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the macro preprocessor, or the C compiler. The output of the assembler
is directly executable TMS320 machine language code that can be
downloaded to the SKY320. The debugger can be used interactively to
debug both assembly language routines and C programs.

SKY320-Q

The SKY320-Q is a DSP board operating on the DEC Q-bus, which al-
lows the use of a DEC PDP-11 computer as the host machine for in-
itialization, process control, coordination, and display. The Q-bus
interface for the SKY320-Q provides a realtime software environment for
TMS32010 applications. All of the features of the SKY320-PC board,
including the software package, apply to the SKY320-Q board.

SKY Challenger

SKY Computers also supports a VMEbus board, the SKY Challenger,
which is a fixed-point digital signal processor especially designed for
high-speed applications, such as speech and image processing, digital
filtering, data compression, vibration analysis, and realtime control.

The heart of the SKY Challenger’'s computation power is the TMS32020
DSP chip. The Challenger uses two TMS32020s and matches them
with static RAMs to provide exceptionally high-speed arithmetic and
signal processing power. The TMS32020s are configured in a master-
slave arrangement. The master processor controls all the Challenger’s
operational functions in addition to providing arithmetic processing. The
slave processor is dedicated to running arithmetic data and as such
provides a flexible resource for other functions. In addition to the two
TMS32020s, other hardware features include separate high-speed pro-
gram and data memory (64K words each), bus interface, auxiliary ports
for off-bus data acquisition, and a high-speed auxiliary bus for block
data transfers.

SKY Challenger comes fully software-supported with a C compiler and
a host of well-described macros and subroutines. Helpful signal and
image processing libraries are also included. The software environment
of the Challenger consists of an assembler (SKYASM), a linker (SKYL-
INK), debugger (SKYDEB), and a macro preprocessor (SKYMPP).

TMS32020 S:oftware Development Tools

Sky Computers now offers a set of TMS32020 software development
tools. These tools include a C compiler and crossware which operate
on the 1BM PC/XT/AT, Sun-3 systems, MicroVAX-II, and larger VAX
systems. In addition to the C compiler, the cross development package
consists of a macro preprocessor and assembler/linker. The new tool
kit is targeted at users needing realtime computation in commercial, in-
dustrial, and aerospace applications. The C compiler is compatible with
Kerigan and Ritchie and generates TMS32020 assembly code. The ma-
cro preprocessor provides in-line code and conditional assembly.
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9.3.50 Sonitech International Inc.

Nature of Product(s): Algorithm Development Hardware, Algorithm

Development Software

Functional System(s): {BM PC
Device(s) Supported: TMS320 family

TMS320C30 Applications and Development (A/D) System

The TMS320C30 A/D System is a cost effective solution to begin hard-
ware and software development. This IBM XT/AT half-size board is
ideal for PC based or stand-alone applications.

The A/D System hardware features include:

- Two banks of fast dual-access static RAM.

- Full control of TMS320C30 from the host.

- Memory expansion on the |/O bus of up to 16K-bytes x 32-bits.

- Full parallel 1/0 expansion port with address, data, and control
lines.

- On board serial analog 1/0 (using the TLC3204x).

- Both serial ports available for multiprocessor communications

—  Stand-alone operations through EPROM.

- Multiple boards can be cascaded (any combination of serial or
parallel connections) to deliver up to 120M-FLOPS of perform-
ance.

The A/D System Software and Applications Features include:

- Window driven user-friendly EDSP-30 Workstation (debugger,
plotter, monitor, etc.) environment for efficient program develop-
ment (see more complete description below).

- Board and realtime plotting drivers for embedded applications.

- Also included are some applications from the Sonitech DSP 'C’
Applications Library (realtime spectrum analysis and display, fil-
tering, and other application notes).

EDSP-30 Workstation (For Custom Development)

This workstation can be easily ported to the user’s custom hardware.
The EDSP (Evaluation, Development, Debugging, and Realtime Digital
Signal Processing) is an IBM PC/XT/AT window based DSP work-
station software for the TMS320C30 based
hardware/applications/development systems. The EDSP will greatly
enhance the users productivity with the tranformation of their PC (with
their hardware) into a DSP workstation.

EDSP features include:

- lotting

—  Signal generation

- Program development

- Universal data formatting and movement
- Symbolic manipulation of data

- 3-D plotting (optional)
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DSP 'C’ Applications Library (DSP/LIB-1)

This applications library is for TMS320C30 and DSP software develop-
ment. These algorithms are implemented using the latest trechnigues
and are available in Microsoft 'C’ library or source code form. The fol-
lowing are some of the routines in the library:

- 1- and 2-dimensional transforms (FFT, DCT, DST)
- Modern spectral analysis techniques
- Cepstral analysis

- Speech analysis (LPC)

- BCH encoding and decoding

- Convolutional encoder/decoder

- PN sequence generation

- Noise generation

- Windows for spectral analysis

- Polynomial root finding

- Digital half-toning

The library source code can be easily compiled using the TMS320C30
‘C" compiler. Included with the library is detailed documentation on al-
gorithm functionality and test software.

Digital Signal Processing/Analog Interface Board-1 (DSP/AIB-1)

The DSP/AIB series of boards are designed for DSP applications. The
DSP/AIB series interfaces with TMS320C14, TMS32020, TMS320C25,
and TMS320C30 DSP processors, SWDS, and other TMS320 based
development boards.

The DSP/AIB series board features are:

- 14 bits dynamic range ADC and DAC (uses the TLC3204x)

- Variable sampling rate up to 20-KHz

- Anti-aliasing input and reconstruction filter

—  Synchronous and asynchronous ADC and DAC and programmable
sampling rates

- Serial port with direct interface to the host DSP processors

- Fully software programmable

- Half-size board for IBM XT/AT

- Cascadable up to five boards

This board is ideally suited for DSP system prototyping, evaluation, de-
velopment, multiple channel acquisition, and embedded applications.
DSP/AIB applications includes telecommunications, voice
synthesis/analysis, biomedical, process control, product testing, and in-
strumentation.
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[ ] Digital Signal Processing/Analog Board for IBM XT/AT (DSP/AIB-2)

In addition to the DSP/AIB series features listed above, the DSP/AIB-2
can fully control the acquisition, storage, and retrieval of data on the
IBM XT/AT. Up to three DSP/AIB-2s (six channels) can be used si-
multaneously for data acquisition. An added benefit of this feature is
that transfer to the PC can take place while DSP board outputs the data
to analog output. This is ideal if the user needs to selectively record the
acquired or processed data. Other features include telephone hand-set
interface and output volume control. Menu driven software (in ‘C’) and
source code is provided for acquisition control.

® Introduction to Practical Signal Processing Volume 1

This DSP lab course, based around the TMS320C30, is for professionals
and students interested in learning elementary and advanced topics in
Digital Signal Processing. The objective of the course is to see 'digital
signal processing in action’. The course offers hands-on learning expe-
rience for DSP theory and application with the help of the Sonitech
EDSP Workstation. Qnly an IBM XT/AT and Sontech’s TMS320C30
Applications and Development System is required.

L] Advanced Practical Digital Signal Processing Volume 2

The follow up of Volume 1 to the “Practical DSP”. The course offers
hands-on learning experience for DSP theory and applications.

[ ] Product and Applications Development Services

Sonitech offers proven expertise in development of products and appli-
cations based around the TMS320 DSP family including TMS320C30
based products requiring hardware, software, and applications.
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Nature of Product(s): Algorithm Development Software, Simulator
Functional System(s): Sun-3
Device(s) Supported: TMS320C30

SPOX Realtime DSP Operating System for the TMS320C30

The cost of developing software for advanced realtime DSP applications
continues to escalate. Dramatic improvements in hardware
price/performance have led to a ‘software crisis’ in which new, more
sophisticated DSP processors become available than applications can
be developed.

Spectron is addressing the issue of rising DSP software costs through
SPOX, an operating system for the TMS320C30 that offers developers
two important benefits: software productivity and application portability.

Gains in productivity are achieved through high-level software func-
tions, supported by SPOX, which insulate reaitime DSP applications
from the details of the hardware. These functions are equally important
in achieving applications portability, in that the same programming in-
terface currently implemented atop thg TMS320C30 will be available on
TI’s next-generation DSP processors as well.

SPOX differs from other operating systems in that it's capabilities are
application-specific, much as the TMS320C30. SPOX augments a
high-level programming language like C with software components tar-
geted especially for realtime DSP: an extensible math package, config-
urable memory management, device-independent stream 1/0, and
multi-tasking kernel.

TMS320C30 Simulator and Software Development for the Sun-3

Spectron MicroSystems, Inc. also supports a TMS320C30 simulator for
the Sun-3 Workstation. Software development for the TMS320C30 is
supported on the Sun-3 Workstation with the TI TMS320C30
assembler/linker and C compiler. The simulator user interface, capabili-
ties, and features are similar to those of the TI TMS320C30 simulator for
the IBM PC and VAX VMS.
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9.3.52 Spectrum Signal Processing Inc.

Nature of Product(s): Assembler, Simulator, Algorithm

Development Hardware, Algorithm
Development Software, High Level
Language Compiler

Functional System(s): IBM PC
Device(s) Supported: TMS320C1x, TMS320C25

TMS320C1x Development System

The TMS320C1x Development System provides a complete develop-
ment system environment for any of Texas Instruments first-generation
TMS320C1x digital signal processors. The Development System con-
sists of a Software Development System (SDS) and optional hardware
modules including an EPROM Programmer Module and full in-circuit
emulator (ICE) Modules. This system supports the Texas Instruments
TMS320C14 DSP microcontroller, as well as the TMS320C10,
TMS320C15, TMS320C17, and their EPROM equivalents.

The features of the Development System include:
Software Development System (SDS)

- Window-based monitor/debuffer software includes single-step,
breakpoint, and file I/0..

- Simulation of all members of TMS320C1 x family.

- LSI TMS320C1x Absolute Assembler and a text editor.

- IBM-PC/XT/AT or true compatible plug-in board.

Optional Hardware Modules

- EPROM Programmer Module for the TMS320E14, TMS320E15,
and TMS320E17 processors.
- Full-featured in-curcuit emulator/trace (ICE) modules.

The EPROM Programmer Module is designed for fast prototyping and
algorithm proving in stand-alone target systems. Users may program
EPROM variants of the TMS320C1x processors by connecting the Pro-
grammer Module to the PC plug-in board via ribbon cable. The Module
includes sockets for the TMS320E14 (68-pin) and TMS320E15 and
TMS430E17 (40-pin). There is an on-board Vpp generator. The mo-
dule is directly controlled from the SDS, and software is included for
programming TMS320E1x devices.

ICE Modules for each member of the TMS320C1x are available. By
connecting different ICE Modules to the PC plug-in board, the
TMS320C1x Development System can be configured to emulate any of
the TMS320C1x processors. Target connectors are provided for DIP or
PLCC package options to give a true physical representation of the de-
vice on the hardware application. The full-speed ICE is compatible with
all the SDS software and hardware described.
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Each ICE Module has an 8K-byte by 64-trace RAM buffer to capture
valuable hardware debug information from internal registers, busses, 1/0
pins/ and control signals independent of program execution. A real be-
nefit to designers of realtime systems is the ICE module’s ability to con-
tinue program execution after the trace capture is halted. The trace
capture can be later displayed.

TMS320C25 System Board

The TMS320C25 System Board is an IBM PC plug-in board based on
the TMS320C25 singie-chip digital signal processor. With software
from Spectrum and Texas Instruments, the board provides a complete
DSP development environment for a PC-based workstation.

Features of the board are:

- TMS320C25 16-bit 100-ns processor

- DSP LINK System Expansion Interface

- 128K-words of on-board memory capacity

- High-speed 16-bit A/D and D/A with sample-and-hold
- Global memory capability via DSP LINK

- 5M-bps full-duplex serial 1/0

- Complete debug monitor

- ‘C’ board drivers

The system runs at full speed (100-ns instruction cycle) and comes with
16K-words of 35-ns static RAM for zero wait-state operation. Occupy-
ing only eight 1/0 locations in the PC’s address space (relocatable to
eight places), users may configure up to eight boards in one PC. There
are on-board address counters for efficient block transfer operations.

" The PC has direct access to all external RAM, and can read and write

programs while the processor is running.

In addition to the on-board analog interfaces, data can also be acquired
via the DSP LINK system expansion interface. This 50-pin standardized
expansion bus is featured on most Spectrum products including multi-
channel data acquisition boards, providing users with the flexibility of
tailoring a system to match their analog 1/0 requirements.

A complete debug monitor is provided for software development and
debugging. An optional monitor features include single-step, break-
point, disassembly, program loading, data upload/download, register
inspection/modification, and full speed operation. Sample programs
familiarize the user with program development and give good examples
of how the system can be used in the PC environment. These sample
programs include a 128-point FFT, a realtime FIR fiiter, and a data iog-
ger. Source code for these programs is included as part of the system
documentation.

A library of 'C’ board drivers for the PC is provided which can be easily
integrated into the user’s own PC interface code using standard 'C’
calling conventions.

Spectrum provides a simular board without analog 1/0, the TMS320C25
Processor Board
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® DSP LINK Peripherals

Spectrum’s DSP LINK peripherals are compatible with the DSP LINK
system expansion interface and be connected to any DSP system or
processor board. DSP LINK specifications are available for custom in-
terfacing.

Following are brief descriptions of Spectrum DSP LINK peripherals:

4-Channel Analog 1/0 Board - Four 12-bit input channels
(68-KHz/channel) with quad synchronous sample-and-hold, two
12-bit output channels, third order low-pass resistor programmed
filters on input and output, DSP LINK data transfer interface.
32-Channel Analog Input Board - 32 12-bit input channels
(7-KHz/channel) with 4-channel synchronous sample-and-hold,
32 first order low-pass resistor programmed input filters, 32 input
buffer amplifiers, DSP LINK data transfer interface.

Pro-Audio Board - AES/EBU interface, 48-,44.1-,32-KHz clock,
word sync, DSP LINK data transfer interface.

Pro-Audio Board (with SONY PCM and MIDI Interface) -
AES/EBU interface, SONY PCM interface, MIDI interface, 16x16
cascadable RAM, 48-/44.1-/32-KHz clock, word sync, DSP LINK
data transfer interface.

DSP LINK Prototype Module - DSP LINK slave wire-wrap inter-
face for easy design of custom peripherals, buffered data, decoded
address,R/W strobes.

DSP LINK Dual-Processor Communications Module - Allows two
processors to communicate via DSP LINK.

Note:

Spectrum Signal Processing, Inc. holds the exclusive North American
rights for the distribution of Loughborough Sound Images (see separate
listing in this section) TMS320 development systems. For ordering infor-
mation in North America, contact Spectrum Signal Processing, Inc.
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): Stand-alone
Device(s) Supported: TMS320E14

SES-320E14EVAL Prototyping and Controller Evaluation Board

The SES-320E14EVAL is a low-cost, single-board computer designed
for prototyping and the evaluation of high-speed digital controllers.
Based on the Texas Instruments TMS320E14 microcontrolier, this ver-
satile board can operate at clock frequencies up to 24-MHz. Physically,
the SES-320E14EVAL measures approximately 5.5 by 7.5 inches, and
is interfaced to a serial terminal through a RS-232 port.

Features of the SES-320E14EVAL include:

Processor: TMS320E14.

Memory: 8K-bytes of on-board EPROM, 16K-bytes of zero-wait-
state RAM with Bank Switching Logic (two banks of 4K-words x
16).

Counter/Timers: Up to six compare outputs or four capture inputs.
Parallel 1/0: 16 individually configured /O pins.

Serial Port: One RS-232 compatible port (IBM compatible DB-9).
A/D Converter: AD7821 A/D with ADG506A 16 channel multi-
plexer 16 channels, 660 nanosecond/conversion. :0ff-Board 1/0:
16-bit data bus with six decoded addresses. 16-bit parallel 1/0
bus. 16 analog input channels with 8 bit resolution. Programming
interface for on-board TMS320E14 EPROM.
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9.3.54 Symmetric Research

Nature of Product(s): Assembler, Algorithm Development Hardware
Functional System(s): IBM PC
Device(s) Supported: TMS32020, TMS320C25

TMS32020 Coprocessor Board and ASM20 Assembler

The board and assembler form a completely integrated development en-
vironment for the TMS32020 using the IBM PC/XT/AT and compat-
ibles. The TMS32020 Coprocessor Board provides users with hardware
development and debugging capabilities. A monitor/debugger, a utili-
ties library, and a number of applications programs are included. The
Coprocessor Board comes with on-board memory ranging from 3K- to

- 256K-bytes. The ASM20 Assembler for the TMS32020 supports a

complete set of assembler directives.

TMS320C25 Coprocessor Board and ASM25 Assembler

The coprocessor board and assembler form a completely integrated de-
velopment and debugging environment fot the TMS320C25 using the
IBM PC and compatibles. A monitor/debugger, utilities environment,
and many applications programs are included with the coprocessor
board. Circuit diagrams are also included for I/O bus and serial port
customization. Typical benchmarks for the board include 5-second
fractal and 30-millisecond 1024-point FFT. The coprocessor comes
with onboard memory ranging from 32K- to 256K-bytes.
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Figure 9-16. TMS320C25 Coprocessor Board and ASM25
Assembler from Symmetric Research
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9.3.65 Tartan Laboratories, Inc

Nature of Product(s): High Level Language Compiler
Functional System(s): VAX (VMS)
Device(s) Supported: SMJ320C30

ADA Compiler for the SMJ320C30

Texas Instruments and Tartan Laboratories jointly developed an ADA
compiler for the TMS320 DSP chip. The target processor for the com-
piler is TI's SMJ320C30, a third-generation DSP developed for military
applications requiring advanced signal processing capabilities such as
RADAR, SONAR, image processing, missile guidance and tracking, and
communications. Completion of the compiler is expected in late-19889.

The compiler, to be hosted on a Digital Equipment Corporation VAX
(VMS) system, will implement ADA as defined in ANSI/MIL-STD-
1815A-1983.
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9.3.56 Teknic Inc.
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): N/A
Device(s) Supported: TMS320C14

TMS320C14 Evaluation Board/Servo Controller System

The Teknic Evaluation System allows the user to develop motion control
systems based on the TMS320C14 DSP quickly and easily. Reconfig-
uring the board for many different applications is simple and completely
programmable.

On-board power drivers, 1/0, and signal conditioning eliminate any need
for external fabrications, allowing the application to be prototyped im-
mediately. This speeds development and frees the engineer to work on
the control software. Software configurability minimizes DIP-switches
and jumpers. This ensures the compatability of any application program
with any evaluation board.

Features of the TMS320C14 Evaluation Board/Servo Controller are:

- Includes monitor/downloader

-  8K-byte program memory »

- TMS320C14 may be evaluated without I/O logic, servoamps, or
A/D if so desired

- RS-232 connector included
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Figure 9-17. TMS320C14 Evaluation Board/Servo
Controller System from Teknic Inc.
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9.3.67 Tektronix
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): 1240/1241 Logic Analyzer
Device(s) Supported: TMS32010, TMS32020, TMS320C25

Tektronix supports TMS320 development on their 1240/1241 Logic Analyzer.
The 1240/1241 Logic Analyzer provides complete state and timing analysis
support for hardware, software, and integration applications. It is ideal for the
testing and debugging of algorithms on TMS320 hardware. Powerful trig-
gering, dual timebase, and mnemonic disassembly make the 1240/1241 a va-
luable tool for developing processor-based products.

® 12RM99 TMS320 Mnemdnic Disassembly ROMPACK

The 12RM99 TMS320 Mnemonic Disassembly support enables a Tek-
tronix 1240/1241 Logic Analyzer equipped with 54 channels to capture
and display TMS32010, TMS32020, and TMS320C25 DSP bus cycles.
Disassembly is provided in absolute, hardware, and software formats.

] 12R01 Performance Analysis ROMPACK

The 12R01 offers the software designer the ability to finetune a
TMS32010, TMS32020, or TMS320C25 algorithm. The 12R01’s his-
togram display eliminates the guesswork involved in diagnosing soft-
ware inefficiencies by enabling the 1240/1241 to capture and display
TMS320 bus cycles.
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9.3.68 TelePhoto Communications

Nature of Product(s): Algorithm Development Hardware, Algorithm

Development Software

Functional System(s): IBM PC
Device(s) Supported: TMS32020

TMS32020 Development System

TelePhoto Communications’ TMS32020 Development System is ideal
for applications such as image processing (compression, overlay, merge,
enhancement, and recognition), speech processing (pitch detection and
phoneme recognition), natural language processing, and scientific and
artificial intelligence research. The system consists of a single full-size
board and the software required for loading, running, and debugging
TMS32020 application programs. A powerful debugger offers the capa-
bilities of a software simulator in hardware for realtime program exe-
cution.

The development system, based on the TMS32020, offers 16K-bytes of
high-speed (50-ns) RAM, expandable to 128K-bytes (64K-words of
data memory). It also offers operation with no wait states. The
TMS32020 RAM can be mapped into a 64K-byte address space in the
IBM PC and accessed directly by the PC for program and data load.
Data can be transferred to and from the TMS32020 RAM via an IBM
PC DMA channel. An on-board selectable clock allows operation at 14
MHz and 20 MHz (other speeds attainable with a user-supplied crystal).
A large prototyping area is available on the board for custom circuit de-
velopment.

The system supports the TMS32020 assembler/linker and object code,
and includes a TMS32020 object code loader and executor. An optional
debugger with single-step, breakpoint/trace, assembly/disassembly, and
memory/ register dump capability is available. Color image compression
software for the development system is also available.
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Figure 9-18. TMS32020 Development System from TelePhoto
Communications

® ALICE Image Compression/Expansion System

The ALICE system has been developed for the compression of high-re-
solution digitized images for picture database storage or transmission
over standard telephone lines. The hardware/software package runs on
the IBM-PC/XT/AT and compatibles and is based on the TMS32020.
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9.3.59 Texas Instruments, Inc.

Nature of Product(s): Application Hardware
Functional System(s): IBM PC
Device(s) Supported: TMS32010

T1-Speech

The Texas Instruments speech development system, Tl-Speech, is an
advanced voice interface and communications package that provides a
base for sophisticated voice and data integration. The piggybacked,
two-board speech processing system is built around the TMS32010,
occupies one of the PC’s expandable slots, and provides a combination
of communications functions never before offered to a PC user. These
functions include:

- Speaker-dependent speech recognition

- Voice store-and-forward at 2.4/9.6/16/32-kbps data rates
- Text-to-speech

- Speaker verification

- Integrated telephone functions

- Pulse or tone dialing

- Dual-tone multifrequency decoding (DTMF)

- Selection of communications channels.

By combining these functions with the proper software, voice com-
mands can be given to any application, thereby providing an intelligent
telephone, a sophisticated telephone answering machine, or more.

TI-Speech has three major components: system hardware, system soft-
ware, and transparent keyboard software. These components work to-
gether to combine the functions described above into useful tools. In
addition, Tl offers a speech design kit to software developers for de-
signing additional applications around the hardware component.
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9.3.60 TIAC Systems, Inc.
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Nature of Product(s): Algorithm Development Hardware, Algorithm

Development Software

Functional System(s): IBM PC
Device(s) Supported: TMS32010, TMS32020, TMS320C25

PC-320 Digital Signal Coprocessor

The PC-320 is a complete digital signal processing mainframe that is
capable of performing a wide variety of realtime digital signal processing
tasks. Utilizing the TMS32010 technology, the system can be tailored
to specific applications. The coprocessor nature of the PC-320 design
allows the desired signal processing to be run in parallel with other PC
applications. In some applications, the PC may act as a user interface
that monitors the selection of processing tasks for the PC-320, the dis-
play of results, and the storage and retrieval of data. In other applica-
tions, once a task is loaded from the PC host onto the PC-320, the signal
processing runs concurrently with the host machine.

PC-325 Digital Signal Coprocessing System

The PC-325 is a powerful general-purpose DSP system which plugs
into an IBM PC or AT host. Utilizing the TMS32020 or TMS320C25
single-chip digital signal processor executing at up to 10-MIPS, the
PC-325 is capable of performing a wide variety of realtime DSP tasks.
The PC-325 was designed to provide users with a flexible, digital signal
processing mainframe capable of satisfying a diverse range of DSP re-
quirements. Expanded analog I/O, external global memory banks, and
specialized communication interfaces are available on APC or IPC ex-
pansion boards which plug into the PC-325’s expansion connector.

Features of the PC-325 include:

- TMS32020 or TMS320C25 versions.

- User selectable 8-bit PC or 16-bit AT host interface.

- 64K-word dual-port RAM, simultaneously accessible by the host
and TMS320C25, with a fixed TMS320C25 access time.

- 64K-word high-speed TMS320C25 RAM with zero wait-state ac-
cesses.

- Dynamically mappable memory space allowing the user to define
the base address and memory types (program or data) of the two
32K-word dual-port banks and two 32K-word high-speed memory
banks.

- On-board 8254 interval timer chip with three counter/timers.

- On-board analog interface chip with 16-bit 19.2-KHz A/D and
D/A converters.

- Flexible, hardware-configurable interrupt, polling, and interval
timer structure.

- APC and IPC expansion ports containing TMS320C25 address,
parallel and serial data, and control busses.

- Inter-PC-325 communication port allowing for multiple PC-325
parallel processing.
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[ ) IPC-102 Data Acquisition Daughter Board

The IPC-102, designed as a daughter board to plug into the PC-320.
Features include:

- Two analog input channels configurable to accept +/- volit bipolar,
or 0 to 10 voits unipolar signals.

—  Two analog output channels configurable for similar bipolar and
unipolar outputs.

- A 16-bit digital input port and a 16-bit digital output port.

Analog input signal conditioning options include plug-in filter modules
and user-selectable/adjustable gain. Analog signals are converted via a
200-Ksample per second 12-bit A/D converter, which is connected di-
rectly or alternately to either input channel under user software control.

o SAB-320 Signal Analysis BIOS Software

The signal analysis basic input/output system (SABIOS) is designed to
simplify the creation of realtime signal analysis applications. The SAB-
10S is a set of driver calls that perform a complete set of signal proc-
essing functions. These functions vary from simple data movement
operations, such as moving a block of sample data between the PC-320
and the host PC, to complex signal processing functions such as the
FFT. SAB functions are invoked using software interrupts, thus provid-
ing simple interface compatibility for several application languages.
Function classes contained in the package include correlation analysis,
waveform generation, spectrum analysis, parameter array data manage-
ment, and waveform display.
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9.3.61 Valid Logic Systems
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Nature of Product(s): Simulator
Functional System(s): Sun-3, Sun-4, and VAX
Device(s) Supported: TMS320 Family

Realchip Hardware Modelling System

The Realchip hardware modelling system accommodates VLS| devices
with up to 128 active signals, such as the TMS320 family of digital sig-
nal processors. Included in its key features are:

- Programmable clock rates up to 4 miilion clock edges per second.

- Maximum capacity of 4096 bidirectional signal channels.

- Simulations of 32 thousand clock edges (typical) for dynamic de-
vices.

- Networked resource for simultaneous access by muitiple simu-
lations.

Realchip Il Hardware Modelling System .

Realchip Il is a second generation modelling system and accomodates
VLSI devices with up to 256 active signals, such as the TMS320 DSP
family. Printed circuit boards are also supported. Included in Realchip
lIs key features are:

-

- Programmable clock rates up to 16 million clock edges per second.

- Maximum capacity of 1536 bidirectional signal channels.

—  Simulations of 2 million clock edges (typical) for dynamic devices.

- Networked resource for simuiltaneous access by multiple simu-
lations.

Realfast Simulator Accelerator System

The features of the simulator accelerator system, designed for use with
Realchip include:

- Up to 500,000 events/second simulation speed (equivalent to
1.25-million evaluations/second).

- 1 million (2-input) primitives maximum capacity.

- Transparent operation within Valids' simulation environment.

Realmodel Simulation System

Realmodel is a unique product that combines advanced hardware mod-
elling and simulation acceleration in a single high performance unit.
Direct communication between the accelerator and the hardware mode-
ler allows Realmodel to provide unmatched performance in simulation
of systems containing switch, gate, functional, behavioral, and hardware
models. Included in it's key features are:

- Programmable clock rates up to 16 million clock edges per second.

- Maximum capacity of 1536 bidirectional signal channels.

- Simulations of two million clock edges (typical) for dynamic de-
vices.
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Up to 0.5M events/second simulation speed (1.25M evaluations/

second) ’
One million (2-input) primitives maximum capacity.

Transparent operation within Valids’ simulation environment.
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9.3.62 Votan
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Nature of Product(s): Applicatioh hardware
Functional System(s): IBM PC
Device(s) Supported: TMS32010

VPC2100 Voice Board

The VPC2100 Voice Board from Votan is a hardware and software sys-
tem, based on the TMS32010. The voice board, featuring continucus
speech recognition, enables the user to speak in a natural conversational
flow rather than pausing between each word as required in most recog-
nition systems.

The VPC2100 consists of a printed circuit board, microphone, speaker,
software, and documentation. It is designed to add voice I/O and tele-
phone management capabilities to the IBM PC and compatibles. The
voice board has the following capabilities:

- Voice store-and-forward at 4 kbps to 16.4 bps (software select-
able) data rates.

—  Speaker-independent speech recognition (0-9, YES, NO).

- Continuous speaker-dependent speech recognition.

- Integrated telephone functions, such as telephone interface, pulse
or tone dialing, call progress, and DTMF. encoding/decoding.

—  Software for development, voice mail, telephone management, and
VoiceKey.

- High level applications generator software.
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9.3.63 Whitman Engineering, Inc.

Nature of Product(s): Algorithm Development Software
Functional System(s): IBM PC
Device(s) Supported: TMS32010, TMS32020

Product Development System

Whitman Engineering provides a PC-based product development system
for both the TMS32010 and TMS32020. The basic software includes
the MADCAP package, plus five preprogrammed links to the TMS32010
or TMS32020 assembiler/linker/simulator software, ASPl’s digital filter
design package, and a standard MS-DOS text editor. A main menu se-
lection is also labeled for linking in the software driver for the user’s data
acquisition hardware. Three user-defined module links allow interface
of additional hardware and software. The Tl-Speech board has been
interfaced as one of these modules to allow the designer to download
TMS32010 code and data to a plug-in peripheral. The option also pro-
vides the software for developing and interfacing an end product such
as a Tl-Speech board.

MADCAP DSP Workstation

The MADCAP software system is useful as a design station and for
product development from design through production quality control.
The system also serves as a basic signal processing workstation with the
following main features:

- Signal and special function generation

- 32-bit floating-point FFT routines for forward and inverse trans-
forms on real or complex data

- Standard power-of-two and mixed-radix FFT algorithm with 94
extra transform lengths

- High-resolution graphics, stripchart and numerical display options

- Fully-automated filing for 3200 files and the ability to transfer files
from outside sources.

Using the mixed-radix FFT algorithm when developing TMS320 designs
allows accurate measurement of the frequency response and quantiza-
tion characteristics of the TMS320 code. Mixed-radix FFT filters can
be placed in seven times as many locations as standard FFTs.

The internal synthesizer, keyboard entry, external source, and FFT/IFFT
selections from the main menu allow test sequences to be developed and
test results to be analyzed and displayed for:

- Software simulation

- TMS32010 and TMS32020 code simulation

- Code run on the Tl-Speech board’s TMS32010 chip
- Code run on dedicated prototype hardware

- Code run on production hardware.
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Far East

9.3.64 Advanced Digital System Industries, Ltd.
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): IBM PC
Device(s) Supported: TMS32010

ADS-2

The ADS-2, an inexpensive IBM-PC board, can accelerate the PC for
signal processing computations by almost 100 times. The ADS-2 allows
a system to accept, process, and deliver analog signals, and contains a
TMS32010 DSP, 4K words of program memory space, and almost 16K
words of data memory space. A program disk containing various nu-
meric subroutines, such as FFT algorithms, is included.
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9.3.65 ASR International

Nature of Product(s): Assembler, High Level Language Compiler,

Algorithm Development Hardware, Algorithm
Development Software
Functional System(s): [BM PC, PDP-11 Q-bus, VMEbus, Sun-3,
MicroVAX
Device(s) Supported: TMS32010, TMS32020

Note: ASR International is the Far East agent for Sky Computers (see
separate listing in this section). Refer to Sky Computer’s listing for a
complete description of available products.
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9.3.66 Burr-Brown Japan

Nature of Product(s): Algorithm Development Hardware
Functional System(s): VMEbus, SUN-3/SUN-4 Workstations
Device(s) Supported: TMS32010, TMS32020, TMS320C25

Note:

Burr-Brown Japan is the far eastern distributor for all Burr-Brown pro-
ducts. Refer to Burr-Brown’s listing in the North America portion of this
section for @ complete description of their offerings. -
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9.3.67 CGA Corporation

Nature of Product(s): High Level Language Compiler, Algorithm
Development Hardware, Algorithm Development
Software

Functional System(s): NEC PC-9801

Device(s) Supported: TMS32020, TMS320C25

° DSP-TURBO System

The DSP-TURBO system consists of software and hardware. Some
features of the software are:

—  Stand-alone development environment on the NEC-9801

- Provides the C compiler made by CGA Corporation

- Provides the C language’s function-calls which make use of the
micro-code program of the TMS320C25

- Multiple memory handling between the host and the DSP board.

There are three units of hardware for the DSP-TURBO: two units that
contain the TMS320C25 and an optional memory board.

The two TMS320C25 units are:

- DSP-TURBO | Board - This is a plug-in board for the NEC
PC-9801.

- DSP-TURBO Il - This is a box containing the power supply re-
quired if the added memory board is needed. It is connected as an
external device to the NEC PC-9801.

The optional memory board contains 64K-bytes of high-speed RAM. It
plugs into the DSP-TURBO II.
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9.3.68 Chubu Denki Corporation
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Nature of Product(s): Algorithm Development Hardware, Algorithm

Development Software

Functional System(s): NEC PC-9801
Device(s) Supported: TMS32010, TMS320C25

DSP320 Board and Utility Software

The DSP320 plug-in board and utility software for the NEC PC-9801
supports digital signal analysis with FFT/IFFT and Digital Filtering al-
gorithms. Features of the software are:

Real FFT - 128 to 1024 points
Complex FFT - 128 to 1024 points
Windowing

Digital filtering

Inverse FFT with spectrum

[ T T A |

DSP320 Board using the TMS320C25

This board offers all the features specified above, using the TMS320C25
in place of the TMS32010.

DSP320AR Board and Utility Software

The DSP-320AR plug-in board and utility software for the NEC
PC-9801 supports spectral analysis with the FFT method and the Linear
Predictive method. Some major functions of the software are:

- 3-D spectral display with PCM data array or PARCOR coefficients.
- Analyzed AR-model and display poles on an S-plane.
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9.3.69 Emona Enterprises Pty Ltd.

Nature of Product(s): Algorithm Development Hardware
Functional System(s): N/A
Device(s) Supported: TMS32010

Telecommunications Instructional Modelling System (TIMS)

TIMS is a laboratory teaching system used in technical schools and
universities by students in both introductory and advanced telecommu-
nications engineering courses. It is based on a highly successful uni-
versity teaching system and has been designed in conjunction with
telecommunications lecturers.

TIMS is unique in that the teaching system allows any analog or digital
modulation or coding technique to be modelled on the one system.
TIMS is able to model such communications systems through its range
of fundamental building blocks or modules. These modules are com-
posed of basic electronic circuits on Eurocard boards which correspond
to fundamental mathematical operations (adders, multipliers, etc.) and
electrical functions (oscillators, filters, amplifiers, etc.). As a result of this
modularity, the TIMS system is extremely flexible. Experiments can be
selected to suit the objectives of each individual course.

TIMS is ideal for teaching students the fundamental principles of tele-
communications because the actual theories and equations are imple-
mented in experiments. A benefit of the TIMS system is its fully
self-contained design. The only other piece of equipment required is an
oscilloscope. DSP modules are also incorporated which are specificaily
designed for the teaching environment. These modules allow DSP im-
plementations to be demonstrated alongside traditional discrete tele-
communications techniques. Prewritten programs illustrate the
application of this technology in introductory lab courses. In advanced
coursework, the student gains practical experience by actually develop-
ing and testing programs.

The TIMS DSP processor modules utilize the TMS32010, running at 20
MHz, with high speed EPROM and RAM. An onboard microcomputer
provides all program up and down load facilities via a serial link to the
host computer. A monitor program facilitates data and 1/0O port manip-
ulation . The Analog Interface Module provides high speed A/D (12 bits
5 ps) and D/A converters, plus digital 1/0 and other user interfaces.
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9.3.70 MTT Corporation

9-128

Nature of Product(s): Assembler, Simulator, Algorithm

Development Hardware, Algarithm
Development Software

Functional System(s): NEC PC-9801, NEC/IBM PC, VME-bus
Device(s) Supported: TMS320C25

DSP1025 DSP Development Board

The DSP1025 is a plug-in board for the NEC/IBM PC. It uses the
TMS320C25 DSP. This is a hardware-only product that has the fol-
lowing features:

- 2K-bytes of multiple two-port memory
- 32K-words of data memory
- 32K-words of no-wait high-speed memory

A typical speed of execution for this product is 17.2-mS for a 1024 point
complex FFT.

MVMES560C25 DSP Board

The MVMEB60C25 is a DSP board for the VME-bus. It uses the
TMS320C25 DSP. It is a hardware-only product designed for high-
speed applications, such as speech and image processing, digital filter-
ing, spectral analysis, data communications, and realtime controls.

Software Development Tool Support

MTT offers software development tool support for the NEC PC-9801,
the IBM PC/AT, and the NEC/IBM PC. These tools include assembler,
linker, simulator, and debugger.
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9.3.71 System Engineering Corporation

Nature of Product(s): Algorithm Development Hardware
Functional System(s): NEC PC-9801
Device(s) Supported: TMS320C25

TMC320C25 DSP Development Board

The TMC320C25 is a plug-in DSP development board for the NEC
PC-9801. It uses the TMS320C25 DSP. Board specifications include:

64K-word program memory

64K-word data memory with 4K-word dual-port memory
- 14 channel 1/0
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Europe

9.3.72 Computer Solutions Ltd.
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Nature of Product(s): High Level Language Compiler, Algorithm

Development Hardware, Algorithm
Development Software

Functional System(s): [|BM PC
Device(s) Supported: TMS32020, TMS320C25

polyFORTH DSP System

The polyFORTH DSP System for the IBM PC contains the TMS32020
or TMS320C25 and is controlled by the FORTH language system. The
speed of the DSP combined with the flexibility of the FORTH language
makes this an ideal environment for developing signal processing appli-
cations. The polyFORTH DSP System includes a resident assembler,
16/32-bit fixed-point arithemetic (including trigonometric and logarith-
mic functions), multitasking with multi-terminal operation via the PC,
and interrupt support. An example program is included with the package
which demonstrates a data acquisition system in which the DSP board
performs an FFT while the PC maintains a graphic display of the result.

COMSOL DSP System

COMSOL DSP System is a high-level programming environment for the
TMS320C25. This DSP system combines the polyFORTH programming
language with a TMS320C25 Loughborough Sound Images board in-
terface (for IBM-PC). The system is intended for target hardware de-
velopment as well as desktop signal processing. Included software
allows the PC to access disk and graphics facilities while the
TMS320C25 accesses 1/0 and processes the next data block or element.

The ponFORTH compller is a spec:al high-speed implementation of the
FORTH high-level programming .anguage specifically developed for re-
altime control and instrumentation. It is characterized by fast execution
and direct compilation of source code to executable code (without in-
termediate steps for linking and download).

The COMSOL DSP System includes resident assembler/disassembler,
trace/breakpoint buffer, fixed and floating point support, multitasking
and interrupt support, plus DSP extensions for FFTs and waveform
generation.
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9.3.73 dSPACE GmbH

Nature of Product(s): Application Hardware, Algorithm Development

Hardware, Algorithm Development Software

Functional System(s): IBM PC
Device(s) Supported: @ TMS320C1x, TMS320C2x

DSP-CITpro Development Software

The DSP-CITpro software is an advanced high-level development and
programming tool for the implementation of high-speed multivariable
controllers on the IBM PC/AT. While the development part is general
for any target hardware, the programming part is tailored to automatically
generate high-efficiency code for the TMS320 family DSP. The DSP-
CiTpro concentrates on linear, multivariable control systems, described
in terms of subsystems. Every piece of information about the controller
(sampling time, sampling delays, A/D-D/A and internal signal ranges,
description of arithmetic) is incorporated. Multirate and nonlinear con-
troller structures will be incorporated in a later version of this product.

A choice of different digitization methods and analysis tools is provided
to digitialize analog controller outputs with the highest degree of accu-
racy. The ability to select different controller structures is provided to
decrease the number of controller coefficients, and the sensitivity of
controller coefficients with respect to quanitization and internal signal
quanitization. Automatic scaling fits the internal controller states, inter-
mediate results, and controller coefficients into a desired value range.

The effects of asynchronous sampling of controller 1/0 delays, as well
as computational delays, can be examined for the open-loop and
closed-loop system. This analysis tool may be used to analyze the sta-
bility of a closed loop system with known controller delays, but can alsé
be used, for example, for finding the specification of the least expensive
(slowest) 1/0 that will meet predetermined stability requirements.

The DSP-CITpro provides a simulation tool that permits the closed-loop
simulation of the analog circuit model with the discrete controller (in-
cluding all delays, A/D-D/A and processor quanitization, overflow,
sampling, and computational delays) before actual building of the cir-
cuit. All necessary data for the controller simulation is derived from the
controller description.

DSP-CITpro Programming Software

After development is complete, the DSP-CITpro Programming Software
provides task-specific automatic highly-efficient code generation which
supports the TMS320C1x and TMS320C2x. The automatic code gen-
eration takes place in two steps: first, an intermediate DSP language re-
presentation is derived, and then this representation is compiled to ASM
source.

A high-level language DSPL is tailored to control and filtering applica-
tions with DSP. In addition to the normal set of control statement and
expressions found in a high-level language, DSPL allows easy pro-.
gramming of multirate controllers and |/O communication. Language
constructs for fractional arithmetic, scalar product computation with au-
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tomatic scaling, overflow-handling, and optimal utilization of DSP stor-
age and speed are very important features of DSPL for programming
fixed-point DSP. After automatic code generation of linear controller
subsystems in DSPL, multirate and nonlinear controller parts can be ad-
ded in DSPL before ASM source is generated. A mechanism to include
hand- programmed ASM or ASM produced by other high-level Ianguage
compilers is also available.

DSP-CiTpro DS1001 Processor

The DS1001 processor is a high-performance non-compromise PC-AT
compatible board (check with dSpace regarding PC/XT compatibility)
based on the TMS320C25 DSP.

Figure 9-19. DSP-CITpro DS1001 Processor from dSPACE
GmbH

Key features of the DS1001 are:

- No wait-states at 40-MHz - There is only 0ne exception, when the
host computer and DSP want to access the same dual-port mem-
ory word at the same time. When this happens, the host computer
will go first.

= True dual-port RAM to host computer - 4K-words (16-bit) of data
memory are accessible by both the DSP and host computer simul-
taneously. Only simultaneous access to the same memory word
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may lead to wait-states for the DSP. Other boards frequently have
simple dual-port RAMS which lead to several wait states at every
host computer access.

- 16K-words of program RAM and 20K-words of data RAM in the
basic version - It is possible, as an option, to upgrade up to 64K-
words. All RAM is mapped into host computer space. There is
automatic handling of host access and 16-bit transfers.

- 2iK-words EPROM option - Sockets for zero-wait EPROMS are
provided.

- No setup. hardware jumpers - Complete setup control by host
computer and DSP software.

- Watchdog - A watchdog recognizes power failure, peripheral fail-
ure (via 1/0 bus), and failure of the DSP to reset the watchdog
timer. Watchdog action can be selected to be either (1) DSP reset
and restart (soft failures) or (2) Reset of DSP and peripherals
without restart (hard failures). Power failure is always considered
a hard failure.

- Slow timer - The watchdog timer can be used as a large period
timer (larger than the DSP’s own timer).

- Diagnostic mode - In this mode, the host computer has access to
everything to which the DSP has access: peripherals, interrupt-
controller, etc..

—  Autovector interrupt - A fast interrupt-controller overcomes the li-
mitations of the DSP. There are eight interrupt channels available
on-board. Peripheral boards can increase the number of autovec-
tored interrupt channels to 64 by cascading. Typical interrupt la-
tency is one microsecond.

- DSP may interrupt host computer and vice versa

- Memory-mapped I/0 - Up to 256 1/O devices can be addressed.

—  32-bit full-speed 1/0 bus design - Allows for later replacement of
the processor board by the TMS320C30 32-bit processor without
the necessity of also replacing the 1/0 systems.

- Host computer may run in protected mode - DSP memory space
(program and data) can be mapped into any portion of the PC-AT
memory space up to it's 16 M-byte limit.

® DSP-CiTpro DS1101 Controller Board

The single-board DS1101 is based on the TMS320C14 or TMS320E14
DSP chip. The chip is surrounded by a set of off-chip peripherals (ADC,
DAC, decoder). The DS1101 allows implementation of nontrivial multi-
variable control systems at high sampling rates. It is PC and PC-AT
compatible, but can also be used stand-alone as an Evaluation Module
(EVM). It is ideal for, but not restricted to, one or two axis motion
control. The basic version of the board has two analog input channels,
one analog output channel, and one incremental encoder input. An
option doubles these inputs by filling the on-board sockets.

A line of low cost software tools for the DS1101 will be derived from the
dSPACE DSP-CITpro control implementation toolset for easy imple-
mentation of nontrivial controllers. The software part of DSP-ClTpro
will also support the DS1101.
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DSP-CiTpro DS2001 High Resolution ADC Board

The DS2001 is a PC-AT compatible board (check with dSpace regard-
ing PC/XT compatibility) incorporating five separate ADC channels with
selectable analog ranges.

Key features of the DS2001 are:

No multiplexer - Each channel has it's own converter for maximum
flexibility and minimum delay. Simultaneous sampling is possible
as well as any arbitrary and nonconstant sequence.

16-bit resolution with 12-bit linearity

Five microseconds conversion time

Sample-hold - Each sample-hold circuit can be held in transparent
mode (no-hold, buffer-only) for minimum signal delay. In track-
hold mode, maximum settling time to 12-bits is about 1.5 micro-
seconds.

Independent start of conversion - End of conversion may be sig-
nalled to the processor by either interrupt or polled-status flag.
Two’s complement output - Aligned for fractional number range.
No hardware setup jumpers - Setup control (sample-hold mode,
analog input ranges, etc.) is completely by DSP or host computer
software.

Host computer access - The host computer has access to converter
data for monitoring functions even whilg the DSP is running.
There are no DSP code changes required for this.

DSP-CiTpro DS2101 DAC Board

The DS2101 is a PC-AT compatible (please inquire about PC/XT com- -
patibility) that incorporates five separate DAC channels with selectable
analog ranges.

Key features of the DS2101 are:

12-bit resolution

Three microseconds settling time

Independent output from DSP

No hardware setup jumpers - Complete setup control (mode, ana-
log output ranges, reset) by DSP or host computer software.
Two's complement data - Independent output will usually be used
for control, but simuitaneous (zero phase shift) output may be
desired for other purposes.

Host computer access - The host computer has access to converter
data for monitoring functions even while the DSP is running.
There areno DSP code changes necessary for this.

Automatic DAC reset to zero in error situations - With respect to
DSP, 1/0 or power failure.
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DSP-CiTpro DS3001 Incremental Encoder Interface Board

The DS3001 is a PC-AT compatible board (check with dSpace regard-
ing PC/XT compatibility) incorporating six separate incremental position
encoder channels.

The key features of the DS3001 are:

32-bit counters - A 32-bit processor may read the whole counter
value in a single I/O operation. A 16-bit processor in two oper-
ations.

Pulse multiplication - The direction sensing logic performs fourfold
pulse multiplication.

Index pulse input - Sets flag which may be polled by the host
computer and DSP. In auto-reset mode, the user can select
whether to have the index pulse reset the counter once or at each
occurance. The user can also select the option of having a DSP
interrupt generated by an index pulse.

Various counter reset modes - Reset may occur three ways:
(1)DSP or computer host, (2) by index pulse once, (3) by index
pulse always.

Regulated power supplies for encoders - Standard 5-V encoders
drawing up to 200-mA each can be used without the need for an
external power supply. Narrow tolerances of power supply voitage
can be satisfied even over long cable through sense lines.

High noise immunity - Some encoders provide differential qua-
drature signals. Special logic makes use of this for improved
common mode noise rejection.

Cable failure detection.

No hardware setup jumpers - Complete setup control by host
computer and DSP software.

Host computer access - The host computer has access to converter
data for monitoring functions even while the DSP is running.
There are no DSP code changes required for this.

Two’s complement data - Delivers fractional numbers as supported
by the DSP.

Inc.

Note:

EMU-SYS Inc. is the exclusive representative in North America for dSpace
GmbH. For ordering information in North America, contact EMU-SYS
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9.3.74 Joyce-Loebl Ltd.
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Nature of Product(s): Application Hardware, High Level Language

Compiler

Functional System(s): IBM PC
Device(s) Supported: TMS32020, TMS320C25

Scientific and Industrial Applications

Joyce-Loebl’s IV/IAS vision boards provide state of the art image proc-
essing and analysis hardware which is plug compatible with PC XT/AT
computers. Specific applications software can be developed using a
comprehensive GENeral Image Analysis Library (GENIAL) of Microsoft
Pascal/C callable routines. Information from a wide range of images can
also be extracted automatically using the flexible image
processing/analysis package GENIAS - GENeral Image Analysis Soft-
ware. Data files containing object/feature measurements created by
GENIAS may be analyzed numerically, statistically, and graphically using
the data analysis program RESULTS.

Component recognition applications are available using Robot Vision
Control Software (RVCS), ranging from static parts (touching or over-
lapping) on pallets or in bins, to tracking and picking parts from a mov-
ing conveyor system. Systems have been configured for Bosch, Kuka,
Unimation, and Cincinnati robots. Component measurement forms a
major applications area for industrial machine vision inspection. Sub
pixel measurement packages are available that can measure to within
one tenth of a pixel.

A large proportion of the imaging routines have been developed using
Joyce-Loebl’'s own compiler, the JL320 Pascal Compiler. This compiler,
which is available as an additional software package, generates code for
the TMS32020 and TMS320C25 digital signal processors which are
used in the products described above.

Software

Programmable 1/0 look up tables (IV/IAS25 only). Grey image opera-
tors (linear and nonlinear convolutions, image arithmetic, zooming, area
of interest processing). Binary image operators (slicing, erosion, dila-
tion, thinning, manual editing, logical operators AND, NOT, OR). Object
detection (boundary and region tracing) and measurement (including
area, length, breadth, center of gravity, integrated density, orientation,
etc.). Statistical pattern recognition package for object identification and
industrial inspection.

IV20 and IAS20 Hardware

- Two camera inputs - software selectable

-  Monochrome I/0

- 256 x 256 x 8-bit frame stores

-  TMS32020 DSP technology

- Realtime edge enhancement board (option on 1AS20)
- PC XT/AT plug compatible

- Realtime binary image combined with gray input image
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[ ] IV25 and 1AS25 Hardware

—  Three camera inputs - software selectable

- Monochrome input, RGB color output

- 256 x 8-bit 1/0 look up tables

- 512 x 512 x 8-bit images with 256 gray levels

- Three 512 x 512 x 8-bit frame stores

-  TMS320C25 DSP technology

- Software selectable camera synchronization modes
- Expansion port for special function boards

- Automatic stage controller hardware option

- PC AT plug compatible
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9.3.75 Loughborough Sound Images Ltd.

9-138

Nature of Product(s): Assembler, Simulator, Algorithm Development

Hardware, Algorithm Development Software,
Emulator, EPROM Programmer, High Level
Language Compiler

Functional System(s): [IBM PC
Device(s) Supported: TMS320C1x, TMS320C2x

TMS32020 Board

The TMS32020 Board, designed as an IBM PC plug-in board, utilizes a
bidirectional port to interface to the PC-bus, thus providing the ideal
environment for speech, audio, and control applications. Turned-pin
sockets are included so that 128 kilobytes of memory can be used as
either program or data memory. In most situations, this will be popu-
lated with high-speed static RAM devices, allowing the processor to run
without wait states. It is possible to replace the RAM with EPROM, thus
allowing operation with one wait state. The memory is dual-ported to
permit program loading, monitor access, and rapid interchange of large
blocks of data.

Sixteen-bit A/D and D/A converters are provided on the board, acces-
sible via BNC sockets and supporting sampling rates up to 50 kHz.
Clocking can be internal (crystal-controlled) or external. The serial input
and output lines of the TMS32020 are brought to external connectors
and arranged to facilitate the linking of two or more boards. An addi-
tional connector is provided to allow for global memory expansion and
for full use of the 16 parallél input/output ports.

TMS32020 Monitor Program

Loughborough Sound Images provides a Monitor program for the
TMS32020 Macro Assembler/Linker, which takes the output of the
linker and loads it to the board. The Monitor program supports single-
step, breakpoint, or full-speed operation. It permits the examination and
changing of registers and memory using a variety of formats, and in-
cludes a disassembler. Also included in the package is software to
convert the TMS32020 object code to Intel hexadecimal format for EP-
ROM programming.

LS1320/C1x Development System

'S

The LSi320/Cix Deveiopment System suppoits the TMS320C14/E1
DSP controllers featuring on-board peripherals of timers, capture pins,
PWM outputs, USART, bit 1/0, and watchdog. It also supports the
previously released TMS32C10, TMS320C15/E15, and
TMS320C17/E17.

w

The LS!320C1x is composed of a macro assembler, a PC board for al-
gorithm development and simulation, full featured in-circuit
emulator/trace modules, target connectors, and a special module for
programming the EPROM processors TMS320E14, TMS320E15, and
TMS320E17.
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The system’s modular approach can satisfy a wide range of application
and development objectives, from processor evaluation and software
development/debugging to full speed emulation and trace capture in the
target hardware. It is also possible to program an EPROM version of the
TMS320C1x device from the same workstation to realize a final stand-
alone solution.

A full-length PC board Software Development Board (SDB) pro-
vides the software development environment centered around a debug
monitor from which the assembler and editor can be accessed for code
generation. The user friendly monitor is screen based with windows
displaying registers, data memory, and disassembled program memory.
The user has full access to all processor resources. Debug facilities in-
clude breakpoint, single step, and 1/0 to PC files.

The In Circuit Emulator (ICE) modules use self emulation of the
TMS320C1x device to extract the maximum 160-ns instruction cycle
time performance. By connecting different ICE modules to the PC board,
the LS1320/C1x can be configured to emulate any of the TMS320C1x
processors. Target connectors are provided for DIP or PLCC package
options to give a true physical representation of the device on the ap-
plication hardware.

The ICE modules are further characterized by an 8K x 64 trace RAM
buffer which captures valuable hardware debug information from inter-
nal registers, busses, |/O pins, and control signals independently of
program execution. A distinctive feature of the ICE modules is the ability
to continue program execution, when the trace capture has halted. This
allows display afterwards, a real benefit to the designer of realtime sys-
tems.

The EPROM Processor Programming module allows the user to
quickly program EPROM variants of the TMS320C1x processors by
simply connecting the programming module to the PC board. This per-
mits fast prototyping and proving of algorithms in stand-alone target
systems. The programming module is directly controlled from the debug
monitor.

® LSI C Compiler for the TMS320C25

The LSI C compiler for the TMS320C25 is a full Kernighan and Ritchie
implementation that provides complete high-level language capability.
All code can be written in C for proof of concept, and later optimized in
assembly language for speed-critical code. The compiler outputs T1-990
tagged format. A preprocessor and assembler/linker are included with
the compiler.

Note:

Spectrum Signal Processing, Inc. (see separate listing in this section)
holds the exclusive North American rights for the distribution of Lough-
borough Sound Images’s TMS320 development systems. For ordering
information in North America, contact Spectrum Signal Processing, Inc.
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9.3.76 PC Electronics a.s.
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): (BM PC
Device(s) Supported: = TMS32020, TMS320C25

Bugbust TMS32020 and TMS320C25 Development System

Bugbust is ideal for realtime development of filters, FFTs, convolution,
image processing, telecommunications and speech,as well as control
applications. The Bugbust communicates with the host through shared
memory. The host can also reset the board and interrupt a running
TMS32020 or TMS320C25 program. The PC-board contains single-
step ‘and interrupt logic, and a fully buffered |/0 backplane connector.
One third of the board is laid out as a wire wrap area for application
specific circuitry. All bus signals are made available at this area.

Board memory consists of a total of 96K-words of RAM for program and
data memory. Several Bugbust boards may be installed in a PC for in-
creased signal processing performance. System software includes an
assembler/ disassembler. The software can also accept object files
generated by Texas Instruments TMS32020/C25 Cross Assembler and
Link Editor. Debugging commands include breakpoints and single-

stepping.
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9.3.77 Pratica SRL

Nature of Product(s): Assembler, Algorithm Development Software
Functional System(s): Olivetti M20/21/24 PC, IBM PC, VAX (VMS),

3B2

VAX (UNIX), PDP-11, RSX-11M/PLUS, ATT

Device(s) Supported: TMS32010

PDS-20 Development System

The PDS-20 universal microprocessor development system supports
many 8- and 16-bit CPUs on systems compatible with the TMS32010
XDS Emulator. Emulation and programming of PROM memories is
possible using external standalone systems. Software tools include a
high-level editor, a cross assembler with nested macros, and
symbols/arithmetic/logic expressions, a linker, and up/down loaders for
emulators and PROM programmers.
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9.3.78 Racal Microelectronics Systems Ltd.
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Nature of Product(s): Algorithm Development Hardware
Functional System(s): VMEbus v
Device(s) Supported: TMS32020

RME320 DSP Board
The RME320 from Racal Microelectronics Systems is a VME Rev C

- TMS32020-based board for digital signal processing applications. It has

been designed to exploit the state-of-the-art features incorporated in the
TMS32020 and is suitable for a wide range of DSP and arithmetic-in-
tensive applications. The RME320 processor runs with a 200-ns in-
struction cycle. )

The board includes a 64-pin connector fitted to the front panel to pro-
vide direct access to ail of the TMS32020 pins. This enables immediate
connection of development systems or logic analyzers for development
and diagnostics.

Local interface is provided on the P2 connector for adding independent
links into associated system components. The interface includes 16-bit
data, 4-bit address, read/write, and handshake control lines, allowing
up to 8 different operating modes. A data transfer rate of 2.5
Mwords/second is possible. In addition, the two TMS32020 serial lines
are fully buffered to the P2 connector.

The board is intended to be used as a secondary (slave) processor to
which programs are downloaded from the master. However, a minimal
system may consist of the RME320 board and an /O board, with oper-
ation controlled by an on-board program resident in EPROM.

The RMES320 in basic form is equipped with 16K words of high-speed
RAM (zero wait states). Upgrade kits are available to increase RAM size
to 64K words. Sockets are provided for up to 8K words of program
PROM.
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9.3.79 Televic

Nature of Product(s): High Level Language Compiler, Algorithm
Development Software

Functional System(s): VAX, IBM PC

Device(s) Supported: TMS32010, TMS32020

° DSPL 1010 Compiler

Televic offers .a compiler for DSPL, a high-level language for the
TMS32010 and TMS32020. Some of the features of DSPL include:

—  All standard Pascal instructions

- Most standard Pascal data types

- Special constructs for signal processing, such as fast fractional
arithmetic, shift operators, etc.

- Internal and external data variables with initialization (tables)

-~ Realtime facilities (interrupt procedures, implementation of re-
gions)

—  Separate compilation units (including import and export of vari-
ables)

The DSPL 1010 Compiler is written in Pascal and highly optimized for
the TMS32010. It also provides a disassembler output facility.

[ DSPL 1020 Linker

The DSPL 1020 links DSPL and assembler modules (T! format), com-
putes overlay for internal variables, and generates Tl and Intel hexadeci-
mal files.

® DSPL 1030 Library

The DSPL 1030 Library provides the standard functions, such as sine,
cosine, and floating-point routines.

Note:

Allante Corp is the U.S. representative for Televic. For ordering informa-
tion in the U.S., contact Allante Corp.
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9.3.80 Ultra Digital Systems Limited
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Nature of Product(s): Assembler, Simulator, Algorithm Development

Hardware, Algorithm Development Software

Functional System(s): [BM-PC, BBC, Macintosh
Device(s) Supported: TMS32010

®

C3M TMS32010-Based DSP Development and Training System

The C3M System, consisting of hardware, software (including cross-
assembler, simulator, and monitor), and documentation is provided in
both single- and dual-channel variants. It runs in conjunction with the
IBM-PC and the BBC range of microcomputers.

The C3M hardware, in a rugged case which also contains the C3M
power supply, features 12 A/D and D/A converters, selectable filters on
input and output, 16-bit digital I/0 ports, 4K-words of external program
RAM and 4K-words of EPROM. Ease of use is inherent; just plug the
C3M into the host micro as an external device, and the system is up and
running. C3M may be used for DSP development, in DSP education,
or in an end application where it operates as a stand-alone device. It is
ideal for the university and college environment, as well as for the tele-
communications and electronics industries.
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9.4 Third-Party Consultants

Many third parties serve as consultants, offering comprehensive technical
support services to clients. They may custom design and develop hardware
and software systems, contract research efforts, and/or offer general consult-
ing services. Each third party consultant specializes in some area of digital
signal processing applications. Table 9-2 lists the name, phone number, and
area of expertise for those individuais and companies that offer consulting
services. Consultants are listed alphabetically in one of six regional areas (five
in the U.S. plus Canada):

1) Eastern

2) Central

3) Mountain
4)  Pacific SW
5)  Pacific NW
6) Canada
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Table 9-2. Third-Party Consultant List

EASTERN

NAME

AREA(S) OF EXPERTISE

Critical Path Engineering
404-926-8361
404-972-3072

Digital H/W Design
Realtime Processing

Digital Audio Corp.
Dr. J.E. Paul
919-848-0845

DSP H/W Development
DSP S/W Development

Dragon Systems
Mr. John Robbins
617-965-5200

Dependent Speech Recognition

DSP Associates
Mr. Amnon Aliphas
617-964-3817

Voice Processing
Compression Recognition
DSP Seminars

DSP Software Engineering
617-932-8750

Realtime Speech Processing Algorithm s and
Hardware Design

Image Processing

Array Processing and Microcode Development

Computer Graphics and CAD workstation
Design

C. Gold Associates
Dr. Calman Gold
802-333-4769

Digital Signal Processing
Instrumentation and Control

Kresse, Mr. Jim
609-985-3068

Speech Processing
Telecommunications
Audio

Kruger, Frederick M.
516-543-5392

Realtime Signal Processing

Langmann, Mr. David
202-232-7999

Digital Signal Processing H/W
Digital Signal Processing S/W

Patnaik, Hare K.
313-977-0742

DSP-Based Instrumentation

David Sarnoff Research Center
Subsidiary of SRI International
Mr. Hugh E. White
609-734-2523

Communications

Signal Processing Technology
Mr. William M. Norr
201-788-3034

Digital Signal Processing
Radar, Sonar, Voice
Image Processing
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Table 9-2. Third-Party Consultant List (Continued)

EASTERN (cont.)

NAME

AREA(S) OF EXPERTISE

Sky Computers, Inc.
Dr. Gerald N. Shapiro
508-454-6200

Digital Signal Processing H/W
Digital Signal Processing S/W

Sonitech International
Mr. Yogendra Jain
617-235-6824

Implementation of DSP Algorithms
H/W System Development
S/W System Development

Stevens Institue of Technology
Dept. of EE & Computer Science
Mr. Dhadesugoor Vaman
201-420-5849

Signal Processing
Speech Coding & Voice Data Switch
Information Networks

Stow Computer
Mr. George Otto
508-897-6838

DSP H/W Design Prototyping
DSP S/W Design Prototyping

CENTRAL

NAME

AREA(S) OF EXPERTISE

ADICON Consulting and Design
Mr. Peter Miczek
414-276-8080

H/W, S/W and System Design
Test Equipment

Gas Light Software

Digital Signal Processing

Mr. Gary A. Sitton Time Series
713-729-1257 Speech, Numerical Analysis
Gunn, James E. Modems

214-669-9350

Telecommunications

Meshkat, Mr. Saeid
612-557-0801

Digital Control
Adaptive Control

Pandian, Paul
214-960-2747

Telecommunications
Instrumentation

Voice Control Systems
Mr. Frank Sharp
214-386-0300

Speech Processing

MOUNTAIN

NAME

AREA(S) OF EXPERTISE

Aztek Engineering, Inc.
Mr. J. Mark Elder
303-665-7250

Telecommunications
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Table 9-2. Third-Party Consultant List (Continued)

PACIFIC SW
NAME AREA(S) OF EXPERTISE
Computalker Consultants Speech
Rice, D. Lloyd Telecommunications
213-393-7781
Computools Computer Systems Design & S/W

Mr. James W. Collier
213-207-6640

Communication Signal Processing

Digital Sound Corp.
Mr. Bob Kelly
805-569-0700

Audio Input/Output Hardware
Speech/Acoustic Algorithms

Dr. Design Inc.
Mr. Marco Jeffries Thompson
619-457-4545

Graphics & Video

DSP Systems Corp.
Mr. Louis Schirm IV
714-630-1330

Realtime Signal Processing

FORTH, Inc.
Mr. Jeff Mellinger
213-372-8493

DSP S/W Design and Prototyping

Minisystems Associates
Mr. Bruce Flaxman
213-645-7600

Nationwide Temp. Help Agency
Engineers, Programmers,
Technical Writers

Parallel Processing, inc.
Mr. Paul Cronin
714-583-7899

Computer System Simulation
Multiprocessor Design
DSP & Graphic Application S/W

San Diego State University

Electrical & Computer Engr Dept.

619-594-3702

Low Rate Speech & Image Encoding
Vector Quantization Dr. Huseyin Abut

Signal Technology
Dr. Steven B. Davis
805-683-3771

Signal Processing S/W, Filter Design
Spectral Analysis, Wave Form Display/Edit
Feature Extraction & Pattern Recognition

Sklar Technology Lab
Mr. Horace J. Sklar
619-489-2809

DSP H/W & S/W Development
DSP Systems Design

Sorrento Valley Associates
Mr. Ed Nagy
619-452-0102

Speech & Image Processing
Image Compression/Printing
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Table 9-2. Third-Party Consultant List (Concluded)

415-961-4729

PACIFIC NW
NAME AREA(S) OF EXPERTISE
DSP Consulting Voice & Telecom H/W & S/W Design
Mr. Dan Cox Instructor for DSP Training

Mr. Steven D. Cutcomb
415-965-2833

Hummingbird Software, Inc.

S/W Development & Simulation
DSP Firmware Development

Lexington Engineering
Mr. Doug Bourn
408-247-7909

Hardware Design for DSP
Software Engineering
Systems Design

Nysen,Mr. Paul
415-369-8741

Realtime Signal Processing

Redington, Dr. Dana
415-369-8741

Realtime Data Acquisition
Realtime Signal Processing
Biomedical Specialization

Sern Electronics, Inc.
Mr. Steve Rosenberg
503-646-2411

DSP for Systems/Boards
S/W & Microcomputer System Design
Computer Architecture & Micro Programming

Teknekron Communications
Systems

Mr. Bill Eichen
415-548-4100

Modems.Facsimile
Echo Cancellation
Digital Radio Transmission

Telinnovation
Mr. Charles Davis
408-37-0777

Telecommunications

CANADA NW

NAME

AREA(S) OF EXPERTISE

Geoacoustics Inc.
Mr. Jack Dodds
416-727-8207

Digital Signal Processing
Geophysics
Software
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9.5 Trademarks

The trademarks that have been mentioned in this document are credited to the

respective corporation in Table 9-3

Table 9-3. Trademark List
TRADEMARK CORPORATION
Apple Appie Computers, Inc.
AOS Data General
Avocet Avocet Systems, Inc.
AT, XT International Business Machines Corp.
AVLIB, AVLINK, AVMAC Avocet Systems, Inc.
Avocet, AVREF, AVSIM Avocet Systems, Inc.
CP/M, CP/M-80, CP/M-86 Digital Research, Inc.
CROSSTALK, CROSSTALK XVi Microstuf, Inc.
DEC, DEC-10 Digital Equipment Corp.
DFDP Atlanta Signal Processors, Inc.
DISPRO, SPECTIM Signix Corp.
DSPL Televic
DSPS Digital Signal Processing Software
HP 64000 Hewlett-Packard
IBM International Business Machines Corp.
ILS Signal Technology, Inc.
Intel fntel Corp.
1*S*P Bedford Research
LOGICIAN, PMX Daisy Systems Corp.
Macintosh Apple Computers, Inc.
Microstuf Microstuf, Inc.
MICROVAX, MICRO-11 Digital Equipment Corp.
MP/M Digital Research, Inc.
MS-DOS Microsoft, Inc.
Muiltibus Intel Corp
PC-DOS International Business Machines Corp.
PDP, PDP-11, Q-Bus Digital Equipment Corp.
RSL Digital Signal Processing Software
RT-11, RSX-11M Digital Equipment Corp.
SPIRE Massachusetts Institute of Technology
SPOX Spectron MicroSystems Inc.
Sun Sun Microsystems, Inc.
SuPPort Pacific Microcircuits, Ltd.
TEKHEX Tektronix Corp.
TIMS Emona Enterprises Pty Ltd.
TI-Speech Texas Instruments, Inc.
TurboDos Software 2000, Inc.
Ultrix Digital Equipment Corp
Unibus Digital Equipment Corp
UNIX Bell Laboratories
VAX, VMS, VT-52, VT-100 Digitai Equipment Corp.
VMEbus Motorola, Inc.
VMEdsp Burr-Brown Corp.
VoiceKey Votan
Z-EDIT Gas Light Software
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Product Order Information

This section provides TMS320 family development support information, de-
vice part numbers, and support tool order information for all TMS320 pro-
ducts. Table A-1 lists important information about each DSP chip. Table A-2
and Table A-3 give the ordering information for all the TMS320 hardware and
software support tools available. Table A-4 provides a list and description of
the development tool connections to a target system.

A discussion of the TMS320 device prefix and suffix designators is included
to assist in understanding the TMS320 product numbering system.

Table A-1. TMS320 Digital Signal Processor Part Numbers

DEVICE NAME OPERATING PACKAGE TYPICAL" TEMP
FREQUENCY TYPE DISSIPATION RANGE
TMS32010NLT 20 MHz Plastic 900 mW 0/70 C
40-pin DIP
TMS320C10NL-14 14 MHz Plastic 140 mW 0/70 C
TMS320C10NLT 20 MHz 40-pin DIP 165 mW 0/70 C
TMS320C10NL-25. 25 MHz 200 mW 0/70 C
TMS320C10FNL 20 MHz Plastic 165 mW 0/70 C
TMS320C10FNL25 25 MHz 44-lead PLCC 200 mw 0/70 C
TMS320C10NA 20 MHz Plastic 165 mW -40/85 C
40-pin DIP
TMS320C14FNL 25 MHz Plastic 275 mW 0/70 C
68-lead PLCC
TMS320E14FZL 25 MHz Ceramic 325 mW 0/70 C
68-lead CerQuad
TMS320C15NLE 20 MHz Plastic 165 mW 0/70 C
TMS320C15NL-25 25 MHz 40-pin DIP 200 mW 0/70 C
TMS320C15FNL 20 MHz Plastic 165 mW 0/70 C
TMS320C15FNL25 25 MHz 44-jead PLCC 200 mW 0/70 C
TMS320E15JDL?¥ 20 MHz Ceramic 275 mW 0/70 C
TMS320E15JDL25 25 MHz 40-pin DIP 325 mW 0/70 C
TMS320E15FZL 20 MHz Ceramic 275 mW 0/70 C
44-lead CerQuad
TMS320E15JDA 20 MHz Ceramic 275 mW -40/85 C
: 40-pin DIP

t  Military version available
¥ Military version planned; contact nearest Tl Field Sales Office for availability
* Typical dissapation calculated from typical Icc current and nominal V¢ supply voltage
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Table A-1. TMS320 Digital Signal Processor Part Numbers (Concluded)

DEVICE NAME OPERATING PACKAGE TYPICAL* TEMP
FREQUENCY ° TYPE DISSIPATION RANGE
TMS320C17NL 20 MHz Plastic 250 mW 0/70°C
40-pin DIP
TMS320C17FNL 20 MHz Plastic 250 mW 0/70°C
44-lead PLCC
TMS320E17JDL 20 MHz Ceramic 275 mW 0/70°C
40-pin DIP
TMS320E17FZL 20 MHz Ceramic 275 mW 0/70°C
44-lead CerQuad
TMS320E17JDA 20 MHz Ceramic 275 mwW -40/85°C
40-pin DIP
TMS32020GBLT 20 MHz Ceramic 1250 mW 0/70°C
68-pin PGA
TMS320C25GBLT 40 MHz Ceramic 500 mW 0/70°C
68-pin PGA
TMS320C25FNL 40 MHz Plastic 500 mW 0/70°C
68-lead PLCC
TMS320C25GBA 40 MHz Ceramic 500 mW -40/85°C
68-pin PGA
TMS320C25-50 50 MHz Plastic 500 mW 0/70°C
68-lead PLCC
TMS320E25FZL 40 MHz Ceramic 500 mW 0/70°C
68-lead CerQuad
TMS320C30GBH¥ 33 MHz Ceramic 1500 mW 0/70°C
180-pin PGA C

t  Military version available

¥ Military version planned; contact nearest Ti Field Sales Office for availability
Typical dissapation calculated from typical Icc current and nominal V¢ supply voltage

*
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Table A-2. TMS320 Software Development Support Tools

PRODUCT

PC/MS-DOS

VAX (VMS)t

VAX (ULTRIX)*

SUN-3
UNIX#

TMS320C1x

Assembler/Linker

Simulator

Digital Filter
Design Package
(DFDP)

DSP Software
Library

TMS320 Bell
212A Modem
Software

Data Encryption
Standard
Software

TMDS3242850-02
TMDS3240811-02
DFDP-1BM002

TMDC3240812-12

TMDX3240813-12

TMDX3240814-12

TMDS3242250-08
TMDS3240211-08

TMDC3240212-18

TMDS3242260-08

TMDS3242550-08

TMS320C2x

Assembler/Linker
C compiler
Simulator
SoftWare Develop-
ment System
(SWDS)

Digital Filter
Design Package
(DFDP)

DSP Software
Library

TMDS3242850-02

TMDX3242855-02

TMDS3242851-02
TMDX3268821

DFDP-1BM002

TMDC3240812-12

TMDS3242250-08
TMDX3242255-08
TMDS3242251-08

TMDC3240212-18

TMDS3242260-08
TMDX3242265-08

TMDS3242550-08
TMDX3242555-08

TMS320C3x

Assembler/Linker

Simulator

C compiler

Digital Filter
Design Package
(DFDP)

DSP Software
Library

SPOX

TMDX3243850-02

TMDX3243851-02

TMDX3243855-02
DFDP-iBM002

TMDC3240812-12

Packaged with
TMS320C3x
XDS1000
Development
Environment

TMDX3243250-08
TMDX3243251-08
TMDX3243255-08

TMDC3240212-18

TMDX3243260-08
TMDX3243261-08
TMDX3243265-08

TMDX3243550-08

TMDX3243555-08

t in Backup format
¥ in TAR format
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A-4

Table A-3. TMS320 Hardware Development Support Tools

PRODUCT

| PART NUMBER

TMS320C1x

EVALUATION TOOLS:
Evaluation Module (EVM)
Analog Interface Board 1 (AIB1)
TMS320E15 EPROM DSP Starter Kit

RTC/EVM320A-03
RTC/EVM320C-06
RTC/EVM320E-15

EMULATORS:
TMS320C10/C15 XDS/22
TMS320C14 XDS/22
TMS320C17 XDS/22

TMDS3262211
TMDX3262214
TMDX3262217

EPROM PROGRAMMING ADAPTER SOCKETS:
TMS320E15/E17 40-pin to 28-pin
conversion

RTC/PGM320A-06

TMS320E14 68-pin to 28-pin TMDX3270110
conversion
ADDITIONAL TARGET CONNECTOR:
TMS320C10 44-pin PLCC TMDX3288810

TMS320C2x

EVALUATION TOOLS:
Analog Interface Board 2 (AlB2)
Analog Interface Board Adapter (for use with AIB1)

RTC/AIB320A-06
RTC/ADP320A-06

EMULATOR:
TMS320C25 XDS/22t TMDS3262221
EPROM PROGRAMMING ADAPTER SOCKET:
TMS320E25 68-pin to 28-pin TMDX3270120
conversion
ADDITIONAL TARGET CONNECTORS:
TMS320C25 68-pin PGA TMDX3288826
TMS320C25 68-pin PLCC TMDX3288825
TMS32020 68-pin PGA TMDX3288820
TMS320C3x
EMULATORS:
XDS500 Emulator TMDX3260131
XDS1000 Development Environment TMDX3261030

t - 50-MHz emulation is supported by Macrochip Research Inc. Refer to page 9-68 for

more information.

Table A-4. Hardware Development Tool Upgrades

DESCRIPTION PART NUMBER
TMS32010 XDS/22 to TMS320C10 XDS/22 User Upgrade TMDX3282216
TMS32020 XDS/22 to TMS320C25 XDS/22 User Upgrade TMDX3282226

TMS32010/C15 EVM User Upgrade (Firmware/TMS320C15)

RTC/EVM320U-15
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A.1 Device and Development Support Tool Prefix Designators

To assist the user in understanding the stages in the product development
cycle, Texas Instruments assigns prefix designators in the part number no-
menclature. A device prefix designator has three options: TMX, TMP, and
TMS, and a development support tool prefix designator has two options:
TMDX and TMDS. These prefixes are representative of the evolutionary stages
of product development from engineering prototypes (TMX/TMDX) through
fully qualified production devices (TMS/TMDS). This development flow is
defined below.

Device Development Evolutionary Flow:

TMX Experimental device that is not representative of the final device's
electrical specifications.

TMP Final silicon die that conforms to the device’s electrical specifications
but has not completed quality and reliability verification.

TMS Fully qualified production device.

Support Tool Development Evolutionary Flow:

TMDX Development support product that has not yet completed Texas In-
struments internal qualification testing.

TMDS Fully qualified development support product.
TMDC Development support product that is unsupported or obsolete

TMX and TMP devices and TMDX development support tools are shipped
against the following disclaimer:

"Developmental product is intended for internal evaluation purposes.”

Note:

Texas Instruments recommends that prototype devices (TMX or TMP) not
be used in production systems since their expected end-use failure rate is
undefined but predicted to be greater than standard qualified production
devices.

TMS devices and TMDS development support tools have been fully charac-
terized and the quality and reliability of the device has been fully demon-
strated. Texas Instruments standard warranty applies.



Device and Development Support Tool Nomenclature

A.2 Device and Development Support Tool Nomenclature

In addition to the prefix, the device nomenclature includes a suffix that follows
the device family name. This suffix indicates the package type (e.g., N, FN,

A-6

or GB) and temperature range (e.g., L).

Figure A-1 provides a legend for

reading the complete device name for any TMS320 family member.
TMS 320 C 25 FN L

PREFIX
SMJ = MIL-STD-883C
TMP = prototype device
TMS = qualified device
TMX = experimental device

DEVICE FAMILY
320 = TMS320 family

I— TEMPERATURE RANGE
A=-40t085C
H= 0to50C
L= 0to70C
M=-55t0125C
S =-55t0100C

TECHNOLOGY

C = CMOS

E = CMOS EPROM
No letter = NMOS

DEVICE

1st-gen. microprocessors/microcomputers:

10
14
15
17
2nd-gen. microprocessors:
20
25
3rd-gen. microprocessors:
30

——— PACKAGE TYPE
FD = leadless ceramic CC
FN = plastic leaded CC

FZ = CerQuad

GB = ceramic PGA

J = CerDip

JD = ceramic DIP
side-brazed

N = plastic DIP

Figure A-1. TMS320 Device Nomenclature



Appendix B

Texas Instruments Factory Repair and Exchange

Policy

This section specifies the conditions under which a Tl Semiconductor Devel-
opment Systems product may be returned by an end user for repair subject to
the terms of the warranty for such product.

Before returning any product for repair, the Factory Repair Center must be
contacted at (713) 274-2285, and a return authorization number obtained
(and entered on the Exchange/Repair Questionnaire that must be completed
and returned with the product).

Texas Instruments shall not be responsible for any product returned
without prior authorization from the Factory Repair Center.

When a product returned to Tl for repair is deemed acceptable for
repair by Tl and no request has been made for the return of the
same numbered product, Tl reserves the option to repalr or ex-
change the product.

Exchanged products will be replaced with refurbished units that
meet Tl workmanship standards for refurbished products. Such
products may have minor cosmetic blemishes.

Texas Instruments accepts no responsibility for EPROMs containing
customer-generated software, which are part of any unit to be re-
paired.

B-1



Normal Warranty Exchange or Repair

B.1 Normal Warranty Exchange or Repair

B-2

Repair or exchange will be made free of charge, provided:

1)  The customer notifies Tl of product failure within the applicable warranty
period (90 days from the date of shipment from T or from a Tl author-
ized distributor).

2) Tl inspection discloses that the product is defective and that the defect
is not the result of accident, mlsuse, neglect, alteratcon improper instal-
lation, unauthorized repair, or improper testing.

.

3) The product is restored to the Tl standard configuration for that product.

The customer shall be responsible for providing proof of the date
of purchase.



Non-Warranty Exchange or Repair

B.2 Non-Warranty Exchange or Repair

Non-warranty factory repair or exchange is available on all “repairable” De-
velopment Systems products currently being manufactured; consult the fac-
tory for availability on discontinued products.

A product is deemed “repairable” when the cost of repair does not exceed cost
of replacement. If a product is not “repairable”, the customer will be advised
that repair cannot be effected and the product returned to the customer at the
customer’s expense.

The minimum standard charge for non-warranty repairs, in North America, can
be obtained by calling the Factory Repair Center (713) 274-2285. Outside
North America, contact the closest TI Regional Technology Center (refer to
Section 6.2 for a list). T! will contact the customer for approval prior to ef-
fecting any repair or replacement that exceeds the quoted minimum standard
charge.
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Shipping Instructions

B.3 Shipping Instructions

B-4

The .following shipping instructions should be followed to ensure the desired
service:

1)

Before returning any product for repair, the Factory Repair Center must
be contacted at (713) 274-2285, and a return authorization number
obtained (and entered on the Exchange/Repair Questionnaire).

TI shall not be responsible for any product returned without
prior authorization by the factory repair center.

2) The following information must accompany the returned product. The
Tl Factory Repair and Exchange Questionnaire should be used to ensure
that the required information is provided:

° Factory Repair Center return authorization number

® Customer name and phone number

(] Purchase order number (if applicable)

(] Model number

[ ] Serial number

° "Ship to” address; instruction for insurance and method of ship-
ment (unless otherwise specified, Tl will ship UPS insured for the
minimum)

[ ] "Bill to” address

[ ] Description of symptoms of malfunction

[ ] Type of service requested.

Note:

The customer should retain a copy of the Exchange Questionnaire and
shipping documentation in the event that tracing of the product should
be necessary. .

3)

4)

The product must be returned freight prepaid, to the appropriate Repair
Center.

° In the United States and Canada, contact:

Texas Instruments Incorporated
Semiconductor Group

Faciory Repair Center, M/S 730
12203 Southwest Freeway
Houston, Texas 77477

(713) 274-2285

° QOutside of the United States and Canada, contact the closest Tl
Regional Technology Center (refer to Section 6.2 for a list).

If the customer has any questions regarding this policy or the returned
product status, he may contact the Factory Repair Center directly.



System Configuration

B.4 System Configuration

Systems returned for repair or exchange will be upgraded to the latest revision,
unless otherwise specified. When the customer has made modifications to the
product, repair or replacement is considered “non-warranty.”

Tl will attempt the repair of such a product provided the customer has restored
the product to its standard configuration. Labor and material will be charged
at the Tl then-current standard rate for all necessary removals or repairs to
customer-made modifications, if such is required to test the returned product
in accordance with the Tl specification for that product. Tl reserves the right
to refuse the repair of any product that has been modified such that the con-
figuration as changed is untestable.

TI DOES NOT ACCEPT RESPONSIBILITY FOR ADDITIONAL COM-
PONENTS (OR SOFTWARE PROGRAMMED INTO COMPONENTS)
ADDED BY THE CUSTOMER TO A PRODUCT SUBMITTED FOR
REPAIR.
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Expedited Requests

B.5 Expedited Requests

B-6

Expedited requests will be accepted when the product submitted for exchange
is available from Factory Repair Center inventory. Normal turnaround time for
expedited requests is one (1) working day from receipt of the returned product
at the Factory Repair Center.

Requests to ship replacement product prior to receipt of the returned unit by
the Factory Repair Center will be honored if a purchase order is issued for the
current retail price of the product (in addition to the appropriate exchange and
shipping charges). Upon receipt of the returned unit at the Factory Repair
Center and verification of repairability, credit will be issued in the amount of
the price invoiced for the exchange product. A purchase order cannot be ac-
cepted for this purpose if the customer does not have credit established with
Texas Instruments Incorporated, Semiconductor Group.



Warranty

B.6 Warranty

Repaired or exchanged assemblies may contain either new parts or refurbished
parts of like quality and are warranted to be free of defects in material and
workmanship for a period of 30 days from date of shipment, provided such
warranty repair shall not operate to reduce the original product warranty. The
foregoing warranties for goods are in lieu of all warranties, express, implied,
or statutory, including but not limited to, any implied warranties of merchant-
ability and fitness for a particular purpose, and of any other warranty obli-
gation on the part of Tl.
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Appendix C

Texas Instruments Program License Agreement

The following is an example of the program license agreement associated with
software development tools available from Texas Instruments. It is included
here for information only. Terms and conditions vary slightly depending on
the medium of use (i.e., Professional Computer or VAX) and the country of
distribution.

TEXAS INSTRUMENTS PROGRAM LICENSE AGREEMENT

This program license agreement is displayed conspicuously in the
package so that you can read it before opening the package. Re-
taining possession of the package and using the program and ma-
terials contained in it indicates that you have agreed to the terms
and conditions of this agreement. If you do not agree with them,
you should promptly return the package unopened to the seller
from whom you obtained possession and your money will be re-
funded.

LICENSE AND TERM

Texas Instruments Incorporated, its subsidiaries (T1), and any applicable li-
censors grant to you a nonexclusive, nontransferable license to use the soft-
ware program and related documentation in this package (collectively referred
to as the "Program”) on a single computer. Any attempted sublicense, as-
signment, or other transfer of the Program or the rights or obligations of this
Agreement without the prior written consent of Tl shall be void. This license
will terminate if you fail to comply with its terms.

Files designated with "RTS” (Run Time Support) Libraries,as a component of
the pathname or the filename may be modified and/or merged into another
program for your use on a single machine. Any part of the RTS libraries
merged into another program will continue to be subject to the terms and
conditions of this Agreement, except as expressly provided herein. RTS li-
braries may be used to create user programs. Such user programs may include
copies of code derived from the RTS libraries and/or modifications of these
libraries. Such user programs shall not be subject to any restrictions on co-
pying or use.

The program and documentation are copyrighted. You may make
two (2) copies of the program for backup, modification, and ar-
chival purposes. Unauthorized copying, or reverse compiling, and
disassembling of programs in object format are prohibited. Title
to the program is not transferred to you by this license.
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Cc-2

PROGRAM LIMITATIONS

Tl does not warrant that the Program will be free from error or will meet your
specific requirements. You assume complete responsibility for decisions made
or actions taken based on information obtained using the Program. Any
statements made concerning the utility of the Program are not to be construed
as expressed or implied warranties.

TI makes no warranty or condition, either expressed or implied, in-
cluding, but not limited to, any implied warranties of merchanta-
bility and fitness for a particular purpose, regarding the program
and makes the program available solely on an "as is” basis.

LIMITED WARRANTY ON MEDIA AND DAMAGES DISCLAIMER

The media (not the Program) is warranted to the original purchaser against
defects in material and workmanship for a period of ninety (90) days from the
date of original purchase.

Defective media under warranty will be replaced when it is returned postage
paid with a copy of the purchase receipt to the Tl Semiconductor Group lo-
cated in Houston, Texas. The replacement media is warranted for three (3)
months from date of replacement. Other than the postage requirement (when
allowed by law), no charge will be made for the replacement. This para-
graph expresses Tl's sole liability and your exclusive remedy.

Neither Tl nor any applicable licensor shall be responsible for incidental or
consequential damages. This warranty gives you specific legal rights and you
may also have other rights which vary from state to state. Some states do not
allow the exclusion or limitations of incidental or consequential damages or
limitations on how long an implied warranty lasts, so above limitations or ex-
clusions may not apply to you.

EXPORT CONTROL

The re-export of United States origin software is subject to United
States laws under the Export Administration Act of 1969 as
amended. Any further sale of the program shall be in compliance
with the United States Department of Commerce Administration
Regulations. Compliance with such regulations is your responsi-
bility and not the responsibility of TI.



Appendix D
ROM Codes

Size of a printed circuit board must be considered in many DSP applications.
To fully utilize the board space, Texas Instruments offers two options which
will reduce the chip count and provide a single-chip solution to its customers.
these options incorporate 4K-words of on-chip program memory from either
a mask programmable ROM or an EPROM. This allows the customer to use
a code-customized processor for a specific application while taking advantage
of the following: '

° Greater memory expansion
® Lower system cost
® Less hardware and wiring

[ ] Smaller PCB

A repetative routine or an entire algorithm can be programmed into the on-
chip ROM of a TMS320 DSP. TMS320 programs can also be expanded by
using external memory; this reduces chip count and allows for a more flexible
program memory. Multiple functions are easily implemented by a single de-
vice, thus enhancing syste, capabilities.

TMS320 Development Tools are used to develop, test, refine, and finalize the
algorithms. The microprocessor/microcomputer (MC/MP for TMS320C1x
and TMS320C3x, MP/MC for TMS320C2x only) mode is available on all
ROM-coded TMS320 DSP devices when accessing either on-chip or off-chip
memory is required. The microprocessor mode is used to develop, test, and
refine a system application. In this mode of operation, the TMS320 acts as a
standard microprocessor by using external memory only. When the algorithm
has been finalized, the designer may submit the code to Texas Instruments for
masking into the on-chip program ROM. At that time, the TMS320 becomes
a microcomputer which executes customized program out of the on-chip
ROM. Should the code need changing or upgrading, the TMS320 may once
be used in the microprocessor. This shortens the field upgrade time and
avoids the possibility of inventory obsolescence.

Figure D-1 illustrates the procedural flow for TMS320 masked parts. When
ordering, there is a one-time/non-refundable charge for mask-tooling. A mi-
nimum production order per year is required for any masked-ROM device. A
ROM code will be deleted from the Tl system after one year from the last de-
livery. '

Digital signal processors with an EPROM option offer a solution for low-vo-
lume orders. The EPROM option allows for form-factor emulation. Field up-
grades and changes are possible with the EPROM option.
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( Customer TMS320 Design )

Customer Submits:
— TMS320 New Code Release Form
»i - Print Evaluation and Accegtance Form (PEAF)
-~ Purchase Order for Mask Charges and Prototypes
— TMS320 Code

!

Texas Instruments Responds:
~ Customer Code input Into Tl System
~ Code Sent Back to Customer for Verification

Customer

Approves
A%orithm

[ Tl Produces Prototypes J

Customer Approves
Prototype (Minimum
Production Order
Required)

( TMS320 Production )

Figure D-1. TMS320 ROM Code Flowchart
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A TMS320 ROM code may be submitted in one of the following formats (the
preferred media is 5.25” floppies):

5.25” FLOPPY: Ti-tagged or COFF format from Cross-Assembler
EPROM (TMS320): TMS320E14, TMS320E15, TMS320E17, TMS320C25
EPROM (others) TMS27C64

PROM: TBP28S86, TBP28S166

MODEM (BBS): Tl-tagged or COFF format from Cross-Assembler

When a code is submitted to Texas Instruments for masking, the code is re-
formatted to accommodate the Tl mask generation system. System level ver-
ification by the customer is therefore necessary. Although the code has been
reformatted, it is important that the changes remain transparent to the user and
do not affect the execution of the algorithm. The formatting changes made
involve the removal of address relocation information (the code address be-
gins at the base address of the ROM in the TMS320 device and progresses
without gaps to the last address of the ROM on the TMS320 device), and
addition of data in the reserved locations of the ROM for device ROM test.
Note that because these changes have been made, a checksum comparison is
not a valid means of verification.

ROM code algorithms may also be submitted by secure electronic transfer via
a modem. Contact the nearest Tl Field Sales Office for further information.

With each masked device order, the customer must sign a disclaimer stating:

"The units to be shipped against this order were assembled, for ex-
pediency purposes, on a prototype (i.e., non-production qualified)
manufacturing line, the reliability of which is not fully characterized.
Therefore, the anticipated inherent reliability of these prototype units
cannot be expressly defined.”

and a release stating:
"Any masked ROM device may be resymbolized as Tl standard prod-
uct and resold as though it were an unprogrammed version of the
device at the convenience of Texas Instruments.”

Contact the nearest Tl Field Sales Office for more information on procedures,
leadtimes, and cost.
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Appendix E
Quality and Reliability

The quality and reliability performance of Texas Instruments Microprocessor
and Microcontroller Products, which includes the three generations of
TMS320 digital signal processors, relies on feedback from:

[ ] Our customers

LJ Our total manufacturing operation from front-end wafer fabrication to
final shipping inspection

( Product quality and reliability monitoring.

Our customer’s perception of quality must be the governing criterion for
judging performance. This concept is the basis for Texas Instruments Corpo-
rate Quality Policy, which is as follows:

"For every product or service we offer, we shall define the require-
ments that solve the customer’s problems, and we shall conform to
those requirements without exception.”

Texas Instruments offers a leadership reliability qualification system, based on
years of experience with leading-edge memory technology as well as years of
research into customer requirements. Quality and reliability programs at Tl are
therefore based on customer input and internal information to achieve con-
stant improvement in quality and reliability.
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Reliability Stress Tests

E.1 Reliability Stress Tests

E-2

Accelerated stress tests are performed on new semiconductor products and
process changes to ensure product reliability excellence. The typical test en-
vironments used to qualify new products or major changes in processing are:

High-temperature operating life

Storage life

Temperature cycling

Biased humidity

Autoclave

Electrostatic discharge

Package integrity

Electromigration

Channel-hot electrons (performed on geometries less than 2.0 ym).

Typical events or changes that require internal requalification of product in-
clude: )

[ ] New die design, shrink, or layout

(] Wafer process (baseline/control systems, flow, mask, chemicals, gases,
dopants, passivation, or metal systems)

® Packaging assembly (baseline control systems or critical assembly
equipment)

[ ] Piece parts (such as lead frame, mold compound, mount material, bond
wire, or lead finish)

® Manufacturing site.

Tl reliability control systems extend beyond qualification. Total reliability
controls and management include product ramp monitor as well as final pro-
duct release controls. MOS memories, utilizing high-density active elements,
serve as the leading indicator in wafer-process integrity at TI MOS fabrication
sites, enhancing all MOS logic device yields and reliability. Tl places more
than several thousand MOS devices per month on reliability test to ensure and
sustain built-in product excellence.

Table E-1 lists the microprocessor and microcontroller reliability tests, the du-
ration of the test, and sample size. The following defines and describes those
tests in the table.

AOQ (Average Outgoing Quality) Amount of defective product in a pop-
ulation, usuaiiy expressed in terms of
parts per million (PPM).

FIT (Failure In Time) Estimated field failure rate in number
of failures per billion power-on device
hours; 1000 FITS equals 0.1 percent
fail per 1000 device hours.

Operating lifetest Device dynamically exercised at a high
ambient temperature (usually 125°C)
to simulate field usuage that would



Reliability Stress Tests

High-temperature storage

Biased humidity

Autoclave (pressure cooker)

Temperature cycle

Thermal shock

PIND

Mechanical Sequence:
Fine and gross leak
Mechanical shock

PIND (optional)
Vibration, variable frequency

Constant acceleration

Fine and gross leak

expose the device to a much lower
ambient temperature (such as 55°C).
Using a derived high temperature, a
55°C ambient failure rate can be cal-
culated.

Device exposed to 150°C unbiased
condition. Bond integrity is stressed in
this environment.

Moisture and bias used to accelerate
corrosion-type failures in plastic
packages. Conditions include 85°C
ambient temperature with 85-percent
relative humidity (RH). Typical bias
voltage is +5 V and ground on alter-
nating pins.

Plastic-packaged devices exposed to
moisture at 121°C using a pressure of
one atmosphere above normal pres-
sure. The pressure forces moisture
permeation of the package and accel-
erates corrosion mechanisms (if pres-
ent) on the device. External package
contaminates can also be activated
and caused to generate inter-pin cur-
rent leakage paths.

Device exposed to severe temperature
extremes in an alternating fashion
(-65°C for 15 minutes and 150°C for
15 minutes per cycle) for at least 1000
cycles. Package strength, bond qual-
ity, and consistency of assembly pro-
cess are stressed in this environment.

Test similar to the temperature cycle
test, but involving a liquid-to-liquid
transfer, per MIL-STD-883C, Method
1011.

Particle Impact Noise Detection test.
A non-destructive test to detect loose
particles inside a device cavity.

Per MIL-STD-883C, Method 1014.5
Per MIL-STD-883C, Method 2002.3,
1500 g, 0.5 ms, Condition B

Per MIL-STD-883C, Method 2020.4
Per MIL-STD-883C, Method 2007.1,
20 g, Condition A

Per MIL-STD-883C, Method 2001.2,
20 kg, Condition D, Y1 Plane min
Per MIL-STD-883C, Method 1014.5
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Electrical test To data sheet limits

Thermal Sequence:

Fine and gross leak Per MIL-STD-883C, Method 1014.5
Solder heat (optional) Per MIL-STD-750C, Method 1014.5
Temperature cycle Per MIL-STD-883C, Method 1010.5,
(10 cycles minimum) -65 to +150°C, Condition C

Thermal shock Per MIL-STD-883C, Method 1011.4,
(10 cycles minimum) -55 to +125°C, Condition B
Moisture resistance Per MIL-STD-883C, Method 1004.4
Fine and gross leak Per MIL-STD-883C, Method 1014.5
Electrical test To data sheet limits

Thermal/Mechanical Sequence:

Fine and gross leak Per MIL-STD-883C, Method 1014.5

Temperature cycle Per MIL-STD-883C, Method 1010.5,

(10 cycles minimum) -65 to +150°C, Condition C

Constant acceleration Per MIL-STD-883C, Method 2001.2,
30 kg, Y1 Plane

Fine and gross leak Per MIL-STD-883C, Method 1014.5

Electrical test To data sheet limits

Electrostatic discharge Per MIL-STD-883C, Method 3015

Solderability Per MIL-STD-883C, Method 2003.3

Solder heat Per MIL-STD-750C, Method 2031,
10 sec

Salt atmosphere Per MIL-STD-883C, Method 1009.4,
Condition A, 24 hrs min

Lead pull Per MIL-STD-883C, Method 2004.4,
Condition A

Lead integrity Per MIL-STD-883C, Method 2004.4,
Condition B1

Electromigration Accelerated stress testing of con-

ductor patterns to ensure acceptable
lifetime of power-on operation
Resistance to solvents Per MIL-STD-883C, Method 2015.4
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Table E-1. Microprocessor and Microcontroller Tests

TEST DURATION SAMPLE SIZE
PLASTIC CERAMIC

Operating life, 125°C, 5.0 V 1000 hrs 129 129
Storage life, 150°C 1000 hrs 77 77
Biased 85°C/85 percent RH, 5.0 V 1000 hrs 129 -
Autoclave, 121°C, 1 ATM 240 hrs 77 -
Temperature cycle, -65 to 150°C 1000 cyct 129 129
Thermal shock, -65 to 150°C 200 cyc 77 77
Electrostatic discharge, +2 kV 15 15
Latch-up (CMOS devices only) 5 5
Mechanical sequence - 38
Thermal sequence - 38
Thermal/mechanical sequence - 38
PIND - 45
Internal water vapor - 3
Solderability 22 22
Solder heat 22 22
Resistance to solvents 15 15
Lead integrity 15 15
Lead pull 22 -
Lead finish adhesion 15 15
Salt atmosphere 15 15
Flammability (UL94-V0) 3 -
Thermal impedance 5 5

t For severe environments; reduced cycles for office environments

Tl Qualification test updates are available upon request at no charge. Tl will
consider performing any additional reliability test(s), if requested. For more
information on TI quality and reliability programs, contact the nearest T| Field
Sales Office.
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Note:

Texas Instruments reserves the right to make changes in MOS Semicon-
ductor test limits, procedures, or processing without notice. Unless prior
arrangements for notification have been made, Tl advises all customers to
reverify current test and manufacturing conditions prior to relying on
published data.




Appendix F
TMS320 EPROM Programming

The EPROM versions of the TMS320 family include a 4K-word x 16-bit EP-
ROM implemented using an industry-standard EPROM cell. These devices
can be used for prototyping, early field testing, and low volume production.
The CMOS counterparts of the TMS320 family with a 4K-ward masked ROM
offer a migration path for cost-effective higher volume production. EPROM
adapter sockets are available that provide 40-pin to 28-pin conversion for
programming the TMS320E15/E17. Adapter sockets are also available to
provide the 68-pin to 28-pin conversion required for programming the
TMS320E14/E25. Refer to Table A-3 of Appendix A for part number infor-
mation.

Key features of the EPROM cell include standard programming and verifica-
tion. The EPROM cell also includes a code protection feature that allows code
to be protected against copyright violations. The protection feature can be
used to protect reading the EPROM contents. This appendix describes era-
sure, programming, and verification, plus EPROM protection and verification.
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Appendix F - TMS320 EPROM Programming

F.1 Programming and Verification

The TMS320 EPROM cell is programmed using the same family and service
codes as the TMS27C64 8K x 8-bit EPROM. The TMS27C64 EPROM series
are ultraviolet-light erasable, electrically programmable read-only memories.
They are fabricated using HVCMOS technology. The TMS27C64 is pin-
compatible with existing 28-pin ROMs and EPROMs. The TMS320 EPROM
family, like the TMS27C64, operates from a single 5-V supply in the read
mode. In the programming mode, an additional 12.5-V supply is required.
All programming signals are TTL level. For programming outside the resident
system, many of the commercial EPROM programmers can be used. Memory
locations can be programmed singly, in blocks, or at random.

F.1.1 Block Programming

When block programming, the data is loaded into the TMS320 EPROM one
byte at a time. From a programmer’s point of view, data for each memory lo-
cation is loaded high byte first, low byte second.

Caution:

The EPROM versions of the TMS320 family do not support the
signature mode available with some EPROM programmers. The
signature mode on these programmers places a high voltage
(12.5-VDC) on address pin A9. The TMS320 EPROM cell is not
designed for this feature and will be damaged if subjected to
this voltage. A 3.9 kOhm resistor is standard on the Tl pro-
grammer socket between address pin A9 and the programmer.
This protects the device from the unintentional use of the sig-
nature mode.

F.2 Erasure

F-2

Before programming, the TMS320 EPROM device is erased by exposing the
chip (through the transparent lid) to high-intensity ultraviolet-light (wave-
length 25637 angstroms). For information on the recommended exposure time
and lamp iocation for a particular TMS320 EPROM device, consult the ap-
propriate TMS320 User’s Guide. After erasure, all bits are in the high state.
Note that normal ambient light contains ultraviolet. Therefore, when using a
TMS320 EPROM, the transparent window of the device should be covered
with an opaque tape or label after erasure. This will prevent the degradation

and/or erasure of the programmed data.
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F.3 Fast and SNAP! Pulse Programming

Two programming algorithms are available for use with the TMS320 EPROM
devices. Fast programming is normally used to program the entire EPROM
contents, although individual locations may be programmed separately. Fast
programming is supported on the TMS320E15/E17, TMS320E14, and
TMS320E25. TI SNAP! Pulse Programming can reduce programming time to
a nominal of one second. (Actual programming time will vary as a function
of the programmer used). SNAP! Pulse Programming is supported on the
TMS320E14 and TMS320E25. For more information on these two program-
ming algorithms, consult the appropriate TMS320 user’s guide.

F.4 Program Verify

Information verification of the EPROM versions of the TMS320 family is
contained in the appropriate TMS320 user’s guide.

F.5 EPROM Protection and Verification

The EPROM protection facility is used to completely disable reading of the
EPROM contents to guarantee security of proprietary algorithms. This facility
is implemented through a unique EPROM cell called the RBIT (ROM Protect
bit) cell. Once the contents to be protected are programmed into the EPROM,
the RBIT is programmed, disabling access to the EPROM contents and disa-
bling the microprocessor mode on the device. Once programmed, the RBIT
can only be cleared by erasing the entire EPROM array with ultraviolet light,
thus maintaining security of the proprietary algorithm. Information on pro-
gramming and verification of the RBIT can be found in the appropriate
TMS320 user’s guide.

F-3



Appendix F - TMS320 EPROM Programming

F-4



Index

A

adaptive filter design (TMS32020) 7-7
Advanced Digital System Industries,
Ltd. 9-122
Al/Ware 9-18
algorithm development hardware 9-1
Advanced Digital System Industries,
Ltd. 9-122
Ariel Corporation 9-21
ASR International 9-123
Atlanta Signal Processors, Inc.
(ASPl) 9-25
Burr-Brown Corp. 9-32
Burr-Brown Japan 9-124
CGA Corporation 9-125
Chubu Denki Corporation 9-126
Computer Solutions Ltd. 9-130
Dalanco Spry 9-39
Digital Sound Corp. 9-44
DSP Technology Inc. 9-51
dSPACE GmbH 9-131
Emona Enterprises Pty Ltd. 9-127
EMU-SYS Inc. 9-53
FACS Inc. 9-54
Forth, Inc. 9-55
Hyperception 9-60
Intelligent Instrumentation Products,
Burr-Brown Corpora tion 9-62
Loughborough Sound Images
Ltd. 9-138
Metme Corp. 9-72
Microcraft Corp. 9-75
MTT Corporation 9-128
Navtrol Company, Inc. 9-80, 9-140
Pentek, Inc. 9-81
Racal Microelectronics Systems
Ltd. 9-142
Sarin Incorporated 9-86
Signatec  9-90
SKY Computers, Inc. 9-97
Sonitech International Inc. 9-99
Spectrum Signal Processing Inc. 9-
103
Structured Electronic Systems
Inc 9-106
Symmetric Research 3-107

System Engineering Corporation 9-
129

Teknic Inc. 9-110

Tektronix 9-112

TelePhoto Communications 9-113

TIAC Manufacturing, Inc. 9-116

Ultra Digital Systems Limited 9-144

algorithm development software 9-1,
9-35

Ariel Corporation 9-21

ASR International 9-123

Athena Group Inc. 9-24

Atlanta Signal Processors, Inc.
(ASPI) 9-25

Bedford Research 9-31

Burr-Brown Corp. 9-32

CGA Corporation 9-125

Chubu Denki Corporation 9-126

Comdisco 9-35

Computer Solutions Ltd. 9-130

Daisy Systems Corp. 9-38

Digital Signal Processing Software,
Inc. (DSPS) 9-42

DSP Development Corp. 9-47

dSPACE GmbH 9-131

Forth, Inc. 9-55

Gas Light Software 9-56

Hyperception 9-60

Intelligent Instrumentation Products,
Burr-Brown Corpora tion 9-62

Logic Automation 9-67

Loughborough Sound Images
Ltd. 9-138

Microcraft Corp. 9-75

Momentum Data Services 9-79

MTT Corporation 9-128

Pentek, Inc. 9-81

Pratica SRL 9-141

Sarin Incorporated 9-86

Signal Technology, Inc. 9-89

Signatec  9-90

Signix Corp. 9-93

SKY Computers, Inc. 9-97

Sonitech International Inc. 9-99

Spectron MicroSystems, Inc. 9-102

Spectrum Signal Processing Inc. 9-
103

TelePhoto Communications 9-113

Index-1



Televic 9-143
TIAC Manufacturing, Inc. 9-116
Uitra Digital Systems Limited 9-144
Whitman Engineering, Inc.  9-121
Allen Ashley 9-19
analog interface board (AIB) 5-38
application hardware 9-1
Al/Ware 9-18
Digital Audio Corp. 9-41
Discrete TimeSystems, Inc. 9-45
DSP Group Inc. 9-48
DSP Technology Corp. 9-50
dSPACE GmbH 9-131
Joyce-Loebl Ltd. 9-136
Kay Elemetrics Corp. 9-65
Mathematical Systems Design,
Inc. 9-70
Metme Corp. 9-72
Rapid Systems, Inc. 9-85
Texas Instruments, Inc. 9-115
Votan 9-120
application reports 7-4
application software 9-1
Digital Signal Processing Software,
Inc. (DSPS) 9-42
applications 2-14
archiver 4-2
Ariel Corporation 9-21
articles 7-9
ASPI
ADP (algorithm development
package) 9-25
DFDP (digital filter design
package) 4-35
ASR International 9-123
assembler 4-2
assembler 4-2
assembler/linker 9-1
Allen Ashley 9-19
Ariel Corporation 9-21
ASR International 9-123
Avocet Systems, Inc. 9-29 '
Computalker Consultants 9-36

Cbnw H H ».
Cybernetic Micro Systems  8-37

Digital Signal Processing Software,
Inc. (DSPS) 9-42
Hewlett-Packard - 9-57
Loughborough Sound Images
Ltd. 9-138
Microcraft Corp. 9-75
MTT Corporation 9-128
Pratica SRL 9-141
Sarin Incorporated 9-86
SKY Computers, Inc. 9-97

Index-2

Spectrum Signal Processing Inc. 9-
103
Symmetric Research 9-107
Ultra Digital Systems Limited 9-144
Athena Group Inc. 9-24
Atlanta Signal Processors, Inc.
(ASPI) 9-25
Avocet Systems, Inc. 9-29

Bedford Research 9-31
bulletin board (TMS320) 7-31
Burr-Brown Corp. 9-32
Burr-Brown Japan 9-124

C

C compiler 4-4

CGA Corporation 9-125

Chubu Denki Corporation 9-126

CMOS devices
TMS320C10 2-4
TMS320C10-14 2-4
TMS320C10-25 2-4
TMS320C14 2-4
TMS320C15/E15 2-4
TMS320C17/E17 2-4
TMS320C25/E25 2-9
TMS320C25-50 2-9
TMS320E14 2-4

Comdisco 9-35

Computalker Consultants 9-36

Computer Solutions Ltd. 9-130

consultants 9-145

Cybernetic Micro Systems 9-37

D

Daisy Systems Corp. 9-38
Dalanco Spry 9-39
data encryption standard software 4-40
data sheets 7-3
Details on Signal Processing
newsletter 7-30
development support products 3-1
DFDP (digital filter design
package) 4-35



DFT/FFT and convolution algorithms
(TMS32010) 7-6
Digital Audio Corp. 9-41
digital filter design (TMS32010) 7-7
digital signal processing applications 7-7
Digital Signal Processing Software, Inc.
(DSPS) 9-42
Digital Sound Corp. 9-44
digital synthesizer chip 9-83
disassembler 9-1
Allen Ashley 9-19
Hewlett-Packard 9-57
Kontron Electronics 9-66
Discrete TimeSystems, Inc. 9-45
documentation 7-1
DSP applications book 7-4
DSP applications with the TMS320 7-7
DSP design workshop class size 6-3
DSP design workshop registration 6-3
DSP design workshops 6-1, 6-2
DSP Development Corp. 9-47
DSP Group Inc. 9-48
DSP lab 9-41
DSP lab manual (TMS32010) 7-7
DSP research workstation 8-4
DSP Software Library 4-37
DSP station recommendations 8-3
DSP Technology Corp. 9-50
DSP Technology Inc. 9-51
DSP workstation 9-60
dSPACE GmbH 9-131

E

Electro Rent Corporation 9-52
Emona Enterprises Pty Ltd. 9-127
emulator 9-57,9-68, 9-77, 9-95, 9-138
emulator (XDS) 5-8
upgrade program 5-34
EMU-SYS Inc. 9-53.
EPROM erasure F-1
EPROM programmer 9-1
Cybernetic Micro Systems 9-37
Loughborough Sound Images
Ltd. 9-138
EPROM programming F-1
EPROM programming and
verification  F-1
EPROM protection and verification F-1
EPROM verification F-1
evaluation module (EVM) 5-2
exchange policies B-1

F

FACS Inc. 9-54

factory repair B-1

fast programming F-1

first generation design workshop 6-2

first-generation devices
TMS320C10 2-4
TMS320C10-14 2-4
TMS320C10-25 2-4
TMS320C14 2-4
TMS320C15/E15 2-4
TMS320C17/E17 2-4
TMS320E14 2-4
TMS32010 2-4

first-generation TMS320 user’s

guide 7-8
Forth, Inc. 9-55
functional components of SPOX 4-42

G

Gas Light Software 9-56

H

hardware support 5-1
analog interface board (AlB) 5-38
emulator (XDS) 5-8
evaluation module (EVM) 5-2
XDS upgrade program 5-34

Hewlett-Packard 9-57

high level language compiler 9-1
ASR International 9-123
CGA Corporation 9-125
Computalker Consultants 9-36
Computer Solutions Ltd. 9-130
Joyce-Loebl Ltd. 9-136
Loughborough Sound Images

Ltd. 9-138
SKY Computers, Inc. 9-97
Spectrum Signal Processing Inc.  9-
103

Tartan Laboratories, Inc  9-109
Televic 9-143

hotline (TMS320) 7-32

how to use this manual 1-4

Hyperception 9-60

Index-3



I N

Intelligent Instrumentation Products, Burr- Navtrol Company, Inc. 9-80, 9-140
Brown Corporation 9-62 newsletter 7-30
internal busing 2-1 nomenclature A-6

Introduction 1-1

o
J

object format converter 4-2
Joyce-Loebl Ltd. 9-136 object format converter 4-2
ordering information A-1
other 9-52,9-83,9-88,9-112, 9-127,
9-138

K

Kay Elemetrics Corp. 9-65 P
Kontron Electronics 9-66

part numbers A-1
Pentek, Inc. 9-81
L Pratica SRL  9-141
product bulletins 7-2
product quality/reliability E-1

leasing of TI XDS/22 emulators 9-52 program license agreement C-1
license agreement  C-1 programming and verification  F-1
linker  4-2 protection and verification F-1
literature 7-1 prototype devices D-1

logic analyzer 9-66, 9-112
Logic Automation 9-67
Loughborough Sound Images Ltd. 9-138

Q

M QUALCOMM, Inc. 9-83
quality/reliability E-1

Macrochip Research Inc. 9-68

mask options D-1

Mathematical Systems Design, Inc.

Metme Corp. 9-72

Microcraft Corp. 9-75

MicroWorkshop 9-77

modem software (TMS320 Bell
212A) 4-39

Momentum Data Services 9-79

MS/PC-DOS 4-37

MTT Corporation 9-128

70 R

w

Racal Microelectronics Systems Ltd. 9-
142

Rapid Systems, Inc. 9-85

reliability tests E-2

repair policies B-1

ROM codes D-1

RTC locations 6-4

RTC TMS320 product seminar 6-1

Index-4



S

Sarin Incorporated 9-86
Schlumberger Technologies 9-88
second generation design workshop 6-2
second-generation devices
TMS320C25/E25 2-9
TMS320C25-50 2-9
TMS32020 2-9
second-generation TMS320 user’s
guide 7-8
Signal Technology, Inc. 9-89
Signatec  9-90
Signix Corp. 9-93
Signum Systems Inc. 9-95
simulator 4-10, 9-1
Allen Ashley 9-19
Avocet Systems, Inc. 9-29
Computalker Consultants 9-36
Loughborough Sound Images
Ltd. 9-138
MTT Corporation 9-128
Sarin Incorporated 9-86
Spectron MicroSystems, inc. 9-102
Spectrum Signal Processing Inc. 9-
103
Ultra Digital Systems Limited 9-144
Valid Logic Systems 9-118
SKY Computers, Inc. 9-97
SNAP! pulse programming F-1
software development and support 4-1
C compiler 4-4
data encryption standard
software 4-40
DFDP (digital filter design
package) 4-35
DSP Software Library 4-37
macro assembler 4-2
simulator 4-10
SoftWare Development System
(SWDS) 4-28
SPOX: the TMS320C3x operating sys-
tem 4-41
TMS320 Bell 212A modem
software 4-39
SoftWare Development System
(SWDS) 4-28
software library 4-37
Sonitech International Inc. 9-99
Spectron MicroSystems, Inc. 9-102
Spectrum Signal Processing Inc. 9-103
speech coding (TMS3201C) 7-7
SPOX development support  4-43
SPOX: the TMS320C3x operating
system 4-41

Structured Electronic Systems Inc  9-106
Symmetric Research 9-107
System Engineering Corporation 9-129

T

Tartan Laboratories, Inc  9-109
technical articles 7-9
Teknic Inc. 9-110
Tektronix 9-112
TelePhoto Communications 9-113
Televic 9-143
test programs 9-88
Texas Instruments, Inc. 9-115
textbooks 7-6
third generation design workshop 6-3
third-generation devices
third-party consultants 9-145
third-party name address & phone
list 9-3
third-party support 9-1
Advanced Digital System Industries,
Ltd. 9-122
Al/Ware 9-18
Allen Ashley 9-19
Ariel Corporation 9-21
ASR International 9-123
Athena Group Inc. 9-24
Atlanta Signal Processors, Inc.
(ASPl) 9-25
Avocet Systems, Inc. 9-29
Bedford Research 9-31
Burr-Brown Corp. 9-32
Burr-Brown Japan '9-124
CGA Corporation 9-125
Chubu Denki Corporation 9-126
Comdisco. 9-35
Computalker Consultants 9-36
Computer Solutions Ltd. 9-130
Cybernetic Micro Systems 9-37
Daisy Systems Corp. 9-38
Dalanco Spry 9-39
Digital Audio Corp. 9-41
Digital Signal Processing Software,
Inc. (DSPS) 9-42
Digital Sound Corp. 9-44
Discrete TimeSystems, Inc. 9-45
DSP Development Corp. 9-47
DSP Group Inc. 9-48
DSP Technology Corp. 9-50
DSP Technology Inc. 9-51
dSPACE GmbH 9-131
Electro Rent Corporation 9-52

Index-5



Emona Enterprises Pty Ltd. 9-127
EMU-SYS Inc. 9-53
FACS Inc. 9-54
Forth, Inc. 9-55
Gas Light Software 9-56
Hewlett-Packard 9-57
Hyperception 9-60
Intelligent Instrumentation Products,
Burr-Brown Corporation 9-62
Joyce-Loebl Ltd. 9-136
Kay Elemetrics Corp. 9-65
Kontron Electronics 9-66
Logic Automation 9-67
Loughborough Sound Images
Ltd. 9-138
Macrochip Research Inc. 9-68
Mathematical Systems Design,
Inc. 9-70
Metme Corp. 9-72
Microcraft Corp. 9-75
MicroWorkshop 9-77
Momentum Data Services 9-79
MTT Corporation 9-128
Navtrol Company, Inc. 9-80, 9-140
Pentek, Inc. 9-81
Pratica SRL 9-141
QUALCOMM, Inc. 9-83
Racal Microelectronics Systems
Ltd. 9-142
Rapid Systems, Inc. 9-85
Sarin Incorporated 9-86
Schlumberger Technologies 9-88
Signal Technology, Inc. 9-89
Signatec  9-90
Signix Corp. 9-93
Signum Systems Inc. 9-95
SKY Computers, Inc. 9-97
Sonitech International Inc. 9-99
Spectron MicroSystems, Inc. 9-102
Spectrum Signal Processing Inc. 9-
103 :
Structured Electronic Systems
Inc 9-106
Symmetric Research  9-107
System Engineering Corporation 9-
129
Tartan Laboratories, Inc  9-109
Teknic Inc. 9-110
Tektronix 9-112
TelePhoto Communications 9-113
Televic 9-143
Texas Instruments, Inc. 9-115
TIAC Manufacturing, Inc. 9-116

Ultra Digital Systems Limited 9-144

Index-6

Valid Logic Systems 9-118
Votan 9-120
Whitman Engineering, inc. 9-121
third-party support product
descriptions 9-18
third-party support product tables 9-8
third-party trademarks 9-150
Tl program license agreement C-1
TIAC Manufacturing, Inc. 9-116
TMS320 Bell 212A modem
software 4-39
TMS320 C compiler 4-4
TMS320 device nomenclature A-6
TMS320 DSP bulletin board 7-31
TMS320 DSP technical hotline 7-32
TMS320 EPROM erasure F-1
TMS320 EPROM programming F-1
TMS320 EPROM protection and verifica-
tion F-1
TMS320 EPROM verification F-1
TMS320 family members
first-generation devices 2-4
second-generation devices 2-9
third-generation devices 2-12
TMS320 hardware/software available to
universities  8-2
TMS320C1x simulator 4-10
TMS320C10 2-4
TMS320C10-14 2-4
TMS320C10-25 2-4
TMS320C14 2-4
TMS320C15/E15 2-4
TMS320C17/E17 2-4
TMS320C2x simulator  4-14
TMS320C25 2-9
TMS320C25/E25 2-9
TMS320C25-50 2-9
TMS320C3x operating system 4-41
TMS320C3x simulator 4-20
TMS320E14 2-4
TMS32010 2-4
TMS32020 2-9

U

Ultra Digital Systems Limited 9-144
university program  8-1

upgrade program (XDS) 5-34
user’s guides 7-3



\" Y

. . warranties 5-34, B-1, B-7
Valid Logic Systems  9-118 Whitman Engineering, inc. 9-121
VAX/VMS 4-37 workshop class size  6-3
verification F-1 workshop registration 6-3
virtual DSP machine 4-41, 4-42 workshops 6-2
Votan 9-120
X

XDS emulator 5-8
upgrade program 5-34

Index-7






TI Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 36805, (205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
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2650 Moreira Da Maia, 4470 Maia, Portugal,
2-948-1003.
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THAILAND): Texas Instruments Singapore (PTE) Ltd.,
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SPAIN: Texas Instruments Espana, S.A.: C/Jos
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Texas
Corporation (Svanoehhalen) S-164- 93 Stockholm,
Sweden, 8 - 752-5800.

SWITZERLAND: Texas Instruments, inc., Reidstrasse
6, CH-GSS:) Diotikon (Zuerich) Switzerland,

TAIWAN: Texas Instruments Supply Co., 9th Floor
Bank Tower, 205 Tun Hwa N. Rd., ‘l'mps:, Taiwan,
Republic of China, 2 + 713-9311.

UNITED KINGDOM: Texas Instruments Limited:
Manton Lane, Bedford, MK41 7PA, England, 0234
270111,
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CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: Alamonte Sprlngs (305) 260-2116;
Ft. Lauderdale (305) 973-8502;
Tampa (813) 885-7411.

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Arlington Heights (312) 640-2925.

INDIANA: Carmel (317) 573-6400;
Ft. Wayne (219) 424-5174.

IOWA: Cedar Raplids (319) 395-9550.
KANSAS: Overland Park (913) 451-4511.
MARYLAND: Columbla (301) 964-2003.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN:' Farmington Hills (313) 553-1569;
Grand Rapids (616) 957-4200.

MINNESOTA: Eden Prairie (612) 828-9300.

MISSOURL: St. Louls (314) 569-7600.

NEW JERSEY: Iselin (201) 750-1050.

NEW MEXICO: Albuquerque (505) 345-2555.
NEW YORK: East Syracuse (315) 463-9291;

Melviile (516) 454-6600

Pittsford (716) 385-6
Poughkeepsle (914) 473-2900

NORTH CAROLINA: Charlotte (704) 527-0933;
Raleigh (919) 876-2725.

OHIO: Beachwood (216) 464-6100;
Beaver Creok (513) 427-6200.

OREGON: Beaverton (503) 643-6758.
PENNSYLVANIA: Blue Bell (215) 825-9500.
PUERTO RICO: Mato Rey (809) 753-8700.
TENNESSEE: Johnson Clty (615) 461-2192.

TEXAS: Austin (512) 250-7655;
Houston (713) 778-6592;

Richardson (214 630-5032.
San Antonio (512) 496-1779.

UTAH: Murray (801) 266-8972.
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfleld (414) 782-2899.
CANADA: N-rnn, Ontarlo (613) 'm-ts'/o

Richmond Hill, Ontarlo (416) mo
St. Laurent, Quebec (514) 336-1860.

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660-81 05;
Santa Clara (408) 748-2220;

GEORGIA: Norcross (404) 662-7945‘
ILLINOIS Arlington Heights (312) 840-2909.
MASSACHUSETTS: Waltham (617) 895-9196.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontario (613) 726-1970.
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TI Distributors

TI AUTHORIZED DISTRIBUTORS
Arrow/Klerulff Electronics Group
Arrow (Canada)

Future Electronics (Canada)
GRS Electronics Co., Inc.
Hall-Mark Electronics

Marshall Industrles

Newark Electronics

Schweber Electronics

Time Electronics

Wyle Laboratories

Zeus Components

— OBSOLETE PRODUCT ONLY —
Rochester Electronics, Inc.
Newburyport, Massachusetts
(508) 462-9332

ALABAMA: Arrow/Kierutff I3205 837-6955;
Hall-Mark (205) 837-8700; Marshall (205) 881-9235;
Schweber (205) 895-0480.

ARIZONA: Arrow/Kierultf (602) 437-0750;
Hall-Mark (602) 437-1200; Marshall (602) 496-0290;
Schweber (602) 431-0030; Wyle (602) 866-2888.

CALIFORNIA: Los Angclos/Ounqo Coun
Arrow/Kierultf (818) 701-7500, (714) 838-54. 2
Hall-Mark (818) 773-4500, (714) 669-4100;
Marshall (818) 407-0101, (3 8) 459-5500,
(714) 458-5395; Schw-bav (818) 880-9686;

14) 863-0200, & ) 320-8090; 5’0 818) 880-9000,
(714) 863- 9953, eul (714) 921- 818 889-3838;

acramento: Mark (916) 624-
Marshall (916) 685<9700 Schwabcr (916) 364-0222;
Wyle (916) 638-5 82;

ow/Kierulff (619) 565-4800;

Hall-Ma'r?( (619) 268-1201; ars all (619) 579-9600,
Schweber (619] ISO:MSG le (619) 565-9171;

San

Hall-Mark (QOB) 432 0900; Marshall (408] 94;—4600,
Schweber (408) 432.7171; Wyle (408) 727-2500;
Zeus (408) 998-5121.

COLORADO: Arrow/Kierulff (303) 790-4444;
Hall-Mark (303) 790-1662; Marshall (303) 451-8383;
Schweber (303) 799-0258; Wyle (303) 457-9953.

CONNETICUT: Arrow/Kierultf (203) 265-7741;
Hall-Mark (203) 271-2844; Marshall (203) 265-3822;
Schweber (203) 264-4700.

FLORIDA: Ft. Lauderdale:

Arrow/Klerulff (305) 429-8200; Hall-Mark (305) 971-9280;

Marshall (305) 977-4880; Schwebor (305) 977-7511;
Orlando: Arrow/Kierulff (407) 323-0252;

Hall-Mark (407) 830-5855; Marshall (407) 767-8585;

Schwebar (407 331.7555; Zeus (407) 365-3000;

Hall-Mark (813) 530-4543;
Mavsha!l (813) 576-1399; Schweber (813) 541-5100.

GEORGIA: Arrow/Kierulff (404) 449.8252;
Hall-Mark (404) 447-8000; Marshall (404) 923.5750;
Schweber (404) 449-9170.

ILLINOIS: Arrow/Kierulff (312) 250-0500;
Hall-Mark sal 2) 860-3800; Marshall (312) 490-0155;
2) 784-5100; Schweber (312) 364-3750.

INDIANA: Indianapolls: Arrow/Klerulff (317) 243-9353;
Hall-Mark (317) 872-8875; Marshall (317) 297-0483;
Schweber (317) 843-1050.

IOWA: Arrow/Kierulff (319) 395-7230;

Schweber (319) 373-1417.

KANSAS: KansasClty: Arrow/Kierulff (913) 541-9542;
Hall-Mark (913) 888-4747; Marshall (913) 492-3121;
Schweber (913) 492-2922.

LA
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MARYLAND: Arrow/Kierulff (301) 995-6002;
Hall-Mark (301) 988-9800; Marshall 3301) 235-9464;
Schweber (301) 840-5900; Zeus (301) 997-11 13.

USETTS
Hall-Mark (soo 667-0902; Marshall (5oe)) eswa1o-
Schweber (617) 275-5100; Time (617) 5326200
Wyle (817) 'na-noo, Zeus (617) 863-8600.

(313) 462-2290;
Hall-Mark s:m 482-1205 Marshall 3313) 525-5850
Newark (313) 967-0600; Schweber 13) 525-8100
Grand Rnwlds. Arrow/Kierulff (616) 243-0912.

MINNESOTA: Arrow/Kierulff (612) 830-1800;
Hall-Mark (612) 941-2600; Marshall (612) 559-2211;
Schweber (612) 941-5280.

: St (314) 567-6888;
Hall-Mark (314) 291-5350, Marshall (314) 291-4650;
Schweber (314) 739-0526.

NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968;
Schweber (603) 625-2250..

NEW JERSEY: Arrow/Kierulff (20 6&’0
(609) 596-8000; GRS Electronics ((
Hall-Mark (201) 575-4415, (201) 882-9: 73
(609) 235-1900; Marshall (201) 882-0320,
(609) 234-9100; Schweber (201) 227-7880.

NEW MEXICO: Arrow/Kierulff (505) 243-4566.

NEW VORK Long Island:
Arrow/Kierulff (516) 231-1009; Hali-Mark (516) 737-0600;
Marllzlll ()516)7273 -2424; Schweber (516) 334-7474;
Zeus
Rochester: Arrow/Klerultf (716) 427-0300;
Hall-Mark (716) 425-3300, larghall (716) 235-7620;
Schweber (716) 424-22
Syracuse: Marshall (607) 798-1611.

NORTH CAROLINA: Arrow/Kierulff (919) 876-3132,
919) 725-8711; Hall-Mark (919) 872-0712;
arshall (919) 878-9882 Schweber (919) '876-0000.

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990;
Hall-Mark (216) 349-4632; Marshall (216) 248-1788;
Schweber (216) 464-2970;
Columbus Hall-Mark (614) 0!0-331 3,

Dayton: Arrow/Kierulff (5132‘
Marshall (513) 898-4480; Scl wobor (51 3) 439-1800.

OKLAHOMA: Arrow/Kierulff (918) 252-7537;
Schweber (918) 622-8003.

OREGON: Arrow/Kierulff (503) 645-6456;
Marshall (503) 644-5050; Wyle (503) 640-6000.

PENNSYLVANIA: Arrow/Kierulff (412) 856-7000,
(215) 928—1000 GRS Electronics (215) $22-7037;
Marshall (412) 963-0441; Schweber (215) 441-0600,
(412) 963-6804.

TEXAS: Austin: Arrow/Kierulff (512) 835-4180;
Hall-Mark (512) 256-8848; Marshall (512) 837-1991;
Schweber (512] 339-0088 e (512) 934-9957
Dallas: Arrow/Kierulff (214) 380-64

Hall-Mark (214) 553-4300; ershlll ‘214) 233-5200;
Schweber (214) 661-5010; Wyle (214) 235-9953;
Zeus (214) 783-7010;

EIl Paso: Marshall SDI 5’ 6;

Houston: Arrow/Kierulff (713) 530-4700:
Hall-Mark (713) 781-6100; Marshall (713) 895-9200;
Schweber (713) 784-3600; Wyle (713) 879-9953.

UTAH: Arrow/Kierulft (801)‘97&6913
Hall-Mark (801) 972-1 larshall (801) 485-1551;
Wyle (801) 974-9953.

WASHINGTON: Arrow/Kierulft (206) 575-4420;
Marshall (208) 486-5747; Wyle (206) 881-1150.

WISCONSIN: Arrow/Kierulff (414) 792-0150;
Hall-Mark (414) 797-7844; Marshall (414) 797-8400;
Schweber (414) 784-9020.

CANADA: Cnlqavy' Future (403; 235-5325;
Edmonton: Future (403) 438-.
Amm canads (514) 735—5511,

4)
Ottaw: Camda (613) 226-6903;

quls (613) 820 313;

Quebec City: Arrow Canada (418) 871-7500;
Toronto: Arrow Canada (416) 672-7769;

Future (416) 638-4771 Mmhan (416) 674-2161;
Vancouver: Arrow Canada (604) 291-2986;
Future (604) 294-1166.

Customer
Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (2!4) 995—6611
— 5:00 p.m. CST)
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