI Pin Data Out.

This bit contains the data to be output on the SPISOMI pin if the following
conditions are met:

a. SPISOMI pin has been defined as a general purpose 1/0 pin.

b. SPISOMI pin data direction has been defined as output.

SPISOMI DATA IN. SPISOMI Pin Data In.
This bit contains the current value on the SCISOMI pin regardless of the mode.
A write to this bit has no effect.

SPISIMO DATA DIR. SPISIMO Data Direction.
This bit determines the data direction on the SPISIMO pin if SPISIMO has
been defined as a general purpose /0 pin.

0 = SPISIMO pin is a general purpose INPUT port.
1 = SPISIMO pin is a general purpose QUTPUT port.

SPISIMO FUNCTION. SPISIMO Pin Function Select.
This bit defines the function of the SPISIMO pin.

0 = SPISIMO pin is a general purpose digital |/0 port.
1 = SPISIMO pin contains the SP! data.

SPISIMO DATA OUT. SPISIMO Pin Data Out.

This bit contains the data to be output on the SPISIMO pm if the following
conditions are met:

a. SPISIMO pin has been defined as a general purpose 1/0 pin.

b. SPISIMO pin data direction has been defined as output.

SPISIMO DATA IN. SPISIMO Pin Data In.
This bit contains the current value on the SCISIMO pin regardiess of the mode.
A write to this bit has no effect.
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10.3.6 SPI

Bit # -

PO3F

Interrupt Priority Control Register (SPIPRI)

The SPIPRI Register selects the interrupt priority level of the SPI interrupt.
The register is read only during normal operation, but can be written to in the
privileged mode.

SPI Interrupt Priority Control Register, (SPIPRI)
[Memory Address - 103Fh]

7 6 5 4 3 2 1 0
SPI SPI SPI
STEST |PRIORITY| ESPEN

RP-0 RP-0  RP-0

* R=Read, W=Write, P=Privileged Write only, -n= Value after RESET
Bits 0-4 - Reserved. Read data is indeterminate.

Bit 5 - SPI ESPEN. Emulator Suspend Enable.
This bit has no effect except when using the XDS emulator to debug a program;
then, this bit determines SP| operation when the program is suspended by an
action such as a hardware or software breakpoint.

0 = When the emulator is suspended, the SPI continues to work until the cur-
rent transmit/receive sequence is complete.

1 = When the emulator is suspended, the the state of the SPI is frozen so that
it can be examined at the point that the emulator was suspended.

Bit 6 - SPI PRIORITY. Interrupt Priority Select.

0 = Interrupts are level 1 (high priority) requests.
1 = Interrupts are level 2 (low priority) requests.

Bit 7 - SPI STEST. m
This bit must be cleared (0) to ensure proper operation.
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11. Analog-To-Digital Converter Module

This section discusses the architecture and programming of the Analog-to-
Digital Converter module on TMS370C050 and TMS370C850 devices.

This section covers the following topics:

Section Page
11.1  Analog-To-Digital Converter (A/D) Overview ........ccccevvecverrennanee. 11-2
11.1.1 A/D Physical DeSCription ......cccccociimiiieenieccesinineeneeseenesresessenenssneens
11.1.2 A/D Control ReQiSters .......cccceeemverceeeiccieceeceectee e tese e erenes
11.2  A/D OPEIAtION ....ooceeciietieeieesee et ceeeeeessbee e aesssessesens e nsnnnes
11.2.1 A/D input/Output Pins ....
11.2.2 A/D Sampling Time .........
11.2.3 A/D Conversion ............
11.2.4 A/D INTEITUPLS ..ooceeereeieeee e
11.2.3 A/D Programming Considerations
11.3 A/D Example Program
11.4 A/D Control Registers
11.4.1 Analog Controf Register (ADCTL)

11.4.2 Analog Status and Interrupt Register, (ADSTAT) ....ccoccrrcene 11-13
11.4.3 Analog Conversion Data Register (ADDATA) .....ccoeereevvrccnnne 11-13
11.4.4 Analog Port E Data Input Register (ADIN) ..cooervreincieineeennes 11-14
11.4.5 Analog Port E Input Enable Register (ADENA) ....ccovvrvevnnnnne 11-14
11.4.6 Analog Interrupt Priority Register (ADPRI) .....cccoovvccnrcnnnnnnnne 11-15




Analog-To-Digital Converter (A/D) Overview

11.1 Analog-To-Digital Converter (A/D) Overview

The Analog-to-Digital Converter module (A/D) is an 8 bit successive
approximation converter with internal sample-and-hold circuitry. The module
has eight multiplexed analog input channels which allows the processor to
convert the voltage levels from up to 8 different sources.

11.1.1 A/D Physical Description

The A/D module, shown in Figure 11-1, consists of:

1-2

eight analog input channels (ANO-AN7), any of which can be software
configured as digital inputs (EO-E7) if not needed as analog channels,

an A/D Input Selector (INPUT),
a +VRer Input Selector (+VREF),
the Analog-to-Digital Converter (A/D),

the ADDATA register which contains the digital value of a completed
conversion, and

A/D module control registers.

The input channels can be routed through either the channel selector or the
positive voltage selector. The A/D converter then processes these signals and
puts the result in the ADDATA register. The A/D interrupt circuit informs the
rest of the system when a conversion has completed.
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PIN

ANS

70.X

70.6

70.7

2[1]o

INPUT

SAMPLE
START

START

CONVERT

70.X

5[4][3

+VREF

72

ADDATA REG

A/D INTERRUPT
71.0

INT
ENA
711

[FLAGH—oo—1—"

o9 LEVEL 1INT

o LEVEL 2 INT

7F.6

Figure 11-1. Analog-to-Digital Converter Block Diagram
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11.1.2 A/D Co.ntrol Registers

The A/D Control registers occupy Peripheral File Frame 7 as shown in Table

11-1.
Table 11-1. A/D Memory Map

Peripheral

File
Location Symbol Name

P070 ADCTL Analog Control Register
P071 ADSTAT Analog Status and Interrupt Register
P072 ADDATA Analog Conversion Data Register

P073-P07C . Reserved
PO7D ADIN Port E Data Input Register
PO7E ADENA Port E Input Enable Register
PO7F ADPRI Port E Interrupt Priority Register
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11.2 A/D Operation

The following sections describe the functions and options of the A/D module.

11.2.1 A/D Input/Output Pins

The A/D module uses 10 pins to connect to the external world. Eight of the
10 pins (ANO-AN7) are individually configured as general purpose input pins
when not used as analog inputs.

Seven of the eight analog channels (AN1-AN7) are also available as the pos-
itive input voltage reference. This feature allows a weighted measurement or
ratio of one channel to another.

The analog voltage supply pins Vcc3 and Vggg isolate the A/D module from
the digital switching noise which may be present on the other power supply
pins (Vcci1. Veca. Vss1, and Vgg2). This isolation provides a more accurate
conversion. Power to the Vce3 and Vgg3 pins should run on separate con-
ductors from the other power lines. Power conductors to the Vce3 and Vg3
should be as short as possible, and the two lines should be properly
decoupled. Other standard noise reduction techniques should be applied to
help provide a more accurate conversion.

VRer can be chosen to be either Vg3 or one of the analog input channels
AN1 to AN7. Vcc3 must provide power to the A/D module even if it does not
provide the voltage reference. A channel configured as the +VRgf for one
conversion can be changed to an analog input channel for the next conver-
sion.

11.2.2 A/D Sampling Time

The application program controls the length of the sample time which pro-
vides the flexibility to optimize the conversion process for both high and low
impedance sources. The program should wait 1 ps for each kilohm of source
output impedance or a minimum of 1 us for low impedance sources.

11.2.3 A/D Conversion
The digital result of the conversion process is given in the following formula.
Digital result = 255 * Voltage of input / Voltage of reference

The conversion process takes 164 cycles which results in a conversion time
of 32.8 microseconds at 20 MHz. A maximum of 27,600 conversions per
second are possible at 20 MHz including setting up the conversion, sampling,
converting and saving the results.

In Ratiometric conversions, the conversion value is a ratio of the VRgf source
to the analog input. As VRgE is increased, the input voltage needed to give a
certain conversion value changes; but all conversion values keep the same
relationship to Vgeg. That is, one half of VReg always results in the value 080h
regardless of the value of VRgg (assuming that Vger is in the range of 2.5 to
5.5 volts above Vgg3).



A/D Operation

Figure 11-2 shows an example of Ratiometric conversion. In this example, the
digital result of the conversion indicates the position of the potentiometer
wiper even if the battery loses voltage over time. The A/D conversion always
gives the ratio of the resistor values on either side of the wiper even if VRgg
drops from 5.0 to 2.5 volts.

25T05V
+VRer

= -+—1 ANALOG IN
BATTERY

AVgg

Figure 11-2. Ratiometric Conversion Example

11.2.4 A/D Interrupts

The A/D module sets the AD INT FLAG bit (ADSTAT.1) at the end of the
conversion process. If both the AD INT FLAG and the AD INT ENA bit
(ADSTAT.0) are set, then the module generates an interrupt request. This
interrupt request may be asserted on either the high priority level 1 or the lower
priority level 2 depending on the AD PRIORITY bit (ADPRIL.6).

The program must clear the AD INT FLAG or else the same interrupt will cause
the CPU to enter the interrupt routine again. If the AD INT ENA bit is cleared
without clearing the flag, the interrupt is reasserted when the AD INT ENA bit
is again set.
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11.2.5 A/D Programming Considerations

The programmer should follow these steps to obtain data from the A/D con-
verter.

1)  Write to the ADCTL register to:
[ Select the Analog channel (ADCTL.2-0).
[ Select the VR source (ADCTL.5-3).
®  Set the SAMPLE START bitto 1 (ADCTL.6).

2)  Wait for the sample time to elapse.

3)  Set the CONVERT START bit (ADCTL.7); leave the SAMPLE START
bit (ADCTL.6) set. :

4)  Wait for either the interrupt flag to be set or the A/D interrupt to occur.
5) Read the conversion data register (ADDATA).
6)  Clear the interrupt flag bit (ADSTAT.1).

To begin sampling, set the SAMPLE START bit. The program should wait
1 us for each kilohm of source output impedance or a minimum of 1 ps for
low impedance sources. When the sample time completes, set both the
SAMPLE START and CONVERT START bits.

Eighteen cycles after the program sets the CONVERT START bit, the A/D
module clears both the SAMPLE START and CONVERT START bits to signify
the end of the internal sampling phase. After these bits are cleared, the pro-
gram can change the input channel without affecting the conversion process.
The voltage reference source Vggr should remain constant throughout the

conversion. _

To stop a conversion in progress set the SAMPLE START bit to 1 anytime after ‘
the A/D clears this bit. The entire conversion process requires 164 system
clock cycles after the program sets the CONVERT START bit.
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11.3 A/D Example Program

ADCTL
ADSTAT
ADDATA
ADENA

i
INIT

~e Ne Ne S

e me we e we

ESTART

e

TOD

This example program samples and converts data from all 8 channels and
stores the digital results into a table beginning at ATABLE. The routine stops
interrupting the main program after it finishes all eight channels. [f the main
program wants more recent data it needs only to execute the code at
RESTART and the A/D routine will again sample and convert all eight chan-
nels of data. The A/D interrupt enable bit is cleared by the A/D interrupt
routine as a signal to the main program that all eight channels have been
processed. The address of the label ATOD must be placed into the interrupt
vector table located at 7FECh and 7FEDh.

.EQU PO70 ;A/D control register
.EQU PO71 ;A/D status register
.EQU P072 ;A/D conversion results
.EQU PO7E ;A/D input enable
.REG ADCHANL ;jkeeps current channel number
.REG ATABLE, 8 ;8 byte table that stores

: ; channel data, lsb first
MOV #0,ADENA ;all channels to A/D inputs

; (reset condition)

CALL RESTART ;start the interrupts now

MAIN PROGRAM GOES HERE

CALL RESTART ;start taking more data

MéRE MAIN PROGRAM
SUBROUTINE SECTION

CLR ADCHANL ;initialize channel

MOV #001h,ADSTAT ;enable interrupts, clear
any flag

MOV #040h,ADCTL start sampling (approx. 2 ps

MOV #0COh,ADCTL start converting now; enter

; delay)
; main program

RTS

INTERRUPT ROUTINE FOR ANALOG TO DIGITAL CONVERTER

PUSH A ;save registers

PUSH B

MOV ADCHANL,B ;get channel number

MOV ADDATA,A ;jget A/D conversion value

MOV A,ATABLE(B) ;store in a table according to
; channel number

INC B ;point to next channel

BTJZ #8,B,GOCNVRT ;stop when all channels sampled
;  (bit3 =1)

CLR ADCHANL ;reset the A/D channel

ju(e)v4 #0,ADSTAT ;turn off interrupt and
; clear flag

JMP EXITA2D ;all 8 channels taken, enable

; set to O now



A/D Example Program

GOCNVRT

i
EXITAZ2D

MOV
MOV

OR
Mov
OR

POP
POP
RTI

B,ADCHANL
#01h,ADSTAT

#040h,B
B,ADCTL
#080h, ADCTL

B
A

;store current A/D channel
;clear interrupt flag to prevent
; more interrupts

;set up sample bit in value
;start sampling channel data
;start converting data

;Restore data
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11.4 A/D Control Registers

The A/D module control registers occupy peripheral file frame 7, as shown in
Table 11-2. The bits shown in shaded boxes in Table 11-2 are Privilege Mode
bits, that is, they can only be written to in the Privilege Mode.

Table 11-2. Peripheral File Frame 7: A-to-D Converter Control Registers

PERIPHERAL FILE FRAME 7: A-TO-D CONVERTER CONTROL REGISTERS

ADDR PF[ BT 7 BIT 6 BT 5 | BIT4 BIT 3 BIT 2 BIT 1 BIT 0
1070n 070 | CONVERT [ SAMPLE |REF VOLT |REF VOLT |REF VOLT | AD INPUT [AD INPUT [ AD INPUT | ancrL
START | START |SELECT 2 |SELECT 1|SELECT 0|SELECT 2 |SELECT 1|SELECT 0
AD AD AD
1071h 071 - - - - - READY |INT FLAG | INT ENA |APSTAT
1072h 072 A_TO-D CONVERSION DATA REGISTER ADDATA
1073h 073
0 To RESERVED
107Ch 07C
107Dh 07D PORT E DATA INPUT REGISTER ADIN
107Eh O7E PORT E INPUT ENABLE REGISTER ADENA
107Fh O7F | gTEn ORITY: ESP% — — — — -— | ADPRI

11-10
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11.4.1 Analog Control Register (ADCTL)

The ADCTL register controls the input selection, reference voltage selection,
sample start and conversion start.

Analog Control Register, (ADCTL)
[Memory Address - 1070h]

Bit # - 7 6 5 4 3 2 1 0

REF REF REF AD AD AD
P070 [CONVERT| SAMPLE| VOLT VOLT VOLT INPUT INPUT INPUT
START START | SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT1 | SELECTO

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET

Bits 0-2 - AD INPUT SELECTO0-2. Analog Input Channel Select Bits 0—2.
These bits select the channel used for conversion. Channels should be
changed only after the A/D has cleared the SAMPLE START and CONVERT
START bits. Changing the channel while either SAMPLE START or CONVERT
START is 1 invalidates the conversion in progress.

AD AD AD
INPUT INPUT | INPUT CHANNEL
SELECT2 | SELECT1|SELECTO
0 0 0 ANO
0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 AN5
1 1 0 AN6
1 1 1 AN7

Bits 3-5 - REF VOLT SELECTO0-2. Reference Voltage (+VRgr) Select Bits 0-2. L
These bits select the channel the A/D uses for the positive voltage reference.
REF VOLT SELECT bits must not change during the entire conversion.

REF REF REF

VOLT VOLT | VOLT [+Vmer SOURCE
SELECT2 | SELECT1|SELECTO

0 0 0 Veest

0 0 1 AN1

0 1 0 AN2

0 1, 1 AN3

1 0 0 AN4

1 0 1 ANS

1 1 0 ANG6

1 1 1 AN7

tPin ANO can not be selected as positive voltage reference.
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11-12

Bit 6 -

Bit 7 -

SAMPLE START. Sample Start.

Setting this bit stops any ongoing conversion and starts sampling the selected
input channel to begin a new conversion. This bit is cleared by the A/D module
18 system-clock cycles after the program sets the CONVERT START bit.
Entering Halt or Standby mode clears this bit and aborts any sampling in
progress.

CONVERT START. Conversion Start.

Setting this bit starts the conversion. This bit is cleared by the A/D 18 system
clock cycles after the program sets the CONVERT START bit. Entering Halt
or Standby mode clears this bit and aborts any conversion in progress.
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11.4.2 Analog Status and Interrupt Register, (ADSTAT)

The ADSTAT register indicates the converter and interrupt status.

Analog Status and Interrupt Register, (ADSTAT)
[Memory Address - 1071h]

Bit # - 7 6 5 4 3 2 1 0
AD AD
PO71 - . - —_ --- AD INT INT
READY FLAG ENA

R-1 RC-0 RW-0
R=Read, W=Write, C=Clear only, -n= Value after RESET

Bit O - AD INT ENA. A/D Interrupt Enable. .
This bit controls the A/D module’s ability to generate an interrupt.

0 = Disables A/D interrupt.
1 = Enables A/D interrupt.

Bit1 - AD INT FLAG. A/D Interrupt Flag.
The A/D module sets this bit at the end of an A/D conversion. If this bit is set
while the AD INT ENA bit is set, an interrupt request is generated. Clearing this
flag clears pending A/D interrupt requests. This bit is cleared by the system
RESET or by entering Halt or Standby mode. Software cannot set this bit.

Bit 2 - AD READY. A/D Converter Ready.
The A/D module sets this bit whenever a conversion is not in progress and the
A/D is ready for a new conversion to start. Writing to this bit has no effect on
its state.

0 = Conversion in process.
1 = Converter ready.

Bits 3-7 - Reserved. Read data is indeterminate.

11.4.3 Analog Conversion Data Register (ADDATA) _
The ADDATA register contains the digital result of the last A/D conversion.

Analog Conversion Data Register (ADDATA)
[Memory Address - 1072h]

Bit # - 7 6 5 4 3 2 1 0

P072 DATA7 DATAG6 DATAS DATA4 DATA3 DATA2 DATA1 DATAO

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R=Read, -n= Value after RESET

The analog-to-digital conversion data is loaded into this register at the end of
a conversion and remains until replaced by another conversion.

11-13
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11.4.4 Analog Port E Data Input Register (ADIN)

The ADIN register contains digital input data when one or more of the ANO
through AN7 pins are used as digital ports.

Analog Port E Data Input Register (ADIN)
[Memory Address - 107Dh]

Bit # - 7 6 5 4 3 2 1 0
PORTE | PORTE | PORTE | PORTE | PORTE | PORTE | PORTE | PORTE
PO7D DATA DATA DATA DATA DATA DATA DATA DATA
AN 7 AN 6 AN 5 AN 4 AN 3 AN 2 AN 1 AN 0

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

R=Read, -n= Value after RESET

The ADIN register shows the data present at the pins configured for general
purpose input instead of A/D channels. A bit is configured as a general pur-
pose input if the corresponding bit of the port enable register is a 1. Pins
configured as A/D channels are read as Os. Writing to this address has no

effect.

11.4.5 Analog Port E Input Enable Register (ADENA)
The ADENA register controls the function of the ANO through AN7 pins.

Analog Port E Input Enable Register (ADENA)
[Memory Address - 107Eh]

Bit # - 7 6 5 4 3 2 1 0
PORTE | PORTE | PORTE | PORTE | PORTE | PORTE | PORTE | PORTE

PO7E INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT
ENA 7 ENA 6 ENA 5 ENA 4 ENA 3 ENA 2 ENA 1 ENA 0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R=Read, W=Write, -n= Value after RESET

The ADENA register individually configures the eight pins ANO-AN7 as either

analog input channels or as general purpose input pins.

0 = The pin becomes an analog input channel for the A/D converter. When
the bit is 0, the corresponding bit in the ADIN register reads as a ‘0.

1 = Enables the pin as a general purpose input pin and its digital value can be
read from the corresponding bit in the Port E Data Input Register.
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11.4.6 Analog Interrupt Priority Register (ADPRI)
The ADPRI register selects the interrupt priority level of the A/D interrupt.

Analog Interrupt Priority Register (ADPRI)
[Memory Address - 107Fh]

Bit # - 7 6 5 4 3 2 1 0
PO7F AD AD AD ——- --- —-- -
STEST |PRIORITY| ESPEN

RP-0 RP-0 RP-0
R=Read, P=Privileged Write, -n= Value after RESET
Bits 0-4 - Reserved. Read data is indeterminate.

Bit5 - AD ESPEN. Emulator Suspend Enable.
Normally, this bit has no effect. However, when using the XDS emulator to
debug a program, this bit determines what happens to the A/D when the pro-
gram is suspended by an action such as a hardware or software breakpoint.

0

When the emulator is suspended, the A/D continues to work until the
current conversion is complete.

When the emulator is suspended, the A/D is frozen so that its state can
be examined at the point that the emulator was suspended. The conver-
sion data is indeterminate upon restart.

Bit 6 - AD PRIORITY. A/D Interrupt Priority Select.
This bit selects the priority level of the A/D interrupt.

1

[

0 = A/D interrupt is a higher priority (level 1) request.
1 = A/D interrupt is a lower priority (level 2) request.

Bit 7 - AD STEST.This bit must be cleared (0) to ensure proper operation.
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12. Assembly Language Instruction Set

An assembly language instruction set is a symbolic language that presents
binary machine code in a more readable form. The TMS370 family is sup-
ported by a 73-function instruction set using a wide variety of addressing
modes.

This section includes the following topics:

Section
12.1 Instruction Operation :
12.2  Addressing MOES .......ccceerieriveiecieritrenies e ssseesiesaeeseessneesanesans
12.2.1 General Addressing Modes ........cccvenrnrinmrcrenrenncecrnnnee.
12.2.2 Extended Addressing Modes
12.2.3 Additional Addressing Modes
12.3 Instruction Set OVEIVIeW ........ccoceecevvineniencnneciee e
12.4 Instruction Set Descriptions

12-1



Assembly Language Instruction Set - Instruction Operation

121

12-2

Instruction Operation

The assembly language instruction set provides a convenient method of pro-
gramming the CPU. Each TMS370 assembly language instruction converts
directly to one machine operation and consists of a function mnemonic fol-
lowed by zero to three operands. The mnemonic specifies the type of CP op-
eration while the operands indicate where the CPU can find or store -data
during an instruction execution. The type and combination of operands de-
termine the actual opcode(s) for an instruction. The MOV instruction, for
example, has 27 different options, each with it's own opcode.

The typical syntax for TMS370 instructions consists of the function mnemonic
followed by up to three operands. A typical two-operand instruction is shown
below:

MNEMONIC SOURCE: DESTINATION
ADD #9, R3

The example above can be read as: add the value "9” to the contents of reg-
ister number 3 and place the result back into register number 3. The destina-
tion, therefore, also serves as a second source in addition to being the final
address of the result. This means that registers can be directly manipulated
without having to use intermediate registers. It should be noted that this in-
struction form differs from the “mnemonic- destination-source” arrangement
used by some microprocessors.

The following example shows how the instruction above might appear in a
complete program line.

LABEL INST. OPERANDS COMMENT
XXXXX ADD R9,R3 ;comment

There should be at least one space between each entry type. The LABEL and
COMMENT entries are optional, and depending on which type of instruction
is used, the OPERANDS column may be blank as well.

The 73 instructions are supported by 245 opcodes providing flexible control
of CPU program flow. Some instructions such as CLRC and TEST A share the
same opcode to aid the user in comprehending all of the functions of an op-
code. There are instructions that use 16-bit opcodes, depending on the type
of instruction and/or the addressing mode used. Several bit manipulation in-
structions are constructed by the assembler out of other instructions in order
to simplify writing and enhance the readability of the program.
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12.2 Addressing Modes

Each TMS370 assembly language instruction includes form zero to three op-
erands. Each operand has an addressing mode. The addressing mode speci-
fies how the CPU calculates the address of the data needed by the instruction.
The power of the TMS370 is enhanced by the large number of addressing

modes available.

sample instruction and it's execution.

The table below shows the 14 addressing modes with a

Table 12-1 describes the addressing modes of the instruction set.

Table 12-1. Addressing Modes

Relative Offset Indirect

ADDRESSING MODE EXAMPLE EXECUTION
GENERAL:
Implied LDSP (B) = (SP)
Register MOV R5,R4 (0005) — (0004)
Peripheral MOV P025,A (1025) — A
Immediate ADD #123,R3 123 + (03) - (03)
PC Relative JMP offset PCN + offset = (PC)
Stack Pointer Relative MOV 2(SP),A (2 + (SP)) = (A)
EXTENDED:
Absolute Direct MOV A,1234 (A) = (1234)
Absolute Indexed MOV 1234(B).A (1234 + (B)) = (A)
Absolute Indirect MOV @R4,A ((R3:R4)) = (A)
Absolute Offset Indirect MOV 12(R4),A (12 + (R3:R4)) — (A)
Relative Direct JMPL 1234 PCN + 1234 = (PC)
Relative Indexed JMPL 1234(B) PCN + 1234 + (B) = (PC)
Relative Indirect JMPL @R4 PCN + (R3:R4) — (PC)

JMPL 12(R4)

PCN + 12 + (R3:R4) - (PC

NOTE: PCN = 16-bit address of next instruction.
(x) = Contents of memory at address x.

((x)) = Contents of memory location designated by contents at address x. m

As indicated in the table, there are 14 addressing modes divided into two
classes: General, which uses an 8-bit addressing range, and Extended, which
uses a 16-bit addressing range. A number of instructions use more than one
addressing mode and several, such as the MOV instruction, are very versatile.
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12.2.1 General Addressing Modes

12.2.1.1

12-4

ADDRESS
7123h

7124h
7125h

Instructions using the General Addressing modes have an eight bit range of
operation, and therefore deal with the register file, peripheral file, or a nearby
destination. The General Addressing modes are Implied, Register, Peripheral,
Immediate, Program Counter Relative, and Stack Pointer Relative. Most of
these modes can use any register as a source and/or destination, preventing
the bottleneck found on other microprocessors that use only one or two reg-
isters.

Implied Addressing Mode

in the Implied addressing mode, the instruction type alone determines where
the data is to be found. The user does not have to specify the operands since
they are inherently specified in the instruction. For example, the LDSP (Load
Stack Pointer) instruction always copies the contents of the B register to the
stack pointer register. Neither the source nor destination is explicitly stated
because they are implied in the instruction itself. The instructions using the
Implied addressing mode are the CLRC, LDSP, RTS, RTI, SETC, STSP,EINT,
EINTH, and EINTL instructions. Figure 12-1 shows an example of the Implied
addressing mode.

LDSP
[® —sP]
REGISTER STACK
FILE POINTER
PROGRAM . ADDRESS
MOV 2

Figure 12-1. Implied Operand Addressing Mode
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12.2.1.2 Register Addressing Mode

The Register file of the TMS370 consists of the the first 256 bytes of memory.
In the Register addressing mode, instructions use a one byte value to specify
an address (location) in the Register file. Any location in the Register file can
be accessed in one memory cycle by instructions using this mode. (Extended
addressing modes take two cycles to access the Register file). In Register file
addressing, the operand is stated by Rn, where n is the 8-bit address number.
The address number may be a decimal (0-255) or hexadecimal (0-OFF)
number. Hexadecimal numbers require a leading zero, but no suffix. Registers
RO and R1 of the register file are also known as registers A and B and are
referenced as such by most instructions to reduce the size of the program.
For example, the instruction MOV A,B uses one byte of code, while the
instruction MOV R3,R4 uses three bytes of code. Any register can be
specified by a symbol that has been equated to that register. This is illustrated
in the following example:

MOV R16,R011 ;move contents of 0010h to 0011h
CAT .EQU R16 ;Equate register 16 to symbol CAT
DOG .EQU R17 ;Equate register 17 to symbol DOG
MOV CAT,DOG ;jmove contents of 0010h to 1020h

Note that the entry ".EQU" is an assembler directive, not an assembly language
instruction. For more information on assembler directives, refer to the TMS370
Family Assembly Language Tools User's Guide. Figure 12-2 shows an ex-
ample of the Register Addressing Mode.

[Rn )"101 R—2>3(Rn )]
PROGRAM DATA
ADDRESS ADDRESS
7123 INC Ry 22
7124 (1) - (2) a4
@ =

NOTE: NUMBERS IN PARENTHESIS REPRESENT ORDER OF EXECUTION

Figure 12-2. Register Addressing Mode
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12.2.1.3 Peripheral Addressing Mode

12-6

ADDRESS
7120h

7121h
7122h
7123h

The Peripheral file of the TMS370 is allocated 256 bytes of memory. The
Peripheral addressing mode is used for program control of the peripheral
on-chip modules such as timers, interrupts, and 1/0 ports. A small amount
of external memory can also be addressed as Peripheral file space from the
TMS370Cx50. Each Peripheral file register is accessed by an 8-bit operand
designated as Pn, with n being either a decimal (0-255) or hexidecimal (00-
FF) number. Hexidecimal numbers require a leading zero but no suffix. The
CPU assumes the most significant byte of a peripheral address to be 010h.
As described in Register file addressing, the Pn designation may be substi-
tuted with a symbol using the equate (.EQU) assembler directive as shown in
the example below.

MOV R16,P020
CAT .EQU R16
DOG .EQU P32
MOV CAT,DOG

;move contents of 0010h to 1020h

;Equate register 16 to symbol CAT
;Equate peripheral file 32 to symbol DOG
;move contents of 0010h to 1020h

The use of designated symbols is optional, of course, but is particularly suited
for the register and peripheral addressing modes. Figure 12-3 shows an ex-
ample of Peripheral-File addressing.

MOV Pyog, A
[G%)——a-A]
PERIPHERAL
PROGRAM REGISTER REGISTER
MOV Fy. A ADDRESS ADDRESS
1024h (A) O
1026h 2
3

Figure 12-3. Peripheral Addressing Mode
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12.2.1.4 Immediate Addressing Mode

The Immediate Addressing mode uses a constant value as the operand imme-
diately following the function mnemonic. This mode allows non-changing
data to be incorporated into the instruction. The constant may be in the form
of a decimal, hexadeciaml, or symbolic label, but it is always preceded by the
number sign (#). Hexadecimal numbers require both a leading numeric digit
and the "h” suffix. Some examples of Immediate addressing are as follows:

MOV #O0OFh,A ;Store the value 15 in register A

MOV #(3*54) ,R022 ;Store the value 162 at location 022h
CNT .EQU 12 ;Equate 12 to sym,bol CNT

ADD #CNT,R34 ;Add the value 12 to register 34, place

;result in register 34.

Figure 12-4 illustrates an instruction using the immediate addressing mode.

ADD #11, R45
[___n + (Rd) e (Rd ):]
PROGRAM DATA
ADDRESS ADDRESS
7123 | ADDn, Ryg 11 R43 12
. + 56 (3)
7124 1M 87 m R44 34
7125 [RETIEN (2) > R4S
R46

NOTE: NUMBERS IN PARENTHESIS REPRESENT ORDER OF EXECUTION

Figure 12-4. Immediate Addressing Mode
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12.2.1.5 Program Counter Relative Addressing Mode

ADDRESS

12-8

"7121n

7122h
7123h
7124h
7125h
7126h
7127h
7128h
7128h

The Program Counter Relative addressing mode adds an 8-bit signed offset
to the address of the next instruction to produce the address of the successive
instruction. The new address is placed in the program counter register. The
range of the 8-bit offset is within 128 bytes before or 127 bytes after the in-
struction following the jump. When labels are used, the signed offset is auto-
matically calculated by the assembler. The PCN is the location (address) of the
next instruction. Figure 12-5 illustrates object code generated by a Jump in-
struction using the Program Counter Relative addressing mode.

JMP LABEL
CPCN + OFFSET —» (PC) ]

PROGRAM
COUNTER
PROGRAM
JMP
(OFFSET) OFFSET = LABEL - PCN
(PRECALCULATED BY ASSEMBLER)
ADD (PCN) ——— 7123
L > + 5

R3 . 7128
R4
INC
R4
CLR (LABEL)
R8

Figure 12-5. Program Counter Relative Addressing Mode
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12.2.1.6 Stack Pointer Relative Addressing Mode

ADDRESS
7123h

7124n §

7125h
7126h

The Stack Pointer Relative addressing mode adds an 8-bit signed constant to
the existing 8-bit contents of the Stack Pointer Register. The result is trun-
cated to an 8-bit address of the data. The second operand in the Stack Pointer
Relative mode is always register A. This addressing mode is useful in access-
ing arguments that are passed to a subroutine on the stack. The programmer
must insure that the resuiting address location is within the implemented reg-
ister file, because overflows or underflows will execute without warning. Only
the CMP and MOV instructions use this mode. An example of Stack Relative
addressing is as follows: MOV -2(SP), A . In this case, the value of -2 plus the
stack pointer equals the address of the data to be moved to register A. Figure
12-6 illustrates this instruction operation.

MOV -2 (SP), A
CSP) + m—=(A)]
STACK
PROGRAM POINTER
AR}
DATA
REGISTER
MOV n(SP), A ADDRESS FILE
‘ 59h ADDRESS
ADD \Soh (A of
- 61h (8) 1
62h 2
63h 3

Figure 12-6. Stack Pointer Relative Addressing Mode
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12.2.2 Extended Addressing Modes

The Extended Addressing modes provide sophisticated addressing capabilities
of arrays, tables, and routine addresses. These modes allow the program to
access data from anywhere in the memory. Extended Addressing modes
consist of four main types: Direct, Indirect, Indexed, and Offset Indirect. Each
of these four types can be subdivided into Absolute and Relative modes for
a total of eight Extended addressing modes.

Extended Absolute addressing modes always use register A or the PC as one
of the operands in generating a 16-bit address. The Extended Absolute ad-
dressing modes are used only by the Branch (BR), CALL, Compare (CMP),
and Move (MOV) instructions. The BR and CALL instructions use these
modes exclusively.

The Extended Relative addressing modes are similar to the Extended Absolute
addressing modes but include the additional step of combining the operand
with the program counter (PCN) value before placing the 16-bit address into
the program counter. These modes are similar to the Program Counter Rela-
tive mode. A 16-bit signed offset is used to calculate the successive instruc-
tion address. The successive instruction address is calculated at execution
time using the signed 16-bit offset according to the instruction’s addressing
mode.

The Extended Relative Addressing modes are useful in relocatable code since
operation is based on the differences in address position instead of the ad-
dresses themselves. This makes the Extended Relative addressing modes well
suited for high level languages that often use position independent code.
Extended Relative addressing is used by the CALLR and JMPL instructions.

12.2.2.1 Direct Addressing Modes

12-10

Direct Addressing mode instructions use an address as the operand. The 16-
bit address is written either as a constant value or a label, and immediately
follows the opcode in the source code. The Absolute Direct addressing mode
acts upon the address itself for operation as shown in Figure 12-7 below.
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MOV 2233h, A
[tabel —={A) ]

REGISTER
DATA FILE

PROGRAM ADDRESS ADDRESS ﬁ
ADDRESS 2232h 12 (A) 0
7123h | MOV label, A 2233h (8) 1

7124h 2234h 56 2
7125h 2235h 78 3
7126h

Figure 12-7. Absolute Direct Addressing Mode

The Relative Direct addressing mode (Figure 12-8) adds the address of the
next instruction to the 16-bit operand to produce the address of the succes-
sive instruction. If a label is used in the instruction, the assembler automat-
ically calculates the offset to use as the operand.

JMPL 5432h
[ PCN + 5432 —= (PC) ]
PROGRAM
PROGRAM COUNTER
ADDRESS
4130h JMPL
4131h
s
| — >+ 4133h
4133h NC PCN 4133

Figure 12-8. Relative Direct Addressing Mode
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12.2.2.2 Indexed Addressing Modes

ADDRESS

7123h
7124h
7125h
7126h

The Absolute Indexed Addressing mode generates a 16-bit address by adding
the unsigned contents of the B Register to a 16-bit unsigned constant. The
assembly language statement for the Indexed Addressing modes contain the
direct memory address written as a 16-bit value or a label, followed by a B in
parentheses: MOV 1234(B), or MOV LABEL(B). The MOV and CMP in-
structions can use Absolute Indexed addressing to easily step through a small
table or pick out a particular array value. The instructions CALL and BR can
use this mode to execute code based on a decision table and the value in re-
gister B. Figure 12-9 illustrates how the object code produced by an in-
struction using this mode generates a 16-bit effective address.

MOV 2233h (B}, A
Ctiabel + (B) —= (A)] -

REGISTER
PROGRAM FILE
ADDRESS (4)
Mov (A) O -
(1)
(B) 1
(2)
2233 2
_+ 4
2237
DATA
ADDRESS
2235h
2236h
2238h

NOTE: NUMBERS IN PARENTHESIS REPRESENT ORDER OF EXECUTION

12-12

Figure 12-9. Absolute Indexed Addressing Mode

The Relative Indexed addressing mode includes the operation described above
with the additional following step. The address of the next instruction is added
to the sum of register B and the signed 16-bit constant offset, before pro-
ducing the address of the successive instruction as shown in Figure 12-10.
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JMPL 1236h (8)
[1236 + (B) + PCN —» (PC)]

REGISTER PROGRAM
FILE COUNTER

PROGRAM ADDRESS

ADDRESS (A) 0 1126 | 8390
7123h | JMPL n (B) (8) 1

7124h (1
7125h 1236,
34 =%
7126h INC PCN + 7126 - 4
8390h

NOTE: NUMBERS IN PARENTHESIS REPRESENT ORDER OF EXECUTION

Figure 12-10. Relative Indexed Addressing Mode
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12.2.2.3 Indirect Addressing Modes

Instructions using the Indirect addressing modes use the contents of a register
pait as the 16-bit address of the data. The indirect Register File address is
written as a register number (Rn) preceded by the commercial “at” (@) sym-
bol. The LSB of the address is contained in Rn, and the MSB of the address
is contained in the previous register (Rn-1). The TMS370 can use any register
pair as an indirect register. Figure 12-11 shows how the Absolute Indirect
addressing mode uses the register pair itself in the caculation.

R

PROGRAM

ADDRESS

ADDRESS

7123 | MOVe@Rn, A R0O97

7125 ADD 098

7126

ROS.

ADDRESS
7123h

7124h
7125h

12-14

MOV @R88, A
C(Rn-1: R$R—> (]

EGISTER
FILE

ADDRESS
2231

2232
2233
2234

REGISTER
DATA FILE

ADDRESS
(A) 1

(B) 2
3
4

Figure 12-11. Absolute Indirect Addressing Mode

The Relative Indirect addressing mode (Figure 12-12) adds the address of the
next instruction to the register pair contents before obtaining the destination

address.
PROGRAM
JMPL@Ry (0
ADD PCN

CRy- 1Ry +

REGISTER

ADDRESS
R0B8

RO99

JMPL @R099
PCN —= (PC) ]

FILE

(2)

PROGRAM
' COUNTER
1024
+ 7125 =(3)
8149 7425 8149

| (4)

Figure 12-12. Relative Indirect Addressing Mode
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12.2.2.4 Offset Indirect Addressing Modes

The Offset Indirect addressing modes are similar to the Indirect addressing
modes previously described. The Absolute Offset Indirect Addressing mode
generates a 16-bit address by adding an 8-bit signed offset to an address
taken from a register pair. Offset Indirect addressing is useful in stepping
through tables or finding a particular value in a table by using two values to
generate the address. Figure 12-13 illustrates how the object code produced
by an instruction using the Offset Indirect Addressing mode generates 16-bit
effective address.

MOV 2 (ROQQ).
I:(n + (Rn -1 Rn)) (A):]

REGISTER REGISTER
PROGRAM FILE FILE
ADDRESS ADDRESS ADDRESS 5)
7121h | MOV n (Rn), A R087 (A) 0 BEL2
7122h (I R098 22 (8) 1
7123h 99 ' | = RODS 33 3 2
7124h ADD
DATA
ADDRESS
[ —— . (3 2234h 62
+ 2033 -
Tooas 4L o po3sh
2236h 78

NOTE: NUMBERS IN PARENTHESIS REFRESENT ORDER OF EXECUTION

Figure 12-13. Absolute Offset Indirect Addressing Mode

The Relative Offset Indirect addressing mode adds the address of the next in-
struction with the sum of the 8-bit signed offset and the register pair before
obtaining the destination address.
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JMPL 56h (RO10)
[ PCN + 56h + {Rn-1: Rn) —=(PC) ]

REGISTER PROGRAM
PROGRAM FILE COUNTER
ADDRESS ADDRESS
7123h | JMPL n (Rn) RO8 7428 81A0
7124h (1 RO9
7125h 2 | rowo
7126h INC PCN
—»56h 3
1024 =y
+_7126 = 5
B1AOh

NOTE: NUMBERS IN PARENTHESIS REPRESENT ORDER OF EXECUTION

Figure 12-14. Relative Offset Indirect Addressing Mode
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12.2.3 Additional Addressing Modes

There are some cases where the operation of an instruction does not fit into
any of the previously described addressing modes. The individual instruction
description can be referenced for a list of that instruction’s operations.

12-17
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12.3 Instruction Set Overview

" The following tables provide a listing of the instruction set symbols, a listing
of the instruction set itself including pertinent characteristics, and an
opcode/instruction map.

Table 12-2. TMS370 Symbol Definitions

SYMBOL DEFINITION SYMBOL DEFINITION
A Register A or RO in Register File B Register B or R1 in Register File
Rn Register n of Register File Pn Register n of Peripheral File (0 < n
< 255)
s Source operand d/D Destination operand (8-bit/16-bit)
Rs Source register in Register File Ps Source register in Peripheral File
(0 < s < 25bH)
Rd Destination register in Register File Pd Destination register in Peripheral File
(0 < d < 255)
Rps Source register pair Rpd Destination register pair
iop8 8-bit Immediate operand iop16 16-bit Immediate operand
off8 8-bit Signed Offset off16 16-bit Signed Offset
Rp Register pair label 16-bit label
ST Status Register SP Stack Pointer
PC Program Counter PCN 16-bit address of next instruction
# Immediate operand @ Indirect addressing operand
MSB Most significant byte LSB Least significant byte
MSb Most significant bit LSb Least significant bit
cnd Condition () Contents of
- Is assigned to « Becomes equal to
[1] Indicates an optional entry. <> Indicates an entry that must be typed
The brackets themselves are not in. For example, <label> indicates that
entered. a label must be entered. The brackets
themselves are not entered.
C Carry flag N Sign flag
\Y Overflow/borrow flag z Zero flag
XADDR | 16-bit address name symbol defined for a bit
Rname | symbol defined register bit Pname | symbol defined peripheral bit

Table 12-3 lists all instruction formats, opcodes, byte lengths, cycles/instruc-
tion, operand types, status bits affected, and an operational description.
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Table 12-3. TMS370 Family Instruction Overview

MNEMONIC DPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
to C N ZV
ADC BA 69 1 8 X X x x| (s) +(d) + (C) = (d)
Rs,A 19 2 7 Add the source, destination, and carry bit
Rs,B 39 2 7 together. Store at the destination address.
Rs,Rd 49 3 9
#iop8,A 29 2 6
#iop8,B 59 2 6
#iop8,Rd 79 3 8
ADD BA 68 1 8 X x x x| (s) +(d) = (d)
Rs,A 18 2 7 Add the source and destination operands at
Rs,B 38 2 7 the destination address.
Rs,Rd 48 3 9
#iop8,A 28 2 6
#iop8,B 58 2 6
#iop8,Rd 78 3 8
AND APd 83 2 9 0 x x O] (s) AND (d) — (d)
B.A 63 1 8 AND the source and destination operands
B,Pd 93 2 9 together and store at the destination
Rs,A 13 2 7 address.
Rs,B 33 2 7
Rs,Rd 43 3 9
#iop8,A 23 2 6
#iop8,B 53 2 6
#iop8,Rd 73 3 8
#iop8,Pd A3 3 10
BR labe! 8C 3 9 - - - -| XADDR = (PC)
@Rp 9C 2 8 Branch to the destination address.
labe!(B) AC 3 11
off8(Rp) FAEC| 4 16
(1) 0 x x Of If (s) AND (d) # 0,
BTJO A,Pd,off8 86 3 10 then PCN + offset = (PC)
B,A,off8 66 2 10 | 1f the AND of the source and destination
B,Pd,off8 96 3 10 operands # O (corresponding 1 bits)
Rs,A,off8 16 3 9 The PC will add the offset, and the
Rs,B,off8 36 3 9 jump will be taken.
Rs,Rd,off8 46 4 11
#iop8,A,off8 26 3 8
#iop8,B,off8 56 3 8
#iop8,Rd,off8 | 76 4 10
#iop8,Pd,off8 | A6 4 11
(1) 0 x x O] If (s) AND (notd) # 0 ‘
BTJZ A, Pd,off8 87 3 10 then (PCN) + offset = (PC)
B.A,off8 67 2 10 destination operands # 0 (jump if
B,Pd,off8 97 3 10 corresponding 1 and 0 bits). The PC
Rs,A,off8 17 3 9 will add the offset and the jump
Rs,B,off8 37 3 9 will be taken.
Rs,Rd,off8 47 4 1
#iop8,A,off8 27 3 8
#iop8,B,0ff8 57 3 8
#iop8,Rd,off8 | 77 4 10
#iop8,Pd,off8 | A7 4 11

Note: 1.Add two to cycle count if jump is taken.

Legend:
0 Status Bit always cleared.

1 Status Bit always set.
x Status Bit cleared or set on results.
- Status Bit not affected.
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Table 12-3. TMS370 Family Instruction Overview (Continued)

MNEMONIC DPCOD%BYTESW CYCLES | STATUS OPERATION DESCRIPTION
tc C N 2V

CALL label 8E 3 13 - - -| Push PC MSB, PC LSB,

@Rp 9E 2 12 XADDR = (SP)
label(B) AE 3 15
off8(Rp) F4 EE 4 20

CALLR label 8F 3 15 - - - Call Relative
@Rp 9F 2 14 Push PC MSB, PC LSB,
label (B) AF 3 17 PCN + (XADDR) = (PC)
off8(Rp) F4 EF 4 22

CLR A B5 1 8 01 0| 0=(d)

B C5 1 8 Clear the destination operand.
Rd D5 2 6
CLRC BO 1 9 x x 0] 0—(C)
Clears the carry bit.

CMP label A 8D 3 11 x X x| Compare; (d) - (s) computed.
@Rp,A 9D 2 10 Set flags on the result of the source
label(B),A | AD 3 13 operand subtracted from the destination
off8(Rp),A |[FAED| 4 18 operand. Operands are not affected by
off8(SP),A | F3 2 8 operation.

B,A 6D 1 8
Rs. A 1D 2 7
Rs,B 3D 2 7
Rs,Rd 4D 3 9
#iop8,A 2D 2 6
#iop8,B 5D 2 6
#iop,Rd 7D 3 8

CMPBIT Rname, 75 3 8 x Xx 0] Complement Bit; invert the bit
Pname A5 3 10

COMPL A BB 1 8 x x 0] Two's complement;

B CB 1 8 00h - (s) = (d)
Rd DB 2 10

DAC BA 6E 1 10 x x x| (s) +(d) + (C) = (d) (BCD)

Rs.A 1E 2 9 The source, destination, and the carry bit
Rs,B 3E 2 9 are added, and the BCD sum is stored at thg
Rs,Rd 4E 3 11 destination address.

#iop8,A 2E 2 8

#iop8,B 5E 2 8

#iop8,Rd 7E 3 10

DEC A B2 1 8 X X x| (d)-1-—=(d)

B c2 1 8 Decrement destination operand by 1.
Rd D2 2 6
DINT FO 00 2 6 0 0 0 0 — (ST)(global interrupt enable bits)
0 — |E1, 0 = |E2.

Note: Add two to cycle count if jump is taken.

Legend: -

0

1
X
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Status Bit always cleared.

Status Bit always set.
Status Bit cleared or set on results.
Status Bit not affected.
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Table 12-3. TMS370 Family Instruction Overview (Continued)

MNEMONIC DPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
tc CN ZV
DIV  RsA FAF8| 3 |47-63 |0 x x 0| A:B/Rs = A(= quo),B(= REM)
Integer divide, 16
by 8 bit.
14 1 1 1 1| Detected overflow
(1) I
DJNZ A, off8 BA 2 10 (d) -1 = (d);
B,off8 CA 2 10 If (d) # 0, then PCN + offset = (PC)
Rd,off8 DA 3 8 Decrement and jump if not 0.
DSB B.A 6F 1 10 |x x x x| (d)-(s)-1+(C)— (d) (BCD)
Rs,A 1F 2 9 The source operand is subtracted from the
Rs,B 3F 2 9 destination; this sum is then reduced by 1
Rs,Rd 4F 3 1 and the carry bit is then added to it. The
#iop8 A 2F 2 8 result is stored as a BCD number.
#iop8,B B5F 2 8
#iop8,Rd 7F 3 10
EINT FOOC| 2 6 |0 0 0 0| OCh = (ST)(global interrupt enable bit)
1 —1E1,1 - IE2.
EINTH FOO04]| 2 6 |0 0 0 0| 04h — (ST)(high priority global

interrupt enable bit).
1—1E1,0 - IE2

EINTL FOO08| 2 6 |0 O O O 08h = (ST)(low priority global
interrupt enable bit)
0~ IE1,1 = IE2

IDLE F6 1 6 |- - - -| (PC) = (PC) until interrupt
(PC) + 1 = (PC) after return from interrupt
Stops pC execution until an interrupt.

INC A B3 1 8 |x x x x| (d)+1—(d)
B C3 1 8 Increase the destination operand by 1.
Rd D3 2 6
INCW #off8,Rp 70 3 1 x x x x| (Rp) + offset = (Rp)
Add 8-bit signed offset to register pair.
INV A B4 1 8 |0 x x 0} NOT(d) = (d)
B Cc4 1 8 1‘s complement the destination operand.
Rd D4 2 6
(1)
JBITO Rd,off8 77 4 10 |0 x x O] Jumpif Bit=20
Pd,off8 A7 4 11
(1)
JBIT1 Rd,off8 76 4 10 |0 x x O] JumplIf Bit =1
Pd,off8 A6 4 11
JMP  off8 00 2 7 - - - -] PCN + off8 = (PC)

Jump unconditionally using an 8-bit offset.

Note: 1. Add two to cycle count if jump is taken.

Legend:

0 Status Bit always cleared.

1 Status Bit always set.

X Status Bit cleared or set on results.
- Status Bit not affected.

12-21



Assembly Language Instruction Set - Overview

Table 12-3. TMS370 Family Instruction Overview (Continued)

MNEMONIC PPCODHBYTES] CYCLES | STATUS OPERATION DESCRIPTION
- tc |[C N ZV
JMPL label 89 3 9 - - - -} PCN +D = (PC)
@Rp 99 2 8 Jump unconditionally using
label(B) A9 3 11 a 16-bit offset
off8(Rp) F4 E9 4 16
(1) L
Jend - - -] - Conditional jump
Jc 03 2 5 Carry
JEQ 02 2 5 Jump Equal
JG OE 2 ‘5 Greater Than, signed
JGE oD 2 5 Greater Than or Equal, signed
JHS 0B 2 5 Higher or Same, unsigned
JL 09 2 5 Less Than, signed
JLE 0A 2 5 Less Than or Equal, signed
JLO OF 2 5 Lower Value, unsigned
JN 01 2 5 Negative, signed
JNC 07 2 5 No Carry
JNE 06 2 5 Jump Not Equal
JNV ocC 2 5 No Overflow, signed
JNZ 06 2 5 Not Zero
JP 04 2 5 Positive, signed
JPZ 05 2 5 Positive or Zero, signed
JV 08 2 5 Overflow, signed
JZ 02 2 5 Zero
LDSP FD 1 7 - - - -] (B) > (SP)
Load stack pointer with contents
of register B.
LDST #iop8 FO 2 6 X X x x| (d) = (ST)
Load ST Register

Note: 1.Add two to cycle count if jump is taken.

Legend:

Status Bit always cleared.

Status Bit cleared or set on results.

0
1 Status Bit always set.
x

Status Bit not affected.
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Table 12-3. TMS370 Family Instruction Overview (Continued)

MNEMONIC DPCODEBYTES| CYCLES [ STATUS OPERATION DESCRIPTION
tc CN2ZV
MOV AB co 1 9 0 x x 0] (s) = (d)
A,Rd DO 2 7 Replace the destination operand with the
A,Pd 21 2 8 source operand.
A label 8B 3 10
A.@Rp 9B 2 9
A label(B) AB 3 12
A,off8(Rp) FAEB| 4 16
A,0ff8(SP) F2 2 7
Rs,A 12 2 7
Rs,B 32 2 7
label, A 8A 3 10
@Rp,A 9A 2 9
label(B),A AA 3 12
off8(Rp).A F4 EA| 4 17
off8(SP),A F1 2 7
B.A 62 1 8
B,Rd D1 2 7
B,Pd 51 2 8
Rs,Rd 42 3 9
Rs,Pd 71 3 10
Ps,A 80 2 8
Ps,B 91 2 8
Ps,Rd A2 3 10
#iop8,A 22 2 6
#iop8,B 52 2 6
#iop8,Rd 72 3 8
#iop8,Pd F7 3 10
MOVW Rps,Rpd 98 3 12 0 x x 0] (s) » (Rpd)
#iop16,Rpd 88 4 13 Copy the source register word to the
#iop16(B),Rpg A8 4 15 destination register pair.
off8(Rs),Rpd | FAE8| 5 20
MPY B,A 6C 1 a7 0 x x 0] (s) x (d) = (A:B)
Rs,A 1C 2 46 Multiply the source and destination oper-
Rs,B 3C 2 46 ands, store the result in Registers A
Rs.Rd 4C 3 48 (MSB) and B (LSB).
#iop8,A 2C 2 45
#iop8,B 5C 2 45
#iop8,Rn 7C. 3 47
NOP FF 1 7 - - - -| No operation
OR A,Pd 84 2 9 0 x x 0] (s) OR (d) = (d)
B,A 64 1 8
B,Pd 94 2 9
Rs,A 14 2 7 Logically OR the source and destination
Rs,B 34 2 7 operands, and store the results at the desti-
Rs,Rd 44 3 9 nation address.
#iop8 A 24 2 6
#iop8,B 54 2 6
#iop8,Rd 74 3 8
#iop8,Pd Ad 3 10
Legend:

0 Status Bit always cleared.

1 Status Bit always set.

x Status Bit cleared or set on result.
- Status Bit not affected.
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Table 12-3. TMS370 Family Instruction Overview (Continued)

MNEMONIC DPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
te CNZV
POP A B9 1 9 0 x x O] ((SP) - (d) .
B c9 1 9 (SP) -1 - (SP)
Rd D9 2 7
ST FC 1 8 X X X
PUSH A B8 1 9 0 x 0] (SP)+1 — (SP)
B Cc8 1 9 (s) - ((SP))
Rd D8 2 7 Copy the operand onto the stack.
ST FB 1 8 - - - -] Copy the Status Register onto the Stack
RL A BE 1 8 x x x 0] Bit(n) = Bit(n + 1)
B CE 1 8 Bit(7) — Bit(0) and Carry
Rd DE 2 6
RLC A BF 1 8 x x x O] Bit(n) = Bit(n + 1)
B CF 1 8 Carry - Bit(0)
Rd DF 2 6 Bit(7) — Carry
RR A BC 1 8 x x x O] Bit(n +1) — Bit(n)
B CcC 1 8 Bit(0) - Bit(7) and Carry
Rd DC 2 6
RRC A BD 1 8 x x x 0| Bit{(n +1) — Bit(n)
B CD 1 8 Carry - Bit(7)
Rd DD 2 6 Bit(0) = Carry
RTI FA 1 12 X X x x| Pop PCL, PCH, POP ST
Return From Interrupt
RTS F9 1 9 - - - -} PopPCL, PCH
SBB BA 6B 1 8 Xx X x x| (d)-(s)-1+(C)—=(d)
Rs,A 1B 2 7 Subtract with borrow.
Rs,B 3B 2 7 Destination minus source minus 1 plus
Rs,Rd 4B 3 9 carry, stored at the destination address.
#iop8,A 2B 2 6
#iop8,B 5B 2 6
#iop8,Rd 7B 3 8
SBITO Rd 73 3 8 0 x x O SetBittoO
Pd A3 3 10
SBIT1 Rd 74 3 8 0 x x 0| SetBitto1
. Pd Ad 3 10
SETC F8 1 7 1 0 1 0| Axh = (ST) Set the carry bit.
IE1 and 1E2 unchanged.

Note: 1.Add two to cycle count if jump is taken.

Legend:

0 Status Bit always cleared.

1 Status Bit always set.

x Status Bit cleared or set on results.
- Status Bit not affected.
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Table 12-3. TMS370 Family Instruction Overview (Concluded)

MNEMONIC PPCODHBYTES| CYCLES | STATUS OPERATION DESCRIPTION
tc [C N ZV
STSP FE 1 8 - - - -| (sP) = (B)
Copy the SP into Register B.
SUB BA ’ 6A 1 8 X X x x| (d)-(s) = (d)
Rs,A 1A 2 7 Store the destination operand minus the
Rs,B 3A 2 7 source operand into the destination.
Rs,Rd 4A 3 9
#iop8,A 2A 2 6
#iop8.,B 5A 2 6
#iop8,Rd 7A 3 8
SWAP A B7 1 11 0 x x O s(7-4,3-0) = d(3-0,7-4)
B Cc7 1 1 Swap the operand’s hi and lo nibbles.
Rd D7 2 9
TRAP n EF-EO| 1 14 - - - -| Vectorn =+ (PC),n=0—>15
Trap to Subroutine; Push PCN
Trap 0 = EF
TST A BO 1 9 0 x x O] Test; Set flags from register.
B C6 1 10
XCHB A B6 1 10 0 x x 0 (B) €= (Rn)
B C6 1 10 Swap the contents of Register B with (Rn).
Rd D6 2 8
XOR APd 85 2 9 0 x x 0] (s) XOR (d) = (d)
B.A 65 1 8 Logically exclusive OR the source and
B.Pd 95 2 9 destination operands, store at the
Rs,A 15 2 7 destination address.
Rs,B 35 2 7
Rs,Rd 45 3 9
#iop8,A 25 2 6
#iop8,B 55 2 6
#iop8,Rd 75 3 8
#iop8,Pd A5 3 10

Note: 1.Add two to cycle count if jump is taken.

Legend:
0 Status Bit always cleared.

1 Status Bit always set.
x Status Bit cleared or set on results.
- Status Bit not affected.
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‘Table 12-4 provides an opcode-to-instruction cross reference of all 73 in-

structions and 245 opcodes of the TMS370 instruction set. To check the in-
struction of a known opcode, locate the left (high) digit across the top or
bottom of thetable, then find the right (low) digit along the side of the table.
The intersection contains the instruction mnemonic, operands, and byte/cycle
particular to that opcode. Some opcodes, such as BO, are shared by two in-
structions, in which case both mnemonics are shown along with the
byte/cycles count.
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Table 12-4. TMS370 Family Opcode/Instruction Map

0 1 2 3 4 5 6 7 8 9 A B C D E F
JMP INCW| MOV CLRC | MOV | MOV | TRAP | LDST
0 ra #n,Rd| Ps A TSTA| AB | ARd 15 n
2/7 3/11 | 2/8 1/9 1/8 2/7 1/14 2/6
JN MOV MoV MoV MOV MOV | TRAP | MOV
1 ra A.Pd B,Pd Rs,Pd Ps,B B.,Rd 14 [n(SP)A
2/5 2/8 2/8 3/10 2/7 2/7 |14 ] 27
Jz | MOV { MOV | MOV | MOV | MOV | MOV} MOV MoV DEC | DEC DEC | TRAP | MOV
2 ra Rs,A | #n,A | Rs,B |Rs,Rd| #n,B | B,A [#n,Rd Ps,Rd A B Rn 13 |A.n(SP)
2/5] 2/7 | 2/6 12/7)39]|2/6]1/8]|3/8 3/10 1/8 1/8 2/6 | 1/14 | 2/7
Jc | anD fanofanplAnD [ANDfAND|[AND | AND | AND | AnD | INC | INC | INC | TRAP| CMP
3| ra | Rs.Al#nA]RsB|Rs.Rd|#nB| BA |#n,Rd] APd | B,Pd #n,Pd A B Rn 12 |n(SP).A|
2/5 | 277 {276 | 2/7 {39} 2/6 | 1/813/8] 2/9 | 2/9 3/10 | 1/8 | 1/8 | 2/6 | 114 | 2/8
JP OR OR | OR| OR|{ OR | OR | OR OR OR OR INV INV INV | TRAP | extend
4 ra Rs.A | #n,A| Rs,B [Rs,Rd| #n,B | B,A |#n,Rd| A,Pd | B,Pd #n,Pd A B Rn 1 inst,2
2/56 | 2/7 1 2/6|2/7]3/9]|2/6]1/813/8]| 2/9 2/9 3/10 1/8 1/8 2/6 1/14 Jopcode:
Jpz | XOR [ xOR [ xOR | x0R [ xORTxOR [ XOR| xOR | XOR XOR | CLR | CLR | CLR [ TRAP
5| ra | Rs.A | #nA|Rs,B |Rs,Rd| #n,B | B,A |#n.Rd| APd | BPd | #n,Pd A B Rn | 10
2/5 1 2/7 |2/6)2/7)3/9]2/61{1/8}3/8]| 2/9 2/9 3/10 1/8 1/8 2/6 1/14
JNz | BTJO [BTJO[BTJO|BTIO|BTIO|BTIO[BTUO| BTJO | BTUO | BTIO |xXCHB|XCHB | XCHB | TRAP | IDLE
6| ra | Rs,A|#nA]|B.Rd|RsRd|#nB| BA [#n.Rd| APd | B,Pd #n,Pd A |TESTB| Rn 9
2/5 4 3/9 | 3/8 | 3/9 {4/11] 3/8 |2/10|4/10] 3/11 | 3/10 4/11 1/10 { 1/10 2/8 1/14 1/6
JNC | BTJZ | BTJZ|BTJZ|BTJZ|BTJZ| BTJZ|BTJZ} BTJZ | BTJZ BTJZ | SWAP|SWAP| SWAP| TRAP | MOV
7 ra Rs.A | #n,A | Rs,B |Rs,Rd| #n,B | B,A |#n,Rd| APd { B.,Pd #n,Pd A B Rn 8 #n,Pd
2/51 3/9 | 3/8| 3/9 j4/11| 3/8 {2/10]4/10{ 3/10 | 3/10 4/11 1/11 | 1/11 2/9 1/14 | 3/10
Jv [ app [ADD[ADD [ADD [ ADD [ ADD [ ADD [MOVW| MOVW | movw [ PusH | pusH| PusH| TRAP | SETC
8 ra Rs.A | #n.A | Rs,B |Rs,Rd| #n,B | B,A |#n.Rd[#16,Rd] Rs,Rd [#16(B),Rd|] A B Rs 7
2/5. ) 2/7 | 2/6 | 2/7]|3/9)2/6]1/8] 3/8]}4/13| 3/12 4/15 1/9 1/9 2/7 1/14 1/7
JL | ADC | ADC | ADC| ADC | ADC| ADC | ADC | JMPL| JMPL JMPL POP | POP POP | TRAP | RTS
9 ra Rs.A | #n,A | Rs,B |Rs,Rd| #n,B | B,A [#n,Rd} lab @Rd lab(B) A B Rd 6
2/5 1 2/7 | 2/6 12/7}13/9]2/6]1/8]3/8] 3/9 2/8 3/10 1/9 1/9 2/7 ) 114 ] 1/9
JLE | suB |suB|[suB|suB|suB|[sus|sus[mov| Mov | MOV |DJNZ|[DJNZ|DJNZ|TRAP| RTI
Al ra Rs.A | #n,A| Rs,B |Rs,Rd| #n,B | B,A |#n,Rd| labA | @Rs,A | lab(B).A| Ara Bra | Rn,ra 5
2/5) 2/7 | 2/6 |2/7]39)26]1/8]|3/8]310]| 2/9 3/12 2/10 { 2/10 ) 3/8 | 1/14 | 1/12
JHs | sBB [ sBB|sBB|seB|ses|seB|seB | mMov | MOV | mov [compLcomplcompl] TRAP | PUSH
B ra Rs.A | #n,A | Rs,B [Rs,Rd| #n,B | B.A |#n,Rd| Alab | A@Rd | Alab(B) A B Rn 12 ST
2/5 | 2/7 | 2/6 {2/7]139]2/6])1/8]3/8]3/10 2/9 3/12 1/8 1/8 2/10 | 1/14 1/8
JNV | MPY | MPY | MPY | MPY | MPY | MPY | MPY | BR BR BR RR RR RR | TRAP | POP
c ra Rs.A | #n,A | Rs,B |Rs,Rd| #n,B | B,A |#n,Rs| lab @Rd lab(B) A B Rn 3 ST
2/5 | 2/46 | 2/4512/4613/4812/45|1/47}13/47] 3/9 2/8 3/11 1/8 1/8 2/6 | 1/14 1 1/8
JGE | CMP [ CMP|CMP|CMP]CMP|CMP|CMP| CMP | CMP C™MP RRC | RRC | RRC | TRAP | LDSP
D ra Rs.A | #n,A | Rs,B |Rs,Rd| #n,B | B,A |#n,Rd| lab,A | @Rs.A | lab(B).A A B Rn 2
2/5 | 2/7 | 2/6]2/7(3/9}2/6}1/8]3/8] 3/11 2/10 3/13 1/8 1/8 2/6 1/14 1/7
JG | DAC | DAC | DAC | DAC | DAC| DAC | DAC | CALL | CALL CALL RL RL RL | TRAP | STSP
E ra Rs.A | #n,A | Rs,B |Rs,Rd{ #n,.B | B,A [#n,Rd| lab @Rd lab(B) A B Rn 1
2/5 1 2/9 | 2/812/9|3/11]2/8 |1/10}3/10] 3/13 | 2/12 3/15 1/8 1/8 2/6 1/14 1/8
JLO | DSB [ DSB | DSB | DSB | DSB | DSB | DSB |CALLR| CALLR | CALLR RLC RLC RLC | TRAP | NOP
F ra Rs.A | #n,A | Rs,B |Rs,Rd] #n,B | B.A |#n,Rd| lab @Rd lab(B) A B Rn 0
2/5 ] 2/9 | 2/8 | 2/9|3/11}| 2/8 |1/10{3/10] 3/15 | 2/14 3/17 1/8 1/8 2/6 1/14 1/7
0 1 2 3 4 5 6 1 8 9 A B c D E F
Note:

All conditional jumps (opcodes 01-0F), BTJO, and BTJZ instructions use
two additional cycles if the branch is taken. The BTJO and BTJZ in-
structions have a relative address as the last operand.
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Second byte of two-byte instructions (F4xx):

ra - relative address

Rn - Register

Rs - Register containing source byte

Rd - Register containing destination byte

Ps - Peripheral register containing source byte

Pd - Peripheral register containing destination byte
Pn - Peripheral register

n - Immediate 8-bit number

#16 - Immediate 16-bit number

lab - 16-bit tabel

E

F

Movw
n(Rn)
4/15

DIV
Rn,A
3/14-63]

JMPL
n(Rn)
4/16

MOV
n(Rn).A
4/17

MoV
IA.n(Rn)
4/16

BR
n(Rn)
4/16

CMP
n(Rn)
4/18

CALL
n(Rn)
4/20

ICALLE
n(Rn)T

4/22




Assembly Language Instruction Set - Descriptions

12.4 Instruction Set Descriptions

The TMS370 instruction set contains 73 instructions covered by 245 unique
opcodes. Each operation has an associated opcode. Some instructions, in-
cluding those using the Offset Indirect addressing mode, have 16-bit (or dual)
opcodes. In two cases, an opcode is shared by two instructions. This is to
aid the programmer in understanding the operation associated with the op-
code, as well as enhance the readablity of the source code. The following
pages contain the individual instruction descriptions. The instructions are in
alphabetical order according to the function mnemonic.
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ADC

Add with Carry ADC

Syntax

Execution

Options

Status Bits
Affected

Description

Examples

12-30

[<label>] ADC <s>,<Rd>
(s) + (Rd) + (C) - (Rd)

inst operands bytes cycles opcode operation

ADC BA 1 8 69  (B)+(A)+(C) - (A)
ADC Rs,A 2 7 19 (Rs)+(A)+(C) » (A)
ADC Rs,B 2 7 39  (Rs)+(B)+(C) - (B)
ADC Rs,Rd 3 9 49  (Rs)+(Rd)+(C) - (Rd)
ADC #op8A 2 6 29  iop8+(A)+(C) - (A)
ADC #iop8,B 2 6 59  iop8+(B)+(C) - (B)
ADC #op8Rd 3 8 79  iop8+(Rd)+(C) - (Rd)

C Set to 1 on carry-out of (s) + (Rd) + (C)

2 Set on result

N Set on result

\" (C XOR N) AND (source [bit 7] XNOR destination [bit 7])

ADC adds the contents of the source, the contents of the destination reg-
ister, and the carry bit. It stores the result in the destination register.

Adding a O to the destination register is equivalent to a conditional incre-
ment (increment on carry).

ADC can implement multi-precision addition of signed or unsigned inte-
gers. For example, the 16-bit integer in register pair (R2,R3) may be added
to the 16-bit integer in (A,B) as follows:

ADD R3,B ;Low order bytes added

ADC R2,A ;High order bytes added
LABEL1 ADC R66,R117 ;Adds the contents of

;register 66, register
;117, and the carry bit,
;and stores the sum in
;register 117

ADC B,A ;Adds the contents of
;Register B, Register A,
;and the carry bit, and
;stores the sum in
;Register A

ADC #03Ch,R29 ;Adds #3Ch, contents of
;jregister 29, and the
;carry bit, and stores
;the sum in register 29



ADD Add ADD

Syntax [<label>] ADD <s>,<Rd>
Execution (s) + (Rd) - (Rd)

Options inst operands bytes cycles opcode operation
ADD BA 1 8 68 (B)+(A) = (A)
ADD Rs,A 2 7 18 (Rs)+(A) = (A)
ADD Rs,B 2 7 38 (Rs)+(B) = (B)
ADD Rs,Rd 3 9 48 (Rs)+(Rd) - (Rd)
ADD #iop8,A 2 6 28 iop8+(A) = (A)
ADD #iop8,B 2 6 58 iop8+(B) = (B)
ADD #iop8,Rd 3 8 78 iop8+(Rd) = (Rd)

Status Bits

Affected Set to 1 on carry-out of (s) + (Rd)

C

4 Set on result

N Set on result '

\" (C XOR N) AND (Source [bit 7] XNOR Destination [bit 7])

Description  ADD adds two bytes and stores the result in the destination register. It can
be used for signed 2’s complement or unsigned addition.

Examples LABEL ADD A,B ;Adds the contents of
;Registers A and B, stores
;the results in B

ADD R7,A ;Adds the contents of R7
;and A, and stores the
;results in A

ADD #TOTAL,R13 ;Adds the value of
;TOTAL to R13 and stores
;the result in R13
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AND Logical AND AND
Syntax [<label>] AND <s>,<Rd>
Execution (s) AND. (Rd) = (Rd)
Options inst operands bytes cycles opcode operation
AND A,Pd 2 9 83 (A) AND (Pd) — (Pd)
AND BA 1 8 63 (B) AND (A) = (A)
AND B,Pd 2 9 93 (B) AND (Pd) — (Pd)
AND Rs,A 2 7 13 (Rs) AND (A) = (A)
AND Rs,B 2 7 33 (Rs) AND (B) = (B)
AND Rs,Rd 3 9 43 (Rs) AND (Rd) - (Rd)
AND #iop8,A 2 6 23 iop8 AND (A) - (A) '
AND #iop8,B 2 6 53 iop8 AND (B) - (B)
AND #iop8,Rd 3 8 73 iop8 AND (Rd) - (Rd)
AND #iop8,Pd 3 10 A3 iop8 AND (Pd) - (Pd)
Status Bits
Affected (o] <0
N Set on resuit
Z Set on result
\"/ <0
Description  AND logically ANDs the two 8-bit operands. Each bit in the first operand
is ANDed with the corresponding bit in the second operand. This is useful
for clearing bits. If you need to clear a bit in the destination operand, then
put a 0 in the corresponding source bit. A 1 in a source bit will not change
the corresponding destination bit.
Examples LABEL AND #01h,R12 ;Clear all bits in R12 except
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;Bit 0, which will remain
;unchanged

AND R7,A ;AND the contents of R7 to A
;and store the contents in A

AND B,P025 ;AND contents of B to P025,
;store the contents in P025



BR Branch BR
Syntax [<label>] BR <XADDR>

Execution XADDR - (PC)

Options inst operands bytes cycles opcode operation

Status Bits
Affected

Description

Examples

BR label 3
BR label(B) 3
BR off8(Rp) 4
BR @Rp 2

label = (PC)

label+(B) = (PC)
(Rn-1:Rn)+0off8 = (PC)
(Rn-1:Rn) = (PC)

Note: label = unsigned 16-bit value

(B) = unsigned 8-bit value
off8 = signed 8-bit value

None

BR branches to any location in memory, including the on-chip RAM. BR
supports the four extended absolute addressing modes:

[ ] Direct
o Indirect
[ Indexed

e Offset Indirect

The powerful concept of computed GOTOs is supported by the BR @Rn
instruction. An indexed branch instruction of the form BR TABLE(B) is
an extremely efficient way to execute one of several actions on the basis of
a control input. This is simifar to the Pascal CASE statement. The program
can branch to up to 128 different jump statements. This technique may also
be used to transfer control on character inputs, error codes, etc.

LABEL BR LABEL4
BR 5432h

BR LABELS5(B)
BR 1234h(B)

BR @R12

BR 56(R10)

—

-

-

-

LABEL4

5432h

LABEL5 + (B)

1234h + (B)

(R11:R12) R12=LSB

56 + (R9:R10) R10=LSB
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BTJO

Bit Test and Jump If One BTJO

Syntax

Execution

Options

Status Bits
Affected

Description

Examples
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[<label>] BTJO <s>,<d>,<off8>
If (s) AND (d) # O, then PCN +0off8 - (PC), else PCN = (PC)

inst operands bytes cycles opcode Jump If

BTJO A,Pd,label 10/12 86 (A) AND (Pd) # 0
BTJO B,A label 10/12 66 (B) AND (A) # 0
BTJO B,Pd,label 10/12 96 (B) AND (Pd) # 0
BTJO Rs,A,label 9/11 16 (Rd) AND (A) # 0O
BTJO Rs,B,label 9/11 36 (Rd) AND (B) # 0
BTJO Rs,Rd,label 11/13 46 (Rd) AND (Rs)# 0
BTJO #iop8,A,label 8/10 26 (A) AND off8 # 0
BTJO #iop8,B,label 8/10 56 (B) AND off8 # 0O
BTJO #iop8,Rd,label 10/12 76 (Rd) AND off8 # 0
BTJO #iop8,Pd, label 11/13 A6 (Pd) AND off8 # 0

PP OWPLOWLOWWNW

C <0
N Set on (s) AND (d)
z Set on (s) AND (d)
v <0

BTJO jumps if at least one corresponding bit position in the source and
destination are both 1. The source operand can be used as a bit mask to test
for one or more 1 bits in the specified register. The operands are not
changed by this instruction. If one or more corresponding 1 bits are found,
the program branches to the offset (refer to the table below).

(s) (d) Jump?
00000001 XXXXXXX0 No
00000001 XXXxXxx1 Yes
00000011 xxxxxx00 No

11110000 1000xxxx Yes
11110000 1001 xxxx Yes

LABEL BTJO #014,R4,ISSET ;Jump to ISSET if R4
;(bit 2) or R4 (bit
;4) is a 1

BTJO #01,A,LOOP ;Jump to LOOP if bit O
;of Register A is a 1

BTJO R37,R113,START ;Jump to START if any
;1 bit of R113 corre-
;sponds to a 1 bit
;in R37



BTJZ

Bit Test and Jump If Zero BTJZ

Syntax

Execution

Options

Status Bits
Affected

Description

Examples

[<label>] BTJZ <s>,<d><off8>
If (s) AND NOT (d) # O, then PCN+ off8 - (PC), else PCN = (PC)

inst operands bytes cycles opcode Jump If

BTJZ A,Pd,label 10/12 87 (Pd) AND NOT(A) # 0
BTJZ B,A,label 10/12 67 (A) AND NOT(B) # 0
BTJZ B,Pd,label 10/12 97 (B) AND NOT(Pd) # O
BTJZ Rd,A label 9/11 17 (A) AND NOT(Rd) # O
BTJZ Rd,B,label 9/1 37 (B) AND NOT(Rd) # O
BTJZ Rs,Rd,label 11/13 47 (Rd) AND NOT(Rs) # O
BTJZ #iop8,A,label 8/10 27 (A) AND NOT off8 # 0
BTJZ #iop8,B,label 8/10 57 (B) AND NOT off8 # 0
BTJZ #iop8,Rd,label 10/12 77 (Rd) AND NOT off8 # O
BTJZ #iop8,Pd,label 11/13 A7 (Pd) AND NOT off8 # 0

PPRPWWRARWWWNW

<0
Set on (s) AND NOT (Rd)
Set on (s) AND NOT (Rd)
<0

<NZ20O

BTJZ jumps if at least one corresponding bit position which has a 1 in the
source and a O in the destination (refer to the table below). The source
operand can be used as a bit mask to test for zero bits in the specified reg-
ister. The operands are unchanged by this instruction. The jump is calcu-
lated starting from the opcode of the instruction just after the BTJZ.

(s) (d) Jump?
00000001 XXXXXXXQ Yes
00000001 XXXXXXX1 No
11000000 11 XXXXXX No

11110000 0111xxxx Yes
11110000 0110xxxx Yes

LABEL BTJZ A,R23,ZERO ;If any 1 bits in A
;correspond to O bits
;in R23, O then jump to
; ZERO

BTJZ #O0OFFh,A,NEXT ;If A contains any O
;bits, jump to NEXT

BTJZ R7,R15,0U0T ;If any O bits in R15

;correspond to 1 bits
;in R7, jump to OUT
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CALL

Call

CALL

Syntax

Execution

Options

Status Bits
Affected

Description

Examples
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[<label>] CALL <XADDR>

(SP) +1 = (SP)
PCN MSB = ((SP))
(SP) +1 - (SP)
PCNLSB = ((SP))
XADDR = (PC)

(The Stack contains the address of the instruction immediately following the CALL.)

inst operands

CALL
CALL
CALL
CALL

label
label(B)
off8(Rd)
@Rd

bytes cycles opcode operation

3 13 8E label = (PC)
3 15 AE label+(B) — (PC)
4 20 F4 EE (Rd-1:Rd) +off8 = (PC)

2 12 9k

Note : offset = signed 16-bit value
(B) = unsigned 8-bit value
off8 = signed 8-bit value

None

(Rd-1:Rd) = (PC)

CALL invokes a subroutine and pushes the PC contents on the stack. The operand
indicates the starting address of the subroutine. The extended addressing modes of the
CALL instruction allow powerful transfer of control functions.

LABEL

CALL
CALL
CALL
CALL
CALL

CALL

LABEL4 ;Push PC;
5432h ;Push PC;
LABEL5 (B) ;Push PC;
1234h(B) ;Push PC;

@R12 ;Push PC;
;R12=LSB

56 (R10) ;Push PC;
; (R9:R10)

(pC) <
(PC) «
(PC) <
(pC) <«
(pC) «

(PC) «

LABEL4
5432h
LABEL5 + (B)
1234h + (B)
(R11:R12)

56 +

R10=LSB



CALLR Call Relative CALLR
Syntax [<label>] CALLR <XADDR>
Execution (SP) +1 - (SP)
PCN MSB - ((SP))
(SP) +1 - (SP)
PCN LSB - ((SP))
XADDR + PCN> (PC)
Options inst operands bytes cycles opcode operation
CALLRIlabel 3 156 8F off16 + PCN — (PC)
CALLRIlabel(B) 3 17 AF off16 + (B) + PCN — (PC)
CALLRoff8(Rp) 4 22 F4EF (Rd-1:Rd) + off8 + PCN = (PC)
CALLR@Rd 2 14 9F (Rd-1:Rd) + PCN - (PC)
Note :0ff16= signed 16-bit value
(B) = unsigned 8-bit value
off8 = signed 8-bit value
Status Bits
Affected None

Description

Examples

CALLR is similar to CALL, but uses a value relative to the current program
counter (PCN). The extended relative addressing modes of the CALLR in-
struction allow powerful transfer of control functions. This is useful for re-
locatable code produced by linkers, compilers or other high language
structures. The assembler automatically calculates the correct offset value
for the two modes using labels in the operands.

Direct Addressing
LABEL CALLR LABEL4 ;push PC ; (PC) + PCN +
;offle, off16=LABEL4-PCN

CALLR 5432h ;push PC ; (PC) ¢ PCN +
;5432h

Indexed Addressing
CALLR LABEL5(B) ;push PC ; (PC) « PCN +

;Off16 +(B) m
:of f 16=LABEL5 - PCN

CALLR 1234h(B)  ;push PC ; (PC) « PCN +
:1234h + (B)

Indirect Addressing

CALLR @R12 ;push PC ; (PC) « PCN +
; (R11:R12)
;R12=LSB
Offset Indirect Addressing
CALLR 56(R10) ;push PC ; (PC) < PCN
;+ 56 + (R9:R10)
;R10=LSB
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CLR

Clear

CLR

Syntax

Execution

Options

Status Bits
Affected

Description

Examples
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[<label>] CLR <Rn>

inst operands bytes cycles opcode

operation

0 - (Rn)
inst

CLR A
CLR B
CLR Rn
cC <0
N <O
zZ -1
vV «“o0

1
1
2

8
8
6

B5
Ch
D5

0-(A)
0~ (B)
0 = (Rn)

CLR clears or initializes to 0 any register including Registers A and B.

LABEL

CLR B
CLR A
CLR R105

;Clear Register B

;Clear Register A

;Clear register 105



CLRC Clear the Carry Bit CLRC
Syntax [<label>] CLRC
Execution Set status bits
Options inst operands bytes cycles opcode
CLRC none 1 9 BO
Status Bits
Affected (& <0
N Set on value of Register A
4 Set on value of Register A
\" <0

Description

Example

CLRC clears the carry flag. This may be required before an arithmetic or
rotate instruction. The logical and move instructions typically clear the carry

bit. The CLRC opcode is equivalent to the TST A opcode.

LABEL CLRC ;Clear the carry bit
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cMP

Compare CMP

Syntax

Execution

Options

Status Bits
Affected

Description
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[<label>] CMP <s>,<d>
(d) - (s) computed but not stored

inst operands bytes cycles opcode operation

General:

CMP B,A 1 8 6D (A)-(B)

CMP Rs,A 2 7 1D (A)-(Rs)

CMP Rs,B 2 7 3D (B)-(Rs)

CMP Rs,Rd 3 8 4D (Rd)-(Rs)

CMP #iop8,A 2 6 2D (A)-iop8

CMP #iop8,B 2 6 5D (B)-iop8

CMP #iop8,Rd 3 8 7D (Rd)-iop8
Extended:

CMP label, A 3 11 8D (A)-(label)
CMP label(B),A 3 13 AD (A)-(label+(B))
CMP off8(Rp),A 4 18 F4 ED (A)-((Rn-1:Rn)+o0ff8)
CMP @Rp,A 2 10 9D (A)-((Rn-1:Rn))

CMP off8(SP),A 2 8 F3 (A)-((SP) +0off8)
Note: QOperations are computed
but not stored. Status bits
are set on results.

C 1if (d) > (s)
N Sign of result
4 1if (d) = (s)
\"/ (C XOR N) AND (Source [bit 7] XOR Destination [bit 7])

CMP compares the destination operand to the source operand and sets the
status bits. The CMP instruction is usually used in conjunction with a Jump
instruction. Table 12-5 shows which Jump instructions can be used on
status conditions set by CMP execution. There are only seven possible
outcomes of the status register after a compare instruction. The jump in-
structions JC and JHS are equivalent after a compare.



CMP Compare CMmP
Table 12-5. Compare Instruction Examples - Status Bit Values

Operand |Status]

Opcodes| Bits JEQ JNE/

(S) (D) [CNZV|JGE|JG|JL| JLE [ JLO[JHS|JC|JNC|JN|JP|JZ|JPZ|JINZ|JIV|[INV
FF 00 0000 1 1 0 0 1 0 0 1 0|1 0 1 1 0 1
81 00

8000 | 0101 1 110 0 1 o1}lo 1 1{0|l0} O 1 1 0
80 7F

007F | 1000 | 1 110 0 0 1 1 o|oj11]o0 1 1 0 1
20 30

90 AO

7F 00 0100 0 01 1 1 0 0 1 1 0]0 0 1 0 1
30 20

A0 90

7F 80 1001 0 o1 1 0 1 1 0 ol 1 0 1 1 1 0
O0OFF |1100| 0 | O] 1 1 0 1 1 0 1]0|0] O 1 0 1
00 81

00 80

7JF7F 1010 | 1 olo 1 0 1 1 0ojJojo}1 1 0 jJoOo| 1

Notes: 1. Signed Jumps:JGE, JG, JL, JLE.
Unsigned Jumps:JLO, JHS.
Test Bits:JC, JNC, JN, JP, JEQ/JZ, JPZ, JNE/JINZ, JV, IJNZ
2. 1=jump was taken; O=does not jump
Examples LABEL CMP R13,R89 ;Set status bits on

CMP R39,B

CMP #003,A

CMP TABLE(B),A

;result of R89 minus R13

;Set status bits on result

;of (B) minus R39

;Set status bits on result

;of (A) minus #03h

;Set statusd bits
minus (TABLE + (B))

;of (A)

on result
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CMPBIT

Complement Bit CMPBIT

Syntax

Execution

Options

Status Bits
Affected

Description

Examples
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[<label>] CMPBIT <name>

NOT <name> - <name>

inst operands bytes cycles opcode operation
CMPBIT Rname 3 8 75 NOT (bit) - (bit) Reg. bits

CMPBIT Pname 3 10 Ab NOT (bit) — (bit) Per. bits

C <0
N Set on result of (Mask XOR (s))
¥4 Set on result of (Mask XOR (s))
\"/ <0

CMPBIT is an assembler constructed instruction that conviently comple-
ments the value of the named bit without having to specify a register or
mask. This enhances the readability of the software program. The CMPBIT
instruction assembles to the instructions XOR #iop8,Rd or XOR #iop8,Pd.
The name for the bit is defined by the .DBIT assembler directive.

INT1ENA .DBIT 7,P017 ;Interrupt 1 bit is now
;named INTI1ENA

TEST .DBIT 4,R33 ;Bit 4 of register 33 is now
;named TEST

LABEL CMPBIT TEST ;Invert the value of the TEST
;bit.

CMPBIT INT1ENA ;Change the interrupt 1
;enabled condition.



COMPL Two”s Complement COMPL
Syntax [<label>] COMPL <Rn>
Execution 0-Rn - Rn
Options inst operands bytes cycles opcode operation

COMPL A 1 8 BB NOT(A)+1 = (A)

COMPL B 1 8 CB NOT(B)+1 - (B)

COMPL Rn 2 6 DB NOT(Rn)+1 - (Rn)
Status Bits
Affected Set on result

Description

Examples

C
N Set on result
Z Set on result

A" <0

COMPL provides a logical or 2’s complement of the operand. This is the
equivalent of an inversion of all the bits followed by an increment. The
instruction is useful in doing arithmetic with signed numbers.

LABEL

COMPL A
COMPL B
COMPL R82

;Complement register A
;Complement register B

;Complement register 82
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DAC Decimal Add with Carry DAC
Syntax [<label>] DAC <s>,<Rd>
Execution (s) + (Rd) + (C) — (Rd), Produces a decimal result
Options inst operands bytes cycles opcode operation
DAC BA 1 10 6E (B)+(A)+(C) = (A)
DAC RsA 2 9 1E (Rs)+(A)+(C) = (A)
DAC Rs,B 2 9 3E (Rs)+(B)+(C) - (B)
DAC Rs,Rd 3 11 4E (Rs)+(Rd)+(C) - (Rd)
DAC #iop8,A 2 8 2E iop8+(A)+(C) = (A)
DAC #iop8,B 2 8 5E iop8+(B)+(C) - (B)
DAC #iop8,Rd 3 10 7E iop8+(Rd)+(C) — (Rd)
Status Bits »
Affected (o] 1 if value of (s) + (Rd) + C > 99
N Set on result
Z Set on result
\"/ Undefined

Description

Examples
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DAC adds bytes in binary-coded decimal (BCD) form. Each byte is as-
sumed to contain two BCD digits. DAC is not defined for non-BCD oper-
ands. DAC with an immediate operand of zero value is equivalent to a
conditional increment of the destination operand (increment destination on
carry). The DAC instruction automatically performs a decimal adjust on the
binary sum of (s) + (d) + C. The carry bit is added to facilitate adding
multi-byte BCD strings, and so the carry bit must be cleared before exe-
cution of the first DAC instruction.

LABEL DAC #024h,A ;If register A contains 097h
;and C = 0,then the final result
;put into A is 021h and the carry
;bit is set

DAC R55,R7 ;Add the BCD value of R55,
;and the carry bit to the
;BCD value of R7

DAC B,A ;Add the carry bit to the
;BCD value in Register B
;to Register A



DEC Decrement DEC
Syntax [<label>] DEC <Rn>
Execution (Rn) -1 = (Rn)
Options inst operands bytes cycles opcode operation
DEC A 1 8 B2 (A)-1 = (A)
DEC B 1 8 Cc2 (B)-1 = (B)
DEC Rn 2 6 D2 (Rn)-1 = (Rn)
Status Bits
Affected (o] 0 if (Rn) decrements from 00h to FFh; 1 otherwise
N Set on result
Y4 Set on result
\" 1 if (Rn) decrements from 80h to 7Fh; O otherwise

Description

Examples

DEC subtracts 1 from any register. It is useful in counting and addressing
byte arrays.

LABEL DEC R102 ;Decrement R102 by 1

DEC A ;Subtract 1 from the contents of
;register A

DEC B ;Subtract 1 from the contents of
;jregister B

12-45




DINT Disable Interrupts DINT
Syntax [<labei>] DINT
Execution 0 - (ST)
Options inst operands bytes cycles opcode
INT none 2 6 FO 00

Status Bits
Affected C <0

N +«<O0

Z <0

VvV «0

IE1 <0

IE2 <0

Description

Example
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DINT simultaneously disables all interrupts. Since the interrupt enable flags
are stored in the Status Register, the POP ST or RETI instructions may re-
enable interrupts even though a DINT instruction has been executed. Dur-
ing the interrupt service, the interrupt enable bit is automatically cleared
after the old Status Register value has been pushed onto the stack. The
DINT instruction is equal to the LDST #00 instruction.

LABEL DINT ;Disable high and low level interrupts.



DIV Divide DIV
Syntax [<label>] DIV (Rs), A

Execution A:B/(Rs) » A(=quo), B(=rem)

Options inst operands bytes cycles opcode operation

Status Bits
Affected

Description

Example

DIV  RnA 3 47-63 F4F8 (A:B)/(Rs) Quotient = A
Remainder = B
Note: If overflow occurs,
14 cycles are used, and
CNZV =1

<0
Set on results (Register A)
Set on results (Register A)
<0

DIV divides the 16-bit value in the A:B register pair by the 8-bit value in the
specified register. The resulting 8-bit quotient is stored in A. Overflow
conditions are checked prior to execution and if an overflow is detected, the
operands are left unchanged and the status bits C,N,Z, and V are set to 1
and the instruction is aborted. Execution time varies from 47-63 cycles
depending on the operands, with an overflow condition taking only 14 cy-
cles.

<NZ0O

LABEL DIV R10,A ;R10 is divided into the
;A:B register pair (A = MSB)

JC OVERFLOW ;Carry is 1 on overflow conditions
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DJNZ Decrement Register and Jump If Not Zero DJNZ
Syntax [<label>] DJNZ <Rn>,<off8>
Execution (Rn) -1 = (Rn) ) _
If (Rn) # O, then PCN + (off8) = (PC), else PCN - (PC)
Type Single Operand
Options inst operands bytes cycles opcode operation
DJNZ ALABEL 2 10/12 BA  (A)-1 = (A), jumpif (A) # 0
DJNZ B,LABEL 2 10/12 CA  (B)-1 - (B) jumpif (B) # O
DJNZ Rn,LABEL 3 8/10 DA (Rn)-1 =»(Rn) jump if (Rn) % O
Status Bits
Affected None

Description

Examples

12-48

DJNZ is used for looping control. It combines the DEC and the JNZ in-
structions, providing a faster and more compact instruction. DJNZ does
not change the status bits.

LABEL DJNZ R15,THERE ;Decrement R15. If R15 # O,
;jump to THERE

DJNZ A,AGAIN ;Decrement A; if A # O,
;jump to AGAIN

DJNZ B,BACK ;Decrement B; if B # O,
;jump to BACK



DSB

Decimal Subtract with Borrow DSB

Syntax

Execution

Options

Status Bits
Affected

Description

Examples

[<label>] DSB <s>,<Rd>
(Rd) - (s) -1 + (C) — (Rd) (decimal result)

inst operands bytes cycles opcode operation

DSB B,A 10 6F  (A)-(B)-1+(C) = (A)
DSB Rs,A 1F  (A)-(Rs)-1+(C) = (A)
DSB Rs,B 3F (B)-(Rs)-1+(C) -~ (B)
DSB Rs,Rd 4F (Rd)-(Rs)-1+(C) = (Rd)
DSB  #iop8,A 2F  (A)-iop8-1+(C) = (A)
DSB #iop8,B bF (B)-iop8-1+(C) = (B)
DSB #iop8,Rd 7F (Rd)-iop8-1+(C) - (Rd)

WNNWN R =
oI w©

-
o

1 if no borrow required, O if borrow required
Set on result

Set on result

Undefined

<NZO

DSB performs multiprecision BCD subtraction. A DSB instruction with an
immediate operand of zero value-is equivalent to a conditional decrement
of the destination operand, depending on the carry bit. The carry bit func-
tions as a no borrow bit, so if no borrow in is required, the carry bit should
be set to 1. This can be accomplished by executing the SETC instruction.
The DSB instruction is undefined for non-BCD operands.

LABEL DSB R15,R76 ;R76 minus R15 minus 1 plus
;the carry bit is stored
;in R76

DSB A,B ;Register B minus Register
;A minus 1 plus the carry
;bit is stored in
;Register B

DSB #0,R5 ;R5 -= 1 - R5, if C = 0
;R5 = R5 if C = 1
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EINT Enable Interrupts EINT
Syntax [<label>] EINT
Execution OCh — (ST)
Options inst operands bytes cycles opcode
EINT none 2 6 FO OC
Status Bits
Affected C <0
N <0
Z <0
VvV <0
IET « 1
IE2 « 1

Description

Example
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EINT simultaneously enables all global interrupts. Since the interrupt ena-
ble flags are stored in the Status Register, the POP ST or RETI instructions
may disable interrupts even though an EINT instruction has been executed.
During the interrupt service, the interrupt enable bit is automatically cleared
after the old Status Register value has been pushed onto the stack. Thus,
the EINT instruction must be included inside the interrupt service routine
to permit nested or multilevel interrupts. This instruction is equivalent to the
LDST #00Ch instruction.

LABEL EINT ;All interrupts are enabled.



EINTH Enable High Level Interrupts EINTH

Syntax [<labet>] EINTH
Execution 04h = (ST)
Options inst operands bytes cycles opcode
EINTH none 2 6 FO 04
Status Bits
Affected C <0
N <O
Z <0
V +«0
IE1T <1
IE2 <0

Description  EINTH is similar to the EINT instruction but enables only high level (1) in-
terrupts and disables low level interrupts. This is equal to the LDST 04h
instruction.

Example LABEL EINTH ;All level 1 interrupts are enabled.
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Enable Low Level Interrupts EINTL

EINTL
Syntax [<label>] EINTL
Execution 08h — (ST)
Options inst operands bytes cycles opcode
EINTL none 2 6 FO 08
Status Bits
Affected C +«0
N <0
Z <0
VvV <0
IE1 <0
IE2 <1

Description

Example
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EINTL is similar to the EINT instruction but enables only low level (2) in-
terrupts while disabling high level interrupts. This is equal to the LDST
#08h instruction.

LABEL EINTL ;All level 2 interrupts are enabled.



IDLE Idle Until Interrupt IDLE

Syntax [<label>] IDLE
(PC) + 1 = (PC) after return from interrupt
Options inst operands bytes cycles opcode
IDLE none 1 6 (min.) F6
Status Bits
Affected None

Description  The IDLE instruction causes the device to enter one of three modes. Two
of these modes, HALT and STANDBY, use only a fraction of the normal
operating power. In STANDBY, the on-chip oscillator remains active. In
HALT, the oscillator is off and the chip consumes the least amount of
power. Appropriate interrupts must be enabled before entering IDLE. For
more information on the low power modes refer to section 4.4,

Example LABEL IDLE ;Enter Idle mode and
:wait for interrupt
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Increment INC

INC
Syntax [<label>] INC <Rn>
Execution (Rn) + 1 = (Rn)
Options inst operands bytes cycles opcode operation
INC A 1 8 B3  (A)+1 = (A)
INC B 1 8 c3 (B)+1 — (B)
INC Rd 2 6 D3 (Rn)+1 = (Rn)
Status Bits
1 if (Rd) incremented from FFh to 00h; O otherwise

Affected

Description

Examples
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C

N Set on result

z Set on result

\"/ 1 if (Rn) incremented from 7Fh to 80h; O if otherwise

INC increments the value of any register. It is useful for incrementing
counters.

LABEL INC A ;Increment Register A by 1
INC B ;Increment Register B by 1
INC R43 ;Increment Register 43 by 1



INCW Increment Word INCW

Syntax [<label>] INCW #off8,<Rp>
Execution (Rp) + #0off8 — (Rp)

Options inst operands bytes cycles opcode operation
INCW #off8§,Rp 3 11 70 off8+(Rn-1:Rn) = (Rn-1:Rn)
off8= signed 8 bit value
Status Bits
Affected Set to 1 on carry out of off8 + (Rp)

Set on result
Set on resuit
( C XOR N ) AND (MSBIT off8 XNOR MSBIT (Rd))

Description INCW increments the value of any register pair by the amount specified.
The register pair can be incremented by as much as 127 or decremented by
as much as 128. This instruction is useful for incrementing counters into
large tables. The off8 is sign extended in order to perform 16-bit two's
complement addition.

<NZ2O

Examples LABEL INCW #1,R10 ;Increment R10 by 1
INCW #-1,R10 ;Decrement register R10 by 1

INCW #100,R255 ;Increment register pair
;R254:R255
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INV Invert INV
Syntax [<label>] INV <Rn>
Execution NOT(Rn) = (Rn)
Options inst operands bytes cycles opcode gperation
INV A 1 8 B4 NOT(A) = (A)
INV. B 1 8 c4 NOT(B) — (B)
INV Rn 2 6 D4 NOT(Rn) = (Rn)
Status Bits
Affected (o] <0
N Set on result
z Set on result
A\ <0

Description

Examples
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INV performs a one’s complement of the operand. A one's complement
inverts the value of every bit in the register. A two's complement of the
operand can be made by following the INV instruction with an increment
(INC), or simply using the COMPL instruction.

LABEL = INV A ;Invert Register A (Os become 1ls,
;1s become 0s)

INV B ;Invert Register B
INV R82 ;Invert register 82



JBITO Jump If Bit = 0 JBITO
Syntax [<label>] JBITO <name>, <off8>

Execution If bit (name) = 0 then PCN + off8 » (PC) else PCN = PC

Options inst operands bytes cycies opcode

Status Bits
Affected

Description

Example

BITO Rname 4 10 77
JBITO Pname 4 11 A7

Note: Add 2 cycles if jump is taken

<0
Set on (s) AND NOT (Rd)
Set on (s) AND NOT (Rd)
<0

The JBITO is an assembler constructed instruction that conviently jumps
to the label if the value of the named bit is zero. This enhances the read-
ability of the software program since the source does not have to specify
both the register containing the bit and a mask. The instruction is assem-
bled to BTJZ #iop8,Rd,label or BTJZ #iop8,Pd,label. The name for the bit
is defined by the DBIT assembler directive.

<NZO

MCDATA .DBIT 2,P0O10 ;MC data in bit 2 of
;SCCRO (P010) is now
;named MCDATA

BIT4 .DBIT 4,R3 ;Bit 4 of register 3 is
;now named BIT4

JBITO BIT4,THERE ;Jump to THERE if bit 4 in
;register 3 is zero.

JBITO MCDATA,HERE ;Jump to HERE if the MC pin
;is zero
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JBIT1

Jump If Bit = 1 JBIT1

Syntax

Execution

Options

Status Bits
Affected

Description

Example
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[<label>] JBIT1 <off8>
bit (name) = 1 then PCN + off8 — (PC) else PCN = (PC)

inst operands bytes cycles opcode operation
JBIT1 Rname 3 10 76 register bits
JBIT1 Pname 3 12 A6 peripheral bits

Note: Add two cycles if Jump is taken,

Set on (s) AND (Rd)
Set on (s) AND (Rd)
<0

<NZ0

The JBIT1 is an assembler constructed instruction that conviently jumps
to the label if the value of the named bit is one. This instruction enhances
the readability of the software program since the source does not have to
specify both the register containing the bit and a mask. This instruction
assembles to BTJO #iop8,Rd,label or BTJO #iop8,Pd,label. The name for
the bit is defined by the .DBIT assembler directive.

BUSYP .DBIT 7,P0O1C ;Busy bit in PEECTL
: ; (program EEPROM) is now
;named BUSYP

BITO .DBIT 0,R100 ;Bit 0 of register 100 is
. ;now named BITO

LABEL BIT1 BITO, THERE ;Jump to THERE if bit 0 in
;register 100 is a one.

JBIT1 BUSYP,HERE ;Jump to HERE if the program
;EEPROM is busy.



JMP Jump Unconditional JMP
Syntax [<label>] JMP <off8>
Execution PCN + off8 - (PC)
Options inst operands bytes cycles opcode operation
JMP off8 2 7 00 PCN+off8 = (PC)
Status Bits
Affected None

Description

Example

JMP jumps unconditionally to the address specified in the operand. The
second byte of the JMP instruction contains the 8-bit relative address of
the operand. The operand address must therefore be within -128 to +127
bytes of the location of the instruction following the JMP instruction. The
assembler will indicate an error if the target address is beyond -128 to +127
bytes from the next instruction. For a longer jump the BR (branch) or the
JMPL instructions can be used.

LABEL JMP THERE ;Load the PC with the address
;of THERE
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JMPL Jump Long ’ JMPL

Syntax [<label>] JMPL <XADDR>
Execution PCN + D = (PC)
Options inst operands bytes cycles opcode operation
JMPL label 3 9 89 offl6+PCN - (PC)

JMPL label(B) 3 11 A8 off16+(B)+PCN - (PC)
JMPL off8(Rp) 4 16 F4E9 (Rn-1:Rn)+off8+PCN = (PC)
JMPL @Rd 2 8 99 (Rn-1:Rn)}+PCN - (PC)

Note: offset = signed 16 bit value
off8 = signed 8 bit value
(B) = unsigned 8 bit value

Status Bits
Affected None

Description  JMPL is similar to JMP instruction but generates a 16-bit (instead of 8-bit)
signed offset to the program counter.

Example LABEL JMPL LABEL4 ;(PC) < PCN + offset
) ;offset=LABEL4-PCN
JMPL 5432h ; (PC) < PCN + 5432h

JMPL LABEL5(B); (PC) ¢« PCN + off8 + (B)
;0ffset=LABEL5 - PCN

JMPL 1234h(B);(PC) « PCN + 1234h + (B)

. JMPL @R12 ;(PC) < PCN + (R11:R12)
;R12=LSB

JMPL 56(R10) ;(PC) < PCN + 56 + (R9:R10)
;R10=LSB

JMPL -2(R10) ;(PC) ¢« PCN -2 + (R9:R10)
;R10 = LSB
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J<cnd> Jump on Condition J<cnd>

Syntax [<label>] J<cnd> <off8>

Execution If tested condition is true, (PC) + off8 = (PC), else PCN - (PC)
Status Bits

Affected None

Description The J<cnd> instructions are commonly used after a CMP instruction to
branch according to the relative values of the operands tested. After MOV
operations, a JZ or JNZ may be used to test if the value moved was equal
to zero. JN and JPZ may be used in this case to test the sign bit of the
value moved. The program may check the overflow bit V after using an
arithmetic instruction with the JV or JNV instructions.

Conditional Jump Instructions

INSTRUCTION MNEMONIC|OPCODE|C | N | Z |V OPERATION
Jump if Carry JC 03 11X X]|X
Jump if No Carry JNC 07 0 XXX
Jump if Equal JEQ 02 X X]1]X
Jump if Not Equal JNE 06 X|X]01(X
Jump if Non-zero JNZ 06 XIX|0]|X
Jump if Zero JZ 02 X1 X11]X
Jump if Lower JLO OF X110 | X|(C=1)0R(Z=1)
Jump if Higher or same JHS 0B - X -1 X
--Signed Operation--
Jump if Greater JG OE Xt -1- - |ZOR (NXORV) =0
Jump if Greater or equal JGE oD X|]-]X{|-|NXORV=0
Jump if Less JL 09 X1 -]1X]-|NXORV=1
Jump if Less or Equal JLE 0A X|-1]1-1-1ZOR(NXORV) =1
Jump if Negative JN 01 X111 X]X
Jump if Positive JP 04 XjJ10jo|X
Jump if Positive or Zero JPZ 05 X0 X} X
Jump if No Overflow JNV oC X X|X}|o0
Jump if Overflow JV 08 XX X|1
Signed Number Jumps ‘Unsigned Number Jumps
CONDITION |TRUE|FALSE CONDITION |TRUE|/FALSE
d<s JL JGE d<s JLO | JHS
d<s JLE JG d<s 2 3
d=s JEQ | JNE d=s JEQ | JNE
d>s JGE JL d>s JHS | JLO
d>s JG JLE d>s 3 2
Negative JN JPZ
Positive JP 1
Pos or 0 JPZ JN

Notes 1.JZ LABEL, JN LABEL
2.JEQ LABEL, JLO LABEL
3.JEQ LABEL, JHS LABEL
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J<ecnd> Jump on Condition J<cnd>

Status Bit Jumps

BITS |TRUE| FALSE
Cc JC JNC
N JN JPZ
Y4 JZ JNZ
\Y Jv JNV
Examples LABEL JNC TABLE ;If the carry bit is clear,

;jump to TABLE

Jp HERE ;If the negative and zero flags
;are clear, jump to HERE

JZ NEXT ;If the zero flag is set, jump
;to NEXT
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LDSP Load Stack Pointer LDSP

Syntax [<label>] LDSP

Execution (B) — (SP)

Options inst operands bytes cycles opcode
LDSP none 1 7 FD

Status Bits

Affected None

Description  LDSP copies the contents of Register B to the Stack Pointer register. Use
LDSP to initialize the Stack Pointer.

Example MOV #080h,B ;Register B = SP value.

LABEL LDSP ;Copy Register B to the stack
;pointer.

12-63



Description

Example
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LDST Load Status Register LDST
Syntax [<label>] LDST #iop8
.Execution (iop8) — (ST)
Options inst operands bytes cycles opcode operation
LDST none 2 6 FO iop8 — (ST)
Status Bits
Affected Set on value loaded

C

N Set on value loaded
Y4 Set on value loaded
Vv Set on value loaded
IE1  Set on value loaded
IE2 Set on value loaded

The LDST copies the immediate value operand to the Status register. Any
combination of bits may be loaded into the status register using this com-
mand. Some instructions such as EINT, EINTL, EINTH or DINT are assem-
bled into this instruction.

LABEL LDST #08Ch ;Copy immediate value to
;the Status Register and
;set IE2 bit



MOV Move MOV

Syntax [<label>] MOV <s>,<d>
Execution (s) = (d)
Options inst operands bytes cycles opcode operation
REGISTER:
MOV A,B 1 9 Cco (A) = (B)
MOV A,Rd 2 7 DO (A) = (Rd)
MOV B,A 1 8 62 (B) = (A)
MOV B,Rd 2 7 D1 (B) = (Rd)
MOV Rs,A 2 7 12 (Rs) = (A)
MOV Rs,B 2 7 32 (Rs) = (B)
MOV Rs,Rd 3 9 42 (Rs) - (Rd)
MOV #iop8,A 2 6 22 iop8 - (A)
MOV #iop8,B 2 6 52 iop8 = (B)
MOV #iop8,Rd 3 8 72 iop8 - (Rd)
PERIPHERAL:
MOV APd 2 8 21 (A) » (Pd)
MOV B,Pd 2 8 51 (B) = (Pd)
MOV Rs,Pd 3 10 71 (Rs) = (Pd)
MOV Ps,A 2 8 80 (Ps) = (A)
MOV Ps,B 2 8 91 (Ps) ~ (B)
MOV Ps,Rd 3 10 A2 (Ps) = (Rd)
MOV #iop8,Pd 3 10 F7 iop8 = (Pd)
EXTENDED:
MOV A@Rn 2 9 9B (A) = ((Rn-1:Rn))
MOV A label 3 10 8B (A) = (label)
MOV A label(B) 3 12 AB (A) - (label+(B))
MOV A, off8(SP) 2 7 F2 (A) - (off8+(SP))
MOV A, off8(Rd) 4 16 F4EB (A) — (off8+(Rd-1:Rd))
MOV @Rs,A 2 9 9A ((Rs-1:Rs)) = (A)
MOV label A 3 10 8A (label) = (A)
MOV label(B),A 3 12 AA (label+(B)) - (A)
MOV off8(SP),A 2 7 F1 (off8 + (SP)) = (A)
MOV off8(Rn),A 4 17 F4 EA (off8 +(Rn-1:Rn)) = (A)
Status Bits
Affected <0

C

N Set on value loaded
z Set on value loaded
\/ <0

Description MOV transfers values within the memory space. Immediate values may be
loaded directly into the registers. In extended addressing modes the pro-
cessor must use register A. A MOV instruction that uses Register A or B
as an operand requires fewer bytes. The MOV Pn,Rn and MOV Rn,Pn in-
structions have the operands reversed when assembied into machine code.

Examples LABEL MOV A,B ;Move the contents of Register
. ;A to Register B

MOV R32,R105 ;Move the contents of register
;32 to register 105

MOV #010h,R3 ;Move #01lOh to register 3

12-65



MOVWwW Move Word MOVW

Syntax [<label>] MOVW <s>,<Rd>

Execution (s) = (Rd)

Options inst  operands bytes cycles opcode operation
MOVW#iop16,Rpd 4 13 88 iop16 = (Rd-1:Rd)
MOVWRps,Rpd 3 12 98 (Rs-1:Rs) - (Rd-1:Rd)
MOVW#off8(Rs),Rpd 5 20 F4 E8 (Rs-1:Rs)+off8 - (Rd-1:Rd)
MOVW#iop16(B),Rpd 4 156 A8 (B) + iop16 — (Rd-1:Rd)

;blank.1
Status Bits
Affected <0

Description

Examples
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Set on MSB moved
Set on MSB moved
<0

MOVW moves a two-byte value to the register pair indicated by the desti-
nation register number. (Note that Rpd should be greater than 0.) The
destination points to the LSB of the destination register pair. The source
may be a 16-bit constant, another register pair, or an indexed address. For
the Indexed address, the source must be of the form "#ADDR(B)” where
ADDR is a 16-bit constant or address. This 16-bit value is added (via
16-bit addition) to the contents of the B register, and the result placed in
the destination register pair. This stores an indexed address into a register
pair, for use later in indirect addressing mode. This is not to be confused
with the extended addressing instruction LABEL(B).

<NZ20O

LABEL MOVW #1234h,R3 :1234h - (R2:R3)
MOVW R5,R3 ;(R4:R5) - (R2:R3)
;R5,R3 = LSB
MOVW #TAB(B),R3 ;TAB + (B) - (R2:R3)
;R3=LSB

MOVW #127(R200),R34 ;127 + (R199:R200) -
; (R33:R34)

MOVW #-128(R200),R34 ;(R199:R200) - 128 =
; (R33:R34)



MPY Multiply MPY

Syntax [<label>] MPY <s>,<Rn>
Execution (s) x (Rn) — (A:B) Result always stored in A B A = MSB

Options inst operands bytes cycles opcode operation
MPY B.,A 1 47 6C (A) X (B) = (A:B)
MPY Rs,A 2 46 1C (A) X (Rs) = (A:B)
MPY Rs,B 2 46 3C (B) X (Rs) = (A:B)
MPY Rs,Rd 3 48 4C (Rd) X (Rs) - (A:B)
MPY #iop8,A 2 45 2C (A) Xiop8 - (A:B)
MPY #iop8,B 2 45 5C (B) X iop8 = (A:B)
MPY #iop8,Rd 3 47 7C (Rd) X iop8 = (A:B)

Status Bits

Affected <0

Set on MSB of results (Register A)
Set on MSB of results (Register A)
<0

Description  MPY performs an 8-bit multiply for a general source and destination op-
erand. The 16-bit result is placed in the A, B register pair with the most
significant byte in A. Multiplying by a power of two is a convenient means
of performing double-byte shifts. If a double byte shift is three places or
less, then it may be faster to use RLC or RRC instead of multiply. If a single
byte needs shifting then it is almost always faster to use RLC or RRC.

<NZO

Examples LABEL MPY R3,A ;Multiply (R3) with (A), store
;result in A, B register pair

MPY #032h,B ;Multiply 32h with (B), store
;in register pair A, B

MPY R12,R7 ;Multiply (R12) with (R7) and
;Store in A, B register pair
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NOP No Operation NOP
Syntax [<label>] NOP
Execution (PC) +1 - (PC)
Options inst operands bytes cycles opcode
NOP none 1 7 FF
Status Bits
Affected None

Description

Example
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NOP is useful as a pad instruction during program development, to "patch
out” unwanted or erroneous instructions or to leave room for code changes

during development. It is also useful in software timing loops.

LABEL NOP



OR Logical OR OR

Syntax [<label>] OR <s>,<Rd>
Execution (s) OR (Rd) — (Rd)

Options inst operands bytes cycles opcode operation
OR A,Pd 2 9 84 (A) OR (Pd) — (Pd)
OR B,Pd 2 9 94 (B) OR (Pd) — (Pd)
OR B,A 1 8 64 (B) OR (A) = (A)
OR Rs,A 2 7 14 (Rs) OR (A) = (A)
OR Rs,B 2 7 34 (Rs) OR (B) = (B)
OR Rs,Rd 3 9 44 (Rs) OR (Rd) — (Rd)
OR #iop8,A 2 6 24 iop8 OR (A) = (A)
OR #iop8,B 2 6 54 iop8 OR (B) — (B)
OR #iop8,Rd 3 8 74 iop8 OR (Rd) - (Rd)
OR #iop8,Pd 3 10 A4 iop8 OR (Pd) = (Pd)

Status Bits

Affected C <0
N Set on result
¥4 Set on result
\"/ <0

Description  OR logically ORs the two operands. The OR operation is used to set bits
in a register. If a register needs a 1 in the destination then a 1 is placed in
the corresponding bit location in the source operand.

Examples LABEL OR A,R12 ;OR the A Register with R12,
;jstore in R12

OR #00Fh,A ;Set lower nibble of A to ls,
;leave upper nibble unchanged

OR RS8,B ;OR (R8) with (B), store in B

12-69



' Description

Examples
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POP POP from Stack - _POP
~ Syntax [<label>] POP <d>
Execution ((SP)) = (d)
(SP) -1 = (SP)
(Move value then decrement SP)
Options inst operands bytes cycles opcode operation
POP A 1 9 B9 ((SP)) = (A); (SP) -1 = (SP)
POP B 1 9 c9 ((SP)) — (B); (SP) -1 = (SP)
POP Rn 2 7 D9 ((SP)) = (Rn); (SP) -1 = (SP)
POP ST 1 8 FC ((SP)) - (ST); (SP) -1 = (SP)
Status Bits
Affected <0

Set on value POPed
Set on value POPed
“0

<NZO

Note: POP ST affects all status bits.

POP pulls a value from the top of the stack. The stack can be used to save
or pass values between routines. The Status Register may be replaced with
the contents on the stack by the statement POP ST. This one-byte in-
struction is usually executed in conjunction with a previously performed
PUSH ST instruction.

LABEL POP R32 ;Load R32 with value on top of stack

POP ST ;Load Status Register with
;value on top of stack



PUSH Push On Stack PUSH

Syntax [<label>] PUSH <s>

Execution (SP) +1 - (SP)
(s) = ((SP))

(Increment SP then move value)

Options inst operands bytes cycles opcode operation :
PUSH A 1 9 B8 (SP) + 1 = (SP); (A) = ((SP))
PUSH B 1 9 Cc8 (SP) + 1 = (SP); (B) = ((SP))
PUSH Rn 2 7 D8 (SP) +1 = (SP); (Rn) = ((SP))
PUSH ST 1 8 FB (SP) +1 — (SP); (ST) — ((SP))
Status Bits
Affected Cc <0
N Set on value PUSHed
z Set on value PUSHed
v <0

Note: Status bits are unchanged for PUSH ST

Description PUSH places a value on the top of the stack. The-stack is used to save or
pass values between routines.

The Status Register may be pushed on the stack with the statement PUSH
ST This one-byte instruction is usually executed in conjunction with a
subsequently performed POP ST instruction.

Examples LABEL PUSH A ;Move (A) to top of stack

PUSH ST ;Move status to top of stack
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RL Rotate Left RL
Syntax [<label>] RL <Rn>
Execution Bit(n) = Bit(n+1)
Bit(7) - Bit(0) and carry
Options inst operands bytes cycles opcode
RL A 1 8 BE
RL B 1 8 CE
RL Rn 2 6 DE
Status Bits
Affected Set to bit 7 of the original operand

Description

Examples
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C

N Set on result
Y4 Set on result
\"/ <0

RL circularly shifts the destination contents one bit to the left. The MSb is
shifted into the LSb; the carry bit is also set to the original MSb value.

MSb LSb
716514832} 1]0

a

c

For example, if Register B contains the value 93h, then RL changes the
contents of B to 27h and sets the carry bit.

LABEL RL R102
RL A

RL B



RLC Rotate Left Through Carry RLC
Syntax [<label>] RLC <Rn>
Execution Bit(n) — Bit(n+1)
Carry - Bit(0)
Bit(7) — Carry
Options inst operands bytes cycles opcode
RLC A 1 8 BF
RLC B 1 8 CF
RLC Rn 2 6 DF
Status Bits
Affected C Set to bit 7 of the original operand
N Set on result
Y4 Set on result
\"/ <0

Description

Examples

RLC circularly shifts the destination contents one bit to the left and through
the carry. The original carry bit contents shift into the LSb, and the original
MSb shifts into the carry bit.

MSb LSb
7]16|514|3)]2|1]0]|e

!
O
4

For example, if Register B contains the value 93h and the carry bit is a zero,
then the RLC instruction changes the operand value to 26h and the carry
to one.

Rotating left effectively multiplies the value by 2. Using multiple rotates,
any power of 2 (2, 4, 8, 16,...) can be achieved. This type of multiply can
be faster than the MPY (multiply) instruction. This instruction is also useful
in rotates where a value is contained in more than one byte such as an ad-
dress or in multiplying a large multibyte number by 2. Care must be taken

to assure that the carry is at the proper value. The SETC or CLRC in- m
structions may be used to setup the correct value.

LABEL RLC R72
RLC A
RLC B
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RR Rotate Right RR
Syntax [<label>] RR <Rn>
Execution Bit(n+1) — Bit(n)
Bit(0) - Bit (7) and carry
Options inst operands bytes cycles opcode
RR A 1 8 BC
RR B 1 8 cc
RR Rn 2 6 DC
Status Bits
Affected C Set to bit O of the original value
N Set on result
¥4 Set on result
\"/ <0

Description

Example
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RR circularly shifts the destination contents one bit to the right. The LSb
is shifted into the MSb, and the carry bit is also set to the original LSb va-
lue.

MSb LSb

Cf¢e—T»71]16]|5]|4}|3|]2]11]0

v

For example, if Register B contains the value 93h, then the "RR B” in-
struction changes the contents of B to C9h and sets the carry status bit.

LABEL RR A



RRC Rotate Right Through Carry RRC

Syntax [<label>] RRC - <Rn>

Execution Bit(n+1) - Bit(n)
Carry — Bit(7)
Bit(0) - Carry

Options inst operands bytes cycles opcode .
RRC A 1 8 BD
RRC B 1 8 CD
RRC Rn 2 6 DD

Status Bits

Affected C Set to bit 0 of the original value
N Set on result
Y4 Set on result
\" <0

Description RRC circularly shifts the destination contents one bit to the right through
the carry. The carry bit contents shift into the MSb, and the LSb is shifted
into the carry bit.

MSb LSb

— C—>—71]6|5|4|83]2]1]0}>

For example, if Register B contains the value 93h and the carry bit is zero,
then RRC changes the operand value to 4%h and sets the carry bit.

When the carry is 0 this instruction effectively divides the value by two. A
value of 80h becomes 40h. By repetitive use of this instruction, the value
can be divided by any power of two. Care must be taken to assure the
correct value in the carry bit.

Example LABEL RRC R32
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Description

Example
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RTI Return from Interrupt RTI
Syntax [<label>] RTI
Execution ((SP)) - (PCLSB)
(SP) -1- (SP)
((SP)) - (PC MSB)
(SP) - 1- (SP)
((SP)) —(ST)
(SP) - 1= (SP)
Options .inst operands bytes cycles opcode
RTI none 1 12 FA
' Status Bits
Affected Status Register is loaded from the stack

RTI is typically the last instruction executed in an interrupt service routine.
RTI restores the Status Register to its state immediately before the interrupt
occurred and branches back to the program at the instruction boundary
where the interrupt occurred. In an interrupt routine, there must be an equal
number of POP’s and PUSH’s so that the Stack is pointing to the correct
return address and not some other data.

LABEL RTI ;Return to main program from interrupt routine



RTS Return from Subroutine RTS

Syntax [<label>] RTS

Execution ((SP)) — (PCLSB)
(SP) -1 (SP)
((SP)) = (PC MSB)
(SP) - 1~ (SP)

Options inst operands bytes cycles opcode
RTS none 1 9 F9

Status Bits

Affected None

Description  RTS is typically the last instruction executed in a subroutine. RTS branches
to the location immediately following the subroutine call instruction. In the
called subroutine there must be an equal number of POPs and PUSHes so
that the stack is pointing to the return address and not some other data.

Example LABEL RTS ;Return to main program from subroutine
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SBB Subtract with Borrow SBB
Syntax [<label>] SBB <s>,<Rd>
Execution (Rd) - (s) -1 + (C) = (Rd)
Optibns inst operands bytes cycles opcode operation
SBB B,A 1 8 6B (A) - (B) -1+ (C) = (A)
SBB Rs,A 2 7 1B (A) - (Rs) -1 +(C) » (A)
SBB Rs,B 2 7 3B (B) - (Rs) -1 + (C) = (B)
SBB Rs,Rd 3 9 4B (Rd) - (Rs) -1 + (C) = (Rd)
SBB #iop8 A 2 6 2B (A) - iop8 -1 + (C) = (A)
SBB #iop8,B 2 6 5B (B) - iop8 -1 + (C) = (B)
SBB #iop8,Rd 3 8 7B (Rd) - iop8 - 1 + (C) = (Rd)
Status Bits ‘
Affected C Set to 1 if no borrow; 0 otherwise
N Set on result
Z Set on result
\'/ ((C XOR N) AND (Source[Bit 7] XOR Destination[Bit 7]))

Description

Examples
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SBB performs multibyte 2's complement subtraction. An SBB instruction
with an immediate operand of zero value is equivalent to a conditional de-
crement of the destination operand, dependent on the carry value. If (s)=0
and (C)=0 then (Rd) is decremented. A borrow occurs if the result is ne-
gative. In this case, the carry bit is set to 0. The carry bit can be thought
of as the "no-borrow” bit.

LABEL SBB #023h,B ;Subtract 23h from (B), sub-
;tract 1, add the carry bit
;and store in Register B

SUB R3,R21 ;R20:R21 and R2:R3 contain 16
SBB R2,R20 ;bit numbers. SUB subtracts
;the LSB and the SBB will
;juse the carry as a borrow -
;during the subtract of
;the MSB.



SBITO Set Bit to 0 SBITO

Syntax [<label>] SBITO <name>
Execution 0 - <name>
Options inst operands bytes cycles opcode operation

SBITO Rname 3 8 73 0 - <bit>  Register bits
SBITO Pname 3 10 A3 0 - <bit>  Peripheral bits

Status Bits
Affected (od <0

N Set on result
Z Set on result

\'% <0

Description  SBITO is an assembler constructed instruction that conveniently clears the
value of the named bit without having to specify a register or mask. This
enhances the readability of the software program. This instruction assem-
bles to the instructions AND #iop8,Rd or AND #iop8,Pd. The name for the
bit is defined by the .DBIT assembler directive.

Examples INT1ENA .DBIT 7,P01C ;The interrupt 1 enable
;bit is now
;named INT1ENA

TEST .DBIT 4,R33 ;Bit 4 of register 33
;is now named TEST

LABEL SBITQ TEST ;Clears the value of the
;TEST bit

SBITO INT1ENA ;Disables Interrupt 1
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SBIT1 Set Bit to 1 SBIT1
Syntax [<label>] SBIT1 <name>
Execution 1 —» <name>
Options inst operands bytes cycles opcode operation

SBIT1 Rname 3 8 74 1 — <bit> Register bits

SBIT1 Pname 3 10 Ad 1 — <bit> Peripheral bits
Status Bits
Affected <0

Description

Examples
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Set on result
Set on result
<0

<NZ20O

SBIT1 is an assembler constructed instruction that conveniently sets the
value of the named bit without having to specify a register or mask. This
enhances the readability of the software program. This instruction assem-
bles to the instructions OR #iop8,Rd” or OR #iop8,Pd. The name for the
bit is defined by the .DBIT assembler directive.

INT1ENA .DBIT 7,P01C ;The interrupt 1 enable bit
;is now named INT1ENA

TEST .DBIT 4,R33 ;Bit 4 of register 33 is now
;named TEST

LABEL SBIT1 TEST ;Sets the value of the TEST
;bit to 1

SBIT1 INT1ENA ;Enables Interrupt 1



SETC Set Carry SETC
Syntax [<label>] SETC
Execution 1-(C)
Options inst operands bytes cycles opcode
SETC none 1 7 F8
Status Bits
Affected C <1
N <0
4 <1
\"/ <0

Description

Example

SETC sets the carry flag. May be used before an arithmetic or rotate in-

struction. The IE1 and [E2 enable bits are not affected.

LABEL SETC ;Set the carry bit in the status
;register
;Status register = 0Axh
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Description

Example
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STSP Store Stack Pointer STSP
Syntax [<label>] STSP
Execution (SP) — (B)
Options inst operands bytes cycles opcode
STSP none 1 8 FE
Status Bits
Affected None

STSP copies the contents of the stack pointer to Register B. This instruc-
tion can be used to test the stack size. The indexed addressing mode may
be used to reference operands on the stack.

LABEL STSP ;Copy the contents of stack pointer
;to Register B



SUB Subtract SUB

Syntax [<label>] SUB <s>,<Rd>
Execution (Rd) - (s) — (Rd)

Options inst operands bytes cycles opcode operation
SUB BA 1 8 6A (A) - (B) = (A)
SUB RsA 2 7 1A (A) - (Rs) = (A)
SUB Rs,B 2 7 3A (B) - (Rs) = (B)
SUB Rs,Rd 3 9 4A (Rd) - (Rs) = (Rd)
SUB #iop8,A 2 6 2A (A) - iop8 = (A)
SUB #iop8,B 2 6 B5A (B) - iop8 ~ (B)
SUB #iop8,Rd 3 8 7A (Rd) - iop8 = (Rd)
Status Bits
Affected C Set to 1 if no borrow, otherwise setto 0
N Set on result
4 Set on result
\"/ ((C XOR N) AND (Source[Bit 7] XOR Destination[Bit 7]))

Description  SUB performs 2's complement subtraction. The carry bit is set to 0 if a
borrow is required. The carry bit could be thought as a “no-borrow” bit in
this case.

Examples LABEL SUB R19,B ; (B) minus (R19) is
;stored in B

SUB 076h,A ;(A) minus 076h is stored
;in A

SUB R4,R9 ; (R9) minus (R4) is stored
;in RS
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SWAP Swap Nibbles SWAP
Syntax [<label>] SWAP <Rn>
Execution Bits (7,6,5.4, / 3,2,1,0) - Bits (3,2,1,0, / 7,6,5,4)
Options inst operands bytes cycles opcode
SWAP A 1 11 B7
SWAP B 1 11 Cc7
SWAP Rn 2 9 D7
Status Bits
Affected Set to bit 4 of original register or Bit O of result register

Description

Examples
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C

N Set on results
Y4 Set on results
Vv <0

SWAP exchanges the first four bits with the second four bits. This in-
struction is equivalent to four consecutive RL (rotate left) instructions. It
manipulates four bit operands, especially useful for packed BCD operations.

LABEL SWAP R45 ;Switch Lo and Hi nibbles of R45
SWAP A ;Switch Lo and Hi nibbles of A
SWAP B ;Switch Lo and Hi nibbles of B



TRAP Trap to Subroutine TRAP

Syntax [<label>] TRAP <n> wheren = 0 thru15

Execution (SP) +1 - (SP)
(PC MSB) - ((SP))
(SP) +1 - (SP)
(PC LSB) - ((SP))
(Entry vector) - (PC)

Options Entry-vector
inst operands bytes cycles opcode MSB LSB

TRAP 0 1 14 EF 7FDE 7FDF
TRAP 1 1 14 EE 7FDC 7FDD
TRAP 2 1 14 ED 7FDA 7FDB
TRAP 3 1 14 EC 7FD8 7FDS
TRAP 4 1 14 EB 7FD6 7FD7
TRAP 5 1 14 EA 7FD4 7FD5
TRAP 6 1 14 ES 7FD2 7FD3
TRAP 7 1 14 E8 7FDO 7FD1
TRAP 8 1 14 E7 7FCE 7FCF
TRAP 9 1 14 E6 7FCC 7FCD
TRAP 10 1 14 ES 7FCA 7FCB
TRAP 11 1 14 E4 7FC8 7FC9
TRAP 12 1 14 E3 7FC6 7FC7
TRAP 13 1 14 E2 7FC4 7FC5
TRAP 14 1 14 E1 7FC2 7FC3
TRAP 15 1 14 EO 7FCO 7FC1

Status Bits
Affected None

Description  Trap is a one-byte subroutine call. The operand <n> is a trap number that
identifies a location in the trap vector table, addresses 07FCOh to 07FDFh
in memory. The contents of the two-byte vector location form a 16-bit trap
vector to which a subroutine call is performed. The TRAP is more efficient
than a CALL when invoking the same routine more than once because less
bytes are needed. The subroutine addresses are stored like all other ad-
dresses in memory, with the least significant byte in the higher-addressed
location, as indicated above. m

Example LABEL TRAP O ;Execute subroutine at TRAPONE
.sect trap, O07FCOh ;Define section starting
;at 7FCOh

.word TRAP 15,TRAP 14 ;Define TRAPS 15 AND 14
;subroutine entry points
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TST Test, Set Flags from Register TST
Syntax [<label>] TST < [Al],[B]>
Execution C,N,Z\V bits affected
Options inst operands bytes cycles opcode
TST A 1 9 BO
TST B 1 10 C6
Status Bits
Affected C <0
N Set or cleared based on operand
z Set or cleared based on operand
v <0

Description

Example
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TST sets the status bits according to the value in Register A or B. This al-
lows conditional Jumps on the value in the register.

LABEL TST A ;Check for zero and negative
;conditions in register A

TST B ;Check for zero and negative
;conditions in register B



XCHB Exchange with Register B XCHB
Syntax [<label>] XCHB <Rn>
Execution (B) <= (Rn)
Options inst operands bytes cycles opcode operation
XCHB A 1 10 B6 (A) « - (B)
XCHB B 1 10 Ccé (B) « » (B) (TST B)
XCHB Rn 2 8 D6 (Rn) « = (B)
Status Bits
Affected C <0
N Set on original contents of B
y4 Set on original contents of B
\" <0

Description

Examples

XCHB exchanges a register with Register B without going through an in-
termediate location. The XCHB instruction with the B Register as the op-
erand is equivalent to the TST B instruction.

LABEL

XCHB A

XCHB R3

;Exchange Register B with
;Register A

;Exchange Register B with R3
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XOR Exclusive OR XOR

Syntax [<label>] XOR <s>,<d>

Execution (s) XOR (d) = (d)

Options inst operands bytes cycles opcode operation
XOR A,Pd 2 9 85 (A) XOR (Pd) - (Pd)
XOR BA 1 8 65 (B) XOR (A) = (A)
XOR B,Pd 2 9 95 (B) XOR (Pd) = (Pd)
XOR RsA 2 7 15 (Rs) XOR (A) = (A)
XOR Rs,B 2 7 35 (Rs) XOR (B) — (B)
XOR Rs,Rd 3 9 45 (Rs) XOR (Rd) = (Rd)
XOR #iop8,A 2 6 25 iop8 XOR (A) = (A)
XOR #iop8,B 2 6 55 iop8 XOR (B) — (B)
XOR #iop8,Rd 3 8 75 iop8 XOR ' (Rd) - (Rd)
XOR #iop8,Pd 3 10 A5 iop8 XOR (Pd) - (Pd)

Status Bits

Affected C <0
N Set on result
Z Set on result
\"/ <0

Description

Examples

12-88

XOR performs a bit-wise exclusive OR operation on the operands. The
XOR instruction can be used to complement bits in the destination operand.
This operation can also toggle a bit in a register. If the bit value in the
destination needs to be the opposite from what it currently is, then the
source should contain a 1 in that bit location.

LABEL XOR R98,R125

XOR #01,R20

XOR B,A

;XOR (R98) with (R125),
;store in R125

;Toggle bit 0 in R20

.;XOR (B) with (A), store

;in register A
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13. Design Aids

This section contains sample TMS370 applications to aid the programmer in
system development.

This section covers the following topics:

Section Page
131 Microprocessor Interface Example .......cccccoevvereiciveccnceccvcnennne 13-2
13.1.1  Read Cycle Timing
13 1.2 Write Cycle Timing

3.1.3  Design OPLiONS ..c.coiceinieineeiceeree ettt e seean
13 1.4  Software Examples For Bank Switching .......ccccooeeveviiiicncnnan 13-13
13.2 Programming with the TMS370 Family .....c.ccccoervnniennncccenens 13-15
13.3 Serial ComMmMUNICATIONS ..oceeeiecrceieeere et esennes 13-18
13.3.1  SPI Port INterfacing .......ccocveveevcneceneeienieeseee s 13-18
13.3.2  SCI Port Interfacing ..ccccoceeveeeceeeeeieeesecee e tes e 13-19
134 Analog/Digital CONVEIMEr .....ccceeeveeiiiireecreireeee e 13-21
13.5 SaMPle ROULINES .c.ecouiieieiiieeececeece et ce et neae v sase e nnaenes 13-22
13.5.:1 TIPWM PiR SEIUD ..oiceiiieirit e niterinerrveseseresseessesssesenseessesesnens 13-22
13.5.2  Clear RAM .ottt
13.5.3  RAM Self TSt .cociiciiiiereieeere et
13.5.4 ROM Checksum
13.6.5 Binary-to-BCD CONVErSION .....cccorvemiimnrcnniiieccnceiscenenene 13-25
13.5.6 BCD-To-Binary CONVErSioN .......ccoeceniecercererisirenieeressnesesssonenans 13-25
13.5.7 BCD String Addition
13.56.8 Fast Parity ....ccceoeervreenen.
13.5.9 Bubble Sort
13.5.10 Table SEarch ...t
13.5.11 16-by-16 (32-Bit) Multiplication .........cccocrerveereneninrennennnae 13-29
13.5.12 Keyboard SCan ......cccccimvieeciercirsiececsrerecveesstescaresnesesesssessaens 13-29
13.5.13 DiIVIAE T ottt a et 13-31
13.5.14 Divide INSIUCHON 2 .....coniieeci e 13-31
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13.1 Microprocessor Interface Example

13-2

The following exercise is one method of interfacing the TMS370 family with
common memory. The goals of this example are as follows:

® Interface with the maximum amount of memory
® Use the least expensive logic elements
(] Use a minimum amount of parts

° Maintain sufficient system speed

The example shown in Figure 13-1 illustrates a balance of these goals. In this
case, the TMS370C850 is used with three TMS27C256s to provide 96K bytes
of EPROM and two HM6264LP-15s to give 16K of RAM. Peripheral devices
using up to 64 bytes of memory space may also interface to the bus. This gives
a total memory of 116K; 112K of external memory and 4K memory internal to
the microprocessor. The current timings for the EPROM and RAM memory
devices are given in Table 13-1. Since specifications change from time to
time, always check the latest data sheets for the devices used.
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CSE2
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ADDRESS 0-14 |13 ! It I\ 3 & .
DATA 07 |2, ) )
mMC —
Vss U1 — TMS370C850 8-BIT MICROPROCESSOR

U2, U3, U4 — TMS370C850 32K x 8 EEPROM
U5 — UNSPECIFIED 64 BYTE MEMORY
U6, U7 — HM6264-15 8K x 8 RAM

Figure 13-1. Microprocessor Interface Example
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The devices used in the TMS370/Interface Example Circuit are:
TMS370C850 - 8-bit CMOS microcomputer
TMS27C256 - 32K x 8 EPROM
HM6264LP - Hitachi 8K x 8 RAM

The timing specifications for the TMS27C256-30 EEPROM devices are as
follows:

Symbol Description Min Max
ta(A) Access time from address -- 300 ns
ta(E) Access time from enable -- 300 ns
" tdis Output disable time Ons 105 ns
ty(A) Output data valid after addr. change Ons --

Reference: 1986 TI MOS Memory Data book

The timing specifications for the HM6264P-15 RAM device are as follows:

Symbol Description Min Max

taa Address access time -- 150 ns
toHz Out disable to output in high Z 0

tco1 Chip selection to output -- 150 ns
tHzZ1 Chip Deselection to output in high Z 0 ns 50 ns
tcw Chip select to end of write 100 ns --
tWwp Wirite pulse width 90 ns --
tow Data to write time overlap 60 ns --
tpH Data hold from write time Ons --

Reference: #M10 Hitachi Memory Data Book

The TMS370 family is designed to use a clock speed of 20 MHz. This means
that slower peripheral devices may not be able to react quick enough to op-
erate properly. The TMS370C050 has the ability to insert Wait states to slow
the bus accesses in three different ways. The first way uses the AUTOWAIT
DISABLE bit at SCCR1.4 to add 1 wait state to all external accesses. The
second way uses the PF AUTOWAIT bit at SCCRO0.5 to add 2 wait states to
the external peripheral file access in order to accommadate slower devices.
The third way allows the external device to pull the WAIT pin low and add as
many wait states as is required to service the slower device. The table below
shows the various combinations.
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Table 13-1. Wait State Control Bits

Wait State No. of Clock Cycles
Control Bits per Access
PF Auto Autowait PF External
Wait Disable File Memory
0 0 3 3
0 1 2 2
1 0 4 3
1 1 4 2
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Table 13-2. Memory Interface Timing

SYMBOL PARAMETER MIN MAX
{nS) (nS)
et CLKOUT (system clock)cycle time 200 2000
tw(COH) CLKOUT high pulse duration R .5t ;+20
tw(COL) CLKOUT low pulse duration .5t .-20 bt
tg(COL-A) Delay time. CLKOUT low to address, R/W, .25t ;+40
and OCF
ty(A) Address valid to EDS, CSE1, CSE2, CSH1 .bt;-50
CSH2,CSH3, and CSPFlow .5t.-560
tgu(D) Write data setup time to EDS high .75t .-40%
th(EH-A) Address, R/W and OCF hold time from 1 EDS,
CSET, CSE2, CSH1,CSHZ, TSH3, and CSPF high .51.-40
th(EH-D)W Write data hold time from EDS high 75t +15
tq(DZ-EL) Delay time, data bus high impedance to .25t -30
EDS low (read cycle)
t4(EH-D) Delay time,EDS high to data bus enable 1.25t .-40
(read cycle)
T4(EL-DV) Delay time, EDS low to read data valid 1 .-65%
th(EH-D)R Read data hold time from EDS high 0
tsy(WT-COH) | WAIT setup time to CLKOUT high .25t ,+758
th(COH-WT) WAIT hold time from CLKOUT (¢}
tg(EL-WTV) Delay time, EDS low to WAIT valid bt ¢-70
tw Pulse duration; EDS, CSET, CSEZ, CSH1, CSHZ, t -40% 1. +401
CSH3, and CSPF low
tg(AV-DV)R Delay time, address valid to read data valid 1.5t ;-75%
td(AV-WTV) Delay time, address valid to WAIT valid t -85
tq(AV-EH) Delay time, address valid to EDS high 1.6t o-40%
(end of write)
Notes: T t.is defined to be 2/fggc
and may be referred to as a machine state or simply a state.
¥ If wait state, PF Wait, or Auto-Wait feature is used, add
1 to this value for each wait state invoked.
§ If the Auto-Wait feature is enabled, the WAIT

The following paragraphs discuss the more important signal timings that need
to be considered when interfacing the TMS370 with external memory. With
each system design there are usually trade-offs due to speed and/or budget
constraints. The timings given here reflect worst case specifications and typ-

input may assume a "Don’t Care” condition until the third

cycle of the access.

ical values have been avoided where possible.
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13.1.1 Read Cycle Timing

The TMS370 requires a minimum amount of address-to-data access time de-
pendent on the CPU clock speed and the number of wait states used. When
interfacing the TMS370 with external memory devices, the following require-
ments need to be met or incorrect data may be read. These requirements are
based on a 20 MHz clock frequency. .

13.1.1.1 Valid Address To Data Read Time Requirement

The valid address to data read time requirement is the basic read cycle re-
quirement that must be met by the external device. This requirement is de-
scribed as the period from the instant the TMS370 outputs a valid address
until the TMS370 requires data on the data bus pins. This requirement is
variable by using wait states to delay the moment the TMS370 reads data.

—— t—

|
le——tg(av- DV)R —"‘

7

(FROM TMS370)

DATA
ON BUS /

(FROM MEMORY}

DATA
REQUIRED Il: E E ’
BY TMS370

(FROM MEMORY)

Figure 13-2. Valid Address-To-Data Read Timing

Name Description Formula Time

t4(AV-DV)R  TMS370 (0 wait) requires data 1.6t¢-75 225 ns(too fast)

ty(AV-DV)R TMS370 (1 wait) requires data 2.5t. -756 425 ns(ok)

t4(AV-DV)R  TMS370 (PF wait) requires data 3.6t; -75 625 ns(ok)

ta(A) TMS27C256-45 provides data 450 ns(too slow) .
ta(A) TMS27C256-30 provides data 300 ns(ok)
tAA HM6264-15 provides data 150 ns(ok)

As indicated above, the EPROM (TMS27C256) cannot provide the the data
quick enough when the TMS370 device runs at full speed (zero wait states.)
Therefore, the TMS370 device should use the Auto-Wait feature (SCC1.4) to
add a wait state (one clock cycle) to the timing, in order to slow the bus ac-
cesses. The wait state extends the access time (data required by TMS370)
until 425 ns, and by that time the EPROM is ready with the data. The Auto-
Wait feature allows the TMS370 to be used in low cost applications where
cheaper, slower memory devices are to be used. The HM6264-15 can exceed
the TMS370’s minimum address-to-data setup time with no wait states. The
Auto- Wait feature may be turned off when accessing external RAM compa-
rable to the Hitachi device to speed system throughput.
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A peripheral device may have up to 625 ns to respond to the TMS370 if the
Peripheral Wait states are enabled. If the extra wait states are not needed, the
TMS370 treats the peripheral device like other memory.

13.1.1.2 Chip Select Low To Data Read Requirements

This parameter states the amount of delay from the time the chip select signal
goes low to the time the TMS370 expects valid data on the bus. The chip se-
lect (CSxx or EDS) signal(s) must be used with external memory to validate the
memory cycle. Connnecting the Chip Select (CSxx) pin of the TMS370 to the
EPROM'’s enable (E) pin allows the EPROM to enter the low power Standby
mode when not providing data. This significantly lowers the power require-
ments for the system because only one EPROM operates in the full-power
operating mode at any one time. The HM6264 also enters a low-power
standby mode whenever the CST pin is used with a TMS370 chip select pin.

Name Description Formula Time
t4(EL-DV) TMS370 (0 wait) requires data tc-65 135 ns(too fast)
t4(EL-DV) TMS370 (1 wait) requires data 2t.-65 335 ns(ok)
tq(EL-DV) TMS370 (pf wait) requires data 3t.-65 535 ns(ok)
ta(E) TMS27C256-30 provides data 300 ns(ok)

tcot HM6264-15 provides data 150 ns(ok)

ba—— tq(EL-DV) —

EDS/ tc01
CSxx
(FROM TMS370)

DATA
ON BUS

(FROM MEMORY) |

DATA
REQUIRED ///
BY TMS370

(FROM MEMORY)

Figure 13-3. Chip Select Low To Data Read Timing
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13.1.1.3 Chip Select High To Next Data Bus Drive Requirements

The TMS370 and the Memory device should not drive the bus at the same
time. This can lead to increased stress and noise spiking on the Vcc and Vss
lines, reducing the reliability of the device. Memory devices often continue to
drive the bus for a short time after the chip select signa!l goes high. This nor-
mally doesn’t present a problem unless the chip select signal is delayed by
interface circuitry and the data is not. If the chip select high transition is de-
layed long enough (and the data is not), the TMS370 will have initiated a
write cycle while the memory is still providing (reading) data.

Name Description Formula Time
t4(EH-D) TMS370 (all) drives bus 1.25tc-40 210 ns
tdis TMS27C256-45 releases bus 130 ns
tdis TMS27C256-30 releases bus 105 ns
tOHZ HM6264-15 releases bus 50 ns

:‘—tdlEHD)_’i
1= tdis — l

EDS/
CSxx

(FROM TMS370)

onsus /S

(FROM MEMORY)

DATA é
ON BUS
(FROM TMS370)

Figure 13-4. Chip Select High To Next Data Bus Drive Timing

13.1.1.4 Read Data Hold After Chip Select High Requirements m

The high transition of the Chip Select signal indicates the end of a data |
transfer (in this case, a Read) cycle. The memory device must provide data up )

to this point, otherwise, incorrect data may be read. Most memories will con-

tinue to hold (or drive) the data bus for a short time after they are deselected,

althought the data may or may not be valid. After that period, the memories

put their data outputs into the high-impedence state.

Name Decsription Formula Time
t4(EH-D)R TMS370 (all) needs data - Ons
ty(A) TMS27C256-30 data - Ons
tyz1 HM6264-15 holds data - Ons
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ety (A) ———]

td(EH-D)R-w=! L :

EDS/ | } }

CSxx | ]
(FROM TMS370) | |
{ |

| |

DATA I I
vrwssio 7/ S S S !
BY TMS370 i
|

|

i

DATA

exomnS

Figure 13-5. Read Data Hold After Chip Select High Timing

13.1.2 Write Cycle Timing

The write cycle timing is defined primarily by the characteristics of the RAM
interfacing with the TMS370. The Hitachi HM6264 used in the example offers
two types of write cycles and this application uses the type where the output
enable (OE) pin is always fixed low. With the CS2 pin tied to Vcc, the TST and
R/W signals determine the read and write cycle boundaries. A seperate ad-
dress decoder may be used instead of the chip select functions, but the EDS
must be used to validate the memory cycle. The EDS signal has the same
timing as the chip select signals. Figure 13-6 shows the write cycle parame-
ters that need to be met and are discussed in the following paragraphs.

Name Description Formula Time

tw TMS370 (no wait) pulse width provided tc-40 160 ns
tw TMS370 (pf wait) pulse width provided 3tc-40 560 ns
tcw HM6264-15 pulse width required 100 ns

m13.1 .21 Write Data Setup Time Requirements

The write data setup time is the period the RAM needs to receive data before
the chip select signal goes high (inactive).

Name Description Formula Time
tsu(D) TMS370 (no wait) provides data .75tc-40 110 ns
tsu(D) TMS370 (pf wait) provides data 2.75tc-40 510 ns
tpw HM6264-15 requires data 60 ns
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e tsu(D)
r—tmsu-mw-ﬂ
taw r=-tdh =
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Figure 13-6. Write Data Setup Timing

In the interface éxample the TMS370, even with no wait state, satisfies the
HM6264-15 RAM’s setup requirement. In a system design where bus tran-
ceivers have been added, however, setup timing becomes more important.

13.1.2.2 Data Hold After Chip Select High

The TMS370 must hold valid data on the bus until the RAM no longer needs
it, otherwise, incorrect data may be written into the RAM. Most RAM do not
need data present on the pins following the chip select’s high transition. The
TMS370 generally holds data much fonger than required by most RAM.

Name Description Formula Time
th(EH-D)W  TMS370 (all) provides data 75tc+15 165 ns
tpH HMG6264-15 requires data Ons
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(FROM TMS370)

}‘—‘h(EH-D)W—"l

7

dh

EDS/
CSxx

!

(FROM TMS370)
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weounes 7/
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Figure 13-7. Write Data Hold After Chip Select High

13.1.3 Design Options

The interface example ilustrated in Figure 13-1 shows a compromise of sys-
tem speed and cost. As with all projects, a priority of design goals must be
established. Below are some suggestions for optimizing a system toward these
goals.

13.1.3.1 Lower Cost

13-12

If system cost becomes more important, then slower ROMs which are less
expensive should be used. The slowest EPROM for this device is the
TMS27C256-45 with 450 ns access time. However, even with one wait state
the TMS370 needs data before this EPROM can supply it. A 19 MHz or lower
crystal oscillator solves the problem by extending the clock cycle time. The
EPROM'’s E pin can no longer be used as enable strobe because of the slower
response time. The system must use the EPROM’s G pin which provides
sufficient time.

A designer still desiring the low power standby mode needs to connect the E
pins of all of the EPROM's to one or more general purpose I/O pins on the
TMS370. Software can then turn off the EPROMs when not in use. Since the
RAMSs have no trouble meeting the requirements of a 20 MHz

clock, a slower crystal speed presents no problem.

A. Access time from address to valid data (@ 19 MHz, t.=210.5)

TMS370 (1 wait) requires data tp(AV-DV)R 2.5t ¢-75 451 ns
‘-TMS27C256-45 provide data ta(A) 450 ns (ok)

B. Access time from enable low to valid data (@ 19 MHz, t¢=210.5)

TMS370 (1 wait) requires td(EL-DV) 2tc-65 335ns
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TMS27C256-45 provides data ta(E) Epin 450 ns(not ok)
TMS27C256-45 provides data ten(G) G pin 135 ns(ok)

13.1.3.2 Faster Speed

If the main objective is system speed, then the slowest EPROM that will work
with the TMS370 running without wait states should be used. The TMS370
at 20 MHz has a read access time requirement of 225 ns, therefore the
TMS27C256-20 EPROM which provides data in 200 ns should be used. As
with the low cost suggestions above, the EPROM'’s E pin is not fast enough
to use the chip select strobe. The EPROM’s G pin should be used instead. To
get a low power standby mode with the EPROMSs, use general purpose output
lines from the TMS370 to the EPROM'’s E pin. The pins should be software
enabled before entering the EPROM’s program.

A. Access time from address to valid data:
TMS370 (no wait) requires data tp(AV-DV)R  1.5t,-75 225ns
TMS27C256-20 provide data ta(A) 200 ns (ok)

B. Access time from enable low to valid data:

TMS370 (no wait) requires tp(EL-DV) tc-65 135 ns
TMS27C256-20 provides data ta(E) E pin 200 ns (not ok)
TMS27C256-20 provides data ten(G) Gpin 75 ns (ok)

13.1.4 Software Examples For Bank Switching

The following programs show how memory bank switching can be used by
the circuit in Figure 13-1. Memory bank switching allows two or more me-
mory devices to share the same addresses. The programmable chip select
(CSHx, CSEx, and CSPF) signals are used to enable the memory devices or
"banks” one at a time during a read or write cycle.

In the interface example, the three EPROM devices share addresses 8000h
though FFFFh. Only one EPROM device (or bank), selected by either CSHT,
CSH2, or CSH3, will be reading data at any one time. The two RAM devices
are each mapped at addresses 2000h through 3FFFh. The write and read cy-
cles invoive one RAM device at a time as determined by the CSET and CSE2
signals. The CSPF signal controls the peripheral memory device which in our
example is unspecified but defined to contain 64 bytes of memory. This de-
vice is mapped at addresses 10COh through 10FFh.

To use external memory, the TMS370Cx50 must be configured for the micro-
computer mode so that the chip select signals are available for use. The ex-
ternal memory devices must have 3-state outputs, since these devices share
the data bus.
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13.1.4.1 Initialize to EPROM/RAM Bank 1

The following program initializes the ports to use bank 1 of the EPROM and
the RAM as used in Figure 13-1. The TMS370 must be in the microcomputer
mode since the chip selects are not available in the microprocessor mode.
After an external reset the TMS370 executes from the internal memory.

PORTI OR #020h,P010 ;Enable Peripheral file
;auto-wait cycles
AND #0EFh,PO11 ;Enable General memory wait

;jcycles (default condition
;after reset)

MOV #0FFh,P021 ;Set Port A up as a Data Bus

MOV #0FFh,P025 ;Set Port B up as the Low
;Address bus

MOV #07Fh,P029 ;Set Port C 0-6 up as the High
;address bus

MOV #000h,P0O2B ;C7 is not needed for address

;s0 make it a
;general purpose input.
MOV #000h,P02C

MOV  #OE7h,PO2E  ;Set all CSxx to 1 when CSxx
;are outputs
MOV #0DOh,P0O2D ;Engple CSH1, CSEl, and
;R/W functions.
MOV #0E7h,PO2F ;Turn all Chip Selects to outputs.

;Pull-ups resistors are important
;for power-up since CSxx are high
;impedance floating inputs.

13.1.4.2 Changing to EPROM Bank 2

The following program illustrates how to change the EPROM bank while
leaving the RAM banks unaffected. In this example, the program runs out of
internal memory and disables all EPROM banks and then enables EPROM
bank 2 for use. For this reason, the program must not reside in an EPROM.
The program could test various EPROM bank 2 memory locations before ex-
ecuting the branch instruction in order to verify that EPROM bank 2 exists
within the system.

AND #0B9h,P02D ;Disable all EPROM banks (cannot
;be done in EPROM banks.

OR #004h,P02D :Enable EPROM bank 2. When turned off,
;pin outputs a 1 because of the

BR ROM2 ;initial setup above, could be done
;in 1 instruction if conditions of
;other chip selects was known.

13-14



Design Aids

13.1.4.3 Change To EPROM Bank 3 and RAM Bank 2

This routine provides switching from one EPROM bank to another while op-
erating from an EPROM bank. Only one instruction (in EPROM bank 2) is
needed. The code within the EPROM banks must be synchronized, and the
instruction at the address after the move instruction must be a valid instruction
within the new EPROM bank.

GOROM3 MOV #003h,P02D ;Enable ROM bank 3 and RAM bank 2.
ROM3 ;This address must be the same
;as the beginning routine address
;in bank 3 if executing from EPROM.

13.1.4.4 Change RAM Banks

This method shows how to change RAM banks without affecting the exe-
cution out of the current EPROM bank. The RAM banks are selected and
deselected the same as EPROM banks. When changing RAM or EPROM
banks, the software must insure that only one bank is selected at any one time.
This example disables the CSET and CSEZ2 signals and enables the CSE2 signal.

AND #07Eh,P02D ;Turn off all RAM banks (execute
;from EPROM or on chip)
OR #001h,P02D ;Turn on RAM bank 2. When turned off,
;pin outputs a 1 because of the
;initial set-up above

13.2 Programming with the TMS370 Family

The following example demonstrates the self-programming ability of the
TMS370 family. This feature can be used to program any byte of the onboard
data and program EEPROM by passing the appropriate data and address to
this routine.

This program consists of 3 major sections: the procedure that loads the core
program into RAM (RAMJAM), the procedure that determines the bits that
need to be changed (PROGRAM), and the procedure that changes these bits
(RAMPROG).

RAMJAM is a routine that moves the 19 byte core programming routine into
RAM starting at address 20h in the Register area. It only needs to run once
during the initialization portion of the program.

PROGRAM attempts to save programming time by checking which portions
of the 2 step programming procedure have to occur. If the data already in the
array is the same as the new wanted data then no programming need occur.
If the program can omit a ‘write ones’ or a 'write zeros’ operation then 10 ms
is removed from the total 20 ms programming time. Every programming step
that this routine omits saves 10 ms.

RAMPROG is the RAM resident routine which initiates, times and then stops
the actual EEPROM programming. During this section of code the interrupts
should be disabled to avoid having to use the Program memory. All program
memory is disabled while programming the program EEPROM so neither a
routine execution or interrupt vector access can occur during the program cy-
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cle. RAMPROG resides in RAM because it needs to program both Data and
Program EEPROM for this general purpose example.

All read and write access to an entire EEPROM array are disabled while any
one byte in the array is being programmed. This means that a program cannot
execute out of Program EEPROM while programming it. Likewise the pro-
gram cannot execute out of Data EEPROM if it is being programmed. The
only other place to locate the core routine which does the actual programming
is in the RAM. This general purpose core program takes only 19 bytes of RAM
and can program both the data and program EEPROM arrays. This core rou-
tine could reside in program memory if only data EEPROM needed program-
ming and vise versa.

Unprotected data EEPROM may be programmed using only the Vcc power
supply. Enter the WPO mode by placing 12V on the MC pin when program-
ming program EEPROM or protected data EEPROM.

The Program EEPROM array cannot be used while it is programming so the
actual program code must reside in other memory, the most general being
RAM. This section resides in the initialization routine and loads the code to
program EEPROM into the RAM. (if only Data EEPROM needs programming
the RAMPROG code can reside in regular ROM and the RAMJAM section
removed.)

TEMP1 -EQU R3 ;general purpose 16 bit
;register

ETYPE .EQU R7 ;EEPROM array type 0= data,
;j2=progran

EECTL .EQU 101Ah ;index address for eeprom
;control register

RAMJAM MOV  #19,B ;Transfer 19 bytes

FILLRAM MOV @RAMPROG-1(B),A ;Move small program from ROM
;into RAM starting at 20h
MOV A,@20h-1(B) ;
DJNZ B,FILLRAM ;£i11 RAM

JMP MOREINIT ;Goto more initialization
;program

The processor must be in single chip mode for correct operation during this
core routine.

;A= EECTL value xx/blk/
;ones/execute

;ETYPE = EEPROM array type O=Data
;2=Program

;Routine's real address is 20h,

; EEPROG=20h
RAMPROG MOV ETYPE,B ;EECTL index to B (data=0,
;program =2)
MOV A,EECTL(B) ;Load proper EECTL register
i ;Wait 10 ms for eeprom write
MOVW #2778,TEMP1
WAIT10 INCW #-1,TEMP1 ;1lcy: (18 cycles *.2 us/cycle)
; ¥ 2778 = 10 ms
Jc WAIT10 ;7cy: ( at 20MHz)
CLR A ;stop programming pulse
MOV A,EECTL(B) ;jclear out EECTL
EXITRAM RTS ;exit from internal Ram program

;19 bytes total

The following program is used to write to any location in the data or program
EEPROM.
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Parameters used: ADDR1 = EEPROM address; A= data to write to eeprom

array

TEMP2
ADDR1
EEPROG

PROGRAM

ISSAME

WRITEO

ONES

WRITEL

LASTCHK

EXITW

ETYPE = 0= data eeprom; 2= program eeprom
ETYPE set before entering this routine

.EQU R
.EQU
.EQU

CLR
CMP

JEQ
MOV
MOV
MOV
XOR
Jz

INV
OR

BTJZ
JMP

DINT
MOV
MOV
CALL

EINT
MOV
XOR
AND

Jz
DINT
MoV
MoV
CALL

EINT
MOV

cMP
JEQ

RTS

4

R6

20h

ETYPE
#01Fh,ADDR1-1
ISSAME

#2 ,ETYPE
A,TEMP2
@ADDR1,A
TEMP2,A
EXITW

A

TEMP2,A
#OFFh,A,WRITEQ
ONES

A,@ADDR1

#1,A
EEPROG

@ADDR1,A
TEMP2,A
TEMP2 ,A

LASTCHK
A,@ADDR1
#3,A
EEPROG
@ADDR1,A

TEMP2,A
EXITW

;general purpose temporary
;register

;contains address for
;program operations
;starting address of RAM
;code which programs eeprom.
;initialize eeprom type to
;Data EERPOM

;Data EEPROM resides at
;1FOOh to 1FFFh

’

;Set to Program EEPROM type
;save data

;read current data
;different bits=1

;if byte is already equal
;then exit

;different bits=0

;bits that change from

;1 to 0 =0

;If any Os, then must
;program the zero's

;If all 1s, advance to
;program ls part

;No interruptions

;Move data to array location
;EECTL value = 1 (program Os)
;do the write of only the
;needed Os

;interrupt can happen now
;get the current data

;bits that change = 1

;bits that change from

;0to 1 =1

jare there any ls to program?
;No interruptions

;Move data to array location
;EECTL value=3 (program 1ls)
;do the write of only the
;needed ls

;interrupt can happen now
;Check new memory against
;wanted memory

;if equal then exit

;ERROR handling routine here
;back to calling program

The following example is the same as the PROGRAM routine above but with
actual values given for each step. The values shown are the LSB nibble of a
byte expressed in binary and choosen because they give all possible bit com-

binations. In this example the memory address already has x1100 and we want
to program x1010 to that address. Before calling the EEPROG routine, the

program writes new data to the EEPROM address located in register AD-
DRESS and then passes data in register A which specifies either a write ones
or a write zeros operation.

PROGRAM CLR
CMP
JEQ

MOV

ETYPE
#01Fh
ISSAM
#2,ET

A TEMP2

; x1010 B3

; x1010 x
,ADDR1-1;x1010 X
E : x1010 x
X

YPE ; %1010

@ADDRESS
x1100
x1100 Data EEPROM type
x1100 Data EERPOM at 1Fxxh
x1100 Keep as data EERPOM
x1100 Set Program EEPROM

type

13-17
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ISSAME

WRITEO

ONES

WRITE1

LASTCHK

EXITW

MOV A,TEMP2
MOV @ADDR1,A

x1010 x1010 x1100 save data
x1100 x1010 x1100 read current data

XOR TEMP2 ,A ; x0110 x1010 different bits = 1
Jz EXITW ; if A =0 data the same
INV A : x1001 different bits = 0
OR TEMP2 ,A ; x1011 x1010 0 is bit to change to
; 0
BTJZ #FF,A,WRITEO ;x1011 program O's if any
; O's
JMP ONES check writel's
DINT x1011 x1010 x1100 disable interupt
MOV A,Q@ADDR1 x1011 x1010 x1011 move data to address
MOV #1,A x0001 program to writeO's
CALL @EEPROG do writeO's
EINT x0000 x1010 x1000 enable interupts

MOV @ADDR1,A x1000 x1010 x1000 read new current data

’
’

AND  TEMP2,A ;  x0010 x1010 1 is bit to change to 1
’

XOR TEMP2,A x0010 x1010 bits that change = 1
Jz LASTCHK

DINT x0010 x1010 x1000 disable interupts
MOV A,@ADDR1 x0010 move data to address
MOV #3,A x0011 program to writel's
CALL @EEPROG do writel's

EINT x0000 x1010 x1010 enable interupts

MOV @ADDR1,A x1010 x1010 x1010 read new current data
CMP TEMP2,A compare to data wanted
JEQ EXITW ; the same then return
CALL @ERROR ;If the program gets here there has been an

;error
RTS ;

13.3 Serial Communications

All devices in the TMS370 family provide serial communication capability with
peripheral devices. The TMS370Cx10 series provides one serial (SPIl) port
providing communication capability with peripheral devices. The
TMS370Cx50 series provides two serial (SPl and SCI) ports for enhanced
communications capability with peripheral devices.

13.3.1 SPI Port Interfacing
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The SPI port provides synchronous communication with peripherals such as
shift registers, display drivers, A/D converters, and another CPU. Synchro-
nous transmission is supported by programmable parameters such as character
length (one to eight bits) and bit transfer rate (eight options). in the example
below, the SPI port is configured as a Master/Slave dual CPU interface. This
full-duplex setup has the master CPU initiating data transfer by sending the
SPICLK signal to the slave. Data is then transmitted between the CPUs si-
multaneously until the clock signal stops. Either or both of the data lines may
send valid or dummy data, depending on the software.
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MASTER SLAVE
CPU CPU

SPISIMO DATA ol spigiMo

SPISOM! [«—DATA SPISOMI
SPICLK CLOCK .l gpicLk

Figure 13-8. Master/Slave CPU Interface Example

13.3.2 SCI Port Interfacing

The SCI port (TMS370Cx50 only) provides communication with peripheral
devices in either an Asynchronous or Isosynchronous format. This makes it
especially suited for communicating with a variety of devices. The format pa-
rameters of the SCI are software programmable and are as follows:

Parameter Options

Mode Asynchronous, Isosynchronous
Baud rate 64K possibilities

Character iength 1 to 8 bits

Parity Even, Odd, Off

No. of stop bits Tor2

Interrupt priorities Receiver/transmitter

In the figure below, the SCI port is configured for a RS-232-C type interface.
Since the TMS370 family uses TTL-level /0, the transmit and receive data
signals must be converted to RS-232 levels. The 75188 and 75189 devices
provide this function. In the asynchronous format, the clock signal does hot
need to be transmitted, but is generated locally at both ends.

+5V

TMS370CX50
sciTxp |TTL_LEVEL TX OUT
75188
SCIRXD [TTL_LEVEL o] 22V ey N
75189

Figure 13-9. SCI/RS-232 Interface Example
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0050
0051
0052
0053
0054
0055
0057
0057
005D
O05E
005E
005E
0000
0000
0000
7000
7000
7000
7000
7002
7004
7007
7007
700B
700B
700B
700C
700C
700C
700F
7013
7013
7016
7016
7019
7019
701C
701C
701F
7022
7025
7025
7025
7027
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The following routine automatically calculates the baud rate for the SCI port
by timing the length of the start bit. Many times this eliminates the need for
external select switches which can cause confusion.

This routine converts the Receiver pin to a general purpose input pin and then
samples this pin until it finds the start bit. Sampling is controlled by the baud
rate counter, which takes 32 cycles for one complete count. At each count,
or every 32 cycles, the input pin is sampled. When the start bit is received, it's
low state is sampled until the high state of the first data bit (of an odd ASCI|
value) is detected. The number of times the start bit is sampled is used by the
baud rate registers to figure the baud rate.

START DATA DATA
IDLE BIT BIT 1 BIT 2

—WAITSTRT—+— WAITBIT——SETUP—1
Figure 13-10. Auto Baudrate Waveform
SCICCR .EQU PO50 ;SCI communication control register
SCICTL .EQU P0O51 ;SCI control register

BAUDMSB .EQU P052 ;baud rate counter MSB
BAUDLSB .EQU P0O53 ;baud rate counter LSB

TXCTL .EQU P054 ;Transmitter control
RXCTL .EQU P055 ;Receiver control
RXBUF .EQU P057 ;Receiver buffer
TXBUF .EQU P059 ;Transmitter buffer

SCIPCl1 .EQU PO5D ;Port control 1 (SCLK)
SCIPC2 .EQU PO5SE ;Port control 2 (TXD,RXD)
SCIPR1 .EQU PO5SE ;priority register

COUNT .EQU R04 ;temporary counting register
. TEXT 07000h ;INITIALIZE SCI PORT WITH

;A CR (RETURN)
AUTOBAUD ;Baud automaticaly

;set on 0dd ASCII
;character

D504 CLR COUNT ;clear count register
D503 CLR COUNT 1 ;COUNT-1
F7005E MOV  #0,SCIPC2 ;set RxD to general

;jpurpose input pin
AGO85EFC WAITSTRT BTJO #8,SCIOC2,WAITSTRT ;wait for
;a start bit to go low

B3 WAITBIT 1INC A ;dummy, gives 32
;clock states
;(1 min baud)

700104 INCW #1, COUNT ;increment counter

A7085EF8 BTJZ #8,SCIPC2,WAITBIT ;wait until start bit
;ends (ASCII char=odd)

70FF04 SETUP INCW #-1,COUNT ;one less than count
;into baud reg

715304 MOV COUNT,BAUDLSB ;since the SCI starts
;from count O.

715203 MOV COUNT-1,BAUDMSB ;initialize baud rate

. ;registers.
F7225E.MOV #22h,SCIPC2 ;Enable Rx and Tx pins
F7025D MOV #2,SCIPC1 ;enable SCLK pin (if needed)

F77750 MOV #01110111b,SCICCR;8-bits length, even parity,
;1 stop ;bit
;only even, odd, or none parity
;determined
;by SCICCR value



Design Aids

7025 F73351 MOV #00110011b,SCICTL;enable Tx, Rx, SCLK = internal

702C ;program after input character

7028 ;finishes)

7028 F70154 MOV #1,TXCTL ;enable TX interrupts

702B F70155 MOV #1,RXCTL ;enable RX interrupts

702E 8057 MOV RXBUF,A ;clear out garbage from SCI (Place in
7032 ;program after input character finishes)

7032 FOOC EINT

This routine can be improved to give greater flexibility and accuracy using
some of the following suggestions:

1. Time more than one bit and then divide by the number of bits to give a
greater accuracy. This means that a more carefully choosen character must
be used to start the autobaud routine. The current routine can use 50 per cent
of the ASCII values (all odd ASCII values).

2. Add routine to check the parity of the incoming character and set the parity
of the SCI port accordingly. Again, this means a limited number of characters
will correctly autobaud the routine.

3. Add routines to compare the count of another bit in the character to the
start bit count as an accuracy check. This gives the same problems as before.

13.4 Analog/Digital Converter

The A/D converter provides the TMS370Cx50 with built-in data acquisition
capability with 8-bit resolution. Any or all of the A/D pins may be used as a
single-ended input with reference to analog ground (Vgg3). Pins not used
for A/D conversion may be software configured as a standard digital input pin.
The high reference voltage (VRgg) may be either Vo3 or supplied by one of
the inputs. If the sampled input is higher than Vgrgg, the conversion value
placed in the A/D data register is FFh, indicating full scale. If the sampled
input is lower than Vgg3, then the value 00h is placed in the A/D data register.

A variety of functions may be performed by the CPU using the A/D converter.
Industrial applications may include temperature sensing, fluid level monitor-
ing, and recharging circuit status as indicated in the figure below. If the
sending units are designed for greater than Vg, then a resistance network may
be needed to keep the A/D input voltage within the meaningful range of Vigf
to ground. This is especially true in the case of a fluid level sensor, where the

full linear range may be required. m
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TMS370Cx50
sype 5 VOC
N
° Veca Vrer )
TEMPERATURE T THERMISTER
SENSING I3 _ ANO
5 VDC —1 AN
c— ot ] AN2
FLUID * L 1ans
LEVEL AN4
MONITOR FLOAT POTENTIOMETER — 1 aNs
=1 — | AN6
0 +VDC ! AN7
BATTERY [ VOLTAGE | N
STATUS | REGULATOR lj—jL 3 553

xll-—

Figure 13-11. A/D Converter Sample Applications

13.5 Sample Routines

The folldwing section contains sample routines that show the various ways
the TMS370 handles common software tasks.

13.6.1 TIPWM Pin Setup
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The following examples start and stop the PWM function with a certain value
on the PWM pin. Starting the T1PWM pin with a specific value can be done
with one instruction as shown in the examples below. The value of the data

out bit will become the initial value of the PWM pin.
MOV  #60h,PO4E ;Start with PWM pin high

MOV  #20h,PO4E ;Start with PWM pin low

The examples below show the two instructions needed when changing the
T1PWM pin from a PWM pin to a general purpose output pin with a specific
value. The first instruction changes the pin to a general purpose output pin
with the same-value as the current PWM pin. The second instruction changes

the pin to a particular value.
MOV 50h, PO4E ;Stop with PWM pin high.
MOV  #50h,PO4E ;

MOV  #10h,PO4E ;Stop with PWM pin low.
MOV  #10h,PO4E ;

The following examples keep the current value on the pin when starting or
stopping the PWM functin. Starting the function requires four instructions
while stopping the function takes only one.

MOV #20h,A ;Start with PWM pin same as
BTJZ #80h,PO4E,SKIP ;current state.
MOV #60h,A 3

SKIP MOV A,PO4E ;
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MOV  #10h,PO4E - ;Stop with PWM pin same as

13.56.2 Clear RAM

This routine clears all the internal RAM registers. It can be used at the begin-
ning of a program to initialize the RAM to a known value.

jcurrent state.

REGISTER EUNCTION
A Holds the initialization value:
B Index into the RAM
0000 0001 .TEXT 7000h ;absolute start address
7000 52FE 0002 CLEAR MOV #254,B ;number of register to clear
0003 ;=2
7002 B5 0004 CLR A ;load the initialization
) 0005 ;value of zero
7003 ABOOO1 0006 LOOP MOV A,1(B) ;clear the location indexed
0007 ;by B+1
7006 CAFB 0008 DJNZ B,LOOP ;loop until all RAM is
0009 ;cleared
7008. 0010 ;A and B end up as zeros.

13.56.3 RAM Seif Test

This routine performs a simple alternating 0/1 test on the RAM. The RAM is
tested by writing a. AA 55 pattern to the entire RAM and then checking the
RAM for this pattern. The inverted pattern is then written to RAM and re-

0000
000A
7000
7002
7004
7004
7007
7008
700A
700B
700D
7010
7012
7013
7015
7016
7018
701A

checked. Finally, the entire RAM is cleared. If an error is found, a bit is set in
the flag register. The error flag bit should be cleared before the routine is
started.
AFTER AFTER
REGISTER BEFORE NO ERROR ERROR
A XX 0 ?
B XX 0 ?
Rn XX 0 ?
FLAG XX 0 . Bit 0=1
Passing data None
Registers affected  All
Ending data All registers = 0
Bit 0 in FLAG = 1 if error was found m
0001 .TEXT 7000H ;absolute start address
0002 FLAG .EQU RI10 jerror register
2255 0003 MOV #55h,A ;Start RAM fill with 55h
52FD 0004 FILLR MOV #0FDh,B ;Set RAM start address - 2
0005 ; (don't change register A or B)
AB0002 0006 FILL1l MOV A,2(B) ;£i11 RAM with aa to 55 pattern
BC 0007 RR A ;change to beginning number
CAFA 0008 DJNZ B,FILL1 ;fill entire ram with pattern
BC 0009 RR A ;change to beginning number
52FD 0010 MOV #0FDh,B ;refresh index
AD0O002 0011 COMPAR CMP 2(B),A ;check for errors
06** 0012 JNE ERROR ;exit if values don't match
BC 0013 RR A ;change from 55 to AA to 55
CAF8 0014 DJNZ B,COMPAR ;check the entire RAM :
BO 0015 CLRC ;is reg A now 55, AA or 00?
OlEA 0016 JN FILLR ;=AA, change to opposite pattern
02%* 0017 Jz EXIT ;=00,
B5 0018 FILLO CLR A ;=55,clear the ram now
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701B
701D
7020
7020

00ES
74010A

0019 JMP FILLR ;repeat the fill and check routine
0020 ERROR OR #1,FLAG ;set bit zero in the flag

0021 ;register

0022 EXIT .EQU $ ;continue program here

13.5.4 ROM Checksum

This routine checks the integrity of the ROM by performing a checksum on the
entire ROM. All ROM bytes from 7002h to 7FDFh are added together in a
16-bit word. The sum is checked against the value at the beginning of the
ROM (7000h, 7001h). If the values don’t match, then an error has occured
and a bit is set in a register. The error flag bit should be cleared before the start
of the routine.

0000
000F
3039
7000
7002
7002
7002
7002
7006
7006
700A
700E
700E
7010
7013
7016
7019
701C
701E
701E
701E
7021
7021
7024
7026
.7029
7029
702C
702E
7031
7031
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Note: Addresses 7FEOh through 7FEBh are reserved for Tl use only and
should not be used in a checksum calculation.

REGISTER BEFORE NO ERROR ‘ERROR
A XX 0 ?
B i XX 0 ?
R2 XX CHKSUM MSB CHKSUM MSB
R3 XX CHKSUM LSB CHKSUM LSB
R4 XX 70h 70h
R5 XX O1h O1h
R6 XX FFh FFh
R7 XX FFh FFh
FLAG XX Bit 1=0 Bit 1=1
0001 .TEXT 7000h ;absolute start address
0002 FLAG .EQU R15 jerror status
0003 CHECKSUM .EQU . 12345 ;value to be checked
3039 0004 .WORD CHECKSUM;put correct checksum into
0005 ; ROM
0006 ;other initialization
0007 ;jprogram here
887FDF05 0008 ROMCHK MOVW #7FDFh,R5 ;starting address (end of
0009 ;memory)
880FDD0O7 0010 MOVW #OFDDh,R7 ;number of bytes to add + 1
88000003 0011 MOVW #0,R3 ;reset summing register
0012 ;
9A05 0013ADDLOP MOV @R5,A ;get ROM byte
480003 0014 ADD A,R3 ;add to 16-bit sum
790002 0015 ADC #0,R2 ;add any carry
70FF05 0016 INCW #-1,R5 ;decrement address
70FF07 0017 INCW #-1,R7 ;decrement byte counter
03F0 0018 Jc ADDLOP ;continue until byte count
0019 ;jgoes past O
0021 ;
8A7000 0022 MOV . 7000h,A ;compare MSB stored to MSB
0023 ;sum
4D0002 0024 CMP A,R2 ;
06** 0025 JINE ERROR ;set error bit if different
8A7001 0026 MOV 7001h,A ;compare LSB stored to
0027 ;LSB sum
4D0003 0028 CMP A,R3 ;
02** 0029 JEQ EXIT ;set error bit if different
74020F 0030 ERROR OR #2,FLAG ;set bit 1 in the flag
0031 ;register
0032 EXIT .EQU ;jcontinue program here
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13.56.5 Binary-to-BCD Conversion

This program converts a 16-bit binary word to a packed 6 nibble value.

0000
7000
7001
7002
7004
7007
7009
700B
700E
700E
7010
7010
7012
7015
7015

13.5.6

0000
0002
0003
0004
0005
7000
700C
700C
700E
7011
7014
7014
7016
7018
7019
701B
701C
701D
701E
7021
7021
7023
7025

REGISTER BEFORE AFTER
A XX - BCD MSB
B XX BCD
R2 XX BCD LSB
R3 BINARY MSB ZERO
R4 . BINARY LSB ZERO
R5 XX ZERO
0001 .TEXT 7000H ;absolute start address
BS 0002 BN2BCD CLR A ;jprepare answer registers
C5 0003 CLR B ;
D502 0004 CLR R2 H
721005 0005 MOV #16,R5 ;move loop count to register
DF04 0006 LOOP RLC R4 ;shift higher binary bit out
DFO3 0007 RLC R3 ;carry contains higher bit
4E0202 0008 DAC R2,R2 ;double the number then add
0009 ;the binary bit
3E01 0010 DAC R1,B ;binary bit (a 1 in carry on
0011 ;the 1lst time is
1E00 0012 DAC RO,A ;jdoubled 16 times).
DAQOSF2 0013 DJNZ R5,LOOP ;do this 16 times, once for
0014 ;each bit :
F9 0015 RTS ;back to calling routine

BCD-To-Binary Conversion

This routine converts a four digit number to binary. The maximum BCD num-
ber is 9999 decimal. Operands originate and are stored in general purpose
RAM. The BCD number is composed of the four digits D3, D2, D1, and DO
contained in the bytes DH and DL. The binary number is calculated by divid-
ing the number into powers of ten (Binary = D3*1000 + D2*100 + D1*10 +
DO0*1). Multiplying by 10 is easier if the number is further broken up in other
numbers so that D2*10 = D2*(8+2) = D2*8+D2*2. Likewise, multiplying by
1000 can be calculated by D3*(1000) = D3*(1024-24) = D3* (1024-
(8+16)) = D3*1024- (D3*8 + D3*16). This may seem complex but it works
quickly and uses few bytes.

0010 .TEXT 7000h
0011 BH .EQU R2 ;jBinary number MSB
0012 BL .EQU R3 ;Binary number LSB
0013 DH .EQU R4 ;Decimal number MSB
0014 DL .EQU RS ;Decimal number LSB
0017 ;DO=ones, Dl=tens,
0018 ;D2=hundreds, D3=thousands
D502 0023 TOP CLR BH ;clear out binary MSB
420503 0024 MOV DL,BL ;DO to BO
730F03 0025 AND #0Fh, BL ;convert DO
0026 H
1205 0027 MOV DL,A ;D1*10=D1*8+D1*2
23F0 0028 AND #0FOh,A ;isolate D1
co 0029 MOV A,B ;B=D1*16
D701 0030 SWAP R1 ;B=D1
BC 0031 RR A ;A=D1*16/2=D1*8
CE 0032 RL B ;B=D1%*2
68 0033 ADD B,A ;A=D1*10 (D1*8+D1%*2)
480003 0034 ADD RO,BL ;D1:D0 converted
0035 H
3204 0036 MOV DH,B ;get upper two digits
530F 0037 AND #0Fh,B ;isolate D2
5C64 0038 MPY #100,B ;RO:R1=D2*100
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7027
702A
702D
702D
702F
7031
7032
7033
7034
7037
703A
703B
703C
703F

480103 0039 ADD R1,BL ;add to current total

490002 0040 ADC RO,BH ;D2:D1:D0 converted
0041 H

1204 0042 MOV DH,A ;isolate D3

23F0 0043 AND #OFOh,A ;A=D3 * 16

co 0044 MOV A,B ;B=D3 * 16

CD 0045 RRC B ;B=D3 * 8

68 0046 ADD B,A ;A=D3 * 24

420003 0047 SUB RO,BL ;BH:BL=BH:BL-24*D3

7B0002 0048 SBB #0,BH ;

BO 0049 CLRC ;jsetup for rotate

CD 0050 RRC B ;B=D3%*4

480102 0051 ADD R1,BH ;BH:BL=BH:BL+D3*4*256
0052 H .

13.5.7 BCD String Addition

The following subroutine uses the addition instruction to add two multi-digit
numbers together. Each number is a packed BCD string, less than 256 bytes
(512 digits), stored at memory locations STR1 and STR2. This routine adds
the two strings together and places the result in STR2. The strings must be
stored with the most significant byte in the lowest numbered register. The
TMS370 family instruction set favors storing all numbers and addresses with
the most significat byte in the lower numbered location.

REGISTER BEFORE AFTER FUNCTION
A XX 7 Accumulator
B XX 0 Length of string
R2 XX 7? Temporary save register

0000
0000
0000
80EQ
80F0
7000
7000
7001
7002
7005
7007
700A
700B
700D
700E
7011
7013

7014
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STR1 BINARY MSB no change BCD string
STR2 BINARY LSB STR1 + STR2 Target string, 6 bytes max

;Decimal Addition Subroutine. Stack must have 3 available bytes.
;On output: STR2 = STR1 + STR2
0001 .TEXT 7000h ;absolute start address
0002 STR1 .EQU 80EOh ijstart of first string
0003 STR2 .EQU 80FOh ;start of second string
0004 ;and result
BO 0005 ADDBCD CLRC ;clear carry bit
FB 0006 PUSH ST ;save status to stack
AA80DF 0007 LOOP MOV STR1-1(B),A ;load current byte
D002 0008 MOV A,R2 ;save it in R2
AA8OEF 0009 MOV STR2-1(B),A ;load next byte of STR2
FC 0010 POP ST ;jrestore carry from last add
1E02 0011 DAC R2,A ;add decimal bytes
FB 0012 PUSH ST ;save the carry from this add
ABSOEF 0013 MOV A,STR2~1(B) ;store result
CAEF 0014 DJNZ B,LOOP ;loop until done
FC 0015 POP ST ;restore stack to starting
0016 ;position
F9 0017 RTS sback to calling routine

Notice the use of the Indexed Addressing mode to reference the bytes of the
decimal strings. Also the need to push the status register between decimal
additions, to save the decimal carry bit. Register B is used to keep count of the
number of bytes that have been added.
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13.56.8 Fast Parity

This routine presents a quick way to determine the parity of a byte. by exclu-
sive ORing all the bits of the byte together, a single bit will be derived which
is the even parity of the word. When exclusive ORing an even number of 1s
will combine to form a O, leaving either an odd 1 or 0 bit. This routine keeps
splitting the byte in half and exclusive ORing the two halves.

XOR a [MS bit]

REGISTER BEFORE AFTER FUNCTION
A TARGET ?? Passing byte from program
B XX 7 Length of string
CARRY XX Parity Status bit,result to calling routine

R RS EEEE SRR R R RS SRS RS R Rt R R R R R R R a2 XEE SRR R 2
* STEP 1 SUBROUTINE
* Byte bits 7654 3210 TO FIND
* XOR 7654 [MSN above] EVEN PARITY
* SS=========
* xxXxx ABCD
* STEP 2 me—e- > AB
* XOR AB [MS bits abovel
* =======
* xx ab
* STEP 3 --=> ab
*
*
*

*

X P {answer}

EE X222 R R R R R X R R R R R R R R R R R R R R R R R R R T R S E S RS IR RS XY
0001 .TEXT 7000h;absolute start address

0000
7000 CO
7001 B7
7002
7002 65
7003
7003 CO
7004 BC
7005
7005 BC
7006 65
7007 CO
7008 BC
7009 65
700A BC
700B
700B F9
700C
700C
700C

0002 PARITY MOV A,B
0003 SWAP A
0004

0005 XOR B,A
0006

0007 MOV A,B
0008 RR A
0009

0010 RR A
0011 XOR B,A
0012 MOV A,B
0013 RR A
0014 XOR B,A
0015 RR A
0016

0017 RTS

0018

0019

0020

13.5.9 Bubble Sort

This routine will sort up to 256 bytes using the bubble sort method. Longer
tables could be sorted using the Indirect Addressing mode.

0000

2000

0002

7000 D502
7002 52FF
7004 AA2000

;duplicate the target byte

;line up the ms nibble with the 1s
;nibble

;exclusive OR the nibbles to get a
;nibble answer

;duplicate the nibble answer

;line up bits 0,1 of the answers to
;bits

;2, 3 of the answer

;XOR to get a new 2-bit answer
;duplicate this 2 bit answer

;line up bit 0 with bit 1

;XOR to get final even parity answer
;rotate answer into the carry bit
;and bit 7

jcarry = 0 even # of 1's

;carry = 1 odd # of 1's

;use JC, JN or JIJNC in next executed
;instruction

o

Temporary Storage Register
Index into the Table
Holds flag to indicate a byte swap has been made

;absolute start address
;start of data table in RAM
; 'swap has been made' flag
;reset swap flag

;load table offset value

REGISTER FUNCTION
A
B
R2
0001 .TEXT 7000h
0002 TABLE .EQU 2000h
0003 FLAG .EQU R2
0004 SORT  CLR FLAG
0005 MOV  #0FFh,B

0006 LOOP1 MOV

TABLE(B) ,A ;look at entry in table
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7007 AD1FFF 0007 CMP TABLE-1(B),A ;look at next lower byte
700A OB** 0008 JHS LOOP2 ;1f higher or equal, skip to
700C 0009 ;next value

700C D302 0010 INC FLAG ;entry is not lower, set swap
700E 0011 ;flag .

700E B8 0012 PUSH & ;jstore upper byte

700F AALFFF 0013 MOV TABLE~1(B) ,A ;take lower byte

7012 AB2000 0014 MOV  A,TABLE(B) ;jput where upper was

7015 B9 0015 POP A ;get the old upper byte

7016 ABI1FFF 0016 MOV  A,TABLE-1(B) ;put where the lower byte was
7019 CAE9 0017 LOOP2 DJNZ B,LOOPl;loop until all the table is
701B 0018 ;looked at

701B 76FF02EL 0019 BTJO #OFFh,FLAG,SORT;if swap was made, then

701F 0020 j