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® CMOS/EEPROM/EPROM Technologies on a

Single Device

— Form Factor Emulator (FFE) Devices for
Prototyping Purposes

— One-Time Programmable (OTP) Devices
for Low Volume Production

— Mask ROM Devices for High Volume Pro-
duction

® Flexible Operating Features
— Power Reduction STANDBY and HALT
Modes
— Commercial and Industrial Temperature
Range
— Input Clock Frequency 2 MHz to 20 MHz
— Voltage (Vcc) 5V = 10%

° Internal System Memory Configurations

— 4K-Byte On-Chip Program Memory

— Mask ROM (TMS370C010 and
TMS370C310) or

— EPROM (TMS370C710 and TMS370C610)

— Data EEPROM, 256 Bytes (TMS370C010
and TMS370C710)

— Static RAM, 128 Bytes Usable as Registers

¢ 16-Bit General Purpose Timer
— Software Configurable for
a 16-Bit Event Counter, or
a 16-Bit Pulse Accumulator, or
a 16-Bit Input Capture Function, or
Two Compare Registers, or
a Self-Contained PWM Output Function
— Software Programmable Input Polarity
— 8-Bit Prescaler, Providing a 24-Bit Real-
time Timer

® On-Chip 24-Bit Watchdog Timer

® Serial Peripheral Interface (SPI)
— Variable-Length High-Speed Shift
Register
— Synchronous Master/Slave Operation

® Flexible Interrupt Handling
— Two S/W Programmable Interrupt Levels
— Global and Individual Interrupt Masking
— Programmable Rising or Falling Edge
Detect

® 22 CMOS/TTL Compatible I/O Pins
— All Peripheral Function Pins Software
Configurable for Digital 1/0
— 21 Bidirectional Pins, 1 Input Pin

J and N Packages
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28-Pin Packages

— Plastic DIP — ROM or OTP (N Suffix)

— Ceramic DIP - FFE (J Suffix)

— Plastic PLCC — ROM or OTP (FN Suffix)
— Ceramic CLCC - FFE (FZ Suffix)

TMS370 Series Compatibility

— Register-to-Register Architecture
— 128 General-Purpose Registers
— 14 Powerful Addressing Modes

PC-Based Workstation Development
SupportEmphasizes Productivity, Featuring:
— Realtime In-Circuit Emulation

— Symbolic Debug

— Extensive Breakpoint/Trace Capability
— C-Compiler Support

— Multi-Window User Interface

— EEPROM/EPROM Programming

PRODUCTION DATA documents contaln Information
current as of publication date. Products conform to
specifications per the terms of Texas instruments

Copyright © 1990, Texas Instruments Incorporated

standard wnmn?. Production processing does not
necessarily include testing of all parameters.
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description

The TMS370C010, TMS370C310, TMS370C610, and TMS370C710 devices are members of the TMS370
family of single-chip 8-bit microcontrollers. The TMS370 family provides cost-effective realtime system control
through VLSI integration of advanced on-chip memory and peripheral function modules.

The TMS370 family is implemented using high-performance silicon-gate CMOS technology. The low operating
power, wide operating temperature range, and high noise immunity of CMOS technology coupled with the high
performance and extensive on-chip peripheral functions make the TMS370Cx10 devices attractive in system
designs for automotive electronics, industrial control, computer peripheral control, and telecommunications.«

Unless otherwise noted, the term TMS370Cx10 refers to the TMS370C010, TMS370C310, TMS370610, and
the TMS370C710 for all peripheral function modules available on those devices. All TMS370Cx10 devices
contain the following modules:

® 4 Kbytes Program memory.

® 128 bytes Ram (usable as registers).

® Serial Peripheral Interface (SPI).

® Timer1-16-bit general-purpose timer with Watchdog

The following table provides a memory configuration overview of the TMS370Cx10 devices.

DEVICE PROGRAM MEMORY DATA EEPROM PACKAGE
TMS370C010 4K Bytes ROM 256 Bytes N-DIP
FN - PLCC
N-DIP
TMS370C310 4K Bytes ROM None N - PLCC
TMS370C610 4K Bytes EPROM None N-DIP
FN - PLCC
TMS370C710 4K Bytes EPROM 256 Bytes N-DIP
FN-PLCC
sea7oc71ot 4K Bytes EPROM 256 Bytes J-coiP
FZ-CLCC

t System evaluators and development tools are for use only in a prototype environment and their reliability has not been characterized.

The 4K bytes of mask-programmable ROM in the TMS370C010 and TMS370C310 are replaced in the
TMS370C710 and TMS370C610 with 4K bytes of EPROM while all other available memory and on-chip
peripherals are identical, with the exception of no Data EEPROM on the TMS370C310 and TMS370C610
devices. The TMS370C610and TMS370C710 OTP devices allow customers to change code without reordering
a MASK ROM device. The OTP devices reduce manufacturing design times for new code and are excellentlow
volume production alternatives.

The windowed ceramic FFE devices, SE370C710 FZ, J, offer reprogramming capabilities for prototyping
requirements.

The TMS370Cx10 provides two power reduction modes (STANDBY and HALT) for applications where low
power consumption is critical. Both modes stop all CPU activity (i.e., no instructions are executed). In the
STANDBY mode the internal oscillator and the general purpose timer remain active. Inthe HALT mode, all device
activity is stopped. The device retains all RAM data and peripheral configuration bits throughout both powerdown
modes.

The TMS370Cx10 features advanced register-to-register architecture that allows direct arithmetic and logical
operations without requiring an accumulator (e.g., ADD R24, R47; add the contents of register 24 to the contents
of register 47 and store the result in register 47). The TMS370Cx10 instruction set is fully compatible with other
TMS370 family members, allowing easy transition between members.
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The SPI gives a convenient method of serial interaction for high speed communications between simpler shift
register type devices, such as display drivers, A/D converters, PLL, I/O expansion, or other microcontrollers in
the system.

The TMS370 family provides the system designer with an economical, efficient solution to realtime control
applications. The TMS370 family eXtended Development System (XDS) solves the challenge of efficiently
developing the software and hardware required to design the TMS370 into an ever-increasing number of
complex applications. The application source code modules can be written in Assembly and/or C language and
the output code can be generated by the linker. The TMS370 family XDS communicates via a standard RS-232-C
interface with an existing personal computer to form a PC-DOS hosted workstation, using the PC's editors and
software utilities already familiar to the designer. The TMS370 family XDS emphasizes ease-of-use through
extensive use of menus and screen windowing so that a system designer can begin developing software with
minimum training. Precise realtime in-circuit emulation and extensive symbolic debug and analysis tools ensure
efficient software and hardware implementation as well as reduced time-to-market.

The TMS370Cx10 mask ROM devices, the TMS370x10 OTP devices, together with the TMS370 family XDS
for applications development, the SE370C710 EPROM devices, and comprehensive product documentation
and customer support provide a complete solution to the low end needs of the systems designer. Other TMS370
family members are available with additional memory, 1/O and peripheral functions such as SCl and A/D to meet
more complex system requirements.

functional block diagram
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pin descriptions

PIN
/0 DESCRIPTION
NAME NO.
A0 14 110 Port A is a general purpose bidirectional port.
Al 13 110
A2 1" /10
A3 10 110
A4 9 /0
A5 8 /10
A6 7 lle}
A7 3 110
D3 28 110 General purpose bidirectional pin. Also configurable as CLKOUT.
D4 26 1/0 General purpose bidirectional pin.
D5 15 110 General purpose bidirectional pin.
Dé 1 1/10 General purpose bidirectional pin.
D7 2 110 General purpose bidirectional pin.
INT1 16 | External interrupt non-maskable or maskable interrupt / general purpose input pin.
INT2 17 /10 External maskable interrupt input/general purpose bidirectional pin.
INT3 18 110 External maskable interrupt input/general purpose bidirectional pin.
T1IC/CR 22 110 Timer 1 Input Capture/Counter Reset input pin/general purpose bidirectional pin.
T1PWM 21 110 Timer 1 PWM output pin/general purpose bidirectional pin.
T1EVT 20 110 Timer 1 External Event input pin/general purpose bidirectional pin.
SPISOMI 25 e} SPI Slave Output pin, Master Input pin/general purpose bidirectional pin.
SPISIMO 23 110 SPI Slave Input pin, Master Output pin/general purpose bidirectional pin.
SPICLK 24 110 SPI bidirectional Serial Clock pin/general purpose bidirectional pin.
RESET 27 10 System reset bidirectional pin. As an input, it initializes microcontroller. As open-drain output it indi-
cates 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 = 0 V, WPO = 12 V. Vpp supply for EPROM programming.
XTAL2/ CLKIN 5 | Internal oscillator crystal input/external clock source input.
XTAL1 6 (o} Internal oscillator output for crystal.
Vce 4 Positive supgly voltage. )
Vss 12 Ground reference.

NOTE 1: Eachpinassociated with Interrupt 2, Interrupt 3, Timer 1, and SPI functional blocks may be individually programmed as a general purpose
bidirectional pin if it is not used for its primary block function.
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memory map

The TMS370 family architecture is based on the Von Neumann architecture, where the program memory and
data memory share a common address space. All peripheral input/output is memory mapped in this same
common address space. As shown in Figure 1, the TMS370 provides memory-mapped RAM, ROM, EEPROM,
EPROM, input/output pins, and peripheral functions.

The peripheral file contains all input/output port control, peripheral status and control, EEPROM memory
programming, and system-wide control functions. The peripheral file is located from 1010h to 104Fh and is
logically divided into 5 Peripheral File Frames of 16 bytes each. Each on-chip peripheral is assigned to aseparate
frame through which peripheral control and data information is passed. The TMS370Cx10 has its peripherals
and system control assigned to Peripheral File Frames 1 through 4, addresses 1010h through 104Fh.

0000h

007Fh
0080h

OFFFh
1000h
104Fh
1050h

1EFFh
1FOOh

1FFFh
2000h

6FFFh

7000h
7FFFh

8000h

FFFFh

128-Byte RAM

Reserved

Reserved

System Control

Digital Port Control

Peripheral File

SPI Peripheral Control

Reserved

Timer 1 Peripheral Control

256-Byte Data EEPROM

Vectors

Trap 15-0

Not Available

Reserved

Timer 1

4K-Byte ROM/EPROM

Serlal Peripheral Interface

Not Available

interrupt 3

Interrupt 2

Interrupt 1

Reset

Figure 1. TMS370Cx10 Memory Map

1000h — 100Fh
1010h - 101Fh
1020h - 102Fh
1030h - 103Fh
1040h - 104Fh

7FCOh — 7FDFh
7FEOh - 7FF3h
7FF4h — 7FF5h
7FF6h — 7FF7h
7FF8h — 7FF9h
7FFAh — 7FFBh
7FFCh — 7FFDh
7FFEh — 7FFFh

xas W

INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



THS370Cx10
8-BIT MICROCONTROLLERS

SPNS012B — MAY 1987 — REVISED DECEMBER 1990

memories
RAM/register file

data

The TMS370Cx10 has 128 bytes of static RAM, which serve as both the CPU register file and general-purpose
memory. The RAM is treated as registers by the instruction set and is referenced as RO through R127. The first
two registers, R0 and R1, are also called the A and B registers, respectively. The stack is located in the RAM,
and operates as a last-in first-out read/write memory. It is used to store the return address on subroutine calls
and the status register during interrupts. Accessing this memory as registers is performed in one system clock
cycle (tc), while general-purpose memory access is performed in two system clock cycles.

EEPROM

The TMS370C010 and TMS370C710 have 256 bytes of on-chip Electrically Erasable Programmable ROM
(EEPROM), addressed as 256 consecutive bytes mapped from locations 1F00h to 1FFFh. The Data EEPROM
provides nonvolatile programmable storage for items such as calibration constants and configuration
information for personalization of a generic algorithm for use in specific end applications. The Data EEPROM
supports bit, byte, and block write/erase modes. Instructions may be executed from Data EEPROM, providing
additional program space and the ability to patch algorithms by placing a branch table for volatile routines in Data
EEPROM.

The Data EEPROM uses the 5-V V¢ supply voltage and provides the programming voltage via an internal
dedicated generator, eliminating the need for an external high-voltage programming source. The dedicated
voltage generator optimizes the programming voltage characteristics, increasing the reliability as well as
extending the write/erase endurance of the array.

Programming control and status monitoring are performed through the Data EEPROM control register
(DEECTL) in the peripheral file. An EEPROM write/erase operation is performed in the following sequence:

1. Perform normal memory write to the target EEPROM location.
2. Write to DEECTL control register to select WRITE1/WRITEO and set the EXECUTE (EXE) bitto 1.

3. Wait for program time to elapse [typGm)B OF tw(PGM)AR]-
4. Write to DEECTL control register to set the EXECUTE (EXE) bit to 0.

The WRITE1/WRITEO control bit selects whether the zeros or the ones in the data byte are to be programmed
into the selected EEPROM location. For example, a WRITE1 operation will program ones into all bit positions
within the EEPROM byte that have ones in the data byte, while bits that are zero in the data byte will not affect
the EEPROM contents. The WRITE1 operation effectively performs a logical OR of the information previously
stored on the EEPROM byte with the data byte. The WRITEO operation effectively performs a logical AND
between these two bytes. Single bit programming within an EEPROM byte is performed by writing only the zeros
or ones of the data byte. The EEPROM programming algorithm may use this bit-programming capability to
optimize the life of the EEPROM.

When a data value cannot be achieved by writing only zeros or only ones into the EEPROM byte, a WRITE1
followed by a WRITEOQ will program any data value into the EEPROM byte, regardless of the previous data stored
at that location.

All unprotected bytes within the Data EEPROM array may be programmed during a single EEPROM
programming cycle by setting the ARRAY PROG bit of DEECTL to 1 at the start of the programming cycle.

Data EEPROM read accesses are performed as normal memory read operations in two system clock cycles.
A memory read cycle to any EEPROM location while EXE = 1 returns the value currently being written to the
EEPROM. Following an EEPROM write operation, the EEPROM voltages must stabilize prior to performing an
EEPROM read operation. The BUSY FLAG indicates the status of the EEPROM voltage. When set, the
EEPROM is not ready for a read operation. The BUSY flag is reset to 0 by the EEPROM control logic when 128
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system clock cycles have elapsed following the EXE bit being set to 0. If an EEPROM read operation is
performed while BUSY = 1, automatic WAIT states will be generated until BUSY = 0, and then the read operation
will be performed.

Bytes within the Data EEPROM may be protected from inadvertent overwriting of critical information. As shown
in Figure 2, the 8-bit Write Protect Register (WPR), located at 1F00h within the data EEPROM, provides write
protection for the 256-byte Data EEPROM, segmenting the array into eight blocks of 32 bytes each. Each of
these 32-byte blocks may be individually write- and erase-protected by setting the corresponding bitto 1 in the
WPR. Since the WPR resides in the array in BLKO, the WPR may also be write-protected, thereby increasing
the system reliability by preventing bytes from being reprogrammed. Bytes left unprotected may be written to
by the normal EEPROM programming sequence. The Write Protection Override (WPO) mode overrides the
write protection of all blocks in the Data EEPROM, and enables data to be written to any location in the Data
EEPROM, regardless of the WPR contents. Enter the WPO mode by placing 12-V on the MC pin. The WPO
mode is typically used in a service environment to update the protected EEPROM contents. The 12-Vinput level
on the MC pin to enter the WPO mode is not normally present in an application except in a service environment;
therefore, the data integrity of the program is ensured during normal operation.

MSB LS8
1FOOh Write Protect Register
————————————— =" BLK7 | BLK6 | BLKS | BLK4 | BLK3 | BLK2 | BLK1 | BLKO
BLKO |
L
1F20h BLK1 Write Protect Register
1F40h
BLK2
. 0 = Normal Write Access
iF60n = Write F Bl
o BLK3 1 = Write Protect Block
1F80h
BLK4
1FAOh
BLKS
1FCOh
BLK6
1FEOh
BLK7
1FFFh

Figure 2. Write Protect Register

*
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program ROM

The Program ROM consists of 4K bytes of mask programmable read-only memory. The Program ROM is used
for permanent storage of data and instructions, with read operations performed in two system clock cycles.
Memory addresses 7FF4h through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with
TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 7FDFh. Programming of the
mask ROM is performed at the time of device fabrication.

program EPROM

The Program EPROM of the TMS370C610 and TMS370C710 is a 4K ultraviolet-light-erasable, electrically
programmable read-only memory, addressed as 4K consecutive bytes mapped form location 7000h to 7FFFh.
It provides application performance identical to the TMS370Cx10 mask ROM devices with up to 4K bytes.
Program instructions are read from the Program EPROM in two system clock cycles, providing the prototyping
capability of the Mask Program ROM.

An external supply (Vpp) is needed at the MC pin to provide the necessary voltage (Vpp) for programming.
Programming is controlled through the EPCTL register (P0O1C) in the peripheral file.

Before programming, the SE370C710’s EPROM must be erased by exposing the device through the transparent
window to high-intensity ultraviolet light (wavelength 2537/3\). The recommended minimum exposure dose (UV
intensity x exposure time) is 15- Wes/cm2. A typical 12-mW/cm2, filterless UV lamp will erase the device in 21
minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, the entire array
isin alogic high state. A programmed low can be erased only by exposure to ultraviolet light. It should be noted
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the SE370C710,
the window should be covered with an opaque label. All devices are erased to logical high when delivered from
the factory.

CAUTION

Exposing the EPROM module to ultraviolet light may also cause erasure inany EEPROM module. Any use-
ful data stored in the EEPROM must be reprogrammed after exposure to UV light.

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

Supply the programming voltage to the MC pin.

Write to EPCTL register to set the VPPS bit to 1 (high).

Perform normal memory write register to the target EPROM location.

Write to EPCTL register to set the EXE bit register to 1 (high). (Wait at least two microseconds after step 2.
Wait for program time to elapse (one millisecond).

Write to EPCTL register to clear the EXE bit (leave VPPS bit set to 1 ( high)).

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

8. Write to EPCTL register to set the EXE bit to 1 (high) for Final programming.
9. Wait for program time to elapse (3X milliseconds duration).
10. Write to EPCTL register to clear the EXE and VPPS bits.

N o o s wnd
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Write to EPCTL;
Set Both VPPS and
Vec=6V EXE Bits to 1

MC =125V

Write to EPCTL;
Clear EXE Bit

Increment X

=

Write to EPCTL
Set VPPS to 1

v

Normal Write to
EPROM Locations

B

Program the Byte
With 3X ms Duration

v

Clear Both EXE
and VPPS

Figure 3. EPROM Programming Operation

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

write protect of program EPROM

To override the EPROM write protection, the Vpp voltage must be applied to the MC pin and the VPPS bit
(EPCTL.6) must be set. This dual requirement ensures that the program EPROM will not accidentally be
overwritten during the Data EEPROM operations when Vpp is applied to the MC pin. The Data EEPROM may
be programmed when the VPPS bit is set.
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central processing unit

The central processing unit (CPU) of the TMS370 series is an enhanced version of the TMS7000 Family CPU.
The enhancements include additional user instructions such as integer divide, conditional jump instructions
based on the overflow status bit, and addressing modes such as stack-pointer-relative addressing for subroutine
parameter passing. The efficient register-to-register architecture of the TMS7000 family has been carried over
to the TMS370 family, which avoids the conventional accumulator bottleneck. The complete TMS370 family
instruction set is summarized in the TI TMS370 INSTRUCTION SET SUMMARY beginning on page 28.

In addition to the interpretation and execution of the user program, the CPU performs the functions of bus
protocol generation and interrupt priority arbitration. While the CPU is implemented independent of the memory,
input/output, and peripheral modules, it performs the central system control function through communications
with these on-chip modules.

The TMS370 family CPU registers accessible to the programmer are shown in Figure 4. The register file consists
of 128 general purpose registers, RO through R127 implemented in on-chip RAM, and is used by the CPU for
general purpose 8- and 16-bit source and destination operands, index registers, and indirect addressing. The
first two registers, RO and R1, are also called registers A and B and are used by the CPU as general purpose
registers or for implied operands. The program counter (PC) contains the address of the next instruction to be
executed. The stack pointer (SP) contains the address of the last or top entry on the stack, which is located in
the on-chip RAM. The status register (ST) contains four bits that reflect the outcome of the instruction just
executed, and two bits that control the masking of the interrupt priority chains.

RO (A)
R1 (B)
R2
R3 General Purpose Reglster File
°
]
®
R126
R127
15 PC 0 I Program Counter
C — Carry/Borrow from MSB l 7 SP 0 [ Stack Polinter
N — Negative
Z — Zero
V — Overflow 7 0
IE2 — Level 2 interrupt Enable
IE1 — Level 1 Interrupt Enable | ¢ I N [ z l v \ IE2 ’ 1E2 l - | - l Status Register

Figure 4. CPU Registers

*p

Texas
INSTRUMENTS

10 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS370Cx10
8-BIT MICROCONTROLLERS

SPNS012B — MAY 1987 — REVISED DECEMBER 1990

system resets

The TMS370Cx10 has three possible reset sources: a low input to the RESET pin, a programmable watchdog
timer timeout, or a programmable oscillator fault failure. The RESET pin, an input/output pin, initiates
TMS370Cx10 hardware initialization and ensures an orderly software startup. A minimum 50-ns low level input
initiates the reset sequence. The microcontroller is held in reset until the RESET pin goes inactive (high). If the
RESET input signal is low for less than eight system clock cycles, the TMS370Cx10 will hold the external RESET
pin low for eight system clock cycles to reset external system components. The RESET should be released only
after stable oscillation and valid V. The RESET pin must be activated by the application at power-up, which
can be accomplished by an external input or an RC power-up reset circuit. In addition, the application must
activate RESET when V¢ goes out of spec to prevent corruption of data and erroneous operation. The RESET
pin can be asserted at any time during operation, resulting in an immediate initiation of the reset sequence.

Vee To Other Devices’ Resets
TMS370

51 kQ
Reset In

i 27ka -4 Reset Out
Manual Reset «H :I\ 0.47 uF =

Figure 5. Typical Reset Circuit

The watchdog timer provides system integrity by detecting a program that has become lost or is not executing
as expected. A systemreset is generated if the watchdog timer is not properly re-initialized by a specific software
sequence, or if the re-initialization does not occur before the watchdog timer times out. The watchdog timer
timeout initiates the TMS370Cx10 reset sequence and drives the external RESET pin low for eight system clock
cyclestoresetexternal system components. The Watchdog reset functionis enabled by setting WD OVRFLRST
ENA bit of TICTL2 to 1. Once the software enables the watchdog reset function, subsequent writes to the WD
OVRFL RST ENA bit are ignored. Watchdog control bits can be initialized only following a power-up reset. The
timer section discusses additional information on the watchdog timer and its configurations.

The oscillator fault circuit provides the means to monitor failures of the oscillator input signal (XTAL2/CLKIN).
If the oscillator input signal frequency remains above the 90% point of the minimum operating frequency
(CLKIN), the oscillator input will not to be activated. However, if the oscillator input is lost or its frequency falls
below 20 kHz and the oscillator fault reset has not been disabled, the TMS370Cx10 is reset and the external
RESET pin is driven low.

When an oscillator input failure occurs, the internal clocks are stopped and RESET is held active until the
oscillator input frequency is greater than 100 kHz typical. The reset action can be disabled by clearing the OSC
FLT RST ENA bit (P012.5). Oscillator fault detection can be disabled by setting the OSC FLT DISABLE bit
(P012.2). Since operation is unpredictable with slow or intermittent clocks, neither of these actions is
recommended. During the HALT mode the oscillator fault circuitry is disabled.

Reset puts the address at 7FFEh and 7FFFh (Isb) into the PC and then clears Registers A and B and the status
register. The Stack Pointer is set to 01h during reset. A reset when the device is already running will not affect
the other RAM registers.
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Control Bit States Following Reset

REGISTER CONTROL BIT POWER-UP WARM RESET
SCCRO wP/uC MODE 0 o]
SCCRO MC PIN DATA 0 0
SCCR0O COLD START 1 t
SCCRO OSC FLT FLAG 0 t
T1CTL2 WD OVRFL FLAG 0 t

1 Status bit corresponding to active reset source is set to 1.

interrupts

The TMS370 family software-programmable interrupt structure supports flexible on-chip and external interrupt
configurations to meet realtime interrupt-driven application requirements. The hardware interrupt structure
incorporates two priority levels as shown in Figure 5. Interrupt level 1 has a higher priority than interrupt
level 2. The two priority levels can be independently enabled by the global interrupt enable bits (IE1 and IE2)
of the Status Register.

TIMER 1
Overflow G
Compare 1
—O/O—c
Ext Edge
—o0— 0
SPIINT1 Compare 2 EXT INT 1 CPU
—0— 0
In Capture
plure_ o NMI
SPI—0—"C Watchdog INT 1—0C
—O07 O Priority Logic
—o0
__ o
0 —0
[© sPipRI T1 PRI INT1 PRI
J IE1
< Level 1 INT
IE2
<+ O—1——1 Level 2INT
Mask

Figure 6. Interrupt Control

Each system interrupt is independently configured on either the high or low priority chain by the application
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of
the system interrupt. However, since each system interrupt is selectively configured on either the high or low
priority interrupt chain, the application program can elevate any system interrupt to the highest priority.
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority
chains is performed within the peripheral modules. Pending interrupts are serviced upon completion of current
instruction execution, depending on their interrupt mask and priority conditions.

The TMS370Cx10 has six hardware system interrupts as shown in the following table. Each system interrupt
has a dedicated interrupt vector located in program memory through which control is passed to the interrupt
service routines. A system interrupt may have multiple interrupt sources. All of the interrupt sources are
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individually maskable by local interrupt enable control bits in the associated peripheral file. Each interrupt source
FLAG bit is individually readable for software polling or to determine which interrupt source generated the
associated system interrupt.

Two of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software configurable as either
a maskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the
individual or global mask bits. Recall that the INT1 NMI bit is protected during nonprivileged operation and
therefore should be configured during the initialization sequence following reset. To maximize pin flexibility,
externalinterrupts INT2 and INT3 can be software configured as general purpose input/output pins ifthe interrupt
function is not required (INT1 can be similarly configured as an input pin).

Hardware System Interrupts

SYSTEM VECTOR §

INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT INTERRUPT PRIORITY
External Reset COLD START RESETT 7FFEh, 7FFFh 1
Watchdog Overflow WD OVRFL INT FLAG
Oscillator Fault Detect OSC FLT FLAG
External INT1 INT1 FLAG INTTT 7FFCh, 7FFDh 2
External INT2 INT2 FLAG INT2t 7FFAh, 7FFBh 3
External INT3 INT3 FLAG INT3t 7FF8h, 7FFgh 4
SPI RX/TX Complete SPIINT FLAG SPIINT 7FF6h, 7FF7h 5
Timer 1 Overlfow T1 OVRFL INT FLAG T1NTH 7FF4h, 7FF5h 6
Timer 1 Compare 1 T1C1 INT FLAG
Timer 1 Compare 2 T1C2 INT FLAG
Timer 1 External Edge T1EDGE INT FLAG
Timer 1 Input Capture T1IC INT FLAG
Watchdog Overflow WD OVRFL INT FLAG

1 Releases microcontroller from STANDBY and HALT low power modes.
1 Releases microcontroller from STANDBY low power mode.
§ Relative priority within an interrupt level.
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privileged operation and EEPROM write protection override

The TMS370Cx10 family is designed with significant flexibility to enable the designer to software-configure the
system and peripherals to meet the requirements of a broad variety of applications. The non-privileged mode
of operation ensures the integrity of the system configuration once defined for an end application. Following a
hardware reset, the TMS370Cx10 operates in the privileged mode, where all peripheral file registers have
unrestricted read/write access and the application program will configure the system during the initialization
sequence following reset. As the last step of system initialization, the PRIVILEGED MODE bit of SCCR3 will
be setto 1, entering the non-privileged mode and disabling write operations to specific configuration control bits
within the peripheral file. The following system configuration bits are write-protected during the non-privileged
mode and must be configured by software prior to exiting the privileged mode:

REGISTER?
CONTROL BIT
NAME LOCATION

SCCRO P010.6 0SC POWER
SCCR2 P012.0 PRIVILEGED MODE
SCCR2 P012.6 PWRDWN/IDLE
SCCR2 P012.7 HALT/STANDBY
SCCR2 P0O12.1 INT1 NMI
SCCR2 P012.2 OSC FLT DISABLE
SCCR2 P012.5 OSC FLT RST ENA
SPIPRI PO3F.6 SPI PRIORITY
T1PRI PO4F.6 T1 PRIORITY

1 1dentified by name and bit location within the register
The privileged bits are shown in a bold typeface in the following Peripheral File Frame sections.

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

low-power operating modes

The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes
is entered by executing the IDLE instruction when the POWERDOWN/IDLE bitin SCCR2 has been setto 1. The
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered.

In the STANDBY mode (HALT/STANDBY=0), all CPU activity and most peripheral module activity is stopped;
however, the oscillator, internal clocks, and Timer 1 remain active. System processing is suspended until a
qualified interrupt (hardware RESET, external interrupt on INT1, INT2, or INT3, or a Timer 1 interrupt) is
detected.

In the HALT mode (HALT/STANDBY=1), the TMS370x10 is placed in its lowest power consumption mode. The
oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is suspended
until a qualified interrupt (hardware RESET or external interrupt on INT1, INT2, or INT3) is detected. The
powerdown mode selection bits are summarized in the following table:

POWERDOWN CONTROL BITS
PWRDWN/IDLE | HALT/STANDBY MODE SELECTED
(SCCR2.6) (SCCR2.7)
1 0 Standby
1 1 Halt

The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file),
CPU registers (stack pointer, program counter, and status register), /O pin direction and output data, and status
registers of all on-chip peripheral functions. All CPU instruction processing is stopped during the STANDBY and
HALT modes, and clocking of the watchdog timer is inhibited.
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peripheral file frame 1

Peripheral File Frame 1 contains system configuration and control functions and registers for controlling EPROM
and EEPROM programming. The privileged bits are shown in a bold typeface in the Peripheral File Frames.

Peripheral Fiie Frame 1: System Configuration and Control Registers

ADDR  PF BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT2 BIT 1 BITO
coLD 0SC | PFAUTO | OSCFLT | MCPIN | MCPIN uP/uC

1010h P00 | START | POWER WAIT FLAG WPO DATA - MODE Sccro

AUTOWAIT MEMORY

101th PO - - - DISABLE - DISABLE - - SCCR1
HALT/ | PWRDWN/ | OSC FLT BUS CPU | OSCFLT | INT1 |PRIVILEGE

1012h  PO12 | grANpBY | IDLE | RSTENA | STEST STEST | DISABLE NMI DIsABLE | SCCR2

10130 PO13

to to RESERVED

1016h  PO16
INT1 INT1 INT1 INT1 INTH

10170 POI7 | £lAG | PINDATA - - - POLARITY | PRIORITY | ENABLE | 'NT!
INT2 INT2 INT2 INT2 INT2 INT2 INT2

1018h  PO18 | piAG | PINDATA - DATA DIR | DATA OUT | POLARITY | PRIORITY | ENABLE | 'NT2
INT3 INT3 INT3 INT3 INT3 INT3 INT3

to19h - P01 | g aG | PINDATA - DATA DIR | DATA OUT | POLARITY | PRIORITY | ENABLE | 'NT3

101Ah  PO1A | BUSY. _ — — — AP WIW0 EXE DEECTL

101Bh  PO1B RESERVED

101Ch  POIC | BUSY VPPS _ — — _ Wo EXE EPCTL

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 15
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peripheral file frame 2

Peripheral File Frame 2 contains the digital /O pin configuration and control registers. The following figure
details the specific addresses, registers, and control bits within this Peripheral File Frame.

Peripheral File Frame 2: Digital Port Contro! Registers

apbR  PF [ BIT7 | BITe | BTs | BIT4 | BIT3 | BIT2 | BIT1 | BITO

1020h P20 RESERVED APORTT
1021h  P021 Port A Control Register 2 (must be 0) APORT2
1022h P22 Port A Data ADATA
1023h  P023 Port A Direction ADIR

1024h  P024
1

to 0 RESERVED
102Bh  P02B
102Ch  P02C Port D Control Register 1 (must be 0) X X X DPORT1
102Dh  P0O2D Port D Control Register 2 (must be 0)1 X X X DPORT2
102Eh  PO2E Port D Data X X X DDATA
102Fh  PO2F Port D Direction X X X | DDIR

tTo configure pin D3 as CLKOUT, set Port D Control Register 2 equal to 08h.

Port Configuration Registers Set-up

abed abced

PORT PIN 00x0 00q1
A 0—7 Data In Outq
D 3—7 Data In Outq

a = Port x Control Register 1
b = Port x Control Register 2
c =Data

d = Direction

NOTES: 2. Each bit controls the corresponding pin; for example, bit 6 controls Port pin 6. Each pin is individually configurable.
3. Only register combination 00xx is defined for TMS370Cx10.
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programmable timers

The programmable timer module of the TMS370Cx10 provides the designer with the enhanced timer resources
required to perform realtime system control. The Timer 1 module contains the general-purpose T1 and the
watchdog timer WD. The two independent 16-bit timers, T1 and WD, allow program selection of input clock
sources (realtime, 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
Realtime System Control Interval Timers with Interrupts
Input Pulse Width Measurement Pulse Accumulate or Input Capture Functions
External Event Synchronization Event Counter Function
Timer Output Control Compare Function
Pulse-Width Modulated Output Control PWM Output Function
System Integrity Watchdog Function

timer 1 module

The timer 1 module consists of three major blocks:

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

16-bit General Purpose Timer, T1, which provides the event count, input capture, and compare functions.

3. 16-bit Watchdog Timer, which may be software programmed as an event counter, pulse accumulator, or
interval timer if the watchdog function is not desired.

16-Bit
Compare Reg

THEVT 8-Bit

16-Bit Watchdog
Counter (Aux. Timer)

Figure 7. Timer 1 Module Block Diagram
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timer 1 module prescaler/clock source

The clock source inputs for the general purpose timer and the watchdog timer are independently configured by
the T1 and WD INPUT SELECT control bits of the TICTL1 cotnrol register. The WD INPUT SELECT control
bits cannot be changed after entering the watchdog mode (WD RST ENA = 1). Eight possible clock sources
are programmable for each counter.

T1INPUT WD INPUT
SELECT 2 | SELECT 1 | SELECTO SELECT 2 | SELECT 1 | SELECTO
0 0 0 System Clock 0 0 0
0 0 1 Pulse Accumulate 0 0 1
0 1 0 Event Input o] 1 0
0 1 1 No Clock Input 0 1 1
1 0 ] System Clock/4 1 0 0
1 0 1 System Clock/16 1 0 1
1 1 0 System Clock/64 1 1 0
1 1 1 System Clock/256 1 1 1

For realtime control applications, both the general-purpose timer and the watchdog timer are independently
programmable from 15 to 24 bits in length. The 24-bit prescaler/timer generates overflow rates ranging from
13.1 ms with 200 ns timer resolution to 3.35 seconds with 51.2 us timer resolution (external clock = 20 MHz).

In the Event Counter mode, an external high-to-low transition on the TIEVT pin is used to provide the clock
for the internal timers. As shown in Figure 8, the TTEVT input provides the timer clock and is not routed through
the prescaler. The T1EVT external clock frequency may not exceed the system clock frequency divided by 2.
The general-purpose timer and the watchdog timer are programmable as 16-bit event counters.

In the Pulse Accumulate mode, an external input on the TIEVT pin is used to gate the internal system clock
to the internal timers. While TIEVT input is logic one (high), the timers will be clocked at the system clock rate
and will accumulate system clock pulses untilthe TIEVT pinreturns to logic zero. Both the general purpose timer
and the watchdog timer are programmable as 16-bit pulse accumulators.

Event
E"IDT Accum General
—0 | _ Purpose
OQ Counter
Frequency o) o Clock
CLKIN
4 4 16 64 256 ‘ J y
[ A T1 Select
] Prescale —
[ WD Select
4 16 64 256 J ( [
T1EVT PI Sync S
Lo S
L —O
o) Watchdog
/O-'— Counter
Accum do Clock
—
Event[_

Figure 8. Timer 1 Counter Prescaler
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timer 1 general purpose timer

The 16-bit general purpose timer, T1, is composed of a 16-bit resettable counter, a 16-bit compare register and
associated compare logic, and a 16-bit register that functions as a capture register in one mode and a compare
register in the other mode. The T1 MODE bit selects whether T1 operates in the Capture/Compare mode or the
Dual Compare mode.

e 1
| |
T1IC/CR Edge 16-Bit
Pin | Detect Capt/Comp Reg I
| |
| |
| pwm | !
Clock Prescal | 16-Bit Counter 16 —1 1oggle [T T1PWM PIn
| |
| |
| |
Interrupt
| 16-Bit Compare Reg Logic |
| |
e e —————— -

Figure 9. Timer 1 — General Purpose Timer

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 will roll over to 0000h and continue counting. Upon counter roll-over, the T1 OVRFL INT
FLAG is set to 1, and a timer interrupt is generated if the T1 OVRFL INT ENA bitis setto 1.

The counter may be reset to 0000h during counting by either; 1) writinga 1 tothe T1 SW RESET bit; 2) acompare
equal condition from the dedicated T1 compare function; or 3) an external pulse on the T1 IC/CR pin (Dual
Compare mode). The designer may select via software (T1 EDGE POLARITY bit) which external transition,
low-to-high or high-to-low, on the T1IC/CR pin will cause the counter to be reset.

Special circuitry prevents the 16-bit registers, including the Counter, Compare, or Capture registers, from
changing in the middle of a 16-bit read or write operation. When reading a 16-bit register, read the LSB first and
then read the MSB. When writing to a 16-bit register, write the MSB first and then write the LSB. The register
value will not change between reading or writing the bytes when done in this order.

The timer 1 module has three 1/O pins used for the functions shown in the following table. Any of these three
pins not used in a timer application may be individually configured as general purpose digital /O pins by the timer
1 module port control registers (T1PC1 and T1PC2).

Timer 1 Module I/O Pin Functions

PIN DUAL COMPARE MODE CAPTURE/COMPARE MODE
T1IC/CR Counter Reset input Input Capture input
T1PWM PWM output Compare output
T1EVT External Event input or Pulse Accumulate input | External Event input or Pulse Accumulate input

The Dual Compare mode (T1 MODE = 0) provides two compare registers, an external resettable counter, and
atimer output pin. These allow the timer to act as an interval timer, a PWM output, simple output toggle, ormany
other timer functions. The Dual Compare mode as shown in Figure 10 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

*
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generates a Timer 1 interrupt. An output compare equal condition from the dedicated compare register can also
initiate a counter reset. A programmable interval timer function, selected by using the compare equal condition
to generate a system interrupt and the counter reset function, generates a periodic interrupt.

Either compare function may be used to toggle the T1PWM output pin when atimer compare equal occurs, while
the other compare function may be used for another system timing function. Using both compare functions to
control the T1PWM pin allows direct PWM generation with minimal CPU software overhead. In typical PWM
applications, the compare register is written with the periodic interval and is configured to allow counter reset
on compare equal, and the Capture/Compare register is written with the pulse width to be generated within that
interval. The program pulse width may be changed by the application program during the timer operation to alter
the PWM 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, a PWM output that is initiated by a transition on an external pin is provided by the timer hardware
to support time-critical control applications. Typically, in these applications an external input (T1IC/CR) is used
toreset the counter, generate atimer interrupt, and toggle the T1PWM pin to start the PWM output. The compare
function willthentoggle 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, the TIEDGE INT FLAG bit is set to 1, a timer interrupt is generated (if TTEDGE INT ENA = 1), and
the T1PWM output pin is toggled (if TICR OUT ENA = 1). Selection of the active input transition is under control
of TTEDGE POLARITY. Inthe Dual Compare mode, the edge detect function must be re-enabled after each valid
edge detect.

Prescaler 16-Bit LSB| 45
Clock Source Cap/Comp MSB
Reg. 44
AL Compare 2 7B.1 - -
I Compare = || ,Tag-l_(}/o_J_ Output Enable
" 486 Tic2 'NTENA acs
|LSB  eBn | i S
40| MsB  Counter TIC2 OUTENA | o
Reset Compare 1 4B.0| AC.GO/ g > T1 PWM
Compare = {~Flag » O— ° Pin
] aBs iy NT enal T1C1 OUT ENA
ﬂ : ac3
TiC1
RST ENA 16-Bit LsB| a3 { TICR OUT ENA
THSW 4C.4 | Compare Reg mssl "
RESET— | = 1\0
.0 5 T1OVRFLINT  4A.4
[P} 11
RST ENA T1 OVRFL
4A.3
INT ENA
T T1 EDGE DET ENA
T1 EDGE INT 4B.2
1Ic/cR ::Igzt —o0— 0 " 4F6 O/O— Level 1 INT
Pin 4C.0 ke,
4B.7 TIEDGE 'NTENA O— Level 2 INT
T1 EDGE POLARITY 4C.2

NOTE 4: The numbers on the diagram, such as 4C.0, identify the register and the bit in the peripheral frame. For example, the actual address of
4C.0is 104Ch, bit 0, in'the T1CTL4 register.

Figure 10. Timer 1 — Dual Compare Mode
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In the Capture/Compare mode (T1 MODE = 1), T1 is configured to provide one input capture register for
external timing and pulse width measurement, and one compare register for use as a programmable interval’
timer. The compare register in this mode functions the same as in the Dual Compare mode described above,
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 11. On the occurrence of a valid input on the T1IC/CR pin, the current
counter value is loaded into the 16-bit input capture register, the T1 EDGE INT FLAG is set to 1, and a timer
interrupt is generated (if TIEDGE INT ENA = 1). The input detect function is enabled by the T1 EDGE DET ENA
bit, with T1 EDGE POLARITY selecting the active input transition. In the Capture/Compare mode, the edge

detect function, once enabled, remains enabled following a valid edge detect.

[ > T1 PWM Pin

Level 1INT

Prescaler 16-Bit LSB | 45 TIC1
Clock Source Capt/Comp msB out
Reg. 44 ENA | 3
1 oo &
41|LSB ace
——  16-Bit Counter
40 | MsB
Reset Compare 1 4B.0 4E6
Flag o0
sB5 T1C1 INT ENA
16-Bit LSB| 43
T1C1 Compare Reg.
m RST ENA MSB) 42

nsgg S~o T1 OVRFL INT 4A4

3A.0 aca Flag oo
4A3 TIOVRFL  INTENA

T1 EDGE DETECT

. ENA T1 EDGE INT 4B.2

IC/ICR[A Edge Select " Flag oo
Pin 4c.0 487 TIEDGE INT ENA

l——— T1 EDGE POLARITY 4C.2

NOTE 4: The numbers on the diagram, such as 4C.0, identify the register and the bit in the peripheral frame. For example, the actual address of
4C.0is 104Ch, bit0, in the T1CTL4 register.

Figure 11. Timer 1 — Capture/Compare Mode

o_Level 2 INT
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timer 1 module watchdog timer

The watchdog timer, contained in the timer 1 module, 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 corruption, or as a general purpose timer if the watchdog function is not
desired. The 16-bit up-counter is programmable (via 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 any time during its operation.

In the Watchdog mode (WD OVRFL RST ENA = 1), the timer will generate a system reset if the timer is
re-initialized by an incorrect value or if the counter overflows. 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 clock = 20 MHz, the watchdog timer overflow rates
range form 6.55 ms to 3.35 seconds. These values are selected prior to entering the watchdog mode because
once the software enables the watchdog reset function (WD OVRFL RST ENA set to 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. The proper reset key alternates between 55k and AAh, beginning with 55h following 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 will be interpreted as a
lost program and a system reset will be initiated. A watchdog timer overflow or incorrect reset key will set the
WD OVRFLINT FLAG bit to 1 and may be interrogated by the program following system reset to determine the
source of the reset.

Inthe 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
counteris 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 will roll over to either 0000h or 8000h, as determined by the WD OVRFL TAP SEL bit, and continue
counting. Upon counter overflow, the WD OVRFL INT FLAG is set to 1 and a timer interrupt is generated if the
WD OVRFLINT ENAbitsetto 1. Alternately, 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.

4A.7
46 16-Bit WATCHDOG
— Watchdag Counter OVERFLOW 50— System Reset
47 INT FLAG WD OVRFL
RST ENA
Clock 4 { s
Prescaler RESET WD OVRFL TAP SEL A6
Interrupt
~~o— p
“L Watchdog Reset Key J WD OVRFL
INT ENA

Figure 12. Watchdog/General Purpose Timer
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ADDR
1040h
1041h
1042h
1043h
1044h
1045h
1046h
1047h
1048h

1049h

104Ah
Mode

104Bh

104Ch
Mode

104Bh

104Ch

104Dh

104Eh

104Fh

Peripheral File Frame 4: Timer 1 Module Control Registers

PF| BIT7 BIT6 BITS BIT 4 BT3 | BT2 | BIT1 BIT0
P040 | Bit15 Counter MSB Bit8
P041 | Bit7 Counter LSB Bit0
P042 | Bit15 Compare Register MSB Bit8
P043 | Bit7 Compare Register LSB Bit0
P044 | Bit15 Capture/Compare Register MSB Bit 8
P045 | Bit7 Capture/Compare Register LSB Bit 0
P046 | Bit15 Watchdog Counter MSB Bit 8
P047 | Bit7 Watchdog Counter LSB Bit0
P048 Watchdog Reset Key
PO4g WD OVRFL | WD INPUT | WD INPUT | WD INPUT THNPUT TIHINPUT TIHNPUT

TAP SELT | SELECT 2t | SELECT 11 | SELECT of - SELECT2 | SELECT1 | SELECTO
posp | WD OVARFL | WD OVRFL | WD OVRFL | TIOVRFL | T1 OVRFL _ - T1
RST ENAT INT ENA INT FLAG INT ENA INT FLAG SW RESET
: Dual Compare
PO4B T1 EDGE Ti1C2 T1C1 T1 EDGE T1C2 TiC1
INT FLAG INT FLAG INT FLAG - - INT ENA INT ENA INT ENA
PO4C T1 MODE T1C1 T1C2 T1Ct TICR T1EDGE T1CR T1EDGE
=0 OUT ENA OUT ENA RST ENA OUT ENA | POLARITY RST ENA DET ENA
: Capture/Compare
poag | T1EDGE T1CH T1 EDGE T1C1
INT FLAG - INT FLAG - - INT ENA - INT ENA
P04C T1 MODE Ti1C1 Ti1C1 _ T1EDGE = T1EDGE
=1 OUT ENA - RST ENA POLARITY DET ENA
PO4D TIEVT TIEVT T1EVT TIEVT
- - - - DATA IN DATA OUT | FUNCTION | DATADIR
PO4E T1IPWM T1IPWM T1IPWM TIPWM .T1IC/CR T1IC/CR T1IC/CR T1IC/CR
DATA IN DATA OUT | FUNCTION | DATADIR DATAIN DATA OUT | FUNCTION | DATADIR
- T1 T1
PO4F | sTEST | PRIORITY - - - - - -

T1CNTR

T1C

TiCC

WDCNTR

WDRST

T1CTL1

T1CTL2

T1CTL3

T1CTL4

T1CTL3

T1CTL4

T1PCH

T1PC2

T1PR!

t Subsequent writes to these control bits are ignored after the WD OVRFL RST ENA bit is set to 1 (see timer1 module watchdog timer) and can

be initialized only following a powerup reset.

The formulas in Figure 13 show the calculations for the resuiting time, given values in the compare registers T1C

and T1

CC.

or

. 4
time = (m) (prescale) (compare + 1)

time =t (prescale) (compare + 1)

Figure 13. Timer 1 Compare Register Formulas
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serial peripheral interface (SPI)

The Serial Peripheral Interface (SPI) is a high-speed synchronous serial I/O port that allows a serial bit stream
of programmed length (one to eight data bits) to be shifted into and/or out of the device at a programmed bit
transfer rate. The SPIis 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.

Three I/O pins are associated with the SP1.These include the SPI slave-in master-out (SPISIMO), SPI slave-out
master-in (SPISOMI), and SPI serial serial clock (SPICLK). These I/O pins can be configured for three-wire
full-duplex transmit/receive or two-wire receive or transmit only. Any of these three pins not used in an SPI
application may be individually configured as general purpose digital 1/O pins controlled by SPIPC1 and SPIPC2.

SPIBUF Butter
37 Register 8 OVERRUN 31.7
PRIORITY
SPIINTERRUPT 3FE6 0
31.0 ‘O)‘_ Level 1 INTREQ
o
31.6 INT ENA O—— Level 2 INTREQ
M
Oo—
SPIDAT

Data Register

j-@ SPISIMO Pin
o—u-I

O\%——KE SPISOMI Pin

MASTER/SLAVE MD
31.2

O POLARITY &3 sPiCLK

30.6

System Clock

Figure 14. SPI Block Diagram

A variety of multiprocessor configurations can be supported, ranging from single master with multiple slaves to
multi-master systems. General purpose I/O pins can be used to implement the slave enables and muiti-master
hardware handshakes between microcontrollers in the network.

The MASTER/SLAVE bit of the SPICTL control register determines if the SPI operates in the master or slave
mode. Master or slave data transmission can be disabled by writing a zero to the TALK bit of the SPICTL control
register, forming a two-wire receive-only network (SPICLK and data in).

In the Master mode (MASTER/SLAVE = 1), the SPI provides the serial clock on the SPICLK pin for the entire
serial communications network. The SPICCR register (SPI BIT RATE2, RATE1, RATEO) determines the bit
transfer rate for the network, both transmit and receive. For any specific system clock frequency, there are eight
data transfer rates that can be selected by these control bits. The data transfer rate is defined by selecting a
one-of-eight divide-by of the system clock frequency (divide-by-2, -4, -8, -16, -32, -64, -128, and -256).
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CLKIN
SPI Baud Rate = 8—)(2—5‘

where b = bit rate in SPICCR bit 3, 4, 5 (range 0-7).

Data written tc 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 the most significant
bit first, there it is stored right-justified in the SPIBUF. 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 into or out of the SPIDAT register, the SPI INT FLAG bit is set and if the SPI INT ENA bit is set to one,
an Interrupt is asserted.

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 system clock frequency divided by eight.

Data written to the SPIDAT register will be 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
onthe SPISIMO pininto the SPIDAT register. If data is to be transferred by the slave simultaneously, then it must
be written to the SPIDAT register prior to the beginning of SPICLK.

Compatibility with the broadest range of existing peripheral devices is provided by the SPI through its software
programmable transmit/receive character length, bit transfer rate, and clock polarity. A character length from
one to eight data bits is selected by writing to the SPICCR control register (SPI CHAR2, CHAR1, and CHARO)
to specifically match the peripheral’s data length requirements, thereby not requiring the overhead of data bit
padding during communications. Applications requiring more than eight bits of serial data use multiple
back-to-back SPI operations.

External peripherals enable output data on either the rising or the falling edge of the serial clock, while latching
incoming data on the opposite edge. The SPI supports data transfer using either of these approaches. The
CLOCK POLARITY bit controls the steady-state or at-rest condition of the SPICLK signal. This bit affects both
master and slave modes of operation. When CLOCK POLARITY is set to 1, the at-rest level of SPICLK is a logic
one (high). Data is enabled at the output on the falling edge of SPICLK, and data is latched by the network master
and slaves on the rising edge of SPICLK. When CLOCK POLARITY is set to zero, the at-rest level of SPICLK
is alogic zero (low). Data is enabled for output on the rising edge of SPICLK, and data is latched by the network
master on the falling edge of SPICLK.

s
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Peripheral File Frame 3: Serial Peripheral Interface (SPI) Control Registers

ADDR  PF BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO
1030h  PO30 SPI CLOCK | SPiBIT | SPIBIT | sPiBIT SPI SPl SPI SPICCR
SW RESET | POLARITY | RATE2 RATET RATE 0 CHAR2 CHART CHARO
RECEIVER SPI MASTER/ )

103th - PO31 | GUERRUN | INT FLAG - - - SLAVE TALK INTENA | SPICTL
1032h  P032 Reserved

to to
1036h  P0O36
1037h  P037 SPI Receive Data Buffer Register SPIBUF
1038h  P038 Reserved
103sh  P0O39 SPI Serial Data Register SPIDAT
103Ah  PO3A

to to Reserved
103Dh  PO3C

SPICLK | SPICLK | SPICLK | SPICLK
103Dh  PO3D - - - - DATAIN | DATAOUT |FUNCTION | DATADIR | SPIPC1
103eh  posg | SPISMO [ SPISIMO [ SPISIMO | SPISIMO | SPISOMI | SPISOMI | SPISOMI | SPISOMI | (oo,
DATAIN | DATA OUT | FUNCTION | DATADIR | DATAIN | DATA OUT | FUNCTION | DATA DIR
SPI SPI SPI
103Fh  PO3F | gTEST | PRIORITY | ESPEN - - - - - SPIPRI
INSTRUMENTS
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instruction set

The TMS370 family instruction set consists of 73 instructions that control input, output, data manipulations, data
comparisons, and program flow. The instruction set is supported with 14 addresssing modes to provide the
flexibility to optimize programs to the user’s applications. For example, the MOV instruction has 27 operand
combinations supported by its addressing modes.

ADDRESSING MODE EXAMPLE OPERATION
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)

Relative Offset Indirect JMPL 12(R4) PCN + 12 + (R3:R4) — (PC)

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.

The CPU controls instruction execution by executing microinstructions from a dedicated control memory at a
rate of one microinstruction per internal system clock cycle, t.. The number of system clock cycles required to
execute one assembly language instruction varies depending on the instruction complexity, operand addressing
mode, and number of wait states. Instruction execution times are stated in terms of the number of internal system
clock cycles per instruction. Instruction execution times vary from 5 to 63 internal system clock cycles, with most
instructions requiring less than 10 cycles to complete.

‘Similarly, the number of bytes of program memory required to store an instruction will vary with instruction
complexity and addressing mode. TMS370 instructions require from one to five bytes of program memory
space, with most instructions occupying one or two bytes.

The TMS370 INSTRUCTION SET SUMMARY, beginning on page 28, shows the instruction set, the addressing
modes, the program memory byte length, and the execution cycle count for each instruction. The Addressing
Mode entries are in the format of BYTE LENGTH/CYCLE COUNT. The following symbols and abbreviations are
used:

SYMBOL DEFINITION SYMBOL DEFINITION

s Source Operand d/D Destination Operand (8-bit/16-bit)

A Register A or RO in Register File B Register B or R1 in Register File

Rs Source Register in Register File Rd Destination Register in Register File
Ps Source Register in Peripheral File Pd Destination Register in Peripheral File
Rps Source Register Pair (Rn, Rn-1) Rpd Destination Register Pair (Rn, Rn-1)
Rp General Purpose Register Pair label 16-bit Label

iop8 8-bit Immediate Operand iop16 16-bit Immediate Operand

off8 8-bit Signed Offset (label — PCN) off16 16-bit Signed Offset

PC Program Counter PCN 16-bit Address of Next Instruction
SP Stack Pointer ST Status Register

# Immediate Operand @ Indirect Addressing Operand

[} Status Register Carry Bit XADDR 16-bit Address

() Contents of — Is Assigned to

i
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TMS370 Instruction Set Summary

ADDRESSING MODES
OPERATION DIRECT EXTENDED DESCRIPTION
A B | Rd | Pd |label | @Rp | label(B) | off8(Rp) | off8(SP) | OTHER
ADC B, 1/8 Add with Carry
Rs, _ 217 27 | 39 (s) + (d) + (C) =~ (d)
#iop8, __ 2/6 2/6 | 3/8
ADD B, _ 1/8 Add
Rs, _ 217 27 | 39 (s) + (&) = (@)
#iop8, 2/6 2/6 | 3/8
AND A _ 2/9 And
B, _ 1/8 219 (s) AND (d) —= (d)
Rs, _ 217 27 | 39
#iop8, _ 2/6 2/6 | 3/8 |3/10
BR 3’ 2/8 3/1 4/15 Branch; D — XADDR
8TJot A, _off8 3/10 Bit Test and Jump If One
B, _off8 2/10 3/10 If (s) AND (d) = O then
, —off8 39 3/9 | 4 PCN + offset — (PC)
#iop8, _,off8 3/8 3/8 | 4/10 | 4/11
szt A, _of8 3/10 Bit Test and Jump If Zero
B, _off8 2/10 3/10 If (s).AND.(not d) = 0 then
Rs, _off8 3/9 3/9 | 4/m PCN + offset — (PC)
#iop8, _,off8 3/8 3/8 | 4/10 | 4/11
CALL — 3/13 | 2112 3/15 4/19 Call; Push PCN, D — XADDR
CALLR _ 3/15 | 2/14 317 4/21 Call Relative
Push PCN, PCN + XADDR — (PC)
CLR — 1/8 1/8 | 2/6 Clear; 0 — (d)
CLRC 1/19 | Clear Carry; 0 — (C)
CMP —A 311 | 2/10 3/13 417 2/8 Compare
B, — 1/8 (d) - (s) computed and
Rs, _ 217 217 | 39 Status Register flags set
#iop8, 2/6 2/6 | 3/8
CMPBIT — 3/8 | 3/10 Complement Bit (One's complement)
CMPL — 1/8 1/8 | 2/6 Two's complement;
0100h - (s) —> (d)
DAC B, _ 110 Decimal Add with Carry
Rs, _ 2/9 2/9 | 3m (s) + (d) + (C) — (d) (BCD)
#iop8, _ 2/8 2/8 |3/10
DEC - 1/8 1/8 | 2/6 Decrement; (d) — 1 — (d)
DINT 2/6 Disable Interrupt; 00 — (ST)
DIV Rs, _ 3_/47-633 Integer Divide; 16 by 8-bit
A:B/Rs — A(=quo), B(=rem)
# cycles depends on operands
DUNZ! _off8 2110|2110 38 Decrement and Jump If Not 0
(d)—1—(d)if(d) =0
then PCN + offset — (PC)

t Add 2 to cycle count if jump is taken.

$ Actual number of cycles is 14 if the quotient is greater than 8 bits (overflow condition).
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TMS370 Instruction Set Summary (continued)

ADDRESSING MODES

OPERATION DIRECT EXTENDED DESCRIPTION
A B | Rd | Pd |label | @Rp | label(B) | off8(Rp) | off8(SP) | OTHER
DsB B, _ 1/10 Decimal Subtract with Borrow
RS, _ 2/8 2/9 |3 (d) - (s) - 1+ (C) — (d) (BCD)
#iop8, _ 2/8 2/8 | 3/10
EINT 2/6 Enable Interrupts; 0Ch — (ST)
EINTH 2/6 | EINT High Priority; 04h — (ST)
EINTL 2/6 EINT Low Priority; 08h — (ST)
IDLE 1/6 Idle Until Interrupt, Low Power entry
INC _ 1/8 18 | 2/6 Increment; (d) + 1 — (d)
INCW #off8, _ 3/11 (Rp) + offset — (Rp)
INV — 1/8 1/8 | 2/6 Invert; NOT (d) — (d)
JMP — 2m Jump; PCN + offset8 — (PC)
JMPL —_ 319 2/8 3/11 4/15 Jump; PCN + XADDR — (PC)
Jendt 2/5 | Jump Conditional
JIN 2/5 Negative
Jz 2/5 Zero
JC 2/5 Carry
JP 2/5 Positive
JPZ 2/5 Positive or Zero
JNZ 2/5 Negative or Zero
JNC 2/5 No Carry
JVv 2/5 Overflow, signed
JNV 2/5 No Overlfow, signed
JGE 2/5 Greater Than or Equal, signed
JL 2/5 Less Than, signed
JG 2/5 Greater Than, Signed
JLE 2/5 Less Than or Equal, signed
JLo 2/5 Lower Value
JHS 2/5 Higher or Same
Jsitot 410 | 4/11 Jump If Bit = 0
JBimit _ 4/10 | 4/11 Jump It Bit = 1
LDSP 17m Load Stack Pointer; (B) — (SP)
LDST #iop8 2/6 Load ST Register; (s) — (SP)
MoV A 1/9 | 2/7 | 2/8 | 3/10 | 2/9 3/12 4/16 2/7 Move; (s) —* (d)
—A 1/8 | 2/7 | 2/8 | 3/10 | 2/9 3/12 4/16 277
B, 1/8 277 | 2/8
Rs, _ 2r7 2/7 | 3/9 |3/10
Ps, 2/8 2/8 | 3/10
#iop8, __ 2/6 2/6 | 3/8 | 3/9
MOVW Rps, 2 Move Word; 16-bit operands
#iop16, 413 (s) = (d)
Hiop16(B), 4/15
Hott8(Rp), 5/19
T Add 2 to cycle count if jump is taken.
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TMS370 Instruction Set Summary (concluded)

ADDRESSING MODES

OPERATION DIRECT EXTENDED DESCRIPTION
A B | Rd | Pd |label | @Rp | label(B) | off8(Rp) | off8(SP) | OTHER
MPY B, __ 1/47 Multiply
RS, 2/46 2/46 | 3/48 (s) x (d) — (A:B)
#iop8, 2/45 2/45 | 3/47 A =MSB, B =LSB
NOP 177 | NOP; (PC) +1 — (PC)
OR A 2/9 OR
B, _ 1/8 2/9 (s) OR (d) = (d)
Rs, 27 2/7 | 3/9
#iop8, 2/6 2/6 | 3/8 |3/10
POP — 19 19 | 217 1/8 Pop Top of Stack
((SP)) == (d): (SP) - 1 = (SP)
PUSH — 19 19 | 27 1/8 Push onto Stack
(SP) + 1 == (SP); (s) — ((SP))
RL — 1/8 1/8 | 2/6 Rotate Left
RLC — 1/8 18 | 2/6 Rotate Left Through Carry
RR — 1/8 1/8 | 2/6 Rotate Right
RRC — 1/8 1/8 | 2/6 Rotate Right Through Carry
RTI 1/12 Return from Interrupt
Pop PC, Pop ST
RTS 1/9 Return from Subroutine, Pop PC
SBITO —_ 3/8 |3/10 Set Bitto 0
SBIT1 — 3/8 | 3/8 SetBITto 1
SETC 17 Set Carry; AOh — (ST)
SssB B, _ 1/8 Subtract with Borrow
27 27 | 39 @ =(s)-1+(C)—~ (9
2/s 25 | 358
STSP 1/8 | Store Stack Pointer; (SP) — (B)
sus B, 1/8 Subtract
Rs, _ 217 27 | 39 (d) - (s) = (d)
#iop8, 2/6 2/6 | 3/8
SWAP — 1m 17|29 Swap Nibbles
5(7-4,3-0) — d(3-0,7-4)
TRAPn 114 Trap to Subroutine; Push PCN;
Vector n — (PC)
TST — 19 1/10 Test; Set flags from register
XCHB — 1/10 110 | 2/8 Exchange B; (B) + (d)
XOR A _— 219 Exclusive OR
B, 1/8 2/9 (s) XOR (d) — (d)
Rs, — 27 217
#iop8, __ 2/6 2/6 | 3/8 |3/10
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TMS370 Family OPCODE/Instruction Map

F | R s T N I B B L E
0 1 2 3 4 5 6 7 8 9 A B C D E F
IMP INCW | MOV CLRC MOV MOV | TRAP LDST
of ra #nRd | PaA TSTA AB ARd 15 n
217 31 2/8 119 1/9 27 114 2/6
UN MOV MOV MOV MOV MOV | TRAP MOV
1 ra APd B.Pd Rs,Pd Ps,Rd B,Rd 14 n(SP),A
25 2/8 2/8 3/10 3/10 on 114 27
JZ [ MOV | MOF | MOV | MOV | MOV | MOV | MOV MOV DEC DEC DEC | TRAP MOV
2 ra Rs,A #n A Rs,8 Rs,Rd #n,B BA #n,Rd Ps,Rd A B Rn 13 A.n(SP)
25 | 27 2/6 277 3/9 2/6 1/8 38 3/10 1/8 18 2/8 114 217
JC | AND | AND | AND ND | AND | AND | AND | AND AND AND INC INC INC | TRAP CMP
3| ra [RsA | #nA | RsB | RsRd | #nB BA | #nRd | APd B,Pd #n,Pd A B Rn 12 n(SP).A
25 | 27 2/7 3/9 3/9 2/6 1/8 3/8 2/9 2/9 2/9 1/8 178 2/6 114 2/8
JF | OR | OR OR OR OR OR OR OR OR OR NV NV INV_ | TRAP | extend
4| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | APd 8,Pd #n,Pd A B Rn 1 inst,2
R 2/6 2/7 319 2/6 1/8 3/8 2/9 2/9 3/10 1/8 1/8 2/6 114 | opcodes
JPZ | XOR | XOR | XOR | XOR | XOR | XOR | XOR | XOR XOR XOR CLR CLR CLR | TRAP
5| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | APd B,Pd #n.Pd A B Rn 10
25 | 27 2/6 217 3/9 2/6 1/8 3/8 2/9 2/9 310 1/8 1/8 2/6 1/14
JNZ | BTJO | BTJO | BTJO | BTJO | BTJO | BIJO | BTJO | BTJO | BTJO BTJO XCHB | XCHB | XCHB | TRAP DLE
6 ra Rs,A #n,A B,Pd Rs,Rd #n,B BA #n,Rd APd B,Pd #n,Pd A TESTB Rn 9
2/5 3/9 3/8 3/9 4Mm 3/8 2/10 410 m 3/10 4Mm 110 110 2/8 114 1/6
ONC | BTJZ | BTJZ | BTJZ | BTJZ | BYJZ | BTJZ | B14Z | BTJZ BTJZ BTJZ SWAP | SWAP | SWAP | TRAP MOV
7 ra Rs A #n,A Rs,B Rs,Rd #n,B BA #n,Rd APd B,Pd #n,Pd A B Rn 8 #n,Pd
25 | 39 3/8 3/9 41 38 210 | 4/10 310 3/10 411 11 111 219 114 3/10
JV | ADD | ADD | ADD | ADD | ADD | ADD | ADD | MOVW | MOVW | MO} PUSH | PUSH | PUSH | TRAP | SETC
8| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | #16Rd | RsRd | #16(B).,Rd A Rs 7
25 | 27 2/6 27 3/9 2/6 1/8 3/8 413 3/12 4115 119 19 217 114 17
JU | ADC | SX | ADC | ADC | ADC | ADGC | ADC | JMPL | JMPL JMPL POP POP POP | TRAP RTS
9| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd lab @Rd lab(B) A B Rd 6
25 | 27 2/6 217 3/9 2/6 ) 3/8 3/9 2/8 Iy 179 1/9 217 114 19
JLE | SUB | SUB | SU SUB | SUB | SUB | SUB | MOV MOV MO DINZ DJNZ DINZ | TRAP Gl
A| ra | RsA | #nA | RsB | RsRd | #nB BA BA labA | @RsA labsB)A Ara Bra Rnra 5
25 | 26 2/6 27 3/9 2/6 1/8 1/8 3/10 2/9 2 2/10 2/10 38 114 1712
JHS [ sBB | ses | ses SUB | SBB | SBB | SBB | MOV MOV MOV COMPL | COMPL | COMPL | TRAP | PUSH
B| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | Alab | A@Rd | Alab(B) A 8 Rn 4 ST
25 27 26 27 3/9 2/6 1/8 3/8 3/10 2/9 /12 1/8 18 26 . 114 18
JNV MPy MPY MPY MPY MPY MPY MPY BR BR BR RR RR RR TRAP POP
Cc ra Rs, A #n,A Rs,B Rs,Rd #n,B BA #n,Rd lab @Rd lab(B) A B Rn 3 ST
25 | 246 | 245 | 2/46 2/a6 248 | 1/47 | 3/a7 3/9 2/8 178 18 18 2/6 114 8
JGE | CMP | CMP | CMP | CMP | CMP | CMP | CMP | CMP CMP CM RRC RRC RRC | TRAP | LDSP
D| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | labA | @RsA ‘absB),A A B Rn 2 ST
55 | 27 2/6 27 3/9 2/6 1/8 38 311 2/10 33 1/8 1/8 2/6 114 17
JG | DAC | DAC | DAC DAC | DAC | DAC | DAC | CALL | CALL CALL AL AL [ TRAP | STSP
E|{ ra | RsA | #nA | RsB | RsRd | #n8 BA | #nAd lab @Rd 1ab(B) A B Rn 1 ST
25 | 29 2/8 219 3m 2/8 110 | 310 33 212 313 1/8 18 2/6 114 18
JLO | 0SB | DSB | DSB DSB | DSB | DSB | DSB | CALLR | CALLR | CALLR RLC RLC RLC | TRAP NOP
F| a | RsA | #nA | RsB | RsRd | #nB BA | #nRd lab @Rd lab(B) A B Rn 0
25 | 29 2/8 2/9 3N 2/8 110 | 3/10 315 2114 37 1/8 1/8 2/6 114 1\
0 1 2 3 4 5 6 7 8 9 A B c D E F
Second byte of two-byte instructions (F4xx): E F
mMow| DIV
8| n@®n) RAn,A
415 | 3/14-63
. JMPL
ra — relative address 9 rL(F‘!g)
Rn — Register d
Rs — Register containing source byte MoV
. .. " N A [ n(Rn),A
Rd — Register containing destination byte 4/1
Ps — Peripheral register containing source byte
Pd — Peripheral register containing destination byte 8 A’f&‘i‘)
Pn — Peripheral register 4/16
#n  — Immediate 8-bit number BR
#16 — Immediate 16-bit number c| n(Rn)
lab — 16-bitlabel ane
@Rn — 16-bit address of contents of register pair CMP
o| n@®n
418
CALL
E| n(Rn)
4/20
CAthR
F n
s
E F
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development system support
The TMS370 family development support tools include an Assembler, a C-Compiler, a Linker, an in-Circuit
emulator (XDS — eXtended Development Support), and an EEPROM/UVEPROM programmer. All of the tools
work closely together using any MS ™-DOS-Based Personal Computer (PC) or a VMS ™-based DEC VAX™
computer 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.

Assembler/Linker (Part Number TMDS3740810-02 for PC, Part No. TMDS3740210-08 for VAX/VMS)

— Extensive macro capability.
— High-speed operation.
— Format conversion utilities available for popular formats.

ANSI C-Compiler (Part No. TMDS3740815-02 for PC, Part No. TMD3704215-08 for VAX/VMS)

— Generates assembly code fo the TMS370 that can be easily inspected.

— The compilation, assembly and linking steps can all be performed with a single command.

— Enables the user to directly reference the TMS370's port registers by using a naming convention.
— Provides flexibility in specifying the storage for data objects.

— C-functions and Assembly functions can be easily interfaced.

XDS/11 (eXtended Development Support) In-Circuit Emulator (Part Number TMDS3761111)

— PC-based, window/function-key oriented user interface for ease of use and a rapid learning environ-
ment.

— Symbolic debugging.

— Execute single/muiltiple instructions, single/multiple statements, until/while condition, or at full speed
until breakpoint.

— The user needs to provide a regulated 5 VV power supply with a 3A current capability.

XDS/22 (eXtended Development Support) In-Circuit Emulator ( Part Number TMDS3762210)

— Contains all of the features of the XDS/11 described above but does not require an external power
supply.

— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace
samples with symbolic disassembly.

— Allows break points to be qualified by address and/or data on any type of memory acquisition. Up to four
levels of events can be combined to cause a breakpoint.

— Provides timers fo analyzing total and average time in routines.

— Contains an eightline logic probe for adding visibility of external signals to the breakpoint qualifier and to
the trace display.

EEPROM/EPROM Programmer (Part Number TMDS3760510)

— PC-based, window/function-key oriented user interface for ease of use and a rapid learning environ-
ment.

— Supports all TMS370 series devices to provide rapid target prototyping capability.

— Also programs TMS2732, TMS2764, TMS27128, and TMS27256 NMOS and CMOS EPROMs.

— Plug-in personality boards and loadable parameters to support future packages and devices.

Design Kit (Part No. TMDS3770110)

— Inciudes TMS370 Appiication Board and TMS370 Assembier diskette and documentation.

— Supports quick evaluation of TMS370 functionality.

— Capability to upload and download code.

— Capability to execute programs and software routines, and to single-step executable instructions.
— Software breakpoints to halt program execution at selected addresses.

— Wire-wrap prototype area.

— Reverse assembler.

MS is a trademark of Microsoft Corporation. VMS,"DEC, and VAX are trademarks of Digital Equipment Corporation.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo (SE8 NOtE B) ...ttt e -06t07V
Input voltage range, All pins except MC ... .. .o -06t0o7V

M -06t014V
Input clamp current, ik (Vi < 00r Vi>VEE) oo +20 mA

Output clamp current, log (Vo <00rVo>VEo) «vvvovvr oo
Continuous output current per buffer, g (Vo = 0 to V) (see Note 5)
Maximum Ioo CUITBNE e
Maximum Igg CUITENE L. e
Continuous power disSSipation .. ... o
Storage temperature range ... ... ...

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

NOTES: 5. Electrical characteristics are specified with all output buffers loaded with the specified g current. Exceeding the specified Ig current

in any buffer may affect the levels on other buffers.

recommended operating conditions

PARAMETER MIN  NOM MAX | UNIT
Ve Supply voltage (see Note 6) 45 5 5.5 \
Voc RAM data-retention supply voltage (see Note 7) ’ 3 55 \
All pins except MC Vss 0.8
-level i It:
Vit Low-levelinput valtage MC, normal operation Vss 0.3 v
All pins except MC, XTAL2/CLKIN, and RESET 2 Vee
MC/Write Protect Overrid PO 1.7 13
Vi High-level input voltage dall verride (WPO) \%
XTAL2/CLKIN 0.8Vce \Yele}
RESET 0.7Vee Vee
. : A version - 40 85 °C
Ta  Operating free-air temperature
L version 0 70 °C

NOTES: 6. Unless otherwise noted, all voltages are with respect to Vgs.

7. To guarantee RAM data retention form 3 V to 4.5 V, RESET must be externally asserted and released only while Vg is within the
recommended operating range of 4.5V to 5.5 V.

s
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

VoL Low-level digital output voltage loL =1.4mA 0.4 \%

IoH =50 pA 0.9Vce

loH=—-2mA 2.4
0V=V;s03V 10
Il Inputcurrent Mc 03V<V;=13V es0] "
1/0 pins 0VsV)=Vce =10 pA
loL Low-level output current VoL =04V 1.4 mA
VoH =0.9Vce -50 pA

VoH =24V By mA

VoH High-level output voltage v

IoH High-level output current

Supply current (Operating mode) (Sgﬁé‘:ﬁtfz%ﬁgf) 2 3%

lcc
Osc Power bit = 0 (see Note 10) (SSEK'\,‘::fsé a'\;gzg) 13 25 mA

(see Notes 8 and 9)
CLKIN =2 MHz 5 "

Supply current (Standby mode) (SgEKr\:ﬁ'fSZ% i;l(-j(zg) 10 17

Icc

Osc Power bit = 0 (see Note 11 (see Notes 8 and 9)
( ) CLKIN = 12 MHz 6.5 11 mA

(see Notes 8 and 9)
CLKIN = 2 MHz 2 35

Supply current (Standby mode) (SgEK'\:l?jtiS& i;‘ﬂf) 45 8.6

I
cC (see Notes 8 and 9) mA

Osc Power bit = 1 (see Note 12) CLKIN = 2 MHz 1.5 3.0

(see Note 8)

Icc  Supply current (Halt Mode) XTALZ/CLKIN < 0.2 V 1 30 HA

NOTES: 8. Single chip mode, ports configured as inputs, or outputs with no load. All inputs < 0.2V or = Vgg—- 0.2 V.
9. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Currents
may be higher with a crystal oscillator. At 20 MHz this extra current = .01 mA x (total load capacitance + crystal capacitance in pF).
10. Maximum operating current for TMS370Cx10 = 1.4 (CLKIN) + 8 mA.
11. Maximum standby current for TMS370Cx10 = 0.75 (CLKIN) + 2 mA.
12. Maximum standby current for TMS370Cx10 = 0.56 (CLKIN) + 1.9 mA. (Osc power bit valid only from 2 MHz to 12 MHz.)

*

Texas
INSTRUMENTS

34 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77001



TMS370Cx10
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XTAL2/CLKIN XTAL1 XTAL2/CLKIN XTAL1
| D |
. 10T +
Ci* == crystaCeramic |~ C2

1 rzlesonatorf L External No Connection

= Clock Signal
t The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period.
# The values of C1 and G2 should be the values recommended by the crystal/ceramic resonator manufacturer.

Typical Output Load Circuits
Load Voltage

1.2kQ

Vo

T

Case 1: Vo =VoH = 2.4 V; Load Voltage =0V
Case 2: Vg = VoL = 0.4 V; Load Voltage = 2.1 V

§ All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN driven by
an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated.
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timing parameter symbology

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the
symbols, some of the pin names and other related terminology have been abbreviated as follows:

AR Array S Slave mode
B Byte SIMO SPISIMO
Cl XTAL2/CLKIN SOMI SPISOMI
CO CLKOUT SPC SPICLK

PGM Program

Lowercase subscripts and their meanings are:

c cycle time (period) su setup time

d delay time Y valid time

f fall time w pulse duration (width)
r rise time X oscillator

The following additional letters are used with these meanings:

H High
L Low
\% Vallid

PARAMETER MEASUREMENT INFORMATION
All timings are measured between high and low measurement points as indicated in the figures below.

===} — -~ —— 0.8 Vgc V (High) = X\~ T — — 2V(High)
—— 0.8V (Low) — - 0.8V (Low)

XTAL2/CLKIN Measurment Points General Measurement Points

*p
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external clocking requirementst

NO. PARAMETER MIN  NOM MAX | UNIT
1 tw(Cl) XTAL2/CLKIN pulse duration (see Note 13) 20 ns
2 tr(cy XTAL2/CLKIN rise time 30 ns
3 ) XTAL2/CLKIN fall time 30 ns
4 t4(CIH-COL) Delay time, XTAL2/CLKIN rise to CLKOUT fall 100 ns

CLKIN Crystal operating frequency 2 20 MHz

 For Vi and V|, refer to “Recommended Operating Conditions”.
NOTE 13:  This pulse may be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an
XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle.

external clock timing

f— 1]

maen /NN
|
|

|
|
> - 2 |
|
|

|
|
L]

¥

l—>- 4

©CLKOUT / X

switching characteristics and timing requirements ¥

NO. PARAMETER MIN MAX UNIT
5 te CLKOUT (system clock) cycle time 200 2000 ns
6 tw(coL) CLKOUT low pulse duration 0.5tc-20 0.5t ns
7 tw(COH) CLKOUT high pulse duration 0.5t¢ 0.5tc+20 ns

1. = system clock cycle time = 4/CLKIN.

CLKOUT timing

¢ 5 » — 7 —»
| | rq—s—dl I I
I

crrout m
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general purpose output signal switching time requirements

MIN  NOM MAX | UNIT

t Rise time 45 ns

t Fall time 45 ns

recommended EEPROM timing requirements for programming

MIN  NOM MAX | UNIT

tw((PGM)B Programming signal pulse duration to insure valid data is stored (byte mode) 10 ms

tw(PGM)AR Programming signal pulse duration to insure valid data is stored (array mode) 20 ms

recommended EPROM operating conditions for programming

MIN NOM MAX | UNIT

\ole} Supply voltage 4.75 55 6.0 \
Vpp Supply voltage at MC pin 12 125 13 \
lpp Supply current at MC pin during programming (Vpp = 13 V) 35 50 mA
CLKIN Operating crystal frequency 2 20 | MHz

recommended EPROM timing requirements for programming

MIN NOM MAX | UNIT

tw(IEPGM) Initial programming pulse (see Note 14) 0.95 1 1.05 ms

tw(FEPGM) Final programming pulse 2.85 78.75 ms

NOTE 14: Programming pulse is active when both EXE (EPCTL.0) and VPPS (EPCTL.6) are set.

Serial Peripheral Interface (SPI) Timing

SPI master external timing characteristicst

NO. PARAMETER MIN MAX UNIT
38 C(SPC) SPICLK cycle time 2t 256t ns
39 tw(SPCL) SPICLK-low pulse duration tc— 45 0.5tc(SPC)+45 ns
40 tw§ch) SPICLK:-high pulse duration tc — 45 0.5t¢(SPC) +45 ns
41 td(SPCL-SIMOV) Delay time, SPISIMO valid after SPICLK low (Polarity =1) ~50 50 ns
42 ty(SPCH-SIMQ) SPISIMO data valid after SPICLK high (Polarity =1) tw(SPCH) - 50 ns

SPI master external timing requirementst

NO. MIN MAX UNIT
43 ’su(SOMI~SPCH) SPISOMI setup time to SPICLK high (Polarity = 1) 0.25t; + 150 ns
44 tv(SPCH-SOMI)  SPISOMI data valid afterSPICLK high (Polarity = 1) 0 ns

1 t¢ = system clock cycle time = 4/CLKIN.

*
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SPI master external timing

g 38 >
| |
| [e——a0—>
| ;4— 39— | I
SPICLK _\__m
|
;1—*(;— a1 f——— a2 ——HI
KXHXX XXX XKD GOOOKXKKK
SPISIMO (XX "“’"’ vaiid PR
¢ 43—
| —» - 44

v.v \VAV/ v.v.v’v‘v‘v.v‘v‘ ‘v'v.v‘v.v’v.v.v.v.v.v.v‘v’
QIR LY

SPisomi OO

NOTE 15: The diagram above is for Polarity = 1. SPICLK is inverted from above diagram when Polarity = 0.

SPI slave external timing characteristicst

NO. PARAMETER MIN MAX UNIT
48 td(SPCL-SOMIV)S Delay time, SPISOM! valid after SPICLK low (Polairty = 1) 3.25t + 125 ns
49 ty(SPCH-SOMN)S  SPISOMI data valid after SPICLK high (Polarity =1) tw(SPCH)S ns

SPI slave external timing requirements?

NO. PARAMETER MIN MAX UNIT
45 tc(SPC)S SPICLK cycle time 8tc ns
46 tw(SPCL)S SPICLK-low pulse duration 4tc-45  0.5t(SPC)S+45 ns
47 tw(SPCH)S SPICLK high pulse duration 4c-45  0.5t(SPC)S+45 ns
50 tsu(SIMO-SPCH)S SPISIMO setup time to SPICLK high (Polarity = 1) 0 ns
51 tv(SPCH-SIMO)S SPISIMO data valid after SPICLK high (Polarity = 1) 3tc + 100 ns

T1c = system clock cycle time = 4/CLKIN.

SPI slave external timing

- as »
{ r
| e
| :4— a6—> | |
SPICLK W
|
L—b;— a8 l¢— a0 —~——N|
e o
SPISOMI - QXKL "{"‘ Valid XL,
- 50—
| —» }1— 51

TXXXIXIIIII) (RRIRXIIIIIIIR)
SPISIMO (X XX LRI

NOTES: 16.The diagram above is for Polarity =1. SPICLK is inverted from above diagram when Polarity = 0.
17.As a slave, the SPICLK pin is used as the input for the serial clock, which is supplied from the network master.
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MECHANICAL DATA

28-pin ceramic leaded chip carrier package (J suffix)

37,21 (1.465)

2,29 (0.090) 36,45 (1.435)
1,53 (0.060) N
P Vome Vo T e T Ve Ve Ve T T P

| I

15,19 (0.598)

0,559 (0.022)
0,356 (0.018)

14,50 (0.571)

_L

S s o e s e e e s e e s e s
1

5,08 (0.200)
3,81 (0.150)

4,45 (0.175)

0,457 (0.018) MIN 3,56 (0.140)

279 (0.110) le-

2,29 (0 090)

5
T

JL Min
1,57 (0.082)
T3 0035 Ref

1,14 (0.045)

0,711 (0.028)
Min Ref

Lens Protrusion
0,254 (0.010) Max

15,85 (0.624)
14.99 (0590) |

)

0,30 (0.012)

0,20 (0.008)
18,29 (0.720)
16,36 (0.644)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHICALLY IN INCHES

28-pin plastic leaded chip carrier package (N suffix)

o —— Seating —F
dos Plane

36,6 (1.440) Max
28

i Y eV s e e e e T

Either or
Both

R e e e e e e s § e s e

15,24 0,25

5,08 (0.200) Max T

(0.600 = 0.010) J:— 0,51 (0.020) Min
| |

0,28+ 0,08
{0.011 £ 0.003)

0,46 = 0,08 ‘JL

(0.018 + 0.003)

2,54 (0.100) T.P.
Pin Spacing
(see Note A)

1,40 £ 0,18
(0.055  0.007)

3,17 (0.125)
Min

0,84 (0.33) Min

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHICALLY IN INCHES

NOTE A: Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.

40
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MECHANICAL DATA
FZ cerquad chip carrier package
A 4570180
(see Note A) 3,94 (0.155) Seating Plane (see Note C)
o 3,55 (0.140)
1.02 (0.040) x 45 1 B8 —> 3.05(0420) | 1,27 (0.05) Typ
(see Note B)
o onooooo
o
¥ E
q
i 0,81 (0.032) Cc
A B i g 0,66 (0.026) 051(0020) gy seating
i i] I 036 (0.014)  Plane)
g i -
d h F ¥
e
0,64 (0.025) R 1.016 (0.040) Min
Max Typ 3,05 (0.120)
2,29 (0.090)
A B c
MIN MAX MIN MAX MIN MAX
12,32 12,57 10,92 11,56 10,41 10.92
Mo-087AA 28 (0.485) (0.495) (0.430) (0.455) (0.410) (0.430)
L s 17,80 17,65 1600 | 1684 | 1549 | 1800
& MoosIAB ) (0685 | (o695 | (0.630) | (0655 | 0810 | (0.630)
2 5 26,02 25,27 2362 | 2426 | 2341 | 2382
©985) | 0695 | ©930) | @©955 | @910 | ©s30)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHICALLY IN INCHES

NOTES: A. Center line of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar with 0,15 (0.006).

28-pin plastic leaded chip carrier package (FN suffix)

— 7

[

0,254 (0.010) R
MAX 3 Places

11,58 (0.456)

| gy e e

11,43 (0.450)

L 12,57 (0.495) o 4,50 (0.177)
12,32 (0.485) '] 4,24 (0.167)
12200088
1,07 (0.042) 1.35(008)  peo_ | 2,79 (0.110)
1,19 (0.047) [ 2,41 (0.095)
0939(0:037)
/" 0,686 (0.027)
4 3 2 128272
s 25 ]
11,58 (0.456) E 6 2 %
56) 7 23
11,43 (0.450)
de 2 b ¥ 838(0.330)
12,57 (0.495) 7,87 (0310)
12,32 (0.485) Qe 21 ]
(I RY 20 []
an v i
12 13 14 15 16 17 18

1,27 (0.050) T.P.
(see Note A)

Seating Plane
(sea Note B)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHICALLY IN INCHES

0,813 (0.032)
0,660 (0.026)

[ 1,52 (0.060) Min
X

_—Y

0,64 (0.025) Min
0,508 (0.020)
0,36 (0.014)

Lead Detall

NOTES: A. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
B. The lead contact points are planar within 0,101(0.004).
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8-BIT MICROCONTROLLERS

FEBRUARY 1991

TMS370 Configured Microcontroller
— PACT Module

— A/D Module

— Data EEPROM Module

CMOS, EEPROM, EPROM, and A/D

Technologies on a Singie Device

— EEPROM Programming Via Single 5-V
Supply

— EPROM Programming Via External
Supply

Flexible Operating Features

— Power Reduction STANDBY and HALT
Modes

— Temperature—- 40°C to 85°C

— Input' Clock Frequency 2 MHz to 20 MHz

— Voltage (Vcg) SV = 10%

Internal System Memory Configurations
— B8K-Byte On-Chip Program Memory
— Program EPROM (TMS370C732)

-— Data EEPROM, 256 Bytes

— 256 Bytes Static RAM, with 128 Bytes
Usable by the PACT Module; All 256

Bytes Usable as Registers

Programmable Acquisition and Control

Timer (PACT) Module

— Input Capture on up to 6 Pins, 4 of
Which May Have a Programmable
Prescaler

— One Input Capture Pin Can Drive an 8-Blt
Event Counter

— Up to 8 Timer-Driven Outputs

— Interaction Between Event Counter and
Timer Activity

— 18 Independent Interrupt Vectors

— Watchdog with Selectable Time-Out
Period

— Mini SCI

Eight-Channel 8-Bit A/D Converter
250 mA Typical Latch-Up Immunity at 25°C

ESD Protection Exceeds 2,000 V per
MIL-STD-883C Method 3015

FN AND FZ PACKAGES
(TOP VIEW)

L " § e e e e e oo = Gy
OV eMmM N~ ON~=O
g 9 v 9 9
[e]
INT1]). 7 39 {| MC
INT2{] 8 38 (] XTAL2/CLKIN
INT3[] 9 a7 | XTALY
Veer ) 10 36 [j cp2
Veea [ 11 3s [| RXD
A7{ 12 34 (| cPe
Asf) 13 33 | AN?
Vegi || 14 32 [| AN6
As]) 15 31 ] ANS
A4l) 16 30 {] AN4
A3f) 17 29 {] vgsy
W MO NOT N O N~NDO
- = NN NN NNNNN
fame W e ¥ e ¥ e W e ¥ W e W e § e B e St ¥
N -0V MHMmmTO~ONO
a a ZzZ Z Z
RES] & °52%%%2
Ll 2 @
oo Q

36 CMOS/TTL Compatible I/0 Pins
— 14 Bidirectional Pins, 13 Input Pins, and
9 Output Pins ’

44-Pin Plastic Leaded Chip Carrier (PLCC
FN Suffix), or 44-Pin Ceramic Leaded Chip
Carrier (CLCC FZ Suffix)

Flexible Interrupt Handling

— Two S/W Programmable Interrupt Levels

— Global and Individual Interrupt Masking

— Programmable Rising or Falling Edge
Detect

TMS370 Series Compatibility

— Register-to-Register Architecture
— 256 General-Purpose Registers
— 14 Powerful Addressing Modes

PC-Based Workstation Development
Support Emphasizes Productivity,
Featuring:

— Reaitime In-Circuit Emulation

— Symbolic Debug

— Extensive Breakpoint/Trace Capability
— Software Performance Analysis

— Multi-Window User Intertace

— EEPROM/EPROM Programming

*p
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8-BIT MICROCONTROLLERS

description

The TMS370C732 device is a member of the TMS370 family of single-chip configurable 8-bit
microcontrollers that include the PACT module. The TMS370 tamily provides cost-effective
realtime system control through VLS| integration of advanced on-chip memory and peripheral funclion modules.

The TMS370C732 device contains the foliowing modules:

256 bytes static RAM (usable as registers), 128 bytes of which are dual port.
Programmable Acquisition and Control Timer (PACT).

Eight-channel eight-bit A/D converter.

8k bytes EPROM of program memory.

256 byt;s DATA EEPROM.

This family is implemented using high-performance silicon-gate CMOS technology. The low operating power,
wide operating temperature range, and high noise immunity of CMOS technology coupled with the high
performance and exiensive on-chip peripheral functions make the TMS370C732 devices atiractive in system
designs for automotive electronics, industrial control, computer peripheral control, and motor control.

Uses of the TMS370C732 include prototyping capabilities, and a low-volume alternative to the mask ROM
devices in applications where program constraints are likely to change periodically.

The TMS370C732 provides two power reduction modes (STANDBY and HALT) for the applications where law
power consumption is critical. Both modes stop all CPU activity (i.e., no instructions are exscuted). In STANDBY
mode, the internal oscillator, the PACT counter, and PACT's first Commmand/Definition entry remain active. Thig
allows the PACT module to wake the device out of STANDBY mode. In HALT mode, all device activity is stopped.
The device retains all RAM data and peripheral configuration bits throughout both power reduction modes.

The TMS370C732 features advanced register-to-register architecture that allows direct arithmetic and logica!
operations without requiring an accumulator (e.g.. ADD R24, R47; add the contents of register 24 to the contents
of register 47 and store the result in register 47). The TMS370C732 instruction set is fully compatible with other
TMS370 family members, allowing easy transition between members.

The TMS370 family provides the system designer with an economical, efficient solution to realtime control
applications. The TMS370 family eXtended Development System (XDS) solves the challenge of efficientiy
developingthe software and hardware required to design the TMS370 into an ever-increasing number of complex
applications. The TMS370 family XDS communicates via a standard RS-232-C interface with an existing
personal computer to form a PC-DOS hosted workstation, using the PC's editors and software utilities already
familiar to the designer. The TMS370 family XDS emphasizes compatibility and ease-of-use through extensive
use of menus and screen windowing so that a system gesigner can begin developing software with minimum
training. Precise realtime in-circuit emulation and extensive symbolic debug and analysis tools ensure efficient
software and hardware implementation as well as reduced time-to-market.

*
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The TMS370 family provides the systems designer a complete solution:
TMS370Cx32 mask ROM devices

TMS370C732 8K-byte program EPROM device

TMS370 family PACT XDS/22 for applications development
Comprehensive product documentation

Customer hotline support
tunctional block diagram

INT1 INT3 XTAL2/
INT2 XTAL1 CLKIN

_____ ' i-Iu;mmz

1
! OSCILLATOR | SYSTEM ATOD H—— v,
1 INTERRUPTS | " "cLock | CONTROL CONVERTER : Voss
, I

|
1 1L | fre—— c®1
Ll RAM/REGISTER e—— chs
| cPu FRE _PACT | o
| HENE
i ! | L ] | oP8
o DATA EEPROM
L D
: f EPROM (TMS370C732) MINI SCI . 28
an TT ) - !
i WATCHDOG ||

i

|

|

NOTE Three of Pcrt D's four 1'O butfers (D4, D6. and D7) are internally connected o three of the PACT modute s inputs (CP3. CP4, and CPS)
The actual pins are D4 CP3. D6.CP4. and D7.CPS
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pin descriptions

PIN
[}
NANE WO o DESCRIPTION
AOD 20 10 Port A is a gencral purpose bidirectional port
Al 19 o
a2 8 10
A3 17 10
Ad 16 0
AS 15 10
ae 13 10
ar 12 10
Pont O rs a general purpose bidirectional pon
[oX] 23 10 Also configurable as CLKOUT (see Note 1),
DiCP3 2 10 PACT input capture 3 (see Note 2)
06 CPs 24 10 PACT input capture 4 (see Note 2).
D7 CPS 21 10 PACT mnput capture 5 (see Note 2).
INTY 7 | E i (non. L or )general p nput pin.
INT2 8 10 Externabie interrupl INpuUYg piri.
INT3 9 10 E nterrupt iINpUYg purpose | pin.
cP1 40 | PACT wnput capture pin 1.
cP2 36 ! PACT input capture pin 2.
CPé 34 | PACT input capture pin 6. External Event input pin (for gvent counter)
TXD 41 [o] PACT SCi-transmn output pin.
RXD 35 1 PACT SCIi receive input pm
oP1 42 (o] PACT output pn 1.
orP2 43 o] PACT output pin 2.
oP3 44 [o} PACT output pin 3.
OP4 1 (o] PACT output pin 4.
OP5 2 (o] PACT output pin 5.
OoP6 3 o} PACT output pin 8.
oP7 4 (o] PACT output pin 7.
o1] 5 (o] PACT output pin 8.
ANO 25 | A/D analog input (ANO — ANT) of ppsitive reference pins (AN1 — ANT).
AN1 26 |
AN2 27 |
AN3 28 | The analog port may be individually programmed as general purpose input pins if not used as AVD
AN4 30 1 converier analog nput or posnive reference input.
ANS 31 1
ANG 2 t
AN7 33 1
System reset bidrectional pin. As input L trolier, as dran output o inds
RESET 6 10 an internal farlure was by the g or oscill fauh circud.
MC 39 | W P mode control input pin; also enables EEPROM write protection overnde (WPO) mode.
XTAL2; CLKIN 38 [ Internal oscil crystal inpuVE. | clock source input.
XTALY 37 0 Interna! oscillator output for crystal.
Veer 10 Positive supply voltage for digital logic and digital /O puns.
Vgs1 14 Ground reference for digrtal logic and digital I/O pins.
Vees 17" A/D convarter positive supply voltage and optional positive. reference input.
Vss) 29 AD converter ground supply and low reference input pin.

NOTES: 1. D3 may be configured as CLKOUT by appropriately programming the DPORT1 and DPORTZ2 ragisters.
2. These digral I/O buffers are internally connected to some of the PACT module’s input capture pins. This aliows the microcontrolier
10 read the isvel on the input capture pin, of if the Port D pin is configured as an outpul, 1o generate a capture. Be careful o leave the
Port D pin configured as an input if the corresponding input capture pin is being driven by @xternal circuitry.
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memory map

The TMS370 family architecture is based on the Von Neumann architecture, where the program memory and
data memory share a common address space. All peripheral input/output is memory mapped in this same
common address space. As shown in Figure 1, the TMS370 provides memory-mapped RAM, ROM, EEPROM,
EPROM, input/output pins, and peripheral functions.

The peripheral file contains all input/output port control, peripheral status and control, EEPROM/EPROM
memory programming, and system-wide control functions. The peripheralfile is located between 1010h to 104Fh
and is logically divided into 4 Peripheral File Frames of 16 bytes each. Each on-chip peripheral is assigned to
a separate peripheral frame through which control and data information is passed. The TMS370C732 has four
peripheral and system control frames assigned to Peripheral File Frames 1, 2, 4 and 7, addresses
1010h —101Fh,1020h —102Fh3040h —104Fh,and 1070h — 107Fh.

RESERVED 10008
SYSTEM CONTROL 10100
236 BYTE RAM (REGISTER FILE/STACK) DIGITAL PORT CONTROL 10200
porbiy RESERVED 1030n
RESERVED PACT CONTROL 10600
SEI 10300
Yooon PERIPHERAL FILE RESEAVED
108FN RESEAVED 10800
1oco NOT AVAILABLE AD CONTROL 10700
10FFh
10000
1100 RESERVED RESEAVED 100Fn
1EFFn
1Fo0 284-BYTE DATA EEPROM vecTons
1FFFh
FOCN
20000
NOT AVALABLE pact TFREN
SFRER
0000 TRAP 15—0 m, '°°'m‘
S-KBYTE PAGGRAM MEMORY (ROM/EPROM)
RESEAVED m'""
INTERRUPT & RESET VECTONS, TRAP VECTORS
TFFFN INTERRUPT 3 TFFON
9000 NOT AVAKABLE NTEARUPT 2 TFFAR
L)
INTERRUPT 1 TFFCH
RESET TFREN
FIGURE 1. TMS370C732 MEMORY MAP
memories

RAM/register file

The TMS370C732 has 256 bytes of static RAM, which serve as both the CPU register file and general-purpose
memory. The RAM is treated as registers by the instruction set and is referenced as RO through R255. The first
two registers, RO and R1, are also called the A and B registers, respectively. The stack is located in the RAM,
and operates as a last-in first-out read/write memory. It is used to store the return address on subroutine calls
and the contents of the status register at time of interrupt. Accessing this memory as registers is performed in
one system clock cycle (tc), while general-purpose memory access is performed in two system clock cycles.

Instructions may be executed from RAM. This versatility enables the internal RAM to be used for functions such
as programming the on-chip EEPROM. The user may load external programs or data into the RAM by
incorporating a simple loader in the program memory.

The upper 128 bytes of the register files may be-used by the PACT module to contain module commands and
definitions as well as timer values. Any RAM not used by PACT may be used as additional CPU registers or as
general-purpose memory.
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data EEPROM

The TMS370C732 EPROM has 256 bytes of on-chip elecirically erasable programmable ROM
(EEPROM), addressed as 256 consecutive bytes mapped from locations 1F00h to 1FFFh. The data EEPROM
provides nonvolatile programmable storage for items such as calibration constants and configuration information
for personalization of a generic program algorithm used in specific end applications. The data EEPROM supporis
bit, byte, and block write/erase modes. Instructions may be executed from data EEPROM, providing additional
program space and the abllity to patch program algorithms by placing a branch table for voiatile routines in date
EEPROM.

The data EEPROM uses the 5-V Vcc supply voltage and provides the programming voltage via an internal
dedicated generator, eliminating the need for an externai high-voltage programming source. The dedicated
voltage genaerator optimizes the programming voltage characteristics, increasing the reliability as well as
exiending the write/erase endurance of the array.

Programming control and status monitoring are performed through the data EEPROM control register (DEECTL)
in the peripheral file. An EEPROM write/erase operation is performed in the following seguence:

1. Perform normal memory write to the target EEPROM location.

2. Write to DEECTL control register to select WRITE 1/WRITEO and sat the EXE bit to 1.
3. Wait for program time to elapse (tw(pgwmg O tw(PGM)AR)-

4. Write to DEECTL control register to set EXE bit to 0.

The WRITE1/WRITEO control bit selects whether the zeros or the ones in the data byte are to be programmed
into the selected EEPROM location. For example, 8 WRITE1 operation will program ones into all bit positions
within the EEPROM byte that have ones in the data byte, whiie bits that are zero in the data byte will not afiect
the EEPROM contents. The WRITE1 operation effectively performs a logical OR of the information previously
stored on the EEPROM byte with the data byte. The WRITEO operation effectively performs a logical AND of
the data byte. The EEPROM programming algorithm may use this bit-programming capabiity to optimize the
life of the EEPROM.

When a data value cannot be achieved by writing only zeros or only ones into the EEPROM byte, 8 WRITE1
followed by a WRITEO will program any data value into the EEPROM byte, regerdiess of the previous data stored
at that location.

All unprotected bytes within the data EEPROM array may be programmed during & single EEPROM
programming cycle by setting the ARRAY PROGQ bit of DEECTL to 1 at the start of the programming cycle.

Data EEPROM read accesses are periormed as normal memory read operations in two system clock cycles.
A memory read cycle to any EEPROM location while EXE = 1 returns the value currently being writien to the
EEPROM. Following an EEPROM write operation, the EEPROM voltages must stabilize prior to performing an
EEPROM read operation. The BUSY flag indicates the status of the EEPROM voltage. When set, the EEPROM
is not ready for & read operation. The BUSY flag is reset to O by the EEPROM control logic when 128 system
clock cycles have elapsed following the. EXE bit being set to 0. If an EEPROM read operation is performed while
BUSY = 1, automatic WAIT states will be generated until BUSY = 0, and then the read operation will be performed.

Hytes within the data EEPROM may be protected from inadverient overwriting of critical information. As shown
in Figure 2, the 8-bit write protect register (WPR), located at 1F00h within the data EEPROM, provides write
protection for the 256-byte data EEPROM, segmenting the array into eight blocks of 32 bytes sach. Each ofthess
32-byte blocks may be individually write- and erase-protected by setting the corresponding bitto 1 in the WPR.
Since the WPR resides in the array in BLKO, the WPR may also be write-protected, thereby increasing the system
reliablity by preventing bytes from being reprogrammed. Bytes left unprotected may be writien to by the normal
EEPROM programming sequence. The write protection override (WPQ) mode overrides the write protection of
all blocks in the data EEPROM, and enables data to be written to any locstion In the data EEPROM, regardiess
of the WPR contents. Enter the WPO mode by placing 12 V on the MC pin. The WPO mode is typically used in
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a service environment to update the protected EEPROM contents. The 12 V input level on the MC pin to enter
the WPO mode is not normally present in an application except in a service environment; therefore, the data
integrity of the program is ensured during normal operation.

To guarantee that the contents of nonprotected EEPROM locations are not corrupted, the CPU (device) must
be in reset when the supply voltage is not within the recommended operating conditions.

WRITE PROTECTION REGISTER (WPR)

MSB [MEMORY ADDRESS 1F0Oh] LS8
1FO0h - ——
WRITE PROTECT REGISTER
————————————— N BLK7|BLK6|BLKS|BLK4|BLK3|BLK2| BLK1|BLKO
BLKO ~
~
1F20h
BLK1
1F40h
BLK2 0 = NORMAL WRITE ACCESS
1F60h 1 = WRITE PROTECT BLOCK
BLK3
1F80h
BLK4
1FAOh
BLKS
1FCOR
BLK6
1FEOh
BLK?
1FFFh

FIGURE 2. WRITE PROTECTION BITS
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program EPROM

The program EPROM of the TMS370C732 is an 8K ultraviolet-light-erasable, electrically programmable
read-only memory. addressed as consecutive bytes mapped form location 6000h to 7FFFh. It provides
application performance identical to the TMS370Cx32 mask ROM devices. Program instructions are read from
the program EPROM in two system clock cycles, providing the prototype capability of the mask program ROM.

An external supply (Vpp) is needed at the MC pin to provide the necessary voltage Vpp for programming.
Programming s controlled through register EPCTL in the peripheral file.

Before programming. the TMS370C732 EPROM must be erased by exposing the device through the transparent
window to high-intensity ultraviolet light (wavelength 2537angstroms). The recommended minimum exposure
dose (UV intensity x exposure time) is 15 walt-seconds per square centimeter. A typical
12-milliwatt-per-square-centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be
located about 2.5 centimeters above the chip during erasure. After erasure, the entire array is in logic 1 state.
A programmed 0 can be erased only by exposure to ultraviolet light. It should be noted that normai ambient light
contains the correct wavelength for erasure. Therefore, when using the TMS370C732, the window should be
covered with an opaque label. All devices are erased to logical 1 upon delivery from the factory.

CAUTION

Exposing the EPROM module to ultraviolet light may also cause erasure in any EEPROM module. Any data
stored in the EEPROM must be reprogrammed after exposure to UV light.

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

1. Supply the programming voltage to the MC pin.

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

Perform normal memory write register to the target EPROM location.

Write to EPCTL register to set the EXE bit register to 1. (Wait at least two microseconds after step 2.)
Wait for program time register to elapse (one millisecond).

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

N O 0 s wN

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

8. Write to EPCTL register to set the EXE bit to 1 for Final programming.
9. Wait for program time to elapse (3X milliseconds duration).
10. Write to EPCTL register to clear the EXE and Vppg bits.

*
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WRITE TO EPCTL
SET BOTH Vppg AND
) EXE BIT 7O 1
Vee=SV
MC =125V ‘
| WAIT FOR 1 ms l
X=0
‘ WRITE TO EPCTL
CLEAR EXE BIT
WRITE TO EPCTL
SET Vpps TO 1 T
INCREMENT X
NORMAL WRITE TO
EPROM LOCATION

lvnocm THE BYTE WITH
X ms DURATION

CLEAR BOTH EXE
AND Vpps

FIGURE 3. EPROM PROGRAMMING OPERATION

An external power supply at Vpp, Ipp (30 mA), is required for programming operation. Programming voltage Vpp
is supplied via the MC pin. This also automatically puts the microcontrolier in the write protection override (WPO)
mode. Programming voltage may be applied via the MC pin anytime after reset and remain at Vpp after
programming (after the EXE bit is cleared). Applying programming voltage while RESET is active will put the
microcontroller in a reserved mode, where programming operation is inhibited.

write protect of program EPROM

To override the EPROM write protection, the Vpp voltage must be applied to the MC pin and the Vppg bit
(EPCTL.6) must be set. This dual requirement ensures that the program EPROM will not accidentally be
overwritten during data EEPROM operations when Vpp is applied to the MC pin. Data EEPROM may be
programmed when the Vppg bit is set.
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central processing unit

The central processing unit (CPU) of the TMS370 series is an enhanced version of the TMS7000 Family CPU.
The enhancements include additional user instructions such as integer divide and conditional jump instructions
based on the overflow status bit, and addressing modes such as stack-pointer-relative addressing for subroutine
parameter passing. The efficient register-to-register architecture of the TMS7000 family has been carried over
to the TMS370 series to avoid the conventional accumulator bottieneck. The complete TMS370 series instruction
set is summarized in the TMS370 Instruction Overview.

In addition to the interpretation and execution of the user program, the CPU performs the functions of bus protocol
generation and interrupt priority arbitration. While the CPU is implemented independent of the memory,
input/output, and peripheral modules, it performs the central system control function through communications
with these on-chip modules and external memory and peripherais.

The TMS370 series CPU registers accessible to the programmer are shown in Figure 4. The register file consists
of 256 general-purpose registers, RO through R255, implemented in on-chip RAM, and is used by the CPU for
general-purpose 16-bit source and destination operands, index registers, and indirect addressing. The first two
registers, RO and R1, are also called registers A and B and are used by the CPU as general-purpose registers
or for implied operands. The program counter (PC) contains the address of the next instruction to be executed.
The stack pointer (SP) contains the address of the last or top entry on the stack, which is located in the on-chip
register file. The status register (ST) contains four bits that reflect the outcome of the instruction just executed,
and two bits that control the masking of the interrupt priority chains.

15 0
{ PROGRAM COUNTER |
7 0 STATUS REGISTER

[stackpomter] [c{wn]z]|v|Eifiea]—|—]

RAM/REGISTER FILE
RO(A) 0000h 6000h
PROGRAM
A1(B) 0001h ROM/EPROM
R2 0002h 7F9Bh
R3 0003h 7FSCh
PACT VECTORS
7FBFh
7FCOh
TRAPS 0-15
127 007Fh 7FOFh R
R 0080 7FEOh :
128 h RESERVED
7FEBh C - CARRY
DUAL PORT 7FECh No- "E:'A"VE
INT/RESET Z - ZERO
VECTORS V - OVERFLOW
255 GOFFH IE2 - LEVEL 2 INTERRUPTS ENABLE
\ 7FFFh IE1 - LEVEL 1 INTERRUPTS ENABLE

FIGURE 4. PROGRAMMER'S MODEL
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system resets

The TMS370C732 has three possible reset sources: a low input to the RESET pin, a PACT watchdog timer
timeout, or a programmable oscillator fault failure. The @Tppin. an input/output pin, initiates TMS370C732
hardware initialization and ensures an orderly software startup. A low level input of at least one clock cycle
initiates the reset sequence. The microcontroller is held in reset until the RESET pin goes inactive (high). if the
RESET input signal is low for less than eight system clock cycles, the TMS370C732 will hold the external R

pin low for eight system clock cycles to reset external system components. The RESET pin must be activated
by the application at powerup, which can be accomplished by an external input or an RC powerup reset circuit.
Recall that the only operating mode, microcomputer, is determined by a low voltage level applied to the MC pin
during reset.

Vee TO OTHER DEVICES' RESETS

| TMS370
<
02 gs

o1 RESET IN
K E}-—- RESET OUT

0.47 uF M

MANUAL l
RESET

NOTE: Low voltage detect circuit to protect against EEPROM corruption is shown in the TMS370 Family Data Manug!.
FIGURE 5. TYPICAL RESET CIRCUIT

The watchdog timer provides system integrity by detecting a program that has become lost or is not executing
as expected. A system reset is generated if the watchdog timer is not property re-initialized by a specific software
sequence, if the re-initialization does not occur before the watchdog timer times out. The watchdog timer timeout
initiates the TMS370C732 reset sequence and drives the ex\ernglgﬁE'S'ET pin low for sight system clock cycles
to reset external system components. Watchdog control bits can be initialized only following a powerup reset.
The timer section discusses additional information on the watchdog timer and its configurations.

The oscillator fault circuit provides the means to monitor failures of the oscillator input signal (XTAL2/CLKIN).
This function may be disabled under software control by clearing the OSC FLT RST ENA bit of SCCR2. If the
oscillator input signal frequency remains above the 90% point of the minimum operating frequency (CLKIN), the
oscillator input is guaranteed not to be activated. However, if the oscillator input is lost or its frequency falls below
20 kHz and the osciilator fauit reset is enabied, the TMS370C732 is reset and the externai RESE I pin is driven
low.

When an oscillator input failure occurs, the internal clocks are stopped and RESET is held active until the
oscillator input frequency is greater than 100 kHz typical (500 kHz maximum). During a HALT mode, the oscillator
fault circuitry will be disabled.

*
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After the occurrence of a reset. the program can interrogate the status bits (shown in Table 1) to determine the
source, of the reset in order to take appropriate action. If none of the sources indicated in Table 1 caused the
reset, then the RESET pin was pulled low by external hardware or the PACT module’s watchdog.

TABLE 1. RESET SOURCES

REGISTER | ADDRESS PF BIT# CONTROL BIT SOURCE OF RESET
SCCRoO 1010 PO10 7 COLD START Cold start reset
SCCRO 1010h P010 4 OSC FLT FLAG Oscillator out of range

The RESET pin can be pulled low at any time during operation to start the reset sequence immediately. The
sequence of events during reset is as follows:

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

Initialize registers A and B to 00h (no other RAM is changed).
Read the contents of 7FFFh and store in the PC low byte (PCL).
Read the contents of 7FFEh and store in the PC high byte (PCH).

LA I

Start user program execution with an opcode fetch from the address pointed to by the PC.
The reset takes 21 cycles from the time RESET is released to the first opcode fetch in the microcomputer mode.

When the Watchdog overflow or the Oscillator Fault detection circuit generates a reset, the RESET pin is pulled
low in order to reset other external components 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 in Table 2.

TABLE 2. CONTROL-BIT STATES FOLLOWING RESET

COLD RESET WARM RESET
REGISTER CONTROL BIT MICROCOMPUTER MICROCOMUTER
COLD START 1 See Note 1.
SCcCro OSC FLT FLAG 0 See Note 1.
SCCR2 OSC FLT RST ENA 1 1
ADSTAT 'AD READY p 1
PACT PACT TXRDY 1 1

NOTE: State determined by cause of reset. See bit descriptions in the TMS370 Family Data Manual.

12
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interrupts

The TMS370 family software-programmable interrupt structure supports flexible on-chip and external interrupt
configurations. to meet realtime interrupt-driven application requirements. The hardware interrupt structure
incorporates two priority levels as shown in Figure 6. interrupt level 1 has a higher priority than interrupt level
2. The two prionity levels can be independently masked by the giobal interrupt mask bits (IE 1 and IE2) of the status

register
aD PACT EXT INT1

GROUP3 | GROUP2 | GROUP1

o o e o INTH

AD INT l | p
= i L ] | s

AD PRI ——— — — o .
Yoy | r’}; I INT1 PRI INTERRUPT

LX XY xxy (XX}

:—E—z-'--o/o~ LEVEL 1 INT
12 oo LEVEL 2INT

FIGURE 6. INTERRUPT CONTROL

Each system interrupt 1s independently configured on either the high or low priority chain by the applicafion
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of
the inodule on the system interrupt chain. Arbitration between the two priority levels is performed within the CPU.
Arbitration within each of the priority chains is performed within the peripheral modules to support interrupt
expansion to future modules. Pending interrupts are serviced upon completion of current instruction execution,
depending on their interrupt mask and priority conditions.

The TMS370C732 has 23 hardware system interrupts as shown in the Table 3. Each system interrupt has a
dedicated interrupt vector located in program memory through which control is passed to the interrupt service
routines. All of the interrupt sources are individually maskable by local interrupt enable control bits in the
associated peripheral file. Each interrupt source flag bit is individually readable for software polling or to
determine which interrupt source generated the associated system interrupt.

Nineteen of the system interrupts are generated by on-chip peripheral functions, and three external interrupts
are supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software configurable as either
a maskable or nonmaskable interrupt. When INT1 is configured as nonmaskable, it cannot be masked by the
individual or global mask bits. Recall that the INT1 NMI bit is protected during nonprivileged operation and
therefore should be configured during the initialization sequence following reset. To maximize pin fiexibility,
externalinterrupts INT2 and INT3 can be software configured as general-purpose input/output pins if the interrupt
function is not required (INT1 can be similarly configured as an input pin).

*
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TABLE 3. INTERRUPT VECTOR SOURCES

MODULE VECTOR INTEARUPT INTERARUPY facar sl uowu' m'm
ABDRISS JOURCE PLAG BI7 INTERAUPT | PRIOBITY' SROUP
PacY TFOCH, TFEON | PACT SCI TRINT FPACT TXROY PTUNT 2
(Greup 3) TEREND, TRORN PACT 8CI RIUNT PACT RXROY PRXNT 1]
Pacy 7Fa0n, TFAIR | PACT Cma/Def Endry 0 CMO/OEF INT 0 ELAG COMTO 3
(Group 3) FEAZN, TPAIN | PACT Cma/Ded Entry 1 CMD/DEP INT 1 FLAG COINTY []
TPAGH, TRAEN PACT Cme/Def Erary 2 CRAO/DER INT 2 FLAG COINT2 3
TPAGH, 7PATH PACT CmarDel Entry 3 CMOMEP INT 3 FLAG COWT3 7 q
TFASH. TFABH PACT CmaDel Ertry ¢ CMO/DEF INT ¢ FLAG COINTS $
TFAAR, TFABD | PACT Cma/Def Entry § CMODMEF INT 8 FLAG COWTS [
TEACH, TFADK | PACT Cong/Dsf Entry 6 CMD/ODEF INT 6 FLAG COINTG 7
TEAER, TPAFH PACT Cma/Del Entry 7 CMD/OEF INT 7 FLAG COWTY 8
PACY 7EBON. 7FB1n | PACT Cireuler Bufier (HaliFus) BUFFER HALFFULL INT FLAG BUFINT 1
(Group 1) 7FB2n. IFBIN | PACT CPS Ecge CPS INT FLAG CPINT 2
7FBan, 7FBSh | PACT CPS Edge CPS INT FLAG CRSINT 3
TEBGh, FBTh | PACT CP¢ Eage CP4 INT FLAG CPeINT 5 0
76@8h. 7FBON PACT CP3 Eage CP3 INT FLAG CPINT E]
7FBAN, FBBh | PACT CP2 Egge CP2 INT FLAG CPANT []
TFBCH, 780h | PACT CP1 Eage CP1 INT FLAG CPIINY 7 .
TFBEN, 7FBFN | PACT DetauR Timer Overtiow DEFTIM OVRFL INT FLAG POVRFL INT 8
a0 TEECH, TFEDN | A/D Conversion Compiate AD INT FLAG ADINT 8 1
97 3 TFFh, TFFSN | Exomnal INT3 INTS FLAG NT3 4 3
WY 2 TFFAN, TFPBA | Extomal INT2 NT2 FLAG wv2 3 1
28] TFFCh, TFFDh | Extemel INTY NT1 FLAG WYY 2 1
RAESEY TEFEN, TPFFn | Ememg! REGEY COLD START RESET 1 3
Watchgog Overfiow
Osciltstor Fauh Dottt OSC FLT FLAG

' 1 13 the heghest prority.

NOTE The In-Crcuit Emutator with PACT (PACT XDS/22) hes the PACT module a3 the lowest priority imerrupt, while the device lamily
(TMS370Cx32) hes the A/D interrupt at lowest priovity.

privileged operation

The TMS370C732 is designed with significant fiexibility to enable the designer to software-configure the

system and with peripherals to meet the requirements of a broad variety of applications. The non-privileged mode
of operation ensures the integrity of the system configuration once defined for an end application. Following a
hardware resel, the TMS370C732 operates. in the privileged mode, where all peripheral file registers have
unrestricted read/wriie access and the application program will configure the system during the initialization
sequence following reset. As the last step of system initialization, the PRIVILEGED DISABLE bit of SCCR2 will
be set to 1, entering the non-privileged mode and disabling write operations to specific configuration control bits
within the peripheral file. The following system configuration bits are write-protected during the non-privileged

mode and must be configured by sofiware prior to exiting the privileged mode.
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TABLE 4. PRIVILEGED-MODE CONFIGURATION BITS

REGISTER BIT
SCCRO 0SC POWER
SCCR1 MEMORY DISABLE

AUTOWAIT DISABLE
SCCR2 PRIVILEGE DISABLE
POWERDOWN/IDLE
HALT/STANDBY
INT NMmI
OSC FLT RST ENA
ADPRI AD PRIORITY
PACTPRI PACT GROUP 1 PRIORITY

PACT GROUP 2 PRIORITY
PACT GROUP 3 PRIORITY
PACT STEST

PACT MODE SELECT

PACT WD PRESCALE SELECT 1
PACT WD PRESCALE SELECT 2

PACTSCR FAST MODE SELECT

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

The only way to change these bits after leaving the privileged mode is to reset the processor and then program
the control registers. The write protect override (WPO) used for the EEPROM has no effect on the privileged bits.

osciilator fault

The processor contains a system of circuits to monitor the oscillator operation and to detect and contain major
oscillator psoblems. This enhances processor and system reliability and aids in system recovery caused by a
temporary fault. Programmable bits allow the user the option of mcorporatmg or deleting some features of these
circuits to match the application.

The circuit stops the processor whenever it detects an out of range oscillator operation. The Oscillator Fault
Detection circuitry consists of:

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

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

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

The Oscillator Fault Reset Enable bit (OSC FLT RST ENA) allows the user to determine what action the processor
will take when the oscillator goes out of range. When active, the processor pulls the RESET pin low for at least

eight cycles, causing external devices to reset along with the processor. When inactive, the processor enters a
pseudo-halt state and waits for a reset.

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

After reset, the program can check the Oscillator Fault flag (OSC FLT FLAG) along with the Cold Start flag to
help determine the source of the reset. A reset does not clear these flags.
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low-power operating modes

The STANDBY andHALT low-power modes significantly reduce power consumption by reducing or stopping the
activity of the various on-chip peripherals when processing i1s not required Each of the low-power modes 1s
entered by executing the IDLE instruction when the POWERDOWN/IDLE bit in SCCR2 has beensetto 1. The
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered

In the STANDSY mode (HALT/STANDBY=0), all CPU activity and most penpheral module activity is stopped;
however. the oscillator. internal clocks, the PACT counter, and the first PACT command entry remain active in
all the modules. System processing is suspended until a qualified interrupt (hardware RESET. external interrupt,
or PACT interrupt) 1s detected.

The HALT MODE stops ail internal clocks, which stops processing and provides the lowest power consumption.

The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file), CPU
registers (stack pointer. program counter, and status register), /O pin direction and output data, and status
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the STANDBY
and HALT modes. the clocking of the watchdog timer is inhibited.

peripheral file frame 1

Peripheral File Frame 1 contains system configuration and control functions and registers for controliing
EEPROM programming. The privileged bits are shaded in the Peripheral File Frames.

PERIPHERAL FILE FRAME 1: SYSTEM CONFIGURATION AND CONTROL REGISTERS

ADDR  PF BIT? BITG BITS BT 4 BT 3 BIT 2 BT 1 BIT 0
coLD OSC | PFAUTO | OSCFLT MC MC PIN UPIC
10100 P00 | START | POWER WAIT FLAG | PINWPO | DATA - MODE SCCRo
AUTOWAIT MEMORY
1011h PO11 — — — DISABLE - DISABLE —_ — SCCR1
to12n  Pota | AT/ | PWRDWN/ | OSC FLT BUS cPU OSCFLT | INT1 |PRVILEGE | o ...
STANDBY | IDLE | RSTENA | STEST | STEST | DISABLE NMI DISABLE
1013h P013
to 1o RESERVED
1016h PO16
INTY INT1 PIN INT1 INTY INT1
1017h - PO17 | gag DATA - - - POLARITY | PRIORITY | ENABLE INT1
INT2 INT2 PIN INT2 INT2 INT2 INT2 INT2
1018n P08 | plag DATA - DATADIR | DATA OUT | POLARITY | PRIORITY | ENABLE INT2
INT3 | INT3PIN INT3 INT3 INT3 INT3 INT3
1018h - POIS | gag DATA - DATADIR | DATA OUT | POLARITY | PRIORITY | ENABLE INT3
101Ah PO1A BUSY — — —_— — AP WIWO0 EXE DEECTL
1018h  POIB RESERVED
EPCTL
101Ch l ] ‘ l ] I 1 (TMS370C732)
1010h PO1D
1o 1o RESERVED
101Fh  POIF

16
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Peripheral File Frame 2 contains the digital I/0 pin configuration and control registers. The following figure details
the specific addresses, registers, and control bits within this Peripheral File Frame.

PERIPHERAL FILE FRAME 2: DIGITAL PORT CONTROL REGISTERS

aoor pr [ ev7 | ®Te | Bus | eve | ew3 | emwz | ew: | Bmo
10200 F0O20 RESERVED APORT!
102'h  PO2Y PGORT A CONTROL REGISTER 2 (must be 0) APORT2
10220 PO22 PORT A DATA ADATA
w230 PO23 PORT A DIRECTION ADIR
102ah  P0O24

10 10 RESEHVED
10281 P0O28
102Ch PO2C 0 0 0 0 X 0 0 0 DPORTY
1020n  PO20) H 0 [) 0 x 0 [ [ OPORT2
10260 PO2E X X x* X X x? x¢ X3 DDATA
102Fh  PO2F X! X! 0! X X 0} 0! 0! DODIR

* Outout may cause PACT capture
' This pon pin not avallable read data is indeterminate

PORT CONFIGURATION REGISTERS SET-UP

[ a = PORTX CONTROL REGISTER 1
b = PORT X CONTROL REGISTER 2
¢ = DAA
d = DIRECTION
abcd abed abcd
PORT PN 00x0 00q1 otxx
A 0—7 Datamn Ouigq Do not use
2} 46,7 Data in Outq Do not use
0 3 Data in Outq CLKOUT
NOTES 1 Each brt controls the corresp: 9 pin. for ple. bit 6 controls Port pin 6. Each pin is individually configurable.

2 Only register combination 00xx 15 defined for TMS370C732. except for pin D3, which can be configured as CLKOUT.
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PACT MODULE

features
Input capture functions on six input pins, including four pins (CP3.to CP6) with a programmable prescaler.
Timer-driven outputs on eight pins.
Configurable timer overflow rates for different functions.
One 8-bit event counter driven by CP6.
Up to 20-bit timer capability.
Interaction between event counter and timer activity.
Register-based organization, allowing single-cycle accesses to parameters.
18 independent interrupt vectors with two priority levels.
Integrated, configurable Watchdog with selectable time-out period.

Mini Serial Communications Interface with independent setup of baud rate for receive and transmit lines.

overview

A simplified functional block diagram of the PACT module is shown in Figure 7. Each of these blocks will be
discussed in the following pages.

[ wputs }—o{ contRoL |—=f outeuts |

REGISTERS

FIGURE 7. PACT BLOCK DIAGRAM

time base

The time base section of PACT is very similar to that used in traditional timers. The microcontroller system clock
is routed to a prescaler that feeds a hardware counter. As seen in Figure 8, the prescale section consists of a
4-bit prescaler and an optional divide-by-8 circuit. The hardware counter is 20 bits wide.

> PACT PRESCALED CLOCK

20-BIT TIMER/COUNTER

SYSTEM ; 4-BIT
CLOCK PRESCALE

FIGURE 8. TIME BASE BLOCK DIAGRAM
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inputs

Figure 9 shows a block diagram of the input capture section of PACT. PACT has six input capture pins. How these
pins are used depends on the PACT operating mode. in mode A, two pins cause captures to dedicated capture
registers and the other four cause captures to a circular buffer. In mode B, four pins cause captures to dedicated
capture registers and the other two cause captures to the circular buffer. All input pin captures are 32 bits iong
and consist of the 20-bit hardware timer, the 8-bit event counter, and 4 extra bits used to identify the pin that
caused the capture in the circular buffer. Captures can be set to occur on the falling, rising, or both edges of the
input signal. Input pin CP6 also runs the 8-bit event counter.

Capture pins CP3 through CP6 may be prescaled with a divide value from 1 to 8. Each of these four pins has

its own edge counter, but the maximum count value (1~ 8) before an actual capture occurs must be the same
for all four pins.

PACT PRESCALED CLOCK ‘,‘:J 20-BIT TlMERICOUNTERl

8-8iT
EVENT COUNTER

cP1— +{ DEDICATED CAPTURE REGISTER 1 |
cp2 =/ DEDICATED CAPTURE REGISTER 2 |
DEDICATED CAPTURE REGISTER 3 |
DEDICATED CAPTURE REGISTER 4 |
cP3 E
-t
3
S
ces @ o— CIRCULAR BUFFER
€ |mopE (32-BIT CAPTURES)
CPS + a
i =
@
cPe—ob—" o—p Py
\L EVENT ONLY

FIGURE 9. INPUT CAPTURE BLOCK DIAGRAM
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memory organization

One of the major differences between the PACT module and standard tmers is the location of the capture
registers. The capture registers are actually locations in a dual-port RAM. These locations can be read or written
by the CPU. They are automatically witten to by PACT when the appropriate feature 1s enabled. The dual-ported
RAM is 128 bytes long as shown in Figure 10.

MODE A MODE B
o8oh I : 080h T 1
° GENERAL PURPOSE RAM ° ° GENERAL-PURPOSE RAM H
o ® e [ ]
CMD | { CMD | 4
END ! END | 1
COMMAND;DEFINITION ® ° COMMAND/DEFINITION ®
: AREA © e AREA e
It : CMD — ; CMD
START [ | START
[ ° PY ®
® ° ° CIRCULAR BUFFER °
[ CIRCULAR BUFFER ° ° 4
OEBh 0EBh
OECh | EVTCNT CAPTURE BY CP4 | OEFh
OFOh | EVTCNT CAPTURE BY CP3 | OF3h
OFOh OF3h
OF4h | EVTCNT CAPTURE BYCP2 | OFTh  OFéh | EVTCNT CAPTURE BY CP2 | OFTh
OF8h [ EVTCNT CAPTURE BYCP1 | OFBh  OF8Bh | EVTCNT CAPTURE BY CP1 | OFBh
OFCh | EVT IMAGE 20-BIT TIMER IMAGE | OFFh  OFCh | EVTIMAGE | |20-BIT TIMER IMAGE [ OFFh

FIGURE 10. DUAL-PORTED RAM ORGANIZATION

The architecture of PACT does not care where the dual-port RAM is located in the memory map, but by
convention it is located in the register file from 0080h to 00FFh. This allows maximum access speed to these
registers by the CPU when using the register address mode. The locations OF Ch — OFFh of this dual-port memory
contain an image of the 20-bit default time, and an image of the 8-bit event counter. Since they are images, or
more precisely, copies of the actual hardware registers, they can be over written by the application software.
However, they will be rewritten every time the PACT module receives another prescaled clock. The 32-bit capture
registers are directly before the timer and event counter images.The circular buffer is directly before the capture
registers. The length of the circular buffer is defined by the user. Five bits in the peripheral file define the start
of the Command/Definition area which in effect also defines the size of the circular buffer.

Since it takes several system clock periods for the CPU to read a 20-bit timer capture value, it is possible for an
additional capture to occur while reading the original capture. The user's program can detect this situation by
clearing the capture flag in the peripheral file before reading the capture value and then verifying that the flag
has not been set again after the read is complete. If the flag was set again, the value read may be invalid and
should be reread.

20
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The memory map in Figure 11 is a typical implementation of PACT. Note that there are three areas of memory
that are used by the PACT module. The 128 bytes of dual-port RAM contain the capture registers, the circular

bufferand acommand/definition area. The peripheral frame contains the hardware registers used for initial setup.
The interrupt vectors must be setup by the programmer.

0ooon RAM 128 BYTES REGISTER 0000h
1000h — 0080h
112 prer— \\\ 126 BYTESDUALPORT |
2000h L :

EXPANSION l PERIPHERAL FRAME l 100ch
2000h 1040h to 104Fh PACT —

INTERNAL

PROGRAM MEMORY TF9Ch
/v‘{ PACT INTERRUPT vecronsJ

7FFFh | 7FBFh
8000h
FFFFh

FIGURE 11. RAM ORGANIZATION

control and outputs

The control and output section of PACT is the most powerful part of this timer. The controller acts like a state
machine. The controller is started when it receives a rising edge from the PACT prescaled clock. The controller
reads its commands (or state microcode) from the command definition part of the dual-port RAM. The 8-bit event
counter and the 16 least significant bits of the 20-bit default counter are also input into the controller for use in
comparisons. The outputs from the controller are used to set or clear the 8 output pins. The prescaled clock from
the PACT time base is only used to start the controller. The controller steps through its commands as fast as it
can, using the system clock phases for synchronization. The controller must step through all of the commands

in the command/definition area before the next rising edge of the prescaled clock. The next prescaled clock
increments the 20-bit default counter and starts the whole process over.

PACT COMMAND/DEFINITION
Pngsgékso —+——={20-BIT TIMER/COUNTER AREA
L

8-BIT
EVENT COUNTER

COMMAND ANALYZER

OUTPUTS

CRYSTAL OUTPUT CONTROLLER
cLock T

O INT LEVEL 1
O INT LEVEL 2

FIGURE 12. OUTPUT CONTROL SECTION
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standard compare command

All commands or definitions in the command/definition area are 32 bits long. The simplest command is the
standard compare command. The purpose of the standard compare command is to set or clear an output pin
whenever the timer/counter is equal to a certain value. As seen in Figure 13, the standard compare command
is made up of a 16-bit compare value, 3 bits to select one of the 8 output pins, some bits to select what action
to take, and a few bits to distinguish this command from the others.

The possible actions that this command can cause are:

® Set or clear the chosen output pin when the counter matches the compare value,

® Do the opposite action (clear or set) when the 16 least significant bits of the counter are equal to zero,
® Generate an interrupt when the compare value is reached.

A block diagram of the standard compare command is shown below. This diagram shows the information
contained in the command. For more information or actual bit definitions refer to TMS370 Family Data Manual.

[ 20-BIT TIMER/COUNTER | COMMA'X'}EEF'N"'ON

STANDARD COMPARE COMMAND

ACTION PIN TIMER COMPARE
8-BIT STD COMPARE CMD SELECTION VALUE
EVENT COUNTER STD COMPARE CMD

16-BIT
16
OUTPUTS

| OP1

[ ]

COMMAND ANALYZER °

AND [)

OUTPUT CONTROLLER
|___o—°" INTLEVEL1 |——s= OP8
©— INT LEVEL2

[T T T T T 1] Tacrions JepinseLect [ TiIMER COMPARE VALUE

FIGURE 13. STANDARD COMPARE COMMAND

With a single standard compare command we can make a simple pulse width modulated output. Assume that
we want a PWM output with an initial duty cycle of 75%. Using one standard compare command, set the timer
compare vaiue to 04000h (1/4 the overiiow rate), set the actions to cause an output pin to go high when the count
is equal to the compare value and then low again when the least significant16 bits of the counter are zero. The
duty cycle can be varied by changing the 16-bit compare value. The signal can be inverted by selecting clear
on compare equal, as opposed to set on compare equal.

22
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virtual timers

The way to vary the period of the PWM is with the use of a virtual timer. Keep in mind that the command/definition
area is implemented in RAM. Figure 14 shows the virtual timer definition and its implementation. The virtual timer
definition consists of 16 bits that are read, incremented and rewritten on each tic of the PACT clock. Also within
the virtual timer definition are 13 bits that define a maximum value. When the virtual timer reaches this maximum
value it is reset to zero. A block diagram of the virtual timer definition is shown below. This diagram shows the
information contained in the definition.

[ maximumvirtuaLiMERVALUE | | | | viRtuALTIMERvVALUE |

The command/definition area of Figure 14 shows two standard compare commands, a virtual timer definition and
a third standard compare command. Assume that we are using a 200-ns internal system clock and we are
prescaling the PACT. clock with divide by five so that each PACT clock tic is one microsecond. The first two
standard compare commands are used to generate PWM signals of variable duty cycle with a period of 65,536
prescaled clock tics (65.536 ms). If we want the third PWM to have a period of one millisecond, then we set up
the virtual timer with a maximum value of one thousand. When the controller sees the timer definition, it will
increment the virtual timer and then use the virtual timer value for future comparisons. The third standard
compare command will generate a PWM of variable duty cycle with a period of one millisecond.

COMMAND/DEFINITION
AREA

[ 20-BIT TIMER/COUNTER _ |

. STD COMPARE CMD VIRTUAL TIMER DEFINITION
0BT STD COMPARE CMD Py
- MAX VIRTUAL [ MAX VIRTUAL
IEVENT COUNTER VIRTUAL TIMER DEF "-[ TIMER VAL | VAL VALUE
STD COMPARE CMD
L 9-8IT 3-BIT 16-BIT
16
OUTPUTS
2 —————=a=~ OP1
®
COMMAND ANALYZER °
AND [}
OUTPUT CONTROLLER
| o —° INTLEVEL1 ——= ops
©— INTLEVEL2

FIGURE 14. VIRTUAL TIMER IMPLEMENTATION

Combinations of standard compare commands and virtual timers can be used to create complex repeating
waveforms. Multiple standard compare commands can be used on a single output pin to create multiple puises
of different duration.

Virtual timers are also used to provide periodic interrupts to the processor.
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double event compare command

Actions can also be taken based on comparisons to the 8-bit event counter. Since allcommands are 32 bits wide,
the double event compare command actually defines two event compare values and the actions that can be
performed, based on each value. The allowed actions based on event compare 1 matching the event counter
are:

® Set or reset the selected output pin(OP1- 8)

® Interrupt

® Generate a 32-bit capture into the circular buffer

The allowed actions based on event compare 2 matching the event counter are:
° Set or reset the selected output pin(OP1- 8)

° Inteyrupt

® Generate a 32-bit capture into the circular buffer

® Reset the 20-bit default timer

Because of synchronization, these actions will occur two or three prescaled clock cycles after the input edge that
incremented the event counter. A block diagram of the double event command is shown below. This diagram
shows the information contained in the command.

[T T T TEVENT 1 ACTIONS [EVENT 2 ACTIONS | PIN SELECT | EVENT 2 COMPARE VALUE | EVENT 1 COMPARE VALUE |

So far we can manipulate output lines based on time values or based on the number of external events. There
is an additional virtual timer definition that allows us to manipulate output lines based on a combination of the
event counter and time.

offset timer definition-time from last event

The offset timer definition—time from last event creates a 16-bit virtual timer that is cleared on each occurence
of an event on pin CP6. This definition also sets an event counter maximum, so that the event counter is reset
after reaching this maximum value. The offset timer definition may generate the following actions:

® Generate an interrupt when the maximum event count is reached,
® Store the 16-bit virtual timer in the circular buffer on each event,

¢ Store the 20-bit default timer and 8-bit event counter in the circular buffer when the maximum event count
is reached,

® Reset the 20-bit hardware default timer when the maximum event count is reached.

A block diagram of the offset timer definition is shown below. This diagram shows the information contained in
the command.

[ wmaxeventvae | [ [ | acnons | | VIRTUAL TIMERVALUE |

*p

Texas
»e INSTRUMENTS



TMS370C732
8-BIT MICROCONTROLLERS

conditional compare command

There is also a special compare command that has a timer compare value and an event compare value. Both
of these values must match for the defined action to take place. Usually, a series of these commands follows an
offset timer definition—time from last event and provides output pulses on different pins, based on the event count

and an elapsed time from the event. The actions that may be generated by the conditional compare command
are:

° Generate an interrupt when both conditions are met:

1. The event compare value equals the event counter.
2 The timer compare value equals the last defined timer.

® Set or clear one of seven output pins (OP1- OP7) when the following two conditions are met:
1. The event compare value equals the event counter.
2 The timer compare value equals the last defined timer.

The same actions described above may be enabled on the event counter reaching the event compare value plus
one without regard to the timer compare value. This allows for the case where the next event occurs before the
delay period specified by the timer compare value was reached. A block diagram of the conditional compare
command is shown below. This diagram shows the information contained in the command.

[ eventcomparevarue | [ | AcTions [ PINSELECT | TIMER COMPARE VALUE |

baud rate timer definition

The last item that can be put into the command/definition area of the PACT module is a baud rate virtual timer.
This virtual timer runs the serial communications port builtinto the PACT module. Set up the maximumtimer value
for one-quarter bit period of the desired baud rate. Separate timers can be defined for transmit and receive. For
more information on the PACT SCI see the TMS370 Family Data Manual.

[T T ] oneauarTER BIT RATEVALUE | VIRTUAL TIMER VALUE ]
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watchdog

At power-up the Watchdog is always enabled with the lower time-out period (bit 9 of default timer).

A Watchdog originated reset is normally generated when a software-selected bit of the default timer toggles.
There are three options that determine the Watchdog time-out period plus a disable watchdog code:

wD2 WD1 OPTIONS
0 0 Reset when Bit 9 of default timer toggles
0 1 Reset when Bit 15 of default timer toggles
1 [} Reset when Bit 19 of default timer toggles
1 1 Disable Watchdog

These bits are resident in peripheral frame 4 at address 104Fh. They are available to the programmer only in
privileged mode immediately after powerup.

Once a period has been selected by the above means, the alternate key bytes, 55h and AAh (55h first) must be
written to location 104Eh (peripheral frame 4) to avoid a Watchdog-originated reset being issued. The only
exception to this occurs when the default counter is being cleared by the PACT module. In this case a
Watchdog-originated reset will occur whenever the defaulttimer is cleared, unless the correctkeyword (55h/AAh)
has been written since the previous clear.

The Watchdog is stopped in standby mode and halt mode.

serial communications Interface (SCI)

The SCl works as a simplified full duplex UART, transmitting 8-bit words with a fixed format of one start and one
stop bit. If parity transmission is required, the parity bit must be calculated by the CPU and placed in the transmit
butfer as part of the 8-bit word. Parity reception is facilitated by the parity result bit. This bit allows the processor
to check for parity errors by comparing the bit (SCICTLP.5) against 0 or 1 for even or odd parity. Hence, there
is no parity error bit to be checked by the processor.

There is no overrun detection. The PACT SCI has a shift register and a buffer register. This gives the program
a full data byte reception time to read the previous byte before it is overwritten.

During reception the start bit is detected on the falling edge and then sampled again in the center of the bit to
avoid false detection. All other bits are sampled once at their centers. If at ileast one stop bit is not detected when
it is expected, the framing error flag (P045.3) is set. This bit will remain set until cleared by reset, SCI software
reset, or by writing a zero to it.

The software selectable baud rates (RX and TX) may be different. Receive and transmit operations may be
stopped or started by using the control bits within the baud rate definition command.

The data being received and transmitted is accessed in the same peripheral frame (4) as are the control bits.
Received data is held at RXBUFP (1046h); transmitted data, at TXBUFP (1047h).

26
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PACT block diagram

Figure 15 is a block of the PACT module. It shows the major functional blocks, inputs, and outputs. This module
is controlied not only by the peripheral file but also by the defined areas/contents of the dual-port RAM. The
dual-port RAM is located between 0080h and 00FFh (inclusive) on the memory map.

PACT PRESCALED CLOCK 20-BIT TIMER/COUNTER

I 8-BIT I
EVENT COUNTER

PRESCALE

WATCHDOG
TIMER

1

.|
CP1 |

DEDICATED CAPTURE REGISTER 1 ]

ol
CcP2 - |

DEDICATED CAPTURE REGISTER 2 ]

DEDICATED CAPTURE REGISTER 3]

DEDICATED CAPTURE REGISTER 4 l

=

cP3 &
Y
3
cPa a CIRCULAR BUFFER
w (32-BIT CAPTURES)
cPs a
=
o
cP6 —4»—{\.;- &
EVENT ONLY COMMAND/DEFINITION
AREA

L e

RXD ———————————————~f

OUTPUTS

e OP1

= OP8

COMMAND ANALYZER
OUTPUT CONTROLLER L o—OINT LEVEL 1
©-INT LEVEL 2
MINI SCI ———+ TXD

FIGURE 15. PACT BLOCK DIAGRAM
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PERIPHERAL FILE FRAME 4: PACT CONTROL REGISTER

ADDR PF BIT7 BiTS BITS BT 4 BIT3 BIT2 BIT 1 BIve
DEFTIM DEFTIM CMD/DEF FAST PACT PACT PACT PACT
1040h P040 OVRFL OVRFL AREA MODE PRECALE | PRESCALE | RRESCALE | PRESEME PACTSCR
INT ENA INT FLAG ENA SELECT SELECT.3 SELECTZ | BELECTY SELECT O
CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF
1041h  PO41 AREA - AREA AREA AREA AREA -——— - CDSTART
INT ENA START BIT 5| START BIT 4|START BIT 3{START BIT 2 .
CMD/DEF | CMD/DEF CMD/DEF CMD/DEF CMD/DEF
1042h PO42 - AREA END | AREA END | AREA END | AREA END | AREA END -——— - CDEND
.BIT6 B8ITS BIT4 BIT3 BIT2
BUFFER BUFFER BUFFER BUFFER BUFFER
1043h P043 -_— - POINTER POINTER POINTER POINTER POINTER - BUFPTR
BITS BIT 4 BIT3 BIT2 BIT1
1044h  P044 RESERVED
. PACT PACT PACT
1045h PO45 PACT PACT PACT PACT SCI RX SCITX -—— SCI sSwW SCICTLP
RXROY TXROY PARITY FE INT ENA INT ENA RESET
1046h PO46 PACT PACT PACT PACT PACT PACT PACT PACT RXBUFP
RXDT7 RXDT6 RXDTS RXDT4 RXDT3 RXDT2 RXOT1 RXDTO
1047h P047 PACT PACT PACT PACT PACT PACT PACT PACT TXBUFP
TXOT? TXOT6 TXOTS TXDT4 TXDT3 TXDT2 TXDT1 TXDTO
PACT PACT PACT PACT PACT PACT PACT PACT
1048h P048 oP8 OP7 OP6 OoPS OP4 OP3 orP2 OP1 OPSTATE
STATE STATE STATE STATE STATE STATE STATE STATE
CMD/OEF | CMD/DEF | CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMO/DEF CMD/DEF
1049h P49 INT 7 INT6 INT S INT 4 INT3 INT 2 INT 1 INTO CDFLAGS
FLAG FLAG  FLAG FLAG FLAG FLAG FLAG FLAG
CP2 CAPT | CP2 CAPT CP1 CAPT | CP1CAPT
104Ah  PO4A cP2 cP2 RISING FALLING CP1 CP1 RISING FALLING CPCTL1
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE
CP4 CAPT | CP4 CAPT CP3 CAPT | CP3 CAPT
104Bh P0O4B CP4 CP4 RISING FALLING CP3 CP3 RISING FALLING CPCTL2
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE
CP6 CAPT | CP6 CAPT CPS CAPT | CP5 CAPT
104Ch P04C CP6 CP6 RISING FALLING CPS CPS RISING FALLING | CPCTL3
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE
BUFFER BUFFER INPUT INPUT INPUT EVENT
HALF/ HALF/ CAPT CAPT CAPT CP6 COUNTER OoP
104Dh  PO4D FULL FULL PRESCALE | PRESCALE | PRESCALE EVENT SwW SET/CLR | CPPRE
INT ENA INT FLAG | SELECT3 SELECT 2 SELECT 1 ONLY RESET SELECT
104Eh PO4E WATCHDOG RESET KEY WDRST
PACY PACT PACT PACT PACT WD PACTWD
104Fh PO4F PACT - GROUP GROUP 2 GROUP 3 MODE PRESCALE | PRESCALE | PACTPRI
STEST PRIORITY | PRIORITY | PRIORMTY SELECT SELECT1 | SELECTO
Texas b
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analog-to-digital converter

The 8 bit analog-to-digital (A/D) converter provides the designer with eight multiplexed analog input channels.
The A/D converter has internal sample and hold circuitry and uses a successive approximation conversion
technique. The accuracy of the A/D conversion process is increased by providing separate analog position supply

and analog ground input pins (Vccg and Vgs3). The Vggg pin also provides the low reference voltage input for
the conversion process.

PIN  DIGITAL INPUT REGISTER
k]

| 70.X
760 & 1LEO ] | [aTiTe 70.6 707
ANOC>—0 | 700 i Pl

! ISAMPLEl CONVERT
— ]
T T INPUT [— START START
7EN S i i (
AN1 > " 2p4 | | |
o—t19

5143
7€ 4] A/UINTERRUPT  71.0 0
e e 1l [ g W Pl
" INTENA | o LEVEL2INT
- : 7F8

FIGURE 16. A/D CONVERTER BLOCK DIAGRAM
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The A/D converter high reference voltage input is software selectable as one of eight positive reference inputs,
as shown in the following table. The A/D conversion process is ratiometric, using Vggg and the software-selected
high-reference voltage input as the limits for the selected analog input channel. An input voltage equal to or
greater than the high reference input converts to FFh (full scale) with no overflow. An input voitage equal to or
less than Vgg3 converts to 00h. Ratiometric conversions allow analog inputs to be scaled against seiected high
reference inputs to achieve the greatest accuracy.

A/D INPUT ANALOG REFERENCE VOLTAGE HIGH REFERENCE
SEL2 SEL1 _ SELO| INPUT CHANNEL SEL2  SEL1 _ SELO| INPUT
0 0 0 ANO 0 0 0 Vees
0 0 1 AN1 0 0 1 AN1
0 1 0 AN2 0 1 0 AN2
0 1 1 AN3 0 1 0 AN3
1 0 0 AN4 1 0 0 AN4
1 0 1 ANS 1 0 1 ANS
1 1 4 ANG 1 1 0 AN6
1 1 1 AN7 1 1 1 AN7

To read an A/D channel:
1. Write to the AGCTL peripheral file control register to:
a. Select the high reference voitage input (ADCTL.5-3).
b. Select the analog input channel for conversion (ADCTL.2-0).
¢. Setthe SAMPLE START bit to 1 (ADCTL.6).
2. Wait for the sampie time to eiapse.
3. Setthe CONVERT START bit (ADCTL.7) and leave SAMPLE START bit (ADCTL.6) set.
4. Wait for either the interrupt flag to be set or the A/D i‘nterrupt to occur.
5. Read the conversion value form ADDATA when AD INT FLAG is set to 1 or the A/D interrupt occurs.
6. Clear the interrupt flag (ADSTAT.1).

To provide the designer with the flexibility to optimize ‘he A/D conversion process with both high- and
low-impedance sources, the sample time is independently defined by the application program. At the completion
of the sample time, the conversion is initiated by setting the CONVERT START and SAMPLE START bitsto 1.
Eighteen clock cycles after the CONVERT START bit is set to 1, the CONVERT START and SAMPLE START
bits will both be set to 0 by the A/D converter, indicating the conversion has started and the analog input signal
can be removed. The AD READY bit is set to 0 by the A/D converter to indicate a conversion is in progress. The
conversion is complete 164 system clock cycles after it is initiated by setting the CONVERT START bitto 1, and
the result is located in the ADDATA result register. Upon completion of the conversion, the AD INT FLAG bit is
set, and if the AD INT ENA bit is set to 1, an interrupt will be asserted.

The A/D converter has eight bits of resolution with absolute accuracy of plus or minus one LSB, with (High
Reference Voltage - Vgg3) = 5 V. This translates to an absolute accuracy of 20 mV.

To maximize 1/O control capability, all analog input pins not used for an analog input or high reference voltage
input may be individually configured as general-purpose digital input pins. The control and input data values are
contained in the ADENA and ADIN peripheral file control registers.

30
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ADDR

1070h

1071h
1072h
1073h
to
107Ch
1070h
107Eh

107Fh

PF

70

7
72
73
7C
70
7€

7F

PERIPHERAL FILE FRAME 7: A-TO-D CONTROL REGISTERS

BIT7 BIT6 BIT S BIT4 BIT3 BIT 2 BIT1 BITO
CONVERT | SAMPLE | REF VOLT | REF VOLT | REF VOLT | AD INPUT | AD INPUT | AD INPUT
START START SELECT 2 | SELECT1 | SELECTO | SELECT2 | SELECT1 | SELECTO
AD AD AD
- T - T T READY INT FLAG INT ENA

A-TO-D CONVERSION DATA REGISTER

RESERVED

PORT E DATA INPUT REGISTER

PORT E DATA ENABLE REGISTER

AD AD AD
STEST PRIORITY | ESPEN

I e

ADCTL

ADSTAT
ADDATA

ADIN
ADENA

ADPRI

Texas
INSTRUMENTS
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instruction set

The TMS370 family instruction set consists of 73 instructions that control input. output. data manipulations, data
comparisons, and program flow. The instruction set is supported with 14 addresssing modes to provide the
flexibility to optimize programs to the user's applications. For example. the MOV instruction has 27 operand
combinations supported by its addressing modes.

ADDRESSING MODE EXAMPLE OPERATION
GENERAL

Implied LDSP (B) -- {SP)

Register MOV RS5.R4 (0005) — (0004

Penpheral MOV P025.A (1025) = A

Immediate ADD #123.R23 123 + (03) - PC)

PC Relative JMP offset PCN + offsct -» (PC)
Stack Pointer Relative MOV 2(SP).(A) (2 + (SP)) - {A)
EXTENDED

Absolute Direct MOV A1234 (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)
Relative Offset Indirect JMPL 12(R4) PCN + 12 + (R3:R4) — (PC)

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

The CPU controls instruction execution by executing microinstructions from a dedicated control mernory at a rate
of one microinstruction per internal system clock cycle, t. The number of system clock cycles required to execute
one assembly language instruction varies depending on the instruction complexity, operand addressing mode,
and number of wait states. Instruction execution times are stated in terms of the number of integral system clock
cycles per instruction. Instruction execution times vary from 5 to 63 internal system clock cycles, with most
instructions requiring less than 10 cycles to complete.

Similarly, the number of bytes of program memory required to store an instruction will vary with instruction
complexity and addressing mode. TMS370 instructions require from one to five bytes of program memory space,
with most instructions occupying one or two bytes.

SYMBOL DEFINITION SYMBOL DEFINITION

s Source Operand d/0 Destination Operand (8-bit/16-bit)

A Register A or RO in Register File B Register B or R1 in Register File

Rs Source Register in Register File Rd Destination Register in Register File
Ps Source Regrster in Perpheral File Pd Destination Register in Peripheral File
Rps Source Reg:ster Pair (Rn, Rn-1) Rpd Destination Register Pair (Rn, Rn-1)
Rp General Purpose Register Pair label 16-bit Label

0p8 8-bit Immediate Operand iop16 16-bit iImmediate Operand

off8 8-bit Signed Offset (label - PCN) off16 16-bit Signed Offset

PC Program Counter PCN 16-bit Address of Next Instruction
SP Stack Pointer ST Status Register

¥ immediate Operand @ indirect Addressing Cperand

c Status Register Carry Bit XADDR 16-bit Address

9] Contents of — Is Assigned To
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW

MNEMONIC opcope | evres | CYCLES | STATUS OPERATION DESCRIPTION
<

ADC 0.A 69 1 L] rray (3) + (@) + (C) —~ 10)
Rs A 19 2 7 A0 the suurce. destination. and. carry b logether.
Rs.B 39 2 7 Store at the destination address
Rs.Ra 49 3 9
#inp8 A 29 2 6
#0p8.8 59 2 6
#hop8.Rd 79 3 8

AQD BA 68 1 8 Xxxx (s) + (d) -= (d)
Rs.A 18 2 7 Add the source and destination operands at the desti-
Rs.B 38 2 7 nation address
Rs.Rd 48 3 9
#10p8.A 28 2 6
#10p8.8 58 2 6
#op8.Rd 78 3 8

AND APd 83 2 9 O0xx0 (3) AND (d) = (d)
B.A 63 1 8 AND the source and 1 Op Cs tog
B.Pd 93 2 S and store at the destination address.
Rs.A 13 2 7 -
Rs.B 33 2 7
Rs.Rd 43 3 9
#10p8.A 23 2 6
#10p8,8 53 2 6
#iop8,Rd 73 3 a
#i10p8.Pd A3 3 10

BR labe! acC 3 9 —-_———— XADDR ~ (PC)
@Rp 9C 2 8 Branch to the destination address.
label(B) AC 3 1
oft8(Rp) F4 EC 4 16

8TJO A,Pd,off§ 88 3 10 9xx0 if (3) AND (d) = 0.

See Note 3 B.Aoff8 68 2 10 then PCN + offget — (PC)
8.Pd.off8 08 3 10  the AND of the source and destination operands »
Rs,Aoff8 18 3 9 0 (corresponding 1 bits) the PC will add the ofiset, and
Rs.B.offt 38 3 9 the jump will be taken.
Rs.Rd.off8 46 4 1
#0p8.A off8 26 3 8
#10p8 8,078 56 3 8
#iop8,Rd,off8 76 4 10
#i0p8,Pd,oft8 A8 4 "

BTJZ A.Pd,ofi8 87 3 10 Oxx0 i (8) AND (not d) » 0

See Note 3 B.Aoff8 67 2 10 then (PCN) + offset - (PC)
B8.Pd,oft8" 97 3 10 Hany 1 inthe source ct D 102 0inthe o
Rs.A,off8 17 3 9 tion, the PC adds the offset and the jump is taken.
Rs,B.oft8 37 3 9
Rs Rd.off8 47 4 "
#iop8.A off8 27 3 8
#iop8,B.oft8 57 3 8
#i0p8,Rd.offd 7 4 10
#10p8.Pd,off8 A7 4 "

CALL label 8E 3 13 -=«= | Push PCMSB, PC LSB,
@Rp 9€ 2 12 XADDR - (PC)
labet(B) AE 3 15
off8(Rp) F4 EE 4 20

NOTE 3. Add two to the cycle count if & jump is taken.

0 Status Bit aiways cleared.

1 Status Bit always set.

x Status Bit cleared or set on results.

- Status Bit not aflected.

Texas
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW (CONTINUED)

MNEMONIC opcooe | Bvres | SYGHES | TRTY OPERATION DESCRIPTION
CALLR labe! 8F 3 15 ---- | Call Relative
@Rp 9F 2 14 Push PC MSB, PC LSB,
labei(B) AF 3 17 PCN + (XADDR) — (PC)
off8(Rp) F4 EF 4 22
CLR A B5 1 8 0010 | 0-(d)
B8 C5 1 8 Clear the destination operand.
Rd 05 2 6
CLRC B0 1 9 0xx0 |0—(C)
Clears the carry bit. N and Z bits set on the resutt of A
CMP label.A 8D 3 1 XX XX 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 operand.
oft8(Rp).A F4 ED 4 18 Operands are not atf by op )
off8(SP).A F3 2 8
B.A 60 1 8
Rs.A 1D 2 7
Rs.B 30 2 7
Rs.Rd 4D 3 9
#10p8.A 2D 2 6
#10p8.B 50 2 6
#0p.Rd 70 3 8
CMPBIT Rname 75 3 8 Oxx0 Complement Bit; invert the bit
Pname AS 3 10
COMPL A BB 1 8 xxx0 Two's complement;
B cB 1 8 00h - (s) — (d)
Rd [o]:] 2 6
DAC BA 6E 1 10 X X x X (s) + (d) + (C) — (d) (3CD)
Rs A 1E 2 9 The source, destination, and the carry bit are added,
Rs.B 3E 2 9 and the BCD sum is stored at the destination ad-
Rs.Rd 4E 3 1" dress.
#10p8.A 2E 2 8
#10p8.8 SE 2 8
#op8.Rd 7€ 3 10
DEC A B2 1 8 X XXX (d)-1—~(d)
B c2 1 8 Decrement destination operand by 1
Rd 02 2 6
DINT F000 2 6 0000 |0 - (ST)(global interrupt enable bits)
0—1E1,0 —IE2.
DIv Rs.A FaFg 3 55— 63 0xx0 A:B/Rs — A(= quotient) B(= remainder)
Integer divide, 16 by 8 bit.
14 1111 Overflow detected.
DUNZ A.off8 BA 2 10 R (d) - 1 — (d).
See Note 3  B.off8 CA 2 10 It (d) « 0. then PCN + offset — (PC)
Rd.off8 DA | 3 8 Decrement and jump if not 0
i
DSB B.A 6 | o xxxx |(d)-(s)- 1+ (C)—(d) (BCD)
Rs A 1F ! 2 : Q9 The source operand is subtracled from the destination;
Rs.B 3F ; 2 | 9 this sum 1s then reduced by 1 and the carry bit 1s then
Rs.Rd 4F i 3 i 1" added 1o it The result 1s stored as a BCD number
#opB A 2F 2 8
#op8.8 SF | 2 i 8
#10p8.Rd 7F ! 3 10
MOTE 3 Add two 10 the cycle count if 2 jumo 15 taren
Legend
0 Status Bit always cleared

Status B1 always set
Status Bit cleared or set on results
Status Bit not atectcd
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW (CONTINUED)

MNEMONIC OPCODE | BYTES cvius PN OPERATION DESCRIPTION
EINT FOOC 2 6 0000 |OCh - (ST)(global interrupt enable bit)
1= IE1, 1 ~IE2.
EINTH Fo04 2 6 0000 | o4n — (ST)(high priority global interrupt enabie bit)
1-1E1,0—~IE2
EINTL F0 08 2 6 0000 08h — (ST)(low priority global interrupt enable bit)
0~IE1, 1 —IE2
IDLE Fé 1 6 ---- | (PC) - (PC) until interrupt
(PC) + 1 — (PC) after retumn from interrupt. Stops uC
execution until an interrupt. Entry to low power modes.
INC A 83 1 8 X XXX (d) + 1 —(d)
B - C3 1 8 Increase the destination operand by 1.
Rd D3 2 6
INCW #off8,Rp 70 3 n X XXX (Rp) + offset — (Rp)
Add 8-bit signed offset to register pair.
INV A B4 1 8 0xx0 NOT(d) ~ (d)
B C4 1 8 1's complement the destination operand.
Rd ) D4 2 6
JBITO Rd,oft8 77 4 10 0xx0 Jump If Bit = 0
1) Pd.oft8 A7 4 n
JBITY Rd,off8 76 4 10 Oxx0 [Jump IfBit=1
1) Pd,oft8 A6 ) "
JMP offg 00 2 7 —-———— PCN + off8 — (PC)
Jump unconditionally using an 8-bit offset.
JMPL label 89 3 9 ---- |PCN+D—(PC)
@Rp 99 - 2 8 Jump unconditionally using a 16-bit offset.
label (B) A9 3 "
oft8(Rp) F4 E9 4 1
Jend --=-- | Conditional jump on:
JC 03 2 5 Carry
Not
SeeNoled  eq 02 2 5 Jump Equal
JG OE 2 5 Greater Than, signed
JGE 00 2 5 Greater Than or Equal, signed
JHS 0B 2 5 Higher or Same, unsigned
JL 09 2 S Less Than, signed
JLE 0A 2 5 Less Than or Equal, signed
JLO OF 2 E) Lower Value, unsigned
JN 01 2 5 Negative, signed
JINC 07 2 5 No Carry
JNE 06 2 5 Jump Not Equal
JNV oC 2 S No Overflow, signed
INZ 06 2 5 Not Zero
JP 04 2 5 Positive, signed
JPZ 05 2 S Positive or Zero, signed
NV 08 2 S Overflow, signed
Jz 02 2 5 Zero
LOSP ) 1 7 ———— [ (B)~(sP)
Load stack pointer with contents of register B.
LDST ¥10p8 FO 2 6 X XXX (s) =~ (SO
Load ST Register.
NOTE 3°  Add two to the cycle count if a jump 1s taken
Legend.
0 Status Bit always cleared

1
x

Status Bt always set.
Status Bit cleared or set on results
Status Bit not affected

*
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW (CONTINUED)

T
MNEMONIC opcooe | svres | CVCLES | TETLS OPERATION DESCRIPTION
MOV AB co 1 i 9 0xx0 |(s)—(d)
A.Rd Do 2 1 7 Replace the destination operand with the source
A.Pd 21 2 ! 8 operand.
A label 88 3 10
A @Rp 98 2 | 9
A label(B) AB 3 | 12
A.off8(Rp) F4EB 4 ( 17
A.oft8(SP) F2 2 | 7
Rs.A 12 2 |7
Rs.B 32 2 ! b
label. A 8A 3 | 10
@Rp.A 9A 2 N 9
label(8).A AA 3 ‘ 12
off8(Rp).A F4EA 4 | 17
o#8(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 7 3 10
PsA 80 2 8
Ps.B 91 2 8
Ps.Rd A2 3 10
hop8.A 22 2 6
#0p8.B 52 2 6
#10p8.Rd 72 3 8
#10p8,Pd F7 3 10
MOVW Rps.Rpd 98 3 12 Oxx0 |(s)— (Rd-1:Rd)
#op16.Rpd 88 4 13 Copy the source register word to the
#op16(B).Rpd AB 4 15 destination register par
oft8(Rs).Rpd F4 E8 5 20
MPY B.A 6C 1 47 0xx0 |(s)x(d)—(AB)
Rs.A 1C 2 46 Muluply the source and destination operands; store
Rs.B 3C 2 46 the result m Registers A (MSB) and B (LSB)
Rs.Rd 4C 3 48
#10p8.A 2C 2 45
#op8.B 5C 2 45
#10p8.Rn 7C 3 47
NOP FF 1 7 -——— No operation
OR A.Pd 84 2 9 Oxx0 (s) OR {(d) — (d)
BA 64 1 8 Logrcalty OR the source and destination operands,
B.Pd 94 2 9 and store the results at the destination address.
Rs.A 14 2 7
Rs.B 34 2 7
Rs.Rd 44 3 9
#i0p8.A 24 2 6
#op8.8 54 2 6
#iop8.Rd 74 3 8
#0p8.Pd A4 3 10
POP A B89 1 9 0xx0 ((SP)) — (d)
B c9 1 9 (SP) -1~ (SP)
Rd D9 2 7
ST FC 1 8 X X X X
NOTE 3: Add two to the cycle count if a 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.
Texas .
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW (CONTINUED)

MNEMONIC opcooe | Bvies | CvLEs | e OPERATION DESCRIPTION
C
PUSH A 88 1 9 0xx0 | (SP)«1 —(SP)
8 [of] 1 9 {s)— ((SP))
Ro [o]} 2 7 Couy the operanod onto the stack
ST FB 1 8 Cnpy the status regisigr onto the stack
RL A BE 1 8 xxx0 Biin) = Bain « 1)
8 CE 1 8 B417) -+ Bit(0) and Carry
Ra DE 2 6
RLC A BF 1 8 LR XY Bittn) ~ Brtln » 1)
B8 CF 1 8 Carry — Ba(0)
l Ra OF 2 6 B1(7) ~ Carry
P:R A 8C 1 8 xxx0 Ba(n « 1) — Bitin)
H B cC 1 8 B1(0y — Bi2(7) and Carry
; Rd oc H 6
RRC A 80 1 8 xxx0 Bit(n + 1) ~ Ba(n)
B [o)s] 1 8 Carry - B(7)
Rg [s]s] H 6 B1(0) — Carry
RT FA 1 12 XXXX Pop PCL, PCH, POP ST
. Return From Interrupt
RTS F9 1 9 - Pop PCL. PCH
sBs B.A 68 1 8 X XXX {d)~(s)- 14 (C)—(0)
Rs.A 18 2 7 Subtract with borrow )
Rs.B8 k!:] 2 7 Destination mmus source minus 1 plus carry; stored
Rs.Rd 48 3 9 8t the destination address.
hiopB.A 28 2 6
#iop8.8 58 2 6
#iop8.Rd 78 3 8
SBITO Rd 73 3 8 Oxx0 SetBito 0
Pd A3 3 10
SBIT Rd 74 3 8 0xx0 SetBitto 1
Pd A4 3 10
SETC F8 1 7 1010 Axh — (ST) Set the carry bit.
IE1 and IE2 unchanged.
STSP FE 1 8 —-——— (SP) - (8)
Copy the SP into Register B.
sus B.A 6A 1 8 XX XX (d) - (8) = (d)
Rs.A 1A 2 7 Store the destination operand minus the source oper-
Rs,B 3A 2 7 and at the destination address.
Rs.Rd 4A 3 9
¥10p8.A 2A 2 6
#iop8,B 5A 2 6
#iop8.Rd 7A 3 8
SWAP A B7 1 1" Oxx0 $(7-4,3-0) — d(3-0.7-4)
B [e74 1 " Swap the operand’s high and low nibbles.
Ra o7 2 9
| TRAP n EF-EO0 1 14 _———— Vectorn — (PC), n =0 — 15
l Trap to Subroutine; Push PCN.
} Trap 0 « EF.
TST A 80 1 9 Oxx0 | Test; Setfags from register.
8 Cé 1 10
OTE 3. Add two 10 the cycle count if a jump is taken
Status Bit always cleared.
Status Bit atways set.
Status Bit cleared or set on results.
Status Bit not affected.
INSTRUMENTS
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TABLE 5. TMS370 FAMILY INSTRUCTION OVERVIEW (CONCLUDED)

MNEMONIC OPCODE | BYTES CYiLEs SraTus OPERATION DESCRIPTION
XCHB A 86 1 10 0xx0 | (B) e (Rn)
8 o) 1 10 Swap the contents of Register B with (Rn).
Rd D6 2 8
XOR APd 85 2 9 0xx0 (s) XOR (d) = (d)
B.A 65 1 8 Logically exclusive-OR the source and destination op-
8.Pd 95 2 9 erands, store at the destination address.
Rs A 15 2 7
Rs.B 35 2 7
Rs.Rd 45 3 9
#iop8.A 25 2 6
#iop8.8 55 2 6
#iop8,Rd 75 3 8
#iop8.Pd A5 3 10
Legend
0 Status Bit always cleared.
1 Status Bit always set.
X Status Bit cleared or set on results.
- Status Bit not affected.
Texas &9
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development system support

The TMS370 family development support tools include an Assembler, a Linker, an In-Circuit emulator (XDS -
eXtended Development Support), and an EEPROM/UVEPROM programmer that supports standard EPROM
and all TMS370 devices. All of the tools work closely together using any MS ™M DOS-basedPC.

® Assembler/Linker (Part Number TMDS3740810-02 (DOS)/TMDS3740210-08 (VMS))

Extensive macro capability.
High-speed operation.
Format conversion utilities available for popular formats.

® PACT XDS/22 (eXtended Development Support) In-Circuit Emulator ( Part Number TMDS3762211)

PC-based, window/function-key-oriented user interface for ease of use and a rapid learning environ-
ment.

Sophisticated breakpoint and trace support for software debugging and software/hardware integration.
Provides 2047 qualified trace samples, up to 32 breakpoints, sequential breakpoint triggering, and
counters.

Symbolic debugging.

Provides a realtime testbed for software development before target circuitry is available.

Timing analysis to evaluate and enhance system performance. Provides identification of critical routines
and instructions with two timers controlled by the full capabilities of the breakpoint qualification support.
Disassembly of code and trace history, including symbols.

Eight-line logic probe to expand the breakpoint and trace visibility.

Logic analyzer output interface to support circuit-level debugging.

®* EEPROM/UVEPROM Programmer (Part Number TMDS3760510)

PC-based, window/function-key oriented user interface for ease of use and a rapid learning environ-
ment.

Supports all TMS370 series devices to provide rapid target prototyping capability.

Also programs TMS2732, TMS2764, TMS27128, and TMS27256 NMOS and CMOS EPROMSs.
Plug-in personality boards and loadable parameters to support future packages and devices.

*
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absoclute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply voltage, Voo (See Note 4) ... ... .. . . e -03t7V
Input voltage ranage. All pinsexcept MC ........ ... ..... ... . ... I 03toVec +03V

MC 031014V
Input clamp current, ik (Vy<0orVi>Veo) oo T 220 mA
Output clamp current, lox (Vo <00rVo>Veey oo . =20 mA
Continuous output current per buffer. I (Vo = 0 to V¢ =10 mA
Maximum source current. I .. ... ...l 170 mA-
Maximum drain CUrrent, Igg .. ... .o 170 mA
Continuous power dissipation . ........ ...... ... .. ... .. . e . 800 mW

Storage temperature faNQE . .. ..........o.ouien e -65°Cto 150 °C
Stresses beyond those histed under “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress ratng only, and
tunctional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions™ section of
this specification 1s not implied. Exposure to absolute-maximum-rated conditions for extended peniods may affect device rehabiity

NOTE 4: All voltage values are with respect to Vgs.

recommended operating conditions

MIN  NOM MAX | UNIT
Vee: Supply voltage (see Note 5) 45 5 55 \
Ve, RAM data-retention supply voltage (see Note 6) 3 55 \
Veca Analog supply voltage (see Note 5) 4.5 5 5.5 \
All pins except M V, -
V,. Low-level input voltage P xcept MC SS 08 Vv
MC, normal operation ._ﬁi 0.3
All pins except MC, XTAL2/CLKIN, and RESET 2 Vee
MC/Write Protect Override (WPO) 1.7 13
Vg High-level input voltage Vv
XTAL2/CLKIN 0.8 Ve Vee
RESET . 0.7 Ve Vee
EEPROM write protect override (WPO) 17 12 13
Mode control voltage on MC pin (see Note 7) Microcomputer Vss 0.3 "
EPROM programming voltage (Vep) 12 125 13
A version - 40 85 °C
T. Operating free-air temperature
L version 0 70 °C

NOTES: 5. Unless otherwise noted. all voltages are with respect to V.
6 To guarantee RAM data-retention from 3.0 V 10 4.5 V, RESET must be externally asserted and released only while V¢ 1s within the
recommended operating range of 4.5 V10 5.5 V.
7. The WPO mode rmay be selected anytime a sufficient voltage is present on the MC pin

*
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8-BIT MICROCONTROLLERS

electrical characteristics over recommended operating free-alr temperature range

»

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
VoL Lowlevel output voltage loL =—1.0 mA 04 \%
loH =—50 pA 0.9V, \
VoH High-level cutput voltage OH s ce
IOH = -2 mA 2.4 v
. 0V<V|<03V 10 pA
MC pin 03V<V)<13V 650 A
1] Input current
12V<V)s13V 50 pA
1/O pins 0V<sVisVce +10 HA
oL Low-level output current VoL =0.9Vce 1.0 mA
VoK = 0.9V 50 A
loH High-level output current OH cc L
VoH =24V -2 mA
Icc Supply current 20 MHz 35 45 mA
gpegt'“g “'l‘)?:je)o Operating mode 12 MHz 25 35 mA
seTowerst- (notes 88 9) 2 MHz 10 14 mA
Icc Supply current 20 MHz 12 17 mA
(g‘ﬂ"gby m%d,:?) 0 Standby mode 12 MHz 8 13 mA
se Towerat- (notes 8 & 9) 2MHz 3 4 mA
lcc Supply current Halt mode
(halt mode) (note 8) 15 40 HA
CLKIN 0.2V

1 Input current Ipp will be of maximum of 50 mA only when programming EPROM.

NOTES: 8. Single chip mode, ports configured as inputs, or outputs with no load. All inputs < 0.2V or 2 Voc— 0.2 V.
9. XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and falltimes less than 10 ns. Currents
may be higher with a crystal oscillator. At 20 MHz this extra current = 0.01 mA x (total load capacitance + crystal capacitance

in pF).

bas W
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I XTAL2/CLKIN XTAL1 | ‘ XTAL2/CLKIN XTAL1

100f

CRYSTAL / ——

o A= ' ca2!
CERAMIC RESONATOR EXTERNAL NO CONNECTION
CLOCK SIGNAL

! The crystal/ceramic resonator frequency is four imes the reciprocal of the system clock period.
! The values of C1 and C2 are typically 15 pF. See manufacturer's recommendations for ceramic resonators

FIGURE 17. RECOMMENDED CRYSTAL/CLOCK CONNECTIONS

PARAMETER MEASUREMENT INFORMATION

LOAD VgLTAGE

1.2kQ

Vo

T o

Case 1: Vg = Vo = 2.4 V; Load Voltage = 0 V
Case 2: Vg = Vg = 0.4V, Load Voltage = 2.1V

§ All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN driven by an
external square wave signal with a 50% duty cycle and nse and fall imes less than 10 ns unless otherwise stated.

FIGURE 18. TYPICAL OUTPUT LOAD CIRCUITS
All timings are measured between high and low measurement points as indicated in the figures below.
jfj\;_—- 0.8 V¢ (HIGH) ﬁ- 2V (HIGH)
=- 0.8V (LOW) =- 0.8V (LOW)

XTAL2/CLKIN MEASUREMENT POINTS GENERAL MEASUREMENT POINTS

Exas W
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timing parameter symbology

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the
symbols, some of the pin names and other related terminology have been abbreviated as follows:

AR Array Cco CLKOUT
B Byte PGM Program
Cl XTAL2/CLKIN

Lowercase subscripts and their meanings are:

c cycle time (period) r rise time

d delay time su setup time
f fall time v valid time
h hold time w pulse duration (width)
The following additional letters are used with these meanings:
H High \ Valid

L Low

bxas %
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external clocking requirements

RO- MIN NOM MAX | UNIT
1 Luicn XTAL2/CLKIN pulse duration (see Note 10) 20 ns
2 ey XTAL2/CLKIN nse time 30 ns
3 ey XTAL2/CLKIN fall time P~ —

CLKIN Crystal operating frequency 2 20 Wz

NOTE 10: This puise may be erther a high pulse, as illustrated, which extends from the earhiest valid high to the final valid high in an XTAL2/CLKIN
cycle, or a low pulse, which extends from the earhiest valid low 1o the final valid low in an XTAL2/CLKIN cycie.

1 —

XTAL2/CLKIN w
| |

I fo—emi— 4

|
—— o 2 3 e :

CLKOUT / \_

[ -

switching characteristics and timing requirements +

NO. PARAMETER MIN MAX | UNIT
4 4(CIH-COL! Delay time, XTAL2/CLKIN rise 1o CLKOUT fall 100 ns
5 te CLKOUT (system clock) cycle time 200 2000 ns
6 [ CLKOUT low pulse duration 0.5¢.-20 0.5t ns
7 L (COMH) CLKOUT high pulse duration 0.5t 0.5L.+20 ns

! t. = system clock cycle time = 4/CLKIN.

——— — 7 —omt

! I b— —=f |
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general purpose output signal switching timing requirements

PARAMETER MIN  NOM MAX | UNIT
1, Rise time INT2,INT3 45 ns
t Fall ime INT2, INT3 45 ns
S
| ! ‘ |
= b : |
—e o Y
recommended EPROM operating conditions for programming
MIN NOM MAX | UNIT
Vee Supply voitage 475 55 Vv
Vpp Supply voitage at MC pin 12 125 13 \"
lop Supgply current at MC pin during programming (Vep = 13 V) 30 50 mA
CLKIN Operating crystal frequency 2 20 MH2z
recommended EPROM timing requirements for programming
MIN NOM MAX | UNIT
LW (EPGM) Initial programming pulse (see Note 11) 0.95 1 1.05 ms
LW(FEPGM) Final programming pulse 285 78.75 ms
NOTE 11:Programming pulse is active when both EXE (EPCTL.0) and Vppg (EPCTL.6) are set.
recommended EEPROM timing requirements for programming
MIN NOM MAX | UNIT
LPGmE Programming duration to insure valid data is stored (byte mode) 10 ms
Ly (PGM)AR Programming duration to insure valid data is stored (array mode) 20 ms

*
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A/D converter

The A/D Converter has a separate power bus for its analog circuitry. These pins are referred to as Vgg3 and
Vgsa. The purpose is to enhance A/D performance by preventing digital switching noise of the logic circuitry
which may be present on Vgg and V¢ from coupling into the A/D analog stage. All A/D specifications will be
given with respect to Vggg unless otherwise noted.

RESOIUION . 8 bits (256 values)
MONOtOMIC ..t e e Yes
Output conversioncode .....................c.oiiii... 00h to FFh (00 for V| s Vggga: FF for VI 2 V,gq)
Conversion time (excluding sample time) 164t

recommended operating conditions

MIN  NOM MAX Unit
45 5 55 \
Vees Analog supply voltage Vec-03 Vee+0.3 v
Vsgs3 Analog ground Vgg— 0.3 Vgg+0.3 \
Vier Non-Vee, reference (see Note 13) 25 Veea Veea+ 0.1 v
Analog input for conversion Vesy Vet Vv

NOTE 12: V, must be stable, within = 1/2 LSB of the required resolution, during the entire conversion time.

operating characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT

Absolute accuracy (see Note 10) Veea =55V, V=51V =1 LSB
Uifferential/integral linearity error (see Notes 13 and 14) Veea =55V, V=51V 0.5 LS8
Converting 2 mA
lcca  Analog supply current Non-converting s A
I Inputcurrent, ANO — AN7 OVsV,s55V 2 uA
Ve Input charge current 1 mA
XTAL2/CLKIN = 12 MHz 24 kQ
Ze  Source mpedance of Vg 12 MHz < XTAL2/CLKIN s 20 MHz 10| ko

NOTES: 13. Absolute resolution = 20 mV. AtV .= 5V, this is 1 LSB. As V,,, decreases, LSB size decreases and thus absolute accuracy and

differential/integral linearity errors in terms of LSBs increases
14 Excluding quantization error of 1/2 LSB

46
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The A/D module allows complete freedom in design of the sources for the analog inputs. The period of the sample
time is user-defined such that high impedance sources can be accommodated without penalty to low-impedance
sources. The sample period begins when the SAMPLE START bit of the A/D Control Register (ADCTL) is set
to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START) of the ADCTL is
set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START bits, signaling
that a conversion has started and the analog signal can be removed.

analog timing requirements

MIN NOM MAX | UNIT
teus) Analog input setup to sampie command 0 ns
than) Analog input hold from stan of conversion 18t ns
Lais) Duration of sample time per kilohm of source impedance (see Note 15) 1 us/kQ

NOTE 15. Thevaluegrvenis validfora srgﬁal with a source impedance greater than 1 kQ. !f the source impedance is iess than 1 kQ, use 8 minimum
sampling time of 1 us.

f=—— ANALOG STABLE —=={
]

|
IN
L
— Ir-s-— teus) |

SAMPLE |
START
' |
CONVERT |
START

*p
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MECHANICAL DATA

plastic-leaded chip carrier package (FN suffix)

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound withstands soldering temperatures with no
deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050)

centers. Leads require no additional cleaning or processing when used in soldered assembly.

4,50 (0.177)
4.24(0.167)
12008 . —t 2010
1,07 (0.042) 135005 e ] 2,41 (0.095)
1 1,19 (0.047) r‘ 9,94 (0.037)
P ! 0,69 (0.027)
3
1]
i c
b (AT SEATING PLANE)
s B A
h 1,27 (0.050) T.P.
i _{ (seenoTE®)
D
|
|
0,25 (0.010) R MAX i
8 —J 3PLACES |
(SEE NOTE A) SEATING PLANE
(SEE NOTE C)
A o
JEDEC NO OF A B c 0.81(0.032)
OUTLINE |TERMINALS| MIN  MAX | MIN  MAX | MIN  MAX "1 I‘_ 0,66 (0.026)
978 10,03 | 889 . 9,04 | .7,67. ;- 18,38 1,52 (0.060)
MO-047AA 2 (0.385) (0.395) | (0.350) (0.356) | (0.310).. (0-330) } MIN
12,32 1257 | 11,43 11,38 | 10,41 % 10,92 -
MO-047A8 28 ¥
(0.485) ' (0.495) | (0.450) (0.458) | (0.410) - (0.430) 0,64 (0.025) MIN
17.40 17,65 | 16,51 16,66 | 1549 16,00
MO0-047AC 44 (0.685) (0.695) | (0.650) (0.656) | (0.610) (0.630)
MOCSTAE o 25,02 2527 | 2413 2433 | 23,11 23,62 e %‘%%8%{-
0. ; .950) (0. .91 . ek
oo anse [ et aat [aves pere|  LeAoETAL
MO-047AF 84 (1.185) (1.195) | (0.150) (1.158) | (0.090) (1.130)
All dimensions and notes for the specified JEDEC outline apply
ALL LINEAR DIMENSIONS ARE iN MILLIMETERS AND PARENTHETICALLY iN iNCHES

NOTES A Centerline of center pin each side i1s within 0,10 (0.004) of package centerline as determined by dimension 8
B Location of each pin 1s within 0,127 (0.005) of true postion with respect to center pin on each side.
C The lead contact points are planar within 0,10 (0.004)

Exas W
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MECHANICA DATA

ceramic leaded chip carrier package (FJ suffix)

r A >
[
| INDEX MARK
2! (OPTIONAL) i
|
i
c TOP VIEW '
5 1 |
l * E/v 0,38 ((0.015) MIN
1,47 (0.058) Il /}
1,07 (0.042) E -
' — 1e— 1,27 (0.050) NOM _{
2 H 1 0,28 (0.011)
2,16 (0.085) it 0,18 (0.007)
1,65 (0.068| 7
(0.065) z up
2 0.28 (0.011)
BOTTOM VIEW 3 [*] 0.18 (0.007)
e 0.89 (0.035)
3 0,64 (0.025)
= 4 -
J 0,56 (0.022)
i 2 0,31 (0.012)
............... —
1! 0,89 {0.035!
1,27 (0.050) . i
076 (0.030) %5 i °'“‘°°25) ‘l
3 PLACES 0,51 (0.020) 2.05(0.120)
0.25(0.010) 2,54 (0.100)
DIM A B c [} E
PINS MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
- 17,27 17,78 16,28 16,74 12,57 12,88 15,49 16,51 1,91 2,16
(0.680)  (0.700) | (0.641)  (0.659) | (0.495)  (0.507) | (0.610)  (0.650) | (0.075)  (0.085)
P 24,89 25,40 23,88 24,51 20,19 20,52 23,11 24,13 191 2,41
(0.980)  (0.100) | (0.940)  (0.965) | (0.795)  (0.808) | (0.910)  (0.950) | (0.075)  (0.095)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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CMOS/EEPROM/EPROM Technologles on a

Single Device

— Mask ROM Devices for High Volume
Production

— One-Time Programmable (OTP) Devices
for Low Volume Production

— Reprogrammable EPROM Devices for
Prototyping Purposes

Flexible Operating Features

— Power-Reduction STANDBY and HALT
Modes

— Commerclal and Industrial Temperature
Ranges

— Input Clock Frequency 2 MHz to 20 MHz

— Voltage (Vcc) 5V +£10%

Internal System Memory Configurations

— On-Chlip Program Memory Versions

— ROM, 4K-Bytes or 8K-Bytes

— EPROM, 8K-Bytes

— Data EEPROM, 256-Bytes

— Static RAM, 256-Bytes Usable as
Reglsters

Elght Bit A/D Converter
— 4 Channels In 40-Pin Packages
— 8 Channels In 44-PIn Packages

Two 16-BIt General Purpose Timers
— Software Conflgurable as
Two 16-Bit Event Counters, or
Two 16-Bit Pulse Accumulators, or
Three 16-Bit Input Capture Functions, or
Four Compare Registers, or
Two Self-Contalned PWM Functions
— Software Programmable Input Polarity
— One Timer Has an 8-Bit Prescaler,
Providing a 24-BIt Realtime Timer

On-Chip 24-Bit Watchdog Timer

Serlal Communlcatlons Interface (SCI)

— Asynchronous and Isosynchronous
Modes

— Full Duplex, Double Buffered Rx and Tx

— Two Multiprocessor Communication
Formats :

CMOS/TTL Compatible I/O Pins

— All Peripheral Function Pins Software
Conflgurable for Digital /0

— 40 Pin Plastic and Ceramic Dual-In-Line
Package
- 27 Bidirectional, 5 Input Pins

— 44 Pin Plastic and Ceramic Leaded Chip
Carrler Package
— 27 Bldirectional, 9 Input Pins

J, N and N2 Packages

(Top View)
B2 {1 Y  B1
T2EvT []2 39f] Bo
T2IC2PWM [ 38]] scITXD
T21C1/CR [f4 a7}l scIRxD
RESET [{5 3s]] scicLK
INT1 6 35[] D5
INT2 [}7 34f] Mc
INT3 [}8 33f] XTAL2/CLKIN
vee []o . 32f] xTAL1
A7 [j10 31f] THic/oR
as [}11 30f] TIPWM
vgs [}12 20f] TIEVT
As [|13 28f] AN7
Ad 14 27{] ANe
A3 |15 26} Vees
Az f]1s 25§] Vssa
A1 17 24f) ANs
Ao f]18 23f] AN2
o7 190 22f] De
D4 20 21f) D3
FN and FZ Packages
5 (Top View)
5%
pgiy [aN=] X
B3, 52,
T O@DOONO OO
OOCCECICICr s
(6543 214443424140
INT1 ] 7 o a0 [] MC
N2 [ 6 38 El' XTAL2 / CLKIN
INT3 ] o 37 [] XTALY
vee [ 10 36 [] T1IC/CR
Vees [ 11 35 [] TIPWM
A7 [ 12 34 f] TIEVT
As 113 33 [] AN7
Vss [] 14 32 [] AN6
A5 [] 15 31 {] ANS
A4 16 30 |] AN4
A3 [} 17 20 ] Vss3
1819 20 21 22 23 24 2526 27 28

1§ e e | o | e

- NDeorNQ
2253882222
<< <

Flexible Interrupt Handling

— Two S/W Programmable Interrupt Levels

— Global and Individual Interrupt Masking

— Programmable Rising or Falling Edge
Detect

TMS370 Serles Compatiblility

— Register-to-Register Architecture
— 256 General-Purpose Registers
— 14 Powerful Addressing Modes

PC-Based Workstation Development
SupportEmphasizes Productivity, Featuring:
— C-Compller Support

— Realtime In-Circult Emulation

— Symbolic Debug

— Extenslve Breakpolnt/Trace Capability
— Software Performance Analysis

— Multl-Window User Interface

— EEPROM/EPROM Programming

ADVANCE INF P
sampling or_ proproduction phase of development.

data and other are subject
to changs without notice,

Copyright © 1991, Texas Instruments Incorporated
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description

The TMS370C040, TMS370C042, TMS370C340, TMS370C342, TMS370C642, and TMS370C742 devices
are members of the TMS370 family of single-chip 8-bit microcontrollers. The TMS370 family provides
cost-effective realtime system control through VLSlintegration of advanced peripheral function on-chip memory
configurations.

The TMS370Cx4x family is implemented using high-performance silicon-gate CMOS technology. The low
operating power, wide operating temperature range, and noise immunity of CMOS technology coupled with the
high performance and extensive on-chip peripheral functions make the TMS370Cx4x devices attractive in
system designs for automotive electronics, industrial motor, computer peripheral control, and
telecommunications.

Unless otherwise noted, the term TMS370Cx4x refers to the TMS370C040, TMS370C042, TMS370C340,
TMS370C342, TMS370C642 and TMS370C742 for all peripheral function modules available on those devices.
All TMS370Cx4x devices contain a minimum of the following on-chip peripheral modules:

® 256-bytes RAM (usable as registers)

@ 8-channel (for 44 pin device) or 4-channel (for 40 pin device) 8-bit Analog-to-Digital converter (A/D)
@  Serial communications interface function (SCI)

@ Two 24-bit general-purpose timers, one of which can be used as a Watchdog timer

® One 16-bit general-purpose timer

The following table provides an overview of the various memory configurations and operating modes of the

TMS370Cx4x devices. )
Memory Conflgurations
PROGRAM MEMORY (BYTES) DATA MEMORY (BYTES)
DEVICES ROM EPROM RAM EEPROM PIN/PACKAGES

44/ FN-PLCC
TMS370C040 4K - 256 256 40/ N-DIP
40/ N2-DIP

44/ FN-PLCC
TMS370C042 8K — 256 256 40/ N-DIP
40/ N2-DIP

44/ FN-PLCC
TMS370C340 4K — 256 — N 40/ N-DIP
40/ N2-DIP

44/ FN-PLCC
TMS370C342 8K — 256 — 40/N-DIP
40/ N2-DIP

44/ FN-PLCC
TMS370C642 — 8K 256 — 40/ N-DIP
40/ N2-DIP

. 44/ FN-PLCC
TMS370C742 — 8K 256 256 40/ N-DIP
40/ N2-DIP

T System evaluators and development tools are for use only in a prototype environment and their reliability has not been
characterized.
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The 4K-bytes and 8K-bytes of mask-programmable ROM in the TMS370C040, TMS370C042, TMS370C340
and TMS370C342 are replaced in the TMS370C642 and TMS370C742 with 8K-bytes of EPROM while all other
available memory and on-chip peripherals are identical, with the exception of no data EEPROM on the
TMS370C340, TMS370C342, and TMS370C642 devices. OTP (TMS370C642 and TMS370C742) devices and
the reprogrammable device (TMS370C742FZ) are the two versions of the TMS370Cx4x family that have 8K
of EPROM program memory with a superset of the memory and peripherals of all the other family members with
the same pin-out.

TMS370C642 and TMS370C742 (OTP) devices are in plastic packages and can be programmed one time. This
is an effective microcomputer to use for immediate production updates for other members of the TMS370Cx4x
family or for low volume production runs that cannot satisfy minimum volume or cycle time for the low-cost mask
ROM devices.

The TMS370C742FZ is a windowed ceramic package to allow reprogramming of the program EPROM memory
during the development prototyping phase of design. These TMS370C742FZ devices allow quick updates to
breadboards and prototype systems while iterating initial designs.

The TMS370Cx4x provides two power reduction modes (STANDBY and HALT) for applications where low
power consumption is critical. Both modes stop all CPU activity (l.e., no instructions are executed). In the
STANDBY mode the internal oscillator, the general purpose timer, and the SCl receiver start bit detection remain
active. In the HALT mode, all device activity is stopped. The device retains all RAM data and peripheral
configuration bits throughout both powerdown modes.

The TMS370Cx4x features advanced register-to-register architecture that allows arithmetic and logical
operations without requiring an accumulator (e.g., ADD r24, r47; add the contents of register 24 to the contents
of register 47 and store the result in register 47). The TMS370Cx4x family is fully instruction-set-compatible,
allowing easy transition between members.

The TMS370Cx4x family offers an 8-channel with 8-bit accuracy Analog-to-Digital converter for the 44-pin
PLCC packages and also offers 4-channel Analog-to-Digital for the 40-pin DIP packages. The 33-ps conversion
time at 20 MHz and the variable sample period, combined with selectable positive reference voltage sources,
turn real-world analog signals into digital data.

The Serial Communications Interface (SCI) module is a built-in serial interface that can be programmed to be
asynchronous or isosynchronous to give three methods of serial communications. The SCI allows standard
RS-232-C communications with other common data transmission equipment. The CPU takes no part in serial
communications except to write data to be transmitted to a register and to read received data from a register.

The TMS370Cx4x family provides the system designer with very economical, efficient solutions-to real-time
control applications. The TMS370 family eXtended Development System (XDS) solves the challenge of
efficiently developing the software and hardware required to design the TMS370Cx4x into an ever-increasing
number of complex applications. The application source code can be written in Assembly and C-language, and
the output code can be generated by the linker. The TMS370 family XDS communicates via a standard
RS-232-C interface with an existing personal computer to form a PC-DOS hosted workstation. This allows the
use of the PC's editors and software utilities already familiar to the designer. The TMS370 family XDS
emphasizes ease-of-use through extensive use of menus and screen windowing so that a system designer can
begin developing software with minimum training. Precise realtime in-circuit emulation and extensive symbolic
debug and analysis tools ensure efficient software and hardware implememation as well as reducing the
{ime-io-maricet cycie.

The TMS370Cx4x family together with the TMS370 family XDS for applications development, the
TMS370C742FZ reprogrammable devices, comprehensive product documentation, and customer support,
provide a complete solution for the needs of the system designer.

The TMS370Cx4x family members are available in three package types: 44-pin PLCC (FN), 40-pin DIP (N) and
40-pin shrink DIP (N2). The shrink DIP package is the same width as the standard 40-pin DIP (0.600”) but the
space between pins is reduced from 0.100” to .070”. This results in a 30% board space savings yielding a
40-pin package the size of a standard 28-pin DIP.
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functional block dlagram
INT1 INT3

INT2

XTAL2/
CLKIN

XTAL1

BN RN B A

RESET

ANO-AN7

Oscillator System
Interrupts Clock Control
RAM
CPU (256 Bytes

Usable as Reglsters)

Program Memory
4K or 8K Bytes

Data EEPROM
256 Bytes

|

‘ |

I
|
I
|
|
|
|
|
|
[
|
|
|
{ (ROM or EPROM)
|
|
|
|
|
|
|
|
|
|
|
|
|

Port B

40-PIN DIP: AN2, AN3,

ANSG, AN7

44-PIN PLCC:ANO-AN7

Ato-D Veces
Converter ———— Vgs3
(40— Pin: 4
CH)
(44 Rin: 8
CH)
Serlal llg—» scirXp
Communications | |q____p  SCITXD
Interface ll¢——p SCICLK
[
He——» T2IC1/CR
Timer 2 _]4___.; T2EVT
—l{——b T2IC2/PWM
|
H T1IC/CR
Timer 1 TIEVT
:c:" TIPWM
Watchdog :
|
F——— Vce
lL—— Vss
|
|
|
_l
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Terminal Functions

PIN
- o DESCRIPTION
DiP PLCC
(40) (44)
A0 18 20 4] Port A pins are general purpose bidirectional I/0 ports.
At 17 19 o
A2 16 18 o
A3 15 17 1o
A4 14 16 Vo
A5 13 15 /o
A6 1 13 o
A7 10 12 1o
BO 39 44 /o Port B pins are general purpose bidirectional /O ports. -
B1 40 1 /{e]
B2 1 2 o
Port D pins are general purpose bidirectional /0 ports.
D3 21 23 /{e] D3 also configurable as CLKOUT (see Note 1)
D4 20 22 /{e}
D5 35 40 o
Dé 22 24 o
D7 19 21 1o
ANO/EO — 25 | A/D analog input channels or positive reference pins.
AN1/E1 — 26 |
AN2/E2 23 27 I
AN3/E3 24 28 |
AN4/E4 — 30 |
ANS5/ES — 31 |
AN6/E6 27 32 | Any A/D channel may be programmed as general purpose input pins (E port) if not
AN7/E7 28 33 ! used as an analog input or reference channel.
Vees 26 11 A/D converter positive supply voltage and optional positive reference input pin.,
Vsss 25 29 A/D converter ground supply and low reference input pin.
INT1 6 7 I External non-maskable or maskable interrupt/General purpose input pin.
INT2 7 8 /o External maskable interrupt input/General purpose bidirectional pin.
INT3 8 9 o External maskable interrupt input/General purpose bidirectional pin.
T1IC/CR 31 36 Vo Timer 1 input Capture/Counter Reset input pin/General purpose bidirectional pin.
T1PWM 30 35 1o Timer 1 Pulse-Width-Modulation output pin/General purpose bidirectional pin.
T1EVT 29 34 o Timer 1 External Event input pin/general purpose bidirectional pin.
T2IC1/CR 4 5 170 Timer 2 input capture/counter reset input pin/General purpose bidirectional pin.
T2IC2/PWM 3 4 /10 Timer 2 input capture 2/PWM output pin/General purpose bidirectional pin.
T2EVT 2 3 e} Timer 2 External Event input pin/General purpose bidirectional pin.
SCITXD 38 43 o SCI Transmit Data Output pirvGeneral purpose bidirectional pin.
SCIRXD 37 42 /o SCI Receive Data input pin/General purpose bidirectional pin.
SCICLK 36 41 o SCl bidirectional Serial Clock pirvGeneral purpose bidirectionalpin.
RESET 5 6 4] System reset bidirectional pin. As input it initializes microcontroller, as open-drain output
it indicates an internal failure was detected by the Watchdog or Oscillator Fault circuit.
MC 34 39 | Mode control input pin; enables the EEPROM Write Protection Override (WPO) mode.
XTAL1 32 37 | Internal oscillator output for crystal
XTAL2/CLKIN 33 38 o Internal oscillator crystal input/external clock source input
Vee 9 10 Positive supply voltage.
Vss 12 14 Ground reference.

NOTE 1: Eachpinassociated with Interrupt 2, Interrupt 3, Timer 1, Timer 2 and SCI functional blocks may be individually programmed as a general
purpose bidirectional pinif it is not used for its primary block function. Unused A/D input channel pins may be programmed as a general
purpose input only pins. D3 may be contigured as CLKOUT by appropriately programming the DPORT1 and DPORT2 registers.
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memory map

The TMS370 family architecture is based on the Von Neumann architecture, where the program memory and
data memory share a common address space. All peripheral input/output is memory mapped in this same
common address space. As shown in Figure 1, the TMS370 family provides memory-mapped RAM, ROM,

EEPROM, EPROM, input/output pins, and peripheral functions.

The peripheral file contains all input/output port control, peripheral status and control, EPROM memory
programming, and system-wide control functions. The peripheral file is located between 1010h to 107Fh and
is logically divided into 6 Peripheral File Frames of 16 bytes each. Each on-chip peripheral is assigned to a
separate frame through which peripheral control and data information is passed. The TMS370Cx4x has 5

peripheral frames and a system control frame assigned to Peripheral File Frames 1, 2, 4, 5, 6, and 7.

Reserved

System Controf

Digital Port Control

Reserved

Timer 1 Peripherai Control

SCi Perlpheral Control

Timer 2 Peripheral Control

ADC Perlpheral Control

Reserved

Vectors

Trap 15-0

Reserved

A-D Converter

Timer 2

0000h
256-Byte RAM (Reglster Flie/Stack)
00FFh
0100h
Reserved

OFFFh
1000h

Perlpheral File
10BFh
10COh

Not Avallable
10FFh
1100h

Reserved
1EFFh
1F00h
256-Byte Data EEPROM

1FFFh
2000h

Not Avaliable
5FFFh
6000h

8K-Byte or 4K-Byte

6FFFh |_|
7000h Program Memory

(ROM/EPROM)
7FFFh
8000h

Not Avallable
FFFFh

Serlal Comm I/F Tx

Serlal Comm I/F Rx

Timer 1

Interrupt 3

Interrupt 2

Interrupt 1

Reset

Figure 1. TMS370Cx4x Memory Map

1000h — 100Fh
1010h - 101Fh
1020h — 102Fh
1030h ~ 103Fh
1040h — 104Fh
1050h - 105Fh
1060h — 106Fh
1070h — 107Fh

1080h ~ 10BFh

7FCOh — 7FDFh
7FEOh — 7FEBh
7FECh — 7FEDh
7FEEh ~ 7FEFh
7FFOh — 7FF1h
7FF2h — 7FF3h
7FF4h —~ 7FF5h
7FF8h ~ 7FF9h
7FFAh ~ 7FFBh
7FFCh — TFFDh
7FFEh — 7FFFh

*p
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memorles

RAM/register flle

The TMS370Cx4x has 256 bytes of static RAM, which serve as both the CPU register file and general-purpose
memory. The RAM is treated as registers by the instruction set and is referenced as RO through R255. The first
two registers, RO and R1, are also called the A and B registers, respectively. The stack is located in the RAM,
and operates as a last-in first-out read/write memory. It is used to store the return address on subroutine calls
and the status register during interrupts. Accessing this memory as registers is performed in one system clock
cycle (t;), while general-purpose memory access is performed in two system clock cycles.

Instructions may be executed from RAM. This versatility enables the internal RAM to be used for functions such
as microcontroller self-test, diagnostics, or system test of the end application. The user may load external
programs or data into the RAM by incorporating a simple bootstrap loader in the program memory.

data EEPROM

The TMS370Cx4x family has 256 bytes of on-chip Electrically Erasable Programmable ROM (EEPROM),
addressed as 256 consecutive bytes mapped irom locations 1F00h to 1FFFh. The data EEPROM provides
nonvolatile programmable storage for items such as calibration constants and configuration information for
personalization of a generic program ROM/EPROM algorithm for use in specific end applications. The data
EEPROM supports bit, byte, and block write/erase modes. Instructions may be executed from the data
EEPROM, providing additional program space and the abillity to patch algorithms by placing a branch table for
volatile routines In the data EEPROM.

The data EEPROM uses the 5-V V¢ supply voltage and provides the programming voltage via an internal
dedicated generator, eliminating the need for an external high-voltage programming source. The dedicated
voltage generator optimizes the programming voltage characteristics, increasing the reliability as well as
extending the write/erase endurance of the array.

Programming control and status monitoring are performed through the data EEPROM control register
(DEECTL) in the peripheral file. An EEPROM write/erase operation Is performed in the following sequence:

1. Perform normal memory write to the target EEPROM location.

2. Write to DEECTL control register to select WRITE1/WRITEO and set the EXECUTE (EXE) bit to 1.
3. Walt for program time to elapse [tw(pam)B F tw(PGM)AR]-

4. Write to DEECTL control register to set the EXECUTE (EXE) bit to 0.

The WRITE1/WRITEO control bit selects whether the zeros or the ones In the data byte are to be programmed
Into the selected EEPROM location. For example, a WRITE1 operation will program ones Into all bit positions
within the EEPROM byte that have ones In the data byte, while bits that are zero in the data byte will not affect
the EEPROM contents. The WRITE1 operation.effectively performs a logical OR of the Information previously
stored on the EEPROM byte with the data byte. The WRITEO operation effectively performs a logical AND
between these two bytes. Single bit programming within an EEPROM byte Is performed by writing only the zeros
or ones of the data byte. The EEPROM programming algorithm may use this bit-programming capability to
optimize the life of the EEPROM.

When a data value cannot be achleved by writing only zeros or only ones into the EEPROM byte, a WRITE1
tollowed by a WRITEO will program any data value into the EEPROM byte, regardless of the previous data stored
at that location.

Data EEPROM read accesses are performed as normal memory read operations In two system clock cycles.
A memory read cycle to any EEPROM location while EXECUTE = 1 returns the value currently being written
to the EEPROM. Following an EEPROM write operation, the EEPROM voltages must stabllize prior to
performing an EEPROM read operation. The BUSY FLAG indicates the status of the EEPROM voltage. When
set, the EEPROM is not ready for a read operation. The BUSY FLAG is reset to 0 by the EEPROM control logic
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when 128 system clock cycles have elapsed following the EXECUTE bit being set to 0. If an EEPROM read
operation is performed while BUSY = 1, automatic WAIT states will be generated until BUSY = 0, and then the
read operation will be performed.

MSB LSB
1F00h Write Protect Reglster o
————————————— r—" BLK7 | BLK6 | BLK5 | BLK4 | BLK3 | BLK2 | BLK1 | BLKO
BLKO |
L ,
1F20h BLK1 Write Protect Reglster
1F40h
BLK2
0 = Normai Write Access
1F60 -
60h BLK3 1 = Wrlte Protect Block
1F80h
BLK4
F
1FAOh BLKS
1F
coh BLK6
1FEO!
FEOh BLK7
1FFFh

Figure 2. Write Protect Reglster for TMS370x4x Devices

With A 256-Byie Lata EEPROM Array

Bytes within the data EEPROM may be protected from inadvertent overwriting of critical information. As shown
in Figure 2, the 8-bit Write Protect Reglister (WPR), located at 1F00h within the data EEPROM, provides write
protection for the 256-byte data EEPROM, segmenting the array into elght blocks of 32 bytes each. Each of
these 32-byte blocks may be individually write- and erase-protected by setting the corresponding bit to 1 in the
appropriate WPR. Since the WPRs reside in the array in BLKO, the WPR may also be write-protected, thereby
increasing the system reliability by preventing bytes from being reprogrammed. Bytes left unprotected may be
written to by the normal EEPROM programming sequence. The Write Protection Override (WPO) mode enables
data to be written to any location in the data EEPROM, regardiess of the WPR contents. Enter the WPO mode
by placing 12-V on the MC pin. The WPO mode Is typically used in a service environment to update the protected
EEPROM contents.

All unprotected bytes within the data EEPROM array may be programmed during a single EEPROM
programming cycle by setting the ARRAY PROG bit of DEECTL to 1 at the start of the programming cycle.

program ROM

The program ROM consists of 4K- to 16K-bytes of mask programmable read-only memory. The program ROM
is used for permanent storage of data or instructions, with read operations performed in two system clock cycles.
Memory addresses 7FECh through 7FFFh are reserved for interrupt and reset vectors. Trap vectors, used with
TRAPO through TRAP15 instructions, are located between addresses 7FCOh and 7FDFh. Programming of the
mask ROM is performed at the time of device fabrication.

Texas ‘&’}

INSTRUMENTS

8 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS370Cx4x
8-BIT MICROCONTROLLERS

SPNS016 — OCTOBER 1991

program EPROM (TMS370C642 and TMS370C742 only)

The program EPROM of the TMS370C642 and TMS370C742 is an 8K electrically programmable read-only
memory, addressed as 8K consecutive bytes mapped from location 6000h to 7FFFh. It provides application
performance identical to the TMS370Cx4x mask ROM devices. Program instructions are read from the program
EPROM in two system clock cycles, providing the prototyping capability of the mask program ROM.

An external supply (Vpp) is needed at the MC pin to provide the necessary programming voltage (Vpp).
Programming is controlled through a register (EPCTL) in the peripheral file.

The TMS370C642 and TMS370C742 each come in a plastic package and cannot be erased. They are
one-time-programmable (OTP) devices. The TMS370C742 comes in ceramic package with a quartz window.
Before programming, the TMS370C742's EPROM is erased by exposing the device through the transparent
window to high-intensity ultraviolet light (wavelength 2537A). The recommended minimum exposure dose (UV
intensity x exposure time) is 15 Was/cmZ. A typical 12-mW/cmZ, filterless UV lamp will erase the device in 21
minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, the entire array
isin alogic 1 state. A programmed O can be erased to a 1 only by exposure to ultraviolet light. It should be noted
that normal ambient light contains the correct wavelength for erasure. When using the TMS370C742, the
window should be covered with an opaque label. All devices are erased to logic 1 when delivered from the
factory.

CAUTION

Exposing the EPROM module to ultraviolet light may also cause erasure in any EEPROM module. Any
useful data stored in the EEPROM must be reprogrammed after exposure to UV light.

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

Supply the programming voltage to the MC pin.

Write to EPCTL register to set the VPPS bitto 1.

Perform normal memory write register to the target EPROM location.

Write to EPCTL register to set the EXE bitto 1. (Wait at least two microseconds after step 2).
Wait for program time to elapse (one millisecond).

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

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

8. Write to EPCTL register to set the EXE bit to 1 for final programming.

N o s e =

9, Wait for program time to elapse (3X milliseconds duration).
10. Write to EPCTL register to clear the EXE and VPPS bits.

J
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Anexternal power supply at Vpp, Ipp (30mA) is required for programming operations. Programming voltage Vpp
is supplied via the MC pin. This also automatically puts the microcontroller in the Write Protection Override
(WPO) mode. Programming voltage may be applied via the MC pin anytime after RESET and will remain at Vpp
after programming (after the EXECUTE bit is cleared). Applying programming voltage while RESET is active
will put the microcontroller in reserved mode, where programming operation is inhibited.

Write to EPCTL;
Set Both VPPS and

Vee =6V EXE Bits to 1
MC =125V
Walt For 1 ms i
X=0
Wrlte to EPCTL;

Clear EXE Bit

Write to EPCTL.

Set VPPSto 1

! Increment X

*

Normal Wrlite to
EPROM Locatlons

L,

Program the Byte
With 3X ms Duration

| v

Clear Both EXE
and VPPS

Figure 3. EPROM Programming Operation

wriite protection of program EPROM

To override the EPROM write protection, the Vpp voltage must be applied to the MC pin and the VPPS bit
(EPCTL.6) must be set. This dual requirement ensures that the program EPROM will not accidentally be
overwritten during the data EEPROM operations when Vpp is applied to the MC pin. The data EEPROM may
be programmed when the VPPS bit is set.
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central processing unit

The central processing unit (CPU) of the TMS370 series is an enhanced version of the TMS7000 Family CPU.
The enhancements include additional user instructions such as integer divide, conditional jump instructions
based on the overflow status bit, and addressing modes such as stack-pointer-relative addressing for
subroutine parameter passing. The efficient register-to-register architecture of the TMS7000 family has been
carried over to the TMS370 family, which avoids the conventional accumulator bottieneck. The complete
TMS370 family instruction set is summarized in the table, TMS370 Instruction Set Summary, page 39.

In addition to the interpretation and execution of the user program, the CPU performs the functions of bus
protocol generation and interrupt priority arbitration. While the CPU is implemented independent of the memory,
input/output, and peripheral modules, it performs the central system controi function through communications
with these on-chip modules and external memory and peripherals.

The TMS370 family CPU registers accessible to the programmer are shown in Figure 4. The register file
consists of 256 general purpose registers, RO through R255 implemented in on-chip RAM, and is used by the
CPU for general purpose 8- and 16-bit source and destination operands, index registers, and indirect
addressing. The first two registers, RO and R1, are also called registers A and B and are used by the CPU as
general purpose registers or for implied operands. The program counter (PC) contains the address of the next
instructionto be executed. The stack pointer (SP) contains the address of the last or top entry on the stack, which
is located in the on-chip register file. The status register (ST) contains four bits that reflect the outcome of the
instruction just executed, and two bits that control the masking of the interrupt priority chains.

RO (A)

R1(B)

R2

R3 General Purpose Register Files

R254

R255

15 PC O—I Program Counter

C — Carry/Borrow from MSB l 7 sP 0 | Stack Pointer
N — Negative

7 0

IE1 — Level 1 Interrupt Enable | c l N ‘ 7 ! v ‘IEZ ‘IEI | - | - ‘Slalusﬁeglsler

Flgure 4. CPU Reglsters
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system resets

The TMS370Cx4x has three possible reset sources: alow input to the RESET pin, a programmable watchdog
timer timeout, or a programmable oscillator fault failure. The RESET pin, an input/output pin, initiates
TMS370Cx4x hardware initialization and ensures an orderly software startup. A low-level input of at least
50 ns initiates the reset sequence. The microcontroller is held in reset until the RESET pin goes inactive (high).
If the RESET input signal is low for less than eight system clock cycles, the TMS370Cx4x will hold the external
RESET pin low for eight system clock cycles to reset external system components. The RESET pin must be
activated by the application at power-up, which can be accomplished by an external input or an RC power-up
reset circuit. Recall that the basic operating mode, microcomputer or microprocessor, is determined by the
voltage level applied to the MC pin two cycles before the RESET pin goes inactive (high). The RESET pin can
be asserted at any time during operation, resulting in an immediate initiation of the reset sequence.

Vee To Other Devices’ Resets

47 KO TMS370

Resetin

27ka -4 Reset Out

-

Flgure 5. Typlcal Reset Circuit

The watchdog timer provides system integrity by detecting a program that has become lost or is not executing
as expected. A systemreset is generated if the watchdog timer is not properly re-initialized by a specific software
sequence, or if the re-initialization does not occur before the watchdog timer times out. The watchdog timer
timeoutinitiates the TMS370Cx4x reset sequence and drives the external RESET pin low for eight system clock
cycles to reset external system components. Thé watchdog reset function is enabled by setting the WD OVRFL
RST ENA bit of TICTL2 to 1. Once the software enables the watchdog reset function, subsequent writes to the
WD OVRFL RST ENA bit are ignored. Watchdog control bits can be initialized only following a power-up reset.
The timer section discusses additional information on the watchdog timer and its configurations.

The oscillator fault circuit provides the means to monitor failures of the oscillator input signal (XTAL2/CLKIN).
This function is enabled under software control by setting the OSC FLT RST ENA bit of SCCR2 to 1. If the
oscillator input signal frequency remains above the 90% point of the minimum operating frequency (CLKIN),
the oscillator input will not to be activated. However, if the oscillator input is lost or its frequency falls below 20
kHz and the oscillator fault reset is enabled, the TMS370Cx4x is reset and the external RESET pinis driven low.
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Reset Sources

REGISTER ADDRESS PF BIT NO. CONTROL BIT SOURCE OF RESET
SCCRoO 1010h P010 7 COLD START Cold or Warm start reset.
SCCRO 1010h P010 4 OSC FLT FLAG Oscillator out of range
T1CTL2 104Ah P04A 5 WD OVRFL INT FLAG Watchdog timer timeout.

When an oscillator input failure occurs, the internal clocks are stopped and RESET is held active until the
oscillator input frequency is greater than 100 kHz typical. If the OSC FLT RST ENA bit of SCCR2 is set to 0,
the fault-detection circuit independently sets the OSC FLT FLAG of SCCRO0 without generating a system reset.
The fault detection circuit can be disabled if the OSC FLT DISABLE bit is set to 1. The OSC FLT RST ENA bit
is protected during non-privileged operation and therefore should be software configured during the initialization
sequence following system reset. During the HALT mode the oscillator fault circuitry will be disabled.

During a microcontroller reset, the majority of the peripheral file bits are set to 0, with the exception of the bits
shown in the following table. During all resets, the COLD START, OSC FLT FLAG, and the WD OVRFL FLAG
are appropriately set by the active reset and may be interrogated by the program to determine the source of
system reset. Registers A and B are set to zero during all resets. The other registers are not affecied by a reset
under power (warm reset).

Control Blt States Following Reset

WARM RESET

REGISTER CONTROL BIT POWERUP MICROCOMPUTER MICROCOMPUTER
SCCRO uP/uC MODE [) [)
MC PIN DATA 0 0
COLD START 1 t
OSC FLT FLAG 0 t
TICTL2 WD OVRFL FLAG 0 t
TXCTL TX EMPTY 1 1
TXCTL TXRDY 1 1
ADSTAT AD READY 1 1

1 Status bit corresponding to active reset source is set to 1.

Interrupts

The TMS370 family software-programmable interrupt structure supports flexible on-chip and external interrupt
configurations to meet realtime interrupt-driven application requirements. The hardware interrupt structure
incorporates two priority levels as shown in Figure 6. Interrupt level 1 has a higher priority than interrupt
level 2. The two priority levels can be independently enabled by the global interrupt enable bits (IE1 and IE2)
of the Status Register.

Each system interrupt is independently configured on either the high or low priority chain by the application
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of
the system interrupt. However, since each system interrupt is selectively configured on either the high or low
priority interrupt chain, the application program can elevate any system interrupt to the highest priority.
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority
chains is performed within the peripheral modules to support interrupt expansion to future modules. Pending
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and
priority conditions.

The TMS370Cx4x has nine hardware systeminterrupts as shown in the table on page 15. Each systeminterrupt
has a dedicated interrupt vector located in program memory through which control is passed to the interrupt
service routines. A system interrupt may have multiple interrupt sources (e.g., SCI RXNT has two interrupt
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sources). All of the interrupt sources are individually maskable by local interrupt enable control bits in the
associaled peripheral file. Each interrupt source FLAG bit is individually readable for software polling or to
determine which interrupt source generated the associated system interrupt.

TIMER 1
Overllowlo/o_
SCI Compere 1
e "/O-
RX X ‘
Ext Edge
0O
BRKDT Compare 2 - EXTINT 1 CPU
—0 ¢ —O07 0~
iIn Capture
RXRDY TXRDY P o] Nt
—0— 0O >~o— Watchdog - INT 1"0/
—07 0 Priority Logic
—0 o— PE— —Q
B o
T1 PRI [ w1 Pt
RXPRI TXPRI
Status Reglster
IE1
“ el Level 1 INT
“ 00 Level 2 INT
Enable

Figure 6. Interrupt Control

Five of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3
control registers in peripheral file frame 1. Each :2xternal interrupt is individually sofiware configurable for input
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software configurable as either
amaskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the
individual or global enable mask bits. Recall that the INT1 NM! bit is protected during non-privileged operation
and therefore should be configured during the initialization sequence following reset. To maximize pin flexibility,
external interrupts INT2 and INT3 can be software configured as general purpose input/output pins if the
interrupt function is not required (INT1 can be similarly configured as an input pin).
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Hardware System Interrupts

SYSTEM VECTOR

INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS PRIORITYS
External RESET COLD START RESETtH 7FFEN, 7FFFh 1
Watchdog Overflow WD OVRFL INT FLAG
Oscillator Fault Detect OSC FLT FLAG
External INT1 INT1 FLAG INT1} 7FFCh, 7FFDh 2
External INT2 INT2 FLAG INT21 7FFAh, 7FFBh 3
External INT3 INT3 FLAG ' INT3t 7FF8h, 7FF9h 4
Timer 1 Overflow T1 OVRFL INT FLAG T1INTH TFF4h, 7FF5h 6
Timer 1 Compare 1 T1C1 INT FLAG
Timer 1 Compare 2 T1C2 INT FLAG
Timer 1 External Edge T1EDGE INT FLAG
Timer 1 Input Capture T1IC INT FLAG
Watchdog Overflow WD OVRFL INT FLAG .
SCI RX Data Register Full RXRDY FLAG RXINTT 7FF2h, 7FF3h 7
SCI RX Break Detect BRKDT FLAG
SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FF1h 8
Timer 2 Overflow T2 OVRFL INT FLAG T2INT 7FEEh, 7FEFh 9
Timer 2 Compare 1 T<C1 INT FLAG
Timer 2 Compare 2 T2C2 INT FLAG
Timer 2 External Edge T2EDGE INT FLAG
Timer 2 Input Capture 1 T2IC1 INT FLAG
Timer 2 Input Capture 2 T2IC2 INT FLAG
A-D Conversion Complete AD INT FLAG ADINT 7FECh, 7FEDh 10

1 Releases microcontroller from STANDBY and HALT low power modes.

1 Releases microcontroller from STANDBY fow power mode.

§ Relative priority within an interrupt level.
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privileged operation and EEPROM wrlte protection override

The TMS370Cx4x family is designed with significant flexibility to enable the designer to software-configure the
system and peripherals to meet the requirements of a broad variety of applications. The non-privileged mode
of operation ensures the integrity of the system configuration once defined for an end application. Following a
hardware reset, the TMS370Cx4x operates in the privileged mode, where all peripheral file registers have
unrestricted read/write access and the application program will configure the system during the initialization
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) will
be setto 1, entering the non-privileged mode and disabling write operations to specific configuration control bits
within the peripheral file. The following system configuration bits are write-protected during the non-privileged
mode and must be configured by software prior to exiting the privileged mode:

REGISTERT
CONTROL BIT
NAME LOCATION

SCCRO P010.5 PF AUTO WAIT
SCCRO P010.6 0SC POWER
SCCR1 PO11.2 MEMORY DISABLE
SCCR1 PO11.4 AUTOWAIT DISABLE
SCCR2 P012.0 PRIVILEGE DISABLE
SCCR2 P012.1 INT1 NMI
SCCR2 P012.2 OSC FLT DISABLE
SCCR2 P012.5 OSC FLT RST ENA
SCCR2 P012.6 PWRDWN/IDLE
SCCR2 Po12.7 HALT/STANDBY
SCIPRI PO5F.5 SCI RX PRIORITY
SCIPRI POSF.6 SCI TX PRIORITY
T1PRI PO4F.6 T1 PRIORITY
T2PRI PO6F.6 T2 PRIORITY
ADPRI PO7F.6 AD PRIORITY

T The privileged bits are shown in a bold typeface in the Peripheral File Frames of the following sections.

The Write Protection Override (WPO) mode provides an external hardware method of overriding the write
protection registers (WPR) of data EEPROM on the TMS370Cx4x. WPO mode is entered by applying a 12-V
input to the MC pin after the RESET pin input goes high. The high voltage on the MC pin during the WPO mode
is not the programming voltage for the data EEPROM or program EPROM. All EEPROM programming voltages
are generated on-chip. The WPO mode provides hardware system level capability to modify the personality or
calibration information in the data EEPROM while the device remains in the application, but only while requiring
a 12-volt external input on the MC pin (normally not available in the end application except in a service or
diagnostic environment).

low-power operating modes

The STANDBY and HALT low power modes significantly reduce power consumption by reducing or stopping
the activity of the various on-chip peripherals when processing is not required. Each of the low power
modes is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been
settol. The HALT/STANDBY bit in SCCRZ controls which low-power mode is entered.

Inthe STANDBY mode (HALT/STANDBY =0 ), all CPU activity and most peripheral module activity is stopped;
however, the oscillator, internal clocks, Timer 1, and the receive start bit detection circuit of the serial
communications interface remain active. System processing is suspended until a qualified interrupt (hardware
RESET, externalinterrupt on INT 1, INT2, INT3, Timer | interrupt, or alow level on the receive pin of the serial
communications interface) is detected.

16
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In the HALT mode (HALT/STANDBY=1 ), the TMS370x4x is placed in its lowest power consumption mode. The
oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is suspended
untii a qualified interrupt (hardware RESET external interrupton INT1, INT2, or INT3, or low level on the receive

pin of the serial communications interface) is detected.

POWERDOWN CONTROL BITS
PWRDWN/IDLE | HALT/STANDBY MODE SELECTED
(SCCR2.6) (SCCR2.7)
1 0 Standby
1 1 Halt

The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file),
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status
registers of all on-chip peripheral functions. Since all CPU instruction processing is stopped during the
STANDBY and HALT modes, the clocking of the watchdog timer is inhibited.

The following table, Peripheral File Frame 1, contains system configuration and control functions and registers

for controlling EEPROM programming. The privileged bits are shown in a bold typeface.

ADDR

1010h

1011h

1012h
1013h
1016h

1017h

1018h

1019h

101Ah
101Bh
101Ch

101Dh
101Eh
101Fh

PF

Po10

PO11

Po12
Po13
PoO16

P017

Po18

Po19

PO1A
PO1B
Po1C

PO1D
PO1E
PO1F

Peripheral Flle Frame 1: System Configuration and Control Registerst

BIT7 BIT 6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
coLD 0sC PFAUTO | OSCFLT | MCPIN | MCPIN . HP/QC
START | POWER WAIT FLAG WPO DATA MODE

_ _ _ AUTOWAIT . MEMORY — _
DISABLE DISABLE
HALT/ | PWRDWN/ | 0SC FLT BUS cPU 0SC FLT INTt [ PRIVILEGE
STANDBY | IDLE | RSTENA | STEST STEST | DISABLE NMI DISABLE
RESERVED

INT1 INT1 _ _ — INT1 INTA INTA
FLAG | PIN DATA POLARITY | PRIORITY | ENABLE

INT2 INT2 INT2 INT2 INT2 INT2 INT2
FLAG | PIN DATA - DATA DIR | DATA OUT | POLARITY | PRIORITY | ENABLE

INT3 INT3 INT3 INT3 INT3 INT3 INT3
FLAG | PINDATA - DATA DIR | DATA OUT | POLARITY | PRIORITY | ENABLE
BUSY — — — — AP W1Wo EXE

RESERVED
Busy | vees | — — [ - — Wo EXE
RESERVED

1 Privileged bits are shown in bold typeface.

REG
SCCRO

SCCRt

SCCR2

INT1

INT2

INT3

DEECTL

EPCTL

)
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peripheral file frame 2

Peripheral File Frame 2 contains the digital I/O pin configuration and control registers. The following tables detail
the specific addresses, registers, and control bits within the Peripheral File Frame.

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

Peripheral File Frame 2: System Configuration and Control Reglsters

pF [ Bm7 | BT6e | BT5 | BITa | B3 | BT2 | BW1 | BmO
P020 Reserved
Po21 Port A Control Register 2 (must be 0)
Po22 Port A Data
P023 Port A Direction
Po24 Reserved
P025 X X X X X Port B Control Register 2
P026 X X X X X Port B Data
Po27 X X X X X Port B Direction
P028

to Reserved
P028
Po2C Port D Control Register 1 (must be 0) X X X
P02D Port D Control Register 2 (must be 0)t X X X
PO2E Port D Data X X X
PO2F Port D Direction X X X

1 To configure pin D3 as CLKOUT, set Port D Control Register 2 equal to 08h.

NOTES: 2. Each bit controls the corresponding pin; for example, bit 6 controls port pin 6. Each pin is individually configurable.

Port Configuration Register Set-up

PORT  PIN i oocd
A 0—7 Outq Data In
B 0—2 Outq Data In
o] 3—7 Outq Data In

a = Portx Control Register 1
b = Port x Control Register 2
c=Data

d = Direction

3. Only register combination 00xx is defined for TMS370Cx4x.

A PORT1
A PORT2
A DATA
ADIR

B PORT1
B PORT2
B DATA
B DIR

D PORT1
D PORT2
D DATA
DDIR

18
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programmable timers

The two programmable timer modules of the TMS370Cx4x provide the designer with the enhanced timer
resources required to perform realtime system control. The Timer 1 module contains the general-purpose timer
T1 and the watchdog timer (WD). The three independent 16-bittimers, T1, T2, and WD, allow program selection
ofinput clock sources (realtime, 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

Realtime system control
Input Pulse-Width measurement

External Event Synchronization

Timer Output Control

Interval Timers with Interrupts
Pulse-Accumulate or Input-Capture Functions

Timer Resource

Event Counter Function

Pulse-Width Modulated Output Control

System Integrity

timer 1 module

The timer 1 module consists of three major blocks:

Compare Function
PWM Output Function
Watchdog Function

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

2. 16-bit General Purpose Timer, T1, which provides the event count, input capture, and compare functions.

3. 16-bit Watchdog Timer, which may be software programmed as an event counter/puise accumulator if the
watchdog function is not desired.

|
|
|
|
|
|
|
|
I
TIEVT[PIn :*
\
|
|
|
|
|
|
|
1

‘ J
Il Eda l |
ge 16-Bit
T"C/CH Select Capt/Comp Reg :
______________ |
i | < |
|
ERA . ]
L . LA ST
- MUX I > | 16-Bit Counter 1. Toggle [T P> T1PWM
— ) L |
Pl
| | 16-Bit Interrupt |
| | Compare Reg Loglc I
8-BIt | ! - S [ SR |
Prescale | ! - T - T ]
[
Interrupt
| pf !
| | Loglc |
I !
S [ l l
|
- MUX ! ~ 1‘ . ; 16-BIt Watchdog ]
| ! Counter (Aux. Timer) |
e et l ’
|
Il |

Figure 7. Thmer 1 Module Biock Diagram

Texas R

INSTRUMENTS

POST OFFICE ROX 1447 ®  HOUSTOM, TEXAS 77001



SPNS016 — OCTOBER 1991

timer 1 module prescaler/clock source

The clock source inputs for the general purpose timer and the watchdog timer are independently configured by
the T1 and WD INPUT SELECT control bits of the T1CTL1 control register. The WD INPUT SELECT control
bits cannot be changed after entering the watchdog mode (WD RST ENA = 1). Eight possible clock sources are
programmable for each counter.

T1 INPUT WD INPUT
CLOCK SOURCE
SELECT 2 | SELECT 1 | SELECT 0 SELECT 2 | SELECT 1 | SELECT O

0 0 0 System Clock 0 0 0
0 0 1 Pulse Accumulate 0 0

0 1 0 Event Input o 1 (]
0 1 1 No Clock Input 0 1 1
1 0 0 System Clock/4 1 0 0
1 0 1 System Clock/16 1 0 1
1 1 0 System Clock/64 1 1 0
1 1 1 System Clock/256 1 1 1

For realtime control applications, both the general-purpose timer and the watchdog timer are independently
programmable from 16 to 24 bits in length. The 24-bit prescaler/timer generates overflow rates ranging from

13.1 ms with 200 ns timer resolution to 3.35 seconds with 51.2 ps timer resolution (external clock = 20 MHz).

In the event counter mode, an external high-to-low transition on the T1EVT pin is used to provide the clock
for the internal timers. As shown in Figure 8, the T1EVT input provides the timer clock and is not routed through
the prescaler. The TIEVT external clock frequency may not exceed the system clock frequency divided by 2.
The general-purpose timer and the watchdog timer are programmable as 16-bit event counters.

In the pulse accumulate mode, an external input on the TTEVT pin is used to gate the internal system clock
to the internal timers. While T1EVT input is logic one (high), the timers will be clocked at the system clock rate
and will accumulate system clock pulses until the TT1EVT pin returns to alogic 0. Both the general purpose timer
and the watchdog timer are programmable as 16-bit pulse accumulators.

Event
D Accum —o
o
General
| Purpose
O Counter
Freqluency OO o Clock
(CLKIN) - "
4 la 16 lea {256 1]
; , / /
T T T1 Select
Prescale
Ll L1 WD Select
4 16 64 256 1 l ‘
TIEVT Pin I Syne I
RS
O Watchdog
) 4= Counter
D Acoum o X Clock
o
l - Event

Figure 8. Timer 1 Counter Prescaler
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timer 1 general purpose timer

The 16-bit general purpose timer (T1) is composed of a 16-bit resettable counter, a 16-bit compare register and
associated compare logic, and a 16-bit register that functions as a capture register in one mode and a compare
register in the other mode. The T1 MODE bit selects whether T1 operates in the capture/compare mode or the
dual compare mode.

16-Blt

Edge
THC/CRPI>—H paract C;[:;/?sl:::p

]

PWM
16-Blt Counter 16 | Toggle L B> T1pwm

-1

16-Bit Compare Interrupt
Reglster Logle

Clock P i

3

v

Flgure 9. Timer 1 — General Purpose Timer

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 will roll over to 0000h and continue counting. Upon counter roll-over, the T1 OVRFL INT
FLAG is set to 1, and a timer interrupt is generated if the T1 OVRFL INT ENA bit is set to 1.

The counter may be reset to 0000h during counting by either; 1) writinga 1 tothe T1 SW RESET bit, 2) acompare
equal condition from the dedicated T1 compare function, or 3) an external pulse on the T1IC/CR pin (dual
compare mode). The designer may select via software (TTEDGE POLARITY bit) which external transition,
low-to-high or high-to-low, on the T1IC/CR pin will cause the counter to be reset.

Special circuitry prevents the 16-bit registers, including the Counter, Compare, or Capture registers, from
changing in the middle of a 16-bit read or write operation. When reading a 16-bit register, read the LSB first, then
read the MSB. When writing to a 16-bit register, write the MSB first, then write the LSB. The register value will
not change between reading or writing the bytes when done in this order.

The timer 1 module has three 1/O pins used for the functions shown in the following table. Any of these three
- pins not used in a timer application may be individually configured as general purpose digital I/O pins by the
timer 1 module port control registers (T1IPC1 and T1PC2).

Timer 1 Module I/O Pin Functions

PIN DUAL COMPARE MODE CAPTURE/COMPARE MODE
THIC/CR Counier reset input input capture input
T1PWM PWM output Compare output
T1EVT Extarnal event input or pulse accumulate input External event input or pulse accumulate input

(
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The Dual Compare mode (T1 MODE = 0) provides two compare registers, an external resettable counter, and

atimer output pin. These allow the timer to act as an interval timer, a PWM output, simple output toggle, or many

other timer functions. The dual compare mode as shown in Figure 10 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 seis the associated interrupt flag to 1 and toggles the T1PWM output pin if enabled, and/or

generates a Timer 1 interrupt. An output compare equal condition from the dedicated compare register can also

initiate a counter reset. A programmable interval timer function, selected by using the compare equal condition

to generate a system interrupt and the counter reset function, generates a periodic interrupt.

Either compare function may be used to toggle the T1PWM output pin when a timer compare equal occurs, while
the other compare function may be used for another system timing function. Using both compare functions to
control the T1IPWM pin allows direct PWM generation with minimal CPU software overhead. In typical PWM
applications, the compare register is written with the periodic interval and is configured to allow counter reset
on compare equal, and the capture/compare register is written with the pulse width to be generated within that
interval. The program pulse width may be changed by the application program during the timer operation to alter
the PWM 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.

Prescaler ¢ 16-Blt LSB| 45
— Capture/Compare —
Clock Source Reglster msB | a4
Compare 2 4B
Compare = LAG O— Output Enable
4BS T1C2
3] . INT ENA 4C,5
IE':B 168t __| s — 00
ao| MsB  Counter T TICZOUTENA | ¢
C 1
P— ompare 4B.0 4C.6 § E’> TIPWM
Compare = FLAG 710(1)——,—4 T1C1 OUTENA |F
! INT ENA 4c;3
4B5 1 Jes
TIC1
Rt BT Tsgla T1CR OUT ENA
40.4 Compare —l
TiSW J Reglster  MSB| 42
RESE o
4A.0 TIOVRFLINT  4a4
ac.d FLAG o1
TiCR
RST ENA. T1 OVRFL| :
0.0 4A3 INT ENA T1 PRIORITY
TEDGE DET ENA 0
T1EDGE INT F6
T Pin~l Edge 4B.2 4F O— Level 1 INT
ORI glee [ © | {FAc} oo .
T1EDGE O— Level 2 INT
4B.7 INT ENA
T1EDGE POLARITY 4C,-2

NOTE 4: The numbers on the diagram, such as 4C.0, identify the register and the bit in the peripheral frame. For example, the actual address

of 4C.0 is 104Ch, bit 0, in the T1CTL4 register.

Figure 10. Timer 1 — Dual Compare Mode
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In addition, a PWM output that is initiated by a transition on an external pin is provided by the timer hardware
to support time-critical control applications. Typically, in these applications an external input (T1IC/CR} is used
to reset the counter, generate atimer interrupt, and toggle the T1PWM pin to start the PWM output. The compare
function will then toggle 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 fransition, the TIEDGE INT FLAG bit is set to 1, a timer interrupt is generated (if TIEDGE INT
ENA = 1), and the TIPWM output pin is toggled (if T1CR OUT ENA = 1). Selection of the active input transition
is under control of TIEDGE POLARITY. In the dual compare mode, the edge detect function mustbe re-enabled
after each valid edge detect.

In the Capture/Compare mode (T1 MODE = 1), T1 is configured to provide one input capture register for
external timing and pulse width measurement, and one compare register for use as a programmable interval
timer. The compare register in this mode functions the same as in the duai compare mode described above,
including the ability to toggle the PWM pin. The capture/compare register functions in this mode as a 16-bitinput
capture register, as shown in Figure 11. On the occurrence of a valid input on the T1IC/CR pin, the current
counter value is loaded into the 16-bit input capture register, the TIEDGE INT FLAG is set to 1, and a timer
interrupt is generated (if TIEDGE INT ENA = 1). The input detect function is enabled by the T1 EDGE DETENA
bit, with TIEDGE POLARITY selecting the active input transition. In the capture/compare mode, the edge detect
function, once enabled, remains enabled following a valid edge detect.

Prescaler 16-BIt LSB | 45

c — Capture/Compare ——
lock Source Reglster msB| 44

Qutput
Enable

4C.6
A o~ 0—

TiC1
OUT ENA

Toggle

Pin> T1PWM

41 |LSB
——  16-Blt Counter
40 { MSB

T1 PRIORITY
Compare 1 4B.0 4F6_ 0 :i:1"u| 1
FLAG N 1 Level2

TiC1 o—
4B5 INT ENA INT

Reset

16-Blt LsB| 43
Ti1C1 Compare Register
T1SW RST ENA MSBj 42

RESET :
A0 ~0 - T1 OVRFL INT

aA4
4C.4 H FLAG l——o/o

T1 OVRFL
4A.3 INT ENA

T1EDGE DETECT

T1EDGE INT

4B.2
TIC/ICRPIR>| Edge Select o o || FLAG ll oo
4C.0 T1EDGE
7

l 4B. INT ENA
T1EDGE POLARITY 4C.2

NOTE 4: The numbers on the diagram, such as 4C.0, identify the register and the bit in the peripheral frame. For example, the actual address
of 4C.0 is 104Ch, bit 0, in the T1CTL4 register.

Figure 11. Timer 1 — Capture/Compare Mode
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timer 1 module, watchdog timer

The watchdog timer, contained in the timer 1 module, 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 errors, or as a general purpose timer if the watchdog function is not desired.
The 16-bit up-counter is programmable (via 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 any time during its operation.

In the watchdog mode [WD OVRFL RST ENA = 1(high)], the timer will generate a system reset if the timer is
re-initialized by an incorrect value or if the counter overflows. The required re-initialization frequency is
determined by the system clock frequency, the prescaler/clock source selected, and whether the
WD OVRFL TAP SEL bitis setfora 15-ora 16-bit counter rollover. With a clock = 20 MHz, the watchdog timer
overflow rates range form 6.55 ms to 3.35 seconds. These values are selected prior to entering the watchdog
mode because once the software enables the watchdog reset function (WD OVRFL RST ENA set to 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. The proper reset key alternates between 55h and AAh, beginning with 55h following 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 vaiue to the watchdog reset key will be interpreted as a
lost program and a system reset will be initiated. A watchdog timer overflow or incorrect reset key will set 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.

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
counter is re-initialized by writing any value to the watchdog reset key (WDRST). When used as aninterval timer,
the timer overflow interval is 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 will roll over to either 0000h or 8000h, as determined by the WD OVRFL TAP SEL bit, and continue
counting. Upon counter overflow, the WD OVRFL INT FLAG is'set to 1 and a timer interrupt is generated if the
WD OVRFL INT ENA bit setto 1. Alternately, 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.

4A.7

46| LsB 16-Bit N Watchdog .
—" Watchdog C Overflow > ~o0—— System Reset

47| MSB Flag WD OVRFL

RST ENA
Clock } 4 ‘t ans
Prescaler Reset WD OVRFL TAP SEL 4A.6

o ~o— interrupt

48I Watchdog Reset Key l WD OVRFL
INT ENA

Figure 12. Watchdog/General Purpose Timer
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ADDR
1040h
1041h
1042h
1043h
1044h
1045h
1046h
1047h
1048h

104gh

104Ah

Mode:

104Bh

104Ch

Mode:

104Bh

104Ch

104Dh

104Eh

104Fh

Perlpheral Flle Frame 4: Timer 1 Module Control Registerst

pr[ er7 | Bme | Brrs | Bima | B3 | BmT2 | BIT1 | BITO REG
P040 | Bit15 Counter MSB Bit 8
P041 | Bit7 Counter LSB Bito |TICNTR
P042 | Bit15 Compare Register MSB Bit8
P043 [ Bit7 Compare Register LSB Bito |T1C
P044 | Bit15 Capture/Compare Register MSB Bit8
P045 | Bit 7 Capture/Compare Register LSB Bito |T1CC
P046 | Bit15 Watchdog Counter MSB Bit8
P047 | BIt7 Watéhdog Counter LSB Bito |WDCNTR
Po48 Watchdog Reset Key WDRST
Podg | WDO) NPUT | WDINFUT [ WDINPUT| TINPUT | TANPUT | TINPUT | 14oris
t [ SELECTSE |'SELECTIF: | SELECTO} SELECT2 | SELECT1 | SELECTO
poaa | WD.OVHEL | WD OVRFL [ WD OVRFL | T1 OVRFL | T1 OVRFL _ _ TISW | riomio
| RSTENAE | INTENA | INTFLAG | INTENA | INTFLAG RESET
Dual Cf_para
Poad | (FRAG | INTFLAG | INTFLAG - - INTENA | INTERA | INTENA [TICTLS
Posc | Tt MODE T1C1 TiC2 T1C1 T1CR T1EDGE T1CR TIEDGE |1 ori4
=0 OUTENA | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA | DET ENA
Capture/Compare
PO4B | TR AG - INT FLAG - - INT N - INTENA | TIOTLS
po4c | T1MODE T1C1 _ TICH _ T1EDGE _ TIEDGE 1o on s
=1 OUT ENA RST ENA POLARITY DET ENA
PoaD | — - - - OATAIN | DATAGUT | FUNGTION | DATADIR | TTPO!

poae | T PWM T1PWM T1PWM T1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR TIPC2
DATA IN | DATA OUT | FUNCTION | DATA DIR DATAIN | DATA OUT | FUNCTION | DATA DIR

— - - - - TIPRI

™ ™
PO4F 1 stesT | PRIOAITY

1 Privileged bits are shown in bold typetace.
$ Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until after a full power-down cycle has been completed.

The formulas in Figure 13 show the calculations for the resulting time, given values in the compare registers
TiCand T1CC.

4

time = (CLKIN

) (prescale) (compare + 1)
or

time = t, (prescale) (compare + 1)

Figure 13. Timer 1 Compare Reglster Formulas
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timer 2 module

Timer 2 consists of a clock source block and a 16-bit general purpose timer that provides the event count, input
capture, and compare functions.

i Edge
T2IC1/CR _@)4' Detect

16-Bit
Capt/Comp

L Ed -

; ge Reglster
T2i02PW —PIR>t et

(Dual Capture Mode)

16-Bit ‘
Capture Reglster |

b T2iIC2/PWM
i . (Dual Compare

Mode)

1 Clock I 1eBn .
TR ': Select : .

Flgure 14, Timer 2 Module Block Dlagram

timer 2 clock source

The clock source input for the general purpose timer is configured by the T2 INPUT SELECT control bits of the
T2CTL1 control register. The four programmable clock sources for the general purpose counter are system
clock, pulse accumulate, event input, or no clock input (counter stopped). When using the system clock input,
the 16-bit timer generates an overflow rate of 13.1 ms with 200 ns resolution (clock = 20 MHz).

In the event counter mode, 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.

In the pulse accumulate mode, 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
inputis logic 1, the timers will be clocked at the system clock rate and will count system clock pulses until the
T2EVT pin returns to logic zero.

TOEVT W Syne Event

Accumulatel o
—O\O-——- Counter
Clock

fo
||

Select

1]

y

(o)

Figure 15. Timer 2 Clock Select

Texas *
INSTRUMENTS

26 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77001




TMS370Cx4x
8-BIT MICROCONTROLLERS

SPNS016 — OCTOBER 1991

timer 2 general purpose timer

The 16-bit general purpose timer, T2 , is composed of a 16-bit resettable counter, a 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. The T2 MODE bit selects whether T2 operates in the dual
compare mode or the Dual Capture mode.

The counter is a free-running 16-bit up-counter, clocked by the system clock, external event, or system clock
while external event active (puise 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 will roll over to 0000h and continue
counting. Upon counter roli-over, the T2 OVRFLINT FLAG is set to 1, and a timer interrupt is generated if the
T2 OVRFL INT ENA bitis setto 1.

The counter may be reset to 0000h during counting by either; 1) writing a 1 (high) to the T2 SW RESET bit, 2)
a compare equal condition from the dedicated T2 compare function, or 3) an external pulse on the T2IC1/CR
pin (Dual Compare mode). The designer may select via 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 16-bit registers, including the Counter, Compare, or Capture registers, from
changing in the middle of a 16-bit read or write operation. When reading a 16-bit register, read the LSB first,
then read the MSB. When writing to a 16-bit register, write the MSB first, then write the LSB. The register value
will not change between reading or writing the bytes when done in this order.

Timer 2 has three I/O pins used for functions as shown in the table below. Any of these three pins not used in
atimer application may be individually configured as general purpose digital I/O pins by the Timer 2 port control
registers (T2PC1 and T2PC2).

Timer 2 1/0 Pin Functlons

PIN DUAL COMPARE MODE CAPTURE/COMPARE MODE
T2IC1/CR Counter reset input. Input Capture 1 input.
T2IC2/PWM PWM output. Input Capture 2 input.
T2EVT External event input or pulse accumulate input. | External event input or pulse accumulate input.

The Dual Compare mode (T2 MODE = 0) provides two compare registers, an external resettable counter, and
atimer output pin. These allow the timer to act as a 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, as shown in Figure 16. The operation of T2 is identical to T1 while operating in the dual compare mode.

In the Dual Capture mode (T2 MODE = 1), T2 is configured to provide 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 a 16-bit input capture register, as shown
in Figure 17. 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 and 16-bit input capture register, respectively. In addition, the respective input
capture INT FLAG is set to 1 and a timer interrupt is generated if the respective INT ENA is set to 1.
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16-Bit
Clock I CaptComp LSB | 65
| Source Reglster MsB| 64
: Compare 2 6B.1 Output
Compare = FLAG O~ O— Enable
1202
6C.5
61 [LSB  16.Bit i ; 6B.6 INT ENA oo
60 |msp Counter ] 18 T2c2 |y
: Compare 1 6B.0 OUT ENA °
Reset Compare = FLAG o—o—16 |6C6 g TiPWM
e T2c? o—
: 6B.5 INT ENA T2C1 ?
T e T OUT ENA !
T2C1 — Compare — 6C.3
—o—0—
T2 SW RST ENA Register MSBj 62 T2EDGE1
Reset 0 OUT ENA
6A.0 6C.4 ————’ T2 OVRFL INT 6A4
— FLAG |—O—©
~—N—— T2 OVRFL
6C.1 6A3 INT ENA T2 P"';’R"Y
T2EDGE1
6F.6 O— Level 1 INT
RST ENA TOEDGET T op.2 T
- eve
T2iC1/CR—{Pin [ FLAG |—o—©
6C.0 E:j T2EDGE1
T2EDGE1 T2EDGE1 6B.7 INT ENA
POLARITY DET ENA
6C.2
Figure 16. Timer 2 - Dual Compare Mode
16-BRt 65 168 ol 67
{__ Capt/Comp —  Capture —
Reglster 1 pqsB| 64 Register 2 psB [ 66
61]LSB  16-Bit {1 L — {T
60| MSB_Counter - T2 PRIORITY
Comparel  ¢pg BF8, Level 1INT
[FLAG} 00 o4
e T2C1 o— Level 2 INT
16BIt | sple3 6B.5 INT ENA
— Compare —j
T2 SW RESET o Reglster MSB | 62
6A.0 T2C1 T2 OVRFL 6A.4
RST ENA FLAG o
6C.4 T2EDGE1 6A3 Tov.
DET ENA
6C.0 T2EDGE1INT g o
Edge1 oo el oo
T2iC1/CR— Pin Select T2EDGET | FLAG]
POLARITY T2EDGE1
6C.2 T2EDGE2 6B.7 INT ENA
DET ENA
6C.1 T2EDGE2INT  ¢p ¢
| Edge2 oo -
T2IC2/PWM seet |- T2EDGEZ FLAG °
POLARITY T2EDGE2
6C.3 6B.6 INT ENA
Figure 17. Timer 2 - Dual Capture Mode
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Psripheral File Frame 6: Timer 2 Module Control Reglsterst

AbbR  PF[ BT7 | BW6 | BW5 | BIT4 | BT3 | BT2 | BIT1 | BITO | REG
1060h P06 | BR15 T2 Gounter MSB Bits
— 1 T2CNTR
1061h P06t | BRt7 T2 Counter LSB Bito
1062h P062 | ‘Bit 15 T2 Compare Register MSB Bit 8 120
1063h P063 | Bit7 T2 Compare Register LSB Bito
1064h P064 | Bit15 T2 Capture/Compare Register MSB Bit8 120G
10656h P065 | Bit7 T2 Capture/Compare Register LSB Bit0
1066h P066 | Bit15 T2 Capture Register 2 MSB Bit8 To1G
1067h P067 | Bit7 T2 Capture Register 2 LSB Bito
1068h  POS8
1060h P069 Reserved
— — — T2 OVRFL | T2 OVRFL | T2 INPUT | T2 INPUT T2
108Ah  POBA | ] I INT ENA I INT FLAG I SELECT ] SELECTO [sw RESET | T2CTH
Mode: Dual Compare
T2EDGE1 T2c2 T2C1 T2EDGET | T2cC2 T2C1
1068h POSB | \\TRAG | INTFLAG | INTFLAG - - INTENA | INTENA | INTENA |T2CTR2
T2 MODE |  T2c1 T2C1 T2C2 T2C1 | T2EDGE1 | T2EDGE! | T2EDGET
.106Ch  P0O6C -0 OUTENA | OUTENA | OUTENA | RSTENA | POLARITY | RSTENA | DETENA |12°TS3
Mouwe: vual vapture
T2EDGE1 | T2EDGE2 |  T2C1 T2EDGE! | T2EDGEZ | T2C1 .
106Bh  POSB | \\TFLAG | INTFLAG | INTFLAG - - INTENA | INTENA | INTENA |T2CTL2
T2 MODE T2C1 | T2EDGE2 | T2EDGE! | T2EDGE2 | T2EDGE!
108Ch  PosC =1 - - RSTENA |POLARITY | POLARITY | DETENA | DETENA |T2CTL2
T2EVT | TeEVT T2EVT T2EVT
106Dh  PO6D - - - - DATAIN | DATAOUT | FUNCTION | DATA DIR | T2PC!
106Eh  PosE | TZIC2ZPWM | T2I02/PWM | T2IC2/PWM | TZICZPWM | T2IGI/CR | T2ICT/ICR | T2IG1/CR | T2IC1/CR | opcn
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATA DIR
T2 T2
106Fh  POSF | grest | pRIORITY - - - - - - T2PRI

T Privileged bits are shown in bold typeface.

The formulas in Figure 18 show the calculations for the resulting time, given values in the compare registers
T2C and T2CC.

. _ 4
time = (WCLKIN) (prescale) (compare + 1)

or

time = t; (prescale) (compare + 1)

Figure 18. Timer 2 Compare Register Formulas
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serlal communlcatlons Interface (SCI)

The Serial Communications Interface (SCI) is a full-duplex serial I/O port that supports standard NRZ serial
communications in a programmed data format (start bit, 1 to 8 data bits, parity even/odd/off, one or two stop
bits) at a variety of programmable baud rates. High-speed isosynchronous communications, as well as standard
asynchronous communications, are supported for interfacing to peripheral devices. The isosynchronous
communications mode combines features of the asynchronous mode with a synchronizing clock signal. The
isosynchronous mode has the same format as the asynchronous mode using start, stop, parity, and data bits,
but it it uses one serial clock cycle per bit to achieve a much higher transmission speed. Multiprocessor
communications using idle line wake-up and address bit wake-up protocois are aiso supported by the SCI
transmit and receive hardware.

As shown in Figure 19, the SCI receiver and transmitter are double buffered to reduce the possibility of
overwriting data prior to the previous data being read or transmitted from the SCI.

50 51.3 59 SCI TX PRIORITY
Frame I TXWAKE ” TXBUF REG ] SCITKINT a0 0 o
Format : L 1—{TXRDY}o 1
and Mode ! i SCITX o— Level 2 INT
i 54.7 INTENA | 5
PARITY , g >— TX Empty | 54.6
- 1 51.1
EVEN/ODDI ENA [ wut l rszm: REG | o > SCITXD Pin
50.6 50.5 TXENA
53 { LSB 51.4 < - K3 SCICLK Pin
SIk b Twes Foe, 1 oo
2 16-Blitaj CLOCK
SCIRXD [, RXSHF REG
Pin
: SCI AX INT SCIRX PRIORITY
RXWAKE 556 550

_O)J Level 1INT

RXENA
51.0 o Level 2INT
RX ERROR 5F.5
EHRI FE | OE I PE RXBUF REG
55.7 55.4 553 55.2 57

Flgure 19. SCI Block Dlagram

The SCI provides independent interrupt requests and vectors for the receiver and transmitter. Interrupts
requested by the SCI receiver and SCI transmitter can be software programmed onto different priority levels
by the SCI RX PRIORITY and SCI TX PRIORITY control bits. When SCl 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 TXINT interrupt is asserted whenever TXBUF is transferred to TXSHF. An SCI RXINT interrupt

- is asserted whenever the SCl 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).

30
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If the TMS370Cx4x has been piaced in HALT or STANDBY low-power mode with the SCI RX INT ENA
bit = 1 (high), the detection of the start bit (one-to-zero transition) by the SCl receiver initiates receipt of the SCI
input, exits the low power mode, activates the microcontroller (CPU, clocks, on-chip peripherals), and initiates
execution of the SCI RXINT interrupt service routine. To ensure valid data receipt of the first frame, the baud
rate must be slow enough for the SCI to sampie for a valid start bit after exiting from the power down mode, or
the first data byte must be ignored.

The SCl transmitter and receiver are functionally independent to support full-duplex communications; however,
they use the same data format, baud rate, communications mode, and multiprocessor communications
protocol. The SCICCR control register selects the transmit and receive data format. Figure 20 shows the SCI
data format of one frame of information, which consists of an idle line (logic 1), one start bit (logic 0), one to eight
data bits, an address bit (if in address bit wake-up mode), a parity bit (if enabled), and one or two stop bits (logic
1). The character length of one to eight data bits is selected by the SCI CHAR2, SCI CHAR1, and SCI CHARO
control bits. Parity on/off is selected by PARITY ENABLE with the EVEN/ODD PARITY bit selecting the type.
Parity generation and verification is performed in the SCthardware, requiring no CPU calculation overhead. One
or two stop bits for transmission are selected by the STOP BITS control bit. The receiver checks for one stop
bit on incoming data.

I

Start | LSB 2 3 4 5 6 7 | MSB |Parlty } Stop

Idle Line Wake-up

ADDR/
| Start | LSB 2 3 4 5 6 7 | MSB | pata { Parlty Slopl

Address Blt Wake-up

Frame Options: 1 to 8 Data Bits
Even, Odd, No Parlity
1-2 Stop Blts

Flgure 20. Frame Formats

The SCI communications mode is selected by the ASYNC/ISOSYNC control bit. The transmit and receive data
format as described above are identical in both communication modes. In the asynchronous mode
(ASYNC/ISOSYNC = 1), the external communications interface consists of the SCITXD and SCIRXD pins with
an optional SCICLK input for driving the internal SCICLK. The transmit baud rate is 1/16 that of the SCICLK
frequency. The receiver internally samples the data input at 16 times the bitrate. The receiver uses majority vote
sampling on the seventh, eighth, and ninth SCICLK periods to determine the value of the start bit, data bits,
parity, and first stop bit. Asynchronous data rates are supported up to 156K baud (SYSCLK/221 to SYSCLK/32)
at 20 MHz.

Falling Edge Majority Vote
Detected

Lrrurrrer eyl

[ [
' v 2 3 4 5 6 7 9

|
i ] 10 " 12 13 14 15 16 1
l Lo
RXD ! l l .
e Data Bt Perlod = 16 SCICLK Perlods Bl

Figure 21. Asynchronous Mode
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The Isosynchronous mode (ASYNC/ISOSYNC = 0) has the same format as the asynchronous mode,
consisting of a start bit, one to eight data bits, an even/odd/no parity bit, and one or two stop bits, but uses an
additional synchronizing clock to support high speed serial communications. The external system interface
consists of the SCITXD and SCIRXD pins and a coniinuous synchronizing clock on on the SCICLK pin.
Isosynchronous transmit and receive data Is clocked at a rate equal to the SCICLK rate, and recelver values
are read on a single sam| 7ple basis. Isosynchronous data rates with synchronizing SCICLK are supported up to
2.5M baud (SYSCLK/217 to SYSCLK/2) at 20 MHz.

SCICLK I I I I
xo Brouw X Bl Out X Bit Out X

(RTRERRTRTI) (TIXTITTTTILN,
RXD QRIS I,

Figure 22. iIsosynchronous Mode

The CLOCK bitin SCICTL determines whether the SCI clocking signal comes in from an external source through
the SCICLK pin or goes out through SCICLK after generation in the integral baud rate timer. The isosynchronous
mode baud rate equals the SCICLK rate; the asynchronous mode baud rate 1/16 the SCICLK rate. The
maximum frequency of an external clock source can be no greater than 1/10 the system clock frequency. The
frequency of the SCICLK when generated by the internal baud rate timer given by the formula.

CLKIN

SCICLK = 8(Baud Rate Reg + 1)

The baud rate using the internal clock equals the SCICLK rate in the isosynchronous mode and equals 1/16
the SCICLK in the asynchronous mode. The 16-bit baud rate register allows the selection of many different
standard baud rates.

CLKIN
128(Baud Rate Reg + 1)

Asynchronous Baud Rate =

CLKIN
8(Baud Rate Reg + 1)

Isosynchronous Baud Rate =

NOTE

When an external serial clock signal is used, the maximum SCICLK frequency is CLKIN/40.
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In both asynchronous and isosynchronous modes, if the transmitter is enabled (TXENA = 1), SCl transmission
is initiated following a CPU write to the TXBUF register. This sets TXEMPTY to 0; TXSHF is loaded from TXBUF,
TXRDY flagis setto 1, andif SCI TX INT ENA s set to 1, SCl transmit interrupt (TXINT) will be asserted. Another
write may then be performed to the TXBUF; if not, the transmitter idles (SCITXD outputs continuous high), and
TX EMPTY is set to 1 (both TXBUF and TXSHF are empty) until the next write to TXBUF.

In both asynchronous and isosynchronous modes, when a frame is fully received, RXBUF is loaded from
RXSHF, the error status bits are set accordingly, RXRDY flag is setto 1, and if SCI RX INT ENA is setto 1, an
SClreceiver interrupt (RXINT) will be asserted. The SClreceiver performs extensive error checking during data
bit reception and provides individual error flags for parity error (PE), overrun error (OE), framing error (FE), and
break detect (BRKDT) for application program querying.

The SCl supports two multiprocessor communication formats to allow efficient transfer of information between
many microcontrollers on the same serial data link. Information is typically transferred as a block of data from
a source to a destination, with the destination address identified at the beginning of the block. The SCI has the
ability to inhibit all SCI receiver flags and interrupts until a start of a block of data (a destination address) is
identified. When a block start is identified, the SCI initiates the following sequence for both multiprocessor
communication formats:

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

2. Asoftware routine responds to the SCl receiver interrupt and checks the incoming byte against its address
byte stored in memory.

3. If the block is addressed to the microcontroller, the SCI remains active and the CPU reads the rest of the
block. If the address does not compare, the software routine puts the serial port to sleep and the SCI will
inhibit all SCI receiver flags and interrupts until the next block start.

To provide system flexibility, the SCI, in both asynchronous and isosynchronous modes, recognizes the idle
line wake-up and address bit wake-up multiprocessor protocols. The multiprocessor protocol is selected by the
ADDRESS/IDLE WUP control bit in the SCICCR register. Both protocols use the SLEEP and TXWAKE bits to
control the receive and transmit features of the wake-up mode, and the RXWAKE status bit to provide the
receiver wake-up condition.

In Idie line wake-up, blocks are separated by having a longer idle time (logic one) between the blocks than
between frames within the blocks. As shown in Figure 23, an idle time of 10 or more bits after a frame indicates
a start of a new block and wakes up all receivers. Under software control, all receivers that do not recognize
the address in the first frame of the message ignore the rest of the message and await the next idle line. The
SClI transmitter allows an idle time of exactly one frame to be transmitted to indicate the start of the next block
to maintain serial data link efficiency by minimizing the idle time between block starts. Idle line wake-up protocol
has no overhead within the message frames and is typically used when transferring large blocks of data.
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Biocks of Frames

]

momo [T T T [T LT, T LT L_J,L_T1
[ — L |

Idle Perlod of 10 Bits or More

RAXD/TXD Is7[ ADDR [sAsT| DATA |sP sT[  Data sp
Expanded
Flrst Frame Within Frame Within idle Perlod
Block Is Address, Block Less Than 10
It Follows Idie Blts
Perlod of 10 Bits
or More

Figure 23. Idie Line Multiprocessor Mode

In address bit wake-up, each frame has an extra bit, the ADDR/DATA bit, positioned just before the parity bit
(if used). As shown in Figure 24, block starts are distinguished by the ADDR/DATA bit set to 1 in the first frame
of the block and all subsequent frames of the block have the ADDR/DATA bit set to 0. The start of the next block
is identified by the next frame that has a 1 in ADDR/DATA. The idle line time is irrelevant in this protocol. All
receivers wake up upon receiving a frame with ADDR/DATA set to 1. Under software control, all receivers that
do not recognize their address in the first frame of the message ignore the rest of the message and await the

next active ADDR/DATA bit. Address bit wake-up protoco! eliminates interblock gaps and is efficient in

transferring many small blocks of data.

I—___~ Blocks:]f Frames ‘
momxo [ T T, T T, T T, _J, T 4 L_J,L_1
LLL idle PerlIi of no SII‘llflcance T T T

RXDTXD | 7] ADDR | 1]sr|sT| Data [o] sp |sT| Data [ ofsp

Expanded

First Frame Within ADDR/Deta Bt
Block Is Address Is 0 for Frame
the ADDR/Data Bit Is 1 Within Block idle Time Is of
no Significance

Figure 24. Address Bit Multiprocessor Mode
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ADDR

1050h

1051h

1052h

1053h-

1054h

1055h

1056h
1057h
1058h
1059h
105Ah
105Bh
105Ch

105Dh

105Eh

105Fh

PF

P050

PoO51

P052
P053

P054

P055

P056
P057
P058
P059
PO5SA
POSB
PosSC

PO5D

POSE

POSF

Peripheral File Frame 5: Serlal Communication Interface (SCI) Control Reglsterst

BIT7 BIT 6 BITS BIT4 BIT 3 BIT 2 BIT 1 BIT 0
STOP EVEN/ODD PARITY ASYNC/ | ADDRESS | SCI scl SCI
BITS PARITY ENABLE ISOSYNC | IDLE WUP CHAR2 CHAR1 CHARO
SCIsw
— —_ RESET CLOCK TXWAKE SLEEP TXENA RXENA
Bit15 Baud Rate Select Register MSB Bit8
Bit7 Baud Rate Select Register LSB Bit0
TX SCITX
TXRDY | empry - - - - - INT ENA
RX SCI RX
ERROR RXRDY BRKDT FE OE PE RXWAKE INT ENA
Reserved
Receive Data Buffer Register
Reserved
Transmit Data Buffer Register
Reserved
_ SCICLK SCICLK SCICLK SCICLK
- - - DATA IN | DATA OUT | FUNCTION | DATA DIR
SCITXD §
SCITXD SCITXD FUNG SCITXD SCI RXD SCI RXD SCI RXD SCI RXD
DATAIN | DATACUT . DATADIR | DATAIN [DATACOUT | FUNCTION | DATADIR
TION
SCI SCITX SCIRX SCl
STEST | PRIORITY | PRIORITY | ESPEN - _ - -

1 Privileged bits are shown in bold typeface.

REG
SCICCR

SCICTL

BAUD

1 MSB

BAUD LSB

TXCTL

RXCTL

RXBUF

TXBUF

SCIPC1

SCIPC2

SCIPRI
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analog-to-digltal converter

The 8-bit analog-to-digital (A/D) converter provides the designer with eight multiplexed analog input channels

for the 44-pin device and four multiplexed analog input channels for the 40-pin device. The A/D converter has

internal sample and hold circuitry and uses a successive approximation conversion technique. The accuracy
of the A/D conversion process is increased by providing separate analog positive supply and analog ground

input pins (Vces and Vgsa). The Vgga pin also provides the low reference voltage input for the conversion

process.

The A/D converter high reference voltage input is software selectable as one of eight positive reference inputs,
as shown in the table below. The A/D conversion process is ratiometric, using Vggz and the software-selected
high-reference voltage input as the limits for the selected analog input channel. An input voltage equal to or
greater than the high reference input converts to FFh (full scale) with no overflow. An input voltage equal to or
less than Vgg3 converts to 00h. Ratiometric conversions allow analog inputs to be scaled against selected high

Digital Input Reglster

70.6 70.7
SAMPLE I CONVERT
START START

M
| 2 7(:')( ]
ANO Do | | [1]
—1 AD INPUT
7E.1 |- SELECT
AN1 | |
7E.2 | I
AN2
o—t—1}¢
7§£¢—L@I
AN3 | |
|
AN4 O | |
7E.5 | !
AN5
o—t—14¢
|
ANG O ! |
—HE] |
ANT Do L ! 70X
7TE7o——¢ 15]4[3
71_] REF VOLTS
SELECT

7

ADDATA REG

71.2

AD INT

71.1

71.0

(]
FLAG _O/OT Level 1 INT
o— Level 2INT

AD PRIORITY
7F.6

Flgure 25. A/D Converter Block Diagram

reference inputs to achieve the greatest accuracy.

A/D INPUT ANALOG REFERENCE VOLTAGE HIGH REFERENCE

SEL2 SEL1  SELO INPUT CHANNEL SEL2  SEL1  SELO INPUT

0 0 0 ANot 0 0 0 Vees

0 0 1 AN1t 0 0 1 AN1E

0 1 0 AN2 0 1 0 AN2

0 1 1 AN3 0 1 1 AN3

1 0 0 AN4t 1 0 0 AN4t

1 0 1 AN5T 1 0 1 ANS5E

1 1 0 ANG 1 1 0 AN6

1 1 1 AN7 1 1 1 AN7
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T On the 40-pin devices ANO, AN1, AN4, and AN5 are not implemented.
¥ Cannot be used as a reference channels on 40-pin devices.

The four analog pins (ANO, AN1, AN4 and AN5) that are not implemented on the 40-pin parts are connected
to GND internally. If these pins are read as a digital input they will read 0. If they are read as an analog channel
they will read 00. Channels AN1, AN4 and AN5 may not be used as the reference channel since Vygf must be
a minimum of 2.5 volts.

To read an A/D channel:

1. Write to the ADCTL peripheral file control register to:
— Select the high reference voltage input (ADCTL.5-3).
— Select the analog input channel for conversion (ADCTL.2-0).
— Set the SAMPLE START bit to 1 (ADCTL.6).

Wait for the sample time to elapse.

Write to the ADCTL peripheral file conirol register to:
— Set the CONVERT START bit to 1 and leave SAMPLE START bit set to 1.

4. Wait for either the interrupt flag to be set or the A/D interrupt to occur.
5. Read the conversion value from ADDATA when AD INT FLAG Is set to 1 or the A/D interrupt occurs.
6. Clear the Interrupt flag (ADSTAT.1).

To provide the designer with the flexibility to optimize the A/D conversion process with both high and low
impedance sources, the sample time Is independently defined by the application program. At the completion
of the sample time, the converslon is initiated by settiing the CONVERT START and SAMPLE START bits
to 1. Eighteen clock cycles after the CONVERT START bit Is set to 1, the CONVERT START and SAMPLE
START bits will both be setto 0 by the A/D converter, Indicating the conversion has started and the analog input
signal can be removed. The AD READY bitls setto 0 by the A/D converter o Indicate aconverslon|is in progress.
The conversion Is complete 164 system clock cycles after it is initlated by setling the CONVERT START
bit to 1, and the result Is located In the ADDATA result register. Upon completion of the conversion, the AD INT
FLAG bit Is set, and if the AD INT ENA bit Is set to 1 an interrupt will be asserted.

The A/D converter has elght bits of resolution with absolution with absolute accuracy of plus or minus one LSB,
with (High Reference Voltage — Vggg) =5 V.

To maximize 1/O control capabllity, all analog Input pins not used for an analog input or high reference voltage
input may be Individually configured as general purpose digital input pins. The control and input data values are
contained in the ADENA and ADIN peripheral file control registers.

Perlpheral Flle Frame 7: A-to-D Converter Control Registerst

ADDR PF BIT7 BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO REG
1070h Po7o | CONVERT | SAMPLE | REF VOLT REF VOLT | REF VOLT | AD INPUT | AD INPUT | AD INPUT | ey
START START SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT1 SELECTO

107th Po71 ] — - - - - READY | NTRAG | NTENA |ADSTAT
1072h  PO72 A-to-D Conversion Data Reglster ADDATA
1073h P0O73

to to Researved
107Ch PO7C
107Dh PO7D Port E Data Input Reglster ADIN
107Eh PO7E Port E Input Enable Reglster ADENA

)
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AD
STEST

AD
PRIORITY

AD

107Fh  PO7F ESPEN

| —_ I — | — | — | ADPRI

1 Privileged bits are shown in bold typeface.

*
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Instruction set

The TMS370Cx4x family instruction set consists of 64 instructions that control input, output, data manipulations,
data comparisons, and program flow. The Instruction set is supported with 14 addressing modes to provide the
flexibility to optimize programs to the user's applications. For example, the MOV instruction has 27 operand
combinations supported by its addressing modes.

ADDRESSING MODE EXAMPLE OPERATION
GENERAL:

Implied LDSP (B) = (SP)

Reglster MoV R5,R4 (R5) — (R4)

Peripheral MOV P025,A (1025)— A

Immediate ADD #123,R23 123 + (R3) - (R3)

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 5 (PC)

Relative Indexed JMPL  1234(B) PCN + 1234 + (B) — (PC)

Relative Indirect JMPL  @R4 PCN + (R3:R4) — (PC)

Relative Offset Indirect JMPL  12(R4) PCN + 12 + (R3:R4) — (PC)

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.

The CPU controls instruction execution by executing microinstructions from a dedicated control memory at a
rate of one microinstruction per internal system clock cycle, 1. The number of system clock cycles required to
execute one assembly language instruction varies depending on the instruction complexity, operand addressing
mode, and number of wait states. Instruction execution times are stated in terms of the number of internal system
clock cycles per instruction. Instruction execution times vary from 5 to 63 internal system clock cycles, with most
instructions requiring less than 10 cycles to complete.

Similarly, the number of bytes of program memory required to store an instruction will vary with instruction
complexity and addressing mode. TMS370 instructions require from one to five bytes of program memory
space, with most instructions occupying one or two bytes.

The table TMS370 Instruction Set Summary, beginning on page 39, shows the instruction set, the addressing
modes, the program memory byte length, and the execution cycle count for each instruction. The addressing
mode entries are in the format of BYTE LENGTH/CYCLE COUNT. The following symbols and abbreviations are
used:

SYMBOL DEFINITION SYMBOL DEFINITION
s Source Operand /D Destination Operand (8-bit/16-bit)
A Register A or RO in Register File B Register B or R1 in Register File
Rs Source Register in Register File Rd Destination Register in Register File
Ps Source Register in Peripheral File Pd Destination Register in Peripheral File
Rps Source Register Pair (Rn, Rn-1) Rpd  Destination Register Pair (Rn, Rn-1)
Rp General Purpose Register Pair label  16-bit Label
iop8 8-bit Immediate Operand jop16  16-bit Immediate Operand
off8 8-bit Signed Offset (label — PCN) offi6  16-bit Signed Offset
PC Program Counter PCN  16-bit Address of Next Instruction
SP Stack Pointer ST Status Register
# Immediate Operand @ Extended Addressing Operand (Direct, Indirect, Indexed)
[o] Status Register Carry Bit - Is Assigned to
() Contents of

/
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TMS370 Instruction Set Summary
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ADDRESSING MODES
OPERATION DIRECT EXTENDED OTHER DESCRIPTION
A B | Rd | Pd |label | @Rp |label(B) | off8(Rp) | ofiB(SP)
ADC B, — 1/8 Add with Carry
Rs, 277 217 | 39 (8) + (d) + (C) = (d)
#lop8, 2/6 2/6 | 3/8
ADD B, __ 1/8 Add
Rs, — 277 27 | 3 (8) + (d) = (d)
#lops, 2/6 2/6 | 3/8
AND A — 219 And
B, _ 1/8 2/9 (8) .AND. {d) — (d)
Rs, 27 27 | 39
#lops, 2/6 2/6 | 38 | 31
0
BR 39 | 28 | am 416 Branch; D — (PC)
BTJot A, _off8 31 Bit Test and Jump If One
0
B, _off8 210 3N It (8) .AND. (d) # O then
0
Rs, __,off8 3/9 3/9 a4 PCN + offset — (PC)
#lop8, __, off8 /8 /8 | 41 |4m
0
BTJZT A, _ofi8 31 Bit Test and Jump If Zero
[
B, _,off8 210 361 It (s).AND.(not d) # O then
Rs, _,off8 3/9 319 |4 PCN + offset — (PC)
#lop8, __, off8 3/8 3/8 | 41 j4m
0
CALL - 313 | 212 315 4/20 Call; Push PCN, D — (PC)
CALLR _ 316 | 2/14 317 4/22 Call Relative
Push PCN, PCN + (d) — (PC)
CLR — 1/8 18 | 26 Clear; 0 — (d)
CLRC 1/19 | Clear Carry; 0 — (C)
CcMmP —A 311 | 2/10 313 418 2/8 Compare
B, 1/8 (d) — (s) computed and
Rs, — 27 27 | 39 Status Register flags set
#iop8, 2/6 2/6 | 3/8
CMPBIT 38 | 3n Complement Bit
0
CMPL 18 18 | 26 Twos complement;
0100h — (5) = (d)
DAC B, _ 110 Decimai Add with Carry
Rs, 2/9 29 |31 (s) + (d) + (C) — (d) (BCD)
#lop8, __ 2/8 2/8 | 31
0
DEC — 1/8 18 | 2/6 Decrement; (d) — 1 — (d)
DINT 28 Disable Interrupt; 00 — (ST)
DIv Rs, _ 3/55/63% Integer Divide: 16 by 8-bit
A:B/Rs — A(=quo), B(=rem)
Texas .
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#cycles depends on operands
DJINZT —_off8 210 21 3/8 Decrement and Jump If Not 0
0

(d)—1 — (d); If (d) NE. 0
then PCN + offset — (PC)

T Add 2 to cycle count if jump is taken.
# Actual number of cycles is 14 if the quotient is greater than 8 bits (overflow condition).

TE"&'P
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TMS370 Instruction Set Summary (continued)

ADDRESSING MODES
OPERATION DIRECT EXTENDED OTHER DESCRIPTION
A B | Rd | Pd |label | @Rp |Ilabei(B) | ofi8(Rp) | off8(SP)
DsB B, _ 110 Decimal Subtract with Borrow
RS, _ 2/9 2/9 {31 (d)—(s) -1 + (C) - (d) (BCD)
#lop8s, __ 2/8 2/8 | 31
0
EINT 2/6 Enable Interrupts; 0Ch — (ST)
EINTH 2/8 EINT High Prlority; 04h — (ST)
EINTL 2/6 EINT Low Priority; 08h — (ST)
IDLE 1/6 idle Until Interrupt, Low Power entry
INC — 1/8 18 | 26 Increment; (d) + 1 — (d)
INCW #off8, 3 Increment Word
(Rp) + offset — (Rp)
INV — 18 18 | 26 Invert; .NOT. (d) - (d)
JMP — 217 Jump; PCN + offset8 — (PC)
JMPL — 39 | 28 311 4/16 Jump; PCN 4 (D) = (PC)
Jendt Jump Condltional
JN 2/5 Negative
JZ 2/5 Zero
JC 2/5 Carry
JP 2/5 Positive
JPZ 2/5 Positive or Zero
JNZ 2/5 Negative or Zero
JINC 2/5 No Carry
JV 2/5 Overflow, signed
INV 2/5 No Overlfow, signed
JGE 2/5 Greater Than or Equal, signed
JL 2/5 Less Than, signed
JG 2/5 Greater Than, Signed
JLE 2/5 Less Than or Equal, signed
JLo 2/5 Lower Value
JHS 2/5 Higher or Same
JBITOt 411 | am Jump I Bit = 0
]
IBIT1T 41 |4 Jump if Bit = 1
0
LDSP 177 | Load Stack Polnter; (B) - (SP)
LDST #lop8 2/6 | Load ST Register; (s) — (SP)

42
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MOV A __ 19 | 27 |28 [3rn0 | 29 | an2 417 277 Move; (s) — (d)
— A 18 | 277 | 2/8 | 3110 | 2/9 3n2 an7 217
B, _ 18 | 277 | 2/8
Rs, _ 27 277 1 39 | 31
Ps, 2/8 2/8 { 31 0
#iop8, _ 26 26 | 0
3/8 | 3/t
0
Movw Rps, 31 Move Word; 16-bit operands
#lop16, _ 2 (s)— (d)
#lop16(B), an
#off8(Rp), — 3
4an
5
5/2
o

T Add 2 to cycle count if jump is taken:

Texas
INSTRUMENTS
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TMS370 Instruction Set Summary (concluded)
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ADDRESSING MODES
OPERATION DIRECT EXTENDED OTHER DESCRIPTION
A B | Rd | Pd |label | @Rp | label(B) | ofi8(Rp) | off8(SP)
MPY B, _ 1/47 Muttiply
RS, _ 2/46 24 | 34 (s) % (d) = (A:B)
#lop8, 2/45 6 8 A =MSB,B=LSB
2/4 | 3/4
5 7
NOP 177 | NOP; (PC) +1 = (PC)
OR A 2/9 OR
B, _ 1/8 219 (s) .OR. (d) - (d)
Rs, 27 27 | 3/9
#iop8, __ 2/6 2/6 | 38 | 31
0
POP _ 119 19 | 27 1/8 | Pop Top of Stack
((SP)) = (d); (SP) -1 — (SP)
PUSH — 19 19 | 27 18 Push onto Stack
(SP)+ 1 (SP); (s) = {(SP))
RL — 1/8 18 | 2/6 Rotate Left
RLC — 1/8 18 | 26 Rotate Left Through Carry
RR — 1/8 1/8 | 2/6 Rotate Right
RRC — 1/8 18 | 2/6 Rotate Right Through Carry
RTI 112 | Return from Interrupt
Pop PC, Pop ST
RTS 19 Return from Subroutine, Pop PC
SBITO — 3/8 | 31 Set Bitto 0
0
SBIT1 —_ 3/8 | 31 SetBITto 1
0
SETC 177 | Set Carry; AOh — (ST)
SsB B, 1/8 Subtract with Borrow
Rs, _ 217 27 | 39 (d)-(s)-1+(C) > (d)
#lop8, 2/6 2/6 | 3/8
STSP 1/8 | Store Stack Pointer; (SP) — (B)
suB B, — 1/8 Subtract
Rs, _ 27 217 |39 (d)—(s) = (d)
#iop8, _ 2/6 2/6 | 3/8
SWAP — 1m 1711 | 29 Swap Nibbles
8(7-4,3-0) — d(3-0.7- 4)
TRAPn 1/14 | Trap to Subroutine; Push PCN;
Vector n — (PC)
ST — 19 mn Test; Set flags from register
0
XCHB _ 110 1‘;1 2/8 Exchange B; (B) «» (d)
XOR A 29 Exclusive OR
B, — 1/8 29 (s) .XOR. (d) = (d)
Rs, . 217 277 | 39
#lop8, 2/6 2/6 | 3/8 | 31
0
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TMS370 Famlly OPCODE/Instruction Map

F 1 R s T N I B B L E
0 1 2 3 4 5 6 7 8 9 A B C D E F
NP TNCW | MoV CIRC oV | MoV [ TRAP | LDST
ol ra #npd | PsA TSTA AB ARd 15 n
217 311 2/8 10 119 217 1/14 2/6
N MoV WMov oV MoV MoV | TRAP oV
1l APd B,Pd Rs,Pd Ps,Ad B,RJ 14 n(SP),A
2/5 2/8 2/8 3/10 217 217 114 2
JZ | MOV | MOV | MOV | MOV | MOV | MoV | MoV oV BEC DEC DEG | TRAP MoV
2 ra Rs,A #n,A Rs,B Rs,Rd #n,B B.A #n,Rd Ps,Rd A B Rn 13 AN(SP)
255 | 2t 2/6 217 30 2/6 1/8 3/8 3/10 118 1/8 2/6 114 27
JG | AND | AND | AND AND | AND | A AND A AND NC C C TRAP P
3| ra [RsA | #nA | RsB | Re,Rd | #nB | BA | #nRd | APd B,Pd #n,Pd A B Rn 12 n(SP&.A
25 | 2r 2/7 3/0 30 2/6 1/8 /8 2/9 2/9 3/10 118 1/8 2/6 1114 2/,
JF | OR | OR OR OR OR OR 3] OH OR OR W | WV TNV | TRAP | extend
4l ra | RsA | #nA | RsB | Re,Rd | #nB | BA | #nRd | APd BPd #n.Pd A B Rn 11 inst,2
2/5 /7 2/6 217 3/9 2/6 1/8 3/8 2 2/9 3/10 1/8 178 2/6 1/14 | opcodes
~JPZ T XOR | XOR | XOR OR XOR XOR XOR XOR XOR XOR CLR ClR ClR TRAP
5| ra [RsA | #nA | RsB | ReRd | #nB | BA | #nRd | APd B,Pd #n,Pd A B Rn 10
2/5 /7 2/6 2 30 2/8 1/8 3/8 2/9 319 3/10 118 1/8 2/6 1114
[FINZ | B0 | BIIC [ BTJO | BTI0 | BYJO [ BIJO | BIJO | B1JO | BIIO BTJ0 XCHB CAB | XCHB | TOLE
6| ra sA | #nA | RsB | Rs,Rd | #n.B BA | #nRd 8,Pd #n,Pd A TESTB Rn 9
25 | 3 3/8 30 411 3/8 2/10 | 4/10 i 3110 41 1110 110 2/8 114 1/6
C | BTJZ | BIJZ | BIJZ | BTJZ | BYJZ | BIJZ | BTJZ | BIJZ BTJZ BTJZ SWAP | SWA SWAP | TRAP MoV
71 ra s, #n,A s,| Rs,Rd #n,B § #n,Rd APd B,Pd #n,Pd A [:] An 8 #n,pd
25 | 319 3/8 3/9 411 3/8 2/10 | 4/10 3110 310 411 1111 111 2/0 114 3/10
IV | ADD | ADD | ADD | Al —ADD | ADD | ADD | MOVW | MOVW OV PUSH | PUSH | PUSH | TRAP | SETC |
8{ ra | RsA | #nA | RsB | Re,Rd | #n,B BA | #nRd | #16Rd | Rs,Rd | #16(B),Rd A B Rs 7
2/5 /7 2/6 217 379 2/8 1/8 3/8 4113 a2 4115 179 1/9 27 114 17
JU [ ADC | ADC | ADC | ADC. | AD ADC | A JVMBL [ JMPL JWPL POP FoP FOP | TRAP RS
o| ta | RsA | #nA | ReB | Re,Rd | #n,B 8A | #nRd lab @Rd Inb‘B) A B Rd 6
25 | 2r7 2/6 217 379 2/6 1/8 /8 3 2/8 3 170 170 217 114 170
TE S S SUB | Mov MoV MoV BINZ | DINZ DINZ | TRAP RTT
A ra Rs,A #n,A Rs,B Rs,Rd #n,B BA BA labA @Rs,A lab(B),A Ara B,a Rnra 5
25 | 28 2/8 2 30 2/6 1/8 1/8 3/10 2/9 31 2/10 2/10 3/8 114 112
33 0 GOMPL | COMPL | COMPL [ TRAP [ P
Bl ra | ReA | #nA | ReB | ReRd | #B | BA | #nRd | Alab | A@Rd Alsbga) A B Rn 4 ST
o5 | 2nt 2/6 3o 2/6 1/8 3/8 3/10 2/0 il 178 178 2/6 1/14 178
TNV [ MBY | MPY | MPY | MPY | WPY | MPY | MPY BR TR FR RR | TRAP POP
Cjra |Rs,A|#nA | ResB | Rs,Rd | #nB | BA | #nRd lab @Rd m:se) A B Rn 3 ST
25 | 246 | 245 | 2/ds 2/46 248 | 147 | 3/47 3/9 2/8 a1 178 18 2/6 114 118
JGE CMP CMP CMP CVF’ CMP CMP CMP GMP CMP CMP RRC RRC RRC TRAP LosP
D| ra | RsA | #nA | RsB | ReRd | #nB | BA | #nRd | labA | @RsA Isb(BA‘A A Rn 2
2/5 2 2/8 7 39 2/6 1/8 3/8 I 2110 an 1/8 1/8 2/6 114 17
JG | DAC | DAC DAC AC DAC DAC DAC CALL CALL ALL AL AL RL TRAP STSP
E|l ra | ReA | #nA | ReB | Rs,Rd | #nB BA | #nRd I @Rd Iab(B) A B Rn 1
25 | 2 2/8 2/0 311 2/8 1710 | a/to 313 2112 315 1/8 1/8 2/6 1/14 1/8
0 S| S (53 E CALLR | CALLR | CALLR HLC RLC RIC | TRAP NoP
F ra Rs,A | #nA Rs,B Rs,Rd #n,B B,A #n,Rd lab @Rd lab(B) A B Rn 0
25 | 2, 2/8 2/0 3/11 2/8 110 | 3/10 ans 2114 a7 1/8 1/8 2/6 1/14 177
[} 1 2 3 4 5 6 7 8 ] A B c D E F
Second byte of two-byte instructions (F4xx): E F
Movw| DIV
8 n(Rn) Rn,A
415 3/14-63
JMPL
ra — relative address 9| nRn)
Rn — Register e
Rs — Register containing source byte MoV
Rd — Register containing destination byte A "‘E?;'A
Ps — Poeripheral register containing source byte
Pd — Peripheral register containing destination byte 8| AN,
Pn — Peripheral register ':/(16)
#n  — Immediate 8-bit number
#16 — Immediate 16-bit number ol i
lab — 16-bit label 418
@Rn— 16-bit address of contents of register pair oMP
D| n(Rn)
4118
CALL
E| n(Rn)
4120
cmhm
n
FlA
E F

Texas
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development system support

The TMS370 family development support tools include an Assembler, a C-Compiler, a Linker, an In-Circuit
emulator (XDS — eXtended Development Support), and a microcontroller programmer.

@ Assembler/Linker (Part No. TMDS3740810-02 for PC, Part No. TMDS3740210-08 for VAX™/ VMS™ Part

No.

TMDS3740510-09 for Sun-3™ or Sun-4™)

Extensive macro capability.

High-speed operation.

Format conversion utilities available for popular formats.

@ ANSI C-Compiler (Part No. TMDS3740815-02 for PC, Part No. TMDS3740215-08 for VAX™/ VMS™, Part

No.

TMDS3740515-09 for Sun-3™ or Sun-4™)

Generates assembly code of the TMS370 that can be easily inspected.

The compilation, assembly, and linking 'steps can all be performed with a single command.
Enables the user to directly reference the TMS370’s port registers by using a naming convention.
Provides flexibility in specifying the storage for data objects.

C functions and assembly functions can be easily interfaced.

Includes assembler and linker.

@ XDX/11 (eXtended Development Support) In-Circuit Emulator

Base (Part No. TMDS3761100 - For PC, requires cable)

— Cable for 44-pin PLCC, 40-pin DIP, or shrink DIP (Part No. TMDS3788844)

PC-based, window/function-key oriented user interface for ease of use and a rapid leaming
environment.

Symbolic debugging.

Execute single/multiple instructions, single/multiple statements, until/while condition, or at full speed
until breakpoint.

The user needs to provide a regulated 5-V power supply with a 3-A current capability.

® XDS/22 (eXtended Development Support) In-Circuit Emulator

Base (Part No. TMDS3762200 - For PC, requires cable)

~ Cable for 44-pin PLCC, 40-pin DIP, or shrink DIP (Part No. TMDS3788844)

Contains all of the features of the XDS/11 described above but does not require an external power
supply. .

Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace
samples with symbolic disassembly.

Allows breakpoints to be qualified by address and/or data on any type of memory acquisition. Up to four
levels of events can be combined to cause a breakpoint.

Provides timers for analyzing total and average time in routines.

Contains an eightline logic probe for adding visibility of external signals to the breakpoint qualifier and to
the trace display.

VMS and VAX are trademarks of Digital Equipment Corporation.
Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc.
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Microcontroller Programmer
— Base (Part No. TMDS3760500 — For PC, requires programming head)
— Single unit head for 44-pin PLCC (Part No. TMDS3780510)
— Single unlt head for 40-pin DIP or shrink DIP (Part No. TMDS3780511)
~ Gang programmer head supports 16 40-pin DIP parts (Part No. TMDS3780525)
— Qang programmer head supporis 16 40-pin shrink DIP parts (Part No. TMDS3780526)
— Qang programmer head supports 16 44-pin PLCC parts (Part No. TMDS3780524)
— PC-based, window/function-key orlented user Interface for ease of use and a rapid learning
environment.
Design Kit (Part No. TMDS3770110 — For PC)
— Includes TMS370 Application Board and TMS370 Assembler diskette and documentation.
— Supports quick evaluation of TMS370 functionality.
— Capabliity to upload and download code.
— Capabillity to execute programs and sofiware routines, and to single-step executable Instructions.
— Software breakpoints to halt program execution at selected addresses.
— Wire-wrap prototype area.
— Reverse assembler.
— Requires adapter for programming ‘Cx4x devices.

)
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absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t

Supply voltage, Voo, Voca (888 Note 5) ... -06Vio7V
Input voltage range, All pins except MC ... ~-06Vto7V

MO -06Vio14V
Input clamp current, e (Vi<00r Vi>Vop) v 20 mA
Output clamp current, log (VO <0 0r Vo> Voo «vvvv ittt 120 mA
Continuous output current per buffer, Io (Vo =010 Veo)t oo viieiiiiiiiii +10 mA
Maximum iggeurrent ... R 170 mA
Maximum IgG CUITBNE ... ... ~170 mA
Continuous power dISSIPatIon . ........ ... i 1w
Storage temperature range .................ooiviinn e —-65°C to 150 °C

T Stresses beyond those listed under "Absolute Maximum Ratings’ may cause permanent damage to the device. This Is a stress rating only, and
functlonal operation of the device atthese or any other conditions beyond those Indicated In the "Recommended Operating Condltions” section of
this specification Is not Implled. Exposure to absolute-maximum-rated conditions for extended perlods may affect device rellabllity.

¥ Electrical characterlstics are specified with all output buffers loaded with the specified o current. Exceeding the specified Io current in any buffer
may affect the levels on other buffers,

recommended operating conditions (see Note 5)

PARAMETER MIN NOM MAX | UNIT
Vee Digltal loglc supply voltage (see Note 5) 4.5 6 5.5 \
Vee RAM data retention supply voltage (ses Note 6) 3 6.6 \
Vcea  Analog supply voltage (see Note 65) 4.6 5 6.5 \
Vgsa  Analog supply ground -0.3 0 0.3 \
C \ 0.8
ViL Low-level input voltage Al pins except M S8 Vv
MC Vss 0.3
All pins except MC, XTAL2/CLKIN, and RESET 2 Vee
MC -WPO mod Vee -0.8 Vee+0.8
VIH High-level input voltage {non mede) ce cet \Y
XTALZ/CLKIN 0.8 Vee Voo
RESET 0.7 Voo Voo
EEPROM wrlte protect override 1.7 12 13
VMc  MC (mode control) voltage Microcomputer Vss 0.3 v
EPROM programming voltage (Vpp) 12 12,6 13
TA Operating free-alr temperature A varslon ~40 86 °C
L version 0 70 °C

NOTES: 5. All voltage values are with respect to Vgg.

6. RESET s externally released while Vi Is within the recommended operating range of 4.5 V to 5.5 V and Is externally activated when
Voo < 4.5 0r Vo > 5.5 V. RAM data retentlon s valid throughout the 2 MHz-20 MHz frequency range. An active FESET initlalizes
(clears) RAM locations 0000h and 0001h,
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xas W
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS370Cx4x
8-BIT MICROCONTROLLERS

SPNS016 — OCTOBER 1991

electrical characteristics over recommended operating free-alr temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoL Low-level digital output voltage loL =1.4mA 04 \
loH =—-50pA 0.9V,
VoH High-level output voltage 'OH P IJA > 400 \
lOH=~2m .
03V<V|sVpg =03V 50
ovVsVigo3Vv 10 pA
ly Input current Me Veec-03<VisVgoo +03V 10
Vec+03VsV <13 650 pA
1/O pins * 0VsVsVee +10 pA
loL Low-level output current VoL =04V 1.4 mA
VoH=0.9V ~50 A
loH High-level output current OH ce a
VoH =24V -2 mA
CLKIN = 20 MHz 45
(see Note 7 and 8)
Supply current (Operating mods)
Icc CLKIN = 12 MHz 30| ma
(see Note 7)
Osc Power bit = 0 (see Note 8) GLKIN = 2 MHz
(see Note 7 and 8) "
CLKIN = 20 MHz 17
(see Note 7 and 8)
Supply current (Standby mode)
oo CLKIN = 12 MHz 1 mA
(see Note 7 and 8)
Osc Power bit = 0 (ses Note 9) ;
CLKIN = 2 MHz 35
(see Note 7 and 8)
Supply current (Standby mode) (SeLeK fl\?lo:e 172::: é) 8.6
lec CLKIN = 2 MHz so] ™
Osc Power bit = 1 (see Note 10) (see Note 7 and 8) :
Icc  Supply current (Half Mode) . (seCeL ﬁlct\l';?o;;/e) 30 HA

NOTES: 7. Microcontroller-Single chip mode, ports configured as inputs, or outputs with no load. All Inputs < 0.2V or 2 Ve ~0.2V.
8. XTALZ/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Current may
be higher with a crystal oscillator. At 20 MHz this extra current = .01 mA x (total load capacitance + crystal capacitance in pF).

9. Maximum operating current for = 1.90 (Fx) + 7 mA.
10. Maximum standby current for = .75 (Fx) + 2 mA. (OSC power bit = 0)
11. Maximum standby current for = 0.56 (Fx) + 1.88 mA. (Osc power bit = 1)
(Valid only from 2 MHz to 12 MHz.)

)
TExas ""
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

49



50

TMS370CxA4xX

8-BIT MICROCONTROLLERS

SPNS016 — OCTOBER 1991

RECOMMENDED CRYSTAL/CLOCK CONNECTIONS
XTALZ/CLKIN

XTAL1

+—0
ci¥ I

Crystal/Ceramic
Resonatort

XTAL2/CLKIN

XTAL1
/-l< c2#

External

Clock Signal
$ The values of C1 and C2 should be the values recommended by the crystal/ceramic resonator manufacturer.

No Connectlon
T The crystal/ceramic resonator frequency s four times the reciprocal of the system clock period.

TYPICAL OUTPUT LOAD CIRCUITS

Load Voltage

1.2kQ

Vo

T
Case 1: Vo = VOH = 2.4 V; Load Voltage =0 V
Case 2: Vo = Vo = 0.4 V; Load Voltage = 2.8 V for Ports A, B end D, and RESET

Load Voltage = 2.1 for other Outputs

an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated.
Vee

§ All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN driven by

TYPICAL INPUT BUFFERING

Vee
0O
Pin Dsta.
200 S300Q
70 Output
Enable
300 Q2
GND
s 10
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ez

PARAMETER MEASUREMENT INFORMATION

timing parameter symbology

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the
symbols, some of the pin names and other related terminology have been abbreviated as follows:

A Address RXD
AR Array S

B Byte SCC
Ci XTAL2/CLKIN SIMO
CO CLKOUT SOMI
D Data XD
PGM Program w

R Read

Lowarcase subscripts and thelr meanings are:

c cycle time (period) r
d delay time su
f fall time v
h hold time w
The following additional letters are used with these meanings:

H High v
L Low 4

SCIRXD
Slave mode
SCICLK
SPISIMO
SPISOMI
SCITXD
Wirite

rise time

setup time

valld time

pulse duration (wldth)

Valid
High Impedance

All timings are measured between high and low measurement points as indicated In the figures below.

f—_—s: 0.8Vce V (High) —__/===\_; 2V (High)
—— 08V (Low) == 0.8V (Low)

XTAL2/CLKIN Measurement Points General Measurement Points

*p
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external clocking requirementst

NO, PARAMETER MIN NOM MAX | UNIT
1 () XTALZ/CLKIN pulse duration (aee Note 12) 20 ne
2 e XTALZ/CLKIN rlae time a0 na
a L) XTALZ/CLKIN fall ime a0 ne
4 td(CIH-cOL)  Delay time, XTAL2/CLKIN rise to CLKOUT fall 100 ns

CLKIN Crystal operating frequency 2 20 { MHz

T For V), and V), refer to "Recommendad Operating Conditions”,
NOTE 12:  This pulae may be elther a high pulse, as illuatrated below, which extands from the earllest valid high to the final valid high in an
XTAL2/CLKIN cycle, or a low pulae, which extenda from the earliest valid low to the final valld low in an XTAL2/CLKIN cycle,

external clock timing

—1 ¥
XTAL2/CLKIN w
+ k2 L l
+ lea ;

k———ﬁ* 4

CLKOUT / N\

EXPANSION MODE OUTPUT

general purpose output signal switching time requirements

MIN NOM MAX UNIT

tr Rise time 30 ns

Y Falltime 30 ns

N

—»l L— 4

 Z
2
i

)
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switching characteristics and timing requirements (see Note 13)

NO. PARAMETER MIN MAX UNIT
5 te CLKOUT (system clock) cycle time 200 2000 ns
6 tw(coL) CLKOUT low pulse duration 0.5t-20 0.5t ns
7 tw(COH) CLKOUT high pulse duration 0.5t; 0.5t + 20 ns

NOTE 13: t..= system clock cycle time = 4/f,.

CLKOUT timing

e 5 >
| | ool e—7—
| |

CLKOUT m

recommended EEPROM timing requirements for programming

MIN NOM MAX | UNIT

lw(PGM)B Programming signal pulse duration to insure valid data is stored (byte mode) 10 ms

tw(PGM)AR Programming signal pulse duration to insure valid data is stored (any array mode) 20 ms

recommended EPROM operating conditions for programming

PARAMETER MIN NOM MAX | UNIT
Vece Supply voltage 4.75 55 6.0 \
Vpp Supply voltage at MC pin 12 125 13 \
Ipp Supply current at MC pin during programming (Vpp = 13 V) 35 50 mA
CLKIN Operating crystal frequency 2 20| MHz

recommended EPROM timing requirements for programming

MIN NOM  MAX | UNIT
tw(IEPGM) Initial programming signal pulse (see Note 14) .95 1 1.05 ms
tw(FEPGM) Final programming signal pulse 2.85 78.75 ms

NOTE 14: Programming pulse is active when both EXE (EPCTL.0) and Vppg (EPCTL.6) are set.

j
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SERIAL COMMUNICATIONS INTERFACE (SCI) INTERNAL CLOCK
ISOSYNCHRONOUS MODE I/O TIMING

SCI Isosynchronous mode timing characteristics for internal clock (see Note 13)

NO. PARAMETER MIN MAX UNIT
24 to(SCC) SCICLK cycle time 2t 131,072t ns
25 tw(SCCL) SCICLK low pulse duration tc—45 0.5tysce)+4q  ns
26 tw(SCCH) SCICLK high pulse duration te—45 0.5tysce)+4q  ns
27 td(sccL-TXpv) Delay time, SCITXD valid after SCICLK low —50 50 ns
28 ty(SCCH-TXD) SCITXD data valid after SCICLK high tw(SCCH) - 50 ns
SClI Isosynchronous mode timing requirements for Internal clock (see Note13)

NO. MIN MAX UNIT
29 tsu(RXD-SCCH)  SCIRXD setup time to SCICLK high 0.25t + 145 ns
30 ty(SCCH-RXD) SCIRXD data valid after SCICLK high 0 ns

NOTE 13: t, = system clock cycle time = 4/fy.

SCl Isosynchronous mode timing diagram for internal clock

& 24 gl
| R
| \ [ 26—
| r——zs——»’ | |

SCICLK W

| |

—pl— 27 e 28 ——»!

semD SRR

» h "‘"V’V’V‘V‘V’V’V‘V‘V‘V‘V
020000202000 """“ Velid QRRREKKK
29
r_ : r“ 30
T
SOIRKD. - (BORKXKEA, Dt Veltd KKK
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SERIAL COMMUNICATIONS INTERFACE (SCI) EXTERNAL CLOCK
ISOSYNCHRONOUS MODE /O TIMING

SCl Isosynchronous mode timing characteristics for external clock (see Note 13)

NO. PARAMETER MIN MAX UNIT
34 td(sccL-Txpv)  Delay time, SCITXD valid after SCICLK low 4.25t; + 145 ns
35 ty(SCCH-TXD) SXITXD data valid after SCICLK high tw(SCCH) ns

SCl Isosynchronous mode timing requirements for external clock (see Note 13)

No. MIN MAX uNIT
31 te(SCC) SCICLK cycle time 10t ns
32 tw(sccl) SCICLK low pulse duration 4.25t; + 120 ns
33 tw(SCCH) SCICLK high pulse duration 1o + 120 ns
36 ’su(RXD-SCCH) SCIRXD setup time to SCICLK high 40 ns
37 tv(SCCH-RXD) SCIRXD data valid after SCICLK high 2te ns

NOTE 13: tg = system clock cycle time = 4/fy.

SCI Isosynchronous mode timing dlagram for external clock

¢ 31 al
| |
| [ 33—
| —a32 ‘——1 | |
'
. L—rlL* 34 j&——— 35 —~>'|
o XXX paveld KRR
|
36
Y

0"""""""V’v’v"‘v"
QXX

R RRTIN e vt )

SCIRXD (8 0K

i
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A/D converter

The A/D Converter has a separate power bus for its analog circuitry. These pins are referred to as V¢gg and
Vgsa. The purpose is to enhance A/D performance by preventing digital switching noise on the logic circuitry
which could be present on Vgg and V¢ ¢ from coupling into the A/D analog stage. All A/D specifications will be
given with respect to Vggg unless otherwise noted.

RESOIUItION . . .ot 8 bits (256 values)
MONOIONIC . . ..o e e e e e Yes
Output conversioncode .............. ... 00h to FFh (00h for Vi<Vggg3; FFh for V| 2 Vef)
Conversion time (excluding sample time) .......... ... .. i i 164t
recommended operating conditions
MIN NOM MAX UNIT
45 :
Vees Analog supply voltage s 55 v
Vec-0.3 Vee + 0.8
Vssa Analog ground Vgg—-0.3 Vgs + 0.3 \
Vyef Non-V 3 reference (see Note 15) 25 Veea Veea+ 0.1 \
Analog input for conversion Vssa Vret V-
NOTE 15: Vo must be stable, within & 1/2 LSB of the required resolution, during the entire conversion time.

operating characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Absolute accuracy (see Note 16) Veea =556V, Vigf=51V +15 LSB
Converting 2 mA
lcca Analog supply current Not Converting 5 WA
h Input current, ANO-AN7 0V<V)<55V 2 pA
Vref input charge current 1 mA
XTAL2/CLKIN < 12 MHz 24 kQ

Zref  Source impedance Vot 12 MHz < XTAL2/CLKIN <20 MHz 10| ko

NOTES: 16. Absolute resolution = 20 mV. At Vigf = 5.1 V, this is 1 LSB. As V(gf decreases, LSB size decreases and thus absolute accuracy and

differential / integral linearity errors in terms of LSBs increases.
17. Excluding quantization error of 1/2 LSB.

The A/D module allows complete freedom in design of the sources for the analog inputs. The period of the
sample time is user-defined such that high impedance sources can be accommodated without penalty to
low-impedance sources. The sample period begins when the SAMPLE START bit of the A/D Control Register
(ADCTL) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START)
of the ADCTL is set to 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START
bits, signaling that a conversion has started and the analog signal can be removed.

56
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analog timing requirements

MIN  NOM MAX | UNIT
tsu(S) Analog input setup to sample command 0 ns
th(AN) Analog input hold from start of conversion . 18te ns
tw(s) Duration of sample time per kilohm of source impedance (see Note 18) 1 ps/ke

NOTE 18: The value given s valid for a signal with a source impedance greater than 1 kQ. If the source impedance s less than 1 ke, use a minimum
sampling time of 1 ps.

analog timing

jt———— Analog Stable ———»|
| |
In
[ |
— :“* teu(s) |
Sample |
Start / \

! ]4———1* th(AN)

Convert /—_\
Start 4
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MECHANICAL DATA
40-pin leaded chlip carrler package (N2 suffix)

40 < 21
minininininininininininininininininininl

W )
Eilther index
RNARINIRIRINIRINES NN AR NN RININAE]
1 20
[ . €
15,24 + 0,26 — — 5,08
(0.600 +0.010) 36,6 (1.440) Max (0.200)

Max

-

0,51

(0.020)

Seatln !

9 ¥
105° Plane T
b 507 j\* JL 1,02 L
. 2,54
0,279 +0,076 0,457 +0,076 y :
1,27

(0.040)

0.100
(0.011 £0.003) (0.018 +0.003) Max ) - ( Min )
(0.050)
1,78 (0.070) T.P. Max
Pin Spacing
(see Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE: A. Each pin centerline is located within 0,26 (0.010) of its true longitudinal position.
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40-pin plastic leaded chip carrler package (N suffix)

¢ 53,00 (2.090) Max ——»|
40« 21
ininizinininisininininisininisinininixlis]

»

Elther Index X

|80 I S 0 N L 0 A 0 O O 0 A

1 20
€ €
| 15,2410,254 10° ;za_ - 5,08
(0600£0.010)  _ 4,508 (0.020) Min (©ptionat) | (0:200)
' ax
{ — Seating Plane
o
b ;gf 317 .
0,457 +0,076 0,838 (0.125)
(0.018 +0.003) (0.033) Min
Min
0,279 + 0,076
(0.011 £0.003) 12,:; ((%(:):55))
2,54 (0.100) T.P. 1,52 ’ y
Pin Spacing {0.060)
(see Note A) Nom

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE: A. Each pin centerline is located within 0,26 (0.010) of its true longitudinal position.

Xip
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40-pin ceramic dual-in-line package (J suffix)

e 52,53 (2.068) Max —————————y

—
40« 21
ininisizizinisinisinisininisinisininiali;

2,29 (0.080)
1,53 (0.060)

)

O

f

14,25 (0.561) Max

|

0,457 (0.018) MIN

OO0 00000000000 O00T
1 » 20

5,08 (0.200)
3,81 (0.150)

4,45 (0.175)

3,56 (0.140) T
]

0,559 (0.022)
0,356 (0.014)
2,79 (0.110)
2,29 (0.090)

—

157(0082) Min
1,14 (0.045) °' 0,711 (0.028)
e— Min Ref

Lens Protrusion
0,254 (0.010) Max

15,85 (0.624)
[*72.99 (0.590)

=
1

le— 0,30 (0.012)

0,20 (0.008)
L 18,29 (0.720)
16,36 (0.644)

»

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE: A. Each pin centerline is located within 0,26 (0.010) of its true longitudinal position.
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MECHANICAL DATA
44-pin plastic leaded chip carrier package (FN suffix)

. 450(0.177)
I‘— A ‘h’l 3,24 (0.167)
;'-;‘;%g! x 45° 7% |+ 135(0053) o | 2,79 (0.110)
07 (0.042) 1,19 (0.047) I 2,41 (0.095)
0,938 (0.037)
o 686 (0.027)
Fown o B e O e s B e M 0,813 (0.032)
0,660 (0.026)
0 1 — 1,52 (0.060) Min
B O i —=x
i 0 _i
A { i v
0 1
0 i 0,64 (0.025) Min
O p
] 0,508 (0.020)
A e— patiig s s s i AR TR RN
0,254 (0.010) R 1,27 (0.050) T.P. 0,36 (0.014)
Max 3 Places B ——— (see Note A) Lead Detall
Seating Plane
(see Note B)
JEDEC NO. OF A B c
OUTLINE TERMINALS | min | max | MmN | mMax | mMIN | MAX
s L s 1232 1257 10,920 [ 19,56 1 10,41 ] 10,92
(0:485) | (0.498) | (0.430) | (0.455) | (0.410) | (0.430)
1740 | 17,65 | 16,00 | 16,64 | 1549 | 16,00
M0-047AC 44 (0.685) | (0.695) | (0.630) | (0.655) | 0.610) | (0.630)
w502 | 2527 |Tesee | ea26 | 28,11 | 2siee.
(0.086) | (0.995) ‘| :(0.030). | (0:955) | (0:910). | (0.930)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.

B. The lead contact points are planar within 0,101(0.004).
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MECHANICAL DATA
44-lead FZ cerquad chlp carrler package
— A 4,57 (0.180)
(s Note A) 3,94 (0.155) ] ooyt
. 3,55 (0.140)
1,02 (0.040) x 45 1 f—— B —b 3,05 (6.420) ] (1:1 (,2;3?;)”
—-7n [mfalmlmlmlm]
N
[ ) 0,81 (0.032) ¥ st {0.020) c
B E i 0,66 (0.026) I 9,36 (0.014) (ﬂPSI:::I)ng
i i —
J d h ¥ F
;__. LSt g 0 g s o g om0
0,64 (0.025) R
Max Typ

1,016 (0.040) Min
3,05 (0.120)
2,25 (0.080)

JEDEC
OUTLINE

NO. OF

TERMINALS | minN

Mo0-087AB

(0:488)

22

17,40
(0.685)

i 25| 03

(0.985)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Center line of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar with 0,15 (0.0086).
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CMOS/EEPROM/EPROM Technology on a

Single Device

— Mask ROM Devices for High-Volume
Production

— One Time Programmable (OTP) Devices
for Low-Volume Production

— EPROM Devices for Prototyping
Purposes

Flexible Operation Features
— Power-Reduction STANDBY and HALT
Modes
— Commerclal and Industrial Temperature
Ranges
— Input Clock Frequency 2 MHz to 20 MHz
— Voltage (Vcg): 5V +£10%
System Memory Configurations
— On-Chlp Program Memory Versions
— ROM: 4K, 8K, 16K and 32KBytes
— EPROM: 16K and 32KBytes
~ ROMless )
— Data EEPROM: 256 Bytes or 512 Bytes
— Static RAM: 256 Bytes, 512 Bytes or
1 KByte
— External Memory/Peripheral WAIT States
— Precoded External Chip Select Outputs
in Microcomputer Mode
— Allows 112K-Bytes External
Addressabie Memory
— No Logic Needed for External
Memory Addressing

Elght-Channel 8-Bit A/D Converter

Two 16-Bit General-Purpose Timers
— Software Conflgurable as
Two 16-Bit Event Counters, or
Two 16-Bit Pulse Accumulators, or
Three 16-Bit Input Capture Functions, or
Four Compare Registers, or '
Two Self-Contalned PWM Functions
— Software Programmable Input Polarity
— One Timer Has an 8-Bit Prescaler,
Providing a 24-Bit Realtime Timer

On-Chip 24-Bit Watchdog Timer

Serlal Communications Interface (SCI)

— Asynchronous and Isosynchronous
Modes

— Full Duplex, Double-Buffered Rx and Tx

— Two Multiprocessor Communications
Formats

Plastic and Ceramic 68-Pin Leaded Chip
Carrler Packages

FN/FZ Package
(Top View) lm

Busesnsnsnasssod

‘cc2
Vet

caypo? 7 6543 2 tesereseseasasaet Jo eem
cafiry s9[] D2/CSH2
o512 58] D3/CLKOUT
i 57[] D4/RW
o7 f1a 56[] D5/CSPF
Veozf]1s 5e{] D6/CSHI/EDS
Vss2f]16 54| D7/CSETWAIT
Ao fji7 s3[| RESET
atflrs so]INT1
A2f]10 s1[]INT2
A3f]z0 50} INT3
A4 21 0[] SPISOMI
A5 22 48[ sPisiMo
A6 {23 47 sPictk
A7 (24 4e[] T1ICICR
T2EVT [jos 4s[J TIPWM
T2C2PWM f26 aaf{ TIEVT
27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43
AU e T Tm T e | o T e T}
ooz~ Sy T won
S3BREa08A%5559344%
o g 3 g B>
B985
=3

Serlal Petlpheral Interface (SPI)

— Varlable-Length High-Speed Shift
Register

— Synchronous Master/Slave Operation

Flexible Interrupt Handling

— Two S/W Programmable interrupt Levels

— Gilobal and Individual Interrupt Masking

— Programmable Rising or Falling Edge
Detect

55 CMOS/TTL Compatible I/O Pins

— All Peripheral Function Pins Software
Configurable for Digital /O

— 46 Bldirectional, 9 Input Pins

TMS370 Serles Compatiblility

— Reglster-to-Register Architecture

— 256 General-Purpose Registers

— Fourteen Powerful Addressing Modes

PC-Based Workstation Development
Support Emphasizes Productivity,
Featuring:

— C Complier Support

— Realtime In-Circult Emulation
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description

TMS370Cx5x family of single-chip 8-bit microcontrollers provides cost-effective realtime system control through
VLS! integration of advanced peripheral function moduies and various on-chip memory configurations. The
TMS370Cx5x family presently consists of eleven devices, which can be grouped into four main sub-families:
the TMS370Cx50, the TMS370Cx52, the TMS370Cx56, and the TMS370Cx58.

Unless otherwise noted, the following terms are used to refer to the individual devices described in this data
sheet:

TMS370Cx50 refers to the TMS370C050, TMS370C150, TMS370C250, and TMS370C350 devices.
TMS370Cx52 refers to the TMS370C052 and TMS370C352 devices.

TMS370Cx56 refers to the TMS370C056, TMS370C156, TMS370C256, TMS370C356, and TMS370C756
devices.

TMS370Cx58 refers to the TMS370C058, TMS370C358, and TMS370C758 devices.
TMS370Cx5x refers to the TMS370Cx50, TMS370Cx52, TMS370Cx56, and TMS370Cx58 subfamilies.

The TMS370Cx5x family is implemented using high-performance silicon-gate CMOS technology. The low
operating power, wide operating temperature range, and noise immunity of CMOS technology, coupled with the
high performance and extensive on-chip peripheral functions, make the TMS370Cx5x devices atiractive in
system. designs for automotive electronics, industrial motor control, computer peripheral control, and
telecommunications.

The on-chip memory configurations of the TMS370Cx5x family include various amounts of static RAM, data
EEPROM, and program memory (ROM or EPROM). TMS370Cx5x devices with mask ROM are presently
available in sizes ranging form 4K-bytes to 32K-bytes. Devices with EPROMare available with 16K- or
32K-bytes. Devices are also available as ROMless microprocessors. The following table provides an overview
of the various memory configurations and operating modes of the TMS370Cx5x devices.

PROGRAM MEMORY DATA MEMORY OPERATING
DEVICE (BYTES) (BYTES) MODEST PACKAGE
ROM EPROM RAM EEPROM peC uP
TMS370CX50: TMS370C050, TMS370C150, TMS370C250 AND TMS370C350
TMS370C050 4K - 256 256 V N FN - PLCC
TMS370C150 - - 256 - - N FN - PLCC
TMS370C250 - - 256 256 - v FN - PLCC
TMS370C350 4K - 256 - N N FN - PLCC
TMS370Cx52: TMS370C052, AND TMS370C352
TMS370C052 8K - 256 256 N N FN - PLCC
TMS370C352 8K - 256 - N N FN - PLCC
TMS370Cx56: TMS370C056, TMS370C156, TMS370C256, TMS370C356 AND TMS370C756
TMS370C056 16K - 512 512 v N FN - FLCC
TMS370C156 - - 512 - - v FN-PLCC
TMS370C256 - 512 512 - M FN - PLCC
TMS370C356 16K - 512 - N N FN-FLCC
TMS370C756 - 16K 512 512 N N FN - PLCC/FZ - CLCC
TMS370Cx58 :TMS370C058,TMS370C358,TMS370C758
TMS370C058 32K - 1K 256 N - FN - PLCC
TMS370C358 32K - 1K N FN - PLCC
TMS370C758 - 32K 1K 256 Vv - FN - PLCC/FZ - CLCC
T HC = Microcomputer mode; P — Microprocessor Mode
TEXAs %
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All TMS370Cx5x devices contain a minimum of the following on-chip peripheral modules:
® 256 bytes RAM (usable as registers)

® g8-channel, 8-bit Analog-to-Digital converter (A/D)

® Serial Communications Interface (SCI)

® Serial Peripheral Interface (SPI)

® Two 24-bit general-purpose timers, one of which can be used as a Watchdog timer

® One 16-bit general-purpose timer

The TMS370Cx5x provides two power reduction modes (STANDBY and HALT) for applications where low
power consumption is critical. Both modes stop all CPU activity (i.e., no instructions are executed). In the
STANDBY mode the internal oscillator, the general purpose timer, and the SCl receiver start bit detection remain
active. In the HALT mode, all device activity is stopped. The device retains all RAM data and peripheral
configuration bits throughout both powerdown modes.

The TMS370Cx5x features advanced register-to-register architecture that allows direct arithmetic and logical
operations without requiring an accumulator (e.g., ADD r24, r47; add the contents of register 24 to the contents
of register 47 and store the result in register 47). The TMS370Cx5x family is fully instruction-set-compatible,
allowing easy transition between members.

The TMS370Cx5x family offers an 8-channel Analog-to-Digital converter with 8-bit accuracy. The 33-us
conversion time at 20 MHz and the variable sample period, combined with selectable positive reference voltage
sources, turn real-world analog signals into digital data.

The SPIand the two operational modes of the SCI give three methods of serial communications. The SClallows
standard RS-232-C communications between other common data transmission equipment, while the SPI gives
high speed communications between simpler shift register type devices, such as display drivers, A/D convenrter,
PLL, I/0 expansion, or other microcontrollers in the system.

For large memory applications, the TMS370Cx5x family provides an external bus with non-multiplexed address
and data. Precoded memory chip select outputs can be enabled, which allow minimum-chip-count system
implementations. Wait-state support facilitates performance matching between the CPU and external memory
and the peripherals. All pins associated with memory expansion interface are individually software configurable
for general-purpose digital input/output pins when operating in the microcomputer mode.

The TMS370C756FZ and TMS370C758FZ are available in a 68-pin, windowed ceramic package (FZ suffix) that
allows memory reprogramming during the development design prototyping phase. This achieves quick updates
to breadboards and prototype systems using socketed FFE devices while iterating initial designs.

The TMS370C756FN and TMS370C758FN are available in a 68-pin plastic package (FN suffix) and are one
time programmable (OTP). This is an effective microcomputer to use forimmediate production updates for other
members of the TMS370Cx5x family or for low-volume production runs that cannot satisfy minimum volume or
cycle time requirement for the lower cost mask ROM devices.
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The TMS370Cx5x family provides a very economical, efficient solution to realtime control applications. The
TMS370 family eXtended Development System (XDS) solves the challenge of efficiently developing the
software and hardware required to design the TMS370Cx5x into an ever-increasing number of complex
applications. The application source code can be written in assembly language or in C. The TMS370 family XDS
communicates via standard RS-232-C interface with an existing personal computer to form a PC-DOS hosted
workstation. This allows use of the PC’s editors and software utilities already familiar to the designer. The
TMS370 family XDS emphasizes ease-of-use through extensive use of menus and screen windowing so that
the system designer can begin developing software with minimum training. Precise realtime in-circuit emulation
and extensive symbolic debug and analysis tools ensure efficient software and hardware implementation as well
as reducing time-to-market cycle.

The TMS370Cx5x family mask ROM and EPROM, together with the TMS370 family XDS for applications
development, and comprehensive product documentation and customer support provide a complete solution
to the needs of the system designer.

functional block diagram

INT1 INT3 XTAL2/
CLKIN
INT2 XTAL1 MC RESET ANO-AN7
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{ Clock Control Converter A — Vssa
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I Pro, |
gram Memory Data EEPROM |-4———p T2IC1/CR
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TERMINAL FUNCTIONS
PIN
ALTERNATE 1o DESCRIPTION
NAME FUNCTION NO.
A0 DATAO (LSB) 17 o Single-Chip Mode: Port A Is a general purpose bidirectional /O port.
A1 DATA1 18 o
A2 DATA2 19 o Expansion Mode: Port A may be individually programmed as the external
A3 DATA3 20 /(o] bidirectional data bus (DATA0-DATA7).
A4 DATA4 21 Vo
A5 DATAS 22 [{e]
A6 DATA6 23 ]
A7 DATA7 (MSB) 24 o
BO ADDO 65 o Single-Chip Mode: Port B is a general purpose bidirectional I/O port.
B1 ADD1 66 o
B2 ADD2 67 Vo Expansion Mode: Port B may be individually programmed as the low order
B3 ADD3 68 VO | address output bus (ADD0-ADD7).
B4 ADD4 1 o
BS ADDS 2 e}
B6 ADD6 3 Vo
B7 ADD7 4 /{e]
co ADDs8 5 [/{e] Single-Chip Mode: Port C is a general purpose bidirectional /O port.
c1 ADD9 7 /o]
c2 ADD10 8 o Expansion Mode: Port C may be individually programmed as the high order
c3 ADD11 10 o address output bus (ADD8-ADD15).
c4 ADD12 1" [{e]
C5 ADD13 12 Vo
cé6 ADD14 13 o
c7 ADD15 14 e}
EXAS Lu
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TERMINAL FUNCTIONS (continued)

PIN
ALTERNATE o DESCRIPTION
NAME FUNCTION NoO.
Single-Chip Mode: Port D is a general purpose bidirectional /O port.
Each of the Port D pins can be individually configured as either ageneral purpose
1/0O pin, a primary memory control signal (Function A), or a secondary memory
control signal (Function B). All chip selects are independent and can be used for
FUNCTION memory bank switching.
A B
o I/O Pin, or
Do CSE2 OCF 64 o Function A:  Chip Select Eighth output 2 goes low during memory accesses to
2000h-3FFFh, or
Function B:  Opcode fetch goes low during the opcode fetch memory cycle.
/O Pin, or
D1 CSH3 60 /{e] Function A:  Chip Select Half output 3 goes low during memory accesses to
8000h-FFFFh.
1/0 Pin, or
D2 CSH2 59 /{e] Function A:  Chip Select Half output 2 goes low during memory accesses to
8000h-FFFFh.
/O Pin, or
D3 CLKoUT CLKOUT | 58 [{e] Functions A & B: Internal clock signal is 1/4 XTAL2/CLKIN frequency.
/O Pin, or
D4 RW RW 57 VO | Function A & B: Read/Write output pin.
/O Pin, or
D5 CSPF 56 /] Function A:  Chip Select Peripheral output for peripheral fils; goes low during
memory accesses to 10C0h—10FFh.
o 1/0 Pin, or
D6 CSH1 EDS 55 {e] Function A:  Chip Select Half output 1 goes low during memory accesses to
8000h-FFFFh, or
Function B:  External Data Strobe output goes low during memory accesses
from external memory and has the same timings as the five chip
selects.
o /0 Pin, or
D7 CSE1 WAIT 54 4] Function A:  Chip Select Eighth output 1 goes low during memory accesses to
2000h-3FFFh, or
Function B:  Wait input pin extends bus signals.
INT1 INTIN 52 | External interrupt (non-maskable or maskable)/General purpose input pin.
INT2 INTIO1 51 1o External maskable interrupt input/General purpose bidirectional pin.
INT3 INTIO2 50 /1o External maskable interrupt input/General purpose bidirectional pin.
T1IC/CR T1101 46 o Timer 1input Capture/Counter Resetinputpin/General purpose bidirectional pin.
T1PWM T1102 45 1o Timer 1 PWM output pin/General Purpose bidirectional pin.
T1EVT T1103 44 o Timer 1 External Event input pin/General purpose bidirectional pin.
T2IC1/CR T2101 27 Vo Timer 2 input Capture 1/Counter Reset input pin/General purpose bidirectional
pin.
T21IC2Z/PWM T2102 26 1o Timer 2 input Capture 2 input pin/PWM output pin/General purpose bidirectional
pin.
T2EVT T2103 25 4¢] Timer 2 External Event input pin/General purpose bidirectional pin.
INSTRUMENTS
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TERMINAL FUNCTIONS (continued)

PIN
ALTERNATE 1o DESCRIPTION
NAME FUNCTION NO.

SPISOMI SPIlO1 49 [/{e] SPI Slave Output pin, Master Input pin/General purpose bidirectional pin.

SPISIMO SPIIO2 48 o SPI Slave Input pin, Master Output pin/General purpose bidirectional pin.

SPICLK SPIIO3 47 o SPI bidirectional Serial Clock pin/General purpose bidirectional pin.

SCITXD SClIo1 30 lle} SCI Transmit Data output pin/General purpose bidirectional pin.

SCIRXD SClio2 29 1o SCI Receive Data input pin/General purpose bidirectional pin.

SCICLK sSclhos 28 o SCl bidirectional Serial Clock pin/General purpose bidirectional pin.

ANO EO 36 | A/D analog input (ANO — AN7) or positive reference pins (AN1 — AN7).

AN1 E1 37 |

AN2 E2 38 | Port E may be individually programmed as general purpose input pins if not

AN3 E3 39 ! used as A/D converter analog input or positive reference input..

AN4 E4 40 |

ANS ES 41 !

AN6 E6 42 |

AN7 E7 43 |

Vces 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 /o System reset bidirectional pin. As inputit 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 control input pin, also enables EEPROM
Wirite Protection Override (WPO) mode. For devices with EPROM, this pin is
used for Vpp external supply for EPROM programming.

XTAL2/CLKIN 31 | Internal oscillator crystal input/External clock source input.

XTAL1 32 @) Internal oscillator output for crystal.

Veet 33,61 Positive supply voltage for digital logic.

Veez 16,63 Positive supply voltage for digital /O pins.

Vssi 9 Ground reference for digital logic.

Vss2 16,62 Ground reference for digital /O pins.

NOTE 1: 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 block function.

Texas “5‘
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operating modes

The TMS370Cx5x has four operating modes, two basic modes with each mode having two memory
configurations. The basic operating modes are the microcomputer and microprocessor modes, which are
selected by the voltage level applied to the dedicated MC pin two cycles before the RESET pin goes inactive.
The two memory configurations are then selected through software programming of the internal system
configuration registers. The four operating modes are the microcomputer single chip, expanded microcomputer,
microprocessor, and microprocessor with internal program memory. The TMS370Cx58 supports only the
microcomputer single chip mode.

In the microcomputer single chip mede, the TMS370Cx5x functions as a self-contained microcomputer with
all memory and peripherals on chip, increasing the number of pins for direct /O control applications.

The expanded microcomputer mode supports bus expansion to external memory or peripherals, while all
on-chip memory (RAM, ROM, EPROM, and data EEPROM) remains active. Digital I/O ports (Ports A,B,C, and
D), under control of their associated port control registers, can be configured via software to become the external
16-bit address bus, 8-bit data bus, and control interface. In applications where the entire address, data, or
control bus is not required, each of these pins can be individually programmed as a general-purpose
input/output or as its associated memory expansion alternate function, thereby maximizing the pins available
for general-purpose input/output. The address bus and data bus are not multiplexed, eliminating the
requirement for an external address/data latch and lowering the system cost.

Further reductions in external interface decode logic can be realized by using the precoded chip-select outputs
that provide direct memory/peripheral chip-select or chip-enable functions. When memory accesses are
performed to any location between 2000h and 3FFFh, pins CSET and CSEZ will become active if enabled by
their port control registers. Similarly, memory accesses to any location between 8000h and FFFFh will activate
CSH1, CSH2, and CSH3 if enabled by their respective port control registers. As a result, up to 96K bytes of
external memory can be mapped into the 32K-byte logical address space of 8000h to FFFFh by using CSH
CSH2, and CSH3 as memory bank selects under software control.

In the microprocessor mode, Ports A,B,C, and D are the address, data, and control buses for interface to
external memory and peripherals. In this mode these ports are not programmable. The on-chip RAM and data
EEPROM remain active, while the on-chip ROM, or EPROM is disabled. The program area and the reset,
interrupt, and trap vectors are located in off-chip memory locations.

The microprocessor mode withinternal program memory is configured just as the microprocessor mode
with respect to the external bus interface. However, the application program in external memory enables the
internal program ROM or EPROM to also to be active in the system. This is accomplished by writing a zero to
the MEMORY DISABLED control bit (SCCR1.2) of the SCCR1 control register.

Operating Mode Summary

OPERATING MODE MC PIN RESET OTHER
Microcomputer single chip Low ) Neone
Microcomputer with expanded memory Low T Set digital /O registers to function A or BT
Microprocessor High T None
' : Enable internal memory
Microprocessor with internal memory High T (Cloar SCCR1.2)

Function B Port D Expanslon memory ccntrol stgnals OCF EDS and WAIT

ixas WP
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memory/peripheral walt operation

The TMS370Cx5x enhances interface flexibility by providing WAIT state support, thereby decoupling the cycle
time of the CPU from the read/write access of the external memory or peripherals. External devices can extend
their read/write accesses indefinitely by asserting the WAIT input pin, and the CPU will continue to wait as long
as this signal remains active.

Programmable automatic wait state generation is also provided by the TMS370Cx5x on-chip bus controller. The
TMS370Cx5x is configured, following hardware reset, to automatically add one wait state to all external bus
transactions, and memory and peripheral accesses, thus making every external access a minimum of three
system clock cycles. The designer can disable the automatic wait state generation if the AUTOWAIT DISABLE
bitin SCCR1 is set to 1. Also, all accesses to the upper four frames of the peripheral file can be independently
extended to four system clock cycles if the PF AUTO WAIT bitin SCCR1 is set to 1. Programmable wait states
can be used in conjunction with the external WAIT pin. In applications where the external device read/write
access can interface with the TMS370Cx5x CPU using one wait state, the automatic wait state generation can
eliminate external WAIT interface logic, lowering system cost.

memory map

The TMS370 family architecture is based on the Von Neumann architecture, where the program memory and
data memory share a common address space. All peripheral input/output is memory mapped into this same
common address space. In the expansion mode, external memory or peripherals are also memory mapped into
this common address. As shown in Figure 1, the TMS370 provides a 16-bit address range to access internal
or external RAM, ROM, EPROM, EEPROM, input/output pins, and peripheral functions.

The peripheral file contains all input/output port control, on-and off-chip peripheral status and control, EFROM
memory programming, and system-wide control functions. The peripheral file consists of 256 contiguous
addresses located from 1000h to 10FFh. This page of 256 contiguous addresses is logically divided into 16
Peripheral File Frames of 16 bytes each. Each on-chip peripheral is assigned to a separate frame through which
peripheral control and data information is passed. The TMS370Cx5x has its on-chip peripherals and system
control assigned to Peripheral File Frames 1 through 7, addresses 1010h through 107Fh.

)i
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0000h : Z $ 0000h 256 Byte HQM
00FFh 00FFh (Reglster Flle/Stack)
0100h M 0100h
1 Reserved 1000h
g;gg: = - .l 3 1 L O O RAM System Control 1010h
— Digital Port Control 1020h
ggggn B 8‘:5;,’: ————————— SPI Perlpheral Control 1030h
Reserved Reserved Reserved Reserved Reserved Timer 1 Peripheral Control 1040h
OFFFh OFFFh Ci Peripheral Cont 0
1000h 1000h SCi Peripheral Control 1050h
Perlpheral File Timer 2 Peripheral Control 1060h
:8352 }835? ————————— ADC Peripheral Control 1070h
A t{| External || External Peripheral Exp 1080h
10FFh 10FFh
1100h 1100h Reserved
) Reserved Reserved Reserved Reserved Raserved 10BFh
1DFFh 1DFFh
1EO0OhT T 71T T 477 AT TR TT 1] 1E0OR
}Eggn T 15552 | __ 258/512Byte
; iF Data EEPROM Vectors
4
1FFFh 1FFFh Trap 15-0 7FCOh
2000h = . 2000h bl
Externalt External External Prog fﬁ'“__M°m°"Y / Reserved TFEOhO
3FFFh 3FFFR|__ Memory Expanslon | AD Converter | 7TFECh
4000h 4000h
External Timer 2 TFEEh
ng;a Serial Comm I/F TX 7FFOh
External 4K-32K Serial Comm I/F RX TFF2h
%ss: - Program Memory Timer 1 TFF4h
) External Serlal Peripheral IF | TFF6h
35552 . ;3552 Interrupt 3 T7FF8h
;::T?:m Momory / Interrupt 2 7FFAh
ggzs: =1 | Externalt External External XSSER y Interrupt 1 7FFCh
Not
FEFER| Avallable FEFFh Memory Expansion Reset 7FFER
Microcomputer Microprocessor
Single Chip With Internal
Mode Program
Microcomputer Memory Microprocessor
Mode Mode
With External
Expansion

On-Chlp For TMS370Cx56 Devices. On-Chlp For TMS370Cx50 Devices.

On-Chip For TMS370Cx52 Devices. On-Chlp For TMS370Cx58 Devices.

B
N

1 Precoded Chip Select Outputs Available on External Expansion Bus.
NOTE: The term Reserved in this figure means the address space is reserved for future expansion, while the term Not Avallable means the
address space is unavailable in the particular mode illustrated by that block.

Figure 1. TMS370Cx5x Memory Map
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on-chip memorles

RAM/register flle

The TMS370Cx5x family has up to 1K bytes of on-chip static RAM, addressed as 1024 consecutive bytes
mapped from focation 0000h to 03FFh. The first 256 bytes (0000h-00FFh) serve as both the CPU register file
and general purpose memory, the next 768 bytes (0100h-03FFh) serve as general purpose RAM. The first 256
bytes of RAM are treated as registers by the instruction set and are referenced as R0 through R255. The first
two registers, R0 and R1, are also called the A and B registers, respectively. The stack is located in the on-chip
RAM, and operates as a last-in first-out read/write memory. It is used to store the return address on subroutine
calls and the status register during interrupts. Accessing this memory as registers is performed in one system
clock cycle (i), while general purpose memory access is performed in two system clock cycles.

Instructions may be executed from RAM. This versatility enables the internal RAM to be used for functions such
as microcontroller self-test, diagnostics, or system test of the end application. The user may load external
programs or data into the RAM by incorporating a simple bootstrap loader in the program memory, or by
operating the microcontroller in the microprocessor mode.

data EEPROM

The TMS370Cx5x family has up to 512 bytes of on-chip Electrically Erasable Programmable ROM (EEPROM),
addressed as 512 consecutive bytes mapped from locations 1E00h to 1FFFh (1F00h to 1FFFh for devices with
256 bytes). The data EEPROM provides nonvolatile programmable storage for items such as calibration
constants and configuration information for personalization of a generic program ROM/EPROM algorithm for
use in specific end applications. The data EEPROM supports bit, byte, and block write/erase modes.
Instructions may be executed from the data EEPROM, providing additional program space and the ability to
patch algorithms by placing a branch table for volatile routines in the data EEPROM.

The data EEPROM uses the 5-V V¢ supply voltage and provides the programming voltage via an internal
dedicated generator, eliminating the need for an external high-voltage programming source. The dedicated
voltage generator optimizes the programming voltage characteristics, increasing the reliability as well as
extending the write/erase endurance of the array.

Programming control and status monitoring are performed through the data EEPROM control register
(DEECTL} in the peripheral file. An EEPROM write/erase operation is performed in the following sequence:

1. Perform normal memory write to the target EEPROM location.

2. Write to DEECTL control register to select WRITE1/WRITEO and set the EXECUTE (EXE) bit to 1.
3. Wait for program time to elapse [typGm)B oF tw(PGM)ARI-

4. Write to DEECTL control register to set the EXECUTE (EXE) bit to 0.

The WRITE1/WRITEO control bit selects whether the zeros or the ones in the data byte are to be programmed
into the selected EEPROM location. For example, a WRITE1 operation will program ones into all bit positions
within the EEPROM byte that have ones in the data byte, while bits that are zero in the data byte will not affect
the EEPROM contents. The WRITE1 operation effectively performs a logical OR of the information previously
stored on the EEPROM byte with the data byte. The WRITEO operation effectively performs a logical AND
between these two bytes. Single bit programming within an EEPROM byte is performed by writing only the zeros
or ones of the data byte. The EEPROM programming algorithm may use this bit-programming capability to
optimize the useful life of the EEPROM.

When a data value cannot be achieved by writing only zeros or only ones into the EEPROM byte, a WRITE1
followed by a WRITEO will program any data value into the EEPROM byte, regardless of the previous data stored
at that location.

)
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MSB LSB
1E00ht| _ WrlteProtectRegister | | pgix | Bk | BLK | BLk | BLK | BLK | BLK | BLK
BLK BO | | 87 | B | B5 | B4 | B3 | B2 | B1 | BO
L
1E20h BLK B1 Write Protect Reglster
1E40h
BLK B2
E60 —— 0 = Normal Wrlte Access
1 =
h BLK B3 1 = Write Protect Block
1E80h
BLK B4
EAOI
1EAOh BLK BS
1ECO|
COh BLK B6
1EEOh
BLK B7
1EFFh MSB LsB
1FOOh¥| _ Wrhe ProtectReglster | | gk | Bk | BLK | Bk | BLK | BLK | BLK | BLK
BLK A0 | A7 A6 AS A4 A3 A2 A1 A0
L
1F20h BLK A1 Write Protect Register
1F40h BLK A2
1F8oh 0 = Normal Write Access
BLK A3 1 = Write Protect Block
1F80h
BLK A4
1
FACh BLK A5
1FC
FCOh BLK A6
1
FEOh BLK A7
1FFFh

For devices with 512 byles data EEPROM, the first first biock of 32 bytes begins at ioaction 1E00h and the iast biock ends at iocation 1FFFh.
4 For devices with 256 bytes data EEPROM, the first first block of 32 bytes begins at loaction 1F00h and the last block ends at location 1FFFh.

Figure 2. Write Protect Register for TMS370Cx5x Devices With a Data EEPROM Array
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Data EEPROM read accesses are performed as normal memory read operations in two system clock cycles.
A memory read cycle to any EEPROM location while EXE = 1 returns the value currently being written to the
EEPROM. Following an EEPROM write operation, the EEPROM voltages must stabilize prior to performing an
EEPROM read operation. The BUSY FLAG indicates the status of the EEPROM voltage. When set, the
EEPROM s not ready for aread operation. The BUSY fiag is reset to 0 by the EEPROM conirol logic when 128
system clock cycles have elapsed following the EXE bit being set to 0. If an EEPROM read operation is
performed while BUSY = 1, automatic WAIT states will be generated until BUSY =0, and then the read operation
will be performed.

Bytes within the data EEPROM can be protected from inadvertent overwriting of critical information. As shown
in Figure 2, the 8-bit Write Protect Register (WPR), located at 1F00h within the data EEPROM, provides write
protection for the TMS370Cx50 and TMS370Cx52 devices containing a 256-byte data EEPROM array,
segmenting the array into eight blocks of 32 bytes each. The TMS370Cx56 devices containing a 512-byte data
EEPROM array possess an additional Write Protection Register (see Figure 2) located at 1E00h within the data
EEPROM, which will also segment the additional 256-byte array into eight blocks of 32 bytes each. Each of these
32-byte blocks may be individually write- and erase-protected by setting the corresponding bit to 1 in the
appropriate WPR. Since the WPRs reside in the array in BLK A0 and BLK B0, the WPRs may also be
write-protected, thereby.increasing the system reliability by preventing bytes from being reprogrammed. Bytes
left unprotected may be written to by the normal EEPROM programming sequence. The Write Protection
Override (WPO) mode enables data to be written to any location in the data EEPROM, regardless of the WPR
contents. The WPO mode is typically used in a service environment to update the protected EEPROM contents.

All unprotected bytes within the data EEPROM array may be programmed during a single EEPROM
programming cycle by setting the ARRAY PROG bit DEECTL to 1 at the start of the programming cycle for
TMS370Cx5x devices with a 256-byte data EEPROM array. The TMS370Cx5x devices with a 512-byte data
EEPROM array must be in the WPO mode to enable array programming.

program ROM

The program ROM consists of 4K to 16K bytes of mask programmable read-only memory. The program ROM
is used for permanent storage of data or instructions, with read operations performed in two system clock cycles.
Memory addresses 7FECh through 7FFFh are reserved for interrupt and reset vectors. Memory locations
7FEOh through 7FEBh are reserved for factory use. Trap vectors, used with TRAPO through TRAP15
instructions are located between addresses 7FCOh and 7FDFh. Programming of the mask ROM is performed
at the time of device fabrication.

program EPROM (TMS370C756 and TMS370C758)

The program EPROM of the TMS370C756 and the TMS370C758 are 16K and 32K electrically programmable
read-only memory, addressed as 16K consecutive bytes mapped from location 4000h to 7FFFh (TMS370C756)
or 32K consecutive bytes mapped from location 2000h to 9FFFh (TMS370C758). It provides application
performance identical to the TMS370Cx5x mask ROM devices with up to 32K bytes. Program instructions are
read from the program EPROM in two system clock cycles, providing the prototyping capability of the mask
program ROM.

An external supply is needed at the MC pin to provide the necessary programming voltage (Vpp). Programming
is controlled through a register (EPCTL) in the peripheral file.

The TMS370C756FN and TMS370C758FN come in a plastic package and cannot be erased. They are
one-time-programmable (OTP). The TMS370C756FZ and TMS370C758FZ come in a ceramic package with
a quartz window. Before programming, the device’s EPROM is erased by exposing the device through the
transparent window to high-intensity ultraviolet light (wavelength 2537 A). The recommended minimum
exposure dose (UV intensity x exposure time) is 15Wes/cm?2. A typical 12-mW/cm2, filterless UV lamp will erase
the device in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure,
the entire array is in logic 1 state. A programmed logic 0 can be erased to a logic 1 only by exposure to ultraviolet
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light. It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when
using the TMS370C756FZ or the TMS370C758FZ, the window should be covered with an opaque label. All
devices are erased to a logic high upon delivery from the factory.

CAUTION

Exposing the EPROM module to ultraviolet light may also cause erasure in any EEPROM module. Any use-
ful data stored in the EEPROM must be reprogrammed after exposure to UV light.

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

Supply the programming voltage to the MC pin.

Wirite to the EPCTL register to set the VPPS bit to 1.

Perform normal memory write register to the target EPROM location.

Write to the EPCTL register to set the EXE bit register to 1. (Wait at least two microseconds after step 2.)
Wait for program time to elapse (one millisecond).

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

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

8. Write to the EPCTL register to set the EXE bit to 1 for final programming.

N>R N

9. Wait for program time to elapse (3x milliseconds duration).
10. Write to the EPCTL register to clear the EXE and VPPS bits.

Anexternal power supply at Vpp, Ipp (30 mA), is fequired for programming operation. Programming voltage Vpp
is supplied via the MC pin. This also automatically puts the microcontroller in the Write Protection Override
(WPO) mode. Programming voltage may be applied via the MC pin anytime after RESET and remain at Vpp
after programming (after the EXE bit is cleared). Applying programming voltage while RESET is active will put
the microcontroller in a reserved mode, where programming operation is inhibited.
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1D N

Write to EPCTL;

Set Both VPPS and
Vgc=6V EXE Blts to 1
MC =125V

¥
l r Walt For 1 ms J

X=0 ] l

l Wrlte to EPCTL;
Clear EXE Bt
Write to EPCTL
Set VPPSto 1 I

l I Increment X J

Normal Write to
EPROM Locatlons

Yes

No

/
Verify No

One Byte

Program the Byte With
3X ms Duration

!

Clear Both EXE
and VPPS

Figure 3. EPROM Programming Operation
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central processing unit

The central processing unit (CPU) of the TMS370 family is an enhanced version of the TMS7000 Family CPU.
The enhancements include additional user instructions such as integer divide, conditional jump instructions
based on the overflow status bit, and addressing modes such as stack-pointer-relative addressing for
subroutine parameter passing. The efficient register-to-register architecture of the TMS7000 family has been
carried over to the TMS370 family to avoid the conventional accumuiator bottieneck. The complete TMS370
family instruction set is summarized in the TMS370 Instruction Set Summary, page 47.

In addition to the interpretation and execution of the user program, the CPU performs the functions of bus
protocol generation and interrupt priority arbitration. While the CPU is implemented independent of the memory,
input/output, and peripheral modules, it performs the central system control function through communications
with these on-chip modules and external memory and peripherals.

The TMS370 family CPU registers accessible to the programmer are shown in Figure 4. The register file
consists of 256 general purpose registers, RO through R255, implemented in on-chip RAM, and is used by the
CPU for general purpose 8- and 16-bit source and destination operands, index registers, and indirect
addressing. The first two registers, RO and R1, are also called registers A and B and are used by the CPU for
general purpose registers or for implied operands. The program counter (PC) contains the address of the next
instruction to be executed. The stack pointer (SP) contains the address of the last or top entry on the stack, which
is located in the on-chip register file. The status register (ST) contains four bits that reflect the outcome of the
instruction just executed, and two bits that control the masking of the interrupt priority chains.

RO (A)
R1(B)
R2
v R3 General Purpose Register Flies
®
®
®
R254
R255
15 PC (1] ] Program Counter
C — Carry/Borrow from MSB l 7 spP o I Stack Pointer
N — Negative
Z — Zero
V — Ovaerflow 7 0
IE2 — Level 2 interrupt Enable
1E1 —Level T Interrupt Enable Lc l N | z l v l 1E2 | E1 [ - l - | Status Reglster

Figure 4. CPU Registers
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system resets

The TMS370Cx5x has three possible reset sources: a low input to the RESET pin, a programmable watchdog
timer timeout, or a programmable oscillator fault failure. The RESET pin, an input/output pin, initiates
TMS370Cx5x hardware initialization and ensures an orderly software startup. A low level input of at least 50
ns initiates the reset sequence. The microcontroller is held in reset until the RESET pin goes inactive (high). If
the RESET input signal is low for less than eight system clock cycles, the TMS370Cx5x will hold the external
RESET pin low for eight system clock cycles to reset external system components. The RESET pin must be
activated by the application at power-up, which can be accomplished by an external input or an RC power-up
reset circuit. Recall that the basic operating mode, microcomputer or microprocessor, is determined by the
voltage level applied to the MC pin two cycles before the RESET pin goes inactive (high). The RESET pin can
be asserted at any time during operation, resulting in an immediate initiation of the reset sequence.

Vee To Other Devices’ Resets
TMS370
47 kQ
Reset In
4 Reset Out

27 kQ

L ;
1 e _

Figure 5, Typical Reset Circult

The watchdog timer provides system software integrity by detecting a program that has become lost or is not
executing as expected. A system reset is generated if the watchdog timer is not properly re-initialized by a
specific software sequence, or if the re-initialization does not occur before the watchdog timer times out. The
watchdog timer timeout initiates the TMS370Cx5x reset sequence and drives the external RESET pin low for
eight system clock cycles to reset external system components. The watchdog reset function is enabled by
setting WD OVRFL RST ENA bit of TICTL2 to 1. Once the software enables the watchdog reset function,
subsequent writes to the WD OVRFL RST ENA bit are ignored. Watchdog control bits can be initialized only
following a powerup reset. The timer section discusses additional information on the watchdog timer and its
configurations. '

The oscillator fault circuit provides the means to monitor failures of the oscillator input signal (XTAL2/CLKIN).
This function is enabled under software control by setting the OSC FLT RST ENA bit of SCCR2 to 1. If the
oscillator input signal frequency remains above the 90% point of the minimum operating frequency (CLKIN),
the oscillator input will not to be activated. However, if the oscillator input is lost or its fre%uency falls below 20
kHz and the oscillator fault reset is enabled, the TMS370Cx5x is reset and the external RESET pin is driven low.

Reset Sources

REGISTER ADDRESS PF BIT # CONTROL BIT SOURCE OF RESET
SCCRO 1010h Po10 7 COLD START Cold or Warm start reset
SCCRO 1010h PO10 4 OSC FLT FLAG Oscillator out of range
TI1CTL2 104Ah PO4A 5 WD OVRFL INT FLAG Watchdog timer timeout
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When an oscillator input failure occurs, the internal clocks are stopped and RESET is held active until the
oscillator input frequency is greater than 100 kHz typical. If the OSC FLT RST ENA bit of SCCR2 is set to 0, the
fault detection circuitindependently sets the OSC FLT FLAG of SCCRO without generating a system reset. The
OSCFLT RST ENA bitis protected during non-privileged operation and therefore should be software configured
during the initialization sequence following system reset. During a HALT mode, the oscillator fault circuitry will
be disabled.

During a microcontroller reset. the majority of the peripheral file bits are set to 0, with the exception of the bits
shown in the following table. During all reset, the COLD START, OSC FLT FLAG, and the WD OVRFL FLAG
are appropriately set by the active reset and may be interrogated by the program to determine the source of the
system reset. Registers A and B are set to zero during all resets. The other registers are not affected by a reset
under power (warm reset).

Control BIt States Following Reset

WARM RESET

REGISTER CONTROL BIT POWER-UP | CROGOMPUTER | MICROPROGESSOR
SCCRO UP/C MODE 0 0 1
SCCRO MG PIN DATA 0 0 1
SCCRO COLD START 1 + +
SCCRO OSC FLT FLAG 0 t +
TICTL2 WD OVRFL FLAG 0 + +
TXCTL TX EMPTY 1 1 1
TXCTL TXRDY 1 1 1
ADSTAT AD READY 1 1 1

1 Status bit corresponding to active reset source is set to 1.

Interrupts

The TMS370 family software programmable interrupt structure supports flexible on-chip and external interrupt
configurations to meet realtime interrupt-driven application requirements. The hardware interrupt structure
incorporates two priority levels as shown in Figure 6. Interrupt level 1 has a higher priority than interrupt
level 2. The two priority levels can be independently masked by the global interrupt mask bits (IE1 and IE2) of
the Status Register.

Each system interrupt is independently configured on either the high or low priority chain by the application
program during system initialization. Within each interrupt chain, the interrupt priority is fixed by the position of
the system interrupt. However, since each system interrupt is selectively configured on either the high or low
priority interrupt chain, the application program can elevate any system interrupt to the highest priority.
Arbitration between the two priority levels is performed within the CPU. Arbitration within each of the priority
chains is performed within the peripheral modules to support interrupt expansion to future modules. Pending
interrupts are serviced upon completion of current instruction execution, depending on their interrupt mask and
priority conditions.

The TMS370Cx5x has ten hardware system interrupts as shown in the following table (page 18). Each system
interrupt has a dedicated interrupt vector located in program memory through which control is passed to the
interrupt service routines. A system interrupt may have muitipie interrupt sources. (e.g., SCi RXINT has itwo
interrupt sources). All of the interrupt sources are individually maskable by local interrupt enable control bits in
the associated peripheral file. Each interrupt source FLAG bit is individually readable for software polling or to
determine which interrupt source generated the associated system interrupt.
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Hardware System Interrupts

SYSTEM VECTOR
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT INTERRUPT PRIORITYS

External RESET COLD START RESETT 7FFEh, 7FFFh 1

Watchdog Overflow WD OVRFL INT FLAG

Oscillator Fault Detect OSC FLT FLAG

External INT1 INT1 FLAG INT11 7FFCh, 7FFDh 2
- External INT2 INT2 FLAG INT2t 7FFAh, 7FFBh 3

External INT3 INT3 FLAG INT3t 7FF8h, 7FFoh 4

SPIRX/TX Complete SPIINT FLAG SPIINT 7FF6h, 7FF7h 5

Timer 1 Overlfow T1 OVRFL INT FLAG T1INTH 7FF4h, 7FF5h 6

Timer 1 Compare 1 T1C1 INT FLAG

Timer 1 Compare 2 T1C2 INT FLAG

Timer 1 External Edge T1EDGE INT FLAG

Timer 1 Input Capture T1IC INT FLAG

Watchdog Overflow WD OVRFL INT FLAG

SCI RX Data Register Full RXRDY FLAG RXINTT 7FF2h, 7FF3h 7

SC| RX Break Detect BRKDT FLAG

SCI TX Data Register Empty TXRDY FLAG TXINT 7FFOh, 7FFth 8

Timer 2 Overflow T2 OVRFL INT FLAG T2INT 7FEEh, 7FEFh 9

Timer 2 Compare 1 T2C1 INT FLAG

Timer 2 Compare 2 T2C2 INT FLAG

Timer 2 External Edge T2EDGE INT FLAG

Timer 2 input Capture 1 T2IC1 INT FLAG

Timer 2 Input Capture 2 T2IC2 INT FLAG

A-D Conversion Complete AD INT FLAG ADINT 7FECh, 7FEDh 10

T Releases microcontroller from STANDBY and HALT low power modes.
F Releases microcontroller from STANDBY low power mode.
§ Relative priority within an interrupt level.
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TIMER 1
1l o
Overflow o
Compare 1
SCI P oo
RX X Ext Edge o
BRKDT Compare 2 EXT INT 1 CPU
o — —0 O
RXRDY TXRDY In Capture o NMI
—© Watchdog INT 10~
—o—"0 Priority Loglc
—O O —oO0 ——O
—_O
O— —0
RXPRI__TXPRI T1 PRI INT1 PRI
Status Reglster
< oo Level 1 INT
< 200 Level 2 INT
Eneable

Figure 6. interrupt Control

Six of the system interrupts are generated by on-chip peripheral functions, and three external interrupts are
supported. Software configuration of the external interrupts is performed through the INT1, INT2, and INT3
control registers in peripheral file frame 1. Each external interrupt is individually software configurable for input
polarity (rising or falling) for ease of system interface. External interrupt INT1 is software configurable as either
amaskable or non-maskable interrupt. When INT1 is configured as non-maskable, it cannot be masked by the
individual or global enable bits. Recall that the INT1 NMI bit is protected during nonprivileged operation and
therefore should be configured during the initialization sequence following reset. To maximize pin flexibility,
external interrupts INT2 and INT3 can be software configured as general purpose input/output pins if the
interrupt function is not required (INT1 can be similarly configured as an input pin).
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privileged operation and EEPROM write protection override

The TMS370Cx5x family is designed with significant flexibility to enable the designer to software-configure the
system and peripherals to meet the requirements of a broad variety of applications. The non-privileged mode
of operation ensures the integrity of the system configuration once defined for an end application. Following a
hardware reset, the TMS370Cx5x operates in the privileged mode, where all peripheral file registers have
unrestricted read/write access and the application program will configure the system during the initialization
sequence following reset. As the last step of system initialization, the PRIVILEGE DISABLE bit (SCCR2.0) will
be setto 1, entering the non-privileged mode and disabling write operations to specific configuration controi bits
within the peripheral file. The following system configuration bits are write-protected during the non-privileged
mode and must be configured by software prior to exiting the privileged mode:

REGISTERT CONTROL BIT
NAME LOCATION

SCCRoO P010.5 PF AUTO-WAIT
SCCRO P010.6 0SC POWER
SCCR1 PO11.2 MEMORY DISABLE
SCCR1 PO11.4 AUTOWAIT DISABLE
SCCR2 P012.0 PRIVILEGE DISABLE
SCCR2 P012.6 PWRDWN/IDLE
SCRR2 P012.7 HALT/STANDBY
SCCR2 P012.1 INT1 NMI
SCRR2 P012.2 OSC FLT DISABLE
SCCR2 P012.5 OSC FLT RST ENA
SPIPRI PO3F.6 SPI PRIORITY
SPIPRI POSF.6 SCI TX PRIORITY
SPIPRI POSF.5 SCI RX PRIORITY
T1PRI PO4F.6 T1 PRIORITY
T2PRI PO6F.6 T2 PRIORITY
ADPRI PO7F.6 AD PRIORITY

1 Identified by name and bit location within the register

The privileged bits are shown in a bold typeface in the following section Peripheral File Frame 1.

The Write Protection Override (WPO) mode provides an external hardware method of overriding the Write
Protection Registers (WPR) of the data EEPROM on the TMS370Cx5x. The WPO mode is entered by applying
a12-Vinput to the MC pin after the RESET pin input goes high. The high voltage on the MC pin during the WPO
mode is not the programming voltage for the data EEPROM or program EPROM. All EEPROM programming
voltages are generated on-chip. The WPO mode provides hardware system level capability to modify the
personality or calibration information in the data EEPROM while the device remains in the application, but only
while requiring a 12-volt external input on the MC pin (normally not available in the end application except in
a service or diagnostic environment).
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peripheral flle frame 1

Peripheral File Frame 1 contains system configuration and control functions and registers for controlling
EEPROM programming. The privileged bits are shown in a bold typeface in the Peripheral File Frames.

Peripheral File Frame 1: System Conflguration and Control Registers

ADDR  PF BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BIT 0 REG
coLp 0SC | PFAUTO | OSCFLT | MCPIN | MC PIN WPIC
1010h - PO10 | oyapr | power | warr FLAG WPO DATA - Mope | SCCRO
AUTOWAIT MEMORY
1011h PO - - - rABLE - DanorE - — SCCR1
HALT/ | PWRDWN/ | OSCFLT | BUS CPU | OSCFLT | INT1 | PRIVILEGE
1012h - PO12 1 oranpBY | IDLE | RSTENA | STEST | STEST | DISABLE NMI pisaBLE | SCCR2
1013h PO13
to to Reserved
1016h  PO16
INTT INT1 INTT INTT INT1
1017h - POI7 | pag | PIN DATA - - - POLARITY | PRIORITY | ENaBLE | 'NT!
INT2 INT2 INT2 INT2 INTZ INT2 INT2
1018h - PO | pac | PiNDATA | T DATADIR | DATA OUT | POLARITY | PRIORITY | EnaBLE | 'NT2
INT3 INTa INT3 INT3 INTS INT3 INTa
101%h  POIS | pac | piNDATA | — DATADIR |DATAOUT | POLARITY | PRIORITY | ENABLE | 'NT2
101Ah  PO1A | BUSY _ — — — AP WIW0 EXE DEECTL
101Bh  PO1IB Reserved
1o1ch  potc | BUSY [ VPPs - | =1 = — | wo T exe EPCTL
101Dh  POID
101Eh  PO1E Reserved
101Fh  PO1F
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peripheral flle frame 2

Peripheral File Frame 2 contains the digital /0 pin configuration and control registers. The following figure
details the specific addresses, registers, and control bits within this Peripheral File Frame.

Petipheral Flle Frame 2: Digital Port Control Reglsters

aobr  pF [ BT7 | BIT6 | BmTs | BW4 | BW3 | BIT2 | BIT1 BIT 0 REG
1020h  P020 Reserved APORT1
102ith  P021 Port A Control Reglster 2 APORT2
1022h  P022 Port A Data ADATA
1023h  P023 Port A Direction ADIR
1024h  P024 Reserved BPORT1
1025h  P025 Port B Control Reglster 2 i BPORT2
1026h  P026 Port B Data BDATA
1027h  P0O27 Port B Direction BDIR
1028h  Po028 Reserved CPORT1
1020h  P029 Port C Control Register 2 CPORT2
102Ah  P02A Port C Data CDATA
102Bh  P02B Port C Direction CDIR
102Ch P02C Port D Control Register 1 DPORT1
102Dh  P02D Port D Control Register 2 DPORT2
102Eh  PO2E Port D Data DDATA
102Fh  PO2F Port D Direction DDIR

Port Conflguration Registers Set-up

FUNCTION B
INPUT OUTPUT FUNCTION A (4P MODE)
XPORT1= oOf XPORT1= 0t XPORT1= ot XPORT1= 1t
PORT PIN XPORT2 =0 XPORT2= 0 XPORT2 = 1 XPORT2 = 1
XDATA = y XDATA = q XDATA = x XDATA = x
XDIR = 0 XDIR = 1 XDIR = x XDIR = x
A 0-7 Data Iny Data Outq Data Bus Reserved
B 0-7 Data Iny Data Outq Low ADDR Reserved
C 0-7 Data Iny Data Outq HIADDR Reserved
D 0 DataIny Data Outq CSE2 OCF
D 1 Data Iny Data Outq CSH3
D 2 Data Iny Data Outq CSH2
D 3 Data Iny Data Outq CLKOUT CLKOQUT
D 4 Data Iny Data Out q RW_ RW
D 5 DataIny Data Outq CSPF _
D [ Datalny Data Outq CSH1 EDS
D 7 Data Iny Data Outq CSE1 WAIT
XPORT1= 1
XPORT2= 0
XDATA = x Not Defined
XDIR = x

t DPORT ONLY
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low-power operating modes

The STANDBY and HALT low-power modes significantly reduce power consumption by reducing or stopping
the activity of the various on-chip peripherals when processing is not required. Each of the low-power modes
is entered by executing the IDLE instruction when the PWRDWN/IDLE bit in SCCR2 has been set to 1. The
HALT/STANDBY bit in SCCR2 controls which low-power mode is entered.

In the STANDBY mode (HALT/STANDBY=0), all CPU activity and most peripheral module activity is stopped;
however, the oscillator, internal clocks, Timer 1 and the receiver start bit detection circuit of the serial
communications interface remain active. System processing is suspended until a qualified interrupt (hardware
RESET, external interrupts, Timer 1 interrupt, or a low level on the receive pin of the serial communications
interface) is detected.

Inthe HALT mode (HALT/STANDBY=1), the TMS370Cx5x is placed in its lowest power consumption mode. The
oscillator and internal clocks are stopped, causing all internal activity to be halted. System activity is suspended
until a qualified interrupt (hardware RESET, external interrupt, or low level on the receive pin of the serial
communications interface) is detected.

POWERDOWN CONTROL BITS
PWRDWN/IDLE | HALT/STANDBY MODE SELECTED
(SCCR2.6) (SCCR2.7)
1 0 Standby
1 1 Halt

The following information is preserved throughout both the STANDBY and HALT modes: RAM (register file),
CPU registers (stack pointer, program counter, and status register), I/O pin direction and output data, and status
registers of all on-chip peripheral functions. All CPU instruction processing is stopped during the STANDBY and
HALT modes, and clocking of the watchdog timer is inhibited.

24
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programmable timers

The two programmable timer modules of the TMS370Cx5x provide the designer with the enhanced timer
resources required to perform realtime system control. The Timer 1 module contains the general-purpose timer
T1 and the Watchdog timer (WD). The three independent 16-bit timers, T1, T2, and WD, allow program selection
ofinput clock sources (realtime, 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
Realtime System Control Interval Timers with Interrupts
Input Pulse-Width Measurement Pulse-Accumulate or Input-Capture Functions
External Event Synchronization Event Counter Function
Timer Output Control Compare Function
Pulse-Width Modulated Output Control PWM Output Function
System Integrity Watchdog Function

timer 1 module

The timer 1 module consists of three major blocks:

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

2. 16-bit General Purpose Timer, T1, which provides the event count, input capture, and compare functions.

3. 16-bit Watchdog Timer, which may be software programmed as an event counter/pulse accumulator if the
watchdog function is not desired.

T1IC/CR
i 16-Bit Counter

TIEVT
Pin

8-Bit
Prescaler
| 16-81t Watchdog
] Counter (Aux. Timer)

Figure 7. Timer 1 Module Block Diagram
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timer 1 module prescaler/clock source

The clock source inputs for the general purpose timer and the watchdog timer are independently configured by
the T1 and WD INPUT SELECT control bits of the TICTL1 control register. The WD INPUT SELECT control
bits cannot be changed after entering the watchdog mode (WD RST ENA = 1 ). Eight possible clock sources
are programmable for each counter.

T1 INPUT WD INPUT
SELECT 2 | SELECT 1 | SELECT 0 CLOCK SOURCE SELECT 2 | SELECT 1 | SELECT O

0 0 0 System Clock 0 0 0
0 1 Pulse Accumulate 0 0

0 1 0 Event Input ] 1 0
0 1 1 No Clock Input 0 1 1
1 0 0 System Clock/4 1 0 0
1 0 1 System Clock/16 1 0 1
1 1 0 System Clock/64 1 1 0
1 1 1 System Clock/256 1 1 1

For realtime control applications, both the general-purpose timer and the watchdog timer are independently
programmable from 16 to 24 bits in length. The 24-bit prescaler/timer generates overflow rates ranging from

13.1 ms with 200 ns timer resolution to 3.35 seconds with 51.2 ps timer resolution (external clock = 20 MHz).

In the event counter mode, an external high-to-low transition on the T1IEVT pin is used to provide the clock
for the internal timers. As shown in Figure 8, the T1EVT input provides the timer clock and is not routed through
the prescaler. The TIEVT external clock frequency may not exceed the system clock frequency divided by 2.
The general-purpose timer and the watchdog timer are programmable as 16-bit event counters.

In the pulse accumulate mode, an external input on the T1EVT pin is used to gate the internal system clock
1o the internal timers. While TIEVT input is logic 1, the timers will be clocked at the system clock rate and will
accumulate system clock pulses until the TIEVT pin returns to logic 0. Both the general purpose timer and the
watchdog timer are programmable as 16-bit pulse accumulators.

Event
Accum ° General
| Purpose
Y Counter
Frequency Clock
(CLKIN) 0
4 4 16 | 64 | 256 l l ]
T T1 Select
— Prescaler —°
| WD Select
a L16 | es +2ss | | |
TIEVT SYNC
R
Watchdog
—o—C°"] Counter
Accum Clock
I~ _© o
Even(r

Flgure 8. Timer 1 Counter Prescaler
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timer 1 general purpose timer

The 16-bit general purpose timer, T1, is composed of a 16-bit resettable counter, a 16-bit compare register and
associated compare logic, and a 16-bit register that functions as a capture register in one mode and a compare
register in the other mode. The T1 MODE bit selects whether T1 operates in the Capture/Compare mode or the
Dual Compare mode.

e e e e e s e ot e e e e e -
I
Edge 16-Bit
THCICRH Detect Capt/Comp Reglster

PWM
Clock Prescal > 16-BIt Count 16 > aate L] Bins TiPWM

16-Blt Compare Interrupt

Reglster Loglc

—

Flgure 9. Timer 1 — General Purpose Timer

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 will roll over to 0000h and continue counting. Upon counter roll-over, the T1 OVRFL INT

Cl A in ant 3o s nr dmd e fe i aradad s T4 OVOEL INT ENA Wis in ant 30 4
FLAG issetto 1 1, and a timer llltb'llupi iS gb‘lll;‘lai\!u Wi 171 UVAre ivi CiNA 0itiS S8t .

The counter may be reset to 0000h during counting by either, 1) writing a 1 tothe T1 SW RESET bit, 2) acompare
equal condition from the dedicated T1 compare function, or 3) an external pulse on the T1 IC/CR pin (Dual
Compare mode). The designer may select via software (TIEDGE POLARITY bit) which external transition,
low-to-high or high-to-low, on the T1IC/CR pin will cause the counter to be reset.

Special circuitry prevents the 16-bit registers, including the Counter, Compare, or Capture registers, from
changing in the middle of a 16-bit read or write operation. When reading a 16-bit register, read the LSB first,
then read the MSB. When writing to a 16-bit register, write the MSB first, then write the LSB. Take care to prevent
accesses to another 16-bit register within this module during a 16-bit read or write. Such accesses might occur
during the interrupt routines.

The timer 1 module has three 1/O pins used for the functions as shown in the following table. Any of these three
pins not used in a timer application may be individually configured as general purpose digital /O pins by the
timer 1 module port control registers (T1PC1 and T1PC2).

Timer 1 Module I/O Pin Functions

PIN DUAL COMPARE MODE CAPTURE/COMPARE MODE
T1IC/CR Counter Reset input Input Capture input
T1PWM PWM output Compare output
T1EVT External Event input or Pulse Accumulate input | External Event input or Pulse Accumulate input

Texas R
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The Dual Compare mode (T1 MODE = 0) provides two compare registers, an external resettable counter, and
atimer output pin. These allow the timer to act as an interval timer, a PWM output, simple output toggle, or many
other timer functions. The Dual Compare mode as shown in Figure 10 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. An output compare equal condition from the dedicated compare register can also
initiate a counter reset. A programmable interval timer function, selected by using the compare equal condition
to generate a system interrupt and the counter reset function, generates a periodic interrupt.

Either compare function may be used to toggle the T1PWM output pin when a timer compare equal occurs, while
the other compare function may be used for another system timing function. Using both compare funciions to
control the T1PWM pin allows direct PWM generation with minimal CPU software overhead. In typical PWM
applications, the compare register is written with the periodic interval and is configured to allow counter reset
on compare equal, and the Capture/Compare register is written with the pulse width to be generated within that
interval. The program pulse width may be changed by the application program during the timer operation to alter
the PWM 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.

16-Blt LsSB| 45

Prescaler
Clock Source Capture/Compare —
Reglister MSB 44
b Compare 2 4B.1 o
[FLAG o Output Enable
T1C2
1 4B.6 INT ENA 4C.5
YLes oy , 0
Counter
Mea Compare 1 4B.0 Iécsz OUTENA % TIPWM
Reset —{ FLAG }—o0—"0—+ ‘00 é’ Pl
T1C1 T1C1 OUT ENA
4B.5 INT ENA 43
o r___o/ (o m—
TiC1
RST ENA 16-Blt LsB|43 T1CR OUT ENA
T18W 4C4 Compare Reglster MsB|
RESET O
A0 T1OVRFLINT  4A4
o o e
TICR FLAG O—4-9
. T1 OVRFL
RST ENA 4A.3 INT ENA
4C.0 T1 PRIORITY
T1EDGE DET ENA
THIG/CR [Pir>-| Edge ~0 | |T1EDGEINT - 4B.2 1R800 Level1iNT
. FLAG }—0O"0 0"
L T1EDGE O—— Level 2 INT
. A
T1EDGE POLARITY 4C.2 iB7 INTEN.

NOTE 2: The numbers on the diagram such as 4C.0, Identify the register and the bit In the peripheral frame. For example, the actual address of
4C.0 Is 104Ch, bit 0, In the T1CTLA reglster.

Figura 10, Timer 1 — Dual Compare Mode
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In addition, a PWM output that is initiated by a transition on an external pin is provided by the timer hardware
to support time-critical control applications. Typically, in these applications an external input (T11C/CR) is used
toresetthe counter, generate atimer interrupt, and toggle the T1 PWM pin to start the PWM output. The compare
function will then toggle the output after the programmed pulse width has elapsed. The input edge detect
function is enabled under program control by the TICR DET ENA bit, and upon the next occurrence of the
selected edge transition, the TIEDGE INT FLAG bit is set to 1, a timer interrupt is generated (if TIEDGE INT
ENA =1), and the T1PWM output pinis toggled (if T1CR OUT ENA = 1). Selection of the active input transition
is under control of TIEDGE POLARITY. In the Dual Compare mode, the edge detect function must be
re-enabled after each

valid edge detect.

In the Capture/Compare mode (T1 MODE = 1), T1 is configured to provide one input capture register for
external timing and pulse width measurement, and one compare register for use as a programmable interval
timer. The compare register in this mode functions the same as in the Dual Compare mode described above,
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 11. On the occurrence of a valid input on the T1IC/CR pin, the current
counter value is loaded into the 16-bit input capture register, the TIEDGE INT FLAG Is set to 1, and a timer
interrupt Is generated (If TIEDGE INT ENA = 1). The input detect function Is enabled by the TIEDGE DET ENA
bit, with TIEDGE POLARITY selecting the active input transition. In the Capture/Compare mode, the edge
detect function, once enabled, remains enabled following a valid edge detect.

16-Bit LSB | 48
Prescaler — Output
Clock Source [ c.p!:r:glﬁ:::par- MSB| 44 Enable | &
T o g HPIn> T1IPWM
0~ 0—
41 LSB
- T1C1
0 XM,SB 16-Bit Counter OUT ENA
Reset Compare 1 | T1 PRIORITY
%PA_GI 0/4‘9.0 aF.8 Level 1 INT
(S
JLRAt B o Level2iNT
. 4B.5 INT ENA
1e.n  LSB|aa
T1C1 Compare Reglster
RST ENA MSBJ 42 —
T18W ! 3 ~~o— T1 OVRFL INT 4A.4
RESET 4C.4 FLAG o1

T1 OVRFL

, 4A3 INT ENA
T1EDGE DETECT A
ENA T1EDGE INT 4B.2

T11C/CR—{PIN Edge Select o o || FLAG |I 0 O

4C.0 T1EDG

4B.7 INT ENA
T1EDGE POLARITY 4C.2

NOTE 2: The numbers on the diagram, such as 4C.0, Identify the reglster and the bit In the peripheral frame. For example, the actual address

of 4C.0 Is 104Ch, bit 0, in the T1CTLA register,

Figure 11. Timer 1 — Capture/Compare Mode
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timer 1 module watchdog timer

The watchdog timer, contained in the timer 1 module, 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 errors, or as a general purpose timer if the watchdog function is not desired.
The 16-bit up-counter is programmable (via 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 any time during its operation.

In the watchdog mode (WD OVRFL RST ENA = 1), the timer will generaie a system reset if the timer is
re-initialized by an incorrect value or if the counter overflows. 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 a 15 or 16 bit counter rollover. With a clock = 20 MHz, the waichdog timer overflow rates
range from 6.55 ms to 3.35 seconds. These values are selected prior to entering the watchdog mode because
once the software enables the watchdog reset function (WD OVRFL RST ENA set to 1), subsequent writes to
these control bits are ignored. Writes to these watchdog control bits can occur enly following a powerup reset,
which enhances watchdog timer system sofiware integrity.

The watchdog timer is re-initialized by writing a predefined value to the watchdog reset key (WDRST) located
in the peripheral file. The proper reset key alternates between 55h and AAH, beginning with 55h following the
enable of the watchdog reset function. Writes of the correct value must occur prior to the timer overilow period.
A write of any value other than the correct predefined value io the waichdog reset key will be interpreied as a
lost program and a system reset will be initiated. A watchdog timer overflow or incorrect reset key will set the
WD OVRFL INT FLAG bit to 1 and may be interrogaied by the program following system reset to determine the
source of the reset.

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 counter is re-initialized by writing any value to the watchdog reset key (WDRST). When used as an
interval timer, the timer overflow interval is determined by the system clock frequency, the prescaler/clock source
value selected, and the value of the WD OVRFL TAP SEL bit. Iif the WD counter is not reset before overflowing,
the counter will roll over to either 0000h or 8000h, as determined by the WD OVRFL TAP SEL bit, and continue
counting. Upon counter overflow, the WD OVRFL INT FLAG is set to 1 and a timer interrupt is generated if the
WD OVRFL INT ENA bit is set to 1. Alternaiely, an external input on the T1 EVT pin may be used
with the watchdog timer to provide an additional 16-bit event counter or pulse accumulator.

4AT7
46 16-Blit Watchd 5o System Reset
S g _
47 Watchdog Counter Overflow Flag WD OVRFL ystem Hese
RST ENA
Clock } £ % ns
Prescalor Reset WD OVRFL TAP SEL 4A6
> ~o0—— Interrupt
48ﬁ Watchdog Reset Key i WD OVRFL
INT ENA

Figure 12. Watchdog/General Purpose Timer
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ADDR
1040h
1041h
1042h
1043h
1044h
1045h
1046h
1047h
1048h

1049h

104Ah
Mode

104Bh

104Ch
noae

104Bh

104Ch

104Dh

104Eh

104Fh

Peripheral File Frame 4: Timer 1 Module Control Registers

pr| Br7 | Bre [ ews | BT4a | BT3 | Bm2 | BIT1 | BITO REG
i Bit
P040 | Bit15 Counter MSB it 8 TICNTR
P041 | Bit7 Counter LSB Bit0
P042 | Bit15 Compare Register MSB Bit8 TG
P043 | Bit7 Compare Register LSB Bit 0
P044 | Bit15 Capture/Compare Register MSB Bit8 T1c0
P045 | Bit7 Capture/Compare Register LSB Bit 0
P046 | Bit15 Watchdog Counter MSB Bit8 WDCNTR
Poa7 [ Bit7 Watchdog Counter LSB Bit0
Po48 Watchdog Reset Key WDRST
Podo | LwoiNeuT | WoiNpuT . TINPUT | THNPUT | TUNPUT [ oo
2t | SELECT1T | SELECTOT SELECT2 | SELECT1 | SELECTO
WD OVRFL | WD OVRFL | TIOVRFL | T1 OVRFL T
Po4A INTENA | INTFLAG | INTENA | INTFLAG - - swRESET | 11€TL2
: Dual Compare
TI1EDGE TiC2 TIC1 TIEDGE TiC2 TIC1
PO4B | \NTFLAG | INTFLAG | INT FLAG - - INTENA | INTENA | INTEnA |T'CTS
po4c | T1MODE T1C1 TiC2 TIC1 TICR TIEDGE TICR TIEDGE | 1ycria
-0 OUTENA | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA | DET ENA
: Gapture/Compare
TIEDGE TIC1 TIEDGE TIC1
PO4B | \NT FLAG - INT FLAG - - INT ENA - INTENA | T1CTLS
T1 MODE TiC1 TIC1 TIEDGE TIEDGE
poac =1 OUT ENA - RST ENA - POLARITY - DETENA |T1CTL4
_ _ _ . TIEVT TIEVT TIEVT TIEVT
PoaD DATAIN | DATAOUT | FUNCTION | DATA DIR | T1PC1
posE | TIPWM TIPWM | TIPWM TtPwM | TiicoR | TiicicR | THc/cR | THCOR | 4o
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATA DIR
T T
PO4F | syest | pRioRITY - - - - - - TIPRI

1 Once the WD OVRFL RST ENA bit is set, these bits cannot be changed until after a full power-down cycle has been completed.

The formulas in Figure 13 show the calculations for the resulting time, given values in the compare registers
T1Cand T1CC.

time ) (prescale) (compare + 1)

= (4 _
CLKIN
or

time = t; (prescale) (compare + 1)

Flgure 13. Timer 1 Compare Register Formulas
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timer 2 module

(Dusal Capture Mode)

T2IC1/CR

: " 16-Bit
Ed Capt/Comp
9 Reglst
T2IC2/PWM Detect _ .99 s °"

Timer 2 consists of a clock source block and a 16-bit general purpose timer that provides the event count, input
capture, and compare functions.

Edge | =
Detect 2

16-BIt 2
| Capture Register { - |

{PIn> T21C2/PWM

(Dual Compare Mode)

16-Bit
.| Compare Register |

16-Bit
Counter

Figure 14. Timer 2 Module Block Diagram

timer 2 clock source

The clock source input for the general purpose timer is configured by the T2 INPUT SELECT control bits of the
T2CTL1 control register. The four programmable clock sources for the general purpose counter are system
clock, pulse accumulate, event input, or no clock input (counter stopped). When using the system clock input,
the 16-bit timer generates an overflow rate of 13.1 ms with 200 ns resolution (clock = 20 MHz).

In the event counter mode, 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 clack frequency divided by 2.

In the pulse accumulate mode, 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 1, the timers will be clocked at the system clock rate and will count system clock pulses until the
T2EVT pin returns to logic zero.

Counter

K
L fzo“ ™ Clock

Select
Figure 15. Timer 2 Clock Select
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timer 2 general purpose timer

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. The T2 MODE bit selects whether T2 operates in the Dual
Compare mode or the Dual Capture mode.

The counter is a free-running 16-bit up-counter, clocked by the system clock, external event, or system clock
while external event 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 will roll over to 0000h and continue
counting. Upon counter roli-over, the T2 OVRFLINT FLAG is set to 1, and a timer interrupt is generated if the
T2 OVRFL INT ENA bitis setto 1.

The counter may be reset to 0000h during counting by either; 1) writing a 1 to the T2 SW RESET bit, 2) a
compare equal condition from the dedicated T2 compare function, or 3) an external pulse on the T2IC1/CR pin
(Dual Compare mode). The designer may select via 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 16-bit registers, including the Counter, Compare, or Capture registers, from
changing in the middle of a 16-bit read or write operation. When reading a 16-bit register, read the LSB first and
then read the MSB. When writing to a 16-bit register, write the MSB first and then write the LSB. The register
value will not change between reading or writing the bytes when done in this order.

Timer 2 has three /O pins used for functions as shown in the table below. Any of these three pins not used in
atimer application may be individually configured as general purpose digital /O pins by the Timer 2 port control
registers (T2PC1 and T2PC2).

Timer 2 1/0 Pin Functions

PIN DUAL COMPARE MODE DUAL CAPTURE MODE
T2IC1/CR Counter reset input. Input Capture 1 input.
T2IC2/PWM PWM output. Input Capture 2 input.
T2EVT External event input or pulse accumulate input. | External event input or pulse accumulate input.

The Dual Compare mode (T2 MODE = 0) provides two compare registers, an external resettable counter, and
atimer output pin. These allow the timer to act as a 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, as shown in Figure 16. The operation of T2 is identical to T1 while operating in the dual compare mode.

In the Dual Capture mode (T2 MODE = 1), T2 is configured to provide one compare register for use as a
programmable interval timer, and two input capture registers for extemnal input .timing and pulse width
measurement. In this mode the capture/compare register functions as a 16-bit input capture register, as shown
in Figure 17. 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 and 16-bit input capture register, respectively. in addition, the respective input
capture INT FLAG is set to 1 and a timer interrupt is generated if the respective INT ENA is set to 1.
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16-BIt
Clock | Capt/Comp LSB | 65
Source Reglster MSB|{ 64
Compare 2 6B.1 Output
pare= | [ FLAG o Enable
> 6B.6  T2C2 INT ENA 6C.5
611LSB  16-Bit - o
60 | MsB Counter T2C2 T
§ Compare 1 6B.0 OUT ENA °
Reset 4
- 6C.6
|_Compare = —{ FLAG }—o—o—}¢ g
£ 6B.5__ T2C1 INT ENA 1201 |9
TeBN OUTENA |!
T2C1 Con;pare LsB 63 6C.3 e
T2 SW RST ENA Reglster MSB}62 e °
RESET. ~o T2EDGE1
6A0 | 6ca ] T2OVAFLINT  gaa OUT ENA
- -{FLAG 00
O T2 OVRFL
6C.1 6A3 INT ENA T2 PRIORITY
T2EDGE1 - ers 0
RST ENA O— Level 1 INT
T2EDGET INT oB.2 1
- O— Level 2 INT
T2iC1/CR{ PIn> [ [Fiae —o—o——
6C.0 T2EDGET
T2EDGE1 6B.7 INT ENA
DET ENA

T2EDGE1 POLARITY 6C.2

Figure 16. Timer 2— Dual Compare Mode

Clock
Source

16-Bit
Capt/Comp
Register 1 pMsB! 64

LSB| 65

16-Bit
Capture
Register 2 s [ 66

LSB | 67

61)LSB  16-Bit
60{ MSB _ Counter
Reset

§ A B

T2 PRIORITY

7

6F.6 g

Compare1 ¢ g o— Level 1 INT

16-Bit 1 spie3
— Compare —

Reglster MSB | 62

o— e 1
o—
T2c1 Level 2 INT

INT ENA

FLAG
6B.5

T2 SW RESET o T2 OVRFL INTgp 4
6A.0 T2C1 FLAG|—O0— 0—{®
RST ENA T2 OVRFL
6C.4 T2EDGE1 6A3  INTENA
DET ENA
6C.0 T2EDGET INT g ,
Edget >
- e | oo —{FLAg} oo
TACVCATIIB~T seject |- T2EDGET P T2EDGET i
POLARITY
6B.7
603 INT ENA
o | Edge2 |
T2IC2/PWHM—{Pin TZEDGE2 ] T2EDGE2 INT ¢p 1 |
POLARITY T2EDGE2 FLAG
6C.3 DET ENA T2EDGE2
6C.1 6B.6 INT ENA

Flgure 17. Timer 2— Dual Capture Mode
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Peripheral Flle Frame 6: Timer 2 Module Control Reglsters

ADDR  PF BT7 | BWe | BTs [ BIT4a | BT3 | BI2 [ em1 | Brmo REG
1060h P06o | Bit 15 T2 Counter MSB Bits
T2CNTR
1061h Post | Bit7 T2 Counter LSB Bit0
1062h Po62 | Bit15 T2 Compare 1 Register MSB Bit 8 120
1063h P063 | Bit7 T2 Compare 1 Register LSB Bit0
1064h P064 | Bit15 T2 Capture 1/Compare 2 Register MSB Bit 8 120G
1065h PO065 | Bit7 T2 Capture 1/Compare 2 Register LSB Bit0
1066h P066 | Bit15 T2 Capture Register 2 MSB Bie | o
1067h P067 | Bit7 T2 Capture Register 2 LSB Bit 0
1068h P068
1065h  P069 Reserved
T20VRFL | T2OVRFL | T2INPUT | T2INPUT T2
106Ah POGA | — l - I — I INT ENA I INT FLAG l SELECT1 I SELECTO ’sw REsET | T2CTH
Mode: Dual Compare
T2EDGET T2c2 T2C1 T2EDGE1 | T2C2 T2C1
1068Bh POGB | \\TFAG | INTFLAG | INTFLAG - - INTENA | INTENA | INTENA [T2CTR2
T2 MODE | T2C1 T202 T2C1 T2EDGE1 | T2EDGE! | T2EDGE{ | T2EDGE{
106Ch  Po6C -0 OUTENA | OUTENA | RSTENA | OUTENA | POLARITY | RSTENA | DETENA |T2CTL3
Mode: vual Capture
T2EDGE1 | T2EDGE2 T2C1 T2EDGE1 | T2EDGEZ |  T201
106Bh POSB | \\TFLAG | INTFLAG | INTFLAG - - INTENA | INTENA | INTENA |T2CTL2
T2 MODE T2C1 T2EDGE2 | T2EDGE! | T2EDGE2 | T2EDGET
106Ch  PosC =1 - - RSTENA | POLARITY | POLARITY | DETENA | DETENA |T2CTL3
T2EVT T2EVT T2EVT T2EVT
106Dh  PoSD - - - - DATAIN | DATAOUT | FUNCTION | DATADIR | T2PC1
106Eh  Po6E | T2C2/PWM | T2IC2PWM | T2IC2/PWM | T2iC2/PWM | T2ICT/CR | T2IGI/CR | T2ICI/CR | T2IG1CR | 1apca
DATAIN | DATAOUT | FUNCTION | DATADIR | DATAIN | DATAOUT | FUNCTION | DATA DIR
T2 12
106Fh  POSF |  srest | pRIORITY - T - - - - T2PRI

The formulas in Figure 18 show the calculations for the resulting time, given values in the compare registers
T2C and T2CC.

time ) (prescale) (compare + 1)

S .
CLKIN
or

time = t; (prescale) (compare + 1)

Figure 18. Timer 2 Compare Reglster Formulas
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serlal peripheral interface (SPI)

The Serial Peripheral Interface (SP1) is a high-speed synchronous serial I/O port that allows a serial bit stream
of programmed length (one to eight data bits) to be shifted into or out of the device at a programmed bit transter
rate. The SPI is normally used for communications between the microcontroller and external peripherals or
another microcontroller. Typical applications include external I/0 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.

Three I/0 pins are associated with the SPI. These include the SPIslave-in master-out (SPISIMO), SPIslave-out
master-in (SPISOMI), and SPi serial clock (SPICLK). These I/O pins can be configured for three-wire full-duplex
transmit/receive or two-wire receive or transmit 6nly. Any of these three pins not used in an SPI application may
be individually configured as general purpose digital /O pins controlled by SPIPC1 and SPIPC2.

SPIBUF Butfer RECENER | ,
8 OVERRUN | 317

Register
8 SPI PRIORITY
SPIINT F6 0
31.0 —_O/O- Level 1 INT
{ FLAG l——()’ Oo—rf 1
31.6 SPIINT ENA O—— Level 2INT
O—

39 SPIDAT

Data Register 8 NG
| j@ SPISIMO Pin

A

|
31.1 | 00—

B o

TALK

——KH SPISOMI Pin

State Confrol

SPI CHAR

System Clock SPICLK

1 Diagram shown in SLAVE mode.

Figure 19. SPI Block Diagramt

A variety of multiprocessor configurations can be supported, ranging from single master with multiple slaves
to multi-master systems. General purpose /O pins can be used to implement the slave enables and

.multi-master hardware handshakes between microcontrollers in the network.

The MASTER/SLAVE bit of the SPICTL control register determines if the SPI operates in the master or slave
mode. Master or slave data transmission can be disabled by writing a zero to the TALK bit of the SPICTL control
register, forming a two-wire receive-only network (SPICLK and data in).

In the master mode (MASTER/SLAVE = 1), the SPI provides the serial clock on the SPICLK pin for the entire
serial communications network. The SPICCR register (SPI BIT RATE2, RATE1, RATEO) determines the bit
transfer rate for the network, both transmit and receive. For any specific system clock frequency, there are eight
data transfer rates that can be selected by these control bits. The data transfer rate is defined by selecting a
one-of-eight divide-by of the system clock frequency (divide-by-2, -4, -8, -16, -32, -64, -128, and -256).
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_ CLKIN
SPI Baud Rate = X2

where b = bit rate in SPICCR bit 3, 4, 5 (range 0 — 7).

Data written to the SPIDAT register initiates data transmission on the SPISIMO pin, MSB of data transmitted
first.Simultaneously, received data is shifted in through 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 (the most
significant bit first), there it is stored right-justified in the SPIBUF. 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 into or out of the SPIDAT register, the SPI INT FLAG bit is set and if the SPI INT ENA bit is
set to one, an Interrupt is asserted.

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 system clock frequency divided by eight.

Data written to the SPIDAT register will be 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 simultaneously, it must
be written to the SPIDAT register prior to the beginning of SPICLK.

Compatibility with the broadest range of existing peripheral devices is provided by the SPI through its software
programmable transmit/receive character length, bit transfer rate, and clock polarity. A character length from
one to eight data bits is selected by writing to the SPICCR control register (SPI CHAR2, CHAR1, and CHARO)
to specifically match the peripheral’s data length requirements, thereby not requiring the overhead of data bit
padding during communications. Applications requiring more than eight bits of serial data use multiple
back-to-back SPI operations.

External peripherals enable output data on either the rising or the falling edge of the serial clock, while latching
incoming data on the opposite edge. The SPI supports data transfer using either of these approaches. The
CLOCK POLARITY bit controls the steady- -state or at-rest condition of the SPICLK signal. This bit affects both
master and slave modes of operation. When'CLOCK POLARITY s set to 1, the at-rest level of SPICLK is a
logic 1. Data is enabled at the output on the falling edge of SPICLK, and data is latched by the network master
and slaves on the rising edge of SPICLK. When CLOCK POLARITY is set to 0, the at-rest level of SPICLK is
alogic 0. Data is enabled for output on the rising edge of SPICLK, and data is latched by the network master
on the falling edge of SPICLK.
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Peripheral Flle Frame 3: Serlal Perlpheral Interface (SPI) Control Registers

ADDR  PF BIT7 BIT6 BIT 5 BIT4 BIT3 BIT 2 BIT1 BIT O REG
1030h  Pozo SPI CLOCK | SPIBIT | SPIBIT | SPIBIT SPI SPI SPI SPICCR
SW RESET | POLARITY | RATE2 RATET RATEO | cHARz | CHAR1 CHARO
RECENVER | SPI MASTER/ SPI

103th  PO31 | yERRUN | INT FLAG - - - SLAVE TALK INTENA | SPICTL
1032h P032

to to Reserved
1036h  P036
1037h  P037 SPI Receive Data Buffer Register SPIBUF
1038h  P038 Reserved
1038h  P039 SPI Serial Data Register SPIDAT
103Ah  PO3A

to to Reserved
103Ch  P03C

SPICLK
SPICLK | SPICLK SPICLK
103Dh  PO3D - - - - paTAIN | paTAouT | FUNC- | parapir | SPIPCT
TION
103En  Posg | SPISMO | sPisiMO SEL',SB:?:"O SPISIMO | SPISOMI | SPISOMI SEL'JSNOCM' SPISOMI | oo
DATAIN | DATAOUT * | DATADIR | DATAIN | DATAOUT | DATADIR
TION TION
Pl SPI sPI
108Fh  POSF | grest | pRIORITY | ESPEN - - - - - SPIPRI
TExas ‘QP
INSTRUMENTS
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serlal communications Interface (SCI)

The Serial communications Interface (SCI) is a full-duplex serial /O port that supports standard NRZ serial
communications in a programmed data format (start bit, 1 to 8 data bits, parity even/odd/off, one or two stop
bits) at a variety of programmable baud rates. High-speed isosynchronous communications, as well as standard
asynchronous communications, are supported for interfacing to peripheral devices. The isosynchronous
communications mode combines features of the asynchronous mode with a synchronizing clock signal. The
isosynchronous mode has the same format as the asynchronous mode using start, stop, parity, and data bits,
but it it uses one serial clock cycle per bit to achieve a much higher transmission speed. Multiprocessor
communications using idle line wake-up and address bit wake-up protocols are also supported by the SCI
transmit and receive hardware.

As shown in Figure 20, the SCI receiver and transmitter are double buffered to reduce the possibility of
overwriting data prior to the previous data being read or transmitted from the SCI.

50 513 59 SCI TX PRIORITY
| TXWAKE ” TXBUF REG I SCITX INT 54.0 0
Frame O— Level 1INT
Format 2 L TXRDY o—+to7 4
and Mode : SCITX o— Level 2INT
. 54.7 INTENA| s5F6
Yy il . l—» TXEMPTY | 54.6
511
EVEN/ODDl ENA [ wuTt ] I TXSHF REG } oo > SCITXD Pin
506 505 TXENA
53 [1o8 514 4 p—& SCICLK Pin
SYS | =7 Baud 1 e
CLK 53 | msp Pote
16-Bits| CLOCK
SCIRXD (—, RXSHF REG
SCI RX INT SCI RX PRIORITY
55.6 55.0

—_0/0—0 Level 1

51.0 1
O— Level 2
RX ERROR 5F.5
ERR)] FE | OE | PE RXBUF REG
55.7 554 553 552 57

Figure 20. SCI Block Diagram

The SCI provides independent interrupt requests and vectors for the receiver and transmitter. Interrupts
requested by the SCI receiver and SCI transmitter can be software programmed onto different priority levels
by the SCI RX PRIORITY and SCI TX PRIORITY control bits. When SCl 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 TXINT interrupt is asserted whenever TXBUF is transferred to TXSHF. An SCI RXINT interrupt
is asserted whenever the SCl 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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i

9

— |
RXD | | y l

If the TMS370Cx5x has been placed in HALT or STANDBY low-power mode with the SCI RX INT ENA
bit = 1, the detection of the start bit (one-to-zero transition) by the SCI receiver initiates receipt of the SCl input,
exits the low power mode, activates the microcontroller (CPU, clocks, on-chip peripherals), and initiates
execution of the SCI RXINT interrupt service routine. To ensure valid data receipt of the first frame, the baud
rate must be slow enough for the SCI to sample for a valid start bit after exiting from the power down mode, or
the first data byte must be ignored.

The SCl transmitter and receiver are functionally independent to support full-duplex communications; however,
they use the same data format, baud rate, communications mode, and multiprocessor communications
protocol. The SCICCR control register selects the transmit and receive data format. Figure 21 shows the SCI
data format of one frame of information, which consists of anidle line (logic 1), one start bit (logic 0), one to eight
data bits, an address bit (if in address bit wake-up mode), a parity bit (if enabled), and one or two stop bits (logic
1). The character length of one to eight data bits is selected by the SCI CHAR2, SCI CHAR1, and SCI CHARO
control bits. Parity on/off is selected by PARITY ENABLE with the EVEN/ODD PARITY bit selecting the type.
Parity generation and verification is performed in the SCl hardware, requiring no GPU calculation overhead. One
or two stop bits for transmission are selected by the STOP BITS control bit. The receiver checks for one stop
bit on incoming data.

l Start { LSB 2 3 4 5 6 7 MSB | Parlly | Stop '
Idle Line Wake-up
I st [LsB | 2 3 4 5 6 7 | msp |"D0R] parity | stop I

Address Bit Wake-up

Frame Options: 1 to 8 Data Bits
Even, Odd, No Parity
1-2 Stop Bits

Figure 21. Frame Formats

The SCI communications mode is selected by the ASYNC/ISOSYNC control bit. The transmit and receive data
format as described above are identical in both communication modes. In the asynchronous mode
(ASYNC/ISOSYNC = 1), the external communications interface consists of the SCITXD and SCIRXD pins with
an optional SCICLK input for driving the internal SCICLK. The transmit baud rate is 1/16 that of the SCICLK
frequency. The receiver internally samples the data input at 16 times the bitrate. The recelver uses majority vote
sampling on the seventh, eighth, and ninth SCICLK periods to determine the value of the start bit, data bits,
parity, and first stop bit. Asynchronous data rates are supported up to 156K baud (SYSCLK/221 to SYSCLK/32)
at 20 MHz.

Falling Edge Majority Vote
Detected

i i i
: 1 2 3 4 5 6 T 8
| | l

X Y

¥y

Data Bit Perlod = 16 SCICLK Periods

x

Figure 22. Asynchronous Mode
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The Isosynchronous mode (ASYNC/ISOSYNC = 0) has the same format as the asynchronous mode,
consisting of a start bit, one to eight data bits, an even/odd/no parity bit, and one or two stop bits, but uses an
additional synchronizing clock to support high speed serial communications. The external system interface
consists of the SCITXD and SCIRXD pins and a continuous synchronizing clock on on the SCICLK pin.
Isosynchronous transmit and receive data is clocked at a rate equal to the SCICLK rate, and receiver values

are read on a single sal _Ple basis. Isosynchronous data rates with synchronizing SCICLK are supported up to
2.5M baud (SYSCLK/217 to SYSCLK/2) at 20 MHz.

SCICLK | I I I
TXD  BitOut X BIt Out X Bit Out X

(RETITTTIILN (TRRRTXTTIID) (RETXTILIT
RXD R QKRB QUK

Figure 23. Isosynchronous Mode

The CLOCK bitin SCICTL determines whether the SCI clocking signal comes in from an external source through
the SCICLK pin or goes out through SCICLK after generation in the integral baud rate timer. The isosynchronous
mode baud rate equals the SCICLK rate; the asynchronous mode baud rate 1/16 the SCICLK rate. The
maximum frequency of an external clock source can be no greater than 1/10 the system clock frequency. The
frequency of the SCICLK when generated by the internal baud rate timer given by the formula.

_ CLKIN
SCICLK 8(Baud Rate Reg + 1)

The baud rate using the internal clock equals the SCICLK rate in the isosynchronous mode and equals 1/16

the SCICLK in the asynchronous mode. The 16-bit baud rate register allows the selection of many different
standard baud rates.

_ CLKIN
Asynchronous Baud Rate = 728(Baud Rate Reg + 1)

_ CLKIN
Isosynchronous Baud Rate §(Baud Rate Reg + 1)

NOTE
When an external serial clock signal is used, the maximum SCICLK frequency is CLKIN/40.
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In both asynchronous and isosynchronous modes, if the transmitter is enabled (TXENA = 1), SCI transmission
is initiated following a CPU write to the TXBUF register. This sets TXEMPTY to 0; TXSHF is loaded from TXBUF,
TXRDY fiag is setto 1, and if SCI TXINT ENAis setto 1, SCl transmit interrupt (TXINT) will be asserted. Another
write may then be performed to the TXBUF; if not, the transmitter idles (SCITXD outputs continuous high), and
TX EMPTY is set to 1 (both TXBUF and TXSHF are empty) until the next write to TXBUF.

In both asynchronous and isosynchronous modes, when a frame is fully received, RXBUF is loaded from
RXSHF, the error status bits are set accordingly, RXRDY flag is set to 1, and if SCI RX INT ENA is setto 1, an
SClreceiver interrupt (RXINT) will be asserted. The SCireceiver performs extensive error checking during data
bit reception and provides individual error flags for parity error (PE), overrun error (OE), framing error (FE), and
break detect (BRKDT) for application program querying.

The SCI supports two multiprocessor communication formats to allow efficient transfer of information between
many microcontrollers on the same serial data link. Information is typically transferred as a block of data from
a source to a destination, with the destination address identified at the beginning of the block. The SCI has the
ability to inhibit all SCI receiver flags and interrupts until a start of a block of data (a destination address) is
identified. When a block start is identified, the SCI initiates the following sequence for both multiprocessor

communication formats: ‘

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

2. Asoftware routine responds to the SCl receiver interrupt and checks the incoming byte against its address
byte stored in memory.

3. If the block is addressed to the microcontroller, the SCI remains active and the CPU reads the rest of the
block. If the address does not compare, the software routine puts the serial port to sleep and the SCI will
inhibit all SCI receiver flags and interrupts until the next block start.

To provide system flexibility, the SCI, in both asynchronous and isosynchronous modes, recognizes the idle
line wake-up and address bit wake-up multiprocessor protocols. The multiprocessor protocol is selected by the
ADDRESS/IDLE WUP control bit in the SCICCR register. Both protocols use the SLEEP and TXWAKE bits to
control the receive and transmit features of the wake-up mode, and the RXWAKE status bit to provide the
receiver wake-up condition.

In idle line wake-up, blocks are separated by having a longer idle time (logic one) between the blocks than
between frames within the blocks. As shown in Figure 24, an idle time of 10 or more bits after a frame indicates
a start of a new block and wakes up all receivers. Under software control, all receivers that do not recognize
the address in the first frame of the message ignore the rest of the message and await the next idle line. The
SCl transmitter allows an idle time of exactly one frame to be transmitted to indicate the start of the next block
to maintain serial data link efficiency by minimizing the idle time between block staris. Idle line wake-up protocol
has no overhead within the message frames and is typically used when transferring large blocks of data.
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Blocks of Frames

momo |1 [ J T CJ, L T L TT T, T L}
— L

Idie Perlod of 10 Bits or More

RXD/TXD IsT] ADDR |sAsT| DATA fsp ST Data sp
Expanded
;v__J
First Frame Within Frame Within idle Period
Block Is Address, Block Less Than 10
it Follows Idle Blts
Perlod of 10 Bits
or More

Figure 24. idle Line Multiprocessor Mode

In address bit wake-up, each frame has an extra bit, the ADDR/DATA bit, positioned just before the parity bit
(if used). As shown in Figure 25, block starts are distinguished by the ADDR/DATA bit set to 1 in the first frame
of the block and all subsequent frames of the block have the ADDR/DATA bit set to 0. The start of the next block
is identified by the next frame that has a 1 in ADDR/DATA. The idle line time is irrelevant in this protocol. All
receivers wake up upon receiving a frame with ADDR/DATA set to 1. Under software control, all receivers that
do not recognize their address in the first frame of the message ignore the rest of the message and await the
next active ADDR/DATA bit. Address bit wake-up protocol eliminates interblock gaps and is efficient in

transferring many small blocks of data.
Blocks of Frames ———*l

—— |__|T|_JT|__1TI ]TI ITI ITI ITI ITI [

idle Perlod of no Signlficance

RXD/TXD ST ADDR 1]SP{ST Data 0} SP |ST Data 0| spP
pome ~s1] [iTsAs1] [o] & |s1] |
Flrst Frame Within ADDR/Data Bit
Block Is Address Is 0 for Frame
the ADDR/Data Bit Is 1 Within Block
Idle Time Is of

no Significance

Figure 25. Address Blt Multiprocessor Mode
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ADDR

1050h

1061h

1052h
1053h

1054h

1055h

1056h
1057h
1058h
1059h
105Ah
105Bh
105Ch

105Dh

105Eh

105Fh

PF

Po50

P051

Po52
P053

P054

P055

P056
Pos7
Pos8
P059
POSA
P0O5B
POSC

PosD

POSE

POSF

Peripheral File Frame 5: Serlal Communlcation Interface (SCI) Control Registers

7 6 5 4 3 2 1 0
STOP EVEN/ODD | PARITY ASYNC/ | ADDRESS/ SCI SCI SCI
BITS PARITY ENABLE ISOSYNC | IDLE WUP CHAR2 CHAR1 CHARO
SCIsw
— — RESET CLOCK TXWAKE SLEEP TXENA RXENA
Bit 15 Baud Rate Select Register MSB Bit8
Bit 7 Baud Rate Select Register LSB Bit 0
TX SCITX
TXRDY EMPTY - - - - - INT ENA
RX SCIRX
ERROR RXRDY BRKDT FE OE PE RXWAKE INT ENA
Reserved :
Receive Data Buffer Register
Reserved
Transmit Data Buffer Register
Reserved
_ SCICLK SCICLK SCICLK SCICLK
- - - DATA IN | DATA OUT | FUNCTION | DATA DIR
SCITXD
SCITXD SCITXD FUNG SCITXD SCIRXD SCIRXD SCIRXD SCIRXD
DATAIN | DATA OUT T ON— DATA DIR DATAIN | DATA OUT | FUNCTION | DATA DIR
SCI SCITX SCIRX SCI
STEST PRIORITY | PRIORITY ESPEN - - - -

REG
SCICCR

SCICTL

BAUD
MsSB

BAUD LSB

TXCTL

RXCTL

RXBUF

TXBUF

SCIPC1

SCIPC2

SCIPRI
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analog-to-digital converter

The 8-bit analog-to-digital (A/D) converter provides the designer with eight multiplexed analog input channels.
The A/D converter has internal sample and hold circuitry and uses a successive approximation conversion
technique. The accuracy of the A/D conversion process is increased by providing separate analog positive
supply and analog ground input pins (Vcgs and Vsgg). The Vggg pin also provides the low reference voltage
input for the conversion process.

Pin Digital Input Reglster
==
| _ 72.x , 706 707
aNO Do~ | I [ 1] [SAMPLE ” CONVEHTI
o———— ApINPUT START START
7E1 | SELECT
AN |

7e65—HLES]| 72
ANG >0 | [
" ADDATA REG
D_Q;-HE | 70.X 71.2
AN g == [FT4]3 AD READY
71 _| REF VOLTS ST 75 0
v SELECT K
ccaD—h FLAG _0/0—1— Level 1 INT
o— Level 2 INT
Vgsa = 7 AD
ss3 : INT ENA| AD PRIORITY
7F6

Figure 26. A/D Converter Block Diagram

The A/D converter high reference voltage input is software selectable as one of eight positive reference inputs,
as shown in the table below. The A/D conversion process is ratiometric, using Vg3 and the software-selected
high-reference voltage input as the limits for the selected analog input channel. An input voltage equal to or
greater than the high reference input converts to FFh (full scale) with no overflow. An input voltage equal to or
less than Vggg converts to 00h. Ratiometric conversions allow analog inputs to be scaled against selected high
reference inputs to achieve the greatest accuracy.

AD INPUT SELECT ANALOG REF VOLTS SELECT HIGH REFERENCE
SEL2  SEL1 SELO INPUT CHANNEL SEL2  SEL1 SELO INPUT

0 0 0 ANO 0 ] 0 Veea

0 0 1 AN1 0 0 1 AN1

0 1 0 AN2 0 1 [ AN2

0 1 1 AN3 0 1 1 AN3

1 0 0 AN4 1 0 0 AN4

1 0 1 AN5 1 0 1 AN5S

1 1 0 ANé 1 1 0 AN6

1 1 1 AN7 1 1 1 AN7
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To read an A/D channel:

1. Write to the ADCTL peripheral file control register to:
— Select the high reference volitage input (ADCTL.5-3).
— Select the analog input channel for conversion (ADCTL.2-0).
— Set the SAMPLE START bitto 1 (ADCTL.6).

2. Wait for the sample time to elapse.

3. Write to the ADCTL peripheral file control register to:
— Set the CONVERT START bit to 1 and leave SAMPLE START bit set to 1.

4. Wait for either the interrupt flag to be set or the A/D interrupt to occur.
5. Read the conversion value from ADDATA when AD INT FLAG is set to 1 or the A/D interrupt occurs.
6. Clear the interrupt flag (ADSTAT.1).

To provide the designer with the flexibility to optimize the A/D conversion process with both high and low
impedance sources, the sample time is independently defined by the application program. At the completion
of the sample time, the conversion is initiated by settling the CONVERT START and SAMPLE START bits to
1. Eighteen clock cycles after the CONVERT START bitis setto 1, the CONVERT START and SAMPLE START
bits will both be set to 0 by the A/D converter, indicating the conversion has started and the analog input signal
can be removed. The AD READY bitis set to 0 by the A/D converter to indicate a conversion is in progress. The
conversion is complete 164 system clock cycles after it is initiated by setting the CONVERT START bitto 1, and
the result is located in the ADDATA result register. Upon completion of the conversion, the AD INT FLAG bit is
set, and if the AD INT ENA bit is set to 1 an interrupt will be asserted.

The A/D converter has eight bits of resolution with absolute accuracy of plus or minus one LSB, with (high
Reference Voltage — Vggg) =5 V.

To maximize I/O control capability, all analog input pins not used for an analog input or high reference voltage
input to be individually configured as general purpose digital input pins. The control and input data values are
contained in the ADENA and ADIN peripheral filte control registers.

Peripheral File Frame 7: A-to-D Converter Control Registers

ADDR PF BIT7 BIT6 BIT 5 BIT 4 BIT3 BIT 2 BIT 1 BIT 0 REG
1070h  Po7o | CONVERT | SAMPLE | REF VOLT | REF VOLT | REF VOLT | ADINPUT [ ADINPUT | AD INPUT ADCTL
START START SELECT2 | SELECT1 | SELECTO | SELECT2 | SELECT{ SELECTO

107th POzt — - - - - READY | INTHLAG | mTEna |ADSTAT
1072h  PO72 A-to-D Conversion Data Register ADDATA
1073h  P073

to Reserved
107Ch PO7C
107Dh PO7D Port E Data Input Register ADIN
107ER  PQ7E Port E Input Enable Register ADENA
10760 Po7F | grier | erionmy | Espen | - I - - - —  |ADPRI
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Instruction set

The TMS370x5x family instruction set consists of 64 instructions that control input, output, data manipulations,
data comparisons, and program flow. The instruction set is supported with fourteen addressing modes to
provide the flexibility to optimize programs to the user’s applications. For example, the MOV instruction has 27
operand combinations supported by its addressing modes.

ADDRESSING MODE EXAMPLE OPERATION
GENERAL:

Implied LDSP (B) - (SP)

Register MOV R5,R4 (R5) — (R4)

Paripheral MoV P025,A (1025h) = A

Immediate ADD #123 R3 123 + (R3) - (R3)

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)

Roelative Offset Indirect JMPL  12(R4) PCN + 12 + (R3:R4) — (PC)

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.

The CPU controls instruction execution by executing microinstructions from a dedicated control memory at a
rate of one microinstruction per internal system clock cycle, t;. The number of system clock cycles required to
execute one assembly language instruction varies depending on the instruction complexity, operand addressing
mode, and number of wait states. Instruction execution times are stated in terms of the number of integral system
clock cycles per instruction. Instruction execution times vary from 5 to 63 internal system clock cycles, with most
instructions requiring less than 10 cycles to complete.

Similarly, the number of bytes of program memory required to store an instruction will vary with instruction
complexity and addressing mode. TMS370 instructions require from one to five bytes of program memory
space, with most instructions occupying one or two bytes.

The TMS370 Instruction Set Summary, beginning on page 48, shows the instruction set, the addressing modes,
the program memory byte length, and the execution cycle count for each instruction. The Addressing Mode
entries arein the format of BYTE LENGTH/CYCLE COUNT. The following symbols and abbreviations are used:

SYMBOL DEFINITION SYMBOL DEFINITION

s Source Operand d/D Destination Operand (8-bit/16-bit)

A Register A or RO in Register File B Register B or R1 in Register File

Rs Source Register in Register File Rd Destination Register in Register File
Ps Source Register in Peripheral File Pd Destination Register in Peripheral File
Rps Source Register Pair (Rn, Rn - 1) Rpd Destination Register Pair (Rn, Rn — 1)
Rp General Purpose Register Pair label 16-bit Label

iop8 8-bit Immediate Operand iop16 16-bit Immediate Operand

offg 8-bit Signed Offset (label — PCN) off16 16-bit Signed Offset

PC Program Counter PCN 16-bit Address of Next Instruction

SP Stack Pointer ST Status Register

# Immediate Operand @ Extended Addressing Operand (Direct, Indirect,
[oF Status Register Carry Bit Indexed)

() Contents of — Is Assigned to

h
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TMS370 Instruction Set Summary

ADDRESSING MODES
OPERATION DIRECT EXTENDED DESCRIPTION
A B | Rd | Pd |label | @Rp | label(B) | off8(Rp) | off8(SP) | OTHER'
ADC B, 18 Add with Carry
Rs, _ 27 27 | 39 (8) + (d) + (C) = (d)
#iop8, _ 2/6 2/6 | 3/8
ADD B, _ 18 Add
Rs, 217 277 | 39 (s) + (d) = (d)
#lop8, _ 2/6 2/6 | 3/8
AND A 2/9 And
B 1/8 2/9 (). AND. (d) = (d)
Rs, _ 217 217 | 39
#iop8, _ 2/6 2/6 | 3B | 3t
0
BR 3/9 2/8 3am 416 Branch; D — (PC)
BTJot A, _off8 31 Bit Test and Jump If One
0
B, —off8 210 Qg If (s). AND. (d) # O then
Rs, —,off8 3 3/9 |4 PCN + offset — (PC)
#iop8, _,off8 38 3/8 | 411 |4/m
0
BTJZt A, —off8 3/ Bit Test and Jump If Zero
0
B, _,off8 2/10 3/1 If (s).AND.(not d) # O then
0
Rs, —,0ff6 3/8 3/8 |4/ PCN + offset — (PC)
#lop8, _,off8 38 3/8 | 411 |4/m
0
CALL — 313 | 2112 3/15 4/20 Call; Push PCN, D — (PC)
CALLR — 3115 | 2/14 N7 4/22 Call Relative
Push PCN, PCN + (d) = (PC)
CLR _ 1/8 118 | 26 Clear; 0 — (d)
CLRC 119 | Clear Carry; 0 = (C)
CcMP _A M1 | 2110 3/13 4/18 2/8 Compare
B, — 1/8 (d) - (s) computed and
Rs, _ 27 277 | 39 Status Reglster flags set
#lop8, _ 2/6 2/6 | 38
CMPBIT 38 | 3n Complement Bit
0
CMPL 18 18 | 26 Two's complement;
0100h — (s) = (d)
DAC B, — 110 Decimal Add with Cerry
Rs, 29 219 |31 (s)+ (d) + (C) — (d) (BCD)
#iop8, __ 28 2/8 | 31
0
DEC — 1/8 1/8 | 26 Decrement; (d) -1 — (d)
DINT 2/6 | Disable Interrupt; 00 — (ST)
DIiv Rs, 3/55-63% Integer Divide; 16 by 8-bit
A:B/Rs — A(=quo), B(=rem)
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# cycles depends on operands
DJNZT —0ff8 2110 2/1 | 3/8 Decrement and Jump If Not 0
(d)~1— (d); I (d) .NE. 0
then PCN + offset — (PC)

1 Add 2 to cycle count f jump is taken.
¥ Actual number of cycles is 14 if the quotient is greater than 8 bits (overflow condition).

j
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TMS370 Instruction Set Summary (continued)

ADDRESSING MODES

50
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OPERATION DIRECT EXTENDED DESCRIPTION
A B Rd | Pd | label | @Rp | label(B) | ofi8{Rp) | off8(SP) | OTHER
DSB B, — 110 Decimal Subtract with Borrow
RS, _ 29 29 | am (d) - (s) -1 + (C) — (d) (BCD)
#lop8, 2/8 2/8 | 31

0
EINT 28 Enable Interrupts; 0Ch — (ST)
EINTH 2/6 | EINT High Priority; 04h — (ST)
EINTL 26 EINT Low Priority; 08h — (ST)
IDLE 1/6 Idle Untll Interrupt, Low Power entry
INC — 18 18 | /6 Incremant; (d) + 1 — (d)

Increment Word

INCW #off8, _ 311 (Rp) + offset — (Rp)
INV — 18 18 | 2/6 Invert; .NOT. (d) — (d)
JMP — 27 Jump; PCN + offset8 — (PC)
JMPL — 39 2/8 3 4/16 Jump; PCN + D — (PC)
Jendt Jump Conditional
JN 2/5 Negative
Jz 2/5 Zero
JC 2/5 Carry
JP 2/5 Positive
JPZ 2/5 Positive or Zero
JINZ 2/5 Negative or Zero
JINC 2/5 No Carry
JV 25 Overflow, signed
JINV 2/5 No Overlfow, signed
JGE 2/5 Greater Than or Equal, signed
JL 2/5 Less Than, signed
JG 2/5 Greater Than, Signed
JLE 25 Less Than or Equal, signed
JLo 2/5 Lower Value
JHS 2/5 Higher or Same
JBiTot _ 41 14m Jump If Bit = 0

[]
mmt 41 | 4m Jump I Bit = 1

0
LDSP 1/7 | Load Stack Polnter; (B) — (SP)
LDST #lop8 2/6 Load ST Reglster; (s) — (STP)
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MOV A __ 19 | 27 | 258 [ 310 an2 an7 217 Move; (8) = (d)
—A 1/8 | 2/7 | 2/8 | 3110 32 an7 217
B, 18 277 | 218
Rs, _ 217 217 | 39 | 3N
Ps, _ 2/8 2/8 | 31 0
#lops, 2/6 2/6 0
38 | 3n
0
MOVW Rps, n Move Word; 16-bit operands
#lop16, __ 2 (8) = (d)
#lop16(B) 4n
#off8(Rp), 3
an
5
5/2
0
1 Add 2 to cycle count if jump is taken.
INSTRUMENTS
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TMS370 Instruction Set Summary (concluded)

ADDRESSING MODES
OPERATION DIRECT EXTENDED DESCRIPTION
A B Rd | Pd |label | @Rp | label(B) | off8(Rp) | off8(SP) | OTHER
MPY B _ 1/47 Multiply
RS, _ 246 2/4 | 3/4 (s) X (d) — (A:B)
#lop8, 2/45 6 8 A =MSB,B=LSB
2/4 | 3/4
5 7
NoP 177 | NOP; (PC) +1 — (PC)
OR A 2/9 OR
B — 1/8 2/9 (s) .OR. (d) — (d)
Rs, — 27 217 | 39
#iop8, . 2/6 2/6 | 38 | 31
0
pPoP — 19 179 | 27 18 Pop Top of Stack
((SP)) = (d); (SP)—1 — (SP)
PUSH —_ 19 19 | 27 1/8 Push onto Stack
(SP) + 1 — (SP); (s} — ((SP))
RL — 18 18 | 26 Rotate Left
RLC — 178 18 | 28 Rotate Left Through Carry
RR - 1/8 18 | 2/6 Rotate Right
RRC —_ 18 18 | 2/6 Rotate Right Through Carry
RTI 1/12 | Return from Interrupt
Pop PC, Pop ST
RTS 19 Return from Subroutine, Pop PC
SBITO — 38 | 31 Set Bitto 0
[
SBIT1 —_ 3/8 | 31 SetBITto 1
0
SETC 7 Set Carry; AOh — (ST)
SBB B, — 1/8 Subtract with Borrow
Rs, 27 217 | 39 (d)—(8) =1 +(C) = (d)
#lop8, 2/6 2/6 | 3/8
8TSP 18 Store Stack Pointer; (SP) — (B)
suB B, — 18 Subtract
Rs, __ 27 27 | 39 (d) - (s) = (d)
#lop8, _ 2/6 2/6 | 3/8
SWAP — m1 1711 | 29 Swap Nibbles
8(7-4,3-0) — d(3-0,7-4)
TRAPn 114 Trap to Subroutine; Push PCN;
Vector n — (PC)
TST —_ 17, 1mn Test; Set flags from register
0
XCHB _ 110 1(/’1 2/8 Exchange B; (B) «» (d)
XOR A 219 Exclusive OR
B, 18 2/9 (8) .XOR. (d) — (d)
Rs, _ 27 217 | 39
#lop8, 26 2/6 | 3/8 | I
0
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TMS370 Famlly OPCODE/Instruction Map

FI1 RS T NI B B L E
0 1 2 3 4 5 6 7 8 9 A B c D E F
NP CW | MOV CLRC MOV Wov | TRAP [
of ra #nRd | PsA TSTA AB ARd 15 n
217 3/11 2/8 1/9 179 217 114 2/6
N oV MOV MOV MOV V TRAP MoV
1l APd B,Pd Rs.Pd Ps;B B,Rd 4 n(877).l\
2/5 /8 2/8 3/10 217 27 114 2,
JZ [ MOV [ MOV | MOV [ MOV [ MOV | MOV | MOV MoV DEC DEC DEC [ TRAP Tiov
2| ra | RsA y RsB | RsRd | #nB BA | #nRd Ps,Rd A Rn 13 AN(SP)
25 | 2 2/8 39 2/6 1/8 38 3/10 1/8 1/8 2/6 1/14 217
JC | AND | AND | AND | AND | AND [ AND [ A AND AND AND NG NG WG | TRAP CMP
3| ra | RsA | #nA | RsB | RsRd | #nB BA | #nRd | APd B,Pd #n,Pd A B Rn 12 n(SP&,A
25 | 27 2/6 217 319 2/6 1/8 3/8 2/9 2/9 3/10 178 18 2/6 114 2.
JP OR OR OR OR OR OR OR OR OR W TV TNV TRAP | extend
4!l ra | RsA | #nA | RsB | Rs,Rd | #n,B BA | #nRd | APd B,Pd #n,Pd A B Rn 1 Inst,2
255 | 27 2/6 /7 370 2/6 1/8 3/8 219 2/9 3/10 1/8 1/8 2/6 1/14 | opcodes
JPZ | XOR | XOR | XOR XOR | XOR | XOR | XOR XOR XOR CLR CLR CLR | TRAP
5| ra | RsA ’ RsB | RsAd | #n.B BA | #nRd | APd B,Pd #n,Pd A An 10
25 | 2 2/6 /7 319 2/6 1/8 /8 2/9 210 3/10 1/8 1/8 2/6 114
[ONZ | BTJ0 | BTJO [ BTIO BTJO ["BTJO | BTJG | BTJO BTJO BTJO BTJO XCHE | XCHBB/ | XCHB | TRAP TBLE
6| ra | RsA | #nA | ReB | RsRd | #nB BA | #nRd | APd B,Pd #n,Pd A TESTB Rn 9
25 | 39 3/8 3/9 411 3/8 2110 | 4/10 311 310 4 110 110 2/8 114 1/6
JNG [ BTJZ | BIJZ | BIiZ | BIJZ | BiJZ | BIJZ | BIJZ | BTJZ BIJZ BTJZ SWAP | SWAP | SWAP | TRAP MoV
7| s, nA | RsB | RsRd | #nB BA | #nRd | APd BPd #n,Pd A B Rn 8 #n,Pd
25 | 3 3/8 3/9 411 3/8 210 | 4/10 3/10 ano 4111 1M 111 2/9 114 3/10
JV | ADD | ADD | ADD | ADD | ADD | ADD | ADD, | MOVW | MOVW PUSH PUSH PUSH | TRAP | SETC
8| ra | RsA | #nA | RsB | Rs,Rd | #nB BA | #nRd | #16Rd | RsRd [ #16(B),Rd A B Rs 7
25 | 27 2/6 217 3/9 2/6 1/8 3/8 4113 2 1/9 179 217 114 17
JT | ADC | ADC | ADG | ADC | ADC | ADGC | ADG | JMPL | JMPL FOP FOP FOP | TRAP TS
9| ra | RsA y RsB | RsRd | #nB BA | #nRd lab Iab&B) A B Rd 6
25 | 2 2/6 39 2/6 1/8 3/8 39 2/8 1/9 1/9 217 114 1/9
JE |8l SUB | SUB | SUB | S MoV MOV DINZ JNZ DINZ | TRAP R
Al ra | RsA | #nA | RsB | RsRd | #nB B.A nRd | labA | @RsA lab(B%,A Ara Bra RAnra 5
25 | 2 2/6 217 3/9 2/6 1/8 1 3/10 2/0 2/10 2/10 ) 114 1n2
LS SBE MoV WMoV COMPL | COMPL | COMPL | TRAP |~ PI
B ra [RsA | #nA | RsB | Rs,Rd | #nB BA | #nAd [ Alab [ A@Rd [ Afab(B) A B8 Rn 4 ST
25 | 27 2/6 217 39 2/6 1/8 3/8 3710 2/9 / 178 1/8 2/6 1/14 1/8
JNV | MPY | MPY | MPY | MPY | MPY | MPY | MPY BR BR AR RR AR TRAP FOP
clra |[Rs,A| #nA | RsB | RsRd [ #n,8 , #n,Rd lab @Rd lab(B) A B An 3 ST
25 | 246 | 2145 | 2i46 348 2/45 1/47 | 3/47 3/9 2/8 31 178 1/8 2/6 114 178
JGE | CMP | CMP | CMP | CMP | CMP | CMP | CMP CMP CMP RAC ARC RRC | TRAP TBsP
Df ra [RsA | #nA | RsB | Rs,Rd | #nB BA | #nRd | labA | @Rs,A | lab(B).A A B Rn 2
2/5 27 2/8 217 /o 2/6 1/8 3/8 %A 2110 31 178 1/8 2/6 114 17
J& | DAC | DAC | DAC | DAC | DAGC | DAG | DAC | CALL | GALL AL AL AL TRAP STSP
E| ra | RsA | #nA | Rs,B | Rs,RJ | #nB BA | #nRd lat @Rd labse) A B Rn 1
2/5 2/9 2/8 2/9 311 2/8 110 | 3/10 313 2112 1/8 1/8 2/6 114 1/8
JLO | DSB | DSB DSB BSB St DSB DSB | CALLR | CALLR CALLR RLC RLC RLC TRAP Ol
Fl ra | RsA | #nA | R Rs,Rd | #n,B BA | #nRd lab @Rd lab(B) A B Rn 0
25 | 219 2/8 i 2/8 110 | 3/10 315 2114 317 1/8 1/8 2/6 114 i
0 1 2 3 . 4 5 6 7 8 9 A B c D E F
Second byte of two-byte instructions (F4xx):
E F
Movw DIV
8| n(Rn) Rn.A
. 415 | 3/14-63
ra — relative address
Rn — Register . .’J‘y(sg:‘%
Rs — Register containing source byte 4116
Rd — Register containing destination byte MOV
Ps — Peripheral register containing source byte A n(Rn;,A
Pd — Peripheral register containing destination byte o
Pn — Peripheral register MoV
#n  — Immediate 8-bit number B A;;‘/(‘F;")
#16 — Immediate 16-bit number
lab — 16-bitlabel o 3:;2)
. . . n
@Rn — 16-bit address of contents of register pair A6
CMP
p| n(Rn)
4118
GALL
E| n(Rn)
4120
CAg_R
F n|
W)
E F
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development system support
The TMS370 family development suppon tools include an Assembler, a C-Compiler, a Linker, an In-Circuit

om
L]

VMS and

ulator (XDS - eXtended Development Support), and an FEPROM/IJVEPROM programmer.
Assembler/Linkar (Part No. TMDS3740810-02 for PG, Part Ho. TMDS3740210-08 for VAX™/VIMS™,
PPart No. TMDS3740510-09 for Sun-3'™or Sun-4')

I xtensive macro capability.

High-speed operation.

Format conversion utilities available for popular formats.
ANSI C Compiler (Part No. TMD$3740815-02 for PC, Part No. TMDS3740215-08 for VAX™/VMS™,
Part No. TMDS3740515-09 for Sun-3'or Sun-4'™)

Generates assembly code of the TMS370 that can be easily inspected.

I'he compilation, assembly, and linking steps can all be performed with a single command.

Enables the user to directly reference the TMS370’s port registers by using a naming convention.

Provides flexibility in specifying the storage for data objects.

C functions and assembly functions can be easily interfaced.
CD1370 (Compact Development Tool) In-Circuit Emulator (Part Number EDSCDT370)

— PC-based, window/function-key oriented user interface for ease of use and a rapid learning
environment.

— Assembler, Linker, Symbolic dehugging.

— Execute single/multiple instructions, single/multiple statements, until/while condition, or at full speed
until breakpoint.

— Programmation of the EPROM devices.

— Target cable (Part Number EDSTRG68PLCC)

The user needs to provide a regulated 5-V power supply with a 2-A current capability. The board may
also be plugged into a PC slot.

X1)5/22 (e Xtended Development Support) In-Circuit Emulator ( Part Number TMDS3762210 ~ For PC)
Contains all of the features of the XDS/11 described above but does not require an external power
supply.

— Contains sophisticated breakpoint trace and timing hardware that provides up to 2047 qualified trace
samples with symbolic disassembly.

— Allows break points to be qualified by address and/or data on any type of memory acquisition. Up to four
levels of events can be combined to cause a breakpoint.

— Provides timers fo analyzing total and average time in routines.

— Contains an eight fine logic probe for adding visibility of external signals 1o the breakpoint qualifier
and to the trace display.

EEPROM/EPROM Programmer

— Base (Part No. TMDS3760500 — base only, requires programmer head)

— Single unit head (Part No. TMDS3780510).
— Gang programmer head (Part No. TMDS3780521) supports programming 16 TMS370Cx5x
devices in parallel.

— PC-based, window/function-key oriented user interface for ease of use and a rapid leaming
environment.

Design Kit (Part No. TMDS3770110 — For PC)

— Includes TMS370 Application Board and TMS370 Assembler diskette and documentation.

— Supports quick evaluation of TMS370 functionality.

— Capability to upload and download code.

— Capability to execute programs and software routines, and to single-step executable instructions.
— Software breakpoints to halt program execution at selected addresses.

— Wire-wrap prototype area.

— Reverse assembler.

VAX are trademarks of Digital Equipment Corporation.

Sun-3 and Sun-4 are trademarks of Sun Microsystems, Inc.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Ve, Veca, Voo (see Note 3) .. —-06Vto7V
Input voltage range, Al pins except MC . ... ... i -06Vto7V

MO -0.6Vto14V
Input clamp current, I (Vi< 00Or Vi>Vog) oo +20 mA
Output clamp current, IoK (VO <0 0r Vo> VEo - o iei i +20 mA
Continuous output current per buffer, Io (Vo =0 to VCC))* ................................... +10 mA
Maximum Ioc CUITENt . ... e 170 mA
Maximum Igg Current ... ... . e =170 mA
Continuous power dissipation ........... ... ..o 1w

Storage temperature range

—65°C to 150 °C

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

% Electrical characteristics are specified with all output buffers loaded with specified Iy current. Exceeding the specified I current in any buffer
may affect the levels on other buffers.

recommended operating conditions (see note 3)

PARAMETER MIN NOM MAX | UNIT

Veet  Digital logic supply voltage 45 5 55 v
vVeet RAM data retention supply voltage (see Note 4) 3 55 v
Vccz  Digital I/O supply voltage 4.5 5 55 \%
Vcea  Analog supply voltage 45 5 55 \%
Vss2 Digital /O supply ground ~03 0 0.3 \%
Vssa Analog supply ground -0.3 0 0.3 \'%
ViL Low-level input voltage All pins except MC Vss 0.8 \
MC Vss 0.3
All pins except MC, XTAL2/CLKIN, and RESET 2 Voo
ViH High-level input voltage MC (non-WPO mode) Vee-03 Vee+0.3 v
XTAL2/CLKIN 0.8 Ve Vee
RESET 0.7 Ve Vee
EEPROM write protect override 1.7 12 13 v
VM MC (mode control) voltage Microprocessor ’ Vee-03 Vee+0.3
(see Note 5) Microcomputer Vss 0.3
EPROM programming voltage (Vpp) 12 12.5 13
TA Operating free-air temperature A version —40 ksl i
L version 0 70 °C

NOTES: 3. All voltage values are with respect to Vgs.

4. RESET is externally released while Vi is within the recommended operating range of 4.5 V to 5.5 V and externally activated when
Vce <4.50rVoe > 5.5 V. RAM data retention is valid throughout the 2 MHz-20 MHz frequency range. An active RESET initializes
(clears) RAM locations 0000h and 0001h.

5. The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedicated MC pin
2 ps before the RESET pin goes inactive (high). The WPO mode may be selected anytime a sufficient voltage is present on the MC
pin.
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electrical characteristics over recommended operating free-alr temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
v \ Ports A, B, C, D, and RESET |l =2mA 04 v
OL  Low-level output voltage Other outputs loL=14mA 04
VoH High-level output voltage loH=—50pA 0.9 Voo v
loH=—-2mA 24
0VsVs03V 10
03V<V|s Vcc—-03 50
MC Vec-03VsV
] Input current SC\:/%C +03V ! 10 pA
Vee+03 V< Vis13V 650
1/O pins 0V< Vys Voo +10 pA
= . N
loL  Low-level output current Ports A B, C, D and RESET | VoL =04V 2 mA
Other outputs VoL=04V 14
loH  High-level output current VoH =09 Vce 50 HA
VoH =24V -2 mA
TMS370Cx50,
TMS370Cx52 % 4
Notes 6 and 7
TMS370Cx56 CLKIN = 20 MHz 35 56
| Supply current (Operating TMS370Cx58 39 62
e mode) ) TMS370Cx50, 20 30| ma
sc Power bit = 0 (see Note 8) TMS370Cx52 Notes 6 and 7 m
TMS370Cx56 CLKIN = 12 MHz 22 36
TMS370Cx58 24 40
Notes 6 and 7
TMS370Cx5x CLKIN = 2 MHz 7 1
Supply current (Standby mode) Notes 6 and 7
'CC Osc Power bit = 0 (see Note 9) CLKIN = 20 MHz 127
Notes 6 and 7
CLKIN = 12 MHz & m mA
Notes 6 and 7
s ey CLKIN = 2 MHz 25 35
CC  Osc Power bit = 1 (see Note 10) Notes 6 and 7 6 86
CLKIN = 12 MHz '
Notes 6 and 7 mA
Ol
Icc  Supply current (Halt mode) CLKIN = 2 MHz 2 3
Note 6
XTALZ/CLKIN < 0.2V 2 %0 mA
NOTES: 6. Single chip mods, ports configured as inputs, or outputs with no load. All inputs < 0.2V or 2 Vog —0.2 V.

7. XTALZ/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 10 ns. Currents
may be higher with a crystal oscillator. At 20 MHz this extra current = .01 mA x (total load capacitance + crystal capacitance in pF).

8. Maximum operating current for TMS370Cx50 and TMS370Cx52 = 1.9 (CLKIN) + 7 mA.
Maximum operating current for TMS370Cx56 = 2.5 (CLKIN) + 5.8 mA.

9. Maximum standby current for TMS370Cx5x = 0.75 (CLKIN) + 2 mA.
. Maximum standby current for TMS370Cx5x = 0.56 (CLKIN) + 1.9 mA. (Osc power bit valid only from 2 MHz to 12 MHz.)
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Recommended Crystal/Clock Connectlons

XTAL2/CLKIN XTAL1 XTAL2/CLKIN XTAL1
ci¥ /= = o2t
T crgi:.:o"m"l‘-“c - External No Connection
= = Clock Signal

1 The crystal/ceramic resonator frequency is four times the reciprocal of the system clock period.
# The values of C1 and C2 should be the values recommended by the crystal/ceramic resonator manufacturer.

Typical Cutput Load Clrcuit§

Load Voltage

1.2kQ

Vo

T

Case 1: Vo = VoH = 24 V; Load Voltage =0 V
Case 2: Vo = VoL = 0.4 V; Load Voltage = 2.8 V for Ports A, B, C, D, and RESET
Load Voltage = 2.1 for other Outputs

§ All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with XTAL2/CLKIN driven by

an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns unless otherwise stated.
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timing parameter symbology

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten the
symbols, some of the pin names and other related terminology have been abbreviated as follows:

A Address R
AR Array RXD
B Byte S
Cl XTAL2/CLKIN SCC
co CLKOUT SIMO
D Data SOMI
E EDS SPC
PGM Program w

‘ wT
Lowercase subscripts and their meanings are:
c cycle time (period) r
d delay time su
f fall time v
h hold time w
The following additional letters are used with these meanings:
H High %
L Low Zz

Read
SCIRXD
Slave mode
SCICLK
SPISIMO
SPISOMI
SPICLK
Write

WAIT

rise time

setup time

valid time

pulse duration (width)

Valid
High Impedance

PARAMETER MEASUREMENT INFORMATION

All timings are measured between high and low measurement points as indicated in the figures below.

— ==K ———-08Vcc V (High)
—— 0.8V (Low)

XTAL2/CLKIN Measurment Polints

==Y — — —- 2V (High)
ﬂ—_:O.GV(LOW)

General Measurement Points
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external clocking requirementst

NO. PARAMETER MIN NOM MAX| UNIT
1 tw(Cl) XTAL2/CLKIN pulse duration (see Note 11) 20 ns
2 tr(cy XTAL2/CLKIN rise time 30 ns
3 tcl) XTAL2/CLKIN fall time 30 ns
4 td(CIH-cOoL) Delay time, XTAL2/CLKIN rise to CLKOUT fall 100 ns

fx Crystal operating frequency 2 20 MHz

T For Vj_and V|, refer to “Recommended Operating Conditions".
NOTE 11: This pulse may be either a high pulse, as illustrated below, which extends from the earliest valid high to the final valid high in an
XTAL2/CLKIN cycle, or a low pulse which extends from the earliest valid low to the final valid low in an XTAL2/CLKIN cycle.

external clock timing

— 1

XTAL2/CLKIN W

|

' | |

+ 2 s :
‘Q—.f—4

CLKOUT / X

___

EXPANSION MODE OUTPUT

general purpose output signal switching time requirements

MIN  NOM  MAX | uNIT
A, B, C, D, and RESET 15 ns
Y Rise time INT2, INT3, SPISOMI, SPISIMO, SPICLK, T1IC/CR, T1PWM, T1EVT, 30 ns
T2IC1/CR, T2IC2/PWM, T2EVT, SCITXD, SCIRXD, SCICLK
A, B, C, D, and RESET 15 ns
t  Falltime INT2, INT3, SPISOMI, SPISIMO, SPICLK, T1IC/CR, TIPWM, T1EVT, a0 ns
T2IC1/CR, T2IC2/PWM, T2EVT, SCITXD, SCIRXD, SCICLK
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recommended EPROM operating conditions for programming

MIN NOM MAX | UNIT
Vee Supply voltage 475 55 6.0 \
Vpp Supply voltage at MC pin 12 125 13 \
Ipp Supply current at MC pin during programming (Vpp = 13 V) 30 50 mA
CLKIN Operating crystal frequency 2 20 § MHz
recommended EPROM timing requirements for programming
MIN NOM MAX | UNIT
tw(IEPGM) Initial programming pulse (see Note 12) 0.95 1 1.05 ms
tw(FEPGM) Final programming pulse 2.85 78.75 ms
NOTE 12:  Programming pulse is active when both EXE (EPCTL.0) and VPPS (EPCTL.6) are set.
recommended EEPROM timing requirements for programming
MIN NOM MAX | UNIT
tw(PGM)B  Programming signal pulse duration to insure valid data is stored (byte mode) 10 ms
tw(PGM)AR Programming signal pulse duration to insure valid data is stored (array mode) 20 ms
switching characteristics and timing requirements
NO. PARAMETER MIN MAX UNIT
5 te CLKOUT (system clock) cycle time (see Note 13) 200 2000 ns
6 tw(coL) CLKOUT low pulse duration 0.5t — 20 0.5t, ns
7 tw(COH) CLKOUT high pulse duration 0.5t 0.5tc+20 ns
8 td(COL-A) Delay time, CLKOUT low to address, R/W, and OCF valid 0.25%:+40 ns
9 'v(A) Address valid to EDS, CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF low 0.5t~ 50 ns
10 tsu(D) Write data setup time to EDS high 0.75t; — 40t ns
1 th(EH-A) %%%g,s;\ Zx/géggdhg? hold time from EDS, CSE1, CSE2, CSH1, CSH2, 0.5t - 40 ns
12 th(EH-D)W Write data hold time from EDS high 0.75tc+15 ns
13 td(DZ-EL) Delay time, data bus high impedance to EDS low (read cycle) 0.25t, - 30 ns
14 td(EH-D) Delay time, EDS high to data bus enable (read cycle) 1.26t; — 40 ns
15 td(EL-DV) Delay time, EDS low to read data valid te — 65T ns
16 |4EH-D)R Read data hold time from EDS high 0 ns
17 Jtsuwt-coH) WAIT setup time to CLKOUT high 0.25t.+75% ns
18 th(COH-WT) WAIT hold time from CLKOUT high 0 ns
19 td(EL-WTV) Delay time, EDS low to WAIT valid 0.5t - 70 ns
20 tw Pulse duration; EDS, CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF low te— 40t tc+40T ns
21 td(AV-DV)R Delay time, address valid to read data valid 1.5t — 75t ns
22 td(AV-WTV) Delay time, address valid to WAIT valid tc—85 ns
23 td(AV-EH) Delay time, address valid to EDS high (end of write) 1.5t — 401 ns

NOTE 13: tg = system clock cycle time = 4/fy.

T If wait states, PFWait, or the Auto-Wait feature are used, add t¢ to this value for each wait state invoked.
¥ Ifthe Auto-Wait feature is enabled, the WATT input may assume a “Don't Care" condition until the third cycle of the access. The WAIT signal needs
to be synchronized with the high pulse of the CLKOUT signal while still observing the minimum setup time.

o
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external read timing
* ’ W o g T
[

.

»
Address X; 4}(
i
s

—
I‘___.,__.___L__. h‘
21 | |

|

13 —|<—>| | 16 | l

Iq_.— 15 —"‘Lﬂ |

| ] ! ! |

Data 370 Drives Data X Read Data Drive {‘: Regd Data “Bffa‘g,“.f“x 370 Drives
I h———‘ 19— |
e ,‘ 17

'ﬁ 18 |
|

A / \

j
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external write timing

i 5 B e 7 B
| | 6 —pf | i
l— o —b }
Address X nx
| @ | o |
EDS, CSEq, ! r ® ' ’] |
CSE?, CShi, N\ L
CSH2, CSH3, l L lg— 11 |
CSPF (PR _,1' fe 10 N -
I_A_: i 1 23 : ;‘Q_ 12 _‘:_H
T = 1
Data | l /r( —
: 1@__‘_‘\19 _’14_“ I |
17 —pf
g 22l Y 18 :

WAIT /7
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SERIAL COMMUNICATIONS INTERFACE (SCI) INTERNAL CLOCK
ISOSYNCHRONOUS MODE i/0 TIMING

SCI Isosynchronous mode timing characteristics for internal clock (see Note 13)

NO. PARAMETER MiN MAX UNIT
24 ltg(sce) SCICLK cycle time 2t 131,0721 ns
25 tw(sccL) SCICLK low pulse duration tc— 45 0.5te(sce)+4q  ns
26 'w(SCCH) SCICLK high pulse duration te - 45 O-S‘C(SCC)+45 ns
27 t4(SCCL-TXDV)  Delay time, SCITXD valid after SCICLK low — 50 50 ns
28 tv(SCCH-TXD) SCITXD data valid after SCICLK high tw(SCCH) — 50 ns
SCl Isosynchronous mode timing requirements for Internal clock (see Note 13)
NO. PARAMETER MIN MAX | UNIT
29 ‘su(RXD-SCCH) SCIRXD setup time to SCICLK high 0.25to+145 ns
30 ty(SCCH-RXD) SCIRXD data valid after SCICLK high 0 ns

NOTE 13: tg = system clock period time = 4/f.

SCi Isosynchronous mode timing diagram for Internal clock

e 2 g
' — 26—

D25 —f | |

[
SCICLK W

[

| |
27 l— 28 —»!

|

|
V’V‘V’V‘V‘V‘V’V’V"‘
SCITXD QUK Data Valld D e e e e e
TRXIXXIXIXIIR) ‘ (RIXTTXITINR)
SCIRXD QXXX QRLLLLIXLRKLY
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SERIAL COMMUNICATIONS INTERFACE (SCI) EXTERNAL CLOCK

ISOSYNCHRONOUS MODE /0O TIMING

SCI Isosynchronous mode timing characteristics for external clock (see Note 13)

NO. PARAMETER MIN . MAX | UNIT
34 d(SCCL-TXDV) Delay time, SCITXD valid after SCICLK low 40.25tc+145 ns
35 ty(SCCH-TXD) SCITXD data valid after SCICLK high tw(SCCH) ns
SCl Isosynchronous mode timing requirements for external clock (see Note 13)
No. MIN MAX | UNIT
31 te(scc) SCICLK cycle time 10te ns
32 'w(SCCL) SCICLK low pulse duration 4.25t:+120 ns
33 ‘W(SCCH) SCICLK high pulse duration te+120 ns
36 tsu(RXD-SCCH) SCIRXD setup time to SCICLK high 40 ns
37 tv(SCCH-RXD) SCIRXD data valid after SCICLK high 2t ns

NOTE 13: t = system clock period time = 4/fy.

SCl Isosynchronous mode timing dlagram for external clock

¢ 31 B

g
' e 33—
D2 — | |

|
SCICLK w

/1
|
4 k—ss—ﬂl

h-——bi— 3
|
TR — G
soITxD ORI Data Valld Dt e e e e e e
IK— 36 a7

V‘V‘V‘V v’v‘v‘v’v’v‘v‘v‘v’ - .V V"’V’V’V ""V "V‘
SCIRXD (K RXLKKLKKY QLI
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING

SPI master external timing characteristics (see Note 13)

NO. PARAMETER MIN MAX | UNIT
38 te(sPC) SPICLK cycle time 2te 256t ns
39 tw(SPCL) SPICLK low pulse duration te—45 0.5tspcy+4q  ns
40 tw(SPCH) SPICLK high pulse duration te—45 0.5tc(spcy+494  ns
41 td(SPCL-SIMOV)  Delay time, SPISIMO valid after SPICLK low (Polarity = 1) - 50 50 ns
42 tv(SPCH-SIMO)  SPISIMO data valid after SPICLK high (Polarity = 1) tw(SPCH) — 50 ns

SPI master external timing requiremtnts (see Note 13)

NO. PARAMETER MIN MAX | UNIT
43 tsu(SOMI-SPCH) SPISOMI setup time to SPICLK high (Polarity =1) 0.25t.+150 ns
44 ty(SPCH-SOMI) SPISOMI data valid after SPICLK high (Polarity =1) 0 ns

NOTE 13: t; = system clock period time = 4/fy.

SPI master external timing

|
| |
H—Fl— a1 Ik_ 42 ——U'
o I

A‘A’A .A JAVAVAN A‘A ’A‘A‘A‘A‘A‘A’A‘A‘A‘A’A’

R (I N

’A .A’A’A‘A’A‘A .A‘A‘A’A.A.

SPISOMI
X

NOTE 14: The diagram above is for Polarity = 1. SPICLK is inverted from above diagram when Polarity = 0.
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING

SPI master external timing characteristics (see Note 13)

NO. PARAMETER MIN MAX UNIT
48 td(SPCL-SOMIV)s Delay time, SPISOMI valid after SPICLK low (Polarity = 1) 3.25t, + 125 ns
49 tv(SPCH-SOMI)S  SPISOMI data valid after SPICLK high (Polarity =1) W(SPCH)S ns
SPI slave external timing requirements (see Note 13) )
NO. MiN MAX | UNIT
45 te(SPC)S SPICLK cycle time 8t ns
46 tw(SPCL)S SPICLK low pulse duration 4tc — 45 0.5tc(SpC)s+45 ns
47 'w(SPCH)S SPICLK high pulse duration 4t — 45 0.5tc(3p0)5+45 ns
50 tsu(SIMO-SPCH)S SPISIMO setup time to SPICLK high (Polarity = 1) 0 ns
51 tv(SPCH-SIMO)S  SPISIMO data valid after SPICLK high (Polarity = 1) 3te+100 ns
NOTE 13: t¢ = system clock period time = 4/fy.
SPI slave external timing
e s >
| |
| [ a7 —>
| a6 —Pi | |
SPICLK W
|
Ips—»i— 48 fe— 49 —-—————»;
(XXX
SPISOMI | Data Valld '
RSN, | QKRR
I%—~ 50 P
| B r!— 51

TR

SPISIMO - (BN

| Data Valld KX XRLRIRIAR

NOTES: 14. The diagram above is for Polarity = 1. SPICLK is inverted from above diagram when Polarity = 0.
15. As a slave, the SPICLK pin is used as the input for the serial clock, which is supplied from the network master.
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A/D

Converter

The A/D Converter has a separate power bus for its analog circuitry. These pins are referred to as Vgca and
Vsg3. The purpose is to enhance A/D performance by preventing digital switching noise on the logic circuitry
which could be present on Vgg and V¢ from coupling into the A/D analog stage. All A/D specifications will be
given with respect to Vggg unless otherwise noted.

RESOIUtION . ... . 8 bits (256 values)
MONOONIC .. Yes
Output conversion code 00h to FFh (00 for V|<Vggg; FF for V) = Vigf)
Conversion time (excluding sample time) ............... ... ... ... .. . 164t

recommended operating conditions

MIN NOM MAX UNIT
45 5 55
Vees Analog supply voltage ‘ Voo_03 Voo 100 \
Vssa Analog ground Vgg-0.3 Vgg +0.3 \
Vref Non-Vgcga reference (See Note 16) 25 Veces Vega+ 0.1 \
Analog input for conversion Vssa Vryef \
NOTE 16: Vyof must be stable, within 1 1/2 LSB of the required resolution, during the entire conversion time.

operating characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Absolute accuracy (see Note 17) Vcea =55V, Vigf=5.1V 1 LsB
(Dslg:rsgtzsw;u;eg;gl :lg)earlty error Veea =55V, Vigf=5.1 V 405 LSB
Converting 2 mA
Icca Analog supply current Non-Gonverting 5 vy
[] Input current, ANO-AN7 0VsV)s556V 2 bA
Vref input charge current 1 mA
XTALZ/CLKIN < 12 MHz 24 kQ
Zret Source Impedance of Vref 12 MHz < XTAL2/CLKIN <20 MHz 10 | ke

NOTES: 17. Absolute resolution = 20 mV. At Vigf = 5 V, this Is 1 LSB. As V(¢ decreases, LSB size decreases and thus absolute accuracy and

differential/integral linearity errors in terms of LSBs increases.
18. Excluding quantization error of 1/2 LSB.

The A/D module allows complete freedom in design of the sources for the analog inputs. The period of the
sample time is user-defined such that high impedance sources can be accommodated without penalty to
low-impedance sources. The sample period begins when the SAMPLE START bit of the A/D Control Register
(ADCTL) is set to 1. The end of the signal sample period occurs when the conversion bit (CONVERT START)
of the ADCTL is setto 1. After a hold time, the converter will reset the SAMPLE START and CONVERT START
bits, signaling that a conversion has started and the analog signal can be removed.
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analog timing requirements

MIN NOM MAX | UNIT
tsu(s) Analog input setup to sample command -0 ns
th(AN) Analog input hold from start of conversion 18t ns
tw(s) Duration of sample time per kilohm of source impedance (see Note 19) 1 . ps/kQ

NOTE 19: Thevalue givenis valid for a signal with a source impedance greater than 1 kQ. If the source impedance is less than 1 kg, use aminimum
sampling time of 1 [is.

analog timing

[¢———— Analog Stable ———{
| |
In '
I |
—> 'h— teu(s) :
Sample |/ \
Start
' 4——>— th(aN)

R
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MECHANICAL DATA
68-lead FZ cerquad chip carrler package
4,57 (0.180)
P E— B et Seating Plane
(soo‘:!olo A) 2’:: ((21“:50)) (see Note C)
1,02 (0.040) x 46° - |—— B ——»| m | z’.‘z ‘&’;‘Zi’ ;)yp
Henooonoo

17

i : ) 0,81 (0.032) = 051 0020 |

[ oe @) 036 (0012 (at Seatl

i L_ [ 060019 (am::o)ng

[ e T
0,64 (0.025) R

Max Typ 1,016 (0.040) Min
3,05 (0.120)
2,26 (0.080)

=TT

o g g e g o

JEDEC
OUTLINE

NO. OF
TERMINALS

MO0-087AD

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Center line of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points.are planar with 0,15 (0.006).
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68-pin plastic leaded chip carrier package (FN suffix)

L A N » 4,50 (0.177)
r vl 424 (0.167)
1,22 (0.048) o
[z Rt 1380083 o | 2,79 (0.110)
1,19 (0.047) I 2,41 (0.095)
0,939 (0.037)
0,686 (0.027)
pal oo 1 s N e N s I o I e o
Y 0,613 (0.032)
0,860 (0.026)
E ] [ 1,52(0.080) Min
s i —i
0 1 n
A 0 ] ¢ ¥
g ] )
a i 0,64 (0.025) Min
0 il :
4 0,508 (0.020)
y g 2:508 (0.029)
3 [ e e o e 1,27 (0.050) TP, 5,38 (0.014)
0,254 (0.010) R (s00 Noto A)
Max 3 Places B —— Lead Dotall
Seating Plane
(uoN’olo B)
JEDEC NO. OF A i c
OUTLINE TERMINALS MIN MAX MIN MAX MIN MAX
7AB o | 232 o} qz7 | qv9z 416 | 1041 | 1093
e e {0485 | (o405 | (0890) | {oaB) | (0410) | (0430)
 MovitAc 44 1740 | 17,65 | 1600 | 1864 | 1546 | 1600
X (0.685). | {0:895) [ (0.630) | '{0.655) ) 0.610) | (0.830)
2502 | 2527 | 2362 | 2426 | 23,11 | 2362
M0-047AE 68 (0.985) | (0995 | (0.930) | (0.955) | (0.910) | (0.930)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
B. The lead contact points are planar within 0,101(0.004).

Printed in France

)
Texas "3
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001

SPNS010B



CDT370

TMS370 Compact Development Tool

» Complete Development
Solution in One Package.

» Piugs Into IBM XT/AT
or Compatible.

- Emulates TMS370 Family
Members.

- Integrated EEPROM
Programmer.

« Interactive, Windowed
Debugger.

- Real-Time Emulation.

- Shorter Development Cycle.

- Unpack and Begin -
Everything is Provided.

« Quick and Easy to Configure
No Delays.

- Compact and Economic
Development Solution.

- Supports FPM Device
Programmation.

- Optimized User interface,
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CDT370

TMS370 Compact Development Tool

About the CDT370

" The CDT370 offers a low cost but highly
efficient route to TMS370 family development. In
addition, the CDT370 supports programmation of the
new Fisld Programmable Microcontroller (FPM) family
members. Features such as the new interactive win-
dowed debugger, real-time emulation and integrated
EEPROM programmer, all contribute to enhanced
user productivity and consequently a shorter design’
cycle. A 1024 program step reaktime trace facility
is complemented by an on-board timer (upt0 3.5 S.)
for measuring program execution time.

The CDT370 Compact Development Tool
comprises:

- CDT370 Emulator Board.

- Assembler/ Linker for IBM XT/AT or
compatible.

- New windowed debugger for IBM XT/
AT or compatible.

-Complete supporting documentation.

- Target Cable. (specific to each de-
vice).

Once the CDT370is unpacked, development
can start immediately. Everthing required to emulate
the TMS370 family single-chip mode is provided.

The CDT370 is a single-board Compact De-
velopment Tool (CDT) forthe TMS370 family (forthe
TMS370C732 PACT device, use of the XDS22 eX-
tended Development System is recommended). It
is designed to plug-in to the expansion chassis of any
IBM XT/AT or compatible PC and will run under MS-
DOS. Inthis mode, the CDT370 will function without
any external power supply. Once the board is
installed in the PC there remains only the target
system cable to connect and development can begin.
Should there be no free slots in the PC, an RS-232
serial interface is provided. Inthis case an external
+5V supply voltage is required.

Description

The CDT370 comprises two major functional
areas: the master CPU and the SE370C050
emuiator chip. A functional block diagram of the
CDT370 is shown in Figure 1.

Basic control of the CDT370 board is
maintained by the TMS9935 16-bit CPU. This device
communicates with the SE370C050 emulator chip
over an 8-bit data bus buffered by an octal tranceiver.
Resident firmware is stored in a 256K byte EPROM
and an 8K byte RAM provides the necessary
workspace. Communication with the PC is
implemented via a TMS9901 Programmable
Systems Interface (PSI) and TMS93802
Asynchronous Communications Controller (ACC).
The ACC accepts serial data from either a UART
connected directly to the PC bus or an external RS-
232 connector.  The PSI provides interrupt control
fadilities as well as a serial communications link to the
CPU. The data rate automatically defaults to 19,200
Baud but is also software selectable by the user.

The SE370C050 emulator chip emulates all
the features of the TMS370 family (except the
TMS370C732 PACT device). These include four 8-
bit ports, 2 timers, A/D converter, SPland SCI. Real-
time EEPROM emulation, implemented in logic is
also provided. This may be mapped to any part of the
address space and used instead of target system
memory. The SE370C050 may be driven by either
the on-board clock or target cable clock, at the
discretion of the user.

Forthe FPMfamily members, an EPROM and
data EEPROM programmation interface generates
all the necessary signals. These are subsequently
fed into the target cable in order that the target
system connector may be used for programmation.

Operating System

The CDT operating system software is deliv-
ered onthree diskettes and comprises the following
major parts:

- Assembiler/Linker

- Archiver

- Code Conversion Utility

- Interactive Debug monitor and
EPROM programmer.

All the software runs under MS-DOS and is
designed to interact with the user to provide a com-
plete, powerful and easy-to-use development tool.

The interactive nature of the software enables
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[ 0SC. 12Mie I REAL-TIME OSC. UP TO 20MHz
TRACE
‘ MUX TARGET CABLE CLOCK
SERWL
L s 5 PORTS ABCD
[™]  TMS999 BATABUS ) MxcENER(OATABUS WULATOR(:QM'
4| MASTER CPU CHIP AD
SE370C050 SionaLs
2 I
ADDRESS BUS (16)
27C256 8K BYTES —l
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EPROM RAM
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32050 MAX 232
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Figure 1- CDT370 Block Diagram

the user 1o exploit the features of the CDT at maxi-
mum efficiency. Optimization of the man-machine
interface is achieved through an enhanced level of
communication, resulting in better user productivity.

The TMS370 system designer can use any
text editor to generate the assembler source code,
then use the assembly language tools to assemble
and link the executable object code modules. The de-
bugger is used to download the code into target
system or emulator memory for subsequent execu-
tion. After downloading, the powerful window orien-
tated debugger user interface permits a wide variety
of operations to aid the development process.

Assembler/Linker

The TMS370 assembler is a two-pass assem-
bler, creating object code modules in Common Ob-

ject File Format (COFF). The COFF encourages and
facilitates modular programming by allowing the as-
sembler to maintain a Section Program Counter
(SPC) for each section of object code generated.

Powerful assembler directives control various
aspects of the assembly process. These include
source listing format, symbol definition, conditional
assembly blocks, macro library definition and how
the machine code is placed in TMS370 memory
space.

Symbol tables contained in the COFF object
files allow the debugger to provide the user with
symbolic debugging. This supports the setting of
breakpoints using addresses, line numbers or sym-
bols.

The Linker creates executable object modules

AT
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by combining the COFF object files. Several file
types are accepted as input:

- Relocatable COFF object files.

-Command files.

- Archive object libraries.

- Output medules created by a previ-
ous linker.

The lin'ier supports a "C" like command lan-
guage with powerful directives that control memory
configuration, section definition and address binding.

Archiver

The archiver provides file management by
allowing a group of files to be collected into a single
lbrary. Macros can be collected by the archiver, then
fetched by the assembler as directed by the source

file. Object modules can also be collected into a
library for convenient access by the linker.

While not mandatory for program development,
the archiver is a valuable organizational tool in the
building of an executable COFF object file.

Interactive Debugger

Once an executable object module has been
produced by the TMS370 assembler and linker, the
debugger is used to load it into emulator memory and
execute it.

Debugging a system may require intervention
in a number of different areas: the code being exe-
cuted; the registers of the target machine; the vari-
ables in the progam; etc. The TMS370 Debugger
displays this data in a set of windows on the screen.

- Full access to symbol tables.

- A line-by-line patch assembiler.

- 1024 Program step trace.

- Timer/Counter upio 3.5 seconds.

TMS370 Interactive Debugger Features
- Window orientated user interface with menu-driven command structure.

- Ability to change and display registers and memory.

- A symbolic reverse assembler that displays object code.
- Full symbolic expression analysis that recognizes all assembly language operators.
- Full control of microcomputer execution, including single-step.

- Software breakpoints that halt execution at selected addresses.

- Continuous run mode, allowing above features to be used while the MCU is running

- Memory mapping that allows appropriate configuration of emulator memory.

&
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Each window contains information pertinent to one
aspect of the debugging process. The user can move
from window to window to perform specific opera-
tions such as moving tothe code window to examine
code or moving to the CPU register window to clear
aregister.

The windows are designated:
Code Display CPU Registers .
Rtile Stack EPROM Programmer

The windows are based on virtual buffers in
the debugger. The debugger therefore keeps track

the new values are highlighted so that they are easily
identified on the screen.

In addition to the various windows, the top line
of the entry level debugging screen shows a menu of
single-letter command options. Inthe second line a
display of current system status is shown The bottom
line shows the active function key assignements.

The command language is designed to be
both simple for the inexperienced user and efficient
for the expert. This is accomplished by limiting
command menus to just one or two levels, so that
almost all debugger functions canbe controlled by a

Debug: Display eXecute Halt Mem Bpoint Config Trace Load mOdule Reg Eval Prog —>

code
WRLOOP:
7027 AB0100 MOV A, : 00100H(B)
702A B3 INC A
702B. C3 INC B
702C SDFC CMP #0FCh,B
702E 0657 JNZ WRLOOP
7030 420302 MOV Ro03, R02
7033 C5 CLR B
RDLOOP:
7034 AA0100 MOV :00100H(B),A
display
TMS370: 370 USI Debugger v1.00

370 CDTv1.00

Copyright © 1991 Texas Instruments, Inc.

F1 Inspect

CPU : HALTED
cpu registers ———————

PC 702A SP42 ST cnzv2i

A 3A B 47 00 000000

rfile stack
RO2 EE RO3 F3 SP (42) 1E
R0O4 00 RO5 00 - 1(41) 70
RO6 00 RO7 00 - 2(40) 00
RoO8 00 R09 00 - 3(3F) 00
ROA 00 ROB 00 - 4(3E) 00
ROC 00 ROD 00 - 5(3D)00
ROE 00 ROF 00 - 6(3C) 00
Ro10 00 RO11 00 - 7(3B) 00
RO12 00 R013 00 - 8(3A) 00
RO14 00 -RO15 00 - 9(39) 00

:expfessk)ns:

CP21 04Ah
CP43 04Bh
CP65 04Ch
INPUTCTL 04Dh
WDKEY 04Eh
RESOL 04Fh
ERRORMSG 000h

F9Update F10Help

Interactive Debugger - Top Level Screen

of more information than is actually displayed in a
given window. This allows the user to scroll the
window up or down very quicklybecause the debug-
ger does not need to request the required data from
the CDT. The windows are automatically updated
whenever the microcontroller stops running, or by the
modify command. When the values change in a
window conaining register or memory information,

simple two-letter command with no wasted key-
strokes.

The ten function keys complement the com-
mand language by providing additional control of the
debugger itself. Function keys are used to scroll
windows up and down, and to move between win-
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dows etc. The actual function keys displayed and
available at any particular time are activity depend-
ent.

During execution, several modes of fixed dis-
play are available - a hex display of all register and
peripheral files for example, or a binary display of the
peripheral ports. While using afixed display, subse-
quent execution to a breakpoint or execution of a
single instruction step will overwrite the old data on
the screen with new data. A programmable line of up
to six registers or peripheral locations is provided for
display with breakpoints and instruction steps.

Code Window

Located in the upper left-hand comer of the
screen, the Code Window is dedicated to displaying
the code being debugged. The code in this window
is disassembled from object code in memory.

The disassembler uses the symbol table and
with the exception of relocatable register symbols,
inserts labels into the disassembly, whenever pos-
sible. The instruction at the current PC value is iden-
tified with a highlighted address. Instructions at
which simple breakpoints have been set are also
identified.

CPU Registers Window
Five TMS370 registers (A, B, PC, SP and ST)

are displayed in the CPU registers window located in
the upper right hand corner of the screen. This

window cannot be scrolled but the register contents .

may be modified.
Display Window
This window is located in the lower left corner

The functions (F Keys) available depend on what
is currently being displayed.

Configure Window Displayed ltems
Inspect or Change
Run Mode (run/continuous)
Clock Source (target/osc)
Inspect Only
Device Mode (nprocessor/pcomputer)
Clock Period
Configure Commands
Memory Map Configure the memory map
Load Load memory map from file
Save Save memory map to a file
Reset Reset all memory ranges to device default
Device Select Select a standard TMS370xx device
Reset Reset the TMS370 device
Colours Run the Colour Setup utility (DBSETUP)
Programmation Device Programmation Menu
Start Start device programmation
Abort Abort device programmation
Verify Verify device memory
Dump Dump device memory
Blank Check device memory is blank

TMS370 Debugger - Configuration and Programmation Commands

%TEXAS
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Register File Window

The register file window is located on the left,
under the CPU registers and displays the contents of
20 of the registers from the registerfile. This window
canbe scrolled up and down in order to see different
areas of the register file as well as modify the
contents of any register shown.

Stack Window
The stack window, located to the right of the

register file window, contains the contents of the
current program stack. The stack window differs

from the register file window in that a) when updated,
the stack window automatically changes the display
to reflect the offset of each register from the current
top of stack, and b) the registers are displayed in
reverse order, so that "higher” on the stack (ie. closer
tothe top-of-stack ) corresponds to higherin the win-

dow.

Expression Window

The expression window, located in the lower
right hand corner of the screen is used to display

expressions specified by the user.

Top Level Commands

Display Fill the Display Window
Memory Display any memory location
Pregs Display peripheral registers
File Display a file
Symbol Display current module's symbols
mOdules Display modules
Clear Display system revisions

eXecute Run or Single-step the CPU
Instruction Single-step instruction
Statement Single-step statement (special for CALL)
Loop Single-step once through a loop
While Single-step while expression is true
Until Single-step until expression is true
Function Single-step until RTS or RTl is encountered
Go Run from current PC
Reset Software reset and run
tArget reset/run Wait for target to be reset, then run
Trace/Timer Inspect trace samples

TMS370 Debugger - Top Level Commands

INSTRUMENTS
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Register Modify a register
Memory Modify or fill memory
Modify Modify a memory location
Fill Fill a range of memory with a value
Assemble Invoke symbolic line by line assembler
Breakpoint Change code breakpoint settings
Add Add a simple breakpoint
Delete Delete a simple breakpoint
Remove all Remove all simple breakpoints
Load Load simple breakpoints from file
Save Save simple breakpoints to a file
Evaluate Evalute an expression
Configure Configure the debugger (see below)
Trace/Timer Inspect trace samples
Position Position trace screen at a specific sample
Top Position trace screen at top of trace buffer
Bottom Position trace screen at bottom of trace buffer
Save Save trace buffer to a file
eXecute Start the CPU
Load Load a file
mOdule Set the current module
Halt Halt the CPU if running
System Temporary escape to the operating system
Quit Exit from the debugger

TMS370 Debugger -

Top Level Commands Cont.

PART # CMF 180

*p
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Additional member of TMS7000 Family
- TMS70C82 Prototyping Device

Texas
INSTRUMENTS

- Low-Volume Production Support Option J;;: ?::&E
- Register-to Register Architecture
- TMS7000 Instruction Set Compatible BsRW[]1 © Vss
- Eight Powerful Addressing Formats B7/CLKOUT ]2 86/ENABLE
BO/T20UT(]3 B4/ALATCH
CMOS Technology suTI0UT[]e 83/TXD
- Low Power Modes B2[s MC
Ao(Je c7
8K-Byte On-Chip EPROM with Programming A c6
Procedure Compatible with TMS27C64 A2s cs
A3[]e ca
Operating Range Ag4/scLk ] c3
- Voltage (Vcc) 3V — 6V A7/EC1[] cz2
- Frequency 0.5 MHz to 6.0 MHz _W_TJE a1
- Temperature -40°C to 85°C iNT1[] co
RESET[] DO
Flexible Memory Configuration AB’ECZE D1
- 256-Byte On—-Chip RAM Register File AS/RXD vee
- Memory-Mapped ports XTAL2/CLKIN{] D2
- Memory Expansion to 64K Bytes xTAL ] 03
o7(] D4
32 CMOS Compatible I/0 Pins o6 (] 0s
- 24 Bidirectional Pins
- 8 Output Pins
FJ PACKAGE
Three On—-Chip Timers: (TOP VIEW)
- Two cascadable 16-Bit Timers with 5-Bit - :
Prescale and 16-Bit Capture Latch 5 5 8 ; o
-~ One 8-Bit Timer with 2-Bit Prescale OOoxi|zg [€<Q
~ Internal Interrupt with Timer Reload EC0R wo T u
VB rwvogsoy
ZooDODO>DD @S
on—chip Serial Port (—??????ﬁﬁﬁﬁ%_
— Flexible Data Protocols °
~ Internal or External Baud Generator Ao (7 3fjvss
—~ Asynchronous, Isoynchronous and Serial Al (e 38§C7
1/0 Modes A2 (e 37fjce
~ Two Multiprocessor Communication A3 (|10 36{jCs
Formats A4/SCLK [ 11 3sfjca
A7/ECT [ 12 34fjc3
Flexible Interrupt Handling INT3 {3 33fjc2
- External Interrupts Programmable for NT1 [|1e kH I[o)
Edge or Edge/Level Triggerring and RESET [ 15 3rfco
Rising or Falling Edge Detection AB/EC2 [} 16 3000
~ Priority Servicing of Simultaneous NCq? 23)101
Interrupts 1819 20 21 22 23 24 25 26 27 28
~ Global and Individual Interrupt Masking hdreshindhaulvdarbrndukioderdend
D2~V NN OND
X% geowoooo o
Development Support @ o %
- Low Cost Evaluation Module «n
- Full feature Development System hat
~ Assembler/Linker Cross Support for Popular x
Hosts
Edition ‘1991 l Copyright - 1988 Texas Instruments
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description

The TMS77C82 is an EPROM version of the 8-bit TMS70C82 microcomputer. The TMS77C82
contains 8K bytes of on-chip EPROM and is completely software and pin compatible
with the TMsS70c82. other features include 256 bytes of on-chip RAM, a flexible
serial port (UART), three timers programmable sense interrupts, eight addressing
formats, and the same advanced register-to-register architecture that allows
direct register arithmetic and logical operations without requiring the use of an
accumulator (e.g Add R37, R228; add register 37 to register 228 and store the
result in register 228).

The TMS77c82 is ideal for low-power applications, and for designs where program
constraints are likely to change periodically. The cMOsS fabrication, coupled with
high performance CPU and internal peripherals, allows flexible system designs in
industrial, automotive, computer and telecommunications applications. oOther uses
of this device include prototyping capabilities for the TMS70C82 and a low-volume
alternative to masked ROM parts.

The 16-bit timers, with their associated 5-bit prescale, 16-bit capture latch, and
timer outputs, simplify A/D conversions, pulse width measurements and other time-
critical application designs. For real-time applications where accuracy over long
periods is essential, the Timer 1 output may be cascaded into the Timer 2 inputs
to effectively form one 42-bit timer.

The unique serial port can operate in any one of these three modes: Asynchronous,
Isosynchronous, or Serial 1I/0. Additional features of the serial port include a
selectable protocol (data bits, parity, and stop bits). Internal or external baud
rate generation and error detection flags. Direct networking for processor-to-
processor communications is also supported through two multiprocessor protocols.

There are six prioritised interrupt levels on the TMS77C82. Level 0 is the nonmas-
kable reset, level 2 is associated with Timer 1, level 4 is associated with the
serial port (receive, transmit and Timer 3), and level 5 is generated by Timer 2.
Levels 1 and 3 are external interrupts with programmable edge/edge and level trig-
gering, and rising/falling sense detection. All interrupts are routed through a
user—-defined vector to the appropriate service routine; therefore, each service
routine can be located anywhere in the TMS77¢82 address space. There is a global
interrupt enable bit in the status register as well as individual interrupt enable
bits for interrupts 1 through 5. The TMS77C82 can be programmed like any Texas
Instruments TMS27C64 on a wide variety of PROM program with the aid of an adaptor
socket (see pages 40 and 41 for schematics. Contact your PROM programmer manufac-
turer or local TI field sales office for programming support. The TMS77C82 also
contains an EPROM integrity feature called the R bit, which may be used to disable
external access to the EPROM. Once the Rbit has been programmed, the contents of
the EPROM cannot be modified and only 1s can be read externally from the EPROM.
The only way to modify the R bit protection is to completely erase the contents.

If power consumption is critical, the TMS77C82 can idle selectable sections of the
microcomputer(e.g. Timer 1, Timer 2, or UART) and use power only when needed. Also
the entire processor can be halted while retaining the 256 bytes of internal RAM.

The TMS77C82 instruction set is identical to that of all TMS7000 family members,
allowing easy transition between members.

TeExas ‘R?
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functional block diagram
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pin descriptions

OPERATION MODES EPROM MODE
PIN NO.
SIGNAL /]¢] DESCRIPTION SIGNAL o DESCRIPTION
LCC | DIP
AO (LSb) 7 8 | /O | AO-A7 sre general-purpose bidirectional pins. A7 [} A3-A7, A12 are address
Al 8 71 wo A6 i lines.
A2 9 8 | o A5 1
A3 10 8 | O A4 |
A4/SCLK i1 10 { VO | Data 1/0/Serial port clock A3 [}
A5/RXD 18 16 | 1/O | Data i/O/Serial port receiver A12 1
AB/EC2 16 15 | I/O | Data I/O/Timer 2 event counter PGM | Program
A7/ECHY 12 1" /O | Data 1/O/Timer 1 event counter [ | Output enable
BO/T20UT 3 3 (o) BO-B3 are outputs. B4-B7 sre outputs in Single-Chip mode and memory interface pins in
B1/T10UT 4 4 [o] all other modes. BO and B1 are outputs for Timer 2 and Timer 1.
B2 6 5| O
B3/TXD 41 37 | O | Data output/Serial port trensmitter
B4/ALATCH 42 38 [o] Data output/Memory interface address latch strobe
BS/R/W 1 1| O | Date output/Memory read/write signal
B86/ENABLE 43 39 | O | Datas output/Memory interface enable strobe
B87/CLKOUT 2 2 | O | Data output/internal clockout
co 31 28 | 1/O | Port C is 8 bidirectional data port. In [o}} 1/0 | Q1-Q8 are bidirectional
c1 32 29 | /0 | Microprocessor, Peripheral-Expansion, and Q2 1/0 | data lines.
Cc2 33 30 | /0 | Full-Expansion modes, Port C is a multiplexed Q3 [1{e]
c3 34 31 | 1/0 | low address and data bus. Q4 110
c4 35 32 | 11O Q5 /]
C5 36 33 | WO Q6 1710
cé 37 34 | /O Q7 110
c7 38 35 | 110 Q8 110
DO 30 27 | /O | Port D is a bidirectional data port. In AB | AO0-A2 end
D1 29 26 | 1/0 | Microprocessor and Full-Expansion modes, A9 1 AB-A11 are
D2 27 24 | 1/O | it is the high address bus. Al | address lines.
D3 26 23 | O A10 I
D4 25 22 110 E i Chip enable
0% 24 21 110 AO [}
o1} 22 20 | VO Al |
D7 ¥al 19 | VO A2 I
NT1 14 13 1 Highest priority maskable external interrupt
INY3 13 12 i Lowest priority maskable external interrupt
RESET 15 14 | 1 | Reset GND Vgg for EPROM mode
MmC 40 36 U Mode control pin, Vcc for Microprocessor Vep Program enable
mode 12.5 V to program
(0 V to verify)
XTAL2/CLKIN 19 17 | Crystal input for control of internal oscillator GND Vgg for EPROM mode
XTAL1 20 18 (o] Crystal output for control of internal oscillator
Ve 28 25 Supply voltage (positive) vee Supply voltage (6 V)
Vss 23 40 Ground reference GND Ground reference
39
44

TEW&S‘?
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architecture

memory modes

The TMS77C82 has four different operating modes, allowing the optimization of the on-chip versus off-
chip memory for each application. These modes are Single-Chip, Peripheral Expansion, Full Expansion, and
Microprocessor. The tables below show the pin conditions that must be met for each mode, the number
of 1/0 pins, and the amount of external address space available in each of the different modes. To enter
the EPROM mode, the RESET and XTAL2 pins must be held low.

OPERATION MODES EPROM EPROM
MODE SELECT S| - Ri A OGRAMMING | VERIFY
SELEC INGLE PERIPHERAL FULL MICROPROCESSOR PROG
CHIP EXPANSION EXPANSION MODE MODE
1/0 CONTROL] BIT 7 0 0 1 X X X
REGISTER | BIT 6 0 [ 0 X X X
MODE CONTROL PIN Vgs Vss Vss Vee Vpp Vss
RESET PIN vee vee vee vee Vss Vss
XTAL2 PIN N/A N/A N/A N/A Vss Vss
X — Don't cere
N/A — Not applicable
PERIPHERAL FULL
SINGLE-CHIP MICROPROCESSOR
EXPANSION EXPANSION
1/0 Pins:
Bidirectional 24 16 8 8
Output only 8 4 4 4
Expansion Bus:
Address only lines o] (o] 8 8
Multiplexed Address/Data lines 0 8 8 B
Control lines 0 4 L) 4
Memory Space:
RAM 256 256 256 256
EPROM 8192 8192 8192 (o]
internal Peripheral File 28 25 23 23
External Peripheral File 0 231 233 233
External Memory 1] 56832 65024

tThe first six bytes of masked ROM are reserved for Tl internal use.

Texas
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memory map

>0000

>0100
>011C

>0200

>E000

>FFFF

SINGLE-CHIP

PERIPHERAL
EXPANSION

FULL
EXPANSION

MICROPROCESSOR

REGISTER FILE

ON-CHIP PERIPHERALS (TIMERS, INTERRUPTS, /0 PORTS, SERIAL PORT)

NOT
AVAILABLE

PERIPHERAL EXPANSION

ON-CHIP PROGRAM EPROM, BK BYTES

MEMORY
EXPANSION

SINGLE-CHIP

PERIPHERAL
EXPANSICN

FuLL
EXPANSION

MICROPROCESSOR
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peripheral memory map

REGISTER ADDRESS NAME NOTE FUNCTION
PO >0100 IOCNTO 3 Interrupts 1, 2, and 3, expansion mode control
P1 >0101 IOCNT2 Polarity and edge/level control for INT1 and iNT3
P2 >0102 IOCNT1 3 Interrupts 4 and 5
P3 >0103 - Reserved
P4 >0104 APORT A port data vaiue
PS5 >0105 ADDR A port direction register
P6 >0106 BPORT 1 B port data value
P7 >0107 - Reserved
P8 >0108 CPORT 1 C port data value
P9 >0109 CDDR 1 C port direction register
P10 >010A DPORT 2 D port data value
P11 >0108 DDDR 2 D port dwection register
P12 >010C TIMSDATA 3 Timer ¥ MSB reload register/MSB readout latch
P13 >010D TI1LSDATA 3 Timer 1 LSB reload register/LSB decrementer value
P14 >010E TICTLY 3 Timer 1 control register 1/MSB readout latch
P15 >010F TI1CTLO 3 Timer 1 control register 0/LSB capture latch value
P16 >0110 T2MSDATA 3 Timer 2 MSB reload register/MSB readout latch
P17 >0111 T2LSDATA 3 Timer 2 LSB reload register/LSB decrementer value
PiB >0112 T2CTLY 3 Timer 2 control register 1/MSB readout latch
P18 >0113 T2CTLO 3 Timer 2 control register O/LSB capture latch value
P20 >0114 SMODE Serial port mode control register
P21 >0115 SCTLO Senal port control register 0
P22 >0116 SSTAT Serial port status register
P23 >0117 T3DATA 3 Timer 3 reload register/decrementer value
P24 >0118 SCTL1 Senal port control register 1
P25 >0119 RXBUF Receiver buffer
P26 >011A TXBUF Transmitter buffer
P27 >0118 - Reserved
P28-P255 >011C- >01FF - Peripheral expansion
NOTES. 1. PB. P9, and the most sigrificant nibble of P6 become off-chip in Peripheral Expansion. Full Expansion. and Microprocessor modes
2. P10 and P11 become off-chip in Full Expansion and Microprocessor modes All other addresses between PO and P27 inclusive

3

remain on-chip in all expansion modes

Exercise caution when using logical instructions {e.g . ANDP, ORP, XORP) on these registers because of the different read/write

functions

interrupt priorities

The TMS77CB82 has five interrupt levels plus RESET. These levels are defined as follows:

Level 0:

Level 1 (INT1):
Level 2 (INT2):
Level 3 (INT3):
Level 4 (INT4):
Level 5 (INT5):

RESET (highest priority)
External, user-defined, software programmable control over edge/level triggering and

polarity
Timer 1

External, user-defined, software programmable contol over edge/triggering and

polarity

Serial port TX ready, RX full, or Timer 3

Timer 2

Texas
INSTRUMENTS
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device Initialization

interrupt level O (RESET) cannot be masked and will be recognized immediately, even in the middle of
an instruction. To execute the level O interrupt, the RESET pin must be held low for a minimum of 1.25
internal clock cycles (tg(C)) to guarantee recognition by the device. During assertion of the RESET pin,
the following conditions for the indicated locations occur.

PF LOCATIONS LOCATION RESET RESULT

PS5, P9, P11 Data Direction Registers Set to all Os (poﬁs are inputs)

P4, P8, P10 Port A, C, D Output Data Flip Flops Not affected

P8 Port B Output Data Flip Flops Set to all 1s

PO, P1 IOCNTO, I0CNT2 Set to all Os (Bits 7, 6, 3, 2, 0, and IOCNT2 are indeterminate)

NOTE: INT1FLG-INT3FLG are cleared

P2

I0CNT1 Bits 3, 2, O sett0o O

Bits- 7, 6, 5, 4, 1 not affected
NOTE: INTAFLG is not cleared
NOTE: INTSFLG is cleared

SCTLO Bits 7, 2, 1,0 setto O
Bit 6 setto 1
Bits 5, 4, 3 not affected

P22

SSTAT Bits 6, 1 set 10 O
Bits 2, O set to 1
Bits 7, 5, 4, 3 not stfected

P24

SCTL1 Bits 6, 5,4, 3, 2setto O
Bits 7, 1, O not affected

P14

TiCTLY Bit 6 setto O
All others not affected

P18

T2CTLY Bits 7, 6 set to O
All others not affected

CPU REGISTERS RESET RESULT
Status Register Cleared
Stack Pointer Loaded with >01
Program Counter Old MSB, LSB loaded into Register A and B
PC loaded with reset vector

1/0 control registers

The 1/O control registers are located in the Peripheral File and are responsible for memory mode definition
and interrupt control. In the following figures, each bit in the I/O control registers is defined.

The.|NTn FLAG values are independent of the INTn ENABLE values. Writing 8 1 to the INTn ENABLE will
not clear the INTn FLAG. Writing a 1 to the INTn CLEAR bit will clear the corresponding INTn FLAG, but
writing a O to the INTn CLEAR bit has no effect on the bit.

X3
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JOCNTO 0 = iNT3 Inactive
PF number = PO 1 = INT3 Pending
Address = >0100 0 = INT2 Inactive
1 = INT2 Pending
0 = INT1 Inactive
1 = iNT1 Pending
7 6 5 4 3 2 1 [}
READ MEMORY | MEMORY INT3 INT3 INT2 INT2 INT1 INTY
moDE 1 | MODE O | FLAG | enaBLE FLAG | ENABLE | FLAG | ENABLE
Reset Values | O [/ o 0 ] 0 o l (1]
MEMORY | MEMORY INT3 INT3 INT2 iNT2 INT1 INT1
WRITE MODE 1 | MODE 0 CLEAR ENABLE CLEAR ENABLE CLEAR ENABLE
7 6 5 4 3 2 1 0
{ 0 = INT1 Disabled
1 = iNT1 Enabled
0 = No Effect
00 = Single-Chip 1 = Clear INT1 Flag
01 = Peripheral 0 = INT2 Disabled
Expansion 1 = INT2 Enabled
10 = Full 0 = No Effect
Expansion 1 = Clear INT2 Flag
11 = Undefined 0 = INT3 Disabled
1 = INT3 Enabled
L__ O = No Effect

1 = Clear INT3 Flag

FIGURE 1. /0O CONTROL REGISTER 0 (IOCNTO)

JOCNT1 0 = INTS Inlc(!vn
PF number = P2 1 = INT5 Pending
Address = >0102 0 = INT4 Inactive
r1 = INT4 Pending
7 [ 5 4 3 2 1 0
° 0 INTS INTS INT4 INT4
AEAD 0 0 FLAG | ENABLE | FLAG | ENABLE
Reset Values | x X l X l X l ] ) I X 0
INTS INTS INT4 INT4
X
WRITE X X X CLEAR | ENABLE | CLEAR | ENABLE
7 [] [ 4 3 2 1 0
X = No Effect f 0 = INT4 Disabled
1 = INT4 Enabled
0 = No Effect
1 = Clear INT4 Flag
0 = No Effect 0 = INT5 Disabled
1 = Clear INT5 Flag 1 = INT5 Enabled
FIGURE 2. /O CONTROL REGISTER 1 (IOCNT1)
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0 = Active Low/Falling Edge

1I0CNT2
1 = Active High/Rising Edge

PF number = P1

Address = >0101 0 = Edge and Level Sensitive
1 = Edge Only Sensitive
7 6 5 4 3 2 1 0
READ OR X INT3 INT3 INTY INTY
WRITE x e0Ge |eotamTy] X X EDGE |POLARITY

rvanes [ ] [31 5] [o] [x1 [x1 [F] [©]

X = Indeterminate

| O = Active Low/Falling Edge
1 = Active High/Rising Edge

0 = Edge and Level Sensitive
1 = Edge Only Sensitive

NOTE 4: When changing the sense of INT1 or INT3, the interrupt will become active (set the FLAG bit and interrupt the CPU if enabled)
if the level present at the interrupt pin corresponds with the new sense selected. Also, the corresponding capture latch will be loaded.

FIGURE 3. /O CONTROL REGISTER 2 (IOCNT2)

programmable timer/event counter

The TMS77C82 features three on-chip timers with individual start/stop control bits. Timer 1 {(shown in
Figure 4) and Timer 2 (shown in Figure 7) consist of a 16-bit readable decrementer with a 16-bit reload
register, 8 16-bit capture latch, and a 5-bit prescaler with a 5-bit reload register. Timer 3 consists of an
8-bit readable decrementer with an 8-bit reload register and a 2-bit prescaler with a 2-bit reload register.
Timer 3 can be used as & general-purpose timer or as a baud rate generator for the serial port.

most significant byte readout latch

This latch is shared between the most significant byte (MSB) of the decrementer and the MSB of the capture
latch. it allows the complete 16-bit value of the decrementer or the capture latch to be sampled at one
moment. The least significant byte (LSB) must be read first, which causes the MSB to be simultaneously
loaded into the readout latch.

There is only one readout latch for each timer, but the same latch can be read from two addresses for
easier programming (see the diagrams for Timer 1 and Timer 2).

Timer 1 MSB readout latch can be read from both P12 (>010C) and P14 (>010E). Similarly, Timer 2
MSB readout latch can be read from both P16 (>0110) and P18 (>0112).

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

The order of 16-bit read operations should be:

Timer 1:
Decrementer: P13 then P12, or P13 then P14
Capture latch: P15 then P12, or P15 then P14

Timer 2:
Decrementer: P17 then P16, or P17 then P18
Capture latch: P19 then P16, or P19 then P18

TeExas “’)
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timer 1 schematic diagram

A schematic diagram of Timer 1 is shown below. For clarity the details of the clock source selection and
the power reduction mechanism are covered in Figure 6, Timer 1 Control Registers.

1

P15 5 o 0\; o——————Aa7
PRESCALER 7L°1|/c 0|
RELOAD REGISTER I 1 170
| |
: 5.-BIT (. |
| PRESCALER T1CTLO.7 | ~4 fosc
(START) |

7] . L]

TICTLO6
8.BIT LSB 7L°|(°——* UNDERFLOW (SOURCE)

RELOAD REGISTER |

A 1 P13 8 P15
8-BIT LSB 7 °|° > 8-BIT LSB

P12 o : DECREMENTER CAPTURE LATCH

|

8-BIT MSB | UNDERFLOW I—-- INT3
RELOAD REGISTER |
|

|

|

INTERNAL BUS 1 8.BIT MSB 8 8-BIT MSB 8
: DECREMENTER CAPTURE LATCH
|

1

RELOAD PULSE ,
|

O]
|
READ LSB OF __} L READ LSB OF

SET INT2 FLAG, IOCNT0.3 DECREMENTER 1 CAPTURE LATCH

<

o0—

TOGGLE B1 1F T10UT P12
IS SELECTED, T1CTL1.6 = 1 MSB READOUT

or
P14 LATCH

CASCADE OUT TO TIMER 2

INTERNAL BUS

FIGURE 4. TIMER 1 SCHEMATIC DIAGRAM
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timer 1 control registers

TIMSDATA P12 >010C TILSDATA P13 >010D
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
READ MSB READOUT LATCH LSB DECREMENTER VALUE
WRITE MSB RELOAD REGISTER LSB RELOAD REGISTER

v I NN FAHKNFRRKNFFRF[AFRKF R R

X = Indeterminate

FIGURE 5. TIMER 1 DATA REGISTERS

TicTLy Pia >010E
7 6 5 4 3 2 1 0

READ

MSB READOUT LATCH

WRITE

Reset Values

T10UT
X X X X X x X

(0]

L 0 = Data register bit B1

1 = T10UT: toggles B1 when T1 decrements through 0

TiCTLO P15 >010F
7 6 5 4 3 2 1 0

READ

LSB CAPTURE LATCH

WRITE

START | SOURCE | T1HALT PRESCALER RELOAD REGISTER

Reset Values

=] ] ] [ [x] [x] [5]

(] l
L X = Indeterminate
1]

= Timer 1 remains active during IDLE
1 = Timer 1 will halt during IDLE
0 = Internal clock source fogc/4
1 = External clock source from A7/EC1
0 = Stop timer, hold current count value,
ond clear INT2 FLAG
1 = Reloads prescaler and decrementer
end begin decrementing

FIGURE 6. TIMER 1 CONTROL REGISTERS

i
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timer 2 schematic diagram

A schematic diagram of Timer 2 is shown below. For clarity the details of the clock source selection and
the power reduction mechanism are covered in Figure 9, Timer 2 Control Registers.

T2CTLO.7
(START) == 1

P1o] °

5
PRESCALER  [7-O10- * i ) , o

RELOAD REGISTER |
T2CTL1.7? =—

] |
! |
: 5.BIT (CASCADE| i
H PRESCALER | t2071i06——4—- -4 fosc
P17 . L_————/] (SOURCE)
8.8IT LSB 7"°‘| 0—] UNDERFLOW CASCADE OUTPUT
RELOAD REGISTER { OF TIMER 1
. 1
P17 8 P19
. 8-BIT LSB —740“/0*" 8-BIT LSB
P16 DECREMENTER | CAPTURE LATCH
8
L
seirmss |70} UNDERFLOW |y,
RELOAD REGISTER |
|
INTERNAL BUS 8.BIT MSB 8 8-BIT MSB 8
DECREMENTER O—*1 cAPTURE LATCH
RELOAD PULSE
| |
READ LS8 OF .} | ReaDisB OF
SET INT5 FLAG, IOCNT1.3 DECREMENTER CAPTURE LATCH
P16
'TSO;;&L:C:S 'FTHO‘” o | msB READOUT
D. T2CTL1.6 = 1 o LATCH

INTERNAL BUS

FIGURE 7. TIMER 2 SCHEMATIC DIAGRAM
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timer 2 control registers

T2LSDATA P17 >0111

T2MSDATA P16 >0110
5 4 3 2 1 0

7 6 5 4 3 2 1 0 7 6

READ MSB READOUT LATCH LSB DECREMENTER VALUE

WRITE MSB RELOAD REGISTER LSB RELOAD REGISTER

mreservawes [X] ] 6] B B ] X1 K1 [ [} (] B B [K B [x]

= Indeterminate

FIGURE 8. TIMER 2 DATA REGISTERS

T2CTLY P18 >0112

7 6 5 4 3 2 1 0
READ MSB READOUT LATCH
WRITE [CASCADE| T20UT
X X X X X X
Reset Values ] I 0 l

LO = Data register bit BO

1 = T20UT: toggles BO when T2 decrements through 0

0 = Clock determined by SOURCE bit
1 = Clock source is Timer 1 reload signal

T2CTLO P19 >0113

7 6 5 q 3 2 1 0
READ LSB CAPTURE LATCH
WRITE START SOURCE | T2HALT PRESCALER RELOAD REGISTER
Reset Values 0 | X | I l I I I I l l l

I X = Indeterminate
= T2 remains active during IDLE

' = T2 will halt during IDLE

O = Internal clock source fo4c/4
1 = External clock source trom A6/EC2

0 = Stop Timer 2, hold current velue. end clear INTS FLAG
1 = Reload prescale and decramenter and begin decrementing

FIGURE 9. TIMER 2 CONTROL REGISTERS

*
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timer 1 and timer 2 clock source

TIMER 1 CLOCK SOURCES

T1CTLO cLOCK
BIT 6 SOURCE MODE
(SOURCE)
0 1osc/4 RTC (Rea! Time Clock)
1 A7, External EC (Event Counter)

TIMER 2 CLOCK SOURCES

T2CTLO T2CTL1
BIT 6 BIT?7 cLock MODE
SOURCE
(SOURCE) |(CASCADE)
0 0 Tosc/4 RTC
1 4] A6, External EC
X 1 Reload Signal of Timer 1 CASCADE

Bit 7 of timer control registers TICTLO and T2CTLO is the START bit for Timer 1 and Timer 2, respectively.
When a O is written to the START bit, the timer chain is disabled and frozen at the current count value,
and Timer 1's INT2 FLAG or Timer 2's INT5 FLAG is set to 0. When a 1.is written to the START bit,
regardless of whether it was a O or a 1 before, the prescaler and counter decrementers are loaded with
the corresponding latch values, and the Timer/Event Counter operation begins.

When the prescaler and counter decrement through zero together, aninterrupt flag is set and the prescaler
and counter decrementers are immediately and automatically reloaded with the corresponding values from
the reload registers, and counting continues. The interrupts generated by the timers are INT2 for
Timer 1 and INT5 for Timer 2.

Timers 1 and 2 each have a 16-bit capture latch which ““captures’’ the current value of the counter whenever
the appropriate input capture signal is generated. The capture latch values for Timer 1 and Timer 2 are
loaded on the active edges of INT3 and INT1, repsectively, whether or not the interrupts are enabled. Both
capture latches are disabled during the IDLE instruction when their corresponding timer HALT bits are 1.

event counter (EC)

When Timer 1 or Timer 2 is in the EC mode, pins A7 and A6 are the decrementer clock sources for
Timer 1 and Timer 2, respectively. The maximum clock frequency on A7 or A6 in the EC mode must not
be greater than fggc/4. The minimum pulse width must not be less than 1.25 machine cycles (t¢(C)). Each
positive pulse transition decrements the count chain.

timer output function

A timer output function exists on both Timer 1 and Timer 2 that allows the B1 and BO outputs, respectively,
to be toggled every time the timer decrements through zero. This function is enabled by the T10UT bit
and T20UT bit (bit 6) in timer control registers TICTL1 and T2CTL1.

When operating in the timer output mode, the BO and/or B1 output cannot be changed by writing to the
B port data register. Writing to the respective timer's START bit will reload and start the timer, but will
not toggle the output. The output will toggle only when the timer decrements through zero. The timer
output feature is independent of INT2 and INT5 and, therefore, will operate with INT2 and INT5 enabled
or disabled. Also, if the timer is active during the IDLE instruction, the timer output feature will continue
to operate.

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

Whenever a read of BPORT is performed, the values on the BO pin and B1 pin will always be returned,
so0 the current timer output values can be read by reading BPORT.

The T10UT and T20UT bits are set to O by RESET, so the timer output function will not be enabled unless
the user sets the T1IOUT or T20UT bit to 1.

The Timer 2 output (T20UT) cannot be used if Timer 1 and Timer 2 are cascaded together (CASCADE
bit of T2CTL1 set to 1).

j
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serial port

The TMS77C82 contains a serial port which greatly enhances its I/0 and communi-
cation capability. The serial port can operate in several modes which permit the
TMS77C82 to interface with Universal Asynchronous Receiver, Transmitter (uart)
peripheral devices as well as several microcomputers (e.g. TMS77C82, TMS70C82,
6801, 8051). The serial port consists of a receiver (RX), transmitter (TX) and
baud rate generator ( Timer 3, T3). It is controlled and accesses through the
following registers in the peripheral file:

REGISTER ADDRESS NAME TYPE FUNCTIONS
P20 >0114 SMODE R/W Serial Port Mode
P21 >0115 SCTLO R/W Serial Port Control O
P22 >0116 SSTAT READ Serial Port Status
P23 >0117 T3DATA R/W Timer 3 Data
P24 >0118 SCTL1 R/W Serial Port Control 1
P25 >0119 RXBUF READ Receiver Buffer
P26 >011A TXBUF WRITE Transmission Buffer

For detailed register bit descriptions, refer to the TMS7000 Family Data Manual.

SMODE

SCTLO

SSTAT

T3DATA TIMER A4/SCLK
>' 3

SCTL1 p—————a— INT4

N

A scLK
Sl e T T S

INTS

N [ sctx
D, TXBUF 4 TXSHF } ™ 83/TXD

v L nr1a

Note 5: The INT4 sources are effectively wire-ORed together to generate only one
INT4 input. The SCLK sources are wired together to generate only one SCLK input.

FIGURE 10. SERIAL PORT FUNCTIONAL BLOCKS
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SMODE
PF number = P20
Address = >0114

READ | "8STOP CMODE PEVEN PEN CHAR1 CHARO ASYNC MULTI

CHAR1 CHARO ASYNC MULTI

WRITE sTOP CMODE PEVEN PEN
— Wi Wi
X X X X X | X |

Reset Values | X X
Protocols:
| 0 = Motorola
00 = 5 bits/char 1 = Intel
01 = 6 bits/char
10 = 7 bits/char 0 = lIsosynchronous
11 = 8 bits/char communication

1 = Asynchronous
communication

L 0 = Parity disabled
1 = Parity engbled

L. 0 = Odd parity
1 = Even parity

L 0 = Serial /0 mode
1 = Communication mode

L. 0 = One stop bit
1 = Two stop bits

FIGURE 11. SERIAL PORT MODE (SMODE)

SMODE is the RX/TX control register that describes the character format and type of communication mode.

18 i
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8CTLO

PF number = P21
Address = >0116

READ

WRITE

Reset Values

7 6 5 4 3 2 1 o
SPH UR 0 0 0 RXEN SCLKEN TXEN
SPH UR X ER X RXEN SCLKEN TXEN
— -
0 1 | X I X ' X l 0 0o | 0 |

0 = No reset of flags
1 = Reset srror flags

- (Write mode)

0 = Serial port enable
1 = Reset serial port

L 0 = Serial port and Timer 3

fully active during IDLE
1 = Serial port and Timer 3
fully hslted during IDLE

t

0 = Transmitter
disabled

1 = Transmitter
enabled

0 = A4 is general
purpose 1/0
1 = Adis SCLK

- 0 = Receiver disabled;
A5 is general
purpose 1/0

1 = Recsiver enabled;
A5 is RX Input

FIGURE 12. SERIAL PORT CONTROL REGISTER O (SCTLO)

SCTLO is RX/TX control register used to control the serial port functions such as TX and RX enable, clearing
of error flags, and software enable.
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SSTAT
PF number = P22
Address = >0116

7 6 5 a 3 2 1 0
READ 1ADD BRKDT FE O€ PE TXE RXRDY TXRDY
_— — b S— S —
Reset Values | X 0 X X X 1 [} 1

L 0 = TXBUF full
1 = TXBUF ready
for character

RXBUF empty
RXBUF ready
with new
character

- Q
non

L— o Transmitter written to
1 T,

ansmitter empty

— 0 = No parity error, if PEN - 1
1 = Perity error, if PEN . 1

— 0 = No overrun error
1 = Overrun error

No framing error

L— 0o -
1 = Framing error

No break

L— 0 =
1 = Bresk detected

L— Intel Address/Data bit:
O = Last address/data bit received was 0. or Intel mode not selected

1 = Lest address/data bit received was 1

FIGURE 13. SERIAL PORT STATUS (SSTAT)

SSTAT is the read-only register used to report the status of the serial port. Bit 7 (IADD) stores the value
of the last address/data bit received when using the Intel multiprocessor mode.

T3DATA
PF number = P23
Address = >0117

7 L] 6 4 3 2 1 o
READ CURRENT TIMER VALUE
WRITE TIMER RELOAD REGISTER (TRR)

FIGURE 14. TIMER 3 DATA REGISTER (T3DATA)

{i;
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8CTLY
PF number = P24
Address = >0118

1

]

READ | T3RUN

CLK SLEEP

wu

T3FLG

T3ENB

PRE3(1)

PRE3(0)

WRITE | T3RUN

Reset Values | O

CLK SLEEP
e

wu

T3FLG

T3ENB

PRE3(1)

X

PRE3(0)
—
X

L

-

-

Controls RX

READ:

— Controls TX

~ WRITE:

[

2-bit prescele reload
register for Timer 3

0 = Digeble T3 interrupt
to set INT4 FLG
1 = Enable T3 Interrupt
to set INT4 FLG

00

Clear TIFLG

Set T3FLG

T3FLG was software clesred
Timer 3 Decremented
through 0 or T3FLG

was software set

P

0 = External SCLK from pin A6/SCLK

1 = Internal SCLK from Timer 3

0 — 0 = Timer L

1 = 1 = Timer starts to decrement from reioad register value
1 — 0 = Timer 3 stops d

ded from reload register

d
9. de

ded from reload register

1 = 1 = No etfect on Timer 3, decrementer continues to decrement from current value

FIGURE 15. SERIAL PORT CONTROL REGISTER (SCTL1)

For a description of the individual timer bits in SCTL1, see the Timer 3 section of this document.
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RXBUF
PF number = P25
Address = >0119

[] 5 4 3 2 1 ]

READ

RECEIVER DATA

TXBUF
PF number = P26

Address = >011A

© o o

4] 0 @———————— B dats bits ————————>
0 = 6 data bits Ll
- 7 dsts bits &

FIGURE 16. RECEIVER BUFFER (RXBUF)

] 6 4 3 2 1 o

WRITE TRANSMITTER DATA
X X X @ § data bits ——————&
X X @ 6 deta bits &
X =@ 7 data bits &
X = Ignored

FIGURE 17. TRANSMITTER BUFFER (TXBUF)

serial port clock sources

The serial port can be clocked by Timer 3 or an external baud rate generator. The source of the serial clock
(SCLK) is determined by the CLK bit (SCTL1 bit 6) and the SCLKEN bit (SCTLO bit 1).

SCLKEN CLK
1 1
1 0
0 1
0 0

Serial Port Clock Operation

A4 is forced to output mode, independent of the data direction register (P5).
Timer 3 provides the clock for the Serial Port which is output as SCLK on A4,

A4 is forced to input mode, independent of the data direction register (P5). An external
signal applied to A4 provides the baud rate clock for the Serial Port.

A4 is available for general-purpose 1/0. The clock for the serial port is provided by
Timer 3 but is not output on any pin.

A4 is selected as general-purpose 1/O with its direction register controlling the direction
of A4. The serial port clock is taken from the A4 pin, so the clock can be provided
by an external signal if the pin is in input mode (the same as the SCLKEN = 1,
CLK = O option above), or by software if the pin is’in output mode by writing to the

A4 data register.

If SCLKEN is changed from 1 to O, A4 will have the direction selected by the A port direction register.

In any of these modes, reading from A4 will return the value present at the pin. SCLKEN and CLK are
both set to O by RESET. The A4 direction register is also set to O (input) by RESET.

22
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timer 3

Timer 3 can be used as a general-purpose timer or as the clock generator for the serial port. Timer 3 is
accessed through T3DATA and SCTL1. The Timer 3 clock source is an internal signal with the frequency
equal to fosc/4. Timer 3 consists of a 2-bit rescaler and an B-bit counter. These are automatically reloaded
from a 2-bit and an 8-bit reload register, respectively, whenever a register decrements through zero.

Timer 3 is continuously reloaded with the prescaler and decrementer reload register values while the T3RUN
bit is 0. Timer 3 differs from Timer 1 and Timer 2 in that Timer 3 cannot be held at the value it contained
when the T3RUN bit goes to 0. The timer begins decrementing when the T3RUN bit is changed from O
to 1. The T3RUN bit is initialized to O by reset.

Each time the timer decrements through zero, the Timer 3 flag is set to 1 and the INT4 FLAG is set to
1if T3ENB (SCTL1 bit 2) is 1. Timer 3 and its flags are not affected by the serial port software reset (UR).
Therefore, Timer 3 can be used independent of the serial port.

When using Timer 3 as the serial port clock source, the reload pulse (timer decremented through zero)
output of Timer 3 goes to the serial port via a divide-by-two circuit, producing an equal mark-space ratio
internal SCLK (see Timer 3 block diagram). The baud rate generated by Timer 3 is user-programmable and
is determined by the value of the 2-bit prescaler and the B-bit timer reload registers.

The equations for determining the output baud rates for both the asynchronous and isosynchronous modes
are:

fosc SCLK
A h = = 2=
synchronous Baud Rate 64(PRR+ 1)(TRR+ 11 8
fosc
Isosynchronous Baud Rate = = SCLK

8(PRR+ 1)(TRR + 1)

where: fosc = frequency of the crystal or external system clock
TRR = Timer 3 decrementer reload register (P23)
PRR = Timer 3 prescale reload register (P24)
SCLK = Serial clock either input or output from the SCLK pin

The baud rate for the serial I/O mode is determined with the same equation used to determine the
isosynchronous baud rate.

TEXAS {3‘
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P24] 2 0¢
PRESCALER 7LOIG ; OYo—— +4 |— e
RELOAD REGISTER { 3 } !
| 2817 !
| SCTL1.7
| PRESCALER T 3RUN)
P23 g L———==—7
88T 7‘01 UNDERFLOW SCTLO.1 __
RELOAD REGISTER | {SCLKEN) : o
L Tp23 SCTL1 6
8-BIT (CLK) 0—A4
: i
| DECREMENTER I 0 1
{ L= SERIAL PORT
1
I Recoap puLse
1 +2
INTERNAL BUS
SET T3FLG, SCTL1.3
1
O———— SET INT4 FLAG (IOCNT1.1)
|
| o
sCTL1.2=—4
(T3ENB)

FIGURE 18. TIMER 3 SCHEMATIC DIAGRAM

serial port initialization and reset

After a system reset, the URbitin SCTLO will be set to 1 and the serial port will be held in its reset condition.
The serial port registers are then set in the order shown below. A serial port reset can be performed by
writing a 1 to the UR bit (SCTLO bit 6) or by writing data to the SMODE register at any time. Whenever
a write to the SMODE register is performed, the UR bit is set to 1 and the serial port will be reset. The
data written to SMODE will become the new SMODE register contents.

SERIAL PORT INITIALIZATION

SET B3 DATA = 1

WRITE TO SMODE

WRITE TO SCTLO (SET BIT 6 TO 0)
WRITE TO SCTL1

The BPORT pin 3 must be set to 1 to transmit.

+p
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UART reset by software
Setting the UR bit (SCTLO bit 6) to 1 affects the following:

SCTLO Bits 7, 2, 1,0setto O
Bit 6 set to 1
Bits 5, 4, 3 not affected
SSTAT Bits 6, 1 set to O

Bits 2, O set to 1
Bits 7, 5, 4, 3 not affected

SCTL1 Bits 6, 5, 4 set to O
Bits 7, 3, 2, 1 O not affected
Pin 37 (B3/TXD) Outputs the value of bit 3 of P6

Pin 10 (A4/SCLK) Configures to the corresponding values stored in P4 and P5
Pin 16 (AB/RXD) Configures to the corresponding values stored in P4 and P5

You cannot write to the affected bits of SCTLO and SCTL1 while the UR bit is set to 1. The configuration
of all bits in SCTLO can be written to with a single instruction as long as the value of bit 6 (UR) within
that instruction is O.

software example

The following software example initializes the TMS77C82.

L N R e e R e R R R R ARt
* RESET AN INITIALIZATTIIDON

RN R N WA T R RN RS RRRSAFRRBRERRRA RS AR ILH BB RR DR A PR B R BB R URR BRI F R RIFY
*

* ECUATE TAERLE

*

AFORT EGL P4 Fort A Data Reqister

BFORT EQU Pé Port B Data Reqister

CFORT EQU Pe Fort € Data Reagister

DPDORT  E F10 Fort D Data Reqister

ALDR EQU PS Fort A Data [nrection Rearster
CDDR ER Fe Fort C Data Direction Reg:.ster
DDDR EQU F11 Fort D Data [lirection Reagister

*

* 1/0 CONTROL REGISTERS

*

IOCNTO EQU PO Interrupts 1,22 and E pancion mode
IODCNT1I EQU Fz Interrupts 4 %

I0CNT2 EQL F1 Folarity and level contral for e -ternal inte.
*

* TIMER 1 REGISTER=

*

TICTLO EQU P15 Timer 1 control register O
TICTLY EQU F14 Timer 1 control reqister 1
TILSDA EQU F13 Timer § LSH reload Register
TIMSDA EQU F12 Timer 1 M3B relcad Regicster
FPRESC1 EOQU 200 Timer 1 Frescale value for 10 ms
TIOMSL EQJ »97 Timer 1 MZB value for 10 me
TiOMSM EQL >3A Timer 1 LER value for 10 mes

i
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* TIMER Z REGIZTERS
*
e F1? Timer control register O
EQL Fi12 Timer control register 1
ECLt F17 Timer LSE reload Register
Er F1é& Timer MZE reload Reaister
2 ERU (&) Timer 2 Frescale value for 10 kKHz
T1OKHL ERQL 74 Timer 2 MZIB value faor 10 KHz
T10KHM EQU (o] Timer Z LSE value for 10 KH:z
* .
* LIART REGISTERS
*
T3DATA EML Timer 2 relaod register
SMODE  EOL Zerial poct Mode Control Reaister
SCTLO  ECU Serial port Control Register O
SSTAT  EOU Serial port Status Rengister
SCTLYT ECL Serial port Control Register 1
RXBLF  EQL Receiver buffer
TXBLF EOU Transmitter buffer
B200O EQU Count for 300 baud at 4 MH:
B
*
#* THIS 1 s THE RESZET ENTRY FOINT
*
START [DINT Dicsable interrupts
MOVP  7%201000000,SCTLL Halt timer G, sleep % WL bits off
*
MoV %Z100,R Set stachk pointer to R100
LDSF
»
» INTERRLUFT®Z
#
MOVFE | Z200101110, ITCNTO  Set Made, enable int T, clear all flags
MOVFE  %Z700001111, I0CNTY Enable interrupte 4.5 3 clear all flags
MOVP  %7200000000, IOCNT2  Set INTs csense; type = level
«
* PORT DATA
«*
MOVP  %?00001000, AFORT Initialize Fart A
MOVP  %4?10111100,BPCRT Initialize Fort B (RB3=1 for UART operation)
MOVP  %?10101011,CFORT Initialize Fort C
MOVP  %?00001001, DFORT Initialize Fort It
MOVP  %?10001110, ADIR Initialize Fart A
MOVF  %?10111111,CDDR Initialize Fort C directiaons registers
MOVF  %?01001001,DDDR Initialize Fort D' directions registers
-
» TIMEHR 1
* Timer 1 is confiqured as an internal real time cluck which
* interrupts the CPU every 10 ms (at ¢ MHz) on interrupt level I
*
MOVF  %Z?00000000,TICTL1 Timer 1 cutput pin turned off
MOVFP  ZT1OM3SL, TILSDA LSB timer latch value for 10 ms
MOVP  %ZT10OMSM, TIM3DA MZR timer latch value for 10 ms
MOVE  Z2E0+PRESCT, TICTLO start bit + prescale value set

26
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® %k % %k % & %

*

TIMER 2

Timer 2 will output a square wave with a 10 FH: frequency
The square wave will cutput on Fort B pin O. Cnce confiqured,

-~

Timer 2 will run continuously, without futher CFL servicina.

MOVP  %Z701000000,T2CTLL  Timer 2 cutput pin turned on
MOVP  %ZT10KHL,T2LSDA LEBR timer latch value for 10 FH:

MOVF  ZT10KHM, TZMSDA MZEB timer latch value for 10 VHz
MOVF  %>8O0+PRESCZ,T2CTLO Start bit + precscale value set

SERIAL FORT
MOVFE  ZB200, TRDATA Configure UART at =
MOVFE  Z?01111110 =MODE data bits =8, Stop=1 Farity=even, Frotocal=maotor
MOVFE  %200010100, SCTLO Reset errurs, enabtle RX,disable sclb and TX
MOVP  Z711000010,SCTLL Start UART, CLE=int, prescale=Zjeleep ¥ WU=cff

EINT LET THE INTERRLUFTZ IN NOW

END aF INITIALIZATION

power reduction modes

The TMS77C82 supports the Wake-up and Halt modes for low power consumption. These low power
modes are entered via execution of the IDLE instruction. The power reduction mechanisms for each timer
and the UART are completely independent of each other and are selected individually via the TTHALT,
T2HALT, and SPH bits, located in the TICTLO, T2CLTO, and SCTLO registers, respectively.

The Wake-up mode is entered when the IDLE instruction is executed. If the TIHALT, T2HALT, or SPH
bits are set, then the corresponding timer or UART will be disabled. The Wake-up mode is exited by assertion
of an enabled interrupt to the CPU or RESET.

The HALT modes are entered when the IDLE instruction is executed and the TTHALT, T2HALT, and SPH
bits are set, causing the corresponding timers and UART to be disabled. The oscillator will be active or
inactive depending on which mask option is chosen. The HALT OSC-ON mode is exited by assertion of
an enabled external interrupt or RESET, while the HALT OSC-OFF mode is exited only by RESET.

ENTER BTt

MODE FUNCTIONAL BLOCK STATUS MODE MODE
CcrPU T1, 72, T3-UART oscC VIA VIA

Wake-up Halted T1, T2, and T3-UART individually Active IDLE RESET
programmed as fully INT1

sctive or haited INT2?
INT3

INT4?

INTS?

HALT OSC-ON*$ Halted T1,72, end T3-UART are all haited Active IDLE RESET
T
INT3

HALT OSC-OFF§ Halted T1, T2, end T3-UART are sll halted | Insctive IDLE RESET

’lmarrup(s must be enabled to exit.
‘Mav be used to exit wake-up mode if not programmed to be inactive during IDLE.
§Mask Options. Not programmable.

j
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1/0 port operation during power reduction

The following table indicates the state of the memory expansion ports (B, C, and D) in the low power
mode, for each of the expansion modes. All of the other I/0 pins will maintain their current direction (input
or output) and will continue to output the same data if in the output mode. No outputs become three-state
when Wake-up mode is entered.

PERIPHERAL FULL EXPANSION
O PIN SINGLE-CHIP EXPANSION' AND
MICROPROCESSOR
CLOCKOUT (B7) B7 data register value [o] [o]
ENABLE (86) B6 data register value 1 1
R/W (BS) B5 data register vaiue 1 1
ALATCH (B4) B4 dats register value (o] [o]
ADDR/DATA (C7-CO) individual /0 X X
HIGH ADDR (D7-D0) Individual /0 X X

X = Indeterminate
capture latch operation during power reduction

In Wake-up mode, Timer 1's capture latch will not be loaded when the INT 3 pin is taken to its active level
if TIHALT is 1. If TIHALT is O then the capture latch will be loaded every time the INT3 pin is taken to
its active level, regardless of the value of the INT3EN flag. Similarly, Timer 2's capture latch in Wake-up
mode will be loaded when the INT 1 pin is taken to its active level if T2HALT is 1. If T2HALT is O, then
the capture latch will be loaded every time the INT1 pin is taken to its active level, regardless of the value
of the INT1EN flag.

Once the TMS77C82 has been brought out of Wake-up mode, the capture latch will always be loaded
when the appropriate interrupt pin is taken to its active level.

*p
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TMS77C82 SYSTEM CLOCK OPTIONS

.The internal state cycle period, called Tc(c), is derived from the clock system
that is applied on the XTAL pins of the circuit. The internal clock then divides
the external clock source frequency by two to produce the internal state fre-
quency; for example, a 5 MHz crystal produces an internal frequency of 2.5 MHz,
which drives a 400-ns machine cycle . TMS77C82 devices can use a crystal,
ceramic resonator, or another approximately 50% duty cycle clock as an external
clock source. If the TMS77C82 contains the RC mask option it shall use an R-C
circuitor a Ceramic resonator in the range described herebelow .

. System Clock Connections
The TMS77C82 uses the following methods to implement the clock options .

CRYSTALS: Parallel resonant crystals are connected between pins XTALL and XTAL2/
CLKIN. To optimize the crystal waveform unbalanced capacitors should be
connected, 15-pF between XTAL1 and Ground, and 33pF between XTAL2 and
Ground. The crystal and components should be mounted as close as possible
to the input pin to minimize output distortion and start-up stabilisation
time. This connection is illustrated in Figure 19 a.

Crystals can be used with XTAL mask option only .

CERAMIC RESONATORS: Ceramic resonators are connected between pins XTAL1l and XTAL2/-
CLKIN. A resistor and two capacitors, with values determined by
the selected ceramic resonator, must be connected as shown in
Figure 19 b. Values vary by manufacturer and type. Ceramic
resonators can be used with both XTAL and RC mask options. The
following values are recommended by the Murata manufacturer :

Mask Ceramic Frequency RF RD CAP

Option Resonator (Hz) (MOhm) (KObm) (pF) VCC Range (V)

RC CsSB600P - 600 K 1 2.7 150 2.0 —— 5.5
CSA8.00MT 8 M 1 1] 22 4.0 —— 5.5
CSB1100JT| 1100 K 1 2.7 100 2.0 —— 5.5
CSA3.58MG| 3.58 M 1 ] 30 3.5 —— 5.5

XTAL CSBS00E 500 K 1 5.6 100 2.0 == 5.5
CSAS5.00MG 5 M 1 "] 30 4.0 —— 5.5
CSA8.00MT 8 M 1 V] 30 4.0 — 5.5

EXTERNAL CLOCK SOURCE: As shown in Figure 19c, external clock sources are connected
to XTAL2/CLKIN, and XTALl is not connected. External clock
sources can be used with both XTAL and RC mask options.

XAS *I} 28i
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R-C CIRCUITS: R-C circuits provide a simple, low-cost oscillator for applications

in which frequency toleration is not a concern. R-C circuits also
provide immediate start-up oscillation upon exiting the Halt-off
mode operation.

R-C circuits are connected as shown in Figure 19 d. The recommend
ed value for the capacitor C is 47 pF. The value of the resistor R:
required for the desired frequency must be selected with respect to
VCC, ambient temperature, and the tolerance of the R-C components.
Recommended values for the resistor in the R-C network fall in the
range of 1KQ-100KQ.

R-C circuit can be used with R-C mask option only .

xtall xtal2

RD 2z
15pF- 33pF Z RF
“viv
"1 11/ J:
Cap CapP
a. Crystal _T—
/11 /11

b. Ceramic Resonator

NC——xtall ————xtall
Z R
z
source xtal2/clkin _tj—————-—xtalz/clkin
C
c. External Source 1111/

d. R—C circuit
Figure 19 SYSTEM CLOCK CONNECTIONS

Like all devices of the 7000 cMOs family, TMS77C82 devices may use oscillator
mask options which' provide different levels of functionality and power
consumption during the Halt low-power mode . These oscillator options are called
RC/OSC-OFF and XTAL/OSC-ON. For these 2 options, the internal clock circuit
block diagrams are defined as follows :

28ii
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. LOW-POWER MASK OPTION

\ \
XHLT1 Schmidt \ \
Trigger [0— inver— 0— inver- 0— ———> system clock
ter / ter /
/ /

]

a. R-C internal clock circuit

Oo—— | NAND 0—+——>system
/ clock

xtal2 xtall

b. XTAL internal clock circuit

The 0SC-On options (XTAL) keeps the on-chip oscillator active during the Halt
mode. When the device is brought out of Halt mode, there is no delay in restor-
ing the full operation since the oscillator is already running. This option is
useful in applications where no delay in res toring full operation after Halt
mode is more important than the lower power consumption .

The 0SC-0ff option (RC) is useful in applications where very low power consump-—

tion is required in Halt mode. This option causes the oscillator to cease
oscillation when Halt mode is entered. This offers the lowest power consumption
around 7uA. The RC option ( called TMS77C82 NRC or FNRC) supports an R-C circuit
as well as a ceramic resonator or other external 50% duty cycle CLKIN signal. If
an R-C network is used, it will restart full oscillation immediately upon exit-
ing Halt mode. If a ceramic resonator is used, there will be a period before the
oscillations stabi lize, causing a delay in the response to RESET of about 10
milliseconds.

*p

TEXAS s
INSTRUMENTS 28iii



TMS77C82
8-8IT CMOS EPROM MICROCOMPUTER

Note:

RC, XTAL are 'mask options', which means the option is placed on
a manufacturing template, or mask, that copies the actual circuit
onto the silicon device. This means the oscillator option is
finalized at the start of manufacture and cannot be changed by
software or hardware.

28iv
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instruction set

The TMS7000 family instruction set consists of 57 instructions that control input, output, data manipula-
tion, data comparisons, and program flow. The instruction set is supported with eight addressing modes to
provide the flexibility to optimize programs to the user’s applications. For example, the MOV instruction has
ten operand combinations supported by its addressing modes.

ADDRESSING MODE EXAMPLE OPERATION

Single Register DEC R24 (R24) — 1 — (R24)
Dual Register ADD R32,R17 {R32) + (R17) -~ (R32)
Peripheral File XORP AP17 (P17) . XOR. (A) — (P17)
Immediate AND % >C5,R35 (R35) .AND. >C5 ~— (R35)
Program Counter Relative JMP LABEL (PC) + oft8  — (PC)
Direct Memory LDA &>F3D4 (F3D4) - A
Register File indirect STA *R22 (A} - (R22)
Indexed BR &> 1AAA(B) (>1AAA) + (B) — (PC)

The CPU controls instruction execution by executing microinstructions from a dedicated control memory.
The number of system clock cycles required to execute one assembly language instruction varies depending
on the instruction complexity and operand addressing mode. Instruction execution times are stated in terms
of the number of system clock cycles per instruction. This decouples the bus transaction protocol/timing
from specific memory performance requirements. Instruction execution times vary from 5 to 49 internal
system clock cycles, with most instructions requiring less than ten cycles to complete.

Similarly, the number of bytes of program memory required to store an instruction will vary with instruction
complexity and addressing mode. TMS7000 instructions require from one to four bytes of program memory
space, with most instructions occupying one or two bytes.

The TMS7000 FAMILY INSTRUCTION SET SUMMARY, beginning on page 30, shows the instruction set,
the addressing modes, the program memory byte length, and the execution cycle count for each instruction.
The Addressing Mode entries are in the format of BYTE LENGTH/CYCLE COUNT. The following symbols
and abbreviations are used:

SYMBOL DEFINITION SYMBOL DEFINITION
[ Source Operand d Destination Opergnd
A Register A or RO in Register File B Register B or R1 in Register File
RF Source or Destination Register in Register File labe! 16-bit Label
Pn Source or Destination Register in Peripheral File lop16 186-bit Immediate Operand
Rp Source or Destination Register Pair (Rn, Rn — 1) PCN 16-bit Address of Next instruction
lop 8-bit Immediate Operand ST Status Register
off8 8-bit Signed Offset (label — PC) (] Extended Addressing Operand (Direct, Indirect,
PC Program Counter Indexed)
SsP Stack Pointer - Is Assigned To
% Immediate Operand Stack Present Address of Stack Pointer
C Status Register Carry Bit () Contents of

i
Texas {‘
INSTRUMENTS



30

TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

TMS7000 FAMILY INSTRUCTION SET SUMMARY

ADDRESSING MODES
OPERATION DIRECT EXTENDED DESCRIPTION
OTHER
A B RF Pa | Sabel | °RF | @abel(B)
ADC B._ 1 Add with Carty
RF,_ mn 28 | 310 s)+ 4 +(Ci— W
Soiop._ n a7 | 3w
ADD 8._ 15 Add
RF._ m 28 | 30 (s) + {d) — (d)
Siop, _ n 27 | 3m®
AND B 1% And
RF._ 28 28 | 30 (s) AKD. (d) — Wi
Siop.. Y a7 | 3m
ANDP A_ 210 And Petipheral
B._ 219 {s) AND. (Pn} — {Pn)
Soiop, . m
BR - 3no m nz Branch
) — (PC)
810t B_off8 n Bt Test and Jump If One
RF_off8 no 310 | 4n2 If (s} AND. id) # 0, then
Shiop, _ot8 n | |4 (PC) + of18 — (PC)
BTJIOP'  A_otfe m Bit Test and Jump If One Peripheral
B._off8 no H (s) AND. (d) = 0, then
%iop, _oHB 412 (PC) + off8 — (PC)
szt Bt n Bit Test and Jump If Zero
RF, _ot18 3no 3no | an2 i (s) .AND. NOT {d) # O, then
%iop, _.ot8 8 3/ | 4N (PC) + off8 — (PC)
BLIZP! A _otiB am Bit Test and Jump If Zero Peripheral
B._.ofi8 no If {s) AND. NOT (d) # 0, then
%iop, _ot8 412 (PC) + off8 — (PC)
Call - N4 n3 e Catt
{SP) « 1 —(SP}
(PC MSB) — (Stack)
(SP) + 1 — (SP)
PC LSB) — (Stack}
Operond Address — (PC)
CLR - 1) 1w | Clear
00—
CLRC 116 Clear Carry Bit
0—1C
cmp 8. ] Compare
RF._ n 218 | o {d) - (s) computed; sats flags on result
Soiop, iy 1 | 3
CMPA - nz | am na Compare A
(A) - (3) computed; sets flags on result
DAC B._ m Decims! Add with Cerry
RF._ 210 210 | N2 (3) + (d} + (C) — ) BCD)
Seiop._ b 28 [ 3am

tAdd 210 cycle count if jump is taken.

ns
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONTINUED)

ADDRESSING MODES
OPERATION DIRECT EXTENDED DESCRIPTIOR
OTHER
A 8 RF Pa b *RF sb(B)
DEC - 1 6| Decrement
W-1-
DECD - 1] m | am Decrement Double
Mp) -1 — Mp)
DINT n Disable Interrupts
0 — (Global Interrupt Enabie Bit)
Nzt Aste wm Dectement and Jump 1 Not 0
B.of8 a -1
RF o8 kL] il td) # 0, then (PC) + ofi8 — (PC)
DSB8 B._ m Decimal Subtract with Borrow
RF._ 210 210 | 2 ) -t - 1« (C) — ) BCD
Seiop, 83 2’ I
EINT 1. Ensble Interrupts
1 — (Global Imerrupt Enable Bit)
DLE 115+ L]
[PC) — (PC) untd interrupt
PC) + 1 — (PC) ofter return from interrupt
INC - 5 oo Increment
d+1—1d
INV - 15 1w | Invert
NOT(d} — (d)
JMP off8 217 Jump
(PC) + olt8'— (PC}
Jnd' o8 Jump on Coméition
PC) + off8 — PC)
Jc n Jump # Corry
Jea 05 Jumg if Equat
JGE n Jumg il Greater Tran or Equal
J6T 05 Jumg i Groster Tron
JHS m Jumey il Highor v Some velve
N bl Jumyp i Lower
JNC 15 Jumg # No Corry
JNE m Jumg { Not Equal
JNZ bii] Jump il Not Zere
rd m Jumyp i Pesitive
»z b Jwmg il Positive x Zero
2 "0 Jump if Zero
LDA - yn e n3 Losd Accurmdator
s — W
Losp 15 | Load Steck Pomter
8] — 1SP)
MoV A 18| 8 Move
B._ 15 n ) — W)
RF._ pi) 28 | 210
Seiop, _ n a7 | M
tAdd 20 cycle count if jump is taken.
i
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONTINUED)

ADDRESSING MODES
OPERATION DIRECT EXTEKDED DESCRIPTIOR
OTHER
A 8 RF Pa &b | °RF &lab(B)
MOvD Siop16._ 4ns Move Double
$Sbiop 16(B). 4n7 Rpl — Mpl, or
Rp.— N4 iopl6 — Mp)
MovP A_ 210 Move Peripheral
B._ il (s} — Pn)
Shiop, . am
P m 8
MPY B._ 144 Muttiply
Rn._ 2147 2147 | 3149 (s) = td) — {AB)
%iop, 246 | 246 | 348 A - MSB.B - LSB
noP 114 | No Operation
PC) + 1 — (PC)
OR B._ 15 OR
RF._ 8 218 | 3110 {s) .OR. i) — W)
$ei0p. n 27 | 38
ORP A_ 2010 OR Peripherst
B._ pa) (s} .OR. {Pn) -~ (Pn)
$oiop. m
POP - 118 16 | 218 Pop
(Stack] — d; (SP) - 1 — (SP)
POP ST 116 Pop Status
(Stack] — (ST); (SP) - 1 — (SP)
PUSH - 116 116 28 Push
(s) — (Stack)
(SPI + 1 — (SP)
PUSH §T 116 Push Status
Status Register — (Stack);
(SP) + 1 —~ (SP)
RETI 1m Return from Interrupt
(Stack) — (PC) LSB
(SP) -1 — (SP)
(Stack] — (PC) MSB
(SP)- 1 — (SP)
(Stack) — (Status Register)
(SPY -1 — (SP)
RETS () Return from Subroutine
(Stack) — (PC) LSB
(SPI- 1 — (SP|
(Steck) — (PC) MSB
(SPI - 1 — (SP)
AL - 15 15 | 2n Rotate Left
Bitin] — Bitin+ 1)
Bit(7) — Bi(0) + (C)

32
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TMS7000 FAMILY INSTRUCTION SET SUMMARY (CONCLUDED)

SPERATION

ADDRESSING MODES

DIRECT

EXTENDED

RF

Pa

OTHER
&b | °RF | @ab(B)

DESCRIPTION

RLC

RRC

SETC

STA
STSP

sus

TSTA

8T8

XCHB

XOR

XORP

RF._
Soiop.

B._
RF._
Wiop.

023

8.
RF._
oiop,
A

iop, _

1]
1]

15
]
n

15
n

m
a

mn
a0n

ki

no
n

3o
8

2110

n

no
3R

210
m
m

e ane n

14

Rotate Lett Thwough Carry
Bitin) — Bitin+ 1)

(C) — B0

Bit(7) ~ (C)

Rotste Right
Bitin) ~ Bitin+ 1)
Bit(0) — Bit(7) « (C)

Rotate Right Through Carry
Bit(n) — Bitn+ 1)

(C) — Bitin}

Bit(0) ~ (C)

Subtract with Borrow
- -14+1(C) -

Set Caery
1-1(C

Store Accumutator; (A — d)

Store Steck Pointer
(SP) — (B)

Subtract
-t — W

Swap Nibbles
d{Hntn) — diLnHn)

Trap

ISP} + 1 — (SP)

PC MSB) —~ {Steck)
(SP) « 1 — (SP}

PC LSB) — (Stack)

Entry Vector) — ©PC)

TestA
-0
N. Zsst on (A)
Test 8
c-0
N, Z 30t on (B)

Exchange B
B) ~ )

Exclusive OR
(s} XOR. i) ~ W)

Exclusive OR Periphersl
(s} XOR. (Pn} — Pn)

i
Texas ‘b
INSTRUMENTS




34

TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) !

Supply voltage, Ve (see Note 6).. .. ... .. ... ... . .. i, -03to7V
Supply voltge, VPP (MC pind . .. ... ittt et e -0.3Vto14V
Input voltage range . ... ... ........ .ttt e -0.3VtoVce +0.3V
Cutput vOItBg® TBNGE . . .. . ...ttt e e e -0.3VtoVcec +0.3V
Maximum /0 buffer current (per pin). . .. ... .. . e e e e +10 mA
Maximum supply CUTeNt, ICC - -+« v ittt i e e et e e 60 mA
Maximum supply current, ISS ... ... ... -60 mA
Storage temperature TBNEE . . . .. .. .. ...otuturueerneenenneneeeennnnns -55°C to 150°C
Operating free air temperature .. .................iuiiiriinnnenonnn. —40°C to 85°C

tStresses beyond those listed under **Absolute Maximum Ratings’* may cause permanent deamage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions indicsted in the ‘*“Aecommended Operating Conditions’* section

of thig specification is not implied. Exposure to ab:

ated

NOTE 8: All voltagae vaiues in this deta sheet ere with respect to Vgg.

recommended operating conditions

8 for extended periods may atfect device reliability.

MIN TYP  MAX UNIT
Supply voltage 3 6 \
Prog ing supply ge (MC pin) 12 12.5 13 \'
INT1, INT3, RESET, X'TAL PIN
High level input voltage 5.5V<Vpoo <6V Vg - 1.0 Vee v
4.5V < Voo <55V Vec-07 Vee v
3.5V Voo <asv Vee - 0.5 Vee v
2.5V< Voo <3.5V Voo - 0.35 Voe v
Low level input voltage 5.5V < Voo <6V 0 1.00 \
45V< Voo <55V 0 0.70 v
3.5V<Vpoosasv 0 0.50 v
2.5V< Vo< sy 0 0.35 v
MC PIN
High level input voitage, VIH SV< Voo <6v Vec—-0.5 Vee v
aV<Voo <5V Vcc-04 Vee v
V<Voo<av Vec-03 Vee v
25V<Voo<av Vec-02 Vee v
Low level inpu.l voltage, VIL SV<Vpo <6V 0 0.5 v
V<Veco<sv 0 0.4 v
3V<Voc<av 0 0.3 v
2.5V <Voo<av 0 0.2 v
PORT (EXCEPT INT1, INT3, RESET, X'TAL, MC
High level input voltage, VIH SV<Voo<6v Vec-13 Vee v
V< Voo <5V Veg—1.0 Vec v
3V<VCCQ4V VCC—OJ VCC v
2.5V<Vep <3V Vec-04 Vee v
Low level input voltage, VIL SV<Vpoco <6V 0 1.5 v
aAV<Vpoossv 0 1.1 v
V<Vpoesav ] 0.7 v
2.5V <V <3V 0 0.3 v
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8 BIT CMOS EPROM MICROCOM

MS77C82
PUTER

electrical characteristics over full range of operating conditions (V¢cC = 4.5 V to 5.8 V)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Voc=50 V. 1=8.0 Mhz 23.5 29 mA
Operating mode Ve =50 V, 1=4.0 Mhz 20.5 26 mA
Voc=50 V. 1= 1.0 Mhz 19 21 mA
Wake-up modes <Freq=F Mhz> 20¢F+06 | mA
icc 1&5 <Freqm= 8.0 Mhz> 4 12 mA
Supply current (se@ Note 1)
Wake up mode 2 <Freq= F Mhz> 1.44*F +05 | mA
(see Note 1) <Freqm 6.0 Mhz> 2 9 mA
Wake-up modes <Freq=F MHz> 0.8¢F +0.5 mA
3&4 <Freq =6 MHz> 1.7 5.5 mA
(see Note 1)
Xtal Option | Hait-off mode Vec=5V, f= 6.0 Mhz 10 20 uh
RC Option | Hait-oft mode Vec=5Y, f= 6.0 Mhz | 7 15 vy
Vow High-level output voltag Vec=50V. loy=-10mA 250 45 mA
Vec=50 V. Iy =03 mA 4.50 4.8 v
VoL Low-level output voitage Vog =50, lg =1.7 mA 0.3 0.4 v
Vec=30V -100 - 700 A
) Output source current Vec =40V =02 1.0 mA
OH  (Vyo=Vcc-05V) Vec =50V -03] -12 mA
[Vouw=25V Vec =50V -10] -850 mA
Vec =30V 0.7 20 mA
lot 0“'('(,‘(‘)‘:':; o VeCmao v 1.02 0.4 mA
Vec =50V 17 20 mA
mMc Vi=Vss or Vec £0.1 +6 uA
I input leakage
Ali others Vj=Vgg to Vo¢ =01 x5 uhA
C ~ Input capacitance 3 pF

All inputs = Vg or Vgg (except XTAL2). All VO and output pins are open circuit.

Note 1:
MOODE TIMER-1 TIMER-2 UART
WAKE-UP1 USE USE USE
WAKE-UP2 USE OFF USE
WAKE-UP3 OFF OFF USE
WAKE-UP4 USE OFF OFF
WAKE-UPS USE USE OFF
HALT-OFF OFF OFF OFF
LOAD
VOLTAGE
1000 0
ouTPUT
UNDER
TEST

FIGURE 26. OUTPUT LOAD CIRCUIT USED FOR ALL TIMING MEASUREMENTS

Iﬂn’
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

recommended crystal operating conditions over full operating range

PARAMETER MIN TYP MAX UNIT
Vec=3.0V 0.5 1.0 MHz
Ve =40V 0.5 3.0 MHz
[} Crystal frequenc: cc
osc 4 Y Vec =50V =10% [ 6.0 MHz
VCC =60V 0.5 6.0 MHz
CLKIN duty cycle 45 55 %
Veg=25V 1000 2000 ns
) Voc =40V 333 2000 ns
te(P) Crystal cycle time Veg=50V 167 2000 ns
VCC =60V 167 2000 ns
ch =25V 2000 4000 ns
. Voc=40V 666 4000 ns
te(C) Internal state cycle time Vog =50V 333 2000 ns
Veg=60V 333 4000 ns
ty(PH) CLKIN pulse duration high 50 ns
tw(PL) CLKIN pulse duration low 50 ns
t CLKIN rise time 30 ns
Yy CLKIN fall time 30 ns
td(PLACH) CLKIN tall to CLKOUT rise delay time 140 250 ns

clock timing

b e (p) e

|
tw(PH)

. |

o= |

y = [ 1

| |
XTAL2/CLKIN w
twipy) o |

F—taPL cHi—

CLkouT -_/___—\———/__ \

L telC) —

{i;
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

10K — Output Source Current — mA

oL — Output Sink Current — mA

Ta = 25°C // 1
=

Vee =80V

N\

\

//% // Vee = 4.0V
.~
//

//

02 O0a 06 08 1 1.2 14 18 1.8 2 2.2 24 28 28

Vds — Output Butfer Voitage Drop (Vog - Vou! — V
FIGURE 24. TYPICAL OUTPUT SOURCE CHARACTERISTICS

3

10 ‘
9
s
Ta = 25°C

8 / / 4:cc=50V
7 /r/

8 //

/ L—"1 Vvcc - 40V
5
/
. ,//
EEZS =
7 >
Y~
,

1

o |

0

0.2 04 o6 Os8 1 1.2 14 16 18 2 22 24 28 28
VoL — Low Level Output Voltege — V

FIGURE 26. TYPICAL OUTPUT SINK CHARACTERISTICS

TEXAS ‘{')

INSTRUMENTS

o



65

56

v

45

Texas “i‘

INSTRUMENTS

Ve - Supply Voltage -

35

8-BIT CMOS EPROM MICROCOMPUTER

TMS77C82
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FIGURE 22. TYPICAL OPERATING CURRENT VS. SUPPLY VOLTAGE
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TMS77C82

8 BIT CMOS EPROM MICROCOMPUTER

Icc — Supply Current — mA

20

16

14

10

FIGURE 23. TYPICAL OPERATING Icc VS. OSCILLATOR FREQUENCY

fosc — External Oscillator Frequency — MHz

Ta = 25°C
ALL OUTPUTS OPEN —
/./VCC =60V
L1
L—
L —1
//
06 1 15 2 26 3 35 4 45 5 55
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TMS77C82

8-BIT CMOS EPROM MICROCOMPUTER

memory interface timing as a function of frequency

Parameter MIN TYP MAX
Tc(C) CLCKOUT cycle time....... Tc NS
Tw(CH) CLCKOUT high pulse duration...........| 0.5Tc-100 0.5Tc 0.5Tc+100
Tw(CL) CLCKOUT low pulse duration............| 0.5Tc-100 0.5Tc 0.5Tc+100
Tc (R) Read cycle tim@....ceeeerienennocnnees 2Tc NS
Tc (W) Write cycle time...ccceeereecrenncoanns 2Tc NS
Td(CH-JL) Clockout high to ALATCH low...... 0.5Tc-50 0.5Tc NS
Td(CE-JH) Clockout high to ALATCH high..........| 0.25Tc-40 0.25Tc NS
Td(CH-HA) Clockout high to high address valid...| 0.25Tc-40 0.25Tc NS
Td (CH-EL) Clockout high to ENABLE low.......c... -10 30 NS
Ta(EL-D) ENABLE active to data in.......¢.c....| 0.75Tc-160 0.75Tc NS
Th(EH-D) Data in hold after ENABLE inactive.... [} NS
Ta(A-D) Data in from address valid............| 1.5Tc-200 1.5Tc-100
Tw(JH) ALATCH active....ccceeevencerenccccess| 0.25Tc=50 0.25Tc NS
Tsu(HA-JL) High address to ALATCH fall...........| 0.25Tc=-50 0.25Tc NS
Tsu(LA-JL) Low address to ALATCH fall............| 0.25Tc-55 0.25Tc NS
Th(JL-LA)R Low address hold from ALATCH fall (RD)| 0.25Tc~-50 0.25Tc NS
Th(EB-RW) Enable inactive to R/W........cc0eeee.| 0.5Tc-100 0.5Tc NS
Td(EB-JH) ENABLE inactive to ALATCH high........| 0.5Tc-60 0.5Tc NS
Td (BH-R) ENABLE inactive to low address drive..| 0.5Tc~-100 0.5Tc NS
Th(EB-HA) High address hold from ENABLE inactive| 0.5Tc-100 0.5Tc NS
Tsu(Q-EH) Data out to ENABLE inactive...........| 0.5Tc-50 0.5Tc NS
Th(EB-Q) Data out hold from ENABLE inactive....| 0.5Tc-60 0.5Tc NS
Td(LA-EL) Low address high-Z to ENABLE active... 0 0.25Tc NS
Td (A-EH) Low address to ENABLE high............| 1.5Tc-100 1.5Tc NS
Th(JL-LA)w Low address hold from ALATCH fall (WR)| 0.75Tc-100 0.75Tc NS
Tsu(RW-JL) R/W valid before ALATCH fall..........| 0.25Tc~-60 0.25Tc NS
Tw(B) ENABLE pulse width.......cciivveveees.| 0.75Tc-80 0.75Tc NS
+ Vec = 5 V +/-10%, tc = 2/freq
<—7Tc(P)—>
+ + __ Posc: Crystal freq
XTAL2 /CLKN / \ / \ / Tc(P): Crystal cycle time
Jf*_’m((:) >
Tc(C) = 2 x Tc(P)
CLROUT / \ / Tc(C): Internal cycle time
NOTE: Period of internmal clock Tc(C) = 2 x Tc(P) = 2 / F osc.

Timings are given in Tc(C).
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

memory interface timing at 5 Mhz

Parameter MIN TYP MAX

Tc(C) CLCKOUT cycle time.....ccccevenceccnns 400 NS
Tw(CH) CLCKOUT high pulse duration........... 100 200 300 NS
Tw(CL) CLCKOUT low pulse duratioN......ceseee 100 200 300

Tc (R) Read cycle time......ceccivenvcconnans 800 NS
Tc (W) Write cycle time........c.. . 800 NS
Td(CH-JL) Clockout high to ALATCH low....cecoce- 150 200 NS
Td(CH-JH) Clockout high to ALATCH high.......... 60 100 NS
Td(CH-HA) Clockout high to high address valid... 60 100 NS
Td(CH-EL) Clockout high to ENABLE loW.....ecceee -10 30 NS
Ta(EL-D) ENABLE active to data in......... 140 300 NS
Th(EB-D) Data in hold after ENABLE inactive.... 1] NS
Ta(A-D) Data in from address valid............ 400 500 NS
Tw(JBH) ALATCH active.....cceeveceeseccncncane 50 100 NS
Tsu(HA-JL) High address to ALATCH fall........... 50 100 NS
Tsu(LA-JL) Low address to ALATCH fall...... .o 45 100 NS
Th(JL-LA)R Low address hold from ALATCH fall (RD) 50 100 NS
Th(EB-RW) Enable inactive to R/W.....cviveeennnn 100 200 NS
Td(EH-JH) ENABLE inactive to ALATCH high........ 140 200 NS
Td(EH-A) ENABLE inactive to low address drive.. 100 200 NS
Th(BH-HA) High address hold from ENABLE inactive 100 200 NS
Tsu(Q-EH) Data out to ENABLE inactive.......c... 150 200 NS
Th(EB-Q) Data out hold from ENABLE inactive.... 140 200 NS
Td(LA-EL) Low address high-Z to ENABLE active... [} 100 NS
Td (A-EH) Low address to ENABLE high............ 500 600 NS
Th(JL-LA)w Low address hold from ALATCH fall (WR) 200 300 NS
Tsu(RW-JL) R/W valid before ALATCH fall.......... 40 100 NS
Tw(E) ENABLE pulse width..........cc0ceeenen 220 300 NS

Vecc = 5 V +/-10%, tc = 2/freq

TeExas
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8-BIT CMOS EPROM MICROCOMPUTER
read and write cycle timing

TMS77C82
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

serial port timing

internal serial clock

cLout me
|

| r—gcisu :
|

| {
SCLK : {
' i
~4 = t4icLTD) |
1

XD XD

RXD

XN XXX

NOTES: 9. The CLKOUT signsi is not available in Singie-Chip mode.
10. CLKOUT = t¢ic).

Ry

T
IRD CL) —o=y b=

|
SN
| |

 XXXXXAX)

iRD) —=d b

RXD
SAMPLE SAVED

(X X
Qe

PARAMETER Tve UNIT
t4(CL-SL) CLKOUT low to SCLK low 1/4 1¢(C) ns
t4(CL-TD)  CLKOUT low to new TXD data 114 t¢i0) ns
t4(RD-CL) RAXD data valid before CLKOUT low 1/4 1¢(C) ns
td(RD) RXD dats valid time 112 te(C) ns

s
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8-8IT CMOS EPROM MICROCOMPUTER

extarnal serial clock

ctxour m W\
| | |

|~— tdicL s - b~ tg(CL S}

j\x\\\\\[ ’“‘ /////‘;‘

b t4($B.T0) ———-JI i

TXD x:' %D

]
4IRD-CLY —= b=

|
OZOZ02050:020202020°07026:0°0°07¢, (CooN'T X)

R e
| |
td(AD) —=d b

A’A A’A XX A‘A ava'
AXD

SAMPLE SAVED

TSR R TV YT Y
RXD 000000000.0.0.0.0.00.0 DON'T CARE

A.A.A.A.AOAAA‘AAAA“A‘AAAAAA‘AA‘A

NOTES: 10. CLKOUT = t¢(c)
11. The CLKOUT signal is not available in Single-Chip mode
12. SCLX sampied: it SCLK = 1 then O, tsll transition found.
13. SCLK sampled: if SCLK = O then 1, rise transition found.

PARAMETER TYP UNIT
4(RD-CL) RXD data veiid before CLKOUT iow 1/4 t¢(C) ns
t4(RD) RAXD data valid time 112 te(c) ns
14(SB-TD) _ Start of SCLK sample to new TXD data 3 114 1) ns
tg(SE.TD)  End of SCLK sample to new TXD dats 214 () ns
tY(CL-S) CLKOUT low to SCLK trensition te(C) ns

i
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

RX signals in communication modes

"Ho ] 3
RXRDY [ J—_-
e TR T

1 4

NOTES: 14. Format shown is start bit + seven data bits + stop bit.
16. SCLK is continuous. external of internal.
18. If AXEN = 0, RXSHF still receives dats from RXD. However, the data is not transferred to RXBUF and RXRDY and INT4FLG

are not set.

Sequence of Events:

1. RXSHF data is transferred to RXBUF. Error status bits are set if an error is detected.

2. Software writes to INT4CLR to clear INT4FLG; or, CPU clears INT4FLG on entry to level 4 interrupt
routine.

3. Software reads RXBUF.

4. Repeat step 1.

TX signais in communication modes
INT4
FLG , [

TXEN

]

EIN(0:0:6:5:0,0 0 ANID0.0.0.0.0.00

NOTES: 17. Format shown is start bit + eight data bits + parity bit + two stop bits
18. SCLK is continuous whether interns! or externai.
‘i
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

Sequence of Events:

1. Software writes to TXBUF.

2. TXBUF and WU data are transferred to TXSHF and WUT (Wake-up temporary flag). INT4FLG and
TXRDY are set.

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

4. Software writes to TXBUF.

5. TXBUF and WU data are transferred to TXSHF and WUT (Wake-up temporary flag). INT4FLG and -
TXRDY are set.

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

7. TXE is set if TXBUF and TXSHF are empty.

RX signals in serial I/O modes

INT4
FLG

RXEN

RXRDY

SI.0.0:0.0.0:0.0:cm

SCLK

2

NOTES: 19. RXEN has no effect on INTAFLG or RXRDY in Serisl /0 mode.
20. RXD is sampied on SCLK rise; external shift registers should be clocked on SCLK fall.

Sequence of Events

. Software starts receiving by setting RXEN.

. Gated SCLK starts and data is received.

. RXEN is automatically cleared in last data bit.

. RXSHF data is transferred to RXBUF, and RXRDY and INT4 are set.

. Software writes to INT4CLR to cleer INT4FLG; or, CPU clears INT4FLG on entry to level 4 interrupt
routine.

. Software reads RXBUF.

b WwWwN -

o

{i’
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

TX signals in serial /0 modes

INT4
FLG

TXEN

e | [

TXRDY

A 600000/

SCLK

2

NOTE 21: Format shown is eight data bits.

Sequence of Events

1. Software writes to TXBUF.

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

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

4. Frame ends and SCLK stops because TXEN = O.

i
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

programming the TMS77C82 using a PROM programmer

The TMS77CB2 can be programmed like any Texas Instruments TMS27C64 on a wide variety of PROM
programmers. Programming the TMS77CB82 requires 8 40-10-28 pin adapter socket with the RESET and
XTAL2 pins grounded. Contact your PROM programmer manufacturer or local Tl fieid sales office for
programming support.

adapter sockets

The following diagram shows the connections needed to be made on the 40-to-28 pin socket

40-pin DIP to 28-pin socket

BOCKET TMS27C84 TMS27C64 SOCKET
PiN FUNCTION FUNCTION PIN
BsRW 10 J 40[ ] Vs ——— GND 14
B7/CLKOUT (]2 39| ] B6/ENABLE
80 |3 38[ ] B4/ALATCH
81 [ 37[] B3/TXD
B2 s 36| JMC ——————— Vpp 1
3 Al ———— A0 6 35 c7 — Q8 19
B AG—'——AIE7TMS7703234%CS - a7 18
5 A5 ——— A2 []s 33 JCs ————— Q6 17
6 A4 ——— A3 ]9 32 Jc4 —————— Q5 16
7 A3 ——— A4/SCLK [ 10 3[Jc3 ——— a4 15
22 G — A7ECT 1 3o[]c2 —— Q3 13
14 iNT3 ]2 29[]JC1 —————— Q2 12
14 E iNT1 [ 13 8 ]CO0 — a1 n
14 GND RESET [ 14 27100 ————— a8 25
27 PGM ——— A6/EC2 15 26[ ] D1 —————— A9 24 (seenote 1)
2 A12 —— AS5/RXD E 16 25 :] Veg — Ve 28
14 GND — XTAL2/CLKIN []17 24 ] D2 ———— A 23
XTALT [ 23] ]03 ———— A0 21
8 A2 —————— D719 22[Jpa —— E 20
9 Al ——————— D6 [ 20 21{] D5 ——————— A0 10

Note 1: For signature mode, insert a 3.9 K.ohms resistor between the pin # 24 of the socket and the pin # 26
of the TMS77C82 NL (Dil Package)

‘Qi;
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

44-pin PLCC to 44-pin socket

SOCKET TMS27C84 TMS27C64  SOCKET
PIN FUNCTION FUNCTION PIN
GND 14
= wI vep !
=D -0
220 @~
OOx3 | 949
- N 2 - X
EEC pud
NeORD VOTaY
ooOODOD>ODD2
/mmvmw—zmw;s
3 A7 ———a0(]7 ¥ ¥ ¥ ¥39) vgg——GND 14
4 A6 ——A1(|8 38)C7 Qs 19
5 A5 A2(}9 370 C6 Q7 18
6 A4 A3{j10 36[ C5 Q6 17
7 A3 — A4/SCLK ] 11 3sfica as 16
22 G——A7ECI(]12 TMS77C82 3afc3 Q4 15
14 iNT3(13 44 PIN LCC asfc2 (oK] 13
14 INT1(j14 32 C1 Q2 12
14 GND RESET[J15 31§ co Q1 AR
27 PGM —— A6/EC2[]16 30f 0O AB 25
17 290 D1 —————A9 24 (see note 1)
ONO—~NMY WO~ O
—— NN NN NN
0Z-N© VOLON O
xXZZ00VWO0000 0
3 >
0o
P
-
I.‘E vee 28
2| A12 x ATl 23
14 (e[ S A10 21
3 20
8! A2+— AQ 10
9 Alt GND 14

Note 1: For signature mode, insert a 3.9 K.ohms resistor between the pin # 24 of the socket and the pin # 29
of the TMS77C82 FNL (Plcc Package)

ns
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EPROM Integrity protection using the R bit

Once the TMS77C82 has been programmed with the desired code, the contents of the EPROM may be
protected with the use of the R bit integrity feature. The function of the R bit is to disable all external
accesses to the on-chip EPROM while in the EPROM mode, which will prevent a protected code from being
modified or read externally. The only way to ‘‘unprotect’’ the TMS77CB82 efter the R bit has been
programmed is by erasing the EPROM, thereby destroying the protected code.

The following table and procedure demonstrates how to program and verify the R bit.

TMS77C82 RBIT

FUNCTION PIN & PROGRAM VERIFY

XTAUCLKIN 17 Vgs Vss

RESET 14 Vss Vss

MC 6 125 v vee

RT3 12 125V 125V

D4 22 Vee Vss

AT/ECY 1 Vee Vss

AB/EC2 15 vee vee

A3 9 Vee X

Al 7 X Vss

c? 35 VIH/VILIVIH Refer to Step 3
in R Bit Verify

Procedure

Note: X = Don’t Cere.

R bit Programming Procedure:

1. Configure all referenced pins for the R bit Program mode.

2. Power up the device.

3. Toggle C7 from & logical high (1), to a logical low (0), and back to a logical high (1).
4. Power down the device.

R bit Verify Procedure:

1. Configure ell referenced pins for the R bit Verify mode.

2. Power up the device.

3. Read C7. Zero (0) is programmed, one (1) is not programmed.
4. Power down the device.

erasure

The TMS77CB82 is erased by exposing the chip to shortwave ultraviolet light that has a wavelength of
253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure
time) is 15 watt-seconds-per-square-centimeter. The lamp should be located about 2.5 centimeters (1 inch)
sbove the chip during erasure. After erasure, all bits are at a high level. It should be noted that normal
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS77C82 the
window should be covered with an opaque label.

£
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

programming characteristics over recommended supply voltage range and operating free-air temperature
range TA = 25°C, VeCc = 6 V, Vpp = 125V

TEST
PARAMETER MIN  MAX UNIT
CONDITIONS !

tg(A) Access time from address 450 ns
ta(E) Access time from chip enable C_ = 100 pF, 450 ns
teni(G) Output enable time from G 1 Series 74 TTL load, 150 ns
tgis} Output disable time from G or E, whichever occurs first tr s 20 ns. 0 130 ns

Output data valid time efter change of address, Y s 20ns
tv(A) = . o] ns

E. or G whichever occurs first

TFor all switching characteristics and timing measurements, input puise levels are 0.40 V1o 2.4 V and Vpp = 12.5 2 0.5 V during
programming.
$value caiculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested.

recommended conditions for programming, TA = 25°C§

MIN  NOM MAX UNIT

’_‘ﬂ_LPGM) Initis! programt pulse duration 095 1 1.05 ms
tw(FPGM) Final pulse duration 2.85 78.75 ms
tgu(A) Address setup time 2 us
tgu(E) E setup time 2 ']
&m] T setup time 2 us
| tdisiG) Output disable time from G [¢} 130 ns
ton(G) Output enable time from G 150 ns
tsu(D) Data setup time 2 kS
tsu(VPP) VPP setup time 2 us
tsu(VCC) VCC setup time 2 us
th(A) Address hold time 0 us
th(D) Data hoid time 2 '

§Common test conditions apply for tgig(G) except during programming.

‘{i’
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

program cycle timing

OGRAM o
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read cycle timing
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NOTE: The timing meassurement reference levels for inputs and outputs are 0.8 V and 2 V
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

TMS77C82 DEVELOPMENT SUPPORT

TMS7000 CMOS XDS' — extended development system

© Full TMS7000 Femily Development System
® Host independent/RS-232-C Interface
® Full Speed In-Circuit Emulation
® Extensive Breakpoint and Trace Functions
—Deteiled Timing Analysis
—2K-Byte Trace Semples
— Breskpoint Sequancing Ability
® Command/Defauit Storage
© Removabie Target Connector
® External Probe for Breskpoint/
Trace Qualifiers
® On-Board Assembler and
reverse Assembler
® Multiprocessing Capabilities

CMOS EVM — evaluation module RTC/EVM7000C-1

@® TMS7000 Femily Low Cost Development
System

Single-Chip Mode Emulation Only
On-Board Assembler/Line Text Editor
Muitiple Breekpoints

Trace Displey Function

EPROM Programmer Utilities

assembler/linker packages

Crosswaret assembler/linker packages are available through Texas instruments for the following operating

systems:
Operating System Tt Pert Number
MS'-.DOS and PC-DOS TMDS7040810.02
DEC VAX' VMS TMDS7040210-08
TXDS ond C ore rog of Toxss MSao of e VAX 8o

of Dwgital Equipment Corporetion

EPROM programming support

The following third-party companies support programming the TMS77C82 EPROM microcontroller directly
or with an adapter socket (ses note 24).

— Deta /0 Corporation — Advanced Microcomputer System Inc.
10525 Willows Road N.E. 2780 S W. 14th Street
P.O. Box 87046 Pompano Beach, FI 33069
Redmond, WA 98073-9746 (305} 975-9515
(206) 881-6444

— Logical Devices, Inc.

— PROMAC 1321:E N W 65th Place
Adams MazDonasld Enterprises, Inc. Fort Lauderdele, FL 33309
2999 Maonterey/Salinas Highway
Monterey, CA 93940
(408) 373-3607

NOTE: Contact your locsl Texas Instruments field sales office for availability of the 40-10-28 pin programmer adepter socket (part

no. RTC/PGMCB2A-06).
‘{i;
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TMS77C82

8-BIT CMOS EPROM MICROCOMPUTER

40-pin JD ceramic sidebraze package

MECHANICAL DATA

INDEX DOT

15.24 + 0,25
(0.600 + 0.010)

| eom——— |
H 4 1] ___ SEATING
PLANE
lo-105° |
%0°
. ”__o.zs 10.010) 1.27 + 0.608
NOM {0.050 & 0.020)

le— 51,31 (2.020) MAX
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21
foe W Ve B e e B e B e ¥ e § e B o B o § s U e € o § e § v § e § s § e ¥ o |

15,0 {0 590)
NOM

\ |

o e e e o e e e e e s s s J e e o
12 3 456 7 8 851011121314151617181920
5,08 (0 200)
0.508 (0.020) MAX
MIN

=l =Ly

1,27 + 0.254

{0.050 + 0.010)

3.81 + 0.762
(0.150 + 0.030)

LR

2,54 (0.100) T.P.
PIN SPACING
(SEE NOTE A)

0.457 + 0.076
(0.018 + 0.003)

40-pin plastic package (70 mil spacing)

35.31 (1 390) MAX

r— _ |
@mr‘xmmmmﬁhﬁmmmrﬁrﬂ:—xﬁm@ ‘v‘

THER
<1

G [
Y y5.24:0268 5
rno €00:0010)

S G0 G G D D D D D G GG | G ) QNS G WO D GG | G | G S

—

0.508 (0 020)

&
~ SEATING PLANE —p—

0.467:0.076
©o018:000m I

+ 0.078

279
1+ 0003)

106
0
0.

001

P SPACWG 1.78 (0 0701T P | |

e

L] (0 2001 MAX

U U U\Uu ‘i a;ilno‘umm

L—‘ 27 (0 0501 MAX

|
(See ot b) vouoowmoma{ fo—

|

Note: All dimensions are in milimeters and parenthetically in Inches

Lip
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TMS77C82
8 BIT CMOS EPROM MICROCOMPUTER

MECHANICAL DATA

40-pin N dusl-in-line package

$53.08 (2 090) MAX —
40 39 38 37 36 35 34 33 32 31 30 20 28 27 26 25 24 23 22 21 |
mmﬁmmmﬁmmrmﬁmﬂﬁ

EITHER

INDEX :

D D D J G D G 6D 6D N O 6O J 0 G S 0 ) G ) G ) 0 | S
12 3 4 6 6 7 8 9 101112 13141516 17 18 19 20

& 1pae:0250 &
10 800: 0 010) r‘\ 10° REF TYP
| 0.508 (0 020) | (OPTIONAL!
| ""‘ 10 2001
FRRRF AR AR
- ATING PLANE
108 | st 7 L L 28210 118)
%0 0.457:0.076 MIN
0.27910.076 #je-
k 1001810 003) 3) MIN
001110 oo:x'\\ 20003 0. ‘z’:’“‘?o":g's}
PIN sucmc 254 01001 TP ‘ T
)
(See Note &) 1.27 (0 0501 NOM

44-pin leaded chip carrier with window

12.60 10 496
0.51(0.020) X 45'}— | o 12 45 (0 4301
T -O-O-O0-0-0-0-0-0-0 ————

0.700) 7.70 (0.303]
) oa 16.81 (0 862
16.33 (1 843

17,28 (0.680) 7.54 (0.297)

0.040 xd45° |
3 Paces __l L_ 0559 10 0221
0.457 (0 018)
1.27 (0 80) TYP

12.60 (0.496)

r'—' 12.45 (0 4901

41210 162)
18.81 (0 862)

356 (0188
163310 6431
o8t 108 1.07 10 0421
| 92) - 1,85 0.0731
0.97 10.033)

Note: All dimensions are in milimeters and parenthetically in Inches

s
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TMS77C82
8-BIT CMOS EPROM MICROCOMPUTER

MECHANICAL DATA
44-lead plastic chip carrier package

N 17 65 (0 895) .
17 40 (0 885)
16 86 (0 656) .

16.51 (0 6501
§ oo B o U e W o O o O s B o T e U s U s T s ) S

28 27 26 25 24 23 22 21 20 19 18

37 9

38 8

[jza 170

Qse 16 ()

g 15[

i h

Qa3 13{)

Qes 1 666 06561
D o) 16sTO8s0)
g i

g 0

q

l
1
39 00T \ 7 ’

i
4.57 (0 180)
40 41 42 43 &4 1 3 4 5 8 l 4.1810165)
| e s gy g e |55 B o o s gy o gy 3.05 10 120)

g~

2.29 (0 090)

b

1.219 (0.048)

1.067 (0 042) 0.51 10 020! —o
MIN r

T—‘q

4+

0.533 (0 021) ' }

033000131

16 00 (0 630)
14 99 (0 590)

» E 1.27 10 0501

TYP

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

*p
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TMS27C64
65, 536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

logic symbol !

10) EPROM 8192 X 8
A0 —— 0]
(9)
At (8)
A2 T
a3 - (1
M — AVI—r o1
AS —2 | AVb——— Q2
(4) (13
As (3) L o2 AVIs) a3
Al ——— 8191 Av—m Q4
hs ((23'» AVIThg) as
A9 <2 | AVF——— a6
(21) 118)
A10 "2——'— A —W Q7
A1 '—gl—— AV}——— a8
A2 (2‘01) 12
E [PWR DWN]
&
5 22) | EN

1This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!
Supply voltage range, VcC (see Note 1)

..................... ... -0BVto7V
Supply voltage range, Vpp (see Note 1). . ........ ... ... ................. -0.6Vt 14V
Input voltage range (see Note 1): All inputs except A9. .. ... . . ... ... ... . -06Vtob65V

.................................. -06Vto 135V
Output voltage range (see Note 1). . ...... ... ... ... ... ... ... .... -06Vtovce + 1V

Operating free-air temperature 1ange. . . . ............... i 0°C to 70°C
Storage temperature range . . . .. .. .......oo it -65°C 10 150°C

tStresses beyond those hsted under "Absolute Maximum Raungs’* may cause permanent damage to the device This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating

Conditions’’ section of this specification is not implied Exposure to absolute-maximum rated conditions for extended per:ods may affect
device rehability.

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND

{l’
Texas
INSTRUMENTS



TMS27C64
65, 536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

TMS27C84-1 TMS27C84-16
TMS27C84-2 TMS27C64-20
TMS27C84 TMS27C64-25 UNIT
TMS27C84-3 TMS27C64-30
TMS27C64-4 TMS27C684-45
MIN NOM MAX MIN NOM MAX
Vee Supply voltage (see Note 2) 4.75% 5 5.25 4.5 - 55 \
Vep Supply voltage (ses Note 3) vee vee v
) N TTL 2 Ve +) 2 Vee 4! v
Vin  Hightlevel input vottage s Voc-02 v;;c‘o.z Vec-02 vocc(i 02| Vv
Ve Lowdevel input voitsp TIL -0.5 08| -05 o8| Vv
CMOS [GND-02 G\D+02 BND-02 GND+0.2 v
Ta Operating free-air temperature 0 70 0 70 °C
NOTES: 2. Vcc must be applied before or at the same time 8s Vpp and removed after or &t the same time as Vpp. The device must
not be inserted into or removed from the board when Vpp or Vc is applied.
3

electrical characteristics over full ranges of recommended operating conditions

During programming. Vpp must be maintained 8t 12.5V (2 0.5 V).

. Vpp can be connected to V directly (except in the program mode). Ve supply current in this case would be Icc + Ipp.

PARAMETER TEST CONDITIONS MIN TYP! MAX URIT
Vou High-leval output voltage 1IoH = -400 A 2.4 \4
VoL Low-level output voltage oL = 2.1 mA 0.4 \
[} Input current (leakage) Vi=0Vto 55V +10 rA
o Output current (leakage) Vg = 0Vt Ve +10 A
Ippy Vpp supply current Vpp = Vcc = 5.5V 100 rA
Ipp2 Vep ) supply current Vep = 13V 30 s0 | ma
{during program pulse)
Ve supply current TTL-input level Vee = 55V. E = vy 500 rA
lccr {standby) CMOS-input level Vee = 55V. E = vee 250 A
Vee = 55 V. E= ViL.
icc2 Ve supply current (active) teycle = minimum cycle time, 30 40 mA
outputs open

TTypicsl values are st T = 25°C and nominal voltages.

capacitance over recommended supply voltage range and operating free-air temperature range,

f = 1 MHz?!
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
[ Input capacitance Vi=0V. t = 1 MHz 6 9 pF
Co Output capacitance Vo = 0V. I = 1 MHz 8 12 P
ic e Meas. sre made on sample basis only

3 Typicsl values are at T4 = 25°C and nominal voltages.

58
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TMS27C64

65, 536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

switching characteristics over fuil ranges of recommended operating conditions (see Note 4)

— Test CouomoNs | e | gncseto | avcaers | ww
(SEE NOTES 4 AND 8)
MIN MAX | MIN MAX | MIN MAX
ta1A) Access time from address 150 200 250 ng
(13 Access time from chip enable 150 200 250 ns
teniG) Output enable time from G Cy = 100 pF. 75 75 00| ns
Output dissble time from G or 1 Series 74 TTL Load.
\dis E. whichever occurs first! Input &y £20 ns, 0 60 0 60 0 60| ne
Output data vaid time after Input 1 <20 ns
A change of address, E, or 0 [} [} ns
G. whichever occurs first!
‘27C64-3 '27C64-4
PARAMETER (SZS;::::D:Y:;NDSS) ‘27C64-30 ‘27C84-45 unIT
MIN  MAX MIN  MAX
ta1A) Access tme from address 300 450 ns
ta(E) Access time from chip enable 300 450 ns
ten(G) Output enable time from G C = 100 pF, 120 150 | ns
Output disable time from G or ! Senies 74 TTL Load.
'dis E. whichever occurs first? Input t; <20 ns. 0 108 o 1w b
Output data valid time after Input 1y £20 ns
ty(A) change of address, E, or 0 0 ng
G. whichever occurs first!

Tvalue calculated from 0.5 V delta to measured output level. Thus parameter is only sampled and not 100% tested.
recommended timing requirements for programming, Ta = 25°C, VgC = 6V, Vpp = 125V
{see Note 4)

MIN  NOM  MAX UNIT
Tw(IPGM) Initial program pulse duration 0.95 1 108 ms
tw (FPGM) Final pulse duration 2.85 78 75 ms
tgu(A) Address setup time 2 S
t5u(E) E setup time 2 ns
5ulG) [ setup ume 2 S
dis(G) Output disable nme trom G (4] 130 ng
ten(G) Output enable ume from G 150 ns
tsy(D) Data setup time 2 [x)
tu(VPP) Vpp setup time 2 s
tsu(vVCC) Ve setup time 2 88
thiA) Address hold tume 0 S
$hD) Data hold vme 2 (1]

NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V10 2.4 Vend Vpp = 125V 205 V
dunng programming

§. Common test conditions apply for tg,5(G) except dunng programming
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77C82 KIT EVM
TMS77C82 Evaluation Kit

- Complete Development
Solution in One Packag

- Interactive, Windowed
Debugger.

» Real-Time Emulation.

- Integrated EPROM

- Unpack and Begin -
e. Everything is Provided.

« Optimized User Interface
Enhances Productivity.

» When Only Real-Time Will Do.

- Quick and Easy Way to

Programmer. Generate Test EPROM
« Shorter Development Cycle. - Faster to Market.
- Stand-Alone or PC Modes - Flexibility and Independ
for EVM Card. ence.
« PC Mode Functions with any « Standard RS232 Serial Link
IBM XT/AT or Compatible. to Host Computer.
TEXT EDITOR
ASSEMBLER/
LINKER

DEBUGGER

). 4
) |ﬁ§*

USER
GUIDES

PROGRAMMING SOCKETS

TARGET CABLE
— TMS77C82
EVALUATION
MODULE
TARGET SYSTEM
PRODUCTION DATA documents contain in- Copyright © 1991, Texas Instruments Incorporated
formation current as of publication date. Prod- rn
ucts conform to spedifications per the terms of
Texas Instruments standard warranty. Pro- INS’IRUMENTS

duction p ing does not ily im-
ply testing of all parameters.




77C82 KiT EVM
TMS77C82 Eva!uaticn Kit

About the 77C82 KIT EVM

The 77C82 KIT EVM offers a low cost
but highly efficient route to TMS7000 single-
chip microcontroller development. Features
such as the new interactive windowed de-
bugger, real-time emulation and integrated
EPROM programmer, all contribute to en-
hanced user productivity and consequently
a shorter design cycle.

The TMS77C82 Evaluation Module Kit
(Part Number - CMF 179) contains:

- EVM77C82 Board.

- Assembler/ Linker for IBM XT/AT or
compatible.

- New, windowed debugger for IBM
XT/AT or compatible.

- Complete supporting documentation.

- 3 TMS77C82 devices -
(1 OTP + 2 Windowed).

- Target Cable.

Oncethe 77C82KIT EVM is unpacked,
application development can start immedi-
ately. Everything required to emulate the
single-chip mode of the TMS7000 CMOS
family is provided. The EVM77C82 evalu-
ation module needs only to be connected to
an external power supply and a terminal.

/O Ports

The Evaluation Module firmware sup-
ports three ports for the purpose of loading
and dumping data (text and object code).
Ports 1 & 2 conform to the EIA RS-232-C
standard and Port 3 provides an audio cas-
sette recorder interface. Port 1 is for a user
terminal connection and Port 2 handles ei-
ther the host CPU link or a printer. The
UART function for Ports 1 & 2 is imple-
mented by the evaluation module firmware
and supports the following Baud rates: 110;
150; 300; 600; 1200; 2400; 4800; 9600.
The Baud rate of port 1 is determined at

RS-232-C PORTS

AUDIO CASS.

REC. POWER

PORT 1 PORT2 PORT3 CONNECTORS
L ] [ | I
l J i F 1 F uUuuy M [sS55]
PGM.
EPROM LED
PROGRAMMING  ©
SOCKETS
TMS70CXX
CPU
User re-
placeable 28PIN 40 PIN
crystal
RST.
SW (I
o LH_!Uli"J P

during
emulation

EVM RAM User ROM EPROM EVM Firmware:
User data for object expan-
code.

- Debug monitor
- EPROM programmer
- Assembler
- Text editor

sion

EVM77C82 - Major Functional Areas

Texas
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77C82 KIT EVM
TMS77C82 Evaluation Kit

power-up automatically, by hitting Carrage
Return on the terminal keyboard after press-
ing the RESET key on the evaluation mod-
ule. This feature is known as Autobaud and
eliminates the need to select Baud rates.
The Baud rate of Port 2 defaults to 9600 at
RESET and the Baud rates of both ports
may be changed by means of a simple
monitor command.

EPROM Programmer

The Evaluation Module contains resi-
dent firmware providing EPROM program-
ming facilities. A group of eight simple com-
mands perform PROGRAM, COMPARE
READ and VERIFY operations. Each
command has an associated destination
parameter that specifies the device that is to
be programmed. This parameter enables
an out-of-range address check of the EPROM

start and stop locations. On-card 28 pinand
40 pin programming sockets accomodate
most popular types of EPROM devices. Of
course, the EVM module will also program
the TMS77C82. An LED adjacent to the
programming sockets illuminates when the

programming voltage is being applied.
Prototyping Area

A wire-wrap pin prototyping area is
provided at one side of the Evaluation Module
to facilitate development of user applica-
tions. All address, data and control lines as
well as power supplies, are brought out to
clearly marked pins situated at the edge of
the prototyping area.

Crystal Frequency

Since the EVM is intended to be a de-
velopment tool, using the emulation cable,

the crystal frequency of the EVM can be
altered to suit the needs of the target sys-
tem.

Power Supply

Two sizes of screw terminal power
supply connectors are provided for + 12V,
- 12V, + 5V and Ground.

Operational Modes

For maximum flexibiity, the EVM77C82
board has two modes of operation:

- Peripheral (PC) Mode.
- Standalone Mode.

The EVM77C82 can function as a pe-
ripheral to a host computer, or in standalone
mode as a competely independant develop-
ment system using an audio cassette as a
mass storage device.

Peripheral (PC) Mode

Operating in Peripheral Mode takes
advantage of the sophisticated mass stor-
age facilities offered by a host computer.
Text files may be downloaded to the Evalu-
ation Module via the EIA port and then as-
sembled by the powerful resident two pass
assembler. After assembly, the resultant
object file can be subsequently uploaded to
the host.

Stand-alone Mode

Stand-alone mode requires no exter-
nal computer support for the EVM to func-
tion as a development system. The file
structured cassette tape interface (with file
search) is the mass-storage medium. The

Texas
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77C82 KIT EVM
TMS77C82 Evaluation Kit

resident Text Editor provides for creation
and modification of large text files that can
be passed directly tothe asembler. Aunique
set of monitor commands allow breakpoints
to be set, based on Text Editor line numbers
(such numbers are easy to remember and
are quickly displayed from the Text Editor as
well as the monitor).

Operating System

The EVM operating system firmware
resides in 24K bytes of EPROM and com-
prises three major parts:

- Interactive Debug monitor and
EPROM programmer.

- Text editor.

- Assembler/Linker.

All the sofiware is designed to interact
with the user to provide a complete, power-
ful, and easy to use development tool.

The menu driven nature of the soft-
ware enables the user to exploit the features
of the Evaluation Module at maximum effi-
ciency. Optimization of the man-machine
interface is achieved through an enhanced
level of communication, resulting in better
user productivity.

Main features of the Operating System
are:

- Windows used for general information.
- Menu-driven instructions with macros
- Cell and editor commands.

- Symboalic disassembler.

- Symbolic access to all instructions.

- Wide choice of display format.

- Windowed editing.

- Step-by-step execution.

- 10 breakpoints with diskette backup.

- Terminal emulator mode for driving the
Evaluation Module Directly.

- Temporary return to DOS.

When performing assembly and de-
bug operations, the Evaluation Module RAM
can be configured to emulate all TMS7000
family members. The Evaluation Module
software even allows assembly of text files
from RAM, leaving the text intact for imme-
diate editing after execution. After assembly
of the text editor output, breakpoints can be
set based on either addresses or line
numbers.

During execution, several modes of
fixed display are available - a hex display of
all register and peripheral files for example,
or a binary display of the peripheral ports.
While using a fixed display, subsequent
execution to a breakpoint or execution of a
single instruction step will overwritethe old
data on the screen with new data. A pro-
grammable line of up to six registers or
peripheral locations is provided for display
with breakpoints - and instruction steps.

The text editor is cursor and line number
orientated with auto-increment line num-
bers, resequence line numbers, change line
number, duplicate line number and find string
commands. The cursor orientated edit ca-
pablility simulates a screen editor by allow-
ing editing of the previous or next line simply
by moving the cursor up or down.

TMS7000 assembly language is proc-
essed by a two-pass macro assembler.
During the first pass the assembler:

- Updates the location counter.
- Builds a symbol table.

Texas
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77C82 KIT EVM
TMS77C82 Evaluation Kit

- Produces a copy of the source code.
Then in the second pass the assem-
bler:
- Reads the source code copy.
- Assembles the object code using the
opcodes and symbol table produced
in the first pass.

The assembler/Linker supports anum-
ber of assembler directives that perform
functions such as modifying the location
counter; initializing constants; linking pro-
gram modules; etc...

The TMS7000 Interactive Debugger

Once an executable object module
has been produced by the TMS7000 as-
sembler and linker, the debugger is used to

load it into emulator memory and execute it

Debugging a system may require in-
tervenion in a number of different areas: the
code being executed; the registers of the
target machine; the variables in the progam;
etc. The TMS7000 Debugger displays this
data in a set of windows on the screen. Each
window contains information pertinent to
one aspect of the debugging process. The
user can move from window to window to
perform specific operations such as moving
to the code window to examine code or
moving to the CPU register window to clear
a register.

In addition to the various windows, the
top line of the entry level debugging screen
shows a menu of active command options.

Display Modity Execute Reset Save Load Terminal Quit
Command : Execute step
code cpu registers————————
FCS0 EOAB JMP IREC PC FC88SP 78 ST onz
TRT2 A44006 ORP %>40,P006 A FF B 01 40 0100
FC85 A41006 ORP %>10,P006 r filo stack
FC88 2207 MOV %>07,A ROO FFh ROt 01h SP  (78)00
FC8A 8EFDO6  CALL @WW R02 00h RO00 FFh -1 (77)20
FC8D EOSE JMP IREC R0O4 F3h R05 00h - 2 (76)01
TRTJ A3BF06  ANDP%:>BF,P006 R0O6 00h RO7 00h - 3 (75)00
FC92 A3EF06  ANDP%>EF,P006 R0O6 00h R09 00h - 4 (74)00
FC95 2201 MOV %>01,A ROA 00h ROB 00h - 5 (73)00
FC97 8EFDO6 CALL @WW ROC 00h RO F5h - 6 (72)00
display ROE 00h ROF 00h - 7 (71)00
0000 FF 01 00 FF FJ 00 00 00 ........ R10 00h Ri11 00h - 8 (70)00
0008 00 00 00 00 00 F5 00 0O ........ R12 00h -R13 00H - 9 (6F)00
0010 00 00 00 00 00 00 00 00 ........ ——————— eprom programmer
0018 00 00 00 00 00 00 F5 00 ........ selected device TMS77c82
0020 00 00 00 00 00
0028 00 00 00 00 00
0030 00 00 00 00 00
0038 00 00 00 00 00
0040 00 00 00 00 00
0048 00 00 00 00 00
FiWindow+ F2Window- F3Edit F4SetPc F5Update  F6SetBrkp  FICmd +/- F10Help

Interactive Debugger - Top Level Screen

Texas
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77C82 KiT EVM
TMS77C82 Evaluation Kit

In the second line, the chosen option is com-
bined with a suitable parameter to form a
command. The bottom line shows the ac-
tive function key assignements.

The windows are designated:

Code Display CPU Registers
R file Stack EPROM Programmer

The windows are based on virtual
buffers in the debugger. The debugger

therefore keeps track of more information
than is actually displayed in a given window.
This allows the user to scroll the window up
or down very quickly because the debugger
does ot need to request the required data
from the Evaluation Module. The windows
are automatically updated whenever the
microcontroller stops running, or by the modify
command. When the values change in a
window containing register or memory infor-
mation, the new values are highlighted so

that they are easily identified on the screen.

Debugger Command Overview

Display Memory
Display Rfile
Display Pfile
Display Stack
Display code
Display Labels
Display Breakpoint
Display File
Display Trace
Modify Memory
Modify Blockmem
Modify Register
Modify Preg
Modify Breakpoint
Execute

Execute From
Execute Until
Execute Step
Execute Cmdfile
Execute Promprog
Reset

Reset Device
Reset breaKpoint
Reset Allbrkpt
Save breaKpoints
Save Commands
Save Screolor
Save Memory
Load Memory
Load Labels
Load breaKpoints
Load Scrcolor
Quit Definitively
Quit Temporary

Display memory dump

Display register file

Display peripheral file

Display stack

Display disassembly code
Display symbols

Display breakpoint addresses
Display DOS file

Display instruction trace buffer
Modlfy memory location(s)
Modify memory block

Modify register

Modify peripheral register
Modify breakpoint setting
Execute code

Execute code from address
Execute code until address
Single step

Execute Command file

Execute EPROM programmer utility
Set PC to reset vector

Set PC to reset vector

Reset breakpoint

Reset all breakpoints

Save current breakpoint settings
Save executed debugger commands
Save current screen color settings
Save EVM memory

Load EVM memory

Load symbol table
Loadbreakpoint settings

Load screen color settings

Exit debugger

Escape debugger and load DOS
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