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Preface

About This Manual

This user’s guide serves as a reference book for the TMS320C3x generation
of digital signal processors, which includes the TMS320C30, TMS320C30-27,
TMS320C30-40, TMS320C31, TMS320C31-27, TMS320C31-40,
TMS320C31-50, TMS320LC31, and TMS320C31PQA. Throughout the book,
all references to 'C3x refer collectively to 'C30 and 'C31, and the TMS320C30
and TMS320C31 refer to all speed variations unless an exception is noted.
This document provides information to assist managers and
hardware/software engineers in application development.

How to Use This Book

This revision of the TMS320C3x User’s Guide incorporates the following
changes:

Updated reference list of publications

Improved description of repeat modes and interrupts in Chapter 6
Description of power management modes in Chapter 6

Improved description of serial ports and DMA coprocessor in Chapter 8
Description of power management instructions in Chapter 10

Description of low-power-mode interrupt interface in Chapter 12

OoOo0DO00O0DO

More detailed information on MPSD emulator interface, signal timings,
and connections between emulator and target system

O

Current timing specification in Chapter 13
TMS320C30PPM pinout, mechanical drawing, and timings in Chapter 13

O

[ Development support description and device/tool part numbers in
Appendix B

O Data sheet for current military versions of the 'C3x in Appendix E

Read This First iii




Notational Conventions

Notational Conventions
This document uses the following conventions:

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

0011 0005 0001 .field 1, 2
0012 0005 0003 .field 3, 4
0013 0005 0006 .field 6, 3
0014 0006 .even

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

.asect "section name”, address

.asect is the directive. This directive has two parameters, indicated by
section name and address. When you use .asect, the first parameter must
be an actual section name, enclosed in double quotes; the second
parameter must be an address.

O Saquare brackets ( [ and ] ) identify an optional parameter. If you use an
optional parameter, you specify the information within the brackets; you
don’t enter the brackets themselves. Here’s an example of an instruction
that has an optional parameter:

LALK 16-bit constant [, shift]

The LALK instruction has two parameters. The first parameter, 16-bit
constant, is required. The second parameter, shift, is optional. As this
syntax shows, if you use the optional second parameter, you must
precede it with a comma.

Square brackets are also used as part of the pathname specification for
VMS pathnames; in this case, the brackets are actually part of the
pathname (they are not optional).

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

{*1*+]*}
This provides three choices: *, *+, or *—,

Unless the list is enclosed in square brackets, you must choose one item
from the list.
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[d Some directives can have a varying number of parameters. For example,
the .byte directive can have up to 100 parameters. The syntax for this
directive is

.byte valuey [, ..., value,]

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

Information About Cautions

This book may contain cautions and warnings.

O A caution describes a situation that could potentially cause your system
to behave unexpectedly.

The information in a caution is provided for your information. Please read each
caution carefully.

Related Documentation From Texas Instruments

The following books describe the TMS320 floating-point devices and related
support tools. To obtain a copy of any of these Tl documents, call the Texas
Instruments Literature Response Center at (800) 477—-8924. When ordering,
please identify the book by its title and literature number.

TMS320 Floating-Point DSP Assembly Language Tools User’s Guide
(literature number SPRU035) describes the assembly language tools
(assembler, linker, and other tools used to develop assembly language
code), assembler directives, macros, common object file format, and
symbolic debugging directives for the 'C3x and 'C4x generations of
devices.

TMS320 Floating-Point DSP Optimizing C Compiler User’s Guide
(literature number SPRU034) describes the TMS320 floating-point C
compiler. This C compiler accepts ANSI standard C source code and
produces TMS320 assembly language source code for the ‘C3x and
'C4x generations of devices.
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TMS320C3x C Source Debugger (literature number SPRU053) describes
the 'C3x debugger for the emulator, evaluation module, and simulator.
This book discusses various aspects of the debugger interface, including
window management, command entry, code execution, data
management, and breakpoints. It also includes a tutorial that introduces
basic debugger functionality.

TMS320 Family Development Support Reference Guide (literature number
SPRUO011) describes the 320 family of digital signal processors and the
various products that support it. This includes code-generation tools
(compilers, assemblers, linkers, etc.) and system integration and debug
tools (simulators, emulators, evaluation modules, etc.). This book also
lists related documentation, outlines seminars and the university
program, and provides factory repair and exchange information.

TMS320 Third-Party Support Reference Guide (literature number
SPRUO052) alphabetically lists over 100 third parties who supply various
products that serve the family of ‘320 digital signal processors, including
software and hardware development tools, speech recognition, image
processing, noise cancellation, modems, etc.

The publications in the following reference list contain useful information
regarding functions, operations, and applications of digital signal processing
(DSP). These books also provide other references to many useful technical
papers. The reference listis organized into categories of general DSP, speech,
image processing, and digital control theory and is alphabetized by author.
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Antoniou, Andreas, Digital Filters: Analysis and Design. New York, NY:
McGraw-Hill Company, Inc., 1979.
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City, Utah: W. H. Freeman and Company, 1990.

Brigham, E. Oran, The Fast Fourier Transform. Englewood Cliffs, NJ:
Prentice-Hall, Inc., 1974.

Burrus, C.S., and Parks, TW., DFT/FFT and Convolution Algorithms. New
York, NY: John Wiley and Sons, Inc., 1984,

Chassaing, R., and Horning, D., Digital Signal Processing with the
TMS320C25. New York, NY: John Wiley and Sons, Inc., 1990.

Digital Signal Processing Applications with the TMS320 Family, Vol. I.
Texas Instruments, 1986; Prentice-Hall, Inc., 1987.
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Chapter 1

Introduction

The TMS320C3x generation of digital signal processors (DSPs) are high-per-
formance CMOS 32-bit floating-point devices in the TMS320 family of
single-chip digital signal processors. Since 1982, when the TMS32010 was in-
troduced, the TMS320 family, with its powerful instruction sets, high-speed
number-crunching capabilities, and innovative architectures, has established
itself as the industry standard. It is ideal for DSP applications.

The 40-ns cycle time of the TMS320C31-50 allows it to execute operations at
a performance rate of up to 60 million floating-point instructions per second
(MFLOPS) and 30 million instructions per second (MIPS). This performance
was previously available only on a supercomputer. The generation’s perform-
ance is further enhanced through its large on-chip memories, concurrent direct
memory access (DMA) controller, and two external interface ports.

This chapter presents the following major topics:
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General Description

1.1 General Description
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The TMS320 family consists of five generations: TMS320C1x, TMS320C2x,
TMS320C3x, TMS320C4x, and TMS320C5x (see Figure 1—1). The expan-
sion includes enhancements of earlier generations and more powerful new
generations of DSPs.

The TMS320's internal busing and special DSP instruction set have the speed
and flexibility to execute at up to 50 MFLOPS. The TMS320 family optimizes
speed by implementing functions in hardware that other processors imple-
ment through software or microcode. This hardware-intensive approach pro-
vides power previously unavailable on a single chip.

The emphasis on total system cost has resulted in a less expensive processor
that can be designed into systems currently using costly bit-slice processors.
Also, cost/performance selection is provided by the different processors in the
TMS320C3x generation:

O TMS320C30: 60-ns, single-cycle execution-time
O TMS320C30-27: Lower cost; 74-ns, single-cycle execution time

O TMS320C30-40: Higher speed; 50-ns, single-cycle execution time

[ TMS320C30-50: Highest speed; 40-ns, single-cycle execution time

O TMS320C31: Low cost; 60-ns, single-cycle execution time

[J TMS320C31-27: Lower cost; 74-ns, single-cycle execution time

[ TMS320C31-40: Low cost; 50-ns, single-cycle execution time

[0 TMS320C31PQA: Low cost; extended temperature; 60-ns, single-cycle
execution time

[ TMS320C31-50: Highest speed; 40-ns, single-cycle execution time

O TMS320LC31: Low power; 60-ns, single-cycle execution time,

3.3-volt operation

All of these processors are described in this user’s guide. Essentially, their
functionality is the same. However, electrical and timing characteristics vary
(as described in Chapter 13); part numbering information is found in Section
B.2 on page B-7. Throughout this book, TMS320C3x is used to refer to the
TMS320C30 and TMS320C31 and all speed variations. TMS320C30 and
TMS320C31 are used to refer to all speed variants of those processors where
appropriate. Special references, such as TMS320C30-40, are used to note
specific exceptions.




General Description

Figure 1-1. TMS320 Device Evolution
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General Description

The TMS320C30 and TMS320C31 can perform parallel multiply and arithme-
tic logic unit (ALU) operations on integer or floating-point data in a single cycle.
The processor also possesses a general-purpose register file, a program
cache, dedicated auxiliary register arithmetic units (ARAU), internal dual-ac-
cess memories, one DMA channel supporting concurrent I/O, and a short ma-
chine-cycle time. High performance and ease of use are products of those fea-
tures.

General-purpose applications are greatly enhanced by the large address
space, multiprocessor interface, internally and externally generated wait
states, two external interface ports (one on the TMS320C31), two timers, two
serial ports (one on the TMS320C31), and multiple interrupt structure. The
TMS320C3x supports a wide variety of system applications from host proces-
sor to dedicated coprocessor.

High-level language is more easily implemented through a register-based ar-
chitecture, large address space, powerful addressing modes, flexible instruc-
tion set, and well-supported floating-point arithmetic.




General Description

Figure 1-2 is a functional block diagram that shows the interrelationships be-
tween the various TMS320C3x key components.

Figure 1-2. TMS320C3x Block Diagram
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TMS320C30 Key Features

1.2 TMS320C30 Key Features
Some key features of the TMS320C30 are listed below.

1-6

Q

o000 oo0oo O

0000

Performance
N TMS320C30 (33 MHz)

®  60-ns, single-cycle instruction execution time
m  33.3 MFLOPS
= 16.7 MIPS

m TMS320C30-27

®  74-ns, single-cycle instruction execution time
m 27 MFLOPS
s 13.5MIPS

m TMS320C30-40

®  50-ns, single-cycle instruction execution time
® 40 MFLOPS
s 20 MIPS

One 4K x 32-bit, single-cycle, dual-access, on-chip, read-only memory
(ROM) block

Two 1K x 32-bit, single-cycle, dual-access, on-chip, random access
memory (RAM) blocks

64- x 32-bit instruction cache

32-bit instruction and data words

24-bit addresses

40-/32-bit floating-point/integer multiplier and ALU
32-bit barrel shifter

Eight extended-precision registers (accumulators)

Two address generators with eight auxiliary registers and two auxiliary
register arithmetic units

On-chip DMA controller for concurrent I/O and CPU operation
Integer, floating-point, and logical operations
Two- and three-operand instructions

Parallel ALU and multiplier instructions in a single cycle




TMS320C30 Key Features

00000000 Od

Block repeat capability

Zero-overhead loops with single-cycle branches
Conditional calls and returns

Interlocked instructions for multiprocessing support

Two 32-bit data buses (24- and 13-bit address)

Two serial ports to support 8/16/24/32-bit transfers

Two 32-bit timers

Two general-purpose external flags; four external interrupts

181-pin grid array (PGA) package; 1-um CMOS
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TMS320C31 Key Features

1.3 TMS320C31 Key Features
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The TMS320C31 is a low-cost 32-bit DSP that offers the advantages of a floa-
ting-point processor and ease of use. The TMS320C31 devices are object-
code compatible with the TMS320C30. Aside from lacking a ROM block and
having a single serial port, the TMS320C31 is functionally equivalent to the
TMS320C30 but differs in its respective electrical and timing characteristics.
Chapter 13 describes these differences in detail.

(O The TMS320C31 (33 MHz) features are identical to those of the

TMS320C30 device, except that the TMS320C31 uses a subset of the
TMS320C30’s standard peripheral and memory interfaces. This main-
tains the 33-MFLOPS performance of the TMS320C30’s core CPU while
providing the cost advantages associated with 132-pin plastic quad flat
pack (PQFP) packaging.

The TMS320C31-27 is the slower speed version of the TMS320C31. The
TMS320C31-27 delivers 27 MFLOPS and runs at 27 MHz. The reduced
speed allows you to realize an immediate system cost reduction by using
slower off-chip memories and a lower-cost processor.

The TMS320C31-40 is a high-speed version of the TMS320C31. The
40-MHz TMS320C31-40 runs with 50-ns cycle time and offers up to 40
MFLOPS in performance.

The TMS320C31-50is the highest-speed version of the TMS320C31. The
50-MHz TMS320C31-50 runs with 40-ns cycle time and offers up to 50
MFLOPS in performance.

The TMS320C31PQA (33 MHz) offers extended-temperature capabilities
to TMS320C31 performance. The TMS320C31PQA will operate at case
temperatures ranging from —40° C to +85° C, making it a lower-cost floa-
ting-point solution for industrial and extended-temperature commercial
applications.

The TMS320LC31 is the low-power version of the TMS320C31. The
TMS320LC31 runs with 60-ns cycle time and offers up to 33 MFLOPS in
performance at 3.3-volt operation.

Some key features of the TMS320C31, including those which differentiate it
from the TMS320C30, are summarized as follows:

O Performance

m TMS320C31 (PQL/PQA)

®  60-ns, single-cycle instruction execution time
m  33.3 MFLOPS
m  16.7 MIPS (million instructions per second)



TMS320C31 Key Features

B TMS320C31-27

m  74-ns, single-cycle instruction execution time
® 27 MFLOPS
= 13.5 MIPS

Bm TMS320C31-40

m  50-ns, single-cycle instruction execution time
= 40 MFLOPS
s 20 MIPS

H TMS320C31-50

= 40-ns, single-cycle instruction execution time
m 50 MFLOPS
m 25 MIPS

B TMS320LC31

60-ns, single-cycle instruction execution time

33.3 MFLOPS

16.7 MIPS

Low-power, 3.3 volt operation

Two power-down nodes; 2-MHz operation and idle

O Flexible boot program loader
[ One serial port to support 8-/16-/24-/32-bit transfers
O 132-pin PQFP package, .8 um CMOS
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Typical Applications

1.4 Typical Applications

The TMS320 family’s versatility, real-time performance, and multiple functions
offer flexible design approaches in a variety of applications, which are shown
in Table 1-1.

Table 1-1. Typical Applications of the TMS320 Family

General-Purpose DSP Graphics/imaging Instrumentation
Digital Filtering 3-D Transformations Rendering Spectrum Analysis
Convolution Robot Vision Function Generation
Correlation Image Transmission/Compression Pattern Matching
Hilbert Transforms Pattern Recognition Seismic Processing
Fast Fourier Transforms Image Enhancement Transient Analysis

Adaptive Filtering

Homomorphic Processing

Digital Filtering

Windowing Workstations Phase-Locked Loops
Waveform Generation Animation/Digital Map

Voice/Speech Control Military

Voice Mail Disk Control Secure Communications
Speech Vocoding Servo Control Radar Processing
Speech Recognition Robot Control Sonar Processing
Speaker Verification Laser Printer Control Image Processing
Speech Enhancement Engine Control Navigation

Speech Synthesis Motor Control Missile Guidance

Text-to-Speech
Neural Networks

Kalman Filtering

Radio Frequency Modems
Sensor Fusion

Telecommunications

Automotive

Echo Cancellation FAX Engine Control

ADPCM Transcoders Cellular Telephones Vibration Analysis

Digital PBXs Speaker Phones Antiskid Brakes

Line Repeaters Digital Speech Adaptive Ride Control

Channel Multiplexing Interpolation (DSI) Global Positioning

1200- to 19200-bps Modems X.25 Packet Switching Navigation

Adaptive Equalizers Video Conferencing Voice Commands

DTMF Encoding/Decoding Spread Spectrum Digital Radio

Data Encryption Communications Cellular Telephones

Consumer Industrial Medical

Radar Detectors Robotics Hearing Aids

Power Tools Numeric Control Patient Monitoring

Digital Audio/TV Security Access Ultrasound Equipment

Music Synthesizer Power Line Monitors Diagnostic Tools

Toys and Games Visual Inspection Prosthetics

Solid-State Answering Lathe Control Fetal Monitors
Machines CAM MR Imaging
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Chapter 2

_TMS320C3x Architecture

This chapter gives an architectural overview of the TMS320C3x processor.

Major areas of discussion are listed below.
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Architectural Overview

2.1 Architectural Overview

The TMS320C3x architecture responds to system demands that are based on
sophisticated arithmetic algorithms and that emphasize both hardware and
software solutions. High performance is achieved through the precision and
wide dynamic range of the floating-point units, large on-chip memory, a high
degree of parallelism, and the direct memory access (DMA) controller.

Figure 2—1 is a block diagram of the TMS320C3x architecture.



Architectural Overview

Figure 2—1. TMS320C3x Block Diagram
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Central Processing Unit (CPU)

2.2 Central Processing Unit (CPU)

2-4

The TMS320C3x has a register-based central processing unit (CPU) architec-
ture. The CPU consists of the following components:

O Floating-point/integer multiplier

0 Arithmetic logic unit (ALU) for performing floating-point, integer, and log-
ical-operations arithmetic

32-bit barrel shifter
Internal buses (CPU1/CPU2 and REG1/REG?2)

Auxiliary register arithmetic units (ARAUs)

O o000

CPU register file

Figure 2—2 shows the various CPU components that are discussed in the
succeeding subsections.



Central Processing Unit (CPU)

Figure 2—-2. Central Processing Unit (CPU)
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Central Processing Unit (CPU)

2.2.1 Multiplier

The multiplier performs single-cycle multiplications on 24-bit integer and 32-bit
floating-point values. The TMS320C3x implementation of floating-point arith-
metic allows for floating-point operations at fixed-point speeds via a 50-ns in-
struction cycle and a high degree of parallelism. To gain even higher through-
put, you can use parallel instructions to perform a multiply and ALU operation
in a single cycle.

When the multiplier performs floating-point multiplication, the inputs are 32-bit
floating-point numbers, and the resulit is a 40-bit floating-point number. When
the multiplier performs integer muitiplication, the input data is 24 bits and yields
a 32-bit result. Refer to Chapter 4 for detailed information on data formats and
floating-point operation.

2.2.2 Arithmetic Logic Unit (ALU)

The ALU performs single-cycle operations on 32-bit integer, 32-bit logical, and
40-bit floating-point data, including single-cycle integer and floating-point con-
versions. Results of the ALU are always maintained in 32-bit integer or 40-bit
floating-point formats. The barrel shifter is used to shift up to 32 bits left or right
in a single cycle. Refer to Chapter 4 for detailed information on data formats
and floating-point operation.

Internal buses, CPU1/CPU2 and REG1/REG2, carry two operands from
memory and two operands from the register file, thus allowing parallel multi-
plies and adds/subtracts on four integer or floating-point operands in a single
cycle.

2.2.3 Auxiliary Register Arithmetic Units (ARAUSs)

Two auxiliary register arithmetic units (ARAUO and ARAU1) can generate two
addresses in a single cycle. The ARAUs operate in parallel with the multiplier
and ALU. They support addressing with displacements, index registers (IR0
and IR1), and circular and bit-reversed addressing. Refer to Chapter 5 for a
description of addressing modes.




]

Central Processing Unit (CPU)

2.2.4 CPU Register File

The TMS320C3x provides 28 registers in a multiport register file that is tightly
coupled to the CPU. All of these registers can be operated upon by the muiltipli-
er and ALU and can be used as general-purpose registers. However, the regis-
ters also have some special functions. For example, the eight extended-preci-
sion registers are especially suited for maintaining extended-precision float-
ing-point results. The eight auxiliary registers support a variety of indirect ad-
dressing modes and can be used as general-purpose 32-bit integer and logical
registers. The remaining registers provide such system functions as address-
ing, stack management, processor status, interrupts, and block repeat. Refer
to Chapter 6 for detailed information and examples of stack management and
register usage.

The register names and assigned functions are listed in Table 2—1. Following
the table, the function of each register or group of registers is briefly described.
Refer to Chapter 3 for detailed information on each of the CPU registers.

TMS320C3x Architecture 2-7




Central Processing Unit (CPU)

Table 2-1. CPU Registers

2-8

Register
Name Assigned Function
RO Extended-precision register O
R1 Extended-precision register 1
R2 Extended-precision register 2
R3 Extended-precision register 3
R4 Extended-precision register 4
R5 Extended-precision register 5
R6 Extended-precision register 6
R7 Extended-precision register 7
ARO Auxiliary register 0
AR1 Auxiliary register 1
AR2 Auxiliary register 2
AR3 Auxiliary register 3
AR4 Auxiliary register 4
AR5 Auxiliary register 5
AR6 Auxiliary register 6
AR7 Auxiliary register 7
DP Data-page pointer
IRO Index register 0
IR1 Index register 1
BK Block size
SP System stack pointer
ST Status register
IE CPU/DMA interrupt enable
IF CPU interrupt flags
IOF 1/O flags
RS Repeat start address
RE Repeat end address
RC Repeat counter

The extended-precision registers (R7—R0) are capable of storing and sup-
porting operations on 32-bit integer and 40-bit floating-point numbers. Any in-
struction that assumes the operands are floating-point numbers uses bits
39-0. If the operands are either signed or unsigned integers, only bits 31-0
are used; bits 39—32 remain unchanged. This is true for all shift operations.
Refer to Chapter 4 for extended-precision register formats for floating-point
and integer numbers.

The 32-bit auxiliary registers (AR7-ARO0) can be accessed by the CPU and
modified by the two ARAUSs. The primary function of the auxiliary registers is
the generation of 24-bit addresses. They can also be used as loop counters
or as 32-bit general-purpose registers that can be modified by the multiplier
and ALU. Refer to Chapter 5 for detailed information and examples of the use
of auxiliary registers in addressing.




Central Processing Unit (CPU)

The data page pointer (DP) is a 32-bit register. The eight LSBs of the data
page pointer are used by the direct addressing mode as a pointer to the page
of data being addressed. Data pages are 64K words long, with a total of 256
pages.

The 32-bit index registers (IR0, IR1) contain the value used by the ARAU to
compute an indexed address. Refer to Chapter 5 for examples of the use of
index registers in addressing.

The ARAU uses the 32-bit block size register (BK) in circular addressing to
specify the data block size.

The system stack pointer (SP) is a 32-bit register that contains the address
of the top of the system stack. The SP always points to the last element pushed
onto the stack. A push performs a preincrement of the system stack pointer;
a pop performs a postdecrement. The SP is manipulated by interrupts, traps,
calls, returns, and the PUSH and POP instructions. Refer to Section 5.5 for in-
formation about system stack management.

The status register (ST) contains global information relating to the state of the
CPU. Operations usually set the condition flags of the status register accord-
ing to whether the result is 0, negative, etc. This includes register load and
store operations as well as arithmetic and logical functions. When the status
register is loaded, however, a bit-for-bit replacement is performed with the con-
tents of the source operand, regardless of the state of any bits in the source
operand. Therefore, following a load, the contents of the status register are
identical to the contents of the source operand. This allows the status register
to be easily saved and restored. See Table 3-2 for a list and definitions of the
status register bits.

The CPU/DMA interrupt enable register (IE) is a 32-bit register. The CPU
interrupt enable bits are in locations 10-0. The DMA interrupt enable bits are
in locations 26—16. A 1 in a CPU/DMA interrupt enable register bit enables the
corresponding interrupt. A 0 disables the corresponding interrupt. Refer to
subsection 3.1.8 for bit definitions.

The CPU interrupt flag register (IF) is also a 32-bit register (see subsection
3.1.9). A1in a CPU interrupt flag register bit indicates that the corresponding
interrupt is set. A 0 indicates that the corresponding interrupt is not set.

The I/O flags register (IOF) controls the function of the dedicated external
pins, XFO and XF1. These pins may be configured for input or output and may
also be read from and written to. See subsection 3.1.10 for detailed informa-
tion.

TMS320C3x Architecture 2-9
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2-10

The repeat counter (RC) is a 32-bit register used to specify the number of
times a block of code is to be repeated when performing a block repeat. When
the processor is operating in the repeat mode, the 32-bit repeat start address
register (RS) contains the starting address of the block of program memory
to be repeated, and the 32-bit repeat end address register (RE) con<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>