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Electrical Specifications and Timings. Gives timing diagrams and electrical
specifications for each of the device categories.

Customer Information. Describes mask-ROM prototyping, TMS370 physical
characteristics, and parts ordering.

Differences Between a TMS370CxxxA Device and a TMS370Cxxx Device.
Points out the differences between the TMS370CxxxA devices that are
described in this manual and the TMS370Cxxx devices.

Peripheral File Memory Map. Gives reference tables for the TMS370 control
bits and registers.

Block Diagrams. Gives reference block diagrams of the major circuits.

ASCIl Character Set. Lists the ASCIlI character set that the TMS370
assembler recognizes.

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

Instruction/Opcode Cross-Reference and Bus Activity Table. Gives an
instruction-to-opcode cross-reference of all 73 mnemonics and 246 opcodes
of the TMS370 instruction set and provides a cycle-by-cycle bus activity table.
Device Pinouts. Provides pinouts for the individual device categories.
PLCC-to-PGA Pinouts. Shows the pinouts for the standard PLCC-to-PGA
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Style and Symbol Conventions / Information About Cautions and Warnings

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

MOV sd

MOV is the instruction. This instruction has two parameters, indicated by s
and d.

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

TST {AIB}
This provides two choices: TST A or TST B.

Unless the list is enclosed in square brackets, you must choose one item
from the list.

Information About Cautions and Warnings

Vi

This book may contain cautions and warnings.

e remessemmsses e e

This is an example of a caution statement.

A caution statement describes a situation that could potentlaliy
damage your software or equipment.

This is an example of a warning statement.
A warning statement describes a situation that couid potentially

cause harm to you.

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

Read This First
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TMS370Cx5x 8-Bit Microcontrollers Data Sheet (literature number
SPNS010B) describes the features of the TMS370Cx5x devices and
provides pinouts, electrical specifications, and timings for these

microprocessors.

Using the TMS370 A/D Converter Module Application Report (literature
number SPNAQO5) provides examples of hardware interfaces and
software routines for the TMS370 analog-to-digital converter module.

Using the TMS370 SPI and SCI Modules Application Report (literature
number SPNAOQ06) provides examples of hardware interfaces and
software routines for the TMS370 SPI and SCI modules.

Using the TMS370 Timer Modules Application Report (literature number
SPNAOQO08) provides examples of hardware interfaces and software
routines for the TMS370 timer 1 and timer 2 modules.

CROSSTALK is a trademark of Microstuf, Inc.

Kermit is a registered trademark of Columbia University.
MS-DOS is a registered trademark of Microsoft Corp.
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Overview

1.1 Overview

The TMS370 family consists of VLSI, 8-bit, CMOS microcontrollers with on-
chip EEPROM storage and peripheral support functions. These devices offer
superior performance in complex, real-time control applications in demanding
environments and are available in mask-programmable ROM and EPROM.
Moreover, you have a wide range of options to choose from in deciding the
most economical and efficient manner for getting a product to market faster.

In an effort to continually improve its products, Texas Instruments has added
new, more robust features to the TMS370 family of devices. These features
are designed to enhance performance and enable new application technolo-
gies. The improved features include new watchdog modes and low-power
modes for mask-ROM devices. And, all family members are software compat-
ible, so you can run many existing applications on the improved devices with-
out having to modify your software. (Refer to Appendix A for more information
about compatibility.)

In expanding its powerful TMS370 family of microcontrollers, T! offers many
new configurable devices for specific applications. As microcontrollers have
evolved, Tl has added multiple peripheral functions to chips that originally had
only a CPU, memory, and I/O blocks. Now, with the high-performance, soft-
ware-compatible TMS370 microcontrollers, you can choose from over 40
standard products. Or, you can use up to 16 function modules to configure your
new device quickly, easily, and cost effectively for your application.

The TMS370 family is fully supported by Tl development tools that facilitate
simplified software development for quicker market introduction of new prod-
ucts. These tools include an assembler, an optimizing C compiler, a linker, a
C source debugger, a design kit, and an EEPROM/EPROM programmer. All
of these tools work together using a DOS-based personal computer (PC) as
the host and central control element. This allows you to select the host comput-
er and text management as well as editing tools according to your system re-
quirements.

Additionally, the TMS370 in-circuit emulator (XDS—eXtended Development
Support) allows you to immediately begin designing, testing, and debugging
your system upon specification. The reason for this is straightforward: the
emulator itself is modular and configurable, eliminating the need to produce
a complete, new emulator for each TMS370 configuration.

Introduction to the TMS370 Family Devices



Key Features

1.2 Key Features

The TMS370 family of devices has the following key features:
1 Series of compatible devices that supports software migration

[ CMOS EPROM technology that provides EPROM for reprogrammable
and OTP (one-time programmable) program memory to be used as proto-
types and for small-volume or quick-turn production

CMOS EEPROM technology that provides EEPROM programming with
a single 5-volt supply

A/D technology that converts analog signals to digital values

Static RAM/registers that offer numerous memory options

I N N I

Flexible operating features:

B Power reduction standby and halt modes
Bl -40°C to 85°C operating temperature

M 2-MHz to 20-MHz input clock frequency
W 5V 110%

[ Flexible interrupt handling for design flexibility:

W Two programmable interrupt levels
B Programmable rising or falling edge detect

1 System integrity features that increase flexibility during the software de-
velopment phase with:

M Oscillator fault detection
B Privileged mode lockout
B Watchdog timer

[ Memory-mapped ports for easy addressing
[ Anoptimizing C compiler that translates ANSI C programs into '370 as-
sembly language source
[ A high-level language debugger that lets you refine and correct code
[ A modular library for quick turns to different configurations
(O Fourteen addressing modes that use eight formats, including:
B Register-to-register arithmetic
M Indirect addressing
B Indexed and indirect branches and calls
(1 250-mA typical latch-up immunity at 25°C
(L1 ESD protection that exceeds 2,000 V per MIL-STD-883C method 3015
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Major Components of the TMS370 Architecture

Program Memory

Input/Output Ports

Timer 1 and Timer 2

1-6

The program memory provides alternatives to meet the needs of your applica-
tion. The program memory modules presently contain 2K, 4K, 8K, 16K, or 32K
bytes of memory. The program memory in TMS370C7xx, TMS370C6xx, and
SE370C7xx devices is EPROM. EPROM can be programmed, erased, and re-
programmed for prototyping (in a ceramic package). EPROM devices that do
not have a window (in a plastic package) are one-time programmable (OTP)
devices, used for small production runs. In TMS370C0xx and TMS370C3xx
devices, the program memory is mask ROM programmed at the factory.

Program memory is discussed in Chapter 6, EPROM and EEPROM Modules.

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

[ TMS370Cx2x devices have four ports: ports A, B, C, and D. Ports A and
B are 8-bit wide ports, port C is a 1-bit wide port, and port D is a 5-bit wide
port. Each of these ports can be programmed, bit by bit, to function as ei-
ther a digital input or a digital output.

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

[ TMS370Cx4x devices have three ports: ports A, B, and D. Port A is an
8-bit wide port, port B is a 3-bit wide port, and port D is a 5-bit wide port.
Each of these ports can be programmed, bit by bit, to function as either a
digital input or a digital output.

(] TMS370Cx5x devices have four 8-bit ports: ports A, B, C, and D (port D
for the 64-pin devices has only 6 pins). These ports can be configured by
the software as the data, control, and address lines for external memory.
Any bits not needed for external memory can be programmed to be either
a digital input or a digital output.

I/O ports are discussed in greater detail in Chapter 4, System and Digital I/O
Configuration.

Timers 1 and 2 are 16-bit timers that can be configured in the following ways:

[ Programmable 8-bit prescaler that determines the independent clock
sources for the general-purpose timer and the watchdog timer

[ 16-bit event timer, to keep a cumulative total of the transitions

Introduction to the TMS370 Family Devices
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SCI (Serial Communications Interface)

The SCI module is a built-in serial interface that offers the following features:

[ Programmable to be asynchronous (up to 156K bits/s) or isosynchronous
(up to 2.5 Mbits/s)

[ Full duplex, double-buffered Rx and Tx
[ Programmable format with error-checking capabilities

The SCI module programs and controls all timing, data format, and protocol
factors. The CPU takes no patt in the serial communications except to write
data transmitted to registers in the SCl and to read received data from registers
in the SCI when interrupted.

The SCI module is described fully in Chapter 9, Serial Communications Inter-
face (SCI) Module.

SPI (Serial Peripheral Interface)

The SPI module is a built-in serial interface that facilitates communication be-
tween the network master, slave CPUs, and external peripheral devices. It pro-
vides synchronous data transmission up to 2.5 Mbits/s. Like the SCI, the SPI
is set up by software. After that, the CPU takes no part in timing, data format,
or protocol. Also, like the SCI, the CPU reads and writes to memory-mapped
registers to receive and transmit data. An SPI interrupt alerts the CPU when
received data is ready.

The SPI module is described fully in Chapter 10, Serial Peripheral Interface
(SPI) Module.

A/D (Analog-to-Digital) Converter

The 8-bit analog-to-digital converter module performs successive approxima-
tion and offers four channels in 40-pin packages and eight channels in 44-pin,
64-pin, and 68-pin packages. The reference source and input channel are se-
lectable. You can program the conversion result to be the ratio of the input volt-
age to the reference voltage or the ratio of one analog input to another. Input
lines that are not required for A/D conversion can be programmed to be digital
input lines.

The A/D converter module is described in greater detail in Chapter 11, Analog-
to-Digital Converter Module.

1.4 Summary of Components by Device

1-8

The major components of the TMS370 family devices (discussed in Section
1.3) are summarized in Table 1-2 by device.
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Summary of Components by Device

Table 1-2. TMS370 Family Architecture Summary (Continued)

Interrupts/Reset
Type Device External | Vectors Total | Sources Total | /O Pins No. of PinslPackageOD
TMS370C010 4 6 13 22 28 DIP/PLCC
TMS370C020 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C040 4 9 22 32/36 40 DIP/SDIP | 44 PLCC
TMS370C050 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C022 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C032 4 23 25 36 44 PLCC
TMS370C042 4 9 22 32/36 40 DIP/SDIP | 44 PLCC
TMS370C052 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C056 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C058 4 10 23 55/53 68 PLCC | 64 SDIP
ROM TMS370C311 4 6 13 22 28 DIP/PLCC
TMS370C310 4 6 13 22 28 DIP/PLCC
TMS370C320 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C340 4 9 16 32/36 40 DIP/SDIP | 44 PLCC
TMS370C350 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C322 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C332 4 23 25 36 44 PLCC
TMS370C342 4 9 22 32/36 40 DIP/SDIP | 44 PLCC
TMS370C352 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C356 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C358 4 10 23 55/53 68 PLCC | 64 SDIP
ROM- TMS370C150 4 10 23 55 68 PLCC
lessTl TMS370C250 4 10 23 55 68 PLCC
TMS370C156 4 10 23 55 68 PLCC
TMS370C256 4 10 23 55 68 PLCC
oTP# TMS370C610 4 6 13 22 28 DIP/PLCC
TMS370C622 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C642 4 9 22 32/36 40 DIP/SDIP | 44 PLCC
TMS370C710 4 6 13 22 28 DIP/PLCC
TMS370C722 4 8 16 34 40 DIP/SDIP | 44 PLCC
TMS370C732 4 23 25 36 44 PLCC
TMS370C742 4 9 22 32/36 40 DIP/SDIP | 44 PLCC
TMS370C756 4 10 23 55/53 68 PLCC | 64 SDIP
TMS370C758 4 10 23 55/53 68 PLCC | 64 SDIP
SE* SE370C710 4 6 13 22 28 CDIP/CLCC
SE370C722 4 8 16 34 40 CSDIP/CDIP | 44 CLCC
SE370C732 4 23 25 36 44 CLCC
SE370C742 4 9 22 32/36 40 CSDIP/CDIP | 44 CLCC
SE370C756 4 10 23 55/53 68 CLCC | 64 CSDIP
SE370C758 4 10 23 55/53 68 CLCC | 64 CSDIP

Tin ROM-less (microprocessor) mode, all address, data, and control lines are fixed as their function.
# For OTP (PLCC) availability information, contact your local T! sales office or distributor.

* System evaluator (reprogrammable EPROM)—for use in prototype environment only.

D Refer to Table 17-1, page 17-6 for package type acronyms.

4 64-pin devices do not support off-chip memory expansion.
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Device Block Diagrams

Figure 1—2is a block diagram of the TMS370Cx2x devices, showing the major
functional blocks.

Figure 1-2. TMS370Cx2x Block Diagram
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Device Block Diagrams

Figure 1—4 is a block diagram of the TMS370Cx4x devices, showing the major
functional blocks.

Figure 1-4. TMS370Cx4x Block Diagram
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TMS370Cx1x Pinouts and Pin Descriptions

2.1 TMS370Cx1x Pinouts and Pin Descriptions

n The pinouts and pin descriptions for the TMS370Cx1x devices are shown in
Figure 2—1 and in Table 2—1, respectively.

Figure 2—1. Pinouts for TMS370Cx1x
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TMS370Cx2x Pinouts and Pin Descriptions

2.2 TMS370Cx2x Pinouts and Pin Descriptions

The pinouts and pin descriptions for the TMS370Cx2x devices are shown in
Figure 2-2 and Table 2-2, respectively.

Figure 2-2. Pinouts for TMS370Cx2x
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TMS370Cx3x Pinout and Pin Descriptions

2.3 TMS370Cx3x Pinout and Pin Description

n The pinout and pin descriptions for the TMS370Cx3x devices are shown in
Figure 2-3 and Table 2-3, respectively.

Figure 2-3. Pinout for TMS370Cx3x
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2.4 TMS370Cx4x Pinouts and Pin Descriptions

n The pinouts and pin descriptions for the TMS370Cx4x devices are shown in
Figure 2—4 and Table 2—4, respectively.

Figure 2—4. Pinouts for TMS370Cx4x
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2.5 TMS370Cx5x Pinouts and Pin Descriptions

Figure 2-5. Pinouts for TMS370Cx5x
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The pinout and pin descriptions for the TMS370Cx5x devices are shown in
Figure 2-5 and Table 2-5, respectively.
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Table 2—-5. TMS370Cx5x Pin Descriptions (Continued)

DIP |PLCC

Alternate
Name Functiont (64) | (68) | VO Description

Single-chip mode: port D is a general-purpose bidirectional
1/O port.

Each of the port D pins can be individually configured as a
general-purpose /O pin, primary memory control signal
(function A), or secondary memory control signal (function

Function B). All chip selects are independent and can be used for
A B memory bank switching.
DO CSE2 OCF 59 64 1/0 | I/O pin/A: chip select eighth output 2 goes low during

memory accesses to 2000h—3FFFh /B: Opcode fetch goes
low during the opcode fetch memory cycle

D1 CSH3 56 60 10 | I/O pin/A: chip select half output 3 goes low during memory
accesses to 8000h—FFFFh

D2 CSH2 — 59 1/0 | I/O pin/A: chip select half output 2 goes low during memory
accesses to 8000h—FFFFh

D3 CLKOUT [ CLKOUT | 55 58 1/0 | I/O pin/A, B: internal clock signal is 1/4 XTAL2/CLKIN fre-
quency

D4 RW R/W 54 57 1/0 | I/O pin/A, B: read/write output pin

D5 CSPF — 56 /0 | /O pin/A: chip select peripheral output for peripheral file
goes low during memory accesses to 10COh—10FFh

D6 CSH1 EDS 53 55 1/0 | /O pin/A: chip select half output 1 goes low during memory

accesses to 8000h—FFFFh. I/O pin/B: external data strobe
output goes low during memory accesses from external
memory and has the same timings as the five chip selects

D7 CSE1 WAIT 52 54 | I/O | I/O pin/A: chip select eighth output goes low during memory
accesses to 2000h—-3FFFh. /O pin/B: wait input pin extends
bus signals

T1IC/CR T1101 44 46 I/0 | Timer 1 input capture/counter reset input pin/general-pur-
pose bidirectional pin

T1PWM T1102 43 45 1/0 | Timer 1 PWM output pin/general-purpose bidirectional pin

T1EVT T1103 41 44 /0 | Timer 1 external event input pin/general-purpose bidirec-
tional pin

T2IC1/CR T2101 25 27 /0 | Timer 2 innut canture 1/counter recet input sin/gencral
purpose bidirectional pin

T2IC2/PWM T2102 24 26 1/0 | Timer 2 input capture 2/PWM output pin/general-purpose
bidirectional pin

T2EVT T2103 23 25 I/0 | Timer 2 external event input pin/general-purpose bidirec-
tional pin

SPISOMI SPHO1 47 49 1/O | SPI slave output pin, master input pin/general-purpose bi-
directional pin

SPISIMO SPIIO2 46 48 1/0 | SPI slave input pin, master output pin/general-purpose bi-
directional pin

SPICLK SPIIO3 45 47 /0 | SPI bidirectional serial clock pin/general-purpose bidirec-
tional pin

t For’370Cx58 devices, there is no memory bus expansion; ports A, B, C, and D can be configured only as general-purpose /O
pins.
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CPU / Register File Interaction

3.1 CPU/Register File Interaction

The TMS370 architecture provides the following components:

[ CPU registers:

A stack pointer, which points to the last entry in the memory stack,

A status register, which monitors the operation of the instructions
and contains the global interrupt bits, and

A program counter, which points to the memory location of the next
instruction to be executed.

[J A memory map that includes:

A register file that can be accessed as general-purpose registers,
data memory storage, program instructions, or part of the stack,

A peripheral file that provides access to all internal peripheral mod-
ules, system-wide control functions, and EEPROM/EPROM program-
ming control,

Data EEPROM modules, which provide in-circuit programmability
and data retention in power-off mode, and

Program memory that provides alternatives to meet the needs of
your application.

Figure 3-1 illustrates the CPU registers and memory blocks.

CPU and Memory Organization
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3.2 CPU Registers

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

3.2.1 Stack Pointer (SP)

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

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

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

The SP is loaded from register B (R1) by the assembly language instruction
LDSP (load stack pointer). The LDSP instruction allows the stack to be located
anywhere in the register file space. The SP can be read into register B by the
STSP (store stack pointer) command. Figure 3-2 illustrates an example SP
initialization and stack operation.

INIT MOV #60h,B ;Load register B with the wvalue
;60h.
LDSP ;Load the stack pointer with the

;contents of register B.

Figure 3-2. Stack Example

3-4

0000h
Top of Stack on Reset—0001h Increment

i i Push Then
4 L4 Store
[ ) [ ]

Initial Top of Stack—0060h

° . Fetch
Po Then
® ® P Decrement

Upper Stack Limit—007Fh
or
00FFh

For devices with 256 (or more) bytes of RAM, if the stack is pushed beyond
its limit of OOFFh, the SP register wraps around from 00FFh to 0000h without
an error indication. For devices with only 128 bytes of RAM, the stack is not
implemented beyond 007Fh; data pushed beyond this limit is lost. Your ap-
plication program must guard against stack overflow.
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Bit7

C. Carry.

This status bit is set by arithmetic instructions as a carry bit or as a no-borrow bit. It is
also affected by the rotate instructions. See each instruction in Chapter 13 for a detailed
description of how the carry bit is used.

When the CPU acknowledges an interrupt, the contents of the status register
are automatically pushed onto the stack; then the status register is cleared (for
more information about interrupt effects on the status register, see subsection
5.1.1, page 5-2). The RTl instruction implements a normal exit from an inter-
rupt service routine. When the CPU executes the RTI instruction, it automati-
cally restores the contents of the status register with a stack-pop operation.

The four condition flags (C, N, Z, and V) are updated every time an instruction
is executed that manipulates or moves data. As a result, conditional branches
should be performed immediately after a data manipulation operation. The
instructions that do not affect the contents of these flags are:

TRAP 0 through TRAP 15 IDLE
CALL NOP
CALLR PUSH ST
BR RTS
DJNZ STSP
JMP JMPL
Conditional jump instructions LDSP

The LDST instruction allows a program to change all bits in the status register.
The byte following this instruction is loaded directly into the status register. The
assembly language instructions DINT, EINT, EINTH, and EINTL enable spe-
cific interrupts. These instructions are converted to an LDST #iop8 opcode by
the assembiler so that #iop8 is the appropriate value to set or clear the specific
interrupt (see Chapter 13 for more information on the LDST instruction).

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

CPU and Memory Organization
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3.3 Memory Map

Figure 3—4 shows the memory map of the TMS370 family members. The parti-
tioning of memory and physical location of memory (that is, on- or off-chip) de-
pends on the device used and the memory mode of operation. The memory
modes of operation are discussed in Section 3.4.

Each device that has memory expansion can be programmed to use up to six-
teen address bits. This allows access of up to 56K bytes of memory. In addi-
tion, memory expansion features allow up to 112K bytes of external memory.
(The expansion features are described further in subsection 3.4.2.) 1

Figure 3—4. TMS370 Memory Map

0000h 256-Byte RAM (Register File/Stack)
00FFh
0100h
RAM Expansion (On-Chip)t
1000h Peripheral File
10BFh
10COn Peripheral File Expansion
10FFh
1100n Data EEPROM Expansion (On-Chip)
1EFFh
1F00h 256-Byte Data EEPROM
12[:)';;2 32K-Byte Program Memory Start or
Microprocessor Mode
Memory Expansion
4000h 16K-Byte Program Memory Start or
Microprocessor Mode
Memory Expansion
6000h 8K-Byte Program Memory Start or
Microprocessor Mode
Memory Expansion
7000h 4K-Byte Program Memory Start or
Microprocessor Mode
Memory Expansion
7800h 2K-Byte Program Memory Start
7Fooh Interrupt and Reset Vectors; Trap Vectors
7FFFh
8000h .
FFEFh Memory Expansion/External Memory

1 In devices with more than 256 bytes of RAM, only the first 256-byte block can be used as regis-
ters/stack.
% In devices that have 32K bytes of program memory, it begins at 2000h and ends at 9FFFh,
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3-10

The first two registers, RO and R1, are also called registers A and B, respec-
tively. Some instructions imply registers A or B; for example, the instruction
LDSP assumes that the value to be loaded into the stack pointer is contained
in register B.

Locations within the RF address space can serve as either the CPU register
file or general-purpose read/write memory. Program instructions can reside in
and be executed from any location in the address space without restriction.
The stack also occupies a portion of the RF.

The multiple use of the RF gives you the flexibility to use the register file how-
ever you wish. The partitioning of the RF is determined by the value loaded into
the stack pointer and by the program’s use of the RF.

Any location in the RF can be accessed in one of three ways:

O

0

Q

Register access using the register number. For example,

MOV A,R6 ;Move the contents of Register A to
;Register R6.
MOV R12,R200 ;Move the contents of Register 12 to

;Register R200.

Stack access using the stack pointer. For example,

MOV #5,B ;Move the value 5 into Register B.
LDSP ;Move the contents of Register B to
;the stack pointer.
PUSH A ; Increment stack pointer to 6.

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

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

When working with the RF, you must keep the following in mind:

0

a

Access time. When the RF is used as a general-purpose register, the ac-
cess time is a single system clock cycle. Access to the RF for any other
purpose takes two clock cycles.

Reset operations. A reset operation has no effect on the contents of any
memory location within the RF except for locations 0000h (register A) and
0001h (register B). Registers A and B are cleared in the beginning of the
reset process.

Halt, idle, and standby states. The halt, idle, and standby states have
no effect on the contents of the RF or RAM.

RAM outside of the RF. RAM that is not within the first 256 bytes
(0000h—00FFh) is general-purpose RAM and is not considered part of the
RF. Access to this RAM will take two clock cycles.
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Here is additional information on the peripheralfile frames shown in Table 3—1:

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

[ Frame 1 (1010h—101Fh) contains system configuration and control func-
tions. It also contains registers for controlling EEPROM/EPROM program-
ming. EEPROM/EPROM module control registers are described in Chap-
ter 6, EPROM and EEPROM Modules.

(] Frame 2 (1020h—102Fh) contains the digital I/O pin configuration/control
registers. The individual functions controlled by these registers are de-
scribed in Section 4.4, page 4-16.

[ Frames 3 through 7 are used by the internal peripherals. These peripher-
als and their control registers are described in the following chapters:

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

(]

Frames 8 through 11 are reserved.

(]

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

3.3.3 Data EEPROM Modules

The data EEPROM modules are 256- and 512-byte arrays. The 256-byte array
is located at memory addresses 1FO0h through 1FFFh, with the WPR (write
protection register) at 1FOOh. The 512-byte array is located at memory ad-
dresses 1EQ0h through 1FFFh, with WPRs at 1E00h and 1FOOh. Larger ar-
rays will continue to grow toward the smaller memory addresses with WPRs
located in the first byte of every 256-byte boundary.

Each set of 256 bytes is configured into eight blocks of 32 bytes and has an
associated WPR. Each block can be individually write protected by setting the
appropriate bit in the WPR. This module can be programmed on an entire
array, byte-wide, or single-bit basis. The read-access time for the EEPROM
module is two system clock cycles.
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3.3.4.1 Program ROM Module (TMS370C0xx and TMS370C3xx Devices Only)

The program ROM module consists of read-only memory, which is pro-
grammed at the time of device fabrication. The present ROM module sizes are
2K, 4K, 8K, 16K, and 32K. All accesses to the ROM module require two system

clock cycles.

Note:

All TMS370 family devices contain mask-ROM space reserved for Tl use

) only. This space includes locations 7FEOh through 7FEBh. This reserved
area should not be used in your software algorithm, nor should it be used dur-
ing mask-ROM/firmware development.

The contents of the reserved locations are changed by TI only.

3.3.4.2 ROM-less Devices (TMS370C1xx and TMS370C2xx Devices Only)

The program memory for ROM-less devices must be off-chip. The TMS370
must be in the microprocessor mode to operate.

3.3.4.3 Program EPROM Modules (TMS370C6xx and TMS370C7xx Devices Only)

The program EPROM modules replace the program ROM for systems in pro-
totype or small production runs. The modules presently consist of 4K, 8K, 16K,
or 32K bytes of EPROM and the necessary programming control logic.

Read access to the program EPROM is performed as normal memory read
cycles. Write cycles require a special sequence of events. See subsection
6.4.2, page 6-12, for a detailed discussion of programming the EPROM mod-
ules.

The EPROM can be written to only when Vpp is applied to the MC pin and the
VPPS bit (EPCTL.6) is set. When Vpp is applied to the MC pin, all on-chip
EEPROM is in 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.
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If the processor resets into a microcomputer mode, the software can change
the internal system configuration registers to select the desired memory ex-
pansion configuration. Part of this configuration set-up involves digital I/O port
D. Each pin of port D can be programmed to serve one of three purposes: digi-
tal I/O, function A signal, or function B signal. Function A includes chip-select
signals, which can be used in the microcomputer mode with external memory
expansion. Function B includes signals used in either the microcomputer or
the microprocessor modes to access external memory chips.

Each of the memory operating modes is described in the following subsec-
tions.

3.4.1 Microcomputer Single-Chip Mode

3-16

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

During reset, the MC pin must remain at a low level in order to successfully
enter the microcomputer mode. While the device is operating in the single-chip
mode, external circuitry can place 12 volts on the MC pin to enter the WPO
mode to alter protected EEPROM.

To put a TMS370 device into the microcomputer single-chip mode:
1) Place a low logic level on the MC pin.

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

Note:

The preceding procedure must be followed for devices that do not have the
memory expansion, even though they operate only in the microcomputer
single-chip mode.
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3.4.2 Microcomputer Mode With External Expansion (All Devices With Memory
Expansion and Internal Program Memory)

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

[ Port A: 8-bit data memory
[1J Port B and C: 16-bit address memory
[ Port D: 8-bit control memory

Each pin that is not used for address, data, or control memory can be individu-
ally programmed as a general-purpose input/output pin. These bits are pro-
grammed by setting the digital I/O control registers in the peripheral file (see
Section 4.4, page 4-16, for further information on programming /O pins).

The address memory and data memory are nonmultiplexed, eliminating the
requirement for an external address/data latch and thereby lowering system
cost. External interface decode logic can be reduced further by using the pre-
coded chip-select outputs.

The port D outputs can be programmed on a pin-by-pin basis to provide direct
memory/peripheral chip-select or chip-enable functions. Each port D pin can
be individually set to function A, function B or general-purpose 1/O.

Function A

When port D is set up to drive the chip-selection signals (function A), memory
accesses to certain ranges of memory activate pins (refer to Figure 3—7 on the
following page):

(1 A memory access to any location between 2000h and 3FFFh activates
pins CSE1 and CSE2. Typically, an application that uses both CSE1 and
CSEZ2 sets one as the active chip-select function and sets the other as a
general-purpose high-level output. Up to 16K bytes of external memory
can be mapped into this address space.

[ Amemory access to any location between 8000h and FFFFh activates the
CSH1, CSH2, and CSH3 pins if they are enabled by the appropriate port
control registers. The CSH1, CSH2, and CSH3 signals can be used as
memory bank select signals under software control. As a result, up to 96K
bytes of external memory can be mapped into the 32K-byte logical ad-
dress space of 8000h—FFFFh.
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Figure 3—7. Microcomputer Mode With Function A Expansion

Function A
, Address On Chip Off Chip Chip-Select Signals
Register 0000h
File/Stack 00FFh
3 0100h 512-Byte RAM
- Exoar o — — — —J%— Module Ends at
P OFFFh 01FFh
) ] 1000h
Peripheral File
10BFh
Peripheral 10C0h CSPF
Expansion
1100h 10FFh
Data EEPROM I 512 Bytes
Expansion 1EFFh Start at 1E0Oh
1F00h
Data EEPROM TFFFR
2000h I
Memory
Expansion
—— CSE1
— I
16K Bytes 3FFFh CSE2
” 4000h Start at 4000h
Program Memory <
(ROM/EPROM) — — — —&— 8K Bytes Start at 6000h
— — — —14— 4K Bytes Start at 7000h
> 7FFFh 8000h
Memory
Expansion
| [ CsHi
|| CSH2
~ FFFFh CSH3
Function B

All predecoded chip selects have the same timing as the external data strobe
(EDS) signal (see Chapter 16, Electrical Specifications). EDS is a function B
(microprocessor mode) signal that goes low whenever an access to external
memory is made. Figure 3-8 shows a memory map for the microcomputer
mode with function B expansion.
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3.4.3 Microprocessor Mode Without Internal Memory (Memory Expansion Devices

Only)

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

When a device is reset into the microprocessor mode, the digital I/O port D reg-
isters are set to function B expansion memory control signals. The chip-select
signals are not available in function B. Ports B and C are set up as the external
address bus, and port A is set up to be the external data bus. Software cannot

change the digital /O configuration.

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

Figure 3-9. Microprocessor Mode Without Internal Memory

Register
File/Stack

RAM
Expansion

Peripheral File

Peripheral
Expansion

Peripheral File

Peripheral
Expansion

Data EEPROM
Expansion

Data EEPROM

Memory
Expansion

3-22

0000h

00FFh
0100h

OFFFh
1000h

10BFh

1030h
10BFh

1100h

1EFFh

1FO0h
1FFFh

Address On Chip

512-Byte RAM

4— Module Ends at

01FFh

< 512-Byte EEPROM
Module Starts at 1E00h

1020h
102Fh

10COh
10FFh

2000h

FFFFh

Off Chip

Microprocessor
Chip-Select Signals

— EDS
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Figure 3—-10. Microprocessor Mode With Internal Program Memory

Register

File/Stack
RAM

Expansion

Peripheral File

! Peripheral
Expansion

Data EEPROM
Expansion

Data EEPROM

Memory
Expansion

Program ROM/

EPROM/EEPROM

Memory
Expansion

Function B
Address On Chip Off Chip  Chip-Select Signals
0000h 55
00FFh
0100h 512-Byte RAM
— — — —14— Module Ends at
OFFFh 01FFh
1000h
10BFh 10Gon
..___‘
1100h s126y 10FFh
o ___.___ es
JEFFh Start at 1E00h
1F00h
1FFFh
2000h s D
16K Bytes 3FFFh
4000h Start at 4000h I (
— — — —&—— 8K Bytes Start at 6000h : ;
6FFFh| | |
2000h 4— 4K Bytes Start at 7000h : |
SCCR1.24— 0 | 1
S, 7FFFh 2000h
N FFFFhL @

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

3-24

Top
follo

1)
2)

3)

ut a device into the microprocessor mode with internal program memory,
w these steps:

Place a high logic level on the MC pin.

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

The CPU reads the reset vectors from external memory (7FFEh/7FFFh).
The program pointed to by the vectors must include code to clear the
MEMORY DISABLE bit (SCCR1.2) to enable the internal memory. The in-
ternal program memory is now available (The SCCR1 register is de-
scribed in subsection 4.3.2, page 4-13).
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Figure 3—11. Memory Operating Modes

Microcomputer Microprocessor
Microcomputer With External With Internal Microprocessor
Single-Chip Mode Expansion Program Memory Mode
0000h
On Chip On Chip On Chip On Chip
3 00FFh
0100h
On-Chip On-Chip On-Chip On-Chip
OFFFh Expansion Expansion Expansion Expansion
iogen | _oncmp | [ onomp | [ oncnpt | [ onchipt_
10C0Oh ;
10FFh Not Available Externalt External External
1100h On-Chip On-Chip On-Chip On-Chip
Expansion Expansion Expansion Expansion
1EFFh
1F0Oh
On Chip On Chip On Chip On Chip
1FFFh
2000h .
Eon'gh,'pn Externalt External External
3FFFh xpansio
4000h
00 On-Chip On-Chip On-Chip External
6FFFh Expansion Expansion Expansion
7000h
On Chip On Chip On Chip External
7FFFh
8000h )
EO"'Ch,'pn Externalt External External
FFFFh xpansiol

T Precoded chip-select outputs available on external expansion memory.
1 1020n-102Fh external.
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4.1 System Configuration

The system configuration is controlled and monitored by the first three regis-
ters of peripheral file frame 1. These registers’ names, designations, ad-
dresses, and peripheral file register numbers (PF) are shown below and in
Table 4-1. The PF numbers are used by peripheral file instructions, for
example MOV #00h,P010.

Name Designation Address PF

System control and configuration register 0 SCCRO 1010h PO10
System control and configuration register 1 SCCRt1 1011h PO
System control and configuration register 2 SCCR2 1012h PO12

Table 4—1. Peripheral File Frame 1: System Configuration and Control Registers

Desig-

nation ADDR PF

SCCRO 1010h PO10

SCCR1 1011th  PO11

SCCR2 1012h PO12
411

4-2

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
coLD 0SC | PEAUTO | OSCFLT | MCPIN | MCPIN _ WPIC
START | Powem | wair FLAG WPO DATA MODE

Ao | MEMORY
- - - WAL DISABLE
DISABLE | DISABLE
AL, | VIR _ BUS
sTanpay | DV | srest

The shaded boxes in Table 4—1 denote privilege mode bits; that is, these bits
can be written to only in the privilege mode.

Privilege Mode

The TMS370 architecture allows you to configure the system and peripherals
by software to meet the requirements of a variety of applications. The privilege
mode of operation ensures the integrity of the system configuration, once it is
defined for an application.

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

Table 4-2 shows the system configuration bits that are write-protected during
the nonprivilege mode. These bits should be conflgured by software before
exiting the privilege mode.

System and Digital I/O Configuration



System Configuration

4.1.2 Oscillator Faulit

The processor contains a system of circuits to monitor the oscillator operation
and to detect and contain major oscillator problems. This enhances processor
and system reliability and aids in system recovery from a crash that was
caused by a temporary fault.

The circuit stops the processor whenever circuitry detects an out-of-range
oscillator operation. The oscillator fault detection circuitry consists of:

[ Anamplitude detector—detects if the oscillator signal has a proper voltage
level.

[ Afrequency 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 against slow crystal startup times com-
ing out of a halt mode or after an oscillator fault when the input clock cannot
be operating at the correct voltage range. The circuitry holds device operation
until the input clock signal is within the required voltage range.

Whenever the oscillator fault detection circuitry detects a major oscillator prob-
lem, the processor will generate a reset by pulling the RESET pin low for at
least eight cycles; this causes external devices to reset along with the proces-
sor. After reset, the program can check the oscillator fault flag (OSC FLT
FLAG, SCCRO0.4), the cold start flag (COLD START, SCCRO0.7), and the
watchdog reset key (WDRST) to determine the source of the reset. A reset
does not clear these flags.

4.1.3 Automatic Wait States

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

In addition, the TMS370 series has a WAIT pin that can hold the processor in
a wait state indefinitely. Two bits control the insertion of the automatic wait
state:

[ The PF AUTOWAIT bit (SCCRO.5) that controls the external frames of the
peripheral file so that these frames can access off-chip peripherals.

[ The AUTOWAIT DISABLE bit (SCCR1.4) that controls all other external
memory.
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4.2 Low-Power and Idle Modes

The OTP, mask-ROM, and reprogrammable EPROM devices have two low-
power (powerdown) modes and an idle mode. For mask-ROM devices, low-
power modes can be disabled permanently through a programmable contact
at the time when the mask is manufactured (refer to Chapter 17, Customer In-
formation, for order information about mask-ROM devices).

Note:

Low-power modes operate differently for TMS370Cxxx devices. Refer to
Section A.5, page A-4.

The low-power modes reduce the operating power by reducing or stopping the
activity of various modules. The processor has two types of low-power modes:
the halt mode and the standby mode (see Table 4-4). Bits 6 and 7 of SCCR2
select the halt, standby, or idle modes.

[ The standby mode stops the internal clock in every module except the
timer 1 module. The timer 1 module continues to run and can bring the pro-
cessor out of the standby mode. In devices with the PACT module, only
the default timer and the first command are active in standby mode.

[ The halt mode stops the internal clock. This stops processing in all of the
modules, resulting in the lowest power consumption.

[ Theidle mode (which is not a low-power mode) is a state that waits for the
next interrupt.

Executing an IDLE instruction causes the processor to enter one of the two
low-power modes or the simple idle mode, depending on SCCR2.6 and
SCCR2.7. The low-power and idle mode selection bits are summarized in
Table 4—4.

Table 4—4. Powerdown/Idle Control Bits

Powerdown Control Bits

PWRDWN/IDLE (SCCR2.6) | HALT/STANDBY (SCCR2.7) | Mode Selected
1 0 Standby
1 1 Halt
0 xt Idle

t don’t care

When low-power modes are disabled through a programmable contact in the
mask-ROM devices, writing to the SCCR2.6-7 bits is ignored. In addition, if
you execute an IDLE instruction when low-power modes are disabled through
a programmable contact, the device will always enter the idle mode.
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4.2.2 Halt Mode

You can cause the processor to exit the standby mode in one of the following
four ways:

[ Reset
[ External interrupt 1, 2, or 3 (if enabled)

[ Low level on the SCIRXD pin if the SCI RX interrupt and receiver are en-
abled (described in Chapter 9)

[ Timer 1 or PACT’s first command/definition entry interrupt, if enabled

For additional standby mode power savings, see subsection 4.2.3.

The halt mode stops all internal operations and clocks (including timer 1 and
the PACT counter) and uses the least power of the low-power modes. Timer
1 cannot bring the processor out of this low-power mode. To select the halt
mode:

[ Setthe PWRDWNY/IDLE bit (SCCR2.6),
[ Set HALT/STANDBY bit (SCCR2.7), and
] Execute an IDLE instruction.

You can cause the processor to exit the halt mode in one of the following three
ways:

] Reset

(] External Interrupt 1, 2, or 3 if enabled

[ Low level on the SCIRXD pin if the SCI RX interrupt and receiver are en-
abled (described in Chapter 9)

4.2.3 Using Interrupts to Exit From the Halt Mode

4-8

You must be aware of several items when using an interrupt to exit the halt
mode.

(1 Interrupts enabled during halt mode are level sensitive and not edge sen-
sitive.

[ The interrupt must be at the inactive level when the device enters halt
mode.

[ The processor will exit the halt mode when the interrupt goes from the in-
active level to the active level.
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Figure 4-2. Improper Method to Enter Halt Mode

INTx Pin (Polarity = 0 active low)

Exits Idle Mode

N
faeN

Execute IDLE Instruction

I

SYSCLK||||||||||II||

| Enters Idle Mode Instead of Halt Mode
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If this halt-mode condition exists and the device uses the watchdog, then the
watchdog can reset while the program is waiting and unable to service the
watchdog in the normal power idle mode.

The same considerations apply when you use the SCIRXD pin to exit the halt
mode. The processor will exit halt mode anytime an enabled SCI receiver and
pin detect a low level on SCIRXD.

4.2.4 Oscillator Power Bit

The OSC POWER bit (SCCRO0.6) allows additional standby mode power sav-
ings. When in effect, this feature reduces the oscillator drive current and dis-
ables the oscillator fault detection circuitry. The OSC POWER bit can be used
effectively between 2 MHz and 12 MHz. If the oscillator frequency is greater
than 12 MHz, this bit must be cleared. For power reduction specifications, see
Chapter 16, Electrical Specifications.
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Bit 5 PF AUTOWAIT. Peripheral File Automatic Wait Cycle.

0 = Any access to the peripheral file will take two system clock cycles with no system
auto wait (bit 4 of SCCR1=1), or three system clock cycles with the system auto-
wait on (bit 4 of SCCR1=0). (See subsection 4.1.3, page 4-4.)

1 = Any access to the upper four frames of the peripheral file (address 10COh to
10FFh) will take four system clock cycles to complete. This eases interface re-
quirements for peripheral devices slower than the TMS370 processor. Normal
full-speed operation consists of two system clock cycles per access.

Bit 6 OSC POWER. Oscillator Power.

This bit controls an oscillator power reduction feature. When this feature is in effect, the
oscillator drive current is reduced, and the oscillator fault detection circuitry is powered
down. Current reduction is most useful in the standby mode. However, when this bit is
set during normal operation, the operating mode power consumption can be slightly re-
duced. When operating in the halt mode, this bit has no effect because the oscillator
is not active. This feature is effective up to a 12-MHz maximum oscillator frequency. If
the oscillator frequency is greater than 12 MHz, this bit must be cleared. For power re-
duction specifications, see Chapter 16, Electrical Specifications.

0 = No oscillator drive current reduction.
1 = Oscillator drive current reduction.
Bit 7 COLD START. Cold Start Flag.

This bit indicates whether or not the microcontrolier is coming out of power-up reset.
This bit does not change during a reset under normal power.

0

No full-power cycle occurred since last writing a 0 to this bit. This setting is used
to determine the source of a reset.

A full-power cycle has occurred since last writing a 0 to this bit. If the application
does not zero this bit, the bit has no meaning.

Only writing a O to this bit can clear the COLD START flag. This bit is set to 1 only after

the Vg is off for several hundred milliseconds. As a result, you cannot use this bit to
detect short V¢ glitches or brown-out conditions.

—
1}

4-12 System and Digital I/O Configuration



System Control Registers

4.3.3 System Control and Configuration Register 2 (SCCR2)

System Control and Configuration Register 2 (SCCR2)

[Memory Address — 1012h]

Bit # 7 6 5 4 3 2 1 0
PO12 HALT/ PWRDWN/ _ BUS CPU _ INT1 PRIVILEGE
STANDBY IDLE STEST STEST NMI DISABLE
RP-0 RP-0 RP-0 RP-1 RP-0 RS-0
R = Read, P= Privilege write only, S = Set only, —n = Value of the bit after the register is reset
Bit 0 PRIVILEGE DISABLE. Privilege Mode Disable.
Many bits controlling the system configuration can be changed only while in the privi-
lege mode. After setting the system configuration bits, write a 1 to the PRIVILEGE
DISABLE bit to disable the privilege mode and lock out any changes to the privilege
protected bits. Only a reset can clear this bit.
0 = System is operating in privilege mode.
1 = System is not operating in privilege mode.
Bit 1 INT1 NML. Interrupt 1, Nonmaskable Interrupt.
This bit determines whether interrupt 1 is maskable or nonmaskable (NMI). When inter-
rupt 1 is nonmaskable, it is the second highest priority interrupt (reset is highest) and
is unaffected by the interrupt mask described in subsection 5.1.2, page 5-6. The NMI
mode disables the enable and priority select bits of the interrupt 1 control register. The
program can change this bit only in the privilege m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>