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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to or to discontinue
any semiconductor product or service identified in this publication without
notice. Tl advises its customers to obtain the latest version of the relevant in-
formation to verify, before placing orders, that the information being relied
upon is current.

Tl warrants performance of its semiconductor products to current specifica-
tions in accordance with Tl’s standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this
warranty. Unless mandated by government requirements, specific testmg of
all parameters of each device is not necessarily performed.

TI assumes no liability for Tl applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that license, either express or implied, is
granted under any patent right, copyright, mask work right, or other intellec-
tual property right of Tl covering or relating to any combination, machine, or
process in which such semiconductor products or services might be or are
used. :

Copyright © 1989, Texas Instruments Incorporated
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Section 1

Introduction

Texas Instruments, long recognized as a market leader in the area of digital
electronics, continues to strengthen it's position with the expansion of the
TMS320 family of Digital Signal Processors.

The TMS32010, the first digital signal processor in the TMS320 family, was
introduced in 1983. During that year, the TMS32010 was named "Product
Of The Year” by the magazine, Electronic Products. Since that time, the
TMS320 family has expanded to include three generations of programmable
DSPs (see Figure 1-1). The TMS320C14 (a first generation spinoff) was in-
troduced in 1988. That same year, the TMS320C14 was named “Product Of
The Year” and "The Best of 1988” by the magazines Electronic Products and
Electronic Design respectively. The TMS320C30 realtime operating system,
SPOX, was also named "The Best of 1988" by Electronic Design.

The powerful instruction sets, inherent flexibility, high-speed number crunch-
ing capabilities, and innovative architectures have made this high performance
and cost effective processor family the ideal solution to many telecommuni-
cations, computer, commercial, industrial, and military applications.

Texas Instruments has demonstrated an unsurpassed dedication to the ad-
vancement of digital signal processing (DSP) and it's applications through
extensive development support and expansion of the TMS320 family. The
members of the three generations include:

® First-Generation Devices:
- TMS32010, the first 20-MHz digital signal processor
- TMS320C10, a CMOS 20-MHz version of the TMS32010
-  TMS320C10-14, a 14-MHz version of the TMS320C10
-  TMS320C10-25, a 25-MHz version of the TMS320C10
- TMS320C14, a TMS320C15 with the on-chip peripherals of a
microcontroller
- TMS320E14, an EPROM version of the TMS320C14
-  TMS320C15, a TMS320C10 with expanded ROM and RAM
- TMS320E15, an EPROM version of the TMS320C15
-  TMS320C15-25, a 25-MHz version of the TMS320C15
-  TMS320E15-25, an EPROM version of the TMS320C15-25
- TMS320C17, a TMS320C15 with serial interface
- TMS320E17, an EPROM version of the TMS320C17

® Second-Generation Devices:
- TMS32020, a NMOS 20-MHz device capable of twice the per-
formance of the first-generation devices
-  TMS320C25, a 40-MHz CMOS version of the TMS32020 with
twice the performance of the TMS32020.
- TMS320C25-50, a 50-MHz version of the TMS320C25

1-1
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- TMS320E25, an EPROM version of the TMS320C25

® Third-Generation Devices:
- TMS320C30, a high-performance CMOS 32-bit floating point
device capable of executing up to 33 MFLOPS (millions of
floating-point operations per second) ‘

TMS320C3x

320C30 - 32-bit fit-pt CPU
+ 60-ns Instr cyc
+ 2KW.RAM
+ 4KW ROM
+ 64W Instr Cache
« 16MW total mem
+ 32 x 32 = 40-bit muit

TMS320C2x

+ 16/32-bit CPU
+ 80 ns Instr cyc

« 544W data RAM

* 4KW ROM/EPROM
* 128KW total mem
* 16 x 168 = 32-bit multiplier
+ Serial port and timer

+ Block move/repeat

+ Muttiprocessor I/F

TMS320C1x

PERFORMANCE

+ 16/32-bit CPU
+ 160-ns Instr cyc

+ 256W data RAM

« 4KW ROM/EPROM
« 4KW ext prog mem
* 16 x 16 = 32-bit mult
« ‘Serial ports

+ Timers

TIME

Figure 1-1. TMS320 Device Evolution

Plans for expansion of the TMS320 family include more spinoffs of the exist-
ing generations as well as more powerful future generations of digital signal
processors.

The TMS320 family combines the high performance and specialized features
necessary in DSP applications with an extensive program of development
support, including hardware and software development products, product
documentation, textbooks, newsletters, DSP design workshops, and a variety
of application reports. Figure 1-2 shows the wide range of development tools
available.
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Figure 1-2. TMS320 Family Development Support
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1.1 How to Use This Manual

1-4

The TMS320 Family Development Support Refetence Guide details the vast
development support available for the TMS320 family of digital signal pro-
cessors. Information concerning all aspects is consolidated into this docu-
ment making it an effective reference guide to assist the user in selecting the
necessary tools for design and development of TMS320 applications. Note
that TMS320 refers to all of the first, second, and third generations of DSP
devices.

Sections 1 and 2 provide an overview of the TMS320 family and its capabili-
ties for the user unfamiliar with digital signal processing and investigating it
for the first time. Sections 3, 4, and 5 describe the software and hardware
development products available to support each phase of DSP design. These
sections also provide information that can assist in selecting which product(s)
to use. Section 6 describes the seminar and workshops that provide hands-on
experience using the development tools. Section 7 describes the extensive
documentation available to support the wide range of applications using the
TMS320 family. Section 8 gives information regarding the Tl University Pro-
gram. Section 9 describes various products manufactured by Tl third parties,
plus a list of DSP consultants.

The six appendices cover various areas of interest. Appendix A describes Tl
device packaging information and product part numbers. Appendix B covers
Tl policies and procedures for repair or exchange of a damaged system. Ap-
pendix C describes the Tl program license agreement. Appendix D is a dis-
cussion of ROM code options. Appendix E gives Tl criteria for evaluating
product quality and reliability. Appendix F describes how to program the
TMS320 EPROM cell.

Section 2. The TMS320 Digital Signal Processor Family. Description,
key features, and block diagram of TMS320 family members.
Lists of possible applications.

Section 3. TMS320 Development and Support Products. Discussion
of TMS320 software and hardware development flow.

Section 4. Software Development and Support Products. Information
on software development and the following products:

TMS320 Macro Assembler/Linker

TMS320 C-compiler

TMS320 Simulator

SoftWare Development System (SWDS)
Digital Filter Design Package (DFDP)
Digital Signal Processing Software Library
TMS320 Bell 212A Modem Software.

Data Encryption Standard Software

SPOX: TMS320C3x DSP Operating System
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Section 5.

Section 6.

Section 7.

Section 8.

Section 9.

Appendix A.

Appendix B.

Appendix C.
Appendix D.

Appendix E.

Apppendix F.

Hardware Development Tools. Information on hardware de-
velopment and the following tools:

® TMS320 Evaluation Module (EVM)

® TMS320 Emulator (XDS)

® - TMS320 XDS Upgrade Program

® TMS320 Analog Interface Board (AIB)

RTC TMS320 Seminar and Workshops. Description of the
three-day workshops offered by the Tl Regional Technology
Centers (RTC). Address list of the worldwide RTCs.

TMS320 Documentation Support. Discussion of TMS320
documentation available, including data sheets, user’s
guides, application reports, textbooks, technical articles,
newsletters, bulletin board, and hotline.

TMS320 University Program. Information about the
TMS320 hardware and software products offered at a dis-
count to universities. List of textbooks written by university
professors on DSP theories and applications using the
TMS320 devices. Recommendations on establishing DSP lab
workstations and research stations in universities.

TMS320 Third-Party Support. Description of products ma-
nufactured by other companies, which can assist in TMS320
development. Address list of third parties. List of digital
signal processing consultants.

TMS320 Product Order Information. Device packaging in-
formation and product part numbers. Explanation of TMS320
device and development support prefixes and nomenclature.

Texas Instruments Factory Repair and Exchange Policy.
QOutline of policies and procedures for repairing or exchang-
ing a damaged system.

Texas Instruments Program License Agreement.

ROM Codes. Discussion of ROM codes and the procedure
for implementation.

Quality and Reliability. Discussion of Texas Instruments
quality and reliability criteria for evaluating performance.

Programming The TMS320 EPROM Cell. Procedure for
programming the TMS320 EPROM cell.
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Section 2

The TMS320 Digital Signal Processor Family

The TMS320 family of 16/32-bit single-chip digital signal processors com-
bines the flexibility of a high-speed controller with the numerical capability of
an array processor, offering an inexpensive alternative to custom VLSI| and
multichip bit-slice processors.

The combination of the TMS320’s internal busing and its specialized digital
signal processing (DSP) instruction set provide speed and flexibility to pro-
duce a MOS microprocessor family capable of executing up to 33 MFLOPS
(million floating-point operations per second). The TMS320 family optimizes
speed by implementing functions in hardware that other processors implement
through software or microcode. This hardware-intensive approach provides
the design engineer with power previously unavailable on a single chip.

The TMS320 family consists of three generations of digital signal processors.
The first generation contains the TMS32010, TMS320C10, and their spinoffs.
These spinoffs include the TMS320C10-14, TMS320C10-25,
TMS320C14/E14, TMS320C15/E15, TMS320C15-25, TMS320E15-25 and
TMS320C17/E17. The second generation consists of the TMS32020,
TMS320C25, and their spinoffs. These spinoffs include the TMS320C25-50
and TMS320E25. The third generation contains the TMS320C30 with spi-
noffs planned in much the same way as the first and second generation. Many
features are common among the TMS320 processors. When the term
TMS320 is used, it refers to all three generations of DSP devices. When re-
ferring to a specific member of the TMS320 family (i.e. TMS320C15), the
name also implies enhanced speed versions and the associated EPROM.
Some specific features are added in each processor to provide different
cost/performance tradeoffs. Software compatibility is maintained throughout
the family to protect the user’s investment in architecture. Each processor has
software and hardware tools to facilitate rapid design.

This section describes each member of the first, second, and third generations,
lists key features, and provides functional block diagrams. Typical applications
are also suggested. Two tables provide benchmark comparisons of device
performance for some fundamental DSP operations. Included in this section
are the following major topics:

o First-Generation Devices (Section 2.1 on page 2-4)

® Second-Generation Devices (Section 2.2 on page 2-9)

® Third-Generation Devices (Section 2.3 on page 2-12)

® Typical Applications (Section 2.4 on page 2-14)
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Performance (mips)

. Software Compatible

Figure 2-1 shows the current generations of processors on a TMS320 family
roadmap, pictted on a hypothetical performance versus technology scale.
Table 2-1 provides an overview of the TMS320 family of processors with
comparisons of memory, 1/0, cycle timing, package type, technology, and
military support.

. PiSoware Compatible. chaann ;>

NMOS CMOS

Figure 2-1. The TMS8320 Family Roadmap
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Table 2-1. TMS320 Family Overview

MEMORY /0 ON-CHIP | CYCLE | PACKAGE
DEVICE ON-CHIP OFF-CHIP TIMER TIME TYPE
RAM RCM PROG DATA| SERPAR (ns)

TMS32010t 144 15K 4K 8x16 200 DIP
TMS320C10-14 | 144 15K 4K 8x16 280 DIP/PLCC
TMS320C10t 144 15K 4K 8x16 200 DIP/PLCC
TMS320C10-25 | 144 15K 4K 8x16 160 DIP/PLCC
TMS320C14t 256 4K 4K 1 7x16 4 160 PLCC
TMS320E14% 256 4K¥ 4K 1 7x16 4 160 Cerquad
TMS320C151 256 4K 4K 8x16 200 DiP/PLCC
TMS320C15-25 | 256 4K 4K 8x16 160 DIP/PLCC
TMS320E15T 256 4Kt 4K 8x16 200 DIP/Cerquad
TMS320E15-25. | 256 4K* 4K 8x16 160 DiP/Cerquad
TMS320C17 256 4K 2 6x16 1 100 DiP/PLCC
TMS320E17 256 4K ¥ 2 6x16 1 200 DIP/Cerquad
TMS320207 544 64K 64K | 1 16x16 1 200 PGA
TMS320C25t 544 4K 64K 64K | 1 16x16 1 100 PGA/PLCC
TMS320C25-50 | 544 4K 64K 64K | 1 16x16 1 80 PLCC
TMS320E25 544 4Kt 64K 64K | 1 16x16 1 100 Cerquad
TMS320C30t 2K 4K 16M** 2 2 60 PGA

*SER = serial; PAR = parallel.
**Single logical memory space for program, data, and 1/0

TMilitary version available/planned; contact nearest Tl Field Sales Office for availability.
+On-chip EPROM.
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2.1 First-Generation Devices

2-4

The first generation of the TMS320 family includes the TMS32010 processed
in NMOS technology, and the TMS320C10, TMS320C10-14,
TMS320C10-25, TMS320C14/E14, TMS320C15/E15, TMS320C15-25,
TMS320E15-25, and TMS320C17/E17 processed in CMOS technology.
Note when referring to any member of the TMS320 family (i.e. TMS320C15),
the name also implies enhanced speed versions and the associated EPROM
product. TMS320C1x refers to the first generation family of devices.

The TMS32010, the first TMS320 family member, is a microprocessor capable
of achieving a 16 x 16-bit multiply in a single 200-ns cycle. The instruction
set consists of 60 general purpose and DSP-specific instructions, with most
executing in a single cycle. On-chip data memory of 144 words is available.
Full-speed execution from up to 4K words of off-chip program memory can
be executed at full speed.

The TMS320C10 has a 200-ns instruction cycle time and is object-code and
pin-for-pin compatible with the TMS32010. The TMS320C10 is processed in
CMOS technology, achieving a power dissipation less than one-sixth that of
the NMOS device. Because of its lower-power dissipation (165 mW), the
TMS320C10 is ideal for power-sensitive applications such as digital tele-
phony and portable consumer products. The TMS320C10 is also available in
a microcomputer version, with 1.5K words of program ROM on-chip and up
to 2.5K words of off-chip program memory for a total of 4K words. This
ROM-code version can also operate entirely from off-chip ROM for ease of
prototyping, code update, and field upgradeability.

The TMS320C10-14, a 14-MHz version of the TMS320C10, provides a
low-cost alternative for DSP applications not requiring the maximum operat-
ing frequency of the TMS320C10. The device can execute 3.5 million in-
structions per second and has a 280-ns instruction cycle time.

The TMS320C10-25, a 25-MHz version of the TMS320C10, has a 160-ns
instruction cycle time. Its low power and higher speed make it well suited for
high-performance DSP applications. .

The TMS320C14 and TMS320E14 are fully object-code compatible with the
TMS320C10, and offer the high-performance of a DSP with the on-chip pe-
ripherals of a microcontroller. The TMS320C14 incorporates 256 words of
RAM, 4K words of ROM or EPROM and five major peripheral blocks opti-
mized for control applications. These five blocks include four timer/counters
(two 16-bit general purpose timer/counters, serial port timer, and watchdog
timer), an event manager, 16-bit selectable /O pins, and a
synchronous/asynchronous serial port with codec compatible modes.

The TMS320C15 and TMS320E15 are fully object-code and pin-for-pin
compatible with the TMS320C10 and offer expanded on-chip RAM of 256
words and on-chip program ROM (TMS320C15) or EPROM (TMS320E15)
of 4K words. The devices are processed in CMOS technology. The
TMS320C15 is also available in a 160-ns version, the TMS320C15-25 and
TMS320E15-25.

"The TMS320C17 and TMS320E17 are dedicated microcomputers with 256

words of on-chip RAM and 4K words of on-chip ROM (TMS320C17) or
EPROM (TMS320E17). The TMS320C17 features a dual-channel serial in-
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terface, on-chip companding hardware (u-law/A-law), a serial port timer, and
a latched 16-bit coprocessor port for direct microprocessor 1/0 interface. The
devices are processed in CMOS technology.
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Some of the key features of the TMS320C1x family are listed below. Specific
devices with a particular feature are enclosed in parentheses.

[ Instruction cycle timing:
- 160 ns (TMS320C10-25/C15-25/C14/E14/E15-25)
- 200 ns (TMS32010/C10/C15/C17/E15/E17)
— 280 ns (TMS320C10-14)

144/256-word on-chip data RAM

1.5K/4K-word on-chip program ROM

4K-word on-chip program EPROM (TMS320E14/E15/E17)
EPROM code protection for copyright security
4K-word total external memory at ful! speed

16-bit bidirectional data bus at 50-Mbps transfer rate
32-bit ALU/accumulator

16 x 16-bit parallel multiplier with a 32-bit product

0 to 16-bit barrel shifter

On-chip clock generator

Eight input and eight output channels

2 general-purpose timer/counters (TMS320C14)
Watchdog timer (TMS320C14)

Event manager with 6 channel PWM D/A, plus up to 6 compare outputs
and up to 4 capture inputs (TMS320C14)

16 individual bit selectable 1/0 pins (TMS320C14)

Serial port with synchronous/asynchronous codec compatible modes
(TMS320C14)

Dual-channel serial port with timer (TMS320C17)

Direct interface to combo-codecs (TMS320C14/C17)
On-chip p-law/A-law companding hardware (TMS320C17)
16-bit coprocessor interface (TMS320C17)

Single 5-V supply (except for TMS320E14/E15/E17)

12.5-V supply additionally required for programming EPROM
(TMS320E14/E15/E17)

Device packaging:

- 40-pin DIP (TMS32010/C10/C15/E15/C17/E17)

-  44-pin PLCC (TMS320C10/C15/C17)

—  44-pin Cerquad (TMS320E15/E17)

—  68-pin PLCC (TMS320C14)

- 68-pin Cerquad (TMS320E14)

® Technology:
- NMOS (TMS32010)
- CMOS (TMS320C10/C14/E14/C15/E15/C17/E17)

[ ) Commercial and military versions available
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DATA RAM
144X16 bits

CPU

16-bit 16-bit T-Reg
Barrel Shifter
32-bit ALU 16X16-bit
Multiply
32-bit ACC
0,1,4-bit Shift | 32°bitP-Reg

2 Auxiliary Registers

4 level H/W Stack

Status Register

PROGRAM ROM
1.5KXx16 bits

INPUTS

8X16 bits

OUTPUTS

8X16 bits

Figure 2-2. TMS320C10 Block Diagram

DATA RAM
256X16 bits

PROGRAM ROM/EPROM

4KX16 bits

16-bit 16-bit T-Reg
Barrel Shifter Timer/Counter 1
32-bit ALU 16X16-bit Timer/Counter 2
Multiply
32-bit ACC Watchdog Timer
0,1,4-bit Shift | 32-bitP-Reg 16 bit O

2 Auxiliary Registers

4 level H/W Stack

Status Register

Figure 2-3. TMS320C14 Block Diagram
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DATA RAM
25616 bits

PROGRAM ROM/EPROM

CPU
16-bit 16-bit T-Reg
Barrel Shifter
30-bit ALU 16X16-bit
Multiply
32-bit ACC
0,1,4-bit Shift | 32Dit P-Reg

2 Auxiliary Registers

4 level H/W Stack

Status Register

4KX16 bits

INPUTS

8X16 bits

OUTPUTS

8X16 bits

Figure 2-4. TMS320C15 Block Diagram

DATA RAM
256X16 bits

PROGRAM ROM/EPROM

4KX16 bits

CPU
16-bit 16-bit T-Reg Timer
Barrel Shifter
. Dual
32-bit ALU 16X16-bit Serial Ports
Multiply
-bi wlaw/A-Law
S2bit ACC - Companding HW
0,1,4-bit Shift | 32-bitP-Reg
6X16-bit
2 Auxiliary Registers General Purpose
Inputs/Outputs
4 level H/W Stack Coprc?gessor

Status Register

Figure 2-5. TMS320C17 Block Diagram
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2.2 Second-Generation Devices

The second generation of the TMS320 family of digital signal processors in-
cludes, the TMS32020, TMS320C25/E25, and the TMS320C25-50. The ar-
chitecture of these devices is extended from that of the TMS32010, the first
member of the TMS320 family. This section briefly describes each device, lists
key features, and provides a block diagram. Note when referring to any
member of the TMS320 family (i.e. TMS320C25), , the name also implies
enhanced speed versions and the associated EPROM product. TMS320C2x
refers to the second generation family of devices.

The TMS32020, processed in NMOS technology, is source-code upward
compatible with the TMS32010 and in many applications is capable of two
times the throughput of the TMS320C1x devices. It provides an enhanced
instruction set (109 instructions), indexed-addressing mode, large on-chip
data memory (544 words), 64K-word program and data memory spaces, on-
chip serial port, and a hardware timer.

The TMS320C25 and TMS320E25 are capable of an instruction cycle time
of 100 ns. They are pin-for-pin and object-code upward compatible with the
TMS32020. The TMS320C25’s enhanced feature set greatly increases the
functionality over the TMS32020. Enhancements include the 24 additional
instructions (133 total), eight auxiliary registers, an eight-level hardware stack,
4K-words of on-chip program ROM (TMS320C25) or EPROM
(TMS320E25), a bit-reversed indexed-addressing mode, and the low-power
dissipation inherent to the CMOS process.

The TMS320C25-50 is a 50 MHz version of the TMS320C25 capable of ex-
ecuting 12.5 MIPS (million instructions per second). The TMS320C25-50 is
object code and pin compatible with the TMS320C25. Its higher speed makes
it well suited for high-performance DSP“applications.

Some of the key features of the TMS320C2x family are listed below. Specific
devices with a particular feature are enclosed in parentheses.

] Instruction cycle timing:
- 80 ns (TMS320C25-50)
- 100 ns (TMS320C25/E25)
— 200 ns (TMS32020)

544-word programmable on-chip data RAM
4K-word on-chip program ROM (TMS320C25)
4K-word on-chip program EPROM (TMS320E25)
128k-word total data/program memory space
32-bit ALU/accumulator

16 x 16-bit parallel multiplier with a 32-bit product
Single-cycle multiply/accumulate instructions

Repeat instructions for efficient use of program space and enhanced
execution

Block moves for data/program management

On-chip timer for control operations

Up to eight auxiliary registers with dedicated arithmetic unit
Up to eight-level hardware stack
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2-10

0 to 16-bit parallel shifter

Wait states for communication to slower off-chip memories/peripherals
Serial port for direct codec interface _
Synchronization input for synchronous multiprocessor configurations
Global data memory interface

TMS320C1x source-code upward compatibility

Concurrent DMA using an extended hold operation (TMS320C25)
Indexed-addressing mode '
Bit-reversed indexed-addressing mode for radix-2 FFTs (TMS320C25)
On-chip clock generator

Single 5-V supply (except for TMS320E25)

12.5-V supply additionally required for programming EPROM
(TMS320E25)

Device packaging:

- 68-pin PGA (TMS32020, TMS320C25)

—  68-pin PLCC (TMS320C25/C25-50)

-  68-pin CerQuad (TMS320E25)

Technology:
- NMOS (TMS32020)
- CMOS (TMS320C25)

Commercial and military versions available

RAM-BLOCK | RAM-BLOCK
B2 DATA B0 DATA

32X16 bits 256X16 bits

cPU MEMORY-MAPPED
" PERIPHERALS

16-bit 16-bit T-Reg
Barrel Shifter

| seralPort |
- Interrupt Mask |

| Global Memory |

16X16-bit
32-bit ALU Multiply

32-bit ACC 32-bit P-Reg
0,1,0r4 bit Shift | 0,1,4,-6b Shift

16X16 Inputs
16X16 Outputs

Figure 2-6. TMS32020 Block Diagram

5 Auxiliary Registers

4 level H/W Stack

2 Status Repeat Count
Registers

Instruction Reg
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RAM-BLOCK | RAM-BLOCK | RAMBLOCK | pomepROM
B2 DATA BO DATA LRaY PROGRAM
4KX16 bits

32x16bits | 256X16bits | Spaeqg pits

_ MEMORY-MAPPED

P
cru PERIPHERALS
16-bit 16-bit T-Reg -
Barrel Shifter - Serial Port
16X16-bit
32-bit ALU Multiply

32-bitACC | 32-bit P-Reg Interrupt Mask

0-7 bit Shift | 0,1,4,-6b Shift

Global Memory

8 Auxiliary Registers

8 level H/W Stack

16X16 Inputs

2 Status Repeat Count

Registers 16X16 Outpuws

Instruction Reg

Figure 2-7. TMS320C25/E25 Block Diagram
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2.3 Third-Generation Devices

The third generation of the TMS320 family of digital signal processors in-
cludes the TMS320C30. The TMS320C30 is a high-performance device ca-
pable of executing up to 33 MFLOPS (million floating-point operations per
Higher performance and ease of use are achieved through greater
parallelism, higher accuracy, and general-purpose features. General-purpose
applications are greatly enhanced by the large address space, multiprocessor
interface, internally and externally generated wait states, two timers, two serial
ports, and multiple interrupt structure. The TMS320C30 supports a wide va-

second).

riety of system applications from host processor to dedicated coprocessor.

Some key features of the TMS320C30 are:

60-ns single-cycle instruction execution time
- 33.3 MFLOPS (million floating-point operations per second)
- 16.7 MIPS (million instructions per second)

One 4K x 32-bit single-cycle dual-access on-chip.ROM block .
Two 1K x 32-bit single-cycle dual-access on-chip RAM blocks

64 x 32-bit instruction cache

32-bit instruction and data words, 24-bit addresses

16M-word addressing space

32-bit barrel shifter

Eight extended-precision registers (accumulators/product registers)

Two address generators with eight auxiliary registers and two auxiliary

register arithmetic units

On-chip memory-mapped Direct Memory Access (DMA) controller for

concurrent 1/0 and CPU operation

Integer, floating point, and logical operations

Two- and three-operand instructions

Parallel ALU and multiplier instructions in a single cycle
Block repeat capability

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

Interlocked instructions for multiprocessing support

Two memory-mapped serial ports to support 8/16/32-bit transfers
Two memory-mapped 32-bit timers

Two general-purpose external flags,four external interrupts
180-pin grid array (PGA) package; CMOS
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Integer/ Integer/
Floating Point | Floating Point
Multiplier ALU
8 Extended Precision
Registers
Address Address
Generator 0 Generator 1

8 Auxiliary Registers

12 Control

| Registers

Control
Registers

o 20d 0

S\ e
‘ Serial Port 0 '

Figure 2-8. TMS320C30 Block Diagram
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2.4 Typical Applications

The TMS320 family’s unique versatility and realtime performance offer flexible
design approaches in a variety of applications. In addition, TMS320 devices
can simultaneously provide the multiple functions often required in those
complex applications. Table 2-2 lists typical TMS320 family applications.

Table 2-2. Typical Applications of the TMS320 Family

GENERAL-PURPOSE DSP

GRAPHICS/IMAGING

INSTRUMENTATION

Digital Filtering
Convolution

Correlation

Hilbert Transforms

Fast Fourier Transforms
Adaptive Filtering
Windowing

Waveform Generation
Discrete Cosine Transforms
Hartley Transforms

3-D Rotation

Robot Vision

Image Transmission/
Compression

Pattern Recognition
Image Enhancement
Homomorphic Processing
Workstations
Animation/Digital Map

Spectrum Analysis
Function Generation
Pattern Matching
Seismic Processing
Transient Analysis
Digital Filtering
Phase-Locked Loops

VOICE/SPEECH

CONTROL

MILITARY

Voice Mail

Speech Vocoding
Speech Recognition
Speaker Verification
Speech Enhancement
Speech Synthesis
Text-to-Speech

Disk Control

Servo Control
Robot Control

Laser Printer Control
Engine Control
Motor Control

Secure Communications
Radar Processing

Sonar Processing

Image Processing
Navigation

Missile Guidance

Radio Frequency Modems

TELECOMMUNICATIONS

AUTOMOTIVE

Echo Cancellation

ADPCM Transcoders

Digital PBXs

Line Repeaters

Channel Multiplexing

1200 to 19200-bps Modems
Adaptive Equalizers

DTMF Encoding/Decoding
Data Encryption

FAX

Cellular Telephones
Speaker Phones
Digital Speech
Interpolation (DSI)
X.25 Packet Switching
Video Conferencing
Spread Spectrum
Communications

Low Speed Transcoders/Vocoders Answering Machines
ISDN Basic/Primary Rate Interfaces

Engine Control
Vibration Analysis
Antiskid Brakes )
Adaptive Ride Control
Global Positioning
Navigation

Voice Commands
Digital Radio

Cellular Telephones
Active Suspension
Noise Suppression

Digital Audio/TV
Music Synthesizer
Educational Toys
Answering Machines

CONSUMER INDUSTRIAL MEDICAL
Radar Detectors Robotics Hearing Aids
Power Tools Numeric Control Patient Monitoring

Security Access
Power Line Monitors

Ultrasound Equipment
Diagnostic Tools
Prosthetics

Fetal Monitors

Table 2-3 provides a comparison of performance for some of the fundamental
DSP operations when using either a TMS320C1x, TMS320C2x, or a
TMS320C3x. Tabie 2-4 shows benchmarks for each of the three generations.
These performance figures can be further improved by additional optimization
of the algorithms for specific design goals, such as CPU loading and program
space requirements. Note that these benchmarks only offer an approximation
of the system level performance that can be expected.
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Table 2-3. TMS320 DSP Family Benchmarkst

BENCHMARK TMS320C1x TMS320C2x TMS320C3x
CYCLES @160ns | CYCLES @80ns | CYCLES @60ns
FIR Filter
20 Tap 49 127.5 KHz 29  431.03 KHz 25 667 KHz
64 Tap 133  47.0 KHz 73 171.73 KHx 73 228 KHz
67 Tap 139  45.0 KHz 76  164.47 KHz 76 219 KHz
IR Filter
4X Biquad 44 142.0 KHz 36 347.22 KHz 23 725 KHz
5X Biquad 56 111.6 KHz 43  284.09 KHz 27 617 KHz
Transpose Biquad 69 90.6 KHz 54  231.48 KHz 37 450 KHz
Dot Product 6 0.96 ps 6 0.48 us 4 0.240 us
Matrix Multiply
2x2Times2x2 24 3.84 ps 21 1.7 ys 12 0.720 ps
3 x3Times 3 x1 24 3.84 ps 22 1.8 us 13 0.780 ps
Memory to Memory FFT
64 Point Radix 2 3687 590 us 3088 247 ps 2603 156 ps
256 Point Radix 2 41478 6.64 ms | 17602 1.408 ms 12857 0.771 ms
1024 Point Radix 2 331237 53.0 ms |109755 8.784 ms 61511 3.67 ms
Port to Memory FFT
64 Point Radix 2 2954 473 ps 1621 130 us 1370 75 ps
256 Point Radix 2 41478 6.64 ms 8520 0.682 ms 6734  0.354 ms
1024 Point Radix 2 331237 53.0 ms | 56286 4.503 ms 32354 1.67 ms
t More information available in EDN magazine September 29, 1988 pp. 126-148.
Table 2-4. TMS320 DSP System Benchmarks
Application TMS320C1x I TMS320C2x |TMS32003xT
CPU Loading )
Echo cancellation (CCITT G.165)
Echo length 16 mS - 50% 22%
Data encryption (ANSI X3.92-1981)
Data rate 42 kbps 100% 52% <25%
Split-band modem (CCITT V.22/212A)
full-duplex 64% 30% <14%
32-kbps ADPCM (CCITT G.721)
half-duplex 100% 50% <25%
2400-bps LPC-10 (DOD 43)
half-duplex 76%+* 40%+ <17%
2400-bps LPC-10 (DOD 52)
half-duplex . - 87%%" <35%
16-kbps subband coder
full-duplex 64%* 35% <16%

t Conservative benchmarks based on extrapolated data.
t Requires external data memory.
* Requires external program memory.
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Section 3

TMS320 Development Support Products

Texas Instruments is dedicated to supporting designers in the complete de-
velopment of their application from concept through production. An extensive
line of development support products is offered to assist the user in all aspects
of TMS320 design and development. These products range from development
and application software to complete hardware development and integration
systems such as the TMS320C3x XDS1000 Development Environment.

Figure 3-1 shows the typical application development flow. TMS320 system
evaluation begins with the use of tools such as a simulator, TMS320 Evalu-
ation Module (EVM), or Emulator (XDS). These support tools, plus an
assembiler/linker, allow the designer to evaluate the processor’'s performance,
benchmark time-critical code, and determine the feasibility of using a TMS320
device to implement a specific algorithm. Extensive documentation provides
information concerning device specifications and capabilities. The Tl Regional
Technoiugy Centers (RTCs) offer three-day DSP design workshops that pro-
vide hands-on experience with TMS320 development tools (see Section 8.2).

Software and hardware design can be performed in parallel by using the macro
assembler/linker and simulator for software development and the XDS for
hardware development. The assembler/linker transiates the system’s assembly
source program into an object module that can be executed by the simulator,
SoftWare Development System (SWDS), XDS, or EVM. The XDS provides
realtime in-circuit emulation and is a powerful tool for system debugging and
integrating software and hardware modules. EPROM DSP’s are available
which provide for early prototype development, smoothing the transition to
the production phase. Once the design cycle for a product is complete, Ti
offers three generations of DSPs to meet future application needs.
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Concept
TMS320
Products Evaluation
Prototype s/l\-,v/vgzgi‘;n
System
Debug

Figure 3-1. Typical TMS320 Application Development Flow

Figure 3-2 shows development product integration. The appropriate TMS320
support product is indicated for each stage of development. Table 3-1 pro-
vides a feature matrix of the TMS320 simulation/emulation development tools,
comparing capabilities such as development purpose, software and hardware
features, and amount of memory.
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Assembler TMS320C2x or
Source TMS320C3x only
ﬁ C Source
Assembler \/r\
Archiver C Compiler
1 i
Macro Assembler
Library Source
Archiver
& 1
Executable Library of
‘ COFF Object
Object Files
Object Format ~ i
Converter
Software TMS320C1x i
s Evaluation
EPROM CPU Development TMS320C2x, Module
. Board XDS Emulator
Programmer Simulator TMS320C2x or TMS320C1x
only TMS320C3x only

|

!

Figure 3-2. TMS320 Development Product Integration
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Table 3-1. Feature Matrix of TMS320 Simulation/Emulation Development Tools

FEATURES EVM |SIMULATOR| SWDS | XDS/22 | XDS500| XDS1000
Development Purpose:
Evaluation/benchmarking Yes Yes Yes Yes Yes Yes
Software development No Yes Yes Yes Yes Yes
Hardware design No No No Yes Yes Yes
Line-by-line assembler/reverse Yes Yes Yes Yes Yes Yes
assembler (C30 only)
Modify/display memory and Yes Yes Yes Yes Yes Yes
registers
Single-stepping Yes Yes Yes Yes Yes Yes
Breakpoint on Instruction Yes Yes Yes Yes Yes Yes
Acquisition
Breakpoint on memory access/ No Yes No Yes No No
read/write
Time-stamping/clock counter No Yes No Yes Yes Yes
Realtime trace samples No No No Yes No No
Multi-user system No Yes No No No No
Built-in system interface No No Yes No Yes Yes
Files associated to 1/0 ports No Yes Yes No No Yes
(w/ SPOX)
Full-speed in-circuit emulation:
From on-board memory Yes N/A Yes Yes No Yes
From target memory No N/A No Yes Yes Yes
Amount of memory:
On-board program/data 4K/- N/A N/A 4K/- N/A N/A
(TMS320C1x)
On-board program/data N/A N/A 24K 4K/4K N/A N/A
(TMS320C2x)
Program/data expansion N/A N/A N/A 64K* N/A 16K
Static RAM/DRAM N/A N/A N/A N/A N/A | 32K/512K
Devices Supported 320C10/ 320C1x/ |320C2x | 320C1x |320C3x | 320C3x
C15 C2x/C3x /C2x

* Memory expansion board allows for memory expansion to 64K words total of
program and data memory, configurable in 1K blocks.
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Section 4

Software Development and Support Products

Many support products are offered for the TMS320 family of digital signal
processors. This section discusses the software support products, which in-
clude Macro Assembler/Linkers, C Compilers, Simulators, a SoftWare Devel-
opment System (SWDS), a Digital Filter Design Package (DFDP), a DSP
Software Library, TMS320 Bell 212A Modem Software, Data Encryption
Standard Software, and SPOX (the TMS320C3x operating system). These
products are described in the sections listed below.

(] TMS320 Macro Assembler/Linkers (Section 4.1 on page 4-2)
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TMS320 Simulators (Section 4.3 on page 4-10)

SoftWare Development System (SWDS) (Section 4.4 on page 4-28)
Digital Filter Design Package (DFDP) (Section 4.5 on page 4-35)
Digital Signal Processing Software Library (Section 4.6 on page 4-37)
TMS320 Bell 212A Modem Software (Section 4.7 on page 4-39)

Data Encryption Standard Software (Section 4.8 on page 4-40)

SPOX: TMS320C3x DSP Operating System (Section 4.9 on page 4-41)
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4.1 TMS320 Macro Assembler/Linker

4-2

The TMS320 Macro Assembler/Linker is a software development tool that
converts TMS320 assembly language source files into executable object code.
The TMS320 Macro Assembler/Linker is shipped with four programs to ad-
dress specific software development needs. They are listed and described
below:

The assembler translates assembly language source files into machine lan-
guage object files. Source files can contain instructions, assembler directives,
and macro directives. Assembler directives control various aspects of the as-
sembly process such as the source listing format, symbol definition, and how
the source code is placed into sections. The following versatile features dis-
tinquish the TMS320 assembler:

° Processes the source statements in a text file to produce a relocatable
object file.

(] Produces a source listing (if requested) and provides control over this
listing.

[ ] Appends a cross-reference listing to the source listing (if requested).

Allows segmentation of users code.

[ ] Maintains a SPC (section program counter) for each section of object
code.

[} Defines and references global symbols.
[ Assembles conditional blocks.

° Supports macros, allowing user to define macros inline or in a macro li-
brary.

The linker combines object files into a single executable object module. As
it creates the executable module, it performs relocation and resolves external
references. The linker accepts COFF (common object file format) object files
(created by the assembler) as input. It can also accept archive library members
and modules created by a previous linker run. Linker directives allow the user
to combine object file sections, bind sections or symbols to specific addresses,
and define or redefine global symbols. These versitile features distinquish the
TMS320 linker:

® Defines a memory model that conforms to target system memory.
Combines object file sections.

Allocates sections into specific areas in the target system memory.
Defines or redefines global symbols to assign them specific values.
Relocates sections to assign them to final addresses.

[} Resolves undefined external references between input files.

The archiver allows collection of a group of files into a single archive file.
For example, several macros can be collected together into a macro library.
The assembler will search through the library and use the members that are
called as macros by the source file. It is also possible to use the archiver to
collect a group of object files into an object library. The linker will include the
members in the library that resolve external references during the link.
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Most EPROM programmers do not accept COFF object files as input. The
object format converter converts a COFF object file into Intel, Tektronix,
or Tl tagged hex object format. The converted file can be downloaded to an
EPROM programmer.

The TMS320 Macro Assembler/Linker is currently available for the first, sec-
ond, and third generation TMS320 devices. The operating systems supported
are PC/MS-DOS (in 5.25” DS/DD floppy), plus the VAX/VMS (in Backup
format), VAX/ULTRIX (in TAR format), and SUN-3/UNIX (in TAR format) in
1600 bpi magnetic tape mediums.

For part number information, please reference Appendix A of this document.
For pricing and availability, contact the nearest Tl Field Sales Office.
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4.2 TMS320 C Compiler

The TMS320 C compiler is a full implementation of the standard Kernighan
and Ritchie C. The compiler accepts a source file containing a program mod-
ule written in the widely used C language. It outputs TMS320 assembly lan-
guage source code which is then processed by the assembler. This compiler
also provides the enhancements of enumeration types, passing and returning
structures to functions, and structure assignment.

This high-level language compiler allows time-critical routines written in as-
sembly to be called within the C program.. The converse is also available; as-
sembly routines may call C functions. Assembly statements may also be
introduced iniine with the C source. The output of the compiler can be edited
prior to assembly/link to further optimize the performance of the code.

The C compiler has three parts: a preprocessor, a parser, and a code generator.
Figure 4-1 illustrates the three-step process of compiling a C program.

C source

file preprocessor I/ '

V’ o
modified
source file

?//////4 WA

/ code generator

intermediate assembly

language
code

Figure 4-1. Compiling a C Program

Step 1: The input for the preprocessor is a C source file (as described in
Kernighan and Ritchie). The preprocessor produces a modified version of the
source file.

Step 2. The input for the parser is the modified source file produced by the
preprocessor. The parser produces an intermediate file.

Step 3: The input for the code generator is the intermediate file produced
by the parser. The code generator produces an assembly language source file.

Step 4: After the program is compiled, it must be assembled and linked.
(Note that version 5.xx assembler/linker must be used for the TMS320C2x,
version 1.xx assembler/linker for the TMS320C3x).
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Some of the tasks that a C program must perform (such as memory allocation,
string conversion, and string searches) are not part of the C language. The
run-time-support functions, which are shipped with the C compiler, are stan-
dard functions that perform these tasks. The run-time-support library rts.lib
contains the object code for these functions as well as other functions and
routines.

Note: The rts.src library contains EOF (end-of-file) markers which can-
not be handled by some text editors. The archiver must be utilized to ac-
cess this source code.

Some of the included header files that declare the run-time-support functions
are listed below with a description.

1)

3)

assert.h - Defines the assert macro, which provides a standard method
for allowing programs to create diagnostic failure messages at run-time.

) Functions included as follows:

-  TMS320C2x - assert ()
-~  TMS320C3x - assert ()

ctype.h - Declares functions and defines macros that test or convert
ASCII characters.

( The character testing functions have names with the format isxxxx
(for example, isdigit). These functions return true (1) or false (0).

® The character conversion functions have names with the format
toxxxx (for example, toupper). They convert a character to
lowercase, uppercase, or ASCII, and return the converted charac-
ter.

® Functions included for both the TMS320C2x and TMS320C3x are:

- isalnum(), isalpha(), isascii(). iscntri(), isdigit(),
isgraph(), islower(), isproint(), ispunct(), isspace(),
isxdigit(), toascii(), tolower(). toupper()

float.h and limits.h - Define macros that expand to useful limits and
parameters of numeric representations. Table 4-1 and Table 4-2 list
these macros and the limits with which they are associated.
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Table 4-1. Macros That Supply Character and Integer Limits

Macro Value Description
320C2x 320C3x ] ) )

CHAR_BIT 16" 32 Maximum number of bits for the
smallest object that is not a
bit field

SCHAR_MIN -32768 -2147483648 Minimum value for a signed character

SCHAR_MAX 32767 2147483647 Maximum value for a signed character

UCHAR_MAX 65535 4294967295 Maximum value for an unsigned
character

CHAR_MIN SCHAR_MIN Minimum value for a character

CHAR_MAX SCHAR_MAX Maximum value for a character

SHRT_MIN -32768 -2147483648 Minimum value for a short integer

SHRT_MAX 32767 2147483647 Maximum value for a short integer

USHRT_MAX 65535 4294967295 Maximum vaiue for a short
unsigned integer

INT_MIN -32768 -2147483648 Minimum value for an integer

INT_MAX 32767 2147483647 Maximum value for an integer

UINT_MAX 65535 4294967295 Maximum value for an unsigned
integer

LONG_MIN -32768 -2147483648 Minimum value for a long integer

LONG_MAX 32767 2147483647 Maximum value for a long integer

ULONG _MAX 65535 4294967295 Maximum value for an unsigned
long integer
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Table 4-2. Macros That Supply Floating-Point Range Limits

Macro Value Description
320C2x 320C3x
FLT _RADIX 2 2 Base or radix of exponent
representation
FLT _ROUNDS 1 1 Rounding mode for floating-
point addition (rounds to
nearest integer)
FLT_DIG 6 6 Number of decimal digits of
DBL_DIG precision for a float,
LDBL_DIG double or long double
FLT_MANT_DIG 24 24 Number of base-FLT_RADIX
DBL_MANT_DIG digits in the mantissa of a
LDBL_DIG float, double or long
double
FLT _MIN_EXP -125 -126 Minimum negative integer
DBL_MIN_EXP such that FLT_RADIX
LDBL_MIN_EXP raised to that power minus
1 is a normalized float,
double, or long double
FLT_MAX_EXP 128 128 Maximum integer such that

DBL_MAX_EXP
LDBL_MAX_EXP

FLT _RADIX raised to that
power minus 1 is a repre-
sentable finite float,
double, or long double

FLT_EPSILON
DBL_EPSILON
LDBL_EPSILON

1.19209290E-07

1.19209290E-07

Minimum positive float,
double, or long double
X such that 1.0 +

X # 1.0

- DBL_MAX_10_EXP

LDBL_MAX_10_EXP

" FLT_MIN 1.17549435E-38 5.8774717E-39 Minimum positive float,
DBL_MIN double, or long double
LDBL_MIN
FLT_MAX 3.4028235E+38 3.4028235E+38 Maximum float, double,
DBL_MAX or long double
LDBL_MAX
FLT_MIN_10_EXP -37 -38 Minimum negative integer
DBL_MIN_10_EXP such that 10 raised to that
LDBL_MIN_10_EXP power is in the range of

normalized floats, doubles,
long doubles
FLT_MAX_10_EXP 38 38 Maximum integers such that

10 raised to that power is
in the range of represent-
able finite floats, doubles
or long doubles
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5)

6)

7)

8)

math.h - Defines several trigonmetric, exponential, and logarithmic
functions.

e Functions included for both the TMS320C2x and TMS320C3x are:

- acos(), asin(), atan(), atan2()., ceil(), cos(), cosh(),
exp(), fabs(), floor(), fmod(), frexp(). Idexp(). log(),
Iog’:‘(()g), modf(), pow(), sin(), sinh(), sqrt(), tan(),
tan

starg.h - A function can be called with a variable number of arguments
with different types. A variable-argument function can use the objects
declared by starg.h to ascertain the number and types of the arguments
that are passed to it.

® Functions included for both the TMS320C2x and TMS320C3x are:
- va-_arg(), va_end(), va_start()

stddef.h - Defines types and macros used by several of the runtime-
support functions.

stdlib.h - Declares several macros as well as types. The stdlib.h
header declares several kinds of functions.

[} Memory management functions that allow the user to allocate and
deallocate packets of memory.

° String-conversion functions that convert strings to numeric rep-
resentations.

° Searching and sorting functions that allows the user to search and
sort arrays.

(] Sequence-generation functions that allows the user to generate a
pseudo-random sequence and choose a starting point for a se-
quence.

[ J Function-exit functions that allows the user to terminate functions
either normally or abnormally.

o Functions included for both the TMS320C2x and TMS320C3x are:

- abs(), abort(), atexit(), atof(), atoi(), atol(),
bsearch(), calloc(), exit(), free(), labs(), Itoa(), mal-
loc(), movmem(), gsort(), rand(). realloc(), srand(),
strtod(), strtol, strtoul()

—  The TMS320C2x also includes the minit() function.

—  The TMS320C3x also includes the div(), Idiv(), strspn(),
and strstr() functions.

string.h - Declares functions that allow the user to.perform the follow-
ing tasks with character arrays (strings):

® Move or copy entire strings or portions of strings to another lo-
cation.
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Concatenate strings.

Compare strings.

[ ]
[ ]
[ ) Search strings for characters or other strings.
[ ) Find the length of a string.

[ J

Functions included for both the TMS320C2x and TMS320C3 are:

- memchr(), memcmp()., memcpy(), memmove(),
memset(), strcat(), strchr(), strcmp(), strcoll(),
strcpy(), strcspn(), strerror(), strien(), strncat(),
strncmp(), strncpy(), strpbrk(), strrchr(), strtok()

-  The TMS320C2x also includes the strspn(), and strstr()
functions.

9) ioports.h - Declares functions that provide low-level access to the ex-
ternal 1/0 ports of the TMS320C2x.
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- inport(), cutport()

The C compiler is available from Tl for the second and third generation
TMS320 devices. High level language support for all three generations is
available from TMS320 Third Parties (see Section 9). The TMS320 C com-
piler is supplied for the PC/MS-DOS (in 5.25” DS/DD floppy), plus the
VAX/VMS (in Backup format), VAX/ULTRIX (in TAR format), and
SUN-3/UNIX (in TAR format) in 1600 bpi magnetic tape mediums.

For part number information, refer to Appendix A. Contact the nearest Tl Field
Sales Office for pricing and availability.
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4.3 TMS320 Simulator

The TMS320 Simulator is a software program that simulates the TMS320
microprocessor and microcomputer modes for cost-effective TMS320 soft-
ware development and program verification in non-realtime. Using the inex-
pensive software simulator allows debugging without the requirement of
hardware. Files may be associated with 1/O ports so that specific 1/0 values
may be used during test and debug. Time-critical code can be tested, as well
as individual portions of the program. The clock counter allows loop timing
during code optimization. Breakpoints can be established, based on read and
write execution and instruction acquisition, with program and data memories.

The simulator uses TMS320 object code produced by the TMS320 Macro
Assembler/Linker. Input and output files may be associated with the port
addresses of the 1/0 instructions, simulating the 1/0 devices connected to the
processor. The interrupt flag can be set periodically at programmed intervals
to simulate an interrupt signal. Before initiating program execution, break-
points and traces may be defined and enabled.

During program execution, the internal registers and memory of the simulated
TMS320 are modified as the host computer interprets each instruction. Exe-
cution is suspended when a breakpoint or error is encountered, a branch to
‘self’ is detected, or a breakpoint from the keyboard is entered by the user.

Once program execution is suspended, the internal registers and both program
and data memories can be inspected and/or modified. The trace memory can
also be displayed. A record of the simulation session can be maintained in a
journal file. This allows the session to be re-executed to regain the same ma-
chine state during a subsequent simulation session.

Before beginning a debugging session, TMS320 source code must first be
written and assembled. |If there are multiple modules, they must be linked.
The linked absolute code is then loaded into the simulator and executed dur-
ing simulation.

4.3.1 TMS320C1x Simulator

The TMS320C1x simulator is available for the IBM PC/MS-DOS (5.25"
floppy) and the VAX/VMS (in Backup format on 1600 bpi magnetic tape)
operating systems. The PC configuration requires a minimum of 256K-bytes
RAM for the TMS320C1x simulator. Table 4-3 lists the commands, broken
down by category, for the TMS320C1x simulator. Figure 4-2 shows an ex-
ample TMS320C1x simulator screen display. These key features highlight si-
mulator flexibility for effective TMS320C1 x software development:

° Interrupt generation at user-defined intervals
® File-associated I/O with 8 ports

(] Programmable breakpoints on:
- Instruction acquisition
- Memory reads or writes (data or program)
- Data patterns on the D-bus or the P-bus
- Error conditions

(] Timing analysis relative to clock rate
o Trace on accumulator, program counter, and auxiliary registers
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Single stepping of instructions
Data and program memory modification and display
Modification and inspection of registers

Error messages for:
- lllegal opcodes
- Invalid data entry

® Execution of commands from a journal file

For part number information, refer to Appendix A. Contact the nearest Tl Field
Sales Office for pricing and availability.
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Table 4-3. TMS320C1x Simulator Commands

MAIN MENU COMMANDS

Command Functiont
DM or <CR> | Display Main Menu
DT Display Trace Buffer
JF Select Journal File
ST Display/Update Register Status
STR Save Trace Buffer
TR Toggle Trace
z Zero Clock Counter
HELP COMMANDS
Command Functiont
BH Breakpoint Help
I0H Input/Output Help Menu
MH Modify/Inspect Memory Help Menu
RH Modify/Inspect Registers/Flags Help Menu
EXECUTION COMMANDS
Command Functiont
Cc. Continue Simulation
ERAM Expand RAM and ROM (TMS320C10)
EX Execute Commands from Given File
L Load New Object File
LC Load New COFF File
NB Set Number of Instructions Until Break (TMS320C10)
Q Quit Simulation
R Run Simulation
RS Reset Simulator
SS Perform Single-Step Execution
BREAKPOINT COMMANDS
Command Functiont .
BDP Breakpoint on Data Pattern When Read/Write from/to Data RAM
BDR Breakpoint on Data RAM Read
BDRW Breakpoint on Data RAM Read and Write
BDW. Breakpoint on Data RAM Write '
BER Breakpoint on an Error Condition
BIAQ Breakpoint on Instruction Acquisition
BPP Breakpoint on Data Pattern When Read from Program ROM
BPR Breakpoint onn Program ROM Read
DB Display Breakpoints
RB Remove Breakpoint

T If a command pertains to one or two processors only, this is indicated in parentheses.
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Table 4-3. TMS320C1x Simulator Commands (Concluded)

INPUT/OUTPUT COMMANDS

Command

Functiont

LF

List Files Assigned to Ports (TMS320C10)

RCVC

Close the RCV Channel File

RSI

Reset Selected input Port File

Sl

Select Input Port File

SO

Select Output Port File

INTERRUPT/TIMING COMMANDS

Command

Functiont

TIC

Specify Number of Clock Ticks Until Next Interrupt (TMS320C10)

ZTIC

Disable Tick Commands

MODIFY/INSPECT MEMORY COMMANDS

Command

Functiont

RAM

Modify/Inspect Individual Data RAM

RAMH

Display Data RAM in Hexidecimal

RAMI

Display Data RAM in Integer

ROM

Modify/Inspect Individual Program ROM

ROMH

Display Program ROM in Hexidecimal

ROMI

Display Program ROM in Integer

MODIFY/INSPECT REGISTER/FLAGS COMMANDS

Command

Functiont

ACC

Modify/Inspect Accumulator

AR

Modify/Inspect Auxiliary Registers

BIO

Modify/Inspect |/O Branch Control

cc

Modify/Inspect Clock Counter

INTF

Modify/Inspect Interrupt Flag Register (TMS320C10)

INTM

Modify/Inspect Interrupt Mode Register

P

Modify/Inspect P Register

PC

Modify/Inspect Program Counter

SK

Modify/Inspect Stack

T

Modify/Inspect T Register

MODIFY/INSPECT STATUS REGISTERS/PINS COMMANDS

Command

Functiont

ARP

Modify/Inspect Auxiliary Register Pointer

DP

Modify/Inspect Data Memory Page Pointer

INTM

Modify/Inspect interrupt Mode Register

ov

Modify/Inspect Overflow Flag

OVM

Modify/Inspect Overflow Mode Register

t If a command pertains to one or two processors only, this is indicated in parentheses.
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Figure 4-2. TMS320C1x Simulator Screen Example

4.3.2 TMS320C2x Simulator

The TMS320C2x simulator is available for the IBM PC/MS-DOS (5.25"
floppy) and the VAX/VMS (in Backup format on 1600 bpi magnetic tape)
operating systems. The PC configuration requires a minimum of 640K-bytes
RAM for the TMS320C2x simulator. Table 4-4 lists the commands, broken
down by category, for the TMS320C2x simulator. Figure 4-3 shows an ex-
ample TMS320C2x simulator screen display. These key features highlight si-
mulator flexibility for effective TMS320C2x software development:

[ J Commands are provided to specifiy wait cycles for external data, pro-
gram, and /O memory. This provides a more flexible, accurate timing
analysis for interrupt generation at user-specified intervals

® File associated 1/0 with 16 ports
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Programmable breakpoints on:

- Instruction acquisition

- Memory reads or writes (data or program)

- Data patterns on the Data bus or Program bus

—  Error conditions

Timing analysis relative to clock rate

Trace on accumulator, program counter, and auxiliary registers
Single stepping of instructions

Data and program modification and display:

- Change an entire block at any time
- Initialize memory before a program is loaded

Commands to modify and inspect registers as well as individual lo-
cations in a register

Interrupt generation at user-defined intervals

Error messages for:
- lllegal opcodes
- Invalid data entry

Execution of commands from a journal file
Save-states for restarting simulation

File associated serial port for transmission and reception of ASCI| data
file
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Table 4-4. TMS320C2x Simulator Commands

MAIN MENU COMMANDS
Command Function
DC Display Variable Value and Format
DCL Enable Digital Command Language
DM or <CR> | Display Main Menu
DT Display Trace Buffer
JF : Select Journal File
SIM Change Simulator Mode
ST Display/Update Register Status
STR Save Trace Buffer
SW Switch from Screen to File
TR Toggle Trace
z Zero Clock Counter
ZRAM Set RAM contents to Zero

HELP COMMANDS

Command Functiont
BH Breakpoint Help
DH Display Controller Help Menu
EH Execution Help Menu
I0H Input/Output Help Menu
MH Modify/Inspect Memory Help Menu
RH Modify/Inspect Registers/Flags Help Menu
STH Modify/Inspect Status Register/Pins Help Menu
TH Trace Help Menu
TICH Interrupt/Timing Help Menu
UTLH Utilities Help Menu

EXECUTION COMMANDS
Command FunctionT
C Continue Simulation
EX Execute Commands from Given File
L Load New Object File
LC Load New COFF File
NB Set Number of Instructions Until Break
Q Quit Simulation
R Run Simulation
RS Reset Simulator
SS Perform Single-Step Execution
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Table 4-4. TMS320C2x Simulator Commands (Continued)

BREAKPOINT COMMANDS

Command

Function

BDP

Breakpoint on Data Pattern When Read/Write from/to Data RAM

BDR

Breakpoint on Data RAM Read

BDRW

Breakpoint on Data RAM Read and Write

BDW

Breakpoint on Data RAM Write

BER

Breakpoint on an Error Condition

BIAQ

Breakpoint on Instruction Acquisition

BPP

Breakpoint on Data Pattern When Read from Program ROM

BPR

Breakpoint on Program ROM Read

DB

Display Breakpoints

RB

Remove Breakpoint

INPUT/OUTPUT COMMANDS

Command

Functiont

ii

List Fiies Assigned to Input Ports

LO

List Files Assigned to Output Ports

RCV

Assign RCV Channel to File

RCVC

Close the RCV Channel File

RSI

Reset Selected Input Port File

S!

Select Input Port File

SO

Select Output Port File

XMT

Assign XMT Channel to File

XMTC

Close the XMT Channel File

INTERRUPT/TIMING COMMANDS

Command

Functiont

DWAIT

Specify Wait Cycles for External Data Memory

IOWAIT

Specify Wait Cycles for External I/0 Memory

PWAIT

Specify Wait Cycles for External Program Memory

TICO-TIC2

Specify Number of Clock Ticks (TICO-TIC2) until interrupt

ZTIC

Disable Tick Commands




Software Development Tools - Simulator

Table 4-4. TMS320C2x Simulator Commands (Continued)

MODIFY/INSPECT MEMORY COMMANDS

Command Function
LRAM Load RAM Data from an External File
POP Restore Simulator State
PUSH Save Simulator State
RAM Modify/Inspect Individual Data RAM
RAMH Display Data RAM in Hexidecimal
RAMI Display Data RAM in Integer
ROM Modify/Inspect Individual Program ROM
ROMH Display Program ROM in Hexidecimal
ROMI Display Program ROM in Integer
SGN Generate Test Data
SRAM Store RAM Data to an External File
VIEW Display Stack Contents

MODIFY/INSPECT REGISTER/FLAGS COMMANDS
Command Functiont
ACC Modify/Inspect Accumulator
AR Modify/Inspect Auxiliary Registers
BIO Modify/Inspect /O Branch Control
CcC Modify/Inspect Clock Counter
FSM Modify/Inspect Frame Sync Mode
INTFS Modify/Inspect Interrupt Flags
INTM Modify/Inspect Interrupt Mode Register
INTMS Modify/Inspect Interrupt Masks
P Modify/Inspect P Register
PC Modify/Inspect Program Counter
RPTC Modify/Inspect Repeat Instruction Counter
SK Modify/Inspect Stack
T Modify/Inspect T Register
TINT Modify/Inspect Timer Interrupt Flag
TINTM Modify/Inspect Timer Interrupt Mask
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Table 4-4. TMS320C2x Simulator Commands (Concluded)

MODIFY/INSPECT STATUS REGISTERS/PINS COMMANDS
Command Function
ARB Modify Auxiliary Register Pointer Buffer
ARP Modify/Inspect Auxiliary Register Pointer
CNF Modify/Inspect RAM Configuration Control Bit
CcYy Modify/Inspect Carry Bit
DP Modify/Ibspect Memory Page Pointer
FO Modify/Inspect Format Bit
HM Modify/Inspect Hold Mode Bit
INTM Modify/Inspect Interrupt Mode Register
ov Modify/Inspect Overflow Flag
ovM Modify/Inspect Overflow Mode Register
PM | Modify/Inspect Product Shift Mode
RINTM Modify/Inspect RINTM Bit
SXM Modify/Inspect Sign-extension Mode Bit
TC Modify/Inspect Test/Control Flag Bit
TXM Modify/Inspect Mode Bit
XF Modify/Inspect XF Pin
XINTM Modify/Inspect XINTM Bit
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Figure 4-3. TMS8320C2x Simulator Screen Example

4.3.3 TMS320C3x Simulator

4-20

The TMS320C3x simulator is available for the IBM PC/MS-DOS (5.25"
floppy), the VAX/VMS (in Backup format on 1600 bpi magnetic tape), and
the VAX/ULTRIX (in TAR format on 1600 bpi magnetic tape) operating sys-
tems. Support for the SUN-3/UNIX (in TAR format on 1600 bpi magnetic
tape) operating system is available through a TMS320 third party (see Section
9). The PC configuration requires a minimum of 512K-bytes for the
TMS320C3x simulator. Table 4-5 lists the commands, broken down by cate-
gory, for the TMS320C3x simulator. Figure 4-4 shows an example
TMS320C3x simulator screen display. These key features highlight simulator
flexibility for effective TMS320C3x software development:

® Simulates the entire TMS320C3x digital signal processor instruction set

® Simulates the key TMS320C3x peripheral features (DMA, timers, and
serial port)
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® Command entry from either menu-driven keystrokes (menu mode) or
from a batch file (line mode)

[ ] Help menus for all screen modes
() Standard interface can be user customized

® Simulation parameters quickly stored/retrieved from files to facilitate
preparation for individual sessions

[ ] Reverse assembly allows editing and re-assembly of source statements

] Memory can be displayed (at same time) as:
- Hexadecimal 32-bit values
- Assembled source

[ ] Execution modes include:
- Single/multiple instruction count
- Single/multiple cycle count
- until condition is met
- while condition exists
~  for set loop exists
- Unrestricted run with halt by key input

(] Easy to define trace expressions

(] Trace execution with display choices of:
- Designated expression values
—  Cache registers
- Instruction pipeline for easy optimization of code

® Breakpoint conditions include:
- Address read
- Address write
-~ Address read or write
- Address valid
- Expression valid

® Simulates cache utilization

e Cycle counting:
- Display the number of clock cycles in single step or run mode
- External mode can be configured with wait states for accurate cy-
cle counting

The simulator allows verification and monitoring of the state of the processor.
Simulation speed is on the order of thousands of instructions per second (VAX
VMS, VAX ULTRIX, and SUN-3 UNIX) or hundreds of instructions per second
(PC/MS-DOS).

For part number information, refer to Appendix A. Contact the nearest Tl Field
Sales Office for pricing and availability.
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Table 4-5. TMS320C3x Simulator Commands

BREAKPOINT COMMANDS

Command and Syntax

Operation 'Description

BAA <address>

Breakpoint Add All - Breakpoints occur
as if commands BAE, BAR, and BAW are
all set using value in <address>.

BAD <address>

Breakpoint at Data read or write -
Breakpoint occurs if data is read from or
written to <address>.

BAE <address>

Breakpoint at Execution - Breakpoint
occurs if execution is to occur at
<address>.

BAR <address>

Breakpoint at Read - Breakpoint occurs
if <address> is to be read.

BAW <address>

Breakpoint at Write - Breakpoint occurs
if data is to be written to <address>.

BAX <exp> Breakpoint at Expression - Breakpoint
occurs if expression found is evaluated
as non-zero.

BD <id no.> Breakpoint Delete - Delete breakpoint

number <id no.>.

BL <filename>

Breakpoint Load - Load breakpoints
stored in <filename> (e.g., loaded by BS
command.

.BR

Breakpoint(s) Remove - Remove all
breakpoints.

BS <filename>

Breakpoint Save - Save all breakpoints in
<filename>.

CONFIGURE MEM

ORY COMMANDS

Command and Syntax

Operation Description

CcC Configure Colors - Set color, reversing,
and blinking for screen fields.
CM Configure Memory Mode - Enter mode:

action defined by nmemonic’s final letter
and operand(s).

CMA <low addr>,<hi addr>,<wait st>

Configure Memory Add - Define memory
from <low addr> to <hi addr> with a
number of <wait> states.

CMD

Configure Memory Delete - Delete the
memory defined by the id number assigned
by the CMA command.

CcML

Configure Memory Load - Load the memory
configuration stored in <filename>
e.g., stored by CMS command).

CMM <1/0>

Configure Memory Mode - Configure
memory as set by a 1 or O level on the
external MC/MP pin (1 = micro-

computer mode, 0 = microprocessor mode).
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Table 4-5. TMS320C3x Simulator Commands (Continued)

CONFIGURE MEMORY COMMANDS (Concluded)

Command and Syntax

Operation Description

CMR

Configure Memory Reset - Reset configured
memory to default initialization for RAM,
1/0, and ROM.

CMS <filename>

Configure Memory Save - Save memory
configuration in <filename>

CONFIGURE PORTS COMMAND

cp

Configure Port Mode - Action is defined
in this mode by command mnemonic’s
final letter and operand(s).

CPA <type>,<io>,<address>

Configure Port Add - Define port as to
<type>,<io>(input or output), and it's
location at <address>.

CPD <id no.>

Configure Port Delete - Delete the port
defined by an <id no.> assigned by
the CPA command.

CPL <filename>

Configure Poit Load - Load the poit coii-
figuration stored in <filename> by the
CPA command.

CPR

Configure Port Reset - Deletes all port
assignments (initialized state).

CPS <filename>

Configure Port Save - Save port config-
uration in <filename>.

DISPLAY COMMANDS
(Display in lower-left window)

Command and Syntax

Operation Description

DB <start position>

Display Breakpoints - Display breakpoint
configuration as set by the breakpoint
commands.

DC <start position>

Display Memory Configuration - Display
memory configuration as set by the CMA
command.

DE

Display Expressions

DF <filename>, <start position>

Display File - Show text file starting at
<start position>(line number) of <filename>

DM <address>

Display Memory - Starting at <address>.

DP <start position>

Display Port Configuration - Display port
configuration as set by CP command.

DS <start position>

Display Symbols - Show all or start at
<start position>(line number).

DT <start position>

Display Trace Configuration - Display
trace configuration as set by any of the
trace commands.

4-23



Software Development Tools - Simulator

Table 4-5. TMS320C3x Simulator Commands (Continued)

EXPRESSION

COMMANDS

Command and Syntax

Operation Description

EA <EXPR>,[NAME],[RADIX11,[B|W|D]

Expression Add - Add expression with
optional descriptors.

ED <id no.>

Expression Delete - Delete expression
identified by <id no.>.

EF <id no.>,[radixt]

Expression Format - Specify numerical
parameters.

EL <filename>

Expression Load - Load from <filename>.

EN <id no.>,<name>

Expression Rename - Change to <name>.

ES

Expression Save - Store in <filename>.

O=octal

t radix: A=ASCII, B=binary, D=decimal, F=floating point, H=hexidecimal,
DG2. data word: B=byte(8 bit), W=short word (16 bit), D=double word (32 bit)

JOURNAL COMMANDS

Command and Syntax

Operation Description

JC <filename>

Journal Capture - In Command Mode,
saves line commands in <filename> for
batch operation.

JE <filename>

Journal Execute - Executes commands
stored in <filename> by JC command.

Js

Journal Capture Stop - Halts JC command
execution.

LOAD CO

MMANDS

Command and Syntax

Operation Decription

LB <filename>

Load Breakpoint Configuration - Load
from <filename>, the breakpoint config-
uration saved by SB command.

LC <filename>

Load Memory Configuration - Load from
<filename>, the memory configuration
saved by SC command.

LE <filename>

Load Expressions - Load from <filename>,
the expressions saved by SE command.

LM <filename>

Load Memory Dump - Load <filename> into
memory at locations set by SM command.

LO <filename>

Load COFF File - Load the COFF-type file
named <filename>.

LP <filename>

Load Port Configuration - Load the port
configuration stored in <filename>.

LR <filename>

Load Register Configuration - Load the
registers with the configuration stored in
<filename>.

LT <filename>

Load Trace Configuration - Load in the
trace configuration stored in <filename>.
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Table 4-5. TMS320C3x Simul

ator Commands (Continued)

MEMORY COMMANDS

Command and Syntax

Operation Description

MA <address>, <statement>

Memory Assemble - Show source statement
at <address>, also input/assemble new
<statement>.

MF <start addr>,<end addr>, <value>

Memory Fill - Fill memory from <start addr>
to <end addr> with <value>.

MM <address>, <value>

Memory Modify - Change location<address>
to <value>.

OP SYS. QUIT, REGISTER/

EXPRESSION COMMANDS

Command and Syntax

Operation Description

(¢} Escape to Operating System - (Simulator
retained in memory).
Q Quit - Exit to operating system, simulator

not retained.

R <register>,<value>

Fill <register> with <value> (could be
expression results).

SAVE COMMANDS

Command and Syntax

Operation Description

SB <filename>

Save Breakpoint configuration in
<filename>.

SC <filename>

Save Memory configuration in <filename>.

SE

Save Expressions in <filename>.

SM <filename>,<start addr>,<end addr>

Save Memory dump from <start addr> to
<end addr>. Save in <filename>.

SP <filename>

Save Port configuration in <filename>.

ST (filename>

Save Trace configuration in <filename>.

TRACE COMMANDS

Command and Syntax

Operation Description

T Trace Mode - Enter mode. Action defined
by mnemonic’s final letter and operand(s).

B Trace Bottom - Display bottom of trace
file.

TD Trace Disable - Halt collecting trace

samples in a trace and close files opened
by TE command.

TE <filename>,<expression>

Trace Enable - Enables collecting of trace
samples in a trace as long as <expression>
is nonzero, and opens <filename> as new
file to collect samples.

TF <P | C | col. no.>,<expression>

Trace Format - Trace reportto show results
of <expression> in format column specified
by <P | C | col. no.>. <expression> not
needed for column 0. P = pipeline, C =cache
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Table 4-5. TMS320C3x Simulator Commands (Concluded)

TRACE COMMANDS (Concluded)

Command and Syntaxk

Operation Description

TL <filename>

Trace Load - Load trace configuration
saved in <filename>.

TP <sample no.>

Trace Position - Display trace beginning
at <sample no.>.

TS <filename>

Trace Save Configuration - Save trace
configuration in <filename> (e.g., con-
figuration set by TF command.

TT Trace Top - Display at top of trace file.

TU <id no.> Trace Unformatted - Delete <id no.> ex-
pression from trace configuration.

TX Trace Execute - Execute in format specified
by operand. This is similat to operands
for execute commands.

EXECUTION COMMANDS
Command and Syntax Operation Description
X Execute Mode - Enter mode. Action is

determined by mnrmonic’s final letter
operand(s).

XC <cycle count>

Execute Cycle - Execute for <cycle count>
instruction cycles.

XF

Execute Function - PC = PC+1. Execute
to new PC value (immediate call to sub-
routine executes through return to call).

XG

Execute Go - Execute beginning at present
PC value.

Xl <count>

Execute Instruction - Execute one (default)
or <count> instructions beginning at
present PC value until breakpoint, error,

or <ESC> key.

XL <count>

Execute Loop - Repeatedly execute one
(default) or <count> of coded loops begin-
ning at present PC value.

XR

Execute Reset - Reset TMS320C30 as if pin
RESET asserted.

XU

Execute Until - Execute until <expression>
is a TRUE value.

XwW

Execute While - Execute while <expression>
is a TRUE value.
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Execute: Jycie fpstr Joop Jnction Jotil Jhile P &set Ei;trﬁims‘ it i

Type {space> to repeat
,....................._.-..-wgg xten&ed precision registerse

Figure 4-4. TMS320C3x Simulator Screen Example
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4.4 SoftWare Development System (SWDS)

The SoftWare Development System (SWDS), shown in Figure 4-5, is a PC-
resident tool that provides two functions: software simulation for the
TMS320C2x and limited access to target 1/0. Figure 4-6 provides an example
of the SWDS screen display. '

As a software tool, the SWDS allows the user to write, assemble and link, load,
and debug the TMS320C2x code on a PC workstation in realtime. The SWDS
is capable of single-stepping through code or setting software breakpoints for
monitoring register or memory contents during execution. It can also associ-
ate files on the PC with /O ports so that specific 1/O values may be used
during test and debug. '

As a hardware tool, the SWDS provides access to target /0O via a connector
cable and 68-pin PGA adapter socket. The SWDS provides single-stepping
and software breakpoint capabilities for viewing the registers and the memory
contents. It also performs the clocking, signalling, and control for parallel as
well as serial port I/0 with the target system. Unlike the XDS/22 emulator,
the SWDS does not address target memory or allow hardware breakpoint,
trace, and timing capabilities. The SWDS does provide the user a cost effec-
tive means of evaluation, software development, and limited hardware devel-
opment. '

These key features distinguish the SWDS:

( Window-oriented debugger screen displays machine state, memory,
‘ hardware monitor, and reverse assembly of currently executing program

® RAM configurable in software between program and data memory
spaces

o 8 breakpoints on instruction acquisition, each with event count (non-
realtime)

° Limited connections to target system for |/O operations

[ ] Data logging that allows |/O operations to disk files for fast simulation
of DSP algorithms

[ ] Decimal/Hexadecimal conversion calculator

o Debug monitor suspension capabilities to return control to MS-DOS
environment
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Figure 4-5. SoftWare Development System (SWDS)
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DEBUGGER: Breakpoint, Count, Execnte Go, Halt, Load, Quit, Run, Show, sTep |}

532020 pro ram st te
PC = 000 ACC = 3F4B2000 RRS ’ ! AR3 = FFFF

STO = 4£00 PR3 AR = 388 AR4 = FFFF
ST1 = 6FEL T = FFF3 AR2 = 630  IMR = FFCO
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7 0
X4

2,300

SACL 70,0
FF

%4,0

F1 HCIP F2 Toggle dataz program memory F3 Command card F4 Hadzfy mnd’aws +

Figure 4-6. SWDS Screen Display

The SWDS Debug Monitor has two modes of Operation: command-driven
mode and menu-driven mode. The command-driven mode requires a com-
mand name at the CMID> prompt. A prompt for all parameters is given in the
display area of the screen. The previous 10 commands executed are remem-
bered on a command stack. The stack is accessed with the cursor UP and
DOWN keys. The menu-driven mode is entered from command-driven mode
function key F1. Menu-driven mode opens a window that allows the user to
scroll through two lists of commands. The left window contains a list of eight
major categories of commands. The right window contains a list of all primary
commands grouped according to the major categories. Figure 4-7 lists the
primary command name, the secondary command name(s) if any, and pro-
vides a brief summary of each command by major command category.
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PRIMARY SECONDARY DESCRIPTION
COMMAND COMMAND
NAME NAME
MS-DOS COMMANDS
ASM XASM, XA Execute assembler
COPY CF, CC Copy a MS-DOS file
DIR LD Show MS-DOS directory
DOS - Exit to MS-DOS. EXIT command returns control
to the Debug Monitor
EDIT XE Edit an MS-DOS text file
ERASE DEL, DF, Delete MS-DOS file
DELETE
LINK XLE Link object files
PRINT PF Send a MS-DOS file to printer
RASM XRA Execute reverse assembler
SHOW SF, TYPE Show file command
TIME - Set MS-DOS time of day
BREAKPOINT COMMANDS
AOFF - Disable all 8 address breakpoints
AON - Enable all 8 breakpoints
BOFF - Disable single address breakpoints
BON - Enable single address breakpoint
CAB CASB Clear all software address breakpoints
CB CBP, CSB Clear software address breakpoint
DBP DB, DSB Display address breakpoints
MBP BB, BPM Modify address breakpoints
SB SSB, CSB Set software address breakpoint/event counter
MEMORY DISPLAY/MODIFY COMMANDS
CDM - Compare two different blocks of data memory
CPM - Compare two different blocks of program memory
DDM - Display data memory locations
DLOAD - Load object code from disk to data memory
DPM - Display program memory locations
DSAVE - Store data memory object code in disk file
FDM - Fill data memory with specified value
FPM - Fill program memory with specified value
FWDM - Find word in data memory
FWPM - Find word in program memory
LOAD DL, PLOAD Load object program disk file into program
memory
MDM IDM Modify data memory locations
MPM IPM Modify program memory locations
MVD - Move block of data memory from one part
memory to another
MVP - Move block of program memory from one part
of memory to another
PDM - Send data memory locations to printer
PPM - Send program memoty locations to printer
SAVE UL, PSAVE Save program memory object file to disk file
Figure 4-7. SWDS Commands Breakdown
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PRIMARY SECONDARY DESCRIPTION
COMMAND COMMAND
NAME NAME
REGISTER DISPLAY/MODIFY COMMANDS
ACC A Modify accumulator
ARO - Modify register ARO
AR1 - Modify register AR1
AR2 - Modify register AR2
AR3 - Modify register AR3
AR4 - Modify register AR4
AR5 - Modify register ARG (TMS320C25 only)
AR6 - Modify register AR6 (TMS320C25 only)
AR7 - Modify register AR7 (TMS320C25 only)
ARB - Modify auxiliary register buffer pointer (ST1)
ARP - Modify auxiliary register pointer (STO)
BOS - Modify stack location (TMS32020 only)
C - Modify carry bit in ST1 (TMS320C25 only)
CNF - Modify configurations control bit in ST1
DP - Modify data page pointer in STO
DRR - Modify data receive pointer
DXR - Modify data transmit register
FO - Modify format bit in ST1
FSM - Modify frame synchronization bit in ST1
(TMS320C25 only)
GREG - Modify global memory register
(0 to FF hexadecimal)
HM - Modify hold bit in ST1
IMR - Modify interrupt mask register (TMS32020 only)
INTM - Modify interrupt mode in ST1
MOS - Modify stack locations (TMS32020 only)
oV - Modify overfiow flag in STO
ovM - Modify overflow mode in STO
PC - Modify program counter (0 to FFFF hexadecimal)
PM - Modify product shift mode in ST1
PRD - Modify period register (O to FFFF hexadecimal)
PREG - Modify product register (0 to FFFFFFFF hexa-
decimal)
REGS REG,MR,IR Gisplay modify registers
S1 - Modify stack location (TMS320C25 only)
S2 - Modify stack location
S3 - Modify stack location
S4 - Modify stack location
S5 - Modify stack location
S6 - Modify stack location
S7 - Modify stack location
STO ST Modify status register 0 (STO)
ST1 - Modify status register 1 (ST1)
SXM - Modify sign extension mode ST1
T TREG Modify T register
TC - Modify test/control bit in ST1
TIM - Modify timer register
TOS - Modify stack location (TMS32020 only)
™M - Modify transmit mode control bit in ST1
XF - Modify XF pin status in ST1

Figure 4-7. SWDS Commands Breakdown (Continued)
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PRIMARY SECONDARY DESCRIPTION
COMMAND COMMAND
NAME NAME
INPUT/OUTPUT PORT COMMANDS
IN DIO Read from specified input port (0-9, A-F)
ouT MIO Wirite to specified output port (0-9, A-F)
PORTS 10 Display 1/0 ports
PROCESSOR STATE COMMANDS
CPS CLEAR Clear processor state
DEBUG SS,RUN,SRR, Execute debugger
EX
DPS STATE,DR Display processor state
HALT - Halt program
INIT - Initialize parameters
RUN - Start execution of program
SRR - Software reset and run a program
SS - Execute single instruction
SIMULATOR COMMANDS
LI LO,LOG List simulator input files in data logging mode
LO - List simulator output files in data logging mode
LOG SIM Enable data logging mode
RSI - Reset selected input port file
RSO - Reset selected output port file
Sl - Select input port file
SO - Select output port file
UNLOG UNSIM Disable data logging mode
MISCELLANEOUS COMMANDS
BELL - Enable/disable PC warning bell
CALL - Enable DEC/HEX calculator
CLS - Clear display window, area, and screen
COLOR - Redefine screen attributes
ID - Display revision level of debug monitor software
QuIT SYSTEM Return to MS-DOS
SEGMENT - Display/modify memory segment in PC
memory address space
SETUP - Initialize pathnames
TEST - Enter test in progress message
USER - Executes user pathname specified in the SETUP
command (e.g., object format converter
DSPOROM.EXE -t)

Figure 4-7. SWDS Commands Breakdown (Concluded)
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The SWDS comes complete with the following:

1) A circuit board containing the TMS320C2x device plus program and

data memory.

2)  Two small cable adapter boards which are connected to the SWDS via
two 40-connector ribbon cables. The cable adapter boards included

with the system are:

a) The PGA Adapter Connector that connects the SWDS to a
TMS320C2x target system via a 68-pin grid array footprint. This

adapter provides connection directly to the AIB2.

b) The Analog Interface Board 1 (AIB1) Adapter Connector that

connects the SWDS directly to the TMS320 AIB1.

3) Software which includes the TMS320C2x Assembler/Linker, the DSP
Software Library, and the SWDS monitor software. All appropriate do-

cumentation is included.

The SWDS is configured for TMS320C25 development running full-speed at
40 MHz upon shipment. A TMS32020 and a 20 MHz crystal are included
with the system to accommodate TMS32020 development. The target system
may supply a TTL clock source, in which case the upper limit of the clock
speed is dictated by the speed of the processor on the PC board. If the user’s
target system provides a clock source, the use of the external clock is specified
in the debug monitor initialization command and the target system’s clock is

connected to the SWDS.

The SWDS is currently available for the PC/MS-DOS operating environment
and requires 348K-bytes of RAM. For part number information, refer to Ap-
pendix A. For more information on pricing and availability, contact the nearest

Tl Field Sales Office.
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4.5 Digital Filter Design Package (DFDP)

The Digital Filter Design Package (DFDP) developed by Atlanta Signal Pro-
cessors, Inc. (ASPI) is a user-friendly, menu-driven software package in-
tended to speed design of digital filters with floating-point accuracy or
fixed-point economy in a variety of filter structures.

The package consists of four interactive filter design modules capable of per-
forming the following functions:

1)  Designing FIR filters (Kaiser window)

2) Designing FIR filters (Parks-McClellan)

3) Designing lIR filters (Butterworth, Chebychev | and Il, and elliptic)

4)  Generating TMS320 assembly code by converting the ASCII file con-
taining the filter coefficients into fully commented assembly language
code for all generations of the TMS320 family.

Cascade and parallel structures .as well as higher-performance lattice, normali-
ized lattice, and orthogonal forms are included in the modules.

The DFDP can design filters to meet any piecewise linear response specifica-
tion, evaluate filter characteristics before and after coefficient quantization,
and design special-purpose FIR fiiters, such as multiband filters, differentia-
tors, Hilbert transformers, and raised-cosine filters. The DFDP can also gen-
erate coefficients for filter implementations on any general-purpose processor
or signal processing chip, as weill as fully commented assembly language code
for a variety of DSP chips. Magnitude, log magnitude, and impulse responses
can be plotted for printer or screen display (see Figure 4-8); in addition, the
phase, group delay, and pole-zero map can be plotted for IIR filters.

The DFDP design modules present menus and queries so that the designer
can specify the type of filter, sampling frequency, and filter cutoff frequencies
and attenuation requirements. The program estimates the required filter order
or impulse response length and asks the user to select the filter length to be
used. The program then attempts to calculate the coefficients; using these
coefficients, it calculates the response characteristics of the realizable filter. A
screen message may warn that specifications are unrealizable or that the de-
signed filter does not meet specifications.

If the designed filter does not meet specifications, the user may examine the
table of poles and zeros or impulse response coefficients of the filter generated
by the program as well as the frequency response plots. The user may also
examine the response over the full relevant spectrum (zero to one-half the
sampling frequency) or over any narrower frequency limits chosen. Amplitude
is automatically scaled within such a frequency band in order to utilize the full
height of the graph. Every plot whether of the full relevant spectrum or the
expansion of a narrower band, |s dlsplayed on the monitor and may also be
directed to the printer.

After the filter is designed, the user can generate code associated with the filter
using the CGEN design module. The generated assembly language code is
fully operational for all generations of the TMS320 family.

The DFDP runs on the IBM PS/2, IBM PC/XT/AT, and compatible systems.
Operating systems must have 512K-bytes of memory available. For part
number information, see Appendix A. For product information and availability,
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contact the nearest Tl Field Sales office or Atlanta Signal Processors, Inc.
(refer to Section 9 for address and phone number).

Magnitude response of D/A compensated lowpass filter
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Figure 4-8. DFDP Plot Examples
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4.6 Digital Signal Processing Software Library

The Digital Signal Processing Software Library contains the major DSP rou-
tines (FFT, FiR/IIR filtering, and floating-point operations) and application
algorithms (echo cancellation, ADPCM, and DTMF coding/decoding) pre-
sented in the book, Digital Signal Processing Applications with the TMS320
Family Volume 7 (SPRAO12A). These routines and algorithms are written in
either TMS320C1x and/or TMS320C2x source code. In addition, macros for
the TMS320C1x are included in the library.

The software package consists of four diskettes for use with the IBM
PC/MS-DOS (version 1.1 or later) or a 1600 bpi magnetic tape for the
VAX(VMS) version. For the PC/MS-DOS version, Table 4-6 briefly describes
the contents of each diskette. All the directories listed are contained on the
magnetic tape for the VMS version. Each directory contains a README.LIS
file briefly describing the contents of the files in the directory and the reference
to the code. The book, Digital Signal Processing Applications with the
TMS320 Family, Volume 1, is the major reference for the theory and algo-
rithms, and also provides printed code in the appendices of each application
report. Tabie 4-6 indicates the section in the applications book where the user
can find the theory behind the source code.

All the software in the library is copyrighted by Texas Instruments (see Ap-
pendix C for the Program License Agreement). The library is continually being
updated; therefore, check the TMS320 DSP Bulletin Board (see Section 7.7)
for update information.

For part number information, refer to Appendix A. Contact the nearest Tl Field
Sales Office for pricing and availability.
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Table 4-6. Software Library Contents
DISK DIRECTORY # OF DESCRIPTION APP. BK.
# . FILEST SECTION
1 README.LIS 1 Description of product
INSTALL.BAT 1 S/W installation procedures
LOAD.BAT 1 Loading S/W onto hard disk
FFT32010.DIR 10 FFT routines in TMS320C1x (source)
code (from Burrus and Parks’ DFT/FFT
and Convolution Algorithms)
FFT32020.DIR 10 FFT routines in TMS320C2x(source) 4
code
2 ADPCMCCL.DIR 9 CCITT-compatible ADPCM code in 17
TMS320C1x
ADPCMNON.DIR 5 Non-CCITT ADPCM code in TMS320C1x 17
COMPND10.DIR 5 Companding routines in TMS320C1x 5
COMPND20.DIR 4 Companding routines in TMS320C2x 5
COMPNDHW.DIR 3 FORTRAN programs to generate 14
companding tables for implementing
companding in hardware
DTMF10.DIR 4 Single-channel DTMF code in TMS320C1x 19
ECHO128.DIR 2 16-ms echo cancellation code in 15
) TMS320C2x
FIR-1IR.DIR 7 FIR/IIR filter code in TMS320C1x/C2x 3
GRAPHICS.DIR 20 Graphics routines in TMS320C2x 23
3 FLTGPT10.DIR 3 Floating-point routines in TMS320C1x 6
FLTGPT20.DIR Floating-point routines in TMS320C2x 7
MACROS.DIR 60 TMS320C1x Macros
MATRIX.DIR 3 Matrix multiplication routines 9
in TMS320C1x/C2x
4 ADPTVFLT.DIR Adaptive filter routine in TMS320C2x
DATAIO.DIR 2 Conversion routines from TMS320/
9900/7000 code into binary format
MACROSRC.DIR 37 More TMS320C1x macros

tTotal: 4 disks, 18 directories, 191 files.
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4.7 TMS320 Bell 212A Modem Software

Texas Instruments offers a software package containing source code and do-
cumentation for the design and implementation of a 1200-bps Bell 212A
modem with the TMS320C17 digital signal processor and the TMS7041 mi-
crocontroller.

The documentation included in the package consists of two reports. One re-
port discusses in detail the theory behind the design of the modem, as well
as the functions implemented. The second report describes the hardware, al-
gorithms, and coding techniques used in the implementation of a Bell 212A
modem demonstration unit. This implementation has been built and tested to
verify its operation. After reading this report, the user should be able to design
and build a similar unit as well as understand some tradeoffs involved in
making custom modifications.

The source code for the TMS320 Bell 212A Modem Software package is
provided on a 5 1/4” floppy for PC/MS-DOS or compatible operating sys-
tems. For part number information, refer to Appendix A. Contact the nearest
Tl Field Sales Office for pricing and availability.
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4.8 Data Encryption Standard Software
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The Data Encryption Standard Software is the algorithm of data encryption
selected by the United States federal government. It is available for imple-
mentation on the TMS320 family of digital signal processors. The encryption
scheme operates on a stream of bits that represents text, computer files, or
anything else presented in binary form. This encryption method, when used
with speech coding, is considered to give secure communication over voice
channels. Another example of Data Encryption Standard Software usage is
the encryption of data supplied to a transmitting modem and decryption of the
corresponding data stream coming out of the receiving modem.

There are restrictions related to the purchase of this algorithm. The following
statement of restrictions concern the purchase and continue to apply after
purchase:

Only United States of America owned and operated companies may
purchase this code. Export of cryptographic devices and software
is controlled under title 22 USC part 121 et seq by the U.S. De-
partment of State, Office of Munitions Control (OMC).

The OMC can be contacted regarding exporting of any cryptographic com-
modity at the following address: ‘

Office of Munitions Control
Bureau of Politico-Military Affairs
Department of State
Washinton, DC 20520

For more information, contact the National Bureau of Standards. For part
number information, refer to Appendix A. For information on pricing and
availability of the Data Encryption Standard Software for the TMS320 family,
contact the nearest Tl Field Sales Office.
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4.9 SPOX: The TMS320C3x Operating System

SPOX is the industry’s first realtime DSP operating system. The SPOX oper-
ating system is a powerful software tool developed by Spectron Microsysyems
Inc. that provides a hardware-independent software base for realtime DSP
applications. SPOX features a set of high-level C-callable software functions
which are independent of the underlying hardware platform, thus insulating
realtime DSP applications from many low-level system details. The SPOX
operating system plays an integral role in application development, from con-
cept of new algorithms to integration of application software onto production
hardware. .

SPOX differs from other operating systems in that it's capabilities are ‘appli-
cation-specific’, augmenting high-level programming languages like C with
functional components targeted especially for realtime DSP. Provided with
SPOX is an extensible DSP math package, configurable hierarchical memory
management capabilities, device-independent stream |/0, and a multi-tasking
kernel. SPOX affords it's users two important benefits: software productivity
and application portability.

Software productivity is achieved by providing application developers with a
set of high-level software primitives that comprise a “virtual DSP machine”.
The instruction set of this conceptual machine, invoked through system calls
to SPOX, parallel the capabilities of the TMS320C3x by means of a collection
of high-level functions targeted especially for realtime DSP applications. At
the same time, the system call interface provided by SPOX effectively shields
realtime DSP application software from many details of the underlying phys-
ical hardware.

Other operating systems or realtime kernels (such as Unix) may insulate ap-
plication software from underlying hardware through a high-level interface.
SPOX differs from these products in much the same way as the TMS320C3x
device differs from a general-purpose microprocessor. Both SPOX and the
TMS320C3x device are application-specific system components that uniquely
address the needs of realtime DSP through a collection of specialized func-
tions used in conjunction with more generic capabilities.

The SPOX "virtual DSP machine” is equally important in achieving application
portability. The same set of system calls (or instructions) currently imple-
mented for the TMS320C3x will be available for future DSP microprocessors.
Applications developed today using the SPOX software interface will track
microprocessor technology and migrate easily onto the hardware of tomorrow.

SPOX also provides software portability between different hardware platforms
incorporating the TMS320C3x processor. Recognizing that most realtime
DSP software executes on custom hardware designed for specific applica-
tions, SPOX has been designed to handle each platforms unique memory and
peripheral requirements. Packaged as a set of generic software components,
SPOX can be easily reconfigured and integrated into production DSP systems
by application developers.
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4.9.1 Functional Components

The “virtual DSP machine” accessed via the SPOX software interface consists
of four functional components:

1)  DSP Math, which furnishes application software with a rich set of op-
erations used for manipulating vectors, matrices, and filters

2)  Memory Management, which gives the application explicit control in
allocating data storage from different segments of system memory

3) Stream //0, which presents a device-independent application interface
used to input and output biocks of data from a variety of peripherals

4)  Realtime Kernel, which provides primitives for scheduling and synchro-
nizing multiple priortized tasks

The components of SPOX augment a standard programming language such
as C with a set of functions targeted specifically towards realtime DSP appli-
cations. At the same time, SPOX insulates the application from some aspect
of the underiying hardware platform. Figure 4-9 illustrates the functional
components of SPOX.

:Real-Time Kernel

Processor Memory Peripherals

Figure 4-9. Internal SPOX Architecture

The DSP math component provides a set of high-level math functions (such
as dot product or FFT) that encapsulate many of the DSP-specific capabilities
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of the underlying TMS320C3x processor. The stream I/O component incor-
porates device drivers that manage hardware peripherals (such as an A/D
converter) in conjunction with the realtime kernel. Since each DSP applica-
tion has a unique set of requirements for computation and |/0, developers can
integrate application-specific math functions and device drivers with the ge-
neric portions of SPOX. The SPOX memory management component can be
configured to represent the different segments of physical memory actually
present in the system.

4.9.2 SPOX Development Support

The SPOX software interface is supported in different execution environments,
including Sun workstations, IBM personal computers, and VAX minicomput-
ers. On these host systems, DSP application programs written in high-level
languages such as C can be developed and debugged in familiar software
engineering environments equipped with powerful tools and utilities. After-
ward, these same programs can be recompiled with the TMS320C3x C com-
piler available for these same hosts, then benchmarked on the TMS320C3x
software simulator for time and space using a version of SPOX designed spe-
cifically for use with the TMS320C3x simulator. By adhering to this method-
ology, users can easily write, debug, and benchmark compiete DSP
application programs without ever seeing production hardware. This same
software, because of SPOX, will just as easily execute in realtime on a number
of target TMS320C3x platforms.

Spectron supports a family of products known as the SPOX Development
Package. This package allows TMS320C3x users to begin application devel-
opment. This product package (available initially for Sun workstations and
IBM PCs) includes support for SPOX execution on the host computer and
TMS320C3x simulator, as well as-a version of SPOX “ported” to an accom-
panying target board. This product also allows developers to integrate their
own (assembly-language) math functions with the other components of
SPOX.

Spectron also offers a SPOX Porting Kit. This product includes an "unbun-
dled” version of SPOX whose generic components can be configured for the
specific TMS320C3x application and integrated with system-dependent soft-
ware (drivers, math functions, etc.) supplied by the developer. This product
also contains a primer on writing SPOX device drivers, full documentation of
the realtime kernels multi-tasking primitives, and source code for sample driv-
ers.

SPOX is currently packaged with the TMS320C3x XDS1000 Development
Environment (refer to Section 5). For more information regarding SPOX,
contact Spectron Microsystems at (805) 967-0503 or call:

TI CUSTOMER RESPONSE CENTER (CRC) (800) 232-3200 X3510

request literature number SPRT072.
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Section b

Hardware Development Tools

The hardware development support tools for the TMS320 family of digital
signal processors include the Evaluation Module (EVM), Emulator (XDS Ex-
tended Development Support System), and Analog Interface Board (AIB).
These tools are described in the sections listed below.

e TMS320C1x Evaluation Module (EVM) (Section 5.1 on page 5-2)

®  TMS320 Emulator (XDS) (Section 5.2 on page 5-8)

e TMS320 XDS Upgrade Package (Section 5.3 on page 5-34)

®

TMS320 Analog Interface Board (AIB) (Section 5.4 on page 5-38)
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5.1 TMS320C1x Evaluation Module (EVM)

5-2

The TMS320C1x Evaluation Module (EVM) is a stand alone low-cost devel-
opment board used for full-speed in-circuit emulation and hardware debug-
ging. The EVM consists of a single board that enables designers to evaluate
certain characteristics of the TMS320C1x processor to determine if it meets
the requirements of an application.

The powerful firmware package of the TMS320C1x EVM contains a debug
monitor, assembler/reverse assembler, text editor, and PROM utility. The EVM
can stand alone as a development system, using the on-board editor for cre-
ation of TMS320C1x assembly language test files, and the audio cassette tape
interface (with a limited directory and file search capability) as a mass storage
media. The EVM can also accept files from a host CPU through one of two
RS-232C ports. In either situation, the resident assembler will convert the
incoming text into executable code in one pass, resolving labels after assembly
is complete.

The EVM firmware supports three ports for data (text and object code) input
and output operations for purposes of storage and/or display. Two ports
conform to RS-232C specifications and are called Port 1 and Port 2. The third
port, Port 3, is an audio tape connection. The ports function as follows:

Port 1: User terminal
Port 2: Host CPU uplink/downlink or line printer connection
Port 3: Audio tape

The EVM supports the following first generation TMS320 DSP devices:
TMS32010, TMS320C10, and TMS320C15/E15. These key features distin-
guish the TMS320C1x EVM.

20-MHz operation

Event counter for one breakpoint

Text editor

On-board EPROM programmer

Audio cassette interface

4K words of on-board program RAM

Target connector for fullfspéed in-circuit emulation from EVM memory
Debug monitor including commands with full prompting
Line-by-line assembler/reverse assembler

Transparency mode for host CPU upload/download
Eight instruction breakpoints available

Single-step execution with software trace

Standalone or host CPU configurable.
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Figure 5-1. TMS320C1x Evaluation Module (EVM)

5.1.1 EVM System Configuration

The TMS320C1x EVM functions in two modes: host computer mode or PC
mode (single-user system). In the host computer mode, object and source

code can be uploaded/downloaded between the host computer and EVM, as
shown in Figure 5-2.
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HOST
COMPUTER
SYSTEM
A
USER’S - POWER
TERMINAL " suPPLY
| B |
TMS320C1x | o o | TARGET
EVM SYSTEM

Figure 5-2. TMS320C1x EVM Host Computer Mode

In the PC mode, the TMS320C1x EVM can support host uploads/downloads
over a single port to allow a single-user system, such as a IBM PC or com-
patible, to function as both a terminal and a host (see Figure 5-3). Terminal
emulation software for the single-user system is required in this configuration.
Communications software packages are commercially available, which allow
an IBM PC or compatible to function as both a terminal and a host for the

EVM.
SINGLE-USER POWER
SYSTEM ~ %" SUPPLY
(PC) \
TMS320C1x | . | TARGET
EVM o SYSTEM

Figure 5-3. TMS320C1x EVM Single-User System
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In addition, the TMS320C1x EVM can be configured as a standalone system
with an interface to an audio cassette or EPROM to provide mass storage, as
shown in Figure 5-4. However, the audio cassette device has limited directory
and file search capabilities.

LINE
PRINTER
: AUDIO
| [ ™ CASSETTE
| INTERFACE
USER’'S - + | ~a— POWER
TERMINAL { SUPPLY
|
|
TMs320C1x | _ | TARGET
EVM e SYSTEM

Figure 5-4. TMS320C1x EVM with Audio Cassette Interface

5.1.2 EVM Communication

The TMS320C1x EVM supports baud rates of 110, 300, 600, 1200, 4800,
9600, and 19200 bps. The baud rate of port 1 (terminal) is determined auto-
matically at powerup. The baud rate of port 2 (host or printer) on the
TMS320C1x EVM defaults to 9600 bps at reset, and baud rates of either ports
1 or 2 may be altered through monitor commands.

The transparency mode provides a means of communication between a host
(a system connected to the EVM through port 2) and the EVM downlink
software by allowing the user to logon to a host CPU and the EVM from one
terminal. This mode allows the EVM terminal (connected through port 1) to
emulate a host terminal and simulate the host to upload/download file to/from
the EVM.

The TMS320C1x EVM supports three ports for communication with a de-
signer’'s terminal, a host computer, a printing device, or audio cassette. In
addition, the EVM also supports an onboard PROM utility for programming
TMS27C64 EPROMs. TMS320 EPROM products may be programmed by
using available EPROM adapter sockets. See Appendix F for more details.
This utility programs an EPROM with the contents of memory, compares the
contents of the EPROM to memory to verify the copy, reads the EPROM
contents into memory, and verifies the EPROM has been erased. EPROMs are
used for mass program storage.

The TMS320C1x EVM provides a text editor with line numbering and general
editing features. This editor builds assembly language source files as well as
general text files. TMS320 source code, object code, or the machine state may
be uploaded/downloaded to the EVM from the terminal, host computer, or
audio tape. (The machine state consists of the current contents of all the reg-
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5.1.3 EVM

5-6

isters in the TMS320 and of a selected block of program memory.) When in-
terfacing with an audio tape, the TMS320 prompts for a filename.

Debugging

The following components of the TMS320C1x EVM firmware provide flexi-
bility in evaluating TMS320 applications:

[ Assembler/reverse assembler/patch assembler
L4 Debug monitor
® Text editor

The TMS320C1x EVM assembles source code created on a host computer or
text editor. The EVM has a one-pass assembler, which resolves both forward
and reverse labels and converts the incoming text into executable code. The
TMS320C1x EVM does not support macro definitions or relocatable code, and
is most suitable for benchmarking of critical segments of code in evaluating
TMS320C1x performance. If macro capabilities are desired, the TMS320
assembler/linker can be used.

Object code produced by the TMS320C1x EVM assembler is stored in mem-
ory. The reverse assembler converts object code back to TMS320 assembly
language mnemonics, and the patch assembler allows modification of the
code. Source can be assembled line-by-line.

The TMS320C1x EVM'’s debug monitor has full prompting and contains
commands with the following capabilities:

Execution of assembler/reverse assembler
Modification and display of memory

Software breakpoint manipulation

Software trace of up to six registers or memory locations
Realtime code execution

Single-step execution

Decimal/hexadecimal number representation
Scaling of numbers

Commands for communication

Execution of text editor and EPROM programmer
Execution of command strings.

The TMS320C1x EVM's text editor is a line-numbered editor with character-
editing capabilities. Assembly language source files can be written using the
editor, then output to a host or audio tape, and finally re-input and assembled.
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5.1.4 EVM Equipment List

The following equipment is required to use the TMS320C1x EVM:

Power Supply

Terminal
RS-232-C compatible

Cables
For terminal/host or
printer

For audio tape

For power supply

Audio Tape Recorder
(optional)

+5V@3A
-12V@0.1A
+12V@0.1 A

25-pin RS-232-C male plug,
type DB25P

Two standard RS-232-C cables with
male connectors on the EVM end

Two standard mini-to-mini cables
and one sub-mini-to-sub-mini cable

Standard cable with four-prong
inale connector for EVM end

Radio Shack CTR-71 or equivalent
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5.2 TMS320 Emulator (XDS) Overview

Texas Instruments offers a complete line of development tools for hardware
system design and hardware/software integration in the debug stage of sys-
tem development. The TMS320 Emulator or Extended Development System
(XDS) provides all the features necessary for full-speed in-circuit emulation.
There are currently three models of the XDS available: the XDS/22 (used for
the TMS320C1x and TMS320C2x) and the XDS500 and XDS1000 (used for
the TMS320C3x).

The TMS320C1x or TMS320C2x XDS/22 is a self-contained 2mulator that
provides hardware development support for a first- or second-generation
TMS320 DSP device. This emulator provides full-speed target RAM for pro-
gram memory. Sequential hardware breakpoints, full-speed trace, time-
stamping capabilities, single-step execution, modification of 1/0 ports,
memory, or registers, plus a reverse assembler,greatly enhance the XDS/22's
debugging capabilities.

The TMS320C3x XDS500 Emulator is a user friendly, PC-based system that
supports hardware development on the third-generation TMS320 DSP device
family. This emulator provides a means for the designer to develop the soft-
ware and hardware within a target system. Access is provided to every mem-
ory location and register of the TMS320C3x through the use of a revolutionary
4-wire interface. The XDS500 Emulator Board is responsible for interpreting
commands and converting these commands into the appropriate signai se-
quences necessary to control the TMS320C3x in the user’s target system.

The TMS320C3x XDS1000 Development Environment provides all the devel-
opment tools necessary to bring the user from the beginning stages of devel-
opment through full production. The XDS1000 consists of two fuli-size
PC-XT/AT boards. The first is the XDS500 Emulator Board described in the
previous paragraph. The second is the TMS320C3x Application Board. The
Application Board is a predefined target board intended for high/low level
software development in realtime plus hardware/software application support.

5.2.1 XDS/22
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There are currently four different versions of the XDS/22; three for
TMS320C1x and one for TMS320C2x. The individual version differences will
be covered later in this section. There are many similarities between the four
versions. These will be covered in the four following subsections.
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5.2.1.1 TMS320 XDS/22 System Configurations

The XDS/22 can be configured to operate in one of four modes:

[ ) Stand-alone mode

[ ] Host computer mode

[ ] PC mode (single-user system)
[ ] Multiprocessor mode.

The standalone mode or minimal configuration requires only the XDS/22 and
the user’s terminal. However, the XDS/22 is best used with a host computer
(see Figure 5-5), where TMS320 programs can be written on a familiar editor
and then downloaded to the XDS/22. Once a debugging session is complete,
TMS320 code can be uploaded to the host computer for storage.

TARGET
SYSTEM UNDER
DEVELOPMENT

[

USER'S XDS/22 HOST
TERMINAL COMPUTER

‘ Ii BEC D [EI
B (5]

PRINTER OR HOST
PROM TERMINAL
PROGRAMMER

Figure 5-5. TMS320 XDS/22 Host Computer Mode

In the PC mode, the TMS320 XDS/22 can support host uploads/downloads
over a single port to allow a single-user system, such as a IBM PC or com-
patible, to function as both a terminal and a host when connected to the XDS
(see Figure 5-6). Terminal emulation software for the single-user system is
required in this configuration. Communications software packages are com-
mercially available, which allow an IBM PC or compatible to function as both
a terminal and a host for the XDS/22.
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SINGLE-USER
SYSTEM I

|

TMS320 TARGET
XDS e SYSTEM

Figure 5-6. TMS320 XDS/22 Single-User System

The emulator’s multiprocessor mode allows up to nine XDS/22s to be con-
nected together in a daisy-chain fashion and controlled by a single terminal,
as shown in Figure 5-7. A single host computer can also be connected.

e |
ERMINAL
T NA! L SYSTEM '
i LINE ' r
[‘“’"" PRINTER ’ l
v ”'
P | sl
XDS XDS XDS | xbs
UNIT UNIT UNIT soe8 | UNIT
#1 #2 #3 #9

TARGET SYSTEM I

Figure 5-7. TMS320 XDS/22 Multiprocessor Mode
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5.2.1.2 TMS320 XDS/22 Communication

The TMS320 XDS/22 Emulator provides communication links to standard
RS-232C ports and debugging capabilities with a prompting XDS monitor
and full-speed hardware breakpoints and trace. The communication system
establishes linkage with the user’s terminal, a PROM programmer or printer,
and a host computer system. The functions of this communication link are:

° To transmit data files from the emulator to an external device (upload).

[ ] To receive data files from an external device and store them in the emu-
lator's memory (download).

® To pass downloaded data received from an external device to a PROM
programmer or logging device.

[ To transmit data stored in the emulator’s memory to a PROM program-
mer or logging device.

Each TMS320 XDS/22 unit is equipped with four standard RS-232C ports for
communication with external devices. Only three ports are used; the fourth
port is reserved for future expansion.

5.2.1.3 TMS320 XDS/22 Debugging

The TMS32C XDS/22 monitor provides a simple yet powerful set of com-
mands for full debug of the target system. Table 5-1 provides a summary of
first- and second-generation TMS320 XDS/22 emulator commands grouped
by function. Monitor commands provide complete control of both the emu-
lator functions and the target system. The monitor uses extensive prompt
menus for commands and parameter definition. Registers are readily accessi-
ble through the use of variable names assigned to each register. Debugging
sessions can also be logged for further analysis via a line printer. The TMS320
XDS/22 monitor displays a menu of emulator commands and variables to
guide the debugging session. As an example, Figure 5-8 shows the screen
when the DPS command to display the processor status is entered on the
TMS320C10 XDS/22.

DPS
PC =022 ARO =0000 T =0000 TOS =000
ST =3ErC AR1 =0000 P =00000000 MOSH =000
ACC=00000000 MOSL =000
BOS =000
ov OVM INTM ARP DP

0 0 1 0 0

Figure 5-8. TMS320C10 XDS/22 Display Example
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Table 5-1. TM$8320 XDS/22 Emulator Commands Grouped by Function

Initialization Memory
DEC Decimal Format COPY Copy Memory (TMS320C10 only)
HEX Hexadecimal Format DDM Display Data Memory
ICC Initialize Cursor Control DPM Display Program Memory
IHC Initialize Host Control FIFOx Peripheral Register Commmand
IMD Initialize Multiprocessing (TMS320C14/E14 only)
INIT Initialize Emulation FILL Fill Memory With Data
IPORT Initialize RS-232C Port FIND Find Data In Memory
IPRM Initialize Parameters IDM Inspect Data Memory
ITR Initialize Target RAM IPM Inspect Program Memory
(TMS320C2x only) MDM Modify Data Memory
LOAD Load Stored Parameters MPM Modify Program Memory
MAG Magnitude Format WRPT Write Protect Program Memory
MAP Map Expansion Memory (TMS320C14/E14 and
RCC Restore Cursor Controls TMS320C17/E17 only)
RES Restore pP Synchronization Registers
(TMS320C10 only) DR Display Registers
RESTART Restart IR Inspect
SNAP Freeze Display MR Modify Registers
Status Run
DES Display Emulator Status CRUN Continue Run
(TMS320C2x only) GHALT Group Halt (MP Mode)
DHS Display Halt Status GRUN Group Run (MP Mode)
DMAP Display Memory Map RTR Run On Target Reset
(TMS320C2x only) RUN Continuous Execution
DPS Display Processor Status SRR Software Reset, Run
DTS Display Trace Status (TMS320C10 only)
/n Display Emulator MP Status SS Single-Step Execution
Offload STOP Stop Alternate- Run Mode
DL Download THALT Total Halt (MP Mode)
UL Upload TRUN Total Run (MP Mode)
Hardware Breakpoint/Trace Software Breakpoint
BTT Set BTT Parameters CASB Clear Software Breakpoints
DBTT Show BTT Parameters CSB Clear One Software Breakpoint
DT Display Trace DSB Display All Breakpoints
DTIME Show Time Settings SSB Set One Breakpoint
FT Find Trace Mode
IBTT Initialize BTT ARM Initiate Alternate-Run Mode
IT Inspect Trace BGND Initiate Background Mode
XTIME Time Analysis DISARM End Alternate-Run Mode
Assembler HOST Initiate Host Mode
XA Execute Assembier IMP Initiate Multiprocessing Mode
XRA Reverse Assembler #n Select Emulator #n
Communications Miscellaneous.
DIO Display 1/0 DV Display Values
DIOR Display 1/O Register Contents HELP Display Command Menu
(TMS320C14/E14 only) 1D Display Firmware Revision
MIO Modify 1/0 LOG Print Commands And Response
’ SAVE Save Parameters
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Emulator commands provide extraordinary flexibility in defining the test con-
ditions for emulation sessions. Commands can be combined in a variety of
ways to form short procedures that allow several commands to be executed
sequentially. Repeat functions allow procedures or individual commands to
be executed indefinitely until stopped by the user or a user-defined breakpoint
condition.

The XDS/22 supports important breakpoint, trace, and time-stamping (BTT)
capabilities. Up to ten software breakpoints and four sequential hardware
breakpoints may be defined. This provides a method for testing and debug-
ging small segments of programs. In the monitor mode, all registers and me-
mory locations can be inspected and modified.

In addition to hardware breakpoints, the XDS/22 Emulators support full-speed
trace capability. Each traceable machine cycle is sampled, recorded, and
stored in the 2K-word trace buffer so that it can later be recalled for display
or printing.

Time-stamping is a feature, in which a time value is associated with each trace
sample so that the time between breakpoints can be calculated. This allows

the user to determine the amount of time spent in a certain portion (e.g., a
loop) of code.

5.2.1.4 TMS320 XDS/22 Equipment List

The following equipment is required for use with the TMS320 Emulator:

Terminal
RS-232-C compatible 25-pin RS-232-C male plug,
type DB25P
Cables
For terminal/host or Two standard RS-232-C cables with
printer male connectors on the XDS end

Host Computer (optional)
RS-232-C compatible

Line Printer or Other Logging Device
(optional)

5.2.2 TMS320C10 Emulator (XDS/22)

The TMS320C10 Emulator (see Figure 5-9) has been designed to emulate
operation of the following first-generation TMS320 family devices:
TMS32010, TMS320C10, TMS320C10-14, TMS320C10-25, TMS320C156
/E15, TMS320C15-25 and TMS320E15-25. Other models are available to
support the TMS320C14 and TMS320C17. To emulate any one of these de-
vices requires the insertion of the appropriate device into the Emulator Board.
The TMS320C10 Emulator is composed of:

[ ) XDS/22 chassis
® Emulator Board (and appropriate device) with target connector cable
[ ] Breakpoint, trace, and timing board with logic analyzer interface cable
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L J Communications Board

® RS-232C cable for connection between the XDS and PC

® Trace probe cable to connect the breakpoint, trace, and timing board to
the target system

® All literature necessary for system development and debug

The TMS320C10 Emulator Board contains 4K-words of fast static RAM.
This allows for operation in one of three memory modes:

® Software development mode (the entire 4K-words reside within the
emulator)

® Microcomputer mode (on the TMS320C10, 1.5K-words of program
memory reside within the emulator and 2.5K-words of program memory
reside in the target system. On the TMS320C15, the mode is identical
to the software development mode and all 4K-words of program memory
reside within the emulator)

® Microprocessor mode (the entire 4K-words of program memory reside
in the target system)

Figure 5-9. TMS320C10 Emulator (XDS/22)

The Breakpoint, Trace, and Timing Board (BTT) monitors various
hardware activities. It can be programmed to take various actions triggered
by the occurance of specified qualifiers, depending on the state of the board.
This allows multilevel or sequenced breakpoints to be used for complex de-
bugging solutions. The BTT board trace samp/e function provides “snap shot”
storage of bus cycle activity. Up to 2,047 samples can be stored in a circular
trace buffer. Timing statistics are provided, thus allowing the user to analyze
a program'’s performance by displaying the actual execution time of a particular
routine. It has the option of stopping an application program after collecting
a selected number of cycles. This board allows the user to analyze a program’s
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performance by displaying actual execution time or time spent accessing se-
lected memory locations.

The Communications Board receives all keyboard or host-computer input
and generates RS-232C compatible output signals for the host computer,
printer, EPROM programmer, and for screen display.

These key features distinquish the TMS320C10 Emulator:

[ 25-MHz full-speed in-circuit emulation

e Dual-in-line target connector with optional PLCC target connector

L Single-step execution

L] Line-by-line assembler/reverse assembler

o Enhanced decimal parameter entry and display

L] All levels of stack available to user

® Use of target system crystal (with DIP target connector) or internal
crystal '

L] Host-independent upload/down!oad to/from program/data memoiy

® Ability to inspect/modify all internal registers, program/data

L Multiprocessing support

o Hardware breakpoint, trace, and timing (BTT) capabilities with logic

analyzer interface cable
(] Logic tracing with extended data/address probes

5.2.3 TMS320C14/E14 Emulator (XDS/22)

The TMS320C14/E14 Emulator provides the capabilities of the TMS320C10
Emulator with the addition of a TMS320C14 Processor Module (PM) to

- the TMS320C1x Base Emulator Board. The TMS320C14 Emulator allows
emulation of all aspects of the TMS320C14/E14 device. Monitor commands
supported by the TMS320C14 XDS/22 allow any of the TMS320C14 1/0 re-
gisters to be displayed or modified.

5.2.4 TMS320C17/E17 Emulator (XDS/22)

The TMS320C17/E17 Emulator provides all the capabilities of the
TMS320C10 Emulator with the addition of a TMS320C17 Processor Mo-
dule to the base TMS320C1x Base Emulator Board. The TMS320C17 Emu-
lator permits emulation of all aspects of the TMS320C17/E17 device. This
includes serial port and co-processor port operations.

Due to the characteristics of the TMS320C17/E17, the Emulator functions in
either the co- processor mode or microcomputer mode. The Emulator provides
all 4K-words for both modes.
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5.2.5 TMS320C2x Emulator (XD$S/22)

The TMS320C2x Emulator has been designed to emulate operation of the
following second-generation TMS320 family. devices: TMS32020,
TMS320C25, and TMS320E25. To emulate any one of these devices requires
the insertion of the appropriate device in the Emulator Board. The
TMS320C2x Emulator does not support the TMS320C25-50. Macrochip
Research Inc., a TMS320 Third Party, offers full-speed in-circuit emulation
up to 50-MHz to support the TMS320C25-50 (see Section 9). The
TMS320C2x Emulator is composed of:

' XDS/22 chassis
Emulator Board (and appropriate device) with target connector cable
Breakpoint, trace, and timing board with a logic analyzer interface cable
Memory expansion/communications board
RS-232C cable for connection between the XDS and PC

Trace probe to connect the breakpaint, trace, and timing board to the
target system

® All literature necessary for system development and debug.
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The TMS320C2x Emulator Board contains 8K-words (4K-words program
and 4K-words data) of high-speed static RAM (zero wait-state) for program
and data memory. The Memory Expansion/Communications Board of-
fers 64K-words of DRAM which can be configured (with wait states), as all
program memory, all data memory, or a combination of both.

The Breakpoint, Trace, and Timing Board (BTT) monitors various
hardware activities. It can be programmed to take various actions triggered
by the occurance of specified qualifiers, depending on the state of the board.
This allows multilevel or sequenced breakpoints to be used for complex de-



Hardware Development Tools - TMS320 Emulator (XDS)

bugging solutions. The BTT board trace samp/e function provides "snap shot”
storage of bus cycle activity. Up to 2,047 samples can be stored in a circular
trace buffer. Timing statistics are provided, thus allowing the user to analyze
a program’s performance by displaying the actual execution time of a particular
routine. It has the option of stopping an application program after collecting
a selected number of cycles. This board allows the user to analyze a program'’s
performance by displaying actual execution time or time spent accessing se-
lected memory locations.

These key features distinguish the TMS320C2x Emulator:

40-MHz full-speed in-circuit emulation

PLCC target connector with pin grid array adapter

4K-words each of program and data high-speed SRAM memory
64K-words DRAM memory expansion/communications board
Hardware breakpoint, trace, and timing capabilities

Single-step execution

Line-by-line assembler/reverse assembler

Enhanced decimal parameter entry and display

Use of target system CLKIN signal or internal crystal
Host-independent upload/download to/from program/data memory
Ability to inspect/modify all internal registers, program/data memory
Multiprocessing support

Logic tracing with extended data/address probes

Logic analyzer interface cable '

>0 00 9 08

5.2.6 TMS320C30 XDS500 Emulator

The TMS320C30 XDS500 Emulator is a user-friendly, PC-based development
system which provides all the features necessary to perform full-speed in-cir-
cuit emulaticn with the TMS320C30. This emulator allows the user to per-
form software and hardware development, and to integrate the software and
hardware with the target system. A revolutionary 4-wire interface provides
control of, and access to, every location and register of the TMS320C30. Key
features of the TMS320C30 include:

® Full-speed execution and monitoring of the TMS320C30 in the user’s
target system via a 12-pin target connector

Thirty software breakpoints

Software trace/timing

Single-step execution

Load/inspect/modify all registers

Upload/download program data/memory

Windowed user interface identical to TMS320C30 simulator
Emulator portability

Reconnectable for multiprocessing

Benchmark of execution time clock cycles in realtime
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Full-speed execution and monitoring of the target system is performed by the
4-wire interface (scan path) via a 12-pin target connector. This scan path
controls the TMS320C30 in the target application and provides access to all
the registers plus all internal and internal memory of the device. Since pro-
gram execution takes place on the TMS320C30 in the target system, there are
no timing differences during emulation. This new design offers significant
advantages over traditional emulators. These advantages include:

No cable length/transmission problems

A non-intrusive system

No loading problems on signals

No artificial memory limitations

A common screen interface for ease of use
Easy installation

‘In-system’ emulation

No variance from data sheet

Software breakpoints allow program execution to be halted at a specified in-
struction address. When a given breakpoint is reached, the program halts ex-
ecution. At this point, the status of the registers and the CPU is available.
Memory contents can be displayed with a single command.

Software trace allows the user to view the state of the TMS320C30 when a
breakpoint is reached. This information can be saved in a file for future anal-
ysis. Software timing allows the user to track clock cycles between break-
points for benchmarking of time critical code.

Single-step execution gives the user the capability to step through the pro-
gram one instruction at a time. After each instruction, the status of the regis-
ters and CPU are displayed. This provides greater flexibility during software
debug and helps reduce development time.

Object code can be downloaded to any valid TMS320C30 memory location
(program or data) via the 4-wire interface. Downloading a 1K-byte object
program typically takes 100 ms. In addition, by inspecting and modifying the
registers while single-stepping through a program, the user can examine and
modify program code or parameters.

The windowed user interface is identical to that of the TMS320C30 simulator,
providing the designer an easy migration path from simulator-based develop-
ment to emulator-based development. This user-friendly screen displays the
program code in nmemonics and in equivalent hexadecimal code. Windowed
displays are provided for extended precision registers, the CPU status, and
memory locations.

Greater flexibility is achieved through emulator configurability. Both memory
and screen color can be configured by the user. Address range, memory type,
and access type allowed to each location may also be configured. The mem-
ory map, which may include EPROM, SRAM, DRAM, and on-chip memory
and peripherals, can be configured by the designer to reflect the actual pe-
ripheral ‘environment of the target system including wait states and access
privileges. :
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The 12-pin target connector allows for emulation of multiprocessing applica-
tions. For example, if five TMS320C30s exist on one board, as shown in
Figure 5-11, each device is emulated by simply moving the 12-pin target
connector from one TMS320C30 connector to the next. Realtime emulation
is still maintained, and the information of each processor is preserved.

Lom| [om] [om] [o] [ox]

T_ T T 7 7

12-Pin Connectors

Figure 5-11. Multiprocessing Emulation

The TMS320 XDS500 Emulator includes:

° TMS320C30 Emulator PC Board

TMS320C30 4-wire interface cable (12-pin connector)
TMS320C30 Macro Assembler/Linker (MS-DQOS)
User interface software (5.25" floppy disk)

Literature:
-  TMS320C30 User's Guide
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- TMS320C30 Emulator User’s Guide,
-  TMS320C30 Assembly Language Tools User's Guide

Note: The‘ user must provide a 12-pin signal interface for every
TMS320C30 in the target system. Refer to Section 5.2.2.2 for the 12-pin
header signal layout.

5.2.6.1 XDS500 Scan Path Interface

The TMS320C30 scan path provides access to a set of test registers internal
to the TMS320C30 device. These registers can receive and transmit data
through the emulation or scan path pins (EMUO-EMU3). The XDS500 Emu-
lator Board is an interface to the TMS320C30 scan path. Through the 4-wire
interface, the XDS500 Emulator is responsible for interpreting commands
(sent from the PC via the supplied user interface software) and converting
these commands into the appropriate signal sequences necessary to control
the TMS320C30 in the user’s target system. The emulation mode shown in
Figure 5-12, is actually ‘self emulation’. The PC is simply controlling the
TMS320C30 through the emulator board and scan path registers. When in
this mode, the TMS320C30 acts as its own emulator.
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Figure 5-12. TMS320C30 XDS500 Emulation Mode

With the 12-pin connector, four pins transmit and control the information sent
to the TMS220C30. This is the 4-wire interface. Additional power and
ground pins have been added to preserve signal integrity. Through the 12-pin
target connector, the emulator sends commands and receives data necessary
to provide full-speed in-circuit emulation.

This revolutionary concept allows the emulator to act as an interface between
the PC and the user’s target system. Because the TMS320C30 on the target
system is used, more reliable emulation is ensured. The 4-wire interface
eliminates the need for traditional full pin-out target connectors and removes
the problems associated with cable reliability, transmission effects, and timing
differences. ‘
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5.2.6.2 XDS500 Emulation Target Design Considerations

5-22

To use the TMS320C30 XDS500 Emulator for realtime emulation, the user
must provide a 12-pin signal interface for every TMS320C30 in the target
system. Specifications for building this interface are provided in Figure 5-13,
Table 5-2, and the following paragraph.

EMU1* 1 2 GND Header Dimensions:
EMUO" 3 4 GND Pin to pin spacing 0.100 in.
: Pin width 0.025 in. square post
EMU2* 5 6 GND Pin length 0.235 in. nominal
PD(+5V) 7 8 NO PIN (KEY)

* These signal should be individually
EMU3* 9 10 pulled up with a 20-kOhm resistor
to +5 volts on the TMS320C30.
H3 11 12 GND

Figure 5-13. TMS320C30 XDS500 12-Pin Header Signals

Table 5-2. TMS320C30 Pin Function Assignment

Signal Description TMS320C30
Pin Number
EMUO Emulation Pin O F14
EMU1 Emulation Pin 1 E15
EMU2 Emulation Pin 2 F13
EMU3 Emulation Pin 3 E14
PD Presence Detect. Indicates that the cable.is connected
i and the target system is powered up. PD should be
tied to +5 volts in the target system.

For unbuffered signals, the distance between the TMS320C30 emulation pins
and the 12-pin header should be less than two inches. If the distance be-
tween the header is more than two inches and less than six, all transmit scan
signals should be buffered. The buffer must be noninverting with a maximum
buffer delay that is dependent on the length of the H3 period. For instance,
if the H3 period is 50-ns, the maximum buffer delay is 6-ns.

If the distance between the TMS320C30 and the header is six or more inches,
all scan signals must be buffered. The maximum allowable distance is deter-
mined by the PWB layout and the loading on the H3 clock. If both of these
criteria ‘are minimized, the maximum length can be no more than twelve
inches. Tl recommends that the distance be as short as possible, preferably
less than four inches.
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5.2.6.3 XDS500 Emulator User Interface

The windowed user interface is identical to that of the TMS320C30 simulator,
providing the designer an easy migration path from simulator-based develop-
ment to emuiator-based development. This user-friendly screen displays the
program code in mnemonics and in equivalent hexadecimal code. Windowed
displays are provided for extended precision registers, CPU status, and mem-
ory locations.

There are various screen options used to access the capabilities of the
TMS320C30 XDS500 Emulator. The first is the primary screen (see Figure
5-14), comparable to the appearance of the TMS320C30 Simulator screen.

tended precision registers
25 B8AD4H43 = 1 IT4NMEI4EN
46 BBBASEFF = 1. 18MSI2EIER2
BS5 BERGBMSE = 3. 2988R165EW1
83 BR8BESE = §.AERRRGETE I8
89 BAASISEE = 5. 12002382E2
85 BRASE4ASD = 6.48185313581
B4 BBREIMEF = 1. SHBRIABAES1
88 BAORBITE - B. SNABOBARE+EE

3

B8 LSH3 Re,R1, 08
igplaysmmm— {
BABESARE 82619821 BEBZOBRS ASEFEFC ' B34TIE4Y
8 B2EBGAAT 24808168 BEAGE3LS BREESTTZ H24EATSE
- BBBR4634 BRB345DF POABB4IS BHABRASY STTBFZ4

80000853 BAABBDFS BAPBOEAT REBBAIMS | ¢ BBBTE65Y
BBBB46CR BBRAFASS BU3TEINE BOBEAS26 ) 88346888
BBA2AFTY BB643536 BEAGR434 BBAEABEE 45866458
B67S4BAI BOGBAITA HOGHBERY ABRABNCE BOBR4ST
BORSTEE4 S6363ER3 8645353 BAEI62AE OF  88MEARCD
M&ii&&s‘]}& 88888345 B265BCF4 § R 6080883

Figure 5-14. XDS500 Emulator Interface Screen

The primary screen includes:

[ J Command line displayed at top of screen
® Functions of special-function keys

[ Four status windows which can be individually accessed using the F1
key
1)  Source code window
2)  Auxiliary display window
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3) CPU status window
4)  Extended precision registers window

Note - All windows allow the user to inspect/modify its contents.

5.2.6.4 XDS500 Commands

Commands can be entered in either of two ways: MENU mode or LINE mode.
In the Menu Command Mode, a menu is provided at the top of the screen.
This permits the user to view every option available while entering a single
command. After each entry, further menus are displayed until the entire com-
mand has been entered. The Line Command Mode allows the user to enter
an entire command expression. Table 5-3 gives a summary of available com-
mands. These can be entered by either the LINE or MENU modes.
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Table 5-3. Summary of XDS500 Emulator Commands

Command Syntax

BREAKPOINT COMMANDS

Operation Description

BA address Breakpoint on Acquisition - Breakpoint will occur when
instruction has been loaded into the instruction register.
BD /d no. Breakpoint Delete - Delete breakpoint number id no.

BL filename
(e.g., stored by BS command).

Breakpoint Load - Load breakpoints stored in filename

BR

Breakpoint(s) Remove - Remove all break-points.

BS filename

Breakpoint Save - Save all breakpoints in filename.

Command Syntax

CONFIGURATION COMMANDS

Operation Description

CcC Configure Colors - Set color, reversing, and blinking for
screen.
CM Configure Memory mode - Enter mode; action defined by

mnemonic’s final letter and operand(s).

CMA /ow addr, hi addr, type {R|R/W}

Configure Memory Address - Designate a block of memory
to be added to the memory configuration.

CMD /d no.

Configure Memory Delete - Delete the memory defined by
the id no. assigned by the CMA command.

CME /d no, low addr, high adadr, type,
{R|R/W}

Configure Memory Edit - Edits the memory block defined
by the id no. assigned by the CMA command.

CML filename

Cenfigure Memory Load - Load the memory configuration
stored in filename (e.g., stored by CMS command).

CMR

Configure Memory Reset - Reset configured memory to
default initialization.

CMS filename

Configure Memory Save - Save memory configuration in
filename.
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Table 5-3. Summary of XDS500 Emulator Commands (Continued)

Command Syntax

DISPLAY COMMANDS
Display in lower-left corner

Operation Description

DB start position

Display Breakpoints - Display break-point
configuration as set by the breakpoint command.

DC start position

Display memory Configuration - Display memory
configuration as set by the CMA command.

DE Display Expression.
DF filename,[line no.] Display File - Display text file starting at /ine no.
DM address Display Memory - starting at address .

DS start position

Display Symbols - Show all or start start position
line number.

DV

Display Version - Clear display area, print banner.

Command Syntax

EXPRESSION

COMMANDS
Operation Description

EA expr [name], [radix], {B|W|D}

Expression Add -Add expression with optional
descriptors.

ED /d no.

Expression Delete - Delete expression identified
by id no..

EF id no. {A|B|D|F|H|O}

Expression Format - Specify numerical
parameters.

EL filename

Expression Load - load from filename.

EH /d no.,.name

Expression reName - Change to name.

ES filename

Expression Save - Store in filename.

Command Syntax

JOURNAL COMMANDS

Operation Description

JC filename

Journal Capture - In command mode, saves in
filename.

JE filename

Journal Execute - Executes commands stored in
filename by JC command.

Js

Journal capture Stop - Halts JC command
execution.
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Table 5-3. Summary of XDS500 Emulator Commands (Continued)

LOAD COMMANDS
Command Syntax Operation Description

LB filename Load Breakpoint configuration - Load from
filename the breakpoint configuration saved
by SB command.

LC filename Load memory Configuration - Load from filename
the memory configuration saved by SC command.

LE filename Load Expressions - Load expressions from
filename saved by SEcommand.

LM filename Load Memory dump - load filename into memory
at locations set by SM command.

LO Load COFF file - Load the COFF-type file named
filename.

LR filename Load Register configuration - Load the registers

with the configuration stored in filename .
MEMORY COMMANDS

Command Syntax Operation Description
MA address, statement Memory Assemble - Show source statement at
address. Also, input/assemble new statement.
MF start addr, end addr, value Memory Fill - Fill memory from start addr to
end addr with value .
MM address, value Memory Modify - Change location address to
value.
OP SYS, QUIT, REGISTER/EXPRESSION COMMANDS
Command Syntax Operation Description
(o] Escape to Operating system - Emulator retained
in memory.
Q Quit; exit to operating system -Emulator not
retained in memory.
R register, value Fill Register withwith value - Could be expression
results.
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Table 5-3. Summary of XDS500 Emulator Commands (Concluded)

Command Syntax

SAVE COMMANDS

Operation Description

SB filename

Save Breakpoint configuration in filename

SC filename

Save memory Configuration in filename

SE filename

Save Expressions in filename

SM filename, start addr, end addr

SaveMemory dump from start addr to end adadr -
Save in filename.

SR filename

Save Registers in filename.

Command Syntax

EXECUTION

COMMANDS

Operation Description

X

eXecute mode - Enter mode: action defined by
mnemonic’s final letter and operand(s).

XC cycle count

eXecute Cycle - Execute for cycle count (clock
cycles).

XD eXecute Bisconnect - Puts the emulator in user
run mode, thus, functionally disconnecting the
emulator from the target system.

XG eXecute Go - Execute beginning at present PC
value.

Xl fcount] eXecute Instruction - Execute one (default) or
count instructions beginning at present PC value
until breakpoint.

X0 eXecute cOnnect - Functionally connects the
emulator to the target system.

XR eXecute Reset - Reset TMS320C30 as if the pin

RESET was asserted. The value of the the
reset vector address (0x000000) is placed in
the PC.

5.2.6.5 XDS500 System Requirements

Host
Slot
Memory
Storage

Operating System
Power Supply

IBM PC-XT/AT

One and one-half 8- or 16-bit slots
Minimum of 640K-words

One floppy drive and one hard drive

PC MS-DOS 2.0 or later version
Minimum approximately 3 amps @ 5 volts
(150 watts)

Note:

The power supply requirements are such that some PC-XT configurations
will not have sufficient power available. This is particularly true when the
TMS320C30 XDS500 Emulator
TMS320C30 Application Board. Therefore Texas Instruments strongly
recommends the use of an IBM PC-AT for the standard host.
PC-XT is preferred, ensure that it is fitted with a power supply that outputs
a minimum of 150 watts.

is used in conjunction with the

If the IBM
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5.2.6.6 XDS500 Installation

The TMS320C30 XDS500 Emulator is a single card which requires one and
one-half 8- or 16-bit slots in an IBM PC-XT/AT. This provides emulator
portability. Instead of carrying an emulator chassis from one area to another,
the emulator board can be simply transferred to another PC.

To install the TMS320C30 XDS500 Emulator Board, simply insert the board
into an 8- or 16-bit slot in the backplane bus of the PC. Installation of the
User Interface Software is detailed in the TMS320C30 Emulator User’s Guide.

The cable hookup is shown in Figure 5-15.

Figure 5-15. TMS320C30 XDS500 Target Connector Cable
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5.2.7 TMS320C30 XDS1000 Development Environment

5-30

The TMS320C30 XDS1000 is a complete development environment that
provides all the development tools necessary from the beginning stages of
development through full production. The TMS320C30 XDS1000 consists
of the TMS320C30 XDS500 described in the previous subsection plus an
additional full-size PC-XT/AT board and associated software. The additional
board is the TMS320C30 Application board.

The TMS320C30 Application board is a predefined target system, intended for
software development in realtime as well as hardware/software application
support. The XDS1000 operates in two modes: emulation and algorithm
development. For a detailed description of the emulation mode, refer to
Section 5.2.6.. The algorithm development mode is described in the next
paragraph. A visual representation of the XDS1000’s algorithm mode is
shown in Figure 5-16 :

The algorithm development mode allows debug of TMS320C30 software
at full-speed before the target system is complete. This is possible because
code can be downloaded into the memory on the TMS320C30 Application
Board and then executed at full speed by the TMS320C30 XDS500 Emulator
via the 4-wire interface. In this configuration, the TMS320C30 Application
Board can be used in place of the user’s target system.
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Figure 5-16. TMS320C30 XDS1000 Algorithm Development
Configuration

Key features of the TMS320C30 Application Board include:

] PC-based Application Board (including an on-board TMS320C30 de-
vice)

[} 16K x 32-bits full-speed (zero wait-state) SRAM on the primary bus

® Two selectable banks of 8K x 32-bits full-speed (zero wait-state) SRAM
on the expansion bus

® 512K x 32-bits DRAM (user upgradable to 1M x 32-bits)

The large amount of on-board SRAM provides the user with realtime emu-
lation capabilities and memory storage flexibility for a variety of algorithms.
The zero wait-state capability implemented with SRAM allows for memory
read/write in realtime.

Page mode DRAM is used to improve bulk storage performance. Three types
of DRAM cycles are used on the TMS320C30 Application Board: Single-
word read, single-word write, and page-mode read. These operations require .
four, two, and one wait-state per access respectively. Page-mode read cycles
are automatically evoked when the TMS320C30 performs two or more back-
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to-back read cycles on the same memory page. A page of memory 'is 256
words. This is the default memory bank size for the TMS320C30. Utilizing
page-mode results in a decrease in wait-states when accessing emulator
DRAM. ‘

The TMS320 XDS1000 Development Environment incIUdes:

@ TMS320C30 Emulator PC Board (also part of the TMS320C30 XDS500
_Emulator)

® TMS320C30 Application Board (includes on-board TMS320C30)

@ TMS320C30 4-wire interface cable (12-pin connector) (also part of the
TMS320C30 XDS500 Emulator)

° TMS320C30 Macro. Assembler/Linker (MS-DOS) (also part of the
TMS320C30 XDS500 Emulator)

® User interface software (5.25” floppy disk) (also part of the TMS320C30
XDS500 Emulator)

® TMS320C30 C compiler (MS-DOS)
® SPOX DSP operating system

® Literature:

-  TMS320C30 User’'s Guide (also part of the TMS320C30 XDS500
Emulator) ‘

- TMS320C30 Emulator User's Guide (also part of the TMS320C30
XDS500 Emulator)

- TMS320C30 Application Board User’s Guide

- TMS320C30 Assembly Language Tools User’'s Guide (also part of
the TMS320C30 XDS500 Emulator)

- TMS320C30 C compiler User's Guide

—  Getting Started with SPOX

- SPOX Programmer’s Reference Manual

5.2.7.1 XDS1000 System Requirements

Host IBM PC-XT/AT

Slot Three full-size 8- or 16-bit slots

Memory Minimum of 640K-words

Storage One floppy drive and one hard drive
Operating System PC MS-DOS 2.0 or later version
Power Supply Minimum approximately 3 amps @ 5 volts

(150 watts)

Note:

The power supply requirements are such that some PC-XT configurations
will not have sufficient power available. Therefore Texas Instruments
strongly recommends the use of an IBM PC-AT for the standard host. |f
the IBM PC-XT is preferred, ensure that it is fitted with a power supply
that outputs a minimum of 150 watts.
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5.2.7.2 XDS1000 Installation

The TMS320C30 XDS500 Emulator Board requires one and one-half 8- or
16-bit slots and the TMS320C30 Application Board requires one and one-half
8- or 16-bit slots in the backplane bus of the PC. The Application Board re-
quires the additional half card space because of the ‘piggy-back’ board con-
taining the DRAM expansion memory. Installation of these boards and the
User Interface Software is described in the TMS320C30 Emulator User’s
Guide.
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5.3 TMS320 XDS Upgrade Program

As Texas Instruments directs its efforts toward TMS320 family enhancement
and expansion, development support-must parallel. For this reason, Tl not only
offers newly enhanced first-, second-, and third-generation XDS Extended
Development Support systems, but also offers upgrade kits for early systems.

For a discussion of the new systems, see Section 5.2.

TMS320 XDS upgrade kits are intended to extend the functionality of existing
development systems at a minimum of cost through an enhancement of cur-
rent customer equipment. For example, an upgrade kit can enable a
TMS32010 XDS/22 to emulate operation of all speed versions of the
TMS320C10 and TMS320C15/E15. A second-generation upgrade kit can
enable a TMS32020 XDS/22 to emulate the CMOS TMS320C25. Upgrade
kits allow upgrade only within a generation, not from a first- to a second-

generation XDS.

Figure 5-17 shows the addition of the upgrade kit to the early system to give
an enhanced XDS system. Table 5-4 lists the part numbers for the early sys-
tem, the upgrade kit, and the enhanced system to assist the user in under-

standing the procedure.
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Table 5-4. TMS320 XDS Upgrade

Process

(PN: TMDS3262210)

Accommodates the
TMS32010

(PN: TMDX3282216)

EARLY SYSTEM + UPGRADE KIT = ENHANCED SYSTEM
TMS32010 XDS/22 + TMS320C10 XDS/22 = TMS320C10/C15 XDS/22
Upgrade Kit

(PN: TMDX3262211)

Accommodates all versions of

the TMS320C10 and
TMS320C15

(PN: TMDS3262111)

TMS320C10/C15 XDS/22

+

Accomodates all versions of the
TMS320C10 and TMS320C15

TMS320C17 PM
(PN: TMDX3285014)
TMDS320C1x EMU
(PN: TMDX3285018)

TMS320C17 XDS/22
(PN: TMDX3262217)

Accomodates the
TMS320C17

(PN: TMDS3262211)

TMS320C10/C15 XDS/22 +

Accomodates all versions of the
TMS320C10 and TMS320C15

TMS320C14 PM
(PN: TMDX3285010)
TMS320C1x EMU
(PN: TMDX3285018)

TMS320C14 XDS/22
(PN: TMDX3262214)

Accomodates the
TMS320C14

TMS32020 XDS/22

(PN: TMDS3262220)

Accommodates the
TMS32020

+

TMS320C25 XDS/22
Upgrade Kit

(PN: TMDX3282225)

TMS320C25 XDS/22

(PN: TMDS3262221)

Accommodates the TMS32020

and TMS320C25
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Early System Enhanced System

TMS32010 XDS/22 TMS320C10/C15 XDS/22

Figure 5-17. XDS Upgrade Configurations
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5.3.1

Table 5-5 lists the contents of the upgrade kits for the XDS models.
Table 5-5. TMS320 XDS Upgrade Kit Contents

NEW DEVICE MODEL CONTENTS
SUPPORTED

TMS320C10/C15 XDS/22 Emulator board, 40-MHz breakpoint, trace
and timing board, plus DIP target
connector.

TMS320C14 XDS/22 Emulator board, processor module, and
PLCC target connector.

TMS320C17 XDS/22 Emulator board, processor module, and
DIP target connector.

TMS32020/C25 XDS/22 2 PALs, 2 EPROMs, 2 RAMs, crystal,
TMS320C25 40-MHz breakpoint, trace,
and timing board, plus PGA/PLCC
target connector.

Y o T . s
Customer Upgrade

Standard upgrade procedures require that the customer makes the necessary
modifications to the system with the TMS320 XDS customer upgrade kit. This
is an advantage because it permits the customer to keep the XDS system in-
house, thus eliminating the loss of valuable development time. There is a 30
day warranty on upgrades performed by the customer. A board level test is
performed by the factory on each board prior to shipment of the customer
upgrade Kkit.

Please note that the Tl standard warranty does not allow for customer upgrade
to a system still under the 90-day warranty period. According to that war-
ranty, any change or modification to a system still under warranty voids that
warranty. Repairs to customer-modified systems will be done at the current
factory repair prices (see Section B.2, page B-3).

TMS320 XDS customer upgrade kits are available through authorized distrib-
utors or directly from Tl. Contact the nearest Tl Field Sales Office for further
information.
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5.4 TMS320 Analog Interface Board (AIB)

The TMS320 Analog Interface Board (AIB) is an analog-to-digital, digital-
to-analog conversion board used as a preliminary target system with the
TMS320C1x EVM, TMS320C2x SWDS, and TMS320C1x/C2x XDS/22. The
AIB is an educational tool used to become familiar with digital signal proc-
essing (DSP) techniques.

The AIB allows testing of application programs with analog 1/0 by providing
an interface to the TMS320. There are two versions of the AIB currently
available.

5.4.1 Analog Interface Board Version 2

5-38

The Analog Interface Board Version 2 (AIB2) for both the first- and sec-
ond-generaticn of DSP devices provides analog analog and digital I/0 for al-
gorithm development, using the XDS/22 EVM or SWDS development tools.
It can operate in a stand-alone demonstration configuration after code devel-
opment has been completed.

A variety of conversion devices are available to the algorithm developer in- -
cluding a 16-bit linear A/D and D/A, a TMC2916 codec, and the TLC32040
Analog Interface chip (AIC). The linear converters are mapped into the par-
allel 1/0 space of the DSP devices. The serial codec and AIC devices can be
connected to the serial port interfaces of the TMS320C17 and TMS320C2x
devices. i

User programmable input and output filters are provided to band limit inputs,
minimize aliasing effects, and smooth the output of the D/A. These filters can
be jumper bypassed. A prototype area is provided, and is surrounded with
daughter board connectors. A function generator is included that provides
triangle, sine, and square wave outputs to the AIB2, as well as noise gener-
ation and frequency sweep capabilities. A flexible wait-state generator allows
use of slower peripherals in the prototype area with full-speed DSP devices.

Note: For all new designs, the AIB2 is recommended. The Analog In-
terface Board Version 1 (AIB1) supports first-generation hardware tools.
Adding the TMS320 Family Adapter Board allows the AIB1 to support
second generation hardware tools.
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Figure 5-18. TMS320 Analog Interface Board Version 2

These key features distinguish the AIB2:

16-bit A/D (17-usec) with sample/hold and antialiasing filter

16-bit D/A (3-usec) with smoothing filter

TLC32040 Analog Interface Chip (AIC) and 5.184-MHz crystal
TCM2916 Codec and 2.048-MHz crystal

Differential input amplifier

Audio input amplifier

Programmable sample rate clock

Program memory sockets and oscillator for stand-alone demo operation
+/- 15V DC/DC converter for +5V DC only operation

16-bit input/output por

The AIB2 is designed for 40-MHz operation offering 17 microsecond conver-
sion of 16-bit samples. This allows algorithm development over the entire
audio spectrum. The AIB2 includes:
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The Analog Interface Board 2

The Function Generator Daughter Board (FGB)
User’s Guide

Installation diskette

Power supply cable.

For pakt number information, refer to Appendix A. -For more information on
pricing and availability, contact the nearest Tl Field Sales Office.

5.4.2 Analog Interface Board Version 1
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The original Analog Interface Board Version 1 (AIB1) for first-generation DSP
devices provides analog and digital 1/0O algorithm development using the
TMS320C1x EVM and TMS320C1x XDS/22. The AIB1 also supports a
TMS320 Family Adapter Board that plugs into the AIB1, upgrading it for
second-generation DSP algorithm and stand-alone operation.

Note: The use of the TMS320 Family Adapter Board is intended to allow
installed A!B1 units to support second-generation hardware tools. For
all new designs, the AIB2 is recommended.

The AIB1 features 12-bit A/D and D/A linear converters, programmable sam-
ple rate clock, sample and hold anti-aliasing input filters, and output smooth-
ing filters. All filters are user programmable. A prototype area is included and
surrounded by all 1/0 controi and data signals. One 16-bit |/O expansion port
is also available.

These key features distinguish the AIB1:

12-bit A/D (25 psec) with sample/hold and anti-aliasing filter

12-bit D/A (3 usec) with smoothing filter

8K-words |/O mapped data memory expansion

One 16-bit output port for additional D/A or user-defined application
One 16-bit input port for additional A/D or user-defined application
Programmable sample rate clock

Prototype area with 1/C expansion port
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The AIB1 is designed for 20-MHz operation and provides a low cost target
1/0 system with 25 microsecond conversion of 12-bit samples, allowing for
algorithm development over the entire speech band. The AIB1 includes:

(] The Analog Interface Board Version 1
L) User’s Guide
o Power supply cable.

For part number information, refer to Appendix A. For more information on
pricing and availability, contact the nearest Tl Field Sales Office.

5.4.3 System Configuration

The AIB1 or AIB2 can be configured to operate as a preliminary target system
with the TMS320 XDS/22, EVM, SWDS or other emulator. Figure 5-19
shows a typical AIB System configuration.

User's Power __ g Analog
Terminal Supply Out
A Analog
Power Cable In

! 1 - |

TMS320C1x EVM,

TMS320C2x SWDS - - TMCS":%%) BA2l81

or Emulation
TMS320C1x/C2x XDS Cable

Figure 5-19. TMS320 AIB System Configuration

5.4.4 AIB Equipment List

The following equipment is required for use with the AlB:

Power Supply

+bV@1.2A
-12V @ 0.25 A (For AIB1 only)
+12 V @ 0.25 A (For AIB1 only)
Terminal
RS-232-C compatible 25-pin RS-232-C male plug
(for EVM or XDS) type DB25P
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TMS320C1x EVM
TMS320C2x SWDS, or
TMS320C1x/C2x XDS

Cables
Emulation cable to AIB
Power cable from EVM

TMS320 development support
system

Included with SWDS or XDS/22
Included with AIB1



Section 6

RTC TMS320 Seminar and Workshops

The Texas Instruments Regional Technology Centers (RTC) in North America,
Canada, Europe, and Asia are staffed with system analysts, providing technical
information and assistance in the development of TMS320-based designs.
The RTCs offer an unmatched array of up-to-date technical product seminars
and design workshops.

The DSP design workshops give design engineers hands-on experience using
the latest TMS320 products, development tools, and design techniques. These
three-day workshops go beyond the standard lecture format. The exercises
and lab experiments start with the basics and move quickly into realtime ex-
amples. The student interacts with expert instructors who teach design tech-
niques gained from experience. In these workshops, the student learns by
doing, not just listening or observing.

This section describes the seminar and workshops offered in North America.
Further information can be obtained by contacting the nearest RTC. A list of
the worldwide RTC locations is also provided so that the appropriate one can
be contacted for information about the seminar and workshops offered
abroad.
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6.1 DSP Design Workshops

The Regional Technology Centers (RTC) offer three-day DSP Design Work-
shops, held either at the RTC location or at a customer-selected site to assist
users in the development of TMS320-based designs. Each of the three dif-
ferent workshops covers a different member of the TMS320 DSP family. -

The main objective of the workshop is to demonstrate hardware and software
techniques for implementing current DSP algorithms using a TMS320 digital
signal processor. Exercises provide hands-on experience with the develop-
ment tools needed for a quick start in designing with the TMS320 family.

6.1.1 First Generation Design Workshop

The First Generation DSP Design Workshop is tailored for designers who have
a working knowledge of, and some experience with, microcomputer based
designs. It is appropriate, although not required, to have some background in
DSP techniques.

Topics covered in the TMS320C1x DSP Design Workskop include:

TMS320C1x architecture/instruction set

Fractional binary arithmetic and scaling

Coding of difference equations

TMS320C1x development tools

Using a PC-based TMS320C1x development system
Digital filter design approaches

FFT implementation techniques

6.1.2 Second Generation Design Workshop
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The Second Generation DSP Design Workshop is tailored for design engineers
in the early stages of TMS320C2x application development. The workshop
enables the designer to more effectively use the second-generation digital
signal processors through hands-on practice of design skills. The designer is
introduced to numerous hardware and software techniques for application of
current DSP algorithms. Previous experience with assembly language pro-
gramming and DSP knowledge is necessary, and prior completion of the
first-generation DSP workshop is desired. Topics covered in this workshop
include: ‘

[ ] Using the PC-based TMS320C2x SoftWare Development System
(SWDS)

TMS320C2x architecture/instruction set

Binary arithmetic, scaling, and difference equations
Floating-point arithmetic

System memory configurations

Paralle! interface timings :

Memory, 1/0 interfacin