TMS320C1x
User’s Guide

2563968-9721 revision »
July 1991

*ip
TeEXAs
INSTRUMENTS



important notice

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to
discontinue any semiconductor product or service without notice, and advises its customers to
obtain the latest version of relevant information to verify, before placing orders, that the
information being relied on is current.

Tl warrants performance of its semiconductor products and related software to current
specifications in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing
of all parameters of each device is not necessarily performed, except those mandated by
government requirements.

Please be aware that Tl products are not intended for use in life-support appliances, devices,
or systems. Use of Tl product in such applications requires the written approval of the
appropriate Tl officer. Certain applications using semiconductor devices may involve potential
risks of personal injury, property damage, or loss of life. In order to minimize these risks,
adequate design and operating safeguards should be provided by the customer to minimize
inherent or procedural hazards. Inclusion of Tl products in such applications is understood to be
fully at the risk of the customer using Tl devices or systems.

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

Copyright [1 1991, Texas Instruments Incorporated



Preface

Read This First

W i

How to Use This User’s Guide

Chapter 1

Chapter 2

Chapter 3

Chapter 4

The purpose of this user's guide is to serve as a reference book for the
first-generation TMS320 digital signal processors. Chapters 2 through 4 pro-
vide specific information on architecture and operation of these devices. Ap-
pendix A describes the electrical specifications and mechanical data informa-
tion for the commercial devices of the TMS320C 1x generation. Appendix B de-
scribes the same data for the military devices of the SMJ320C1x generation.
Appendices C through F provide information on mask options, quality and reli-
ability, device support, and DSP-related devices.

4 L)

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), 'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

| — ]

This book contains the following chapters:

Introduction

Describes the TMS320 family product line evolution and their functional and
perfomance characteristics

Pinouts and Signal Descriptions

Drawings of the packages for TMS320C1x devices. Functional listings of the
signals, their pin locations, and descriptions.

Architecture
TMS320C1xdesign description, hardware components, and device operation.
Functional block diagrams and internal hardware summary table.

Assembly Language Instructions
Addressing modes and format descriptions. Instruction set summary listed ac-

cording to function. Alphabetized individual instruction descriptions with exam-
ples.
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Chapter 5

Chapter 6

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

Appendix G

Software Applications

Software application examples for the use of variousTMS320C1x instruction
set features.

Hardware Applications

Hardware design techniques and application examples for interfacing to co-
decs, external memory, or common 4-/8-/16-/32-bit microcomputers and mi-
Croprocessors.

TMS320C1x Digital Signal Processors

Electrical specifications,timing, and mechanical data for all TMS320C1x de-
vices.

SMJ320C1x Digital Signal Processors

Electrical specifications,timing, and mechanical data for all SMJ320C1x de-
vices.

ROM Codes

Discussion of ROM codes (mask options) and the procedure for implementa-
tion.

Quality and Reliability

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

Development Support

Information about the hardware and software available to support the
TMS320C1x devices.

Analog Interface Peripherals and Applications

Digital /analog converters and interface devices for DSP applications in multi-
media, telecommunications, speech synthesis, servo control, modems, and
consumer electronics.

Programming the EPROM Cell

Programming, verifying, reading, and protecting of the TMS320E1x/P1x
EPROM cells.
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Style and Symbol Conventions

This document uses the following conventions.

Q@ Program listings and examples are shownin Courier font, whichis simi-
lar to a typewriter’s.
Here is a sample code listing segment:

DSP COFF Assembler Version 5.10 Tue Apr 23 17:38:39 1991
(c) Copyright 1987, 1989, Texas Instruments Incorporated

PID CONTROL PAGE 1
0002 *

0003 * THIS ROUTINE IMPLEMENTS A PID ALGORITHM.
0004 *

0005 0000 UN .set 0 ;OUTPUT OF CONTROLLER
0006 0001 EO .set 1 :LATEST ERROR SAMPLE
0007 0002 El . set 2 ;PREVIOUS ERROR SAMPPLE
0008 0000 UN .set 0 :0UTPUT OF CONTROLLER
0009 0001 EO .set 1l ;LATEST ERROR SAMPLE
3010 0002 El .set 2 ;PREVIOUS ERRCR SAMPLE
J011 0003 E2 . set 3 ;OLDEST ERROR SAMPLE
2012 0004 Kl set 4 ;GAIN CONSTANT

3013 0005 K2 set 5 ;GAIN CONSTANT

014 0006 K3 set 6 ;GAIN CONSTANT

J015

No Errors, No Warnings

Q@ n syntax descriptions, the instruction and associated parameters are
shown in the same font as regular text. In the description, the function
names and the parameters are shown in italic typetace. The information
that you or the software provide is aiso shown in this face. For example,
in:

[label) ADD {*|*+|*-} [shift [,next ARP}}

L} The square brackets ( [ and ] ) identify optional information that you pro-
vide; you don’t enter the brackets themselves. In the example, instead of
label you provide a name for the label.

3 Braces( {and} )indicate alist. The symbol | (read as or) separates items
within the list. In the example:
1"+
is an operand with three choices: *, *+, or *-,

As the list is not enclosed in square brackets, you must choose one item
from the list.

In the example, for the instruction ADD you must specify one parameter
fromthe list{*|*+|*-}. The parameters [shift,next ARF]] are optional; if you
use them, you replace them with the actual value of the parameters. That
is, if you use shift, you specify a number between 0 and 15. If you use next
ARPyou specifyaOora t.

vii
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Customer Support

If you need assistance or wish to report problems with your TMS320 software
call the TMS320 DSP hotline at (713) 274-2320 (8 AM -5 PM CST). To access
the DSP bulietin board service dial (713) 274-2323 (24 hrs). Set your modem
to 2400/1200,8,N,1 and follow the system prompts to sign in.

Information About Cautions

Trademarks

viii

This book may contain cautions

J A caution describes a situation that could potentially damage your soft-
ware or equipment.

s is what a caution looks ike.

Aegis and Apollo are trademarks of Apollo Computer, Inc.

DEC, VAX, and VMS are trademarks of Digital Equipment Corp.
MS, and MS-DOS are trademarks of Microsoft Corp.

PC-DOS is a trademark of IBM Corp.

Sun 3 is a trademark of Sun Microsystems, Inc.

UNIX is a registered trademark of AT&T Bell Laboratories.

XDS is a trademark of Texas Instruments Incorporated.
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Chapter 1

Introduction

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

The TMS32010, the first digital signal processor in the TMS320 family, was in-
troduced in 1983. During that year, the TMS32010 was named Product of the
Year by the magazine, Electronic Products. The TMS320 family now consists
of five generations of processors: TMS320C1x, TMS320C2x, TMS320C3x,
TMS320C4x, and TMS320C5x. Many features are common among these gen-
erations. Some specific features are added to each processor to provide differ-
ent price/performance alternatives. Software compatibility is maintained
throughout the family to protect your software investment. Each processor has
software and hardware tools to facilitate design.

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), 'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

This chapter discusses the following

Section Page
1.1 The TMS320 Family .. .. .. ..ot 1-2
1.2 General Description . . ... ... .. i 1-4

1.3 KeyFeatures...... .



The TMS320 Family

1.1

The TMS320 Family

The TMS320C 1x generation combines the high performance and specialized
features necessary in digital signal processing (DSP) applications. Tl also of-

fers

an extensive program of development support, including hardware and

software development tools, product documentation, textbooks, newsletters,
DSP design workshops, and a variety of application reports.See Appendix E
for a discussion of the wide range of development tools available.

Figure 1-1. TMS320 Device Evolution

A

(MIPS/MFLOPS)

Performance

TMS320E17/P17 1

TMS320C40

TMS320C30
TMS320C30-27-40
TMS320C31

TMS320C31-27

TMS320C50
TMS320C51

TMS320C25
TMS320E25

TMS320C25-33
TMS320C1x TMS320C25-50
TMS320010 TMS320C26
TMS320C 10-14/-25
TMS320C 14

TMS320E14/P 14

TMS320C15/LC15
TMS320E15/P15
TMS320C15-25
TMS320E15-25
TMS320C 16
TMS320C17/LC17

= = — >

Generation

@ Fixed-Point Generations @ Floating-Point Generations

Throughout this document, the devices within the TMS320C1x generation are
collectively referred to as TMS320C1x. The specific members of the
TMS320C1x generation include

D000 00000

TMS320C10, a CMOS 20-MHz version of the TMS32010
TMS320C10-14, a 14-MHz version of the TMS320C10
TMS320C10-25, a 25-MHz version of the TMS320C10
TMS320C14, a TMS320C 15 designed for a control system
TMS320E14, an EPROM version of the TMS320C14
TMS320P 14, a one-time programmable version of the TMS320E14
TMS320C15, a TMS320C 10 with expanded ROM and RAM
TMS320C15-25, a 25-MHz version of the TMS320C15
TMS320LC15, a low-power version of the TMS320C15
TMS320E15, an EPROM version of the TMS320C15
TMS320E15-25, a 25-MHz version of the TMS320E15

Introduction



The TMS320 Family

TMS320P 15, a one-time programmable version of the TMS320E15
TMS320C16, a 35-MHz expanded memory version of the TMS320C15
TMS320C17, a TMS320C 15 with serial and coprocessor ports
TMS320LC17, a low-power version of the TMS320C17

TMS320E17, an EPROM version of the TMS320C17

TMS320P17, a one-time programmable version of the TMS320E17

Figure 1—1 shows the different devices in each generation of the TMS320 fam-
ily. Plans for expansion of the TMS320C 1x generation include more spinoffs
of the existing generations. as well as more powerful future generations of digi-
tal signal processors.

ooooDD0



General Description

1.2 General Description

The combination of a Harvard-type architecture (separate program and data
buses) and special digital signal processing (DSP) instruction set give the
TMS320C1x generation speed and flexibility to execute up to 8.77 MIPS (mil-
lion instructions per second). While other processors implement functions
through software or microcode, the TMS320C 1x generation optimizes per-
formance by implementing functions within the hardware. This hardware-in-
tensive approach supplies the design engineer with power previously unavail-
able on a single chip.

Table 1—1 presents an overview of the TMS320C1x generation of DSPs, in-
cluding technology, memory, I/O, cycle timing, package type, and military sup-
port.

Table 1-1. TMS320C1x Overview

Memory 10 Cycle Package (1)

Device Tech. | RAM | ROM | EPROM | Prog. | Serial | Parallel | (ns) | DIP | PLCC Quad
TMS320C10(2) | CMOS | 144 | 1.5K - 4K - 8x16 200 | 40 44 -
TMS320C10-14 | CMOS | 144 | 1.5K - 4K - 8x16 280 | 40 | 44 -
TMS320C10-25 | CMOS | 144 | 1.5K - 4K - 8x16 160 | 40 | 44 -
T™S320C14(3) | CMOS | 256 4K - 4K 1 7x16 @ | 160 | - 68 -
TMS320E14 (3) ] CMOS | 256 - aK 4K 1 7x16 (4] 160 | - - 68 CER
TMS320P14 CMOS | 256 - 4K 4K 1 7xi6 @ | 160 | - 68 -
TMS320C15(3) | CMOS | 256 aK -~ aK - 8x16 200 | 40 | 44 44QFP
TMS320C15-25 | CMOS | 256 4K - 4K - 8x16 160 | 40 | 44 -
TMS320E15 (3) | CMOS | 256 - 4K 4K 8x16 200 | 40 - 44 CER
TMS320E15-25 | CMOS | 256 - 4K 4K 8x16 160 | 40 - 44 CER
TMS320LC15 CMOS | 256 aK - 4K - 8x16 200 | 40 | 44 -
TMS320P15 cMos | 256 - 4K 4K - 8x16 200 | 40 | 44 -
TMS320C16 CMOS | 256 8K - 64K 8x16 114 | - - 64 QFP
TMS320C17 CMOS | 256 4K - - 2 6x16(3) | 200 | 40 44 -
TMS320E17 CMOS | 256 - 4K - 2 6x16(0) | 200 | 40 - 44 CER
TMS320LC17 CMOS | 256 4K - - 2 exi6 5) | 200 | 40 | 44 -
TMS320P17 CMOS | 256 - 4K - 2 6x16 (5) | 200 | 40 44 -

Notes: 1) DIP =dualin-line package. PLCC = plastic-leaded chip carrier. CER-QUAD =: ceramic-leaded chip carrier. QFP =
lastic quad flat pack).

2; ilitary version available.

3) Military versigns planned; contact nearest Tl Field Sales Office for availability.

4) On-chip 16-bit /O, four capture inputs, and six compare outputs are available.

5) On-chip 16-bit coprocessor interface is optional by pin selection.

All devices are processed in CMOS technology.

A The TMS320C10 microprocessor is capable of achieving a 16 x 16-bit mul-
tiply in a single 200-ns cycle. On-chip data memory of 144 words is avail-
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General Description

able. Up to 4K words of off-chip program memory can be executed at full
speed. Because of its low-power dissipation (165 mW), the TMS320C10
is ideal for power-sensitive applications such as digital telephony and por-
table consumer products. A masked ROM option is available.

The TMS320C10-14, a 14-MHz version of the TMS320C10, provides a
iow-cost alternative for DSP applications not requiring the maximum oper-
ating frequency of the TMS320C 10. The device can execute 3.5 millionin-
structions per second and has a 280-ns instruction cycle time.

The TMS320C10-25, a 25-MHz version of the TMS320C10, has a 160-ns
nstruction cycle time. its iower power and higher speed make it well suited
‘or high-performance DSP applications.

The TMS320C14, TMS320E14, and TMS320P14 microcontrollers have
an instruction cycle time of 160 ns, 256 words of on-chip RAM, and 4K
words of on-chip program ROM (TMS320C14) or EPROM (TMS320E14).
The TMS320C 14 and the TMS320E 14 feature an event manager with four
capture inputs and six compare outputs, a bit-selectable I/O port, a serial
port with programmable protocols and timer, a watchdog timer, and two
general-purpose timers. These devices are object-code compatible with
the TMS320C10. The TMS320P 14 is a one-time programmable version
of the TMS320E14. The TMS320C14 is designed for control system appli-
cations and comprises the first devices that combine the high performance
of a DSP with the on-chip peripherals of a microcontroller.

The TMS320C15, TMS320E15, TMS320LC15, and TMS320P15 are fully
object-code and pin-for-pin compatible with the TMS320C10. Each offers
an expanded on-chip RAM of 256 words and an on-chip program ROM

TMS320C15) or EPROM (TMS320E 15) of 4K words. the TMS320C 15-25
and TMS320E15-25 are 160 ns versions. The TMS320LC15is a low-pow-
er (3-volt) version of the TMS320C15; the TMS320P 15 is a one-time pro-
grammable version of the TMS320E15.

The TMS320C16 microcontroller has 256 words of on-chip data RAM, 8K
words of on-chip ROM. and 64K of external program space. It has an in-
struction time of 114 ns and is capable of executing 8.77 MIPs (million in-
structions per second)

The TMS320C17, TMS320E17, TMS320LC17,and TMS320P17are dedi-
cated microcomputers. Each offers 256 words of on-chip RAM and 4K
words of on-chip program ROM (TMS320C17) or EPROM (TMS320E17
and TMS320P17). The TMS320C 17 features a dual-channel serial inter-
face, on-chip companding hardware (u-law/A-law), a serial port timer, and
a latched16-bit coprocessor port for direct microprocessor I/Q interface.
The devices are object-code compatibie with the TMS320C10. The
TMS320P17 is a one-time programmable version of the TMS320E17. The
TMS320LC17 is a low nower {3-volt) version of the TMS320C17.



Key Features

1.3 Key Features

The key features of the TMS320C1x devices are listed below.

Q Instruction cycle timing:
M 114ns

s TMS320C16
B 160 ns

=  TMS320C10-25

= TMS320C14

= TMS320C15-25/E15-25
| 200ns

=  TMS320C10

s TMS320C15/LC15

= TMS320C17/LC17
B 280ns

=  TMS320C10-14
144-/256-word on-chip data RAM
1.5K-/4K-word on-chip program ROM (TMS320C1x except 'C16)
8K-word on-chip program ROM (TMS320C16)
4K-word on-chip program EPROM (TMS320E/P1x)
EPROM code protection for copyright security
64K-word total external memory at full speed
m TMS320C16
4K-word total external memory at full speed
B TMS320C10
B TMS320C14
B 7TMS320C15
16-bit bidirectional data bus at 50-Mbps transfer rate
32-bit ALU/accumulator
16 x 16-bit parallel multiplier with a 32-bit product
0- to 16-bit barrel shifter
On-chip clock generator
Eight input and eight output channels
Duai-channel serial port with timer (TMS320C17)
Direct interface to combo-codecs (TMS320C17)

On-chip p-law/A-law companding hardware (TMS320C17)

16-bit coprocessor interface (TMS320C17)

16-pin bit-selectable /O ports (TMS320C14)

Serial port with programmable protocols (TMS320C14)

Event manager with capture inputs and compare outputs (TMS320C14)

¢ oeoodd

oo 0000000000
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Key Features

(& Four independent timers (TMS320C14)

ood

General-purpose (2
Serial port
Watchdog

Fifteen external/internal interrupts (TMS320C14)
Single 5-V supply (3-V tor TMS320LC15/L.C17)
Device packaging:

40-pin DIP
= TMS320C10

» TMS320C15/E15/.C15/P15
s TMS320C17/E17/LC17/P17

44-lead PLCC

s TMS320C10

s TMS320C/LC/15/17
s TMS320C/C/18/M17
68-lead PL.CC

s TMS320C14/P14
44-lead CER-QUALD

s TMS320E15

= TMS320E1'7
68-lead CER-QUAD

s TMS320E14
64-lead quad flat nack

= TMS320C16

[ CMOS Technology

Commercial and military versions available.

1.3.1 Typical Applications

The TMS320C 1x generation's unique versatility and realtime performance fa-
cilitates flexible design approaches in a variety of applications. In addition,
TMS320 devices can simultanecusly provide the multiple functions often re-
quired in those complex applications. Table 1--2 lists typical TMS320C 1x gen-
eration applications.

1-7



Key Features

Table 1-2. Typical Applications of the TMS320C1x Generation

General-Purpose DSP Graphics Imaging Instrumentation
Digital Filtering 3-D Rotation Spectrum Analysis
Convolution Robot Vision Function Generation
Correlation Image Transm./Comp. Pattern Matching
Hilbert Transforms Pattern Recognition Seismic Processing
Fast Fourier Transforms Homomorphic Processing Transient Analysis

Adaptive Filtering

Image Enhancement

Digital Filtering

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

Voice/Speech Control Military

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

Speech Synthesis Motor Control Missile Guidance
Text-to-Speech Radio Frequency Modems
Telecommunications Automotive

Echo Cancellation FAX Engine Control

ADPCM Transcoders Cellular Telephones Vibration Analysis
Digitai PBXs Speaker Phones Antiskid Brakes

Line Repeaters
Channel Multiplexing
Adaptive Equalizers

X.25 Packet Switching
Video Conferencing
Modems

Adaptive Ride Control
Gilobal Positioning
Voice Commands

DTMF Encoding/Decoding Data Encryption Digital Radio
Digital Speech Interpolation  Spread Spectrum Comm. Navigation
Consumer Industrial Medical
Radar Detectors Robotics Hearing Aids

Power Tools
Digital Audio/TV
Music Synthesizer
Educational Toys

Numeric Control
Security Access
Power Line Monitors

Patient Monitoring
Ultrasound Equipment
Diagnostic Tools
Prosthetics

Fetal Monitors

Introduction




Pin Assi

Chapter 2

ignal scriptions

SR S

Electrical specifications, mechanical data, and the signals used in program-
ming the EPROM and one-time programmable devices, are given in the data
sheet in Appendix A.

Note:

Throughout this book, C14 designates all devices with a 14 suffix
(C14/E14/P14),'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
‘C17 all devices with a ~7 suffix (C17/E17/LC17/P17), unless otherwise
noted.

This chapter shows the pin assignments and gives signal descriptions in the
following sections:

Section Page
2.1 TMS320C1xPinAssignments ..., 2-2
2.2 TMS320C10 and TMS320C15 Signal Descriptions ............ 2-6
2.3 TMS320C14 Signal Descriptions ............ c.cceeiiivintn 2-8
2.4 TMS320C16 Signal Descriptions ... .........ovvieriian.n.. 2-11
2.5 TMS320C17 Signal Descriptions ... .........coovienr .. 2-14

21



TMS320C1x Pin Assignments

2.1 TMS320C1x Pin Assignments

The figures in this section show the pin assignments for TMS320C1x devices.

Refer to the data sheet information in Appendices A through B for the following
information:

) Electrical specifications
2 Mechanica! data
[ Signals and the procedure used for EPROM programming.

2.2 Pin Assignments and Signal Descriptions



TMS320C1x Pin Assignments

TMS320C10, TMS320C15/LC15, TMS320E15
N (DIPY/JD (CER DiP) Package

{Top View)
A1/PA1 ] A2/PA2
AQ/PAQ{] A3
MC/MP ] A4
RSl A5
INT[ - A6
CLKOUT] - A7
X1{] A8
X2/CLKIN] MEN
BIO[] « DEN
vssl} WE
DBE Voo
D9 A9
D10] A0
D11 ] AT
D12{] Do
D13]] D1
D1a]] D2
D15 03
D7 D4
oef] - D&

TMS320C10, TMS320C15/LC15, TMS320E15
FN (PLCC) and FZ (CLCC} Packages
(Tor View}

82T 25283383
D = -
ooco - 7 >

Figure 2-1. TMS320C10. TMS320C15 Series, TMS320C *7 Pin Assignments

TMS320C17/LC17, TMS320E17
N (DIP)/JD (CER DIP) Package

(Top View)
PA1/RBLE] 1 PA2/TBLF
PAO/HILO] FSR

MC F8X
RS(| 4 FR
EXINT[] 5 DX1
CLKOUT] DX0
X17}7 SCLK
X2/CLKIN [} DR1
BIO[] e DEN/RD
vss[] 10 WEWR
peLDef] 1 Vee
perDefl12  29f] DRO
proaD1ofj1z 28f) xF
DUADII[[14  27{] MC/BM
p12D12[l 15  26] DOADO
D1a/LD1als  25[] DIAD1
D14/1.D14 [} 17 D2/L.D2
D15/LD15]] D3/LD3
D7AD7[ 19 22[] D4/LD4
De/LDs[] 20 D5/LD5

TMS320C17/LC17, TMS320E17
FN (PLCC) and FZ (CLCC) Packages
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TMS320C 1x Pin Assignments

Figure 2-2. TMS320C14 Pin Assignments

TMS320C14, TMS320E14, TMS320P14
FN (PLCC)/FZ (CLCC) Package

(Top View)
T >
wnw
W W
QB
a Q.
< <
S
g & NuE E25dd
a==2r 88535 <=220r-q
<00« Fo00C0000BO0AOA
)7 Qi) U ) RO § | S ) I ) N N ) NN ) SO | G ) S ) SN | D § SN | S ) S ) 2
9 87 654 3 21 686766 6564 63 6261
TCLK1 [ 10 60[] D4
TCLK2[] 11 O s9[] D5
A8 (] 12 se[] D6
A7 [] 13 s7[] D7
A6 ] 14 s6[] 10PO
WE[] 15 55 IOP1
REN [] 16 s4[} 10P2
RS Q17 53[] 10P3
INT [] 18 52[] 10P4
CLKOUT {] 19 51[} IOP5
A5 [] 20 so[] D8
__ Afjo asf] o
NMUMC/MP {] 22 48[] RXD/DATA
WDT [] 23 47[] TXD/CLK
CLKIN [] 24 4s[] D10
A3l]2s 45[] IoPe
A2/PA2 [] 26 44[] IOP7
27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 4243
o o W o o o o o o o s v e o o e ¥

Egmvmmsﬁx‘ggrommgmv—
~— o v - - -~
acaoococacaOLooaon ()
=50606006%7 cc-"e8
< <

2.4 Pin Assignments and Signal Descriptions



TMS320C1x Pin Assignments

Figure 2-3. TMS320C16 Pin Assignments

TMS320C16
PG (Quad Flatpack) Package
| (Top View)
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TMS320C10 and TMS320C15 Signal Descriptions

2.2 TMS320C10 and TMS320C15 Signal Descriptions

This section gives signal descriptions for the TMS320C10 and TMS320C15
devices. Table 2—1 lists each signal, its pin location according to related pack-
age (DIP/PLCC), function, and operating mode(s): that is, input, output, or
high-impedance state as indicated by |, O, or Z. The signals in Table 2-1 are
grouped according to function and alphabetized within that grouping.

Table 2-1. TMS320C10 and TMS320C15 Signal Descriptions

Pin
Signal DIP/PLCC roizt Description
Address/Data Buses

A11 MSB 27/31 O Program memory address bus A11 (MSB) through A0 (LSB) and port

Ai0 28/32 addresses PA2 (MSB) through PAO (LSB). Addresses A11 through AO

A9 29/33 are always active and never go to high impedance. During execution

A8 34/38 of the IN and OUT instructions, pins A2 through A0 carry the port ad-

A7 35/39 dresses. (Address pins A11 through A3 are always driven low on IN

A6 36740 and QUT instructions

A5 37/141

A4 38/42

A3 39/43

A2/PA2 40/44

A1/PA1 1/2

AO/PAO 2/3

D15 MSB 18/21 10/z | Parallel data bus D15 (MSB) through DO (LSB). The data bus is always

D14 17/20 in the high-impedance state except when WE is active (low).

D13 16/19

D12 15117

D11 14/16

D10 13/15

D9 12/14

D8 11/13

D7 19/22

D6 20/23

D5 21/24

D4 22/25

D3 23/26

D2 24/27

D1 25/29

Do LSB 26/30

Interrupt and Miscellaneous Signals

BIO 9/10 | External polling input. Polled by BIOZ instruction. if low, the device
branches to the address specified by the instruction.

DEN 32/36 0 Data enable for device input data. When active low, DEN indicates that
the device will accept data from the data bus. DEN is active only during
the first cycle of the IN instruction. When DEN is active, MEN and WE
are always inactive (high).

t  Inputioutputhigh-impedance state

2-6
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TMS320C10 and TMS320C 15 Signal Descriptions

Table 2-1.

TMS320C 10 and TMS320C15 Signal Descriptions (Continued)

Signal

Pin
DIP/PLCC

vo/zt

Description

Interrupt and Miscellaneous Signals

5/6

External interrupt input. The_interrupt signal is generated by applying
anegative-going edge tothe INTpin. The edge is used to latch the inter-
rupt flag register (INTF) until an interrupt is granted by the device. An
active low level is also sensed.

MC/MP

3/4

Memory mode select pin. High selects the microcomputer mode, in
which 1.5K words (4K on the TMS320C15/E15) of on-chip program
memory are available. This mode also allows an additional 2.5K words
of program memory to reside off-chip on the TMS320C10. Alow on the
MC/MP pin enables the microprocessor mode. In this mode, the entire
memory space (addresses 0 through 4095) is external.

33/37

Memory enable. MEN is active low on every machine cycle except
when WE and DEN are active. MEN is a control signal generated by
the device to enable instruction fetches from program memory. MEN
is active on instructions fetched from both internal and external
memory.

NC

m

No connection.

RS

4/5

Reset input for initializing the device. When RS is held at an active low
for a minimum of five clock cycles, DEN, WE, and MEN are forced high,
and the data bus (D15 through D0) is not driven. The program counter
(PC) and the address bus (A11 through AQ) are then synchronously
cleared after the next complete clock cycle from the falling edge of RS.
Reset also disables the interrupt, clears the interrupt flag register, and
leaves the overtiow mode register unchanged. The device can be held
in the reset state indefinitely.

31/35

Write enable for device output data. When active low, WE indicates
that the TMS320 will output data onto the data bus. WE is active only
during the first cycle of the QUT instruction and the second cycle of the
TBLW instruction. When WE is active, MEN and DEN are always inac-
tive (high).

Supply and Oscillator Signals

CLKOUT

6/7

System clock output (one-fourth crystal/CLKIN frequency). Duty cycle
is fifty percent.

Vee

30/34

5-V supply pin.

Vss

10/1, 12,
18,28

Ground pin.

X1

7/8

Crystal output pin for internal oscillator. If the internal oscillator is not
used, this pin should be left unconnected.

X2/CLKIN

8/9

Input pin to the internal oscillator (X2) from the crystal. Alternatively, an
input pin for an external oscillator (CLKIN).




TMS320C14 Signal Descriptions

2.3 TMS320C14 Signal Descriptions

This section gives signal descriptions for the TMS320C 14, TMS320E14, and
TMS320P14 devices. Table 2-2 lists each signal, its pin location, operating
mode (that is, input, output, high impedance state), and description. The sig-
nals are grouped according to function and alphabetized within that group.

Table 2-2. TMS320C14 Signal Descriptions

Pin
Signal PLCC vorzt Description
Address/Data Bus
A1l MSB 5 oz Program memory address bus A1 (MSB) through A0 (LSB) and port
A10 6 addresses PA2 (MSB) through PAO (LSB). Addresses A11 through A0
A9 9 are always active and never go to highimpedance except during reset.
A8 12 During execution of the IN and OUT instructions, pins 26, 27, and 28
A7 13 carry the port addresses. Pins A3 through A11 are held high when port
A6 14 accesses are made on pins PAO through PA2.
A5 20
A4 21
A3 25
A2/PA2 26
A1/PA1 27
AQ/PAQ 28
D15 MSB 35 | Parallel data bus D15 (MSB) through DO (LSB). The databus is always
D14 36 in the high-impedance state except when WE is active (low). The data
D13 39 bus is also active when internal peripherals are written to.
D12 40
D11 43
D10 46
D9 49
D8 50
D7 57
D& 58
D5 59
D4 60
D3 61
D2 62
D1 63
poLsB 64

t  Input/Outputhigh-impedance state

Pin Assignments and Signal Descriptions




TMS320C 14 Signal Descriptions

Table 2-2.  TMS320C14 Signal Descriptions (Continued)
Pin
Signal PLCC 11012+ Description
Interrupt and Miscellaneous Signals
[INT 18 | External interrupt input. The interrupt signal is generated by a low
signal on this pin.
NMUMC/MP 22 | Non-maskable interrupt. When this pin is brought low, the device is
interrupted irrespective of the state of INTM (status register ST) bit.
Microcomputer/Microprocessor select. This pin is also sampled
when RSis low. It NMI/MC/MP is high during reset, internal program
memory is selected. If it is low during reset, external program
memory is selected.
REN 16 0] Read enable. When active low, REN indicates the device will accept
data from the bus.
RS 17 ! Reset. When this Schmidt trigger input is low, the device is resetand
PC is set to zero.
'WE 15 @) Write enable. When active low, WE indicates the device will output
data on the bus.
Supply/Osclilator Signals
CLKIN 24 | Master clock input (from external clock source).
CLKOUT 19 0 System clock output (one fourth CLKIN frequency).
Vce 4,33 | 5-V supply pins.
Vss 3,34 i Ground pins.
Serial Port and Timer Signals
RXD 48 /0 Asynchronous mode receive input.
TXD 47 0/Z Asynchronous mode transmit output.
TCLK1 10 [ Timer 1 clock. It the external clock is selected, it serves as clock in-
put to Timer 1.
TCLK2 11 | Timer 2 clock. If the external clock is selected, it serves as clock in-
put to Timer 2.
WODT 23 0] Watchdog timer output. An active low is generated on this pin when
the watchdog timer times out.




TMS320C 14 Signal Descriptions

Table 2-2.  TMS320C14 Signal Descriptions (Continued)

Pin
Signal PLCC vorzt Description
10P15 MSB 29 VO These are 16-bit /O lines that can be individually configured as in-
IOP14 30 puts or outputs and also be individually set or reset when configured
10P13 31 as outputs.
10P12 32
IOP11 37
I0P10 38
IOP9 41
10P8 42
10P7 44
10P6 45
IOP5 51
10P4 52
10P3 53
I0P2 54
IOP1 55
IOPO LSB 56
Compare and Capture Signals
CMPO 8 O Compare outputs. The states of these pins are determined by the
CMP1 7 combination of compare and action registers.
CMP2 2
CMP3 1
CAPO 68 ! Capture inputs. A transition on these Schmidt trigger inputs causes
CAP1 67 the timer register value to be loaded into the corresponding FIFO.
CMP4/CAP2 66 Vo This pin can be configured as a compare output or input.
CMP5/CAP3 65 [l{®] This pin can be configured as a compare output or input.

2-10 Pin Assignments and Signal Descriptions




TMS320C16 Signal Descriptions

2.4 TMS320C16 Signal Descriptions

This section gives signal descriptions for the TMS320C16 device. Table 2-3
lists each signal, its pin location, operating mode (that s, input, output, high im-
pedance state), and description. The signals in Table 2-3 are grouped accord-
ing to function and alphabetized within that group.

Table 2-3. TMS320C16 Signal Descriptions

Pin
Signal QFP vorzt Description
Address/Data Buses

A15 MSB 32 0 Program memory address bus A15 (MSB) through A0 (LSB) and port
Al4 34 addresses PA2 (MSB) through PAO (LSB). Addresses A15 through AD
A13 35 are always active and never go to high impedance. During execution of
A12 36 the IN and OUT instructions, pins A2 through AQ carry the port addresses.
A1t 37 (Address pins A15 through A3 are always driven low on IN and OUT
A10 38 instruction).
A9 39
A8 40
A7 41
AB 43
A5 44
Ad 45
A3 46
A2/PA2 47
A1/PA1 48
AO/PAQ 49
D15 MSB 10 ¥OrZ | Parallel data bus D15 (MSB) through DO (LSB). The data bus is always
D14 11 in the high-impedance state except when IOWE or MWE is active (low).
D13 13
D12 14
D11 15
D10 16
D9 17
D8 20
D7 21
D6 22
D5 23
D4 25
D3 27
D2 28
D1 30
DO LSB 3

T Input/outputhigh-impedance state.
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TMS320C16 Signal Descriptions

Table 2-3.  TMS320C16 Signal Descriptions (Continued)

Pin
Signal QFP ro/zt Description
interrupt and Miscellaneous Signals
B8O B4 | External polling input. Polled by BIOZ instruction. If BIO is low, the device

branches to the address specified by the instruction.

Data enable for device input data. When active (low), IOEN indicates that
TOEN 54 o the device will accept data from the data bus. TOEN is active only during
the IN instruction. When IOEN is active, MEN, IOWE, and MWE are
always inactive (high).

Write enable for device output data. When active {low), | WE ndicates
OWE 52 o that data will be output from the device on the data bus. IOWE is active
only during the OUT instruction. When TOWE is active, MEN, 1OEN, and
MWE are inactive (high).

External interrupt input. The interrupt signal is generated by applying a
VR 63 | negative-going edge to the INT pin. The edge is used to latch the interrupt
flag register (INTF) until an interrupt is granted by the device. An active
low level will also be sensed. ‘

_.l

Memory mode select pin. High selects the microcomputer mode, in which
MC/MP 62 I 8K words of on-chip program memory are available. A low on the MC/MP
pin enables the microprocessor mode. In this mode, the entire memory
space (addresses 0 through 65535) is external.

Memory enable. MEN is an active low control signal generated by the

MEN 56 o device to enable instruction fetches from program memory. MEN is active
on instructions fetched from both internal and external memory. When
MEN is active, MWE, IOWE, and I0EN will be inactive (high).
Write enable for device output data. When active (low), MWE indicates
MWE 53 o that data will be output from the device on the data bus. MWE is active
only during the TBLW instruction. When MWE is active, MEN, 1OEN, and
IOWE are always inactive (high).
1,12, 18,
19, 24, 29, .
NC 33 50, 51, — No connection.
55

Schmitt-triggered input for initializing the device. When RS is held active
for a minimum of five clock cycles, IOEN, IOWE, MWE, and MEN are
forced high, and the data bus (D15through D0) is notdriven. The program
BS o | counter (PC) and the address bus (A15 through AO0) are then
synchronously cleared after the next complete clock cycle from the falling
edge of RS. Reset also disables the interrupt, clears the interrupt flag
register, and leaves the overflow mode register unchanged. The device
can be held in the reset state indsfinitely.

Supply/Oscillator Signals
CLKOUT 9 0o J System clock output (one-fourth crystal/CLKIN frequency).

212 Pin Assignments and Signal Descriptions




TMS320C 16 Signal Descriptions

Table 2-3.  TMS320C 16 Signal Descriptions (Continued)
g P
Pin

Signal QFpP vorzt Description
Voo 266957é058, I 5-V supply pins.
Vss 5",’2’ 76’18' | Ground pins.
X1 3 o Crystal output pin for internal oscillator. If the internal oscillator is not

used, this pin should be left unconnected.
X2/CLKIN 4 | Input pin to the internal oscillator (X2) from the crystal. Alternatively, an
i input pin for ar external oscillator (CLKIN).

t Input/outputhigh-impedance state
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2.5 TMS320C17 Signal Descriptions

Table 2-4 lists each signal provided on the TMS320C17, its pin location, func-
tion, and operating mode(s), that is, input, output, or high-impedance state as
indicated by |, O, or Z. The signals in Table 2—4 are grouped according to func-
tion and alphabetized within that grouping. Note that the first signal and the sig-
nal following the slash are both used on the TMS320C17/E17.

Table 2-4. TMS320C17 Signal Descriptions

Pin
Signal DIP/PLCC 10/2t Description
Bidirectional Data Bus
D15/LD15 18/21 VOrZ | Inthe microcomputer mode, these data lines represent a 16-bit parallel
D14/LD14 17/20 data bus (D15 through D0). The data bus is always in the high-impe-
D13/LD13 16/19 dance state, except when WE is active (low) or when an IN instruction
Di12/LD12 15/17 is being executed from either port 0 or port 1.
D11/L.D11 14/16
D10/LD10 13/15 in the coprocessor mode, the 16-bit data lines (LD15 through LDO) are
Do/LD9 12/14 used for a coprocessor latch. The data bus is always held in a high-im-
D8/LD8 11/13 pedance state except when RD is active (low).
D7.D7 19/22
D6/LD6 20/23
D5/LD5 21/24
D4/LD4 22/25
D3/LD3 23/26
D2/LD2 24/27
D1/LD1 25/28
DO/LDO 26/30
Port Address Bus
PA2/TBLF 40/44 o] I/O port address output/transmit buffer latch full flag.
PA1/RBLE 1/2 0] I/O port address output/receive buffer latch empty flag.
PAO/HILO 2/3 IYO/Z | I/O port address output/latch byte select pin.
In the microcomputer mode, these pins carry the port address when IN
and OUT instructions are used. When other instruction cycles are
used, these pins carry the three LSBs of the program counter.
In the coprocessor mode, these pins signal the status of the receive
and the transmit buffer latches.

T inputoutputhigh-impedance state

2-14
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Table 2-4.

TMS320C17 Signal Descriptions (Coniinued)

Signal

Pin
DIP/PLCC

vorzt

Description

Interrupt and Miscellaneous Signals

3

9/10

External polling input. Polled by the BIOZ instruction. lf BIO is low, the
device branches to the address specified by the instruction. When the
device is in the coprocessor mode, the BIO iline is reserved for copro-
cessor interface and cannot be driven externally.

DEN/RD

32/36

vo/z

Data enable for device input data/external read for the output latch.

When active low, DEN indicates that the device accepts data from the
data bus. DEN is active only during the first cycie of the IN instruction.

WE is always inactive (high) when DEN is active. In the coprocessor
mode, the external processor reads from the coprocessor latch by driv-
ing the RD line active (low), thus enabling the output latch to drive the
latched data. When the data has been read, the external device brings
the RD line high.

5/6

External interrupt input. The interrupt signal is generated by applying
alogic low level to the EXINT pin.The edge is used to latch the system
control register flag bit (CRO) until an interrupt is granted by the device.
In the coprocessor mode, the EXINT line is reserved for coprocessor
interface and cannot be driven externally.

MC

3/4

Microcomputer mode select pin. The MC pin mustbe connected to the
same state as the MC/PM pin. When these pins are low, the coproces-
sor port is enabled. When these pins are high, the microcomputer
mode is enabled

MC/PM

'D

27/31

Microcomputer or perigheral/coprocessor mode select pin.This pin
must be connected to the same state as the MC pin. When these pins
are low, the coprocessor portis enabted. When these pins are high, the
microcomputer mode is enabled.

NC

M

No connection

4/6

Reset input for nnmahzmg the device. When an active low is placed on
the RS pin for a minimum of five clock cycles, both DEN and WE are
forced high, and the data bus (D15 through D0) goes to a high-impe-
dance state. The serial port clock and transmit outputs also go to the
high-impedance state. The program counter (PC) and the port address
bus (PA2 through PAQ) are then syrchronously cleared after the next
compiete clock cycle from the falling edge of RS.

31/36

Vo

Write enable for device output data/external write enable for the input
latch. When active low, WE indicates that the TMS320 will output data
onto the data bus. WE is active only during the first cycle of of the OUT
instruction and the second cycle of the TBLW instruction. DEN is al-
ways inactive (high) when WFE is active. in the coprocessor mede, the
external processor lowers the WR line and places data on the bus. !t
next raises the WR line to clock the data into the on-chip latch.

XF

28/32

External logic output flag. Programmable via system control register
bit 10 (CR10) This pin is the direct output of the CR10 latch.
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Table 2-4.  TMS320C17 Signal Descriptions (Continued)
Pin
Signal DIP/PLCC vorzt Description
Supply/Oscillator Signals

CLKOUT 6/7 o) System clock output (one-fourth crystal/CLKIN frequency).

Vee 30/34 | 5-V supply pin.

Vss 10/1,12, 18, | Ground pin.

29

X1 7/8 (0] Crystal output pin for internal oscillator. if the internal osciliator is not
used, this pin should be left unconnected.

X2/CLKIN 8/9 | input pin to the internal oscillator (X2) from the crystal. Alternatively, an
input pin for an external oscillator (CLKIN).

Serial Port Signals

DR1 33/37 | Serial-port receive-channel inputs. Serial data is received in the inter-

DRO 29/33 nal receive registers via these pins.

(3) ¢4 36/40 oz Serial-port transmit-channel outputs. Serial data is transmitted from

DX0o 35/39 the transmit registers onto these pins of the processor. These outputs
are in the high-impedance state when not transmitting.

FR 37/41 o Internal serial-port framing output. If internal framing is enabled, seri-
al-porttransmit and receive operations occur simultaneously on an ac-
tive (high) FR framing pulse. Both short and long FR pulses are select-
able to provide fixed and variable data-rate framing pulses for com-
bo-codec interface. The FR frequency is derived from the serial-port
clock (SCLK) and system control register bits CR23—CR16.

FSR 39/43 | External serial-port receive-framing input. If external framing is en-
abled via the system control register, data is received via the receive
pins (DR1 and DRO) on the active (low) FSRinput. The falling edge of
FSRinitiates the receive process, and the rising edge sets the flag bit
(CR1)in the system control register, causing an interruptto occur ifen-
abled.

FSX 38/42 | External serial-port transmit-framing input. If external framing is en-
abled, data is transmitted on the transmit pins (DX1,DX0) on the active
(low) FSX mput The falling edge of FSX initiates the transmit process,
and the rising edge sets the flag bit (CR2) in the system control register,
causing an interrupt to occur if enabled.

SCLK 34/38 ¥O/Z | Serial-port clock. Master clock for transmitting and receiving seri-
al-port data. Configurable as an input or output. SCLK must always be
present for serial-port operation. As an input, SCLK is the external
clock that controls data transfers with the serial port. As an output,
SCLK provides the serial clock for data transfers and framing-pulse
synchronization. lts frequency is derived from the TMS320C17/E17
system clock, X2/CLKIN, and from system control register bits
CR27-CR24. Reset (RS) forces SCLK to the high-impedance state.

T Input/output/high-impedance state
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Chapter 3
TMS320C1x Architecture

The hardware-intensive design of the TMS320C 1x devices provides perform-
ance previously unavailable on a single chip. Hardware implements functions
that other processors typically perform in software. For example, the hardware
multiplier performs the multiplication process during one instruction cycle.
Flexibility is further enhanced by the comprehensive instruction set, which sup-
ports either general-purpose or digital signal processing applications.

In a strict Harvard architecture, program and data memory lie in two separate
spaces, permitting full overlap of instruction fetch and execution.
TheTMS320C 1x modification of the Harvard architecture allows transfers be-
tween program and data spaces, increasing device speed and flexibility. This
modification permits coefficients stored in program memory to be read into
RAM, eliminating the need for a separate coefficient ROM. It also makes avail-
able immediate instructions and subroutines based on computed values.
Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), ’C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

Major topics in this chapter are:
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3.1 Architectural Overview .............. ..., 3-2
3.2 Block Diagrams and Internal Hardware Summaries ............ 3-5
3.3 Memory Organization .......... e e i 3-14
3.4 Central Arithmetic LogicUnit . .............................. 3-26
3.5 SystemControl ..... . .. ... ... 3-32
3.6 Input/Output Functions . ........... ... ... ... 3-43
3.7 linterrupts ......... e e e e e 3-48
3.8 Peripherals (TMS320C14) ................................. 3-52
3.9 Bit Selectable /O Port (TMS320C14) ........................ 3-57
3.10 Timers (TMS320C14) . ... i 3-61
3.11 EventManager (TMS320C14) ........... ... ... it 3-67
3.12 Serial Port (TMS320C14) .. ... .. . it 3-79
3.13 Serial Port (TMS320C17) ... i e et 3-93
3.14 Companding Hardware (TMS320C17) ..............cccvn.n. 3-100
3.15 Coprocessor Port (TMS320C17) ..., 3-103
3.16 System Control Register (TMS320C17) ..., 3-108




Architectural Overview

3.1 Architectural Overview

The TMS320C 1x devices contain a 32-bit ALU and accumulator for supporting
double-precision, 2s-complement arithmetic. The ALU is a general-purpose
arithmetic unit; operations are performed with the 16-bit words taken from data
RAM, the 16-bit words derived from immediate instructions, or the 32-bit result
taken from the product register of the multiplier. In addition to the usual arithme-
tic instructions, the ALU can perform Boolean operations, providing the bit ma-
nipulation ability required of a high-speed controller. The accumulator stores
the output from the ALU and is often an input to the ALU. The accumulator is
32 bits long and is divided into a high-order word (bits 31-16) and a low-order
word (bits 15-0). Instructions are provided for storing the high- and low-order
accumulator words in memory.

The multiplier performs a 16 x 16-bit 2s-complement multiplication with a 32-bit
result in a single instruction cycle. The multiplier consists of three elements:

3 the T Register,
3 the P Register, and
(3 the multiplier array.

The 16-bit T register temporarily stores the multiplicand; the P register stores
the 32-bit product. Multiplier values either come from the data memory or are
derived immediately from the MPYK (multiply immediate) instruction word.
The fast on-chip multiplier allows the device to perform fundamental DSP oper-
ations such as convolution, correlation, and filtering.

Two shifters are available for manipulating data. The ALU barrel shifter per-
forms a left-shift of 0 to 16 places on data memory words loaded into the ALU.
This shifter extends the high-order bit of the data word and zero-fills the low-or-
der bits for 2s-complement arithmetic. The accumulator parallel shifter per-
forms a left-shift of 0, 1, or 4 places on the entire accumulator and stores the
resulting high-order accumulator bits into data RAM. Both shifters are useful
for scaling and bit extraction.

3.1.1 On-Chip Memory

The TMS320C1x devices have 144/256 words of on-chip data RAM and
1.5K/4K words of on-chip program ROM/EPROM to support program develop-
ment. The EPROM cell utilizes standard PROM programmers and is pro-
grammed the same way as a 64K CMOS EPROM (TMS27C64). The
TMS320C1x devices can execute programs from up to 4K words of off-chip
memory at full speed for those applications requiring external program
memory space. This allows external RAM-based systems to provide multiple
functionality. The TMS320C17 does not provide memory expansion capability.

3.1.2 Modes of Operation

3-2

The TMS320C10 and TMS320C 15 devices offer two modes of operation de-
fined by the state of the MC/MP pin: the microcomputer mode (high level) or

Architecture



Architectural Overview

the microprocessor mode (low level). In the microcomputer mode, on-chip
ROM is mapped into the memory space with up to 4K words of memory avail-
able. In the microprocessor mode, all 4K words of memory are external.

The NMI/MC/MP pin on the TMS320C 14 also selects the microcomputer or mi-
croprocessor mode. However, the pin is sampled for mode selection while RS
1s low. Otherwise, the pin is used as a nonmaskable interrupt.

3.1.3 Hardware Stack

3.14

/0 Ports

The TMS320C1x devices (except the 'C16) contain a four-level hardware
stack for saving the contents of the program counter during interrupts and sub-
routine calls. Special instructions can save the device's complete context.
PUSH and POP instructions permit a level of nesting restricted only by the
amount of available RAM The interrupts are maskable.

On the TMS320C16 the depth of the hardware stack has been increased to 8.
This increase in nesting ability is in response to the 'C16's ability to access a
larger (64K} program space

The 16-bit parallel data bus can perform 1/Q functions in two cycles. The 1/O
ports are addressed by the three LSBs on the address lines. In addition, a poll-
ing input for bit test and branch operations (BIO) and an interrupt pin (INT) in-
crease system flexibility. Two of the I/0 ports onthe TMS320C 17 are dedicated
to the serial port and companding hardware. /O port O is dedicated to control
register 0, which controls the serial port, interrupts, and companding hardware.
/O port 1 accesses contro! register 1, as well as both serial port channels, and
the companding hardware. The six remaining 1/O ports are available for exter-
nal parallelinterfaces. Onthe TMS320C17, port 5 can be used for coprocessor
interface. When port 5 is used, ports 2, 3, 4, 6, and 7 are not accessible.

The TMS320C17 offers a duai-channel serial port capable of full-duplex serial
communication and direct interface to combo-codecs. Receive and transmit
registers that operate with 8-bit data samples are I/O-mapped. Either internal
or external framing signals for serial data transfers are selected through the
system control register. The serial port clock furnishes the bit timing for trans-
fers with the serial port and may be either an input or an output. A framing pulse
signal supplies framing pulses for combo-codec circuits, an 8-kHz sample
clock for voice-band systems. or a timer for control applications.

3.1.5 Data Companding (TMS320C17)

On-chip hardware can compand (COMpress/exPAND) data in either u-law
{U.S. and Japan) or A-law (European) format. The companding logic operation
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Architectural Overview

is configured via the system control register. Data may be companded in either
a serial mode for operation on serial port data (converting between linear and
logarithmic PCM) or in a parallel mode for computation inside the device. The
TMS320C17 aliows the hardware companding logic to operate with either
sign-magnitude or 2s-complement numbers.

3.1.6 Coprocessor Interfacing

3-4

The coprocessor port on the TMS320C 17 connects directly to most 4-/8-bit mi-
crocomputers and 16-/32-bit microprocessors. In the coprocessor mode, the
16-bit parallel port is reconfigured to operate as a 16-bit latched bus interface.
Data widths of either 8 or 16 bits may be selected for the coprocessor port, ac-
cessed through 1/O port 5 using IN and QUT instructions. The coprocessor in-
terface aliows the device to act as a peripheral (slave) microcomputer to a mi-
croprocessor or as a master to a peripheral microcomputer. In the microcom-
puter mode, the 16 data lines are used for the six parallel 16-bit /O ports.

Architecture



Block Diagrams and Internal Hardware Summaries

3.2 Block Diagrams and Internal Hardware Summaries

Figure 3-1 through Figure 3—4 show the block diagrams with the main blocks
and data paths of the TMS320C 1x devices. Table 3—1 through Table 3—4 de-
scribe alphabetically the internal hardware shown in the figures.

Figure 3-1. TMS320C10 and TMS320C15 Block Diagram
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Table 3-1. TMS320C10/C15 Internal Hardware

Unit Symbol Function
A 32-bitaccumulator divided into a high-order word (bits 31 through 16)
Accumulator ACC and a low-order word (bits 15 through 0). Used for storage of ALU out-
put.
. . . . A 32-bit 2s-complement arithmetic logic unit with two 32-bitinput ports
Arithmetic Logic Unit ALU and one 32-bit output port feeding the accumulator.
Two 16-bit registers used for data memory addressing and loop count
Auxiliary Registers ARO, AR1 control. Nine LSBs of each register are configured as up/down count-
ers.
Auxiliary Register Pointer ARP A status bit that indicates the currently active auxiliary register.
Central Arithmetic Logic Unit CALU The grouping of the ALU, multiplier, accumulator, and shifters.
Data Bus D(15-0) A 186-bit bus used to route data to and from RAM.
Data Memory Page Pointer DP A status bit that points to the data RAM address of the current page.

A data page contains 128 words.

Data RAM

144 or 256 words of on-chip random access memory containing data.

External Address Bus

A(11-0)/PA{2-0)

A 12-bit bus used to address external program memory. The three
LLSBs are port addresses in the I/O mode.

A single-bit flag that indicates an interrupt request has occurred (is

Interrupt Flag INTF pending).
Interrupt Mode INTM A status bit that masks the interrupt flag.
Multiplier MULT A 16 x 16-bit parallel hardware multiplier.
Overflow Flag ov A status bit fiag that indicates an overflow in arithmetic operations.
A status bit that defines a saturated or unsaturated mode in arithmetic
Overflow Mode OVM operations.
P Register P A 32-bit register containing the product of multiply operations.
Program Bus P(15-0) A 16-bit bus used to route instructions from program memory.
A 12-bit register used to address program memory. The PC always
Program Counter PC(11-0) contains the address of the next instruction to be executed. The PC
contents are updated following each instruction decode operation.
1.5K or 4K words of on-chip read-only memory (ROM or EPROM) con-
Program ROM/EPROM - taining the program code.
Two shifters: the ALU barrel shifter that performs a left-shift of O to 16
Shifters - bits on data memory words loaded into the ALU, and the accumulator
parallel shifter that performs aleft-shift of 0, 1, or 4 piaces on the entire
accumulator and places the resulting high-order bits into data RAM.
Stack - Memory used to store the PC during interrupts or calls.
Status Register ST A16-bit status register that contains status and control bits.
T Register T A16-bit register containing the multiplicand during multiply operations.
3-6 Architecture
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Figure 3-2. TMS320C14 Block Diagram
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Table 3-2. TMS320C 14 Internal Hardware

Unit Symbol Function
A 32-bitaccumulator divided into a high-order word (bits 31 through 16)
Accumulator ACC and a low-order word (bits 15 through Q). Used for storage of ALU out-
put.
. " . . A 32-bit 2s-complement arithmetic logic unit with two 32-bitinput ports
Arithmetic Logic Unit ALU and one 32-bit output port feeding the accumulator.
Two 16-bit registers used for data memory addressing and loop count
Auxiliary Registers ARO, ARt control. Nine LSBs of each register are configured as up/down count-
ers.
Auxiliary Register Pointer ARP A status bit that indicates the currently active auxiliary register.
Central Arithmetic Logic Unit CALU The grouping of the ALU, multiplier, accumulator, and shifters.
Data Bus D(15-0) A 16-bit bus used to route data to and from RAM.
. A status bit that points to the data RAM address of the current page.
Data Memory Page Pointer oP A data page contains 128 words.
Data RAM - 256 words of on-chip random access memory containing data.
A 12-bit bus used to address external program memory. The three
External Address Bus A(11-0)/PA(2-0) LSBs are port addresses in the I/O mode.
Interrupt Flag INTF A single-bit flag that indicates an interrupt request has occurred (is
pending).
Interrupt Mode INTM A status bit that masks the interrupt flag.
Multiplier MULT A 16 x 16-bit parallel hardware multiplier.
Overtlow Flag ov A sfatus bit flag that indicates an overflow in arithmetic operations.
A status bit that defines a saturated or unsaturated mode in arithmetic
Overflow Mode OovM operations.
P Register P A 32-bit register containing the product of muitiply operations.
Program Bus P(15-0) A 16-bit bus used to route instructions from program memory.
A 12-bit register used to address program memory. The PC always
Program Counter PC(11-0) contains the address of the next instruction to be executed. The PC
contents are updated following each instruction decode operation.
_ 4K words of on-chip read-only memory (ROM or EPROM) containing
Program ROM/EPROM the program code.
Two shifters: the ALU barrel shifter that performs a left-shift of 0 to 16
Shifters _ bits on data memory words loaded into the ALU, and the accumulator
parallel shifter that performs a left-shift of 0, 1, or 4 places on the entire
accumulator and places the resulting high-order bits into data RAM.
Stack - A 4 x 12-bit memory used to store the PC during interrupts or calls.
Status Register ST A16-bit status register that contains status and control bits.
T Register T A16-bitregister containing the multiplicand during multiply operations.
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Figure 3-3. TMS320C16 Block Diagram
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Table 3-3. TMS320C16 Internal Hardware

Unit Symbol Function
A32-bitaccumulator divided into a high-crder word (bits 31 through 16)
Accumulator ACC and a low-order word (bits 15 through 0). Used for storage of ALU out-
put.
. . . . A 32-bit 2s-complement arithmetic logic unit with two 32-bit input ports
Arithmetic L.ogic Unit ALU and one 32-bit output port feeding the accumulator.
Two 16-bit registers used for data memory addressing and loop count
Auxiliary Registers AROQ, AR1 control. Nine LSBs of each register are configured as up/down count-
ers.
Auxiliary Register Pointer ARP A status bit that indicates the currently active auxiliary register.
Central Arithmetic Logic Unit CALU The grouping of the ALU, muitiplier, accumulator, and shifters.
Data Bus D(15-0) A 16-bit bus used to route data to and from RAM.
. A status bit that points to the data RAM address of the current page.
Data Memory Page Pointer oP A data page contains 128 words.
Data RAM - 256 words of on-chip random access memory containing data.
A 16-bit bus used to address external program memory. The three
External Address Bus A(15-0)/PA(2-0) LSBs are port addresses in the /O mode.
Interrupt Flag INTF A sm_gle-blt flag that indicates an interrupt request has occurred (is
pending).
Interrupt Mode INTM A status bit that masks the interrupt flag.
Multiplier MULT A 18 x 16-bit paraliel hardware multiplier.
Overtlow Flag ov A status bit flag that indicates an overflow in arithmetic operations.
A status bit that defines a saturated or unsaturated mode in arithmetic
Overflow Mode OVM operations.
P Register P A 32-bit register containing the product of multiply operations.
Program Bus P(15-0) A 16-bit bus used to route instructions from program memory.
A 16-bit register used to address program memory. The PC always
Program Counter PC{11-0) contains the address of the next instruction to be executed. The PC
contents are updated following each instruction decode operation.
Program ROM _ g:)(dv;ords of on-chip read-only memory (ROM) containing the program
Two shifters: the ALU barrel shifter that performs a left-shiftof 0 to 16
Shifters _ bits on data memory words loaded into the ALU, and the accumulator
parallel shifter that performs a left-shift of 0, 1, or 4 places on the entire
accumulator and places the resulting high-order bits into data RAM.
Stack - An 8 x 16-bit memory used to store the PC during interrupts or calls.
Status Register ST A16-bit status register that contains status and control bits.
T Register T A18-bit register containing the multiplicand during multiply operations.
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Figure 3-4. TMS320C17 Block Diagram
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Table 3-4. TMS320C17 Internal Hardware

Unit Symbol Function
A 32-bitaccumulator divided into a high-order word (bits 31 through 16)
Accumulator ACC and a low-order word (bits 15 through 0). Used for storage of ALU out-
put.
. . . . A 32-bit 2s-complement arithmetic logic unit with two 32-bit input ports
Arithmetic Logic Unit ALU and one 32-bit output port feeding the accumulator.
Two 16-bit registers used for data memory addressing and loop count
Auxiliary Registers ARO, AR1 control. Nine LSBs of each register are configured as up/down count-
ers.
Auxiliary Register Pointer ARP A status bit that indicates the currently active auxiliary register.
Central Arithmetic Logic Unit CALU The grouping of the ALU, multiplier, accumulator, and shifters.
Data companding encoder/decoder in either p-law or A-law PCM con-
version format. Two modes of operation: serial mode for operating on
Companding Hardware - serial port data (linear/logarithmic PCM conversions) or parallel mode
for computation inside the device. Companding is selected through the
control register.
Data Bus D(15-0) A 16-bit bus used to route data to and from RAM.
. A status bit that points to the data RAM address of the current page.
Data Memory Page Pointer oP A data page contains 128 words.
Data RAM - 256 words of on-chip random access memory containing data.
A 12-bit bus used to address external program memory. The three
External Address Bus A(11-0)/PA(2-0) LSBs are port addresses in the /O mode.
Interrupt Flag INTF A single—bit flag that indicates an interrupt request has occurred (is
pending).
Interrupt Mode INTM A status bit that masks the interrupt flag.
Multiplier MULT A 16 x 16-bit parallel hardware multiplier.
A 16-bitbidirectional latched data bus used in coprocessor mode. This
Latched Data Bus LD(15-0) bus is connected internally to two latches, one for input and one for out-
put.
Overflow Flag ov A status bit flag that indicates an overflow in arithmetic operations.
A status bit that defines a saturated or unsaturated mode in arithmetic
Overflow Mode ovM operations.
P Register P A 32-bit register containing the product of multiply operations.
Program Bus P(15-0) A 16-bit bus used to route instructions from program memory.
A 12-bit register used to address program memory. The PC always
Program Counter PC(11-0) contains the address of the next instruction to be executed. The PC
contents are updated following each instruction decode operation.
_ 4K words of on-chip read-only memory (ROM or EPROM) containing
Program ROM/EPROM the program code.
Serial Port Clock SCLK The clock that provides the timing control for data transfers with the se-

rial port. SCLK is configured through the control register.

3-12
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Table 34.  TMS320C17 Internal Hardware (Continued)
Unit Symbol Function
Asignal that provides serial port framing compatible with combo-codec
Serial Port Framing Control FR devices. The FR pulse signifies a transmit/receive of new data on the
serial port.
Serial Port Receive Registers RRO,RR1 8-bit serial port registers that receive 8-bit data samples.
g:g;‘gtzgt Receive Shift RS0,RS1 8-bit registers used to shift in serial port data from pin DRO or DR1.
Serial Port Transmit Registers | "R0.TR1 tBi;)t::t serial port transmit registers in a FIFO (first in, first out) configura-
ggg?slt::’srt Transmit Shift TS0.TS1 8-bit registers used to shift out serial port data onto pin DX0 or DX1.
Two shifters: the ALU barrel shifter that performs a left-shift of 0 to 16
Shifters bits on data memory words loaded into the ALU, and the accumulator
parallel shifter that performs a left-shift of 0, 1, or 4 places on the entire
accumulator and places the resulting high-order bits into data RAM.
Stack - Memory used to store the PC during interrupts or calls.
Status Register ST A16-bit status register that contains status and control bits.
A 32-bit register that controls interrupts, serial port channals, com-
panding hardware, and coprocessor port channels. Control register 1,
System Control Register CR(31-0) accessed through port 1, consists of the upper 186 bits (CR31-CR16).

Control register 0, accessed through port 0, consists of the lower 16
bits (CR15-CRO0).

T Register

A16-bitregister containing the multiplicand during multiply operations.




Memory Organization

3.3 Memory Organization

3.3.1 Data Memory

3-14

The TMS320C1x devices use a Harvard architecture, in which data and pro-
gram memory reside in two separate spaces. The TMS320C1x provides
144/256 16-bit words of on-chip data RAM and 1.5K/4K words of program
ROM. On-chip program EPROM versions are available. Also, the TMS320C16
has an internal 8K of ROM and can access 64K of external program space.
This section describes the TMS320C1x data and program memory, data
movement, memory maps, auxiliary registers, microcomputer/microprocessor
modes, and memory addressing modes.

Data memory consists of 144/256 words of 16-bit on-chip RAM (see
Figure 3-5). The TMS320C10 provides 144 words. The TMS320C14,
TMS320C15, TMS320C 16, and TMS320C17 have expanded on-chip RAM of
256 words. See subsection 3.3.4 for memory map configurations.

To expand data memory, the data operands may be stored off-chip and then
read into the on-chip RAM as they are needed. Two instruction pairs, TBLR/
TBLW and IN/OUT, do this. The table read (TBLR) instruction can transfer val-
ues from program memory, (either on-chip ROM or off-chip ROM/RAM), to the
on-chipdata RAM. The table write (TBLW) instruction transfers values from the
data RAM to off-chip program RAM. These instructions execute in three
cycles. When you use the IN/OUT instruction pair, the IN instruction reads data
from a peripheral and transfers it to the data RAM. With some extra hardware,
the IN instruction, together with the QUT instruction, can read and write from
the data RAM to large amounts of external storage addressed as a peripheral.
This method is faster because the IN and OUT instructions execute in only two
cycles. See Section 6.1 for hardware applications using RAM/ROM expansion.
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Figure 3-5. On-Chip Data Memory
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3.3.2 Program Memory

TMS320C1x program memory consists of up to 8K internal words and up to
64K external words. The program memory for the different devices is as fol-

lows

Device Program Memory (ROM)
TMS320C10 1.5K words
TMS320C15and 'C17 4K words

TMS320C16 8K words

The TMS320C16 offers the largest internal ROM of 8K. This on-chip program
ROM allows program execution at full speed without the need for high-speed
external program memory. On-chip program EPROM of 4K words, provided
on the TMS320E15 and TMS320E17, presents two additional benefits. First,
direct programming of the EPROM greatly facilitates application development.
Second, these devices implement a security feature that can be used to protect
proprietary algorithms by preventing the EPROM contents from being read.

Program memory operation is user-selectable by means of the MC/MP (micro-
computer/microprocessor) pir Setting MC/MP high places the device in the
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microcomputer mode. Holding the pin low places the device in the micropro-
cessor mode.

In the microcomputer mode, an internal ROM is mapped into the program
space of all TMS320C1x devices. When the program address is beyond the
upper memory boundary of the ROM, the external program bus is utilized. For
devices such as the TMS320C 15, whose internal ROM is the same size (4K)
as the total program reach, external program access is not possible while in
this mode. On other devices such as the TMS320C 10, the internal ROM is not
as large as the total program space and the external bus becomes active in this
region

One important aspect of microcomputer mode operation is that the internal
ROM is tested at the factory by using a small area of it. This area is at the high-
estaddress and is reserved by Tl for all ROM coded devices. Note that this sec-
tion of reserved ROM will create a hole in program code that goes through this
area. The reserved ROM area should be avoided when converting programs
from all external to mixed internal/external memory. The following table and the
memory maps in subsection 3.3.4 show the program memory configuration
while in microcomputer mode.

Figure 3-6. Microcomputer Mode Program Memory Allocation

Device Program Space ROM Space Reserved ROM External
TMS320C10 0000-0FFFh 0000-0FFFh 05F4-05FFh 0600-0FFFh
TMS320C14 0000-0FFFh 0000-0FFFh OFAOh—OFFFh None
TMS320C15 0000—0FFFh 0000-0FFFh OFAOh-OFFFh None
TMS320C16 0000—FFFFh 0000-1FFFh 1FBOh—~1FFFh 2000-FFFFh
TMS320C17 0000-0FFFh 0000-OFFFh OFAOh~OFFFh None

For those applications requiring external program memory, interfacing is pro-
vided by the address and memory control pins. However, note that the inter-
face is not identical among devices, and that the TMS320C17 has no external
program memory.

External RAM or ROM can be interfaced to the TMS320C1x (see Section 6.1)
for those applications requiring external program memory space. This creates
multiple functionality for external RAM-based systems. The TMS320C 17 pro-
vides no direct program memory expansion capability.

For the TMS320C10, 'C14, and 'C15, twelve output pins are available for ad-
dressing external memory. These pins, A11 (MSB) through A0 (LSB), contain
the buffered outputs cf the program counter or the /O port address. When an
instruction is fetched from off-chip memory, the MEN (memory enable) strobe
is generated to enable the external memory. The instruction word is then trans-
ferred to the processor via the data bus (see Section 3.6).

When in the microcomputer mode, the processor selects internal program
memory. The MEN strobe still becomes active in this mode, and the address
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lines A11 through AQ still output the current value of the program counter, al-
though the instruction word is read from internal program memory. Note that
MEN is never active at the same time as the WE or DEN signals. In effect, MEN
goes low every clock cycle except when an I/O function is being performed by
the IN, QUT, or TBLW instructions. In these multicycle instructions, MEN goes
low during the clock cycles ir which WE or DEN do not go low.

Figure 3-7 gives an example of external program memory expansion. Even
when executing from external memory, the TMS320C 1x performs at full speed.
Note that some ports are reserved for on-chip peripheral logic.

Figure 3-7. External Program Memory Expansion Example
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3.3.3 Data Movement

Data movement functions within on-chip RAM can be performed with the
DMOV and LTD instructions. These instructions are useful for implementing
algorithms that use the z—* delay operation, such as convolutions and digital
filtering, where data is passed through a time window.

Implemented in on-chip RAM, these instructions allow a word to be copied from
the currently addressed data memory location in on-chip RAM to the next high-
er location while the data from the addressed location is being operated upon
in the same cycle (for exampie, by the CALU).

3.3.4 Memory Maps

The TMS320C1x devices provide three separate address spaces for program
memory, data memory, and /O, as shown in Figure 3-8 through Figure 3-11.
Program memory is configured according to the state of the MC/MP pin. For
further information about data and program memory, see subsections 3.3.1
and 3.3.2. /O functions are discussed in Section 3.6.
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Figure 3-8. Memory Maps for the TMS320C10
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Figure 3-9. Data Memory Map for the TMS320C14
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Figure 3-10. Program Memory Map for the TMS320C 14
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During in and out instructions address lines A3—-A11 are driven high. This is true for both microcomputer and

microprocessor modes. Since RE and WE are active for all external signals the /O ports have been mapped
to the highest words of the external program space to avoid program memory conflicts. If external program is
not used PAD-PA2 can be used to decode 1/O space.
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Figure 3-11.  Memory Maps for the TMS320C15
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Figure 3-12. Memory Maps for the TMS320C 16
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Figure 3-13. Memory Map for TMS320C17
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Note: The TMS320C17 does not have any means of directly accessing an external data space.
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3.3.5 Auxiliary Registers

The TMS320C 1x devices provide two 16-bit auxiliary registers (AR0O and AR1).
This section discusses each register’s function and how an auxiliary register
is selected, loaded, and stored.

The auxiliary registers may be used for indirect addressing of data memory,
temporary data storage, and loop controi. Indirect addressing allows place-
ment of the data memory address of aninstruction operand into the least signif-
icant eight bits of an auxiliary register. The registers are selected by a single-bit
auxiliary register pointer (ARP) that is loaded with a value of 0 or 1, designating
ARO or AR1, respectively. The ARP is part of the status register and can be
stored in memory.

When the auxiliary registers are autoincremented/decremented by an indirect
addressing instruction or by the BANZ (branch on auxiliary register not zero)
instruction, the lowest nine bits are affected (see Figure 3—14). The auxiliary
registers can be used as loop counters whenthe BANZ instruction is used. This
counter portion of an auxiliary register is a 9-bit counter, as shown in
Figure 3—15 and Figure 3--16

The upper seven bits of an auxiliary register (that s, bits 9 through 15) are unaf-
fected by any autoincrement/decrement operation. This includes autoincre-
ment of 111111111 (the lowest nine bits go to 0) and autodecrement of
000000000 (the lowest nine bits go to 111111111); in each case, bits 9 through
15 are unaffected.

The auxiliary registers can be saved in and loaded from data memory with the
SAR (store auxiliary register) and LAR (load auxiliary register) instructions.
This is useful for performing context saves. SAR and LAR transfer entire 16-bit
values to and from the auxiliary registers even though indirect addressing and
ioop counting use only a portion of the auxiliary register. See Section 4.1.2 for
programming of the indirect addressing mode.

The BANZ instruction checks whether the lower 9 bits of an auxiliary register
are zero. If not, it decrements and branches. See subsection 5.3.3 for loop
code using the auxiliary registers.

Figure 3~14. Auxiliary Register Counter
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Figure 3-15. Indirect Addressing Autoincrement
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3.3.6 Addressing Modes

Three forms of instruction operand addressing can be used: direct, indirect,
and immediate. Figure 3—17 illustrates operand addressing in these three

modes, which are described in detail in Section 4.1.

Inthe direct addressing mode, the 1-bitdatamemory page pointer (DP) selects
either page 0, consisting of memory locations 0127, or page 1, consisting of
locations 128—143/255. The data memory address (dma), specified by the
seven LSBs of the instruction concatenated with the DP, addresses the desired
word within the page. Note that DP is part of the status register and thus can

be stored in data memory.

3-24

Architecture



Memory Organization

Indirect addressing uses the lower eight bits of the auxiliary registers as the
data memory address. This is sufficient to address all 256 data words; no pag-
ing is necessary with indirect addressing. The current auxiliary register is se-
lected by the auxiliary register pointer (ARP). In addition, the auxiliary registers
can be made to autoincrement/decrement during any given indirect instruction.
Note that the increment/decrement occurs after the current instruction is fin-
ished executing.

When an immediate operand is used, the instruction word contains the oper-
and itself.

Figure 3-17.  Methods of Instruction Operand Addressing
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3.4 Central Arithmetic Logic Unit (CALU)

The central arithmetic logic unit (CALU) contains a 16 x 16-bit parailel multipli-
er, a 32-bit arithmetic logic unit (ALU), a 32-bit accumulator (ACC), and two
shifters. This section describes the CALU components and their functions.
Figure 3—18 is a block diagram showing the components of the CALU.

Figure 3-18. Central Arithmetic Logic Unit (CALU)
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3.4.1 Shifters

The following steps occur in the implementation of a typical ALU operation:
1) Data is fetched from the RAM on the data bus.

2) Datais passed through the barrel shifter where it can be left-shifted 0016
bits, depending on the value specified by the instruction.

3) Data enters the ALU where it is operated upon and loaded into the accu-
mulator.

4) The result obtained in the accumulator is passed through a parallel
left-shifter present at the accumulator output to aid in scaling results.

5) The result is stored in the data RAM. Because the accumulator is 32 bits
wide, each half must be stored separately.

One input to the ALU is always provided from the accumulator, and the other
input may be provided from the P Register of the multiplier or the barrel shifter
that is loaded from data memory.

Two shifters are available for manipulating data: a barrel shifter for shifting data
from the data RAM into the ALU and a parallel shifter for shifting the accumula-
tor into the data RAM (see Figure 3-18).

The barrel shifter has a 16-bit input connected to the data bus and a 32-bit out-
put connected to the ALU. The barref shifter produces a left shift of 0 to 16 bits
on all data memory words that are loaded into, subtracted from, or added to
the accumulator by the LAC, SUB, and ADD instructions. The shifter zero-fills
the LSBs and sign-extends the 16-bit data memory word to 32 bits by an arith-
metic left shift (that is, the bits to the left of the MSB of the data word are filled
with ones if the MSB is a one or with zeros if the MSB is a zero). This differs
from a logical left shift in which the bits to the left of the MSB are always filled
with zeros. A small amount of code is required to perform an arithmetic
right-shift or a logical right-shift.

The following examples illustrate the barrel shifter’s function:

@ Data memory location 20 holds the 2s-complement number 7EBCh. The
LAC (load accumulator) instruction is executed, specifying a left shift of 4:

LAC 20,4

@ The accumulator then holds the following 32-bit signed 2s-complement
number:
31 16 15 0

0 0o 0o 7|E B C 0
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Because the MSB of 7EBCh is a zero, the upper accumulator was
zero-filled.
[ Data memory location 30 holds the 2s-complement number: 8EBCh.

The LAC (load accumulator) instruction is executed, specifying a left- shift
of 8:

LAC 30,8

3 The accumulator then holds the following 32-bit signed 2s-complement
number:
31 16 15 0

F F 8 E{B C 0 0

Because the MSB of SEBCh is a one, the upper accumulator was filled with
ones.

Certain instructions perform operations with the lower half of the accumulator
and a data word without first sign-extending the data word (that is, treating it
as a 16-bit rather than as a 32-bit word). The mnemonics of these instructions
typically end with an S, indicating that sign-extension is suppressed (for exam-
ple, ADDS, SUBS). Along with the instructions that operate on the upper half
of the accumulator, these instructions allow the manipulation of 32-bit precision
numbers

The parallel shifter is activated only by the SACH (store high-order accumula-
tor word) instruction. This instruction causes the shifter to be loaded with the
32-bit contents of the accumulator. The data is then left-shifted. The most sig-
nificant 16 bits from the shifter are stored in RAM, resulting in a loss of the
high-order bits of data. The contents of the accumulator remain unchanged.
The parallel shifter can execute a shift of only 0,1, or 4. Shifts of 1 and 4 are
used with multiplication operations. No right shift is directly implemented. The
following example illustrates the accumulator shifter’s function:

Q The accumulator holds the following 32-bit signed 2s-complement num-
ber:

31 16 15 0

A 3 4 B}7 8 C D

The SACH instruction is executed, specifying that a left shift of 4 be per-
formed on the high-order accumulator word before it is stored in data
memory location 40:

SACH 40,4

Data memory location 40 then contains the 2s-complement number
34B7h. The accumulator retains 0A34B78CDh.
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3.4.2 ALU and Accumulator

The 32-bit ALU and accumulator (see Figure 3—18) implement a wide range
of arithmetic and logical functions, the majority of which execute in a single
clock cycle. Once an operation is performedin the ALU, the resuit is transferred
to the accumulator where additional operations such as shifting may occur.
Data that is input to the ALU may be scaled by the barrel shifter.

The ALU is a general-purpose arithmetic logic unit that operates on 16-bitdata
words, producing a 32-bit result. The ALU can add, subtract, and perform log-
ical operations. The accumulator is always the destination and the primary op-
erand. The result of logical operations is shown in Table 3-5. A data memory
address (dma) is the operand for the lower half of the accumulator (bits 15
through 0). Zero is the operand for the upper half of the accumulator.

Table 3-5. Accumulator Results of a Logical Operation

Function ACC Bits 31-16 ACC Bits 15-0
XOR (0).XOR.(ACC (31-16)) (dma).XOR.(ACC (15-0))
AND (0).AND.(ACC (31-16)) (dma).AND.(ACC (15-0))
OR (0).0R.(ACC (31-16)) (dma).OR.(ACC (15-0)

The 32-bit accumulator stores the output from the ALU and is also often an in-
put to the ALU. The accumulator is divided into two 16-bit words for storage
in data memory: a high-order word (bits 31 through 16) and a low-order word
(bits 15 through 0). The SACH and SACL instructions are used to store the
high- and low-order accumulator words, respectively, in data memory. These
instructions can be used in the implementation of double-precision arithmetic.

A shifter at the output of the accumuiator provides aleft shift of 0, 1, or 4 places.
This shift is performed while the data is being transferred to the data bus for
storage. The contents of the accumulator remain unchanged. When the
high-order word is shifted left, the LSBs are transferred from the low-order
word. and the MSBs are lost
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The accumulator also has the ability to simulate the effect of saturation in ana-
log systems. This capability is implemented by using the accumulator overflow
saturation mode, which is controlled by the OVM (overflow mode) status regis-
ter bit. Setting the OVM bit with SOVM enables the accumulator saturation
mode; resetting the OVM bit with ROVM disables it. If OVM is set and the accu-
mulator operation results in an overflow, the accumulator is loaded with either
the largest positive or negative number, depending on the sign of the operands
and the actual result. The value of the accumulator upon saturation is
7FFFFFFFh (positive) or 80000000h (negative). If OVM is reset and an over-
tlow occurs, the overflowed results are loaded into the accumulator without
modification. (Note that logical operations cannot result in overflow.)

It is particularly desirable to enable the saturation mode when the accumulator
contents represent a signal value. Without the saturation mode enabled, over-
flows cause undesirable discontinuities in the represented waveform. If the
saturation mode is enabled, behavior of the accumulator when subjected to ex-
cessively large size signals resembles the tendency of an analog systemto lim-
it or saturate at a maximum level.

When an overflow occurs, the OV (overflow) bit in the status register is set, re-
gardless of whether or not the OVM bit is set. The BV (branch on overflow) in-
struction, which branches only if OV is set, allows programs to make decisions
(based on whether or not an overflow has occurred) and act accordingly. Once
set, OV is reset only by the BV instruction or by directly loading the status regis-
ter. Because OV is part of the status register, its state can be stored in data
memory by using the SST (store status register) instruction or loaded by using
the LST (load status register) instruction. This allows the state of OV from dif-
ferent program contexts to be saved independently, if desired, and examined
outside of time-critical code segments.

The TMS320C1x can execute branch instructions that depend on the status
of the ALU and accumulator. These instructions (BLZ, BLEZ, BGEZ, BGZ,
BNZ, and BZ) cause a branch to be executed if a specific condition is met (see
Chapter 4 for a complete list of TMS320C1x instructions).
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3.4.3 Muitiplier, T and P Registers

The TMS320C1x uses a 16 x 16-bit hardware multiplier (see Figure 3-18),
which is capable of computing a 32-bit product in a single machine cycle. The
following two registers are associated with the multiplier:

X A16-bittemporary register (T) that holds one of the operands for the multi-
plier, and
Q A 32-bit product register (P) that holds the product.

To use the multiplier, you must first load an operand into theT register from the
data bus by using an LT, LTA, or LTD instruction. Then, use the MPY (multiply)
or MPYK (multiply immediate) instruction to load the second operand (also
from the databus). If you use the MPY instruction, the multiplier value is a 16-bit
number. If you use the MPYK instruction, the value is a 13-bit immediate con-
stant contained in the MPYK instruction word. This13-bit constant is right-justi-
fied and sign-extended. After execution of the multiply instruction, the product
is placed in the P register. The product can then be added to, subtracted from,
or loaded into the accumulator by executing a PAC, APAC, SPAC, LTA, or LTD
instruction. Pipelined muitiply and accumulate operations can be performed
with the LTA/LTD and MPY/MPYK instructions. Note that no provisions are
made for the condition of 8000h x 8000h. if this condition arises, the product
is 0C0000000h.

Note:

The contents of the P register cannot be restored without altering other regis-
ters. Interrupts are prevented from occurring until the instruction following the
MPY/MPYK instruction has been executed. Therefore, the multiply instruc-
tion should always be followed by an instruction that combines the P register
with the accumulator.
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3.5 System Control

System control on the TMS320C 1x processors is done by the program counter
and stack, the external reset signal, interrupts (see Section 3.7), and the status
register. This section explains the function of these components in system con-
trol. On the TMS320C17, a system control register controls the operation of
the serial port, companding hardware, and the operation of the coprocessor
port. The system control register for the TMS320C17 is discussed in Section
3.16. The SYSCON register for the TMS320C 14 is shown in Figure 3-21.

Note:

Where applicable, the program counter and address bus of the TMS320C16
has beenincreasedto 16 bits. This allows a 64K program space which is larg-
er than in other TMS320C 1x devices. Also, the TMS320C17 is intended to
only operate in microproccesor mode and does not have an external program
address bus.

[ J

3.5.1 Program Counter and Stack

3-32

The program counter and stack enable the execution of branches, subroutine
calls, interrupts, and table read/table write instructions. The program counter
(PC) is a 12-bit register that contains the program memory address of the next
instruction to be executed. The TMS320C 1x reads the instruction from the pro-
gram memory location addressed by the PC and increments the PC in prepara-
tion for the next instruction prefetch. The PC is initialized to zero by activating
the reset (RS) line.

The TMS320C 1x devices utilize a modified Harvard architecture in which data
memory and program memory lie in two separate spaces, thus permitting a full
overlap of instruction fetch and execution. Figure 3—19 outlines the overlap of
the instruction prefetch and execution. On the falling edge of CLKOUT, the pro-
gram counter (PC) is loaded with the address of the instruction (load PC 2) to
be prefetched while the current instruction (execute 1) is decoded and begins
execution. The next instruction is then fetched (fetch 2) while the current in-
struction continues to execute (execute 1). Even as another prefetch oc-
curs(fetch 3), both the current instruction (execute 2) and the previous instruc-
tions are still executing. This is possible because of a highly pipelined internal
structure.
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Figure 3-19. Instruction Pipeline Operation
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To permitthe use of external program memory, the PC outputs are buffered and
sent to the external address bus pins A11 through A0. The PC outputs appear
on the address bus during all modes of operation. The nine MSBs of the PC
(A11 through A3) have unique outputs assigned to them, while the three LSBs
are multiplexed with the port address lines, PA2 through PAO. The port address
field is used by the I/O instructions, IN and QUT.

Program memory is always addressed by the contents of the PC. The contents
ofthe PC can be changed by a branch instruction if the particular branch condi-
tion being tested is true. Otherwise, the branch instruction simply increments
the PC. All branches are absolute, rather than relative: that is, a 12-bit value
derived from the second word of the branch instruction is loaded directly into
the PC to accomplish the branch. When interrupts or subroutine call instruc-
tions occur, the contents of the PC are pushed onto the stack to preserve return
linkage to the previous program context. The second word also allows the
TMS320C16 to branch to an absolute address within its 64K program space.

The stack is 12 bits wide and four levels deep. The PC stack is accessible
through the use of the PUSH and POP instructions. The PUSH instruction
pushes the twelve LSBs of the accumulator onto the top of the stack (TOS).
Whenever the contents of the PC are pushed onto the TOS, the previous con-
tents of each level are pushed down, and the fourth location of the stack is lost.
Therefore, data is lost if more than four successive pushes (stack overflow) oc-
cur before apop. The reverse happens on pop operations. The POP instruction
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pops the TOS into the twelve LSBs of the accumulator. Any pop after three se-
quential pops yields the value at the fourth stack level. All four stack levels then
contain the same value. Following the POP instruction, the TOS can be moved
into data memory by storing the low-order accumulator word (SACL instruc-
tion). This allows expansion of the stack into data RAM. From data RAM, itcan
easily be copied into program RAM off-chip by using the TBLW (table write) in-
struction. In this way, the stack can be expanded to very large levels.

L) 1

Note:

The TBLR and TBLW instructions utilize one level of the stack; therefore, only
three nested subroutines or interrupts can be accommodated without over-
flowing the stack. For the TMS320C16 the stack has been increased to a
depth of 8 and width of 16 to accomodate the larger program address space.

To handle subroutines and interrupts of much higher nesting levels, you can
allocate part of the data RAM or external RAM to stack management. In this
case, the TOS is popped immediately at the start of a subroutine or interrupt
routine and stored in RAM. At the end of the subroutine or interrupt routine, the
stack value stored in RAM is pushed back onto the TOS before returning to the
main routine.

3.5.2 TMS320C1x Reset
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Reset (RS) is a nonmaskable external interrupt that can be used at any time
to put the TMS320C 1x into a known state. Reset is typically applied after pow-
erup when the machine is in a random state. The reset input must be held low
for a minimum of five clock cycles.

Driving the RS signal low causes the TMS320C 1x to terminate execution and
forces the program counter to zero. RS affects various registers and status
bits. At powerup, the state of the processor is undefined. For correct system
operation after powerup,a reset signat must be asserted low to guarantee are-
set of the device (see Section 5.1 for other important reset considerations).
Processor execution begins at location 0, which normally contains a B (branch)
statement to direct program execution to the system initialization routine (see
Section 5.1 for an initialization routine example).

When an RS signal is received, the following actions take place in the
TMS320C1x (Except in the TMS320C14):

1) The control lines for DEN, WE, and MEN are forced high.

2) The data bus D15-D0 is placed in the high-impedance state.

3) The program counter (PC) is setto 0, and the address bus A11-AQ is driv-
en with all zeros after the next clock cycle from RS going low.

4) The interrupt is disabled, and the interrupt flag register is reset to all zeros.
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5) Controlregister bits onthe TMS320C17 are setas follows: CR11issetto 0,
CR1510 1, and CR29 to 0.

The TMS320C1x can be held in the reset state indefinitely. Note that the ARP,
DP, and OVM status bits are not initialized by reset. Accordingly, itis critical that
you initialize these bits in software, following reset.

3.5.3 TMS320C14 Reset

Upon receiving an RS signal, the following actions take place in the
TMS320C14:

The program counter (PC) is set to 0, and the address bus A11-AQ is
placed in the high-impedance state.

“he control lines WE and REN are forced high.
"he data bus D15-DC is placed in the high-impedance state.

Bit /O pins IOP15-I0P" are configured as inputs and placed in the
high-impedance state

Pins CMP4/CAP2 and CMP5/CAP3 are configured as capture inputs and
placed in the high-impedance state.

Output pins CMP3—-CMP are reset to 0.
The WDT pin is setto 1

1)

2)
3)
4)

5)

Serial port pins TXD/CI.K and RXD/DATA are piaced in a high-impedance
state.

The NMI/MC/MP pin is sampled to determine whether internal or external

program memory is enabled.

10) RS is brought high, and the address bus A11—AQ is cleared to all zeros in
the next clock cycle.

In addition, Table 3—-6 shows those registers that are also configured to the
known state during reset. The status of all other registers is unknown at reset.

Table 3-6. Registers Configuration on Reset (TMS320C14)

Register Port Description

BSR FFFFh | Bank select register. Points to off-chip peripherais

DDR 0000h | Data direction. All bit I/O pins configured as inputs.

IF 0000h | Interrupt flag register. All interrupt flags cleared

IM FFFFh | Interrupt mask register. All interrupts masked or disabled.

WDT 0000h | Watchdog timer. Set to 0.

WPER FFFFh | Waichdog period. Set to maximum count.

WTPL FFFFh | Watchdog timer period latch. Set to maximum count.

TCON 0000k Timer control register. Timers 1 and 2 disabled. Compare
pins held at 0. Compare disabled. Capture system enabled.

CCON 0000h | Capture control register. Capture on all pins disabled.
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3.5.4 Status Register

The status register consists of five status bits. These status bits can be individ-
ually altered through dedicated instructions. In addition, the SST instruction
stores the status register in data memory. The LST instruction loads the status
register from data memory, with the exception of the INTM bit. This bit can be
changed only by the EINT/DINT (enabie/disable interrupt) instructions. In this
manner, the current status of the device may be saved on interrupts and sub-
routine calls.

Table 3-7 shows instructions that affect the status register contents. Note that
several bits in the status registers are reserved and read from the status regis-
ter as logic ones by the SST instruction.
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Table 3-7. Status Register Field Definitions

Field Function

Auxiliary Register Pointer. This single-bit field selects the AR to be used in
ARe | !ndirect addressing. ARP =0 selects ARO; ARP = 1 selects AR1. ARP may
be modified by executing instructions that permit the indirect addressing op-
tion, and by executing the LARP, MAR, and LST instructions.

Data Memory Page Pointer. The single-bit DP register is concatenated with
the 7 LSBs of an instruction word to form a direct memory address of 8 bits.
DP DP =0 selects the first 128 words of data memory: that is, page 0. DP = 1
selects paget, the remaining words in data memory. DP may be modified
by the ST, LDP, and LDPK instructions.

Interrupt Mode Bit. When an interrupt is serviced, the INTM bit is automati-
cally setto one before the interrupt service routine begins. INTM = 0 enables
iNTMm | @ll maskable interrupts; INTM = 1 disables all maskable interrupts. INTM is
set and reset by the DINT and EINT instructions, respectively. RS also sets
INTM. INTM has no effect on the unmaskable RS or NMI interrupts. Note
that INTM is unaffected by the LST instruction.

Overflow Flag. OV = 0 indicates thai the accumulator has not overflowed.
0)Y OV = 1 indicates that an overflow has occurred. Once an overflow occurs,
the OV remains set until a reset, BV, or LST instruction clears the OV.

Overflow Mode Bit OVM = 0 disables the overflow mode, causing the over-
flowed results to remain in the accumulator. OVM = 1 enables the overflow
OVM | mode, causing the accumulator to be set to either its most positive or most
negative value upon encountering an overflow. The SOVM and ROVM in-
structions set and reset this bit. LST may also be used to modify the OVM.

The contents of the status register can be stored in data memory by executing
the SST instruction. Thus, an SST instruction using the direct addressing mode
can specify only an address less than 16 onthe TMS320C 10 because the sec-
ond page of memory contains only 16 words. The second page of memory on
the TMS320C15 and TMS320C 17 contains 128 words. If the indirect address-
ing mode is selected, the contents of the status register may be stored in any
RAM location selected by th« auxiliary register.

r —

Note:

If the SST instruction is executed using the direct addressing mode, the de-
vice automatically stores this information on page 1 of data memory at the

location specified by the nstruction, regardless of the value of the data page
pointer.

| S—. ]
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The SST instruction does not modify the contents of the status register.
Figure 3—20 shows the position of the status bits as they appear in the appro-
priate data RAM location after execution of the SST instruction.

Figure 3-20. Status Register Organization

15 14 13 12 11 100 9 8 7 6 &5 4 3 2 1 0

ov OVMI INTMI 1 1 1 1]arel 1 1 1 1 1 1 1|op

The LST instruction maybe executed to load the status register. LST does not
assume status bits are on page one. When direct memory addressing has
been used, the DP must be set to one for the LST instruction to access status
bits stored on page one.

Note:

The LST instruction cannot change the interrupt mode (INTM) bit; however,
it can change all other status bits.

3.5.5 System Control on the TMS320C14

System control on the TMS320C14 processors is provided by the program
counter and stack, the SYSCON register (mode control), the external reset sig-
nal, the status register, and the interrupts. The functionality of the program
counter, stack, and status registers is common to all TMS320C1x devices and
is explained in Section 3.5. This section explains the functions of the mode con-
trol, reset, and interrupt components that are specific to the TMS320C 14,

Note:

The TMS320C14 does not have the BIO pin that is present on other
TMS320C1x devices. An attempt to execute the BIOZ (Branch on BIO low)
instruction results in a two-cycle NOP action.

L "

3.5.5.1 Microprocessor/Microcomputer Modes and Reset

The TMS320C14 has two modes of operation: microprocessor and microcom-
puter. These modes are controlled by the MC/MP (bit 0) of the SYSCON regis-
ter (see Figure 3—21). Bits 15—1 in this register must be set to all ones.

Figure 3-21. SYSCON Register

15 1 0
1 - - MYy
MP

Writing a 1 to the MC/MP bit configures the device to microcomputer mode.
In this mode, all program memory accesses are performed from internal 4K-
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word program memory. The 16-bit external data bus can be used for accessing
off-chip peripherals. However, only the lower three address lines (PAO-PA2)
are driven, while the upper 9 address lines are always 1. Writing a 0 to the
MC/MP bit (bit 0) of the SYSCON register configures the device intc micropro-
cessor mode. In this mode, all program accesses are made from external
memory. and the internal ROM/EPROM is disabled.

In addition to the software control of the MC/MP bit in the SYSCON register,
the TMS320C14 has an external hardware option that controls this bit and con-
figures the device in microprocessor or microcomputer mode. The NMI/MC/
MP pin is sensed while the RS pin is low. If the NMI/MC/MP pin is low at that
time. internal program memory is disabled and all program accesses are from
external memory. If the NMI/MC/MP pin is high at the time, the device is placed
in the microcomputer mode and all program memory accesses are from inter-
nal memory. Once RS goes high and this pin is brought high, it behaves as a
normal NMi pin. The NMI/MC/MP (nonmaskable interrupt) is edge triggered,
and the pin can be brought high anytime after a reset without generating an in-
terrupt. For more configuratior information, see subsection 6.5.3 on page
6-2°

Even if you initially configure the TMS320C 14 hardware to be in microcomput-
er or microprocessor mode, you can still modify the MC/MP bit to change the
mode on the device. Using a software bit, in addition to the hardware option,
provides much greater flexibility. Changing the microprocessor/microcomput-
er modes with software allows you to switch from internal to external memory,
thus doubling the memory size to 8K words.

To provide an orderly switch of program memory, a delay of two cycles is need-
ed. The context switches two cycles after writing to the MC/MP bit (using an
OUT instruction). The two-cycle delay allows a B (branch), CALL, or RET in-
struction to be executed and reach the desired memory location. If no location
change is desired, two NOPs should be introduced to track the two-cycle delay.
The SYSCON register can be accessed at bank 1h and port address 3h.

3.5.6 TMS320C14 interrupts

The TMS320C 14 provides a total of 15 external and internal interrupts for com-
munication with time-critical internal and external operations. Two interrupts
are dedicated for external sources and are triggered by a negative edge on pins
NMI/MC/MP and INT. The remainder of the interrupts are used to service the
on-chip peripherals. All the interrupts, internal or external, are mapped into a
16-bit register called the interrupt flag register (IF). In addition, a 16-bit register
called the interrupt mask register (IM) is also available to mask individual inter-
rupts. Figure 3—-22 shows the architecture of the interrupt subsystem.
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Figure 3-22. TMS320C14 Interrupt Subsystem
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When any interrupt (except NMI) is generated by either a peripheral or an ex-
ternal source, the following sequence of events occurs:

1)
2)

3)

4)

6)

ADbitis setto 1 in the IF register corresponding to that interrupt. This indi-
cates an interrupt pending.

A check is made to determine if the corresponding bit in the IM registeris 0.
This indicates an interrupt is unmasked.

Ifthe interrupt is unmasked, an interrupt is generated to the CPU by setting
the interrupt flag (INTF). If the interrupt is masked, it continues to be
latched in the IF register, and interrupts the CPU only when unmasked.
If the interrupt mode (INTM) bit in the status register is 0 (CPU interrupt is
enabied), the CPU responds by saving the present program counter value
(PC) on the hardware stack and branching to location 2 in program
memory. if the INTM bit in the status registeris 1, the CPU interrupt contin-
ues to be latched in the INTF bit.

Sequence of events 1 through 4 is true for all interrupts except the
non-maskable interrupt (NMI). In the case of the NMI, the interrupt is
passed straight through to the CPU without checking the IM register or the
INTM bit. The CPU responds immediately by saving the present PC value
on the hardware stack and branching to location 2 in program memory.
The INTM bit is set to 1, disabling further interrupts (except NMI).
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7) The interrupt service routine, starting at address 2h, polls the IF flag regis-
ter to determine which peripheral is the source of the interrupt. In addition,
the corresponding flag in the IF flag register must be cleared and the CPU
interrupt enabled by executing an enable interrupt (EINT) instruction.

To facilitate clearing individual flags in the IF register, an additional register
called the flag clear, (FCLR) is also provided. When a 1 is written to a bit in the
FCLR register, it clears the corresponding bit in the IF register. Writing a 0 to
a bitin the FCLR register leaves the corresponding bit in the IF register unaf-
tected. The IF, IM, and FCLR registers have a bank address of Oh and port ad-
dresses of 4h, 5h, and 6h, respectively. Figure 3—23 shows the relationship of
the IF, IM and FCLR registers

L

Note:

The IF register should not be written to directly. To reduce the risk of affecting
the wrong bits, all writes should be through the FCLR register.

Figure 3-23. IF/IM/FCLR Register Relationship

Figure 3-24. IF Register

15 0
IF Interrupt Bits
15 147 0
IM X Mask Bits
15 0
FCLR Clear Bits

t Most significant usable bit. Writing a 1 to IM bit 15 does not mask cor-
responding interrupt (NM{)

Figure 3-24 and Table 3-8 describe the individual interrupt bits of the IF regis-
ter. Detailed descriptions of how these interrupts are generated is found in the
section describing peripheral operation. When an interrupt is received, the cor-
responding bit in the IF register is set to 1. This IF register bit remains set until
cleared. To mask an interrupt, the corresponding bit in the IM register is set to
1. The mask remains in effect until the IM bit is cleared.

15 14 13 12 " 10 g 8 7 6 5 4 3 2 1 0

NMI[ INT | +| TIMINT3/ | CAP- | CAP- | CAP-| CAP- | cMP-[cMP- [ TiM- [TiM- [RxenT | TxanT iwpT] 10PINT
STMRINT | INT3 | INT2 | iNT1 | INTo | INT1 | INTo | INT2 | INT4 INT

t  Reserved bit
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Table 3-8. IF Register Description
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Bit Interrupt Description
15 NMI Nonmaskable interrupt
14 INT External interrupt
13 Reserved IF 13 should be setto 0, IM 13, to 1
12 TIMINT3/STMRINT Ilyn;eerriz lir‘\)tgrl;r)upt (Timer 3 is normally used
1 CAPINT3 Capture interrupt 3
10 CAPINT2 Capture interrupt 2
9 CAPINT1 Capture interrupt 1
8 CAPINTO Capture interrupt 0
7 CMPINTH Compare interrupt 1
6 CMPINTO Compare interrupt 0
5 TIMINT2 Timer 2 interrupt
4 TIMINT1 Timer 1 interrupt
3 RXINT Serial port recaive interrupt
2 TXINT Serial port transmit interrupt
1 WDTINT Watchdog timer interrupt
0 IOPINT I/O port IOP interrupt
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3.6

3.6.1

Input/Output Functions TMS320C1x

The TMS320C 1x implements a variety of different /O functions to communi-
cate with external devices. The 16-bit parallel data bus can perform /O func-
tions in two cycles with the IN and OUT instructions. The /O ports are ad-
dressed by the three LSBs of the address bus (PA2-PAQ). in addition to I/O
functions, a polling input (EIO) for both bit test and branch operations and an
interrupt input (INT) have been incorporated for increased system flexibility.

IO design is simplified by treating I/0 the same way as memory. /O devices
are mapped into the I/O address space by using the processor’s external ad-
dress and data buses in the same manner as memory-mapped devices.

The TBLR and TBLW instructions transfer words between program and data
spaces. TBLR is used to read words from on-chip ROM or off-chip program
ROM/RAM into the data RAM. TBLW is used to write words from on-chip data
RAM to off-chip program RAM on the TMS320C10 and the TMS320C15. Ex-
ternal program memory cannot be addressed on the TMS320C17.

Input/Output Functions (TMS320C10/C15)

Executing IN and QUT instructions inputs/outputs data to and from a peripher-
al. Data is transferred over the 16-bit data bus to and from data memory by two
independent strobes: data enabie (DEN) and write enable (WE).

The bidirectional external data bus is always in the high-impedance state, ex-
cept when WE is active (low), or during an IN instruction from port 0 or port 1
on the TMS320C17 (see subsection 3.6.4). WE goes low during the first cycle
of the QUT instruction and the second cycle of the TBLW instruction.

The three port address pins (PA2—-PAQ) output the port address during IN and
OUT nstructions. Execution of an IN instruction generates the DEN strobe for
transferring data from a peripheral device to the data RAM (see Figure 3-26).
The INlinstruction is the only instruction for which DEN becomes active. Execu-
tion of an OUT instruction generates the WE strobe for transferring data from
the data RAM to a peripheral device (see Figure 3-27). WE becomes active
only during the OQUT and TBLW (table write) instructions; see Appendix A for
timing information.

When the three multiplexed LSBs of the address bus (PA2-PAQ) are used as
a port address by the IN or OUT instruction, the remaining higher-order bits of
the address bus (A11—-A3) are held at logic zero during execution of either in-
struction.

Eight I/O addresses are available on the TMS320C10 and TMS320C15 for in-

terfacing to peripheral devices: eight 16-bit multiplexed input ports and eight
16-bit multiplexed output ports (see Figure 3—25).
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Figure 3-25. TMS320C1x External Device Interface
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Figure 3-26. Input Instruction Timing
IN Instruction DataIn  Next Instruction
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DEN | I
Figure 3-27. Output Instruction Timing
OUT Instruction Data Out Next Instruction
Prefetch Valid Prefetch
MEN L |
WE 1 ]

Execution of the TBLR instruction generates MEN strobes to read the word
from program memory (see Figure 3-28). Execution of a TBLW instruction
generates a WE strobe (see Figure 3-29). Note that the data bus is driven and
the WE strobe is generated even if the device is in the microcomputer mode
and a TBLW is performed to a program location residing in on-chip ROM.
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Figure 3—28 and Figure 3—29 show a prefetch of the instruction following the
TBLR or TBLW instruction. The first prefetch is discarded and a second pre-
fetch occurs at the end of the TBLR or TBLW instruction. The MEN, DEN, and
WE interface strobes are mutually exclusive.

Figure 3-28. TBLR Instruction Timing

TBLR Instruction Data Transferred From Next Instruction
Prefetch Dummy Prefetch Program Memory Prefetch
<« > < > < > <« >
MEN | 1 1 L I~
Figure 3-29. TBLW Instruction Timing
TBLW Instruction Data Transferred To  Next Instruction
Prefetch Dummy Prefetch  Program Memory Prefetch
< > < ' >« >
MEN | 1 [ l [
WE |

Note:

The following are important considerations for those designs that use prog-
gram memory. Because the OUT and TBLW instructions use only the WE sig-
nalto indicate valid data, these instructions cannot be distinguished from one
another on the basis of the interface strobes. Execution of a TBLW instruction
writes data to peripherals, and execution of the OUT instruction overwrites
program memory. Because it is impossible to use TBLW to uniquely write to
program memory locations, it is advisable to avoid mapping both /O and ex-
ternal program RAM into the same locations.

The prgram memory locations that are in conflict are as follows:

Device pma

'C10/C15/C16 0-7 (Oh-7h)

'C14 4088-4095 (FF8h—FFFh)

'C17 Not Applicable (No external program space)

3.6.2 General-Purpose BIO Input Pin (TMS320C10/C15/C16)

The BIO pin is an external general-purpose software-controlled input pin that
supports bit test and branch operations.

Whenthe BIO input pinis active (low), execution of the BIOZ instruction causes
abranch to occur. The BIO pinis useful for monitoring peripheral device status.
Itis especially advantageous as an alternative to an interrupt when time-critical
loops must not be disturbed
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For systems using asynchronous inputs to the BIO pin on a TMS32010 (obso-
lete NMOS device), external hardware is required to ensure proper execution
of the BIOZ instruction. This hardware synchronizes the BIO input signal with
the rising edge of CLKOUT on the TMS32010. See Appendix A for information
regarding this system design consideration.

3.6.3 General-Purpose XF Output Pin (TMS320C17)

The XF (externalflag) output pin on the TMS320C17 is an external logic output
flag. Programmed through control register bit 10 (CR10), this pin is the direct
output of the CR10 latch. When the CR10 bit is set to a 1, the XF pin is set to
a logic high; when CR10 is reset to a 0, the XF pin is driven low.

3.6.4 Input/Output Functions (TMS320C17)
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Because the system control register, serial port transmit and receive registers,
and companding hardware have been mapped into I/0 ports 0 and 1, only six
input and six output ports are available on the TMS320C17 for interfacing to
peripheral devices.

Onthe TMS320C 17, the purpose and usage of pins PA2 through PAO depends
on the selected mode of operation: microcomputer or microprocessor.
(MC/MP). In the microcomputer mode, pins PA2—-PA0 output the three LSBs
of the program counter, except during IN and OUT instructions. During IN and
OUT instructions, these three pins address the serial port, companding hard-
ware, and off-chip I/O peripherals. During reset, the pins along with the pro-
gram counter are synchronously cleared to zero during the cycle following RS
low. Because program and data memories are contained on-chip, only these
three address lines are output from the device.

The memory enable (MEN) signal is not implemented on the TMS320C17 de-
vices, because all instruction execution is from on-chip program ROM. Addi-
tionally, the bidirectional external data bus on theTMS320C17 is always inthe
high-impedance state, except when WE is active (low) or during an IN instruc-
tion from port 0 or port 1. WE goes low during the first cycle of the OUT instruc-
tion to provide the write strobe for writing data to a peripheral.

Inthe coprocessor mode, pins PA2 —PAQ have different functions, respectively
referred to as TBLF (transfer buffer latch full), RBLE (receive buffer latch
empty), and HILO (high or low transfer select of an 8-bit byte). Except for IN
and OUT instructions to Port 5, no other activity occurs on these pins. In this
mode, the IN and OUT instructions to Ports 0 and 1 also provide the processor
with an access to the on-chip serial ports and companding hardware and to the
coprocessor port latches. The data bus is in a high-impedance state, unless
RD is active (low).

Onthe TMS320C17, the system control register (see Section 3.16), serial port
receive and transmit registers (subsections 3.13.1 and 3.1 3.2), and the com-
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panding hardware (Section 3.14) have been mapped into 1/0Q ports 0 and 1.
During an OUT or IN instruction to port 0 or port 1, data appears on the external
data bus (D15-D0}. The data bus is not in the high-impedance state while ac-
cessing these dedicated I/0 ports. Peripheral device interface should be to port
addresses 2 through 7 to prevent bus conflicts with the system control register
and serial port. Six 16-bit multiplexed input ports and six 16-bit multiplexed out-
put ports are available for interfacing to peripheral devices.

The XF {external flag) output pin, specific to the TMS320C17, is an external
logic flag to implement single-bit digital output. Programmed through control
register bit 10 (CR10), this pin is the direct output of the CR10 latch. When the
CR10 bit is set to a 1, the XF pin is set to a logic high; when CR10 is reset to
a 0, the XF pin is driven low.
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3.7

Interrupts

This section describes the interrupt for the TMS320C1x generation. The
TMS320C1x provides an external interrupt input for communication with
time-critical external operations. The interrupt can be generated by applying
either a negative-going edge or a logic iow level to the interrupt input pin. All
interrupts ontheTMS320C 1x are maskable through the use of the status regis-
ter interrupt mode bit and various mask bits.

A simplified diagram of the internal interrupt circuitry for TMS320C1x CMOS
devices is shown in Figure 3-30. Note that the TMS32010 requires external
synchronizing flip-flops on interrupts and BIO. These synchronizing flip-flops
are not required on the TMS320C10/C15/C17.

Figure 3-30. TMS320C1x Simplified Interrupt Logic Diagram
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t Q= 0indicates interrupts enabled. Q = 1 indicates interrupts disabled.
¥ ¢ = phase of internal clock.
Note: The TMS32010 requires external synchronizing flip-flops.
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Interrupt servicing begins with the following sequence of events:

1) Theinterrupt is acknowledged, which clears the INTF (interrupt flag) bit to
J.

2) The INTM (interrupt mode) bit is set to 1 to disable further interrupts.
3) The current PC is pushed onto the TOS (top of stack).
4) The new PCis setto 2.

You begin interrupt servicing at program memory address 2h. At the end of the
interrupt servicing, you execute an EINT instruction to clear the INTM register
(set to zero) to enable the interrupts. A DINT instruction or a hardware reset
also sets the INTM register to one (see Figure 3—30), disabling interrupts. You
must execute an EINT instruction to enable interrupts again.

Note that interrupt servicing is delayed until:
1} The end of all cycles of a multicycle instruction,
2) The instruction following the MPY or MPYK instruction has completed, or

3) The instruction following the EINT instruction has been executed (when
interrupts have been previously disabled). This allows the RET instruction
to be executed after interrupts become enabled at the end of an interrupt
routine.

Figure 3-31 shows the instruction sequence that occurs, once an interrupt be-
comes active. The dummy fetch is an instruction that is fetched but not ex-
ecuted. This instruction is refetched and executed after the interrupt routine is
completed.

Figure 3-31. Interrupt Timing
cwour I I I I

WF_ \ 1ClockCycleMin. /—

Fetch Instruction Dummy Fetch Fetch Instruction
N Instruction Nl + 1 002
Execute N Dummy Cycle Execute 002

Two steps must be taken to enable an active interrupt to the device. First, the
individual interrupt must be enabled by writing a logic 1 to the appropriate sys-
tem control.register bit (CR7—CR4). Then, the master interrupt circuitry is en-
abledviathe EINT instruction. Aninterruptflag represents a valid interrupt con-
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dition to the processor if interrupts have been enabled. Thus, before enabling
interrupts, the flag bits of all undesired interrupts should be cleared.

3.7.1 Interrupts (TMS320C17)

The TMS320C17, in addition to the external interrupt for communication with
time-critical external operations, also has three additional internal interrupts,
which are generated by the two serial ports. When the TMS320C17 is operat-
ing in the coprocessor mode, the EXINT and BIO pins are ignored. Internally,
comparable signals are supplied as a result of pulses on the RD and WR pins
in the coprocessor mode.

The TMS320C17 has four maskable interrupts: EXINT, FSR, FSX, and FR. On
this device, the interrupt function of the TMS320C10 and TMS320C15 has
been expanded to support the serial port interface. Aninterrupt latch and multi-
plexer is used to generate the master interrupt signal, which functions identi-
cally to the INT interrupt on the TMS32010. Thus, all the maskable interrupts
have the same priority and require the use of interrupt polling techniques when
multiple interrupts are enabled.

When interrupts are enabled, an interrupt becomes active either because of
a low-voltage input on the TNT pin or when a negative edge has been latched
into the interrupt flag (INTF). If the interrupt mode register (INTM) is set to zero,
an interrupt active signal to the internal interrupt processor becomes valid.

In the coprocessor port mode, the external interrupt (EXINT) flag cannot be
cleared until four cycles after the data from the coprocessor port has been read.
In a reset initialization routine, the interrupt flag bits (CR3—CRO0) should be
cleared before the EINT instruction to insure that a false interrupt does not oc-
cur (see Section 3.12 for detailed interrupt bit descriptions).

The interrupt latch synchronizes all interrupts to the device output clock
(CLKOUT). A block diagram of the interrupt latch and multiplexer is shown in
Figure 3-32.

The external interrupt flag (EXINT) is set by one of two conditions: (1) an
asynchronous input to the device for external control, or (2) a master processor
interrupt signal when the TMS320C 17 is being operated in coprocessor mode.
The EXINT flag cannot be cleared while an interrupt condition is presented.

The other three interrupts are normally associated with the serial port framing
signals. A bit in the system control register (CR9) designates whether FR or,
alternatively, FSX and FSR are to be used for framing. When FSX and FSR
control the serial port framing, FR can function as an independent timer inter-
rupt with the timer clocked by the SCLK source. When the serial port is con-
trolled by the internal framing pulse (FR), the FSX and FSR inputs are available
as independent edge-triggered interrupts.
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Due to the asynchronous operation of the interrupts, the time between the oc-
currence of an active interrupt signal and the device actually vectoring to ROM
location 2 is four CLKOUT cycles; see Appendix A for further timing informa-
tion

Figure 3-32. Interrupt Latch and Multiplexer
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3.8 Peripherals (TMS320C14)

3-52

The TMS320C14 includes all the features of the TMS320C1x achitecture as
well as some additional I/O functions. The 16-bit parallel data bus can be uti-
lized to access external program memory and I/O functions. These external
bus cycles are controlled by the write enable (WE) and read enable (REN) pins.

The TMS320C14 has 16 pins of bit I/O that can be individually selected as in-
puts or outputs. There are provisions to allow setting and clearing of each pin
without affecting the others. The capability to detect and match patterns onthe
input pins is also included. Refer to Section 3.9 for more information on the bit
I/O pins.

Also included in the TMS320C14 are two 16-bit timers that can be used as
event counters with internal or external clocks, and a watchdog timer that is
available for time-out functions. A fourth timer, the serial port baud rate genera-
tor, is intended for serial port operation, but may also be used as a general-pur-
pose timer if serial port communication is not used. Associated with each timer
is a 16-bit period register. Refer to Section 3.6 for more information on the tim-
ers.

The TMS320C 14 has an event manager that consists of a compare subsystem
and a capture subsystem. The compare subsystem has six compare registers
that constantly compare their outputs with one of the timers. Associated with
each compare register is an action register that controls the compare output
pins. The action registers determine actions that take place on output pins in
case of a match between the timer and a compare register. In addition, the
compare subsystem can be configured to generate six channels of high-preci-
sion PWM. The event manager also contains four capture inputs. This subsys-
tem captures the value of a timer in a corresponding four-deep FIFO stack
when a certain transition is detected on a capture input pin. Section 3.11 con-
tains more information on the avent manager.

The serial port of the TMS320C 14 provides an asynchronous mode of commu-
nication with other devices. Refer to Section 3.12 for more information on the
serial port.

The TMS320C14 has a total of 15 internal/external interrupts that can be indi-
vidually masked. An external nonmaskable interrupt (NMI/MC/MP) is also
available. Each of the interrupts triggers a master interrupt. The master inter-
rupt is controlled by the INTM bit in the status register. For more information,
refer to subsection 3.5.6 regarding interrupts.

A maximum of eight I/O addresses are available on the TMS320C1x and
TMS320C 14 for interfacing to peripheral devices: eight 16-bit multiplexed in-
put ports and eight 16-bit multiplexed output ports. To maintain compatibility
with the TMS320C 1x architecture. all peripherals on the TMS320C14 are im-
plemented in the /O address spbace. However, the number of on-chip
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peripheral devices that can be accessed is greater than 16. To implement the
peripherals within the address space of eight I/O ports, a dual address scheme
has been adopted that includes a bank address, and a port address within that
bank. This allows you to preserve your investment in TMS320C 1x software
and development tools.

3.8.1  On-Chip Peripheral Register Mapping

The on-chip peripherals on the TMS320C 14 are controlled by peripheral regis-
ters mapped in the I/0 space. A 16-bit bank select register (BSR) is used to
map allthese internal peripherals in the I/O space. Each peripheral register has
a bank address and a port address. The bank address is selected by writing
the bank address into the bank select register (BSR). The port address is speci-
fied in the IN or OUT instruction.

Table 3-9 shows the location of each peripheral register.

Table 3-9. I/0 Register Map

Port | Bank0 Bank1 Bank2 Bank3 Bank4 | Bank5 | Banké | Bank7 | BankFFFF

0 IOP WDT TMR1 | CMPRO ACTO | SCON | FIFOO Ext. 1O
1 DDR WPER TPR1 CMPR1 ACT1 SSET | FIFO1 Ext. IO
2 BSET | WTPL4 TMR2 | CMPR2 ACT2 | SCLR | FIFO2 | SMAT | Ext. O
3 BCLR | SYSCON | TPR2 | CMPR3 ACT3 | TBR FIFO3 | TSR Ext. /O
4 IF TCON | CMPR4 ACT4 | RBR CCON | RSR Ext. /O
5 M CMPR5 ACT5 | SBRG | CCLR | STMR | Ext. IO
6 FCLR _ Ext. VO
7 BSR BSR BSR BSR BSR BSR BSR BSR

3.8.2 On-Chip/Off-Chip Peripheral Selection

To select a particular register, first store the bank address in the BSR, enabling
the selected bank. Then an access to that port is made with an IN or OUT in-
struction. If another register in the same bank needs to be accessed, it is not
necessary to write to the bank register again. For an OUT instruction, data al-
ways appears on the data bus. The WE strobe, however, is activated only when
an external I/O (EXTADDRESS = FF8h = FFFh).

Port 7 is reserved in all banks for the BSR. Any /O read/write to port 7 using
IN or OUT instructions automatically accesses the bank select register (BSR).
As shown in Figure 3-33, only the lower three bits of the BSR are usedto select
the bank address for the on-chip peripherals. The upper 13 bits must be zeros.

Figure 3-33. ‘Bank Select Register

15 32 0

0 0| Bank
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To select off-chip peripherals, you must use the bank address FFFFh.
Table 3-10 lists the peripheral registers available on the TMS320C14 and their
port and bank addresses. More information about the operation of the periph-
eral registers is given in the detailed descriptions of the on-chip peripherals.

1

Note:

External I/O access uses the same control lines used in TBLW and in pro-
gram fetch. This aliases the I/O space with the program space. Be careful to
avoid conflict.

Table 3-10. Peripheral Registers

Register Port | Bank Description

System configuration register. Configures the device as microcomputer or
SYSCON 3 ! microprocessor.

Bank select register. Stores bank address for a register. All read/writes for

BSR 7 All port 7 go automatically to BSR. Usedin selection of on-chip/off-chip peripher-
als.
Bit I’O Ports
IoP 0 0 I/0 port latch. Stores data for IOP pins configured as output. Also stores data
for pattern match on input OP pins.
DDR 1 0 Data direction register. Configures IOP pins as inputs or outputs.
Bit set register. Allows setting of individual bits in IOP latch without affecting
BSET 2 0 .
other bits.
BCLR 3 0 Bit clear register. Allows clearing of individual bits in IOP latch without affect-
ing other bits.
Interrupts
IE 4 0 Interrupt flag register. indicates interrupts that have been received by the de-
vice.
M 5 0 interrupt mask register. Directs the CPU to acknowledge o ignore an inter-
rupt source.
FCLR 6 0 Flag register clear. Allows individual clearing of bits in IF register without af-
fecting other bits.
Timers
WDT/ Watchdog timer/Timer 4. Free-running 16-bit timer that acts as a watchdog
TMR4 0 1 timer. Can also be used as a fourth timer. Timer is reset to 0000h when it
equals the period register.
WPER/ 1 1 Watchdog timer period register. Causes the timer to reset to 0000h when its
TPR4 value equals the period.
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Table 3-10.  Peripheral Registers(Continued)

Register Port | Bank Description
Watchdog timer period register latch that prevents the watchdog period from
WTPL 2 1 being changed on the fly. This register stores the old value of WPER, used
by WDT to determine its period.
TMR1 0 o Timer 1. 16-bit timer that can be used as an event counter. TMR1 is reset to
0000h when its value equals TPR1.
Timer 1 period register. Causes TMR1 toreset to 0000h whenits value equals
TPR1 1 2 TPR1
TMR2 2 o Timer 2. 16-bit timer that can be used as an event counter. TMR2 is reset to
0000h when its value equais TPR2.
. Timer 2 period register. Causes TMR2 to reset to 0000h when its value equals
TPR2 3 2 TPR2
TCON 4 > Timer control register. Controls operation and configuration of Timers 1 and
2, and the compare and capture subsystems.
. Event Manager
8m,§§? ? g Compare registers. Contents of compare registers are constantly being com-
CMPR2 5 5 pared with Timer 1 or Timer 2. When any one of the compare registers
CMPR3 3 3 matches the timer, it generates an action specified by an action register. In
CMPR4 4 3 the PWM mode, a match with the timer resets the corresponding CMPx pin
CMPR5 5 3 to a low level.
ACTO 0 4
ACT1 1 a Action registers. Contents of action registers determine what action, includ-
ACTZ 2 4 ing generation of an interrupt, should take place on the CMPx pin when the
ACTS 3 4 compare registers match the timer. In the PWM mode, the action registers
ACT4 4 4 act as double buffers for the corresponding CMPRx register.
ACTS 5 4
FIFOOQ 0 6
FIFO1 1 6 Four-deep FIFO stacks that capture timer values when a transition is de-
FIFO2 2 6 tected on the corresponding CAPXx pin.
FIFO3 3 6
CCON 4 6 Capture control register Controls configuration and operation of capture in-
puts. It also holds the status of the FIFOs.
CCLR 5 6 CCON bitclear register Allows clearing of individual bits in CCON without af-
fecting other bits.
Serial Port
SCON 0 5 Serial port control register. Controls configuration and operation of serial port.
SSET 3 5 SCON bit setregister Allows setting of individual bits in SCON without affect-
ing other bits.
SCLR 2 5 SCON bit clear register Allows clearing of individual bits in SCON without af-

fecting other bits.
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Table 3-10.  Peripheral Registers(Continued)

Register Port | Bank Description
TBR 3 5 Transmit buffer register. Stores temporary data while old data is being shifted
out from transmit register.
TSR 3 7 Transmit shift register. Stores outgoing data currently being transmitted.
RBR 4 5 Receive buffer register. Stores temporary data while new data s being shifted
into receive register.
RSR 4 7 Receive shift register. Stores incoming data currently being received.
SMAT 2 7 Serial port match word register. Serial port stays in sleep mode until match
of received value with contents of SMAT register is detected.
SBRG/ Serial port baud rate generator. Sets divide ratios for serial port timer to gen-
5 5 erate baud rates in asynchronous mode. Can also be used as period register
TPR3 4
when not used by serial port.
STMR/ 5 7 Timer 3. Free-running 16-bit timer used for baud-rate generation for serial
TMR3 port. Can be used as general-purpose timer when not used by serial port.
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3.9 Bit Selectable /0 Port (TMS320C14)

The TMS320C 14 incorporates a 16-bit I/O Port (IOP) consisting of 16 individu-
ally bit-selectable 1/O pins I0P0 (LSB) through IOP15 (MSB). Key features of
the IOP are listed below:

o000 0

16 bit-selectable 1/0 pins

Independent input/output pin configuration
Independent set/clear control

Dedicated register for output data storage
Specific pattern detectior

Maskable interrupt

The IOP is controlled by registers configured by user software. Table 3~11 pro-
vides a summary of the ICP registers.

Table 3-11. /O Port Register Summary

Register | Port | Bank Description
1’0 port latch. Stores data for IOP pins that are confi-
1OP 0 0 gured as output. Also stores data for pattern match on
input IOP pins.
Data direction register. Configures IOP pins as inputs
DDR 1 0 or outputs. DDR=1 configures the IOP pin as output.
DDR=0 configures the pin as an input.
Bit set register. Allows setting of individual bits in IOP
BSET 2 0 latch without affecting others. BSET=1 sets the IOP bit
g to a 1. BSET=0 leaves the IOP bit unaffected.
f Bit clear register. Allows clearing of individual bits in
BCLR 3 0 IOP latch without affecting others. BCLR=1 clears the

I0OP bit to a 0. BCLR=0 leaves the IOP unaffected.

3-57




Bit Selectable /O Port (TMS320C14)

Figure 3-34. Bit Selectable I/O Port
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3.9.1 Configuring Data Direction

The direction of data at the IOP pins is determined by the 16-bit data direction
register (DDR). Each bit of the DDR controls a corresponding pin in the IOP
port. Each pin of the IOP can be individually configured as an input or output
pin by specifying the corresponding bit in the DDR (see Figure 3-34). Clearing
the bit to O configures the corresponding pin to be an input. Setting the bit to
1 configures the pin to be an output. Bit DDRO configures pin 10PO, while bit
DDR15 configures pin IOP15. Upon reset, the DDR is configured to be 0000h,
thus making the /O pins inputs. The DDR has a bank address of Oh and a port
address of 1h.
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3.9.2 /O Port Status and Control

A 16-bit latch called the IOP register is associated with the IOP port. The IOP
register does the following:

1) Stores data to be transmitted on IOP pins configured as outputs.
2) Stores the status of IOP pins configured as inputs, when read, and a pat-
tern to be matched with the input signals, when written.

Two additional 16-bit registers, the bit set (BSET) and bit clear (BCLR) facilitate
the use of the IOP register. Each bit of these registers corresponds to a bit in
the IOP register. Writing a one to bit 15 of the BSET register sets bit 15 of the
IOP register. Writing a one to bit 15 of the BCLR register clears bit 15 of the
10P register (see Figure *~3%

Figure 3-35. Configuring the IDP Register
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Writing a zero to the BSET or BCLR has no effect on the IOP register. Reading
the 1OP register gives the status of the IOP pins configured as inputs, and the
data to be transmitted on IOP pins configured as outputs. BSET register has
a bank address of 0h and a port address of 2h. BCLR register uses bank ad-
dress Oh and port address 3h BSET and BCLR are write-only registers.

3.9.3 Input Pattern Match

The TMS320C14 provides an automatic compare feature. This feature uses
IOP register bits that correspond to the IOP pins configured as inputs (see
Figure 3—34). Because these bits would normally provide only the status of the
input pins, the bits are available for an automatic compare function. A specific
pattern can be stored in the IOP register of the bits corresponding to IOP inputs.
This pattern is then constantly compared to the data received on the input pins.
When a match occurs, an interrupt (IOPINT) is sent to the CPU. The pattern
can be written to the IOP register directly or by using the BSET and BCLR regis-
ter. Writing to the IOP register directly should be avoided, because this also af-
fects other bits. Once a pattern is written into the IOP register, it cannot be read
back. A read gives the data on the I/O port input pins, instead of the data in the
10P register bits.

The pattern in the IOP register must match ali the pins configured as inputs.
No subset of the input pins is possible. This feature helps the CPU detect a
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comparison on the input ports without polling. The IOPINT interrupt appears
only the first time a match is detected, after which it appears only if the compari-
son becomes false and then valid again. Interrupt IOPINT sets bit 0 in the inter-

rupt flag register IF. IOPINT can be disabled by setting bit 0 in the interrupt
mask register IM.

Note:

To reduce the risk of affecting the wrong bits, all writes to the IOP register
should be through the BSET and BCLR registers.

-
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3.10 Timers (TMS320C14)

The TMS320C 14 is equipped with four independent timers: a watchdog timer,
two general-purpose timers, and the internal clock/baud-rate generator. The
first three 16-bit timers can be used as software development aids and also in-
tegrated into the DSP function. The fourth timer, the internal clock/baud rate
generator, is intended for use with the serial port, but may also be used as a
general-purpose timer if not required for serial communication.

Each of the four timers has these following features:

L A 16-bit free-running timer
& A 16-bit period register
& A dedicated maskable interrupt

Table 3-12.  Timer Module Register Summary

Register Addr. | Bank Description
Watchdog timer/Timer 4. Free-running 16-bit timer that acts as a watch-
WDT/TMR4 0 1 dog timer. Can also be used as a fourth timer. The timer is reset when it
equals the period register.
Watchdog timer period register. It causes the timer to be reset to 0000h
WPER/TPR4 ! ! when it equals the period register.
Watchdog timer period register that prevents the watchdog period from
WTPL 2 1 being changed on the fly. This register stores the old value of WPER, used
by WDT to determine its period.
TMR1 0 > Timer 1. Free-running 16-bit timer that can be used as an event counter.
It is reset to 0000h when its value equals TPR1.
TPR1 1 2 Timer 1 period register. It causes TMR1 to be reset to 0000h when its value
equals TPR1.
TMR2 5 ’ Timer 2. Free-running 16-bit timer that can be used as an event counter.
It is reset to 0000h when its value equals TPR2.
TPR2 3 5 Timer 2 period register. It causes TMR2 to be resetto 0000h when its value
equals TPR2.
TCON 4 5 Timer control register. Controls operation and configuration of Timers 1,
2, and event manager.
Timer 3. Free-running 16-bit timer used for baud-rate generation for serial
STMR/TMR3 5 7 port. Can be used as general-purpose timer when not used by the serial
port.
Baud rate generator. Sets divide ratios for serial port timer to generate
SBRG/TPR3 5 5 baud rates in asynchronous mode. Can also be used as period register
when not used by the serial port.
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3.10.1 Watchdog Timer

The TMS320C14 is equipped with a free-running 16-bit watchdog timer
(WDT). The timer module. shown in Figure 3-36 is designed to prevent soft-
ware hang-ups. If the WDT is allowed to time out, a pulse is generated on pin
WDT that can be used to reset the TMS320C14 and/or external hardware. In
addition to the external pulse, an interrupt (WDTINT) is also routed to the CPU.
In this way, a mechanism for recovering from software faults is provided.

To reset the watchdog timer (WDT), a pattern ABCDh followed by 2345h
should be written to the WDT register with consecutive OUT instructions.

Figure 3-36. Watchdog Timer Module
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The WDT is a read-only register and cannot be updated. However, WDT is re-
set to 0000h under the following conditions:

1) Pattern OABCDh followed by 02345h is written to the WDT by two consec-
utive OUT instructions. (Writing anything else has no effect.)

2) WOT times out when its contents match that of the period register latch
WTPL.

3) The 'Cl4is reset (RS driven low).

In the case of a timeout, interrupt WDTINT is generated, along with a puise on
pin WDT. If needed, the contents of the WDT can be read. WDT has a bank
address of 1h and a port address of Oh.
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3.10.1.1 WDT Period Register

Associated with the WDT are two 16-bit registers, WPER and WTPL. These
registers operate in a master/slave relationship to store the maximum time that
could occur between updates to the WDT. Timeout on the WDT occurs if it is

not reset by consecutive writes, and its value matches with the contents of the
WTPL.

The WPER is directly accessible from the data bus. itis double-buffered to pre-
vent accidental changes to the watchdog period register. Associated with the
WPER is a 16-bit buffer latch (WTPL) that stores the old value of the WPER
if the WPER is changed. The WDT timer compares its value with the WTPL
instead of the WPER. If the WPER is updated in the meantime, it has no effect
on WTPL or an the period of the WDT. The WTPL is not directly accessible for
writing and is updated only when the WDT is reset to 0000h. At that time, the
new period value is transferred from the WPER to the WTPL. However, the
WTPL can be read if needed. The WTPL uses bank address 1h and port ad-
dress 2h. The WPER uses bank address 1h and port address 1h. At reset, the
WPER is set toa OFFFFh (maximum timeout value).

3.10.1.2 WDT input

Input to the WDT is CLKOUT (CLKIN/4) divided by 8, for a total divide of 32
at 25.6 MHz, this gives a clock rate of 800 kHz. The external pulse generated
on pin WDT when a timeout occurs is one WDT clock cycle or 8 CLKOUT peri-
ods. The maximum value that can be entered in the WPER is FFFFh, which
gives a maximum period of 81.9 ms at 25.6 MHz. The interrupt routed to the
CPU, WDTINT, sets bit 1 in the interrupt flag (IF) register. WDTINT can be dis-
abled by setting bit 1 in the interrupt mask (IM) register. Although the WDT is
not writable (except for the reset pattern), it can still be read and used as aregu-
lar timer in the system. The WDT can be used as a general-purpose timer if
it is not being used for the watchdog function. Table 3—12 provides a summary
of the registers used by the WDT.

3.10.2 General-Purpose Timers

The TMS320C14 is equipped with two 16-bit general-purpose incrementing
timers (TMR1 and TMR2) that can be used as event counters (see
Figure 3—37). Input to the timers can be from internal or external sources. As-
sociated with the timers are two 16-bit period registers. When a timer value
matches the value in the corresponding period register, the timer is reset in the
next count cycle. A corresponding interrupt to the CPU is then generated.
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Figure 3-37. TMR1 and TMR2 Block Diagram
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The operation of the timers is controlied by the timer control (TCON) register.
Figure 3-38 shows the configuration of its bits. The TCON register also con-
trols the compare and capture subsystems. It uses bank register 2h and port
address 4h. Table 3—13 shows a summary of the TCON register bit functions.

Bit 0 of the TCON selects the clock source for TMR1. If bit 0 is 0, TMR1 input
is from internal clock (CLKOUT). If bit O is 1, TMR1 input s from external source
on pin TCLK1. The maximum clock rate from an external source is CLKOUT/2,
where TMR1 is incremented on the rising edge of TCLK1. If desired, the input
to TMR1 can be prescaled by bits 1 and 2, regardless of whether internal or
external clock is selected. The clock input can have a prescale factor of 1 (no
prescaling), 4, or 16. In addition, by setting both bits low (select 0) prescale bits
1 and 2 can also be used to stop or disable TMR1 at any time.
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Figure 3-38. TCON Register Timer Bit Configuration
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Table 3-13. TCON Register Timer Description
Bit Function

7.6 Prescale select for TMR2.

00 = Timer stop. Stops timer as soon as set to 00.
01 = Prescale of 4. Divides input by 4.

10 = Prescale of 16.

11 = Prescale of 1. No prescaling.

Timer disabled on reset.

54 Selects clock source for TMR2,
00 = internal clock.

10 = TMR1 output is input clock.
11 = external clock.

3 Reserved. Should always be cleared (0).

2,1 Prescale select for TMR1.

00 = Timer stop. Stops timer as soon as set to 00.
01 = Prescale of 4. Divides input clock by 4.

10 = Prescale of 16. Divides input clock by 186.

| 11 = Prescale of 1. No prescaling.

Timer disabled on reset.

0 Clock select for TMR1.
0 = Internal clock (CLKOUT).
1 = External clock. Selects clock input on TCLK1.

-

Note: All bits cleared to 0 on reset,

Bits 4 and 5 specify the clock source for timer 2 (TMR2). In addition to internal
(CLKOUT) and external clock, output of TMR1 can be specified as input to
TMR2. Itis thus possible to have a 32-bit timer with 8-bits of prescale. If an ex-
ternal clock is specified, input to TMR2 is from pin TCLK2. Bits 6 and 7 select

the prescale values for TMR2 Bits 6 and 7 can also be used to hold or disable
T™™R2.

Both TMR1 and TMR2 can be written to and read from. TMR1 has a 16-bit peri-
od register (TPR1) associated with it. When the value of TMR1 matches TPR1,
TMR1 is reset to 0000h, and an interrupt (TIMINT1) to the CPU is generated.
TIMINT1 sets bit 4 in the interrupt flag (IF) register. TIMINT1 can be disabled
by setting bit 4 in the interrupt mask (IM) register. TMR1 register has a bank
address of 2h and a port address of Oh. TPR1 has a bank address of 2h and
a port address of 1h. At reset TPR1 is set to FFFFh.
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The TMR2 has a 16-bit period register (TPR2) associated with it. When the val-
ue of TMR2 matches TPR2, TMR2 is reset to 0000h, and an interrupt (T-
MINT2) to the CPU is generated. TIMINTZ2 sets bit 5 in the IF register. It can
be disabled by setting bit 5 in the IM register. TMR2 has a bank address of 2h
and a port address of 2h. The TPR2 has a bank address of 2h and a port ad-
dress of 3h. At reset, TPR2 is set to FFFFh.

3.10.3 Serial Port Baud Rate Generator (As a Timer)
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The serial port baud rate generator (STMR) is primarily intended for use with
the serial port during asynchronous communication. It can, however, be used
as a 16-bit general-purpose timer if such communications are not used. The
input to the STMR is always CLKOUT. Like the other timers, the STMR has a
16-bit period register (SBRG) associated with it, and an interrupt (STMRINT)
can be generated to the CPU that sets bit 12 (which is maskable) inthe interrupt
flag (IF) register.

Architecture



Event Manager (TMS320C14)

3.11 Event Manager (TMS320C14)

The TMS320C14 event manager consists of compare and capture subsys-
tems. The event manager uses TMR1 and TMR2 as associated clock sources;
its eight pins are divided between compare (CMP) and capture (CAP) subsys-
tems.

The compare subsystem consists of compare and action registers and output
pins. The compare registers compare their values with those of the timers.
When a match is detected, the action registers specify an action that takes
place on the output pins. The action registers can specify that an interrupt to
the CPU should be generated. The compare subsystem also has a high preci-
sion PWM mode. In the PWM mcde, six channels of high-precision PWM out-
puts are available.

The capture subsystem consists of four FIFOs and input pins. When a change
is detected on the input pins, the current values of TMR1 and TMR2 are cap-
tured in the FIFOs. An interrupt to the CPU can aiso be generated at this time.

3.11.1 Compare Subsystem

The compare subsystem inciudes the following features:

Six 18-bit compare registers

Six 16-bit action registers

Six possible compare output registers

High-precision PWM mode with double-buffered PWM registers and six
PWM channels

Two maskable interrupts

O 0000

The 16-bit compare (CMPRX) registers are used for comparison with a se-
lected timer, while the 16-bit action (ACTx) registers control the action of the
output pins (see Figure 3—39). The action registers can specify generation of
two interrupts (CMPINTO and CMPINT1). The compare subsystem has four
dedicated output pins (CMPO through CMP3) and two pins that can be speci-
fied as compare outputs or capture inputs. Table 3—14 summarizes the regis-
ters associated with the compare subsystem.
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Table 3-14. Compare Subsystem Register Summary

Register | Addr | Bank Description

TCON 4 2 Timer control register. Controls operation and configuration of Timers 1 and 2
and the compare and capture subsystems.

CMPRO 0 3 Compare registers. Contents of compare registers are constantly being com-

CMPR1 1 3 pared with Timer 1 or Timer 2, When any one of the compare registers matches

CMPR2 2 3 the timer, it generates an action specified by an action register. In the PWM mode,

CMPR3 3 3 a match with the timer resets the corresponding CMPx pin to a low level.

CMPR4 4 3

CMPR5 5 3

ACTO o] 4 Action registers. Contents of action registers determine what action should take

ACT1 1 4 place on the CMPx pin when the compare registers match the timer, including

ACT2 2 4 generation of an interrupt. In the PWM mode, the action registers act as double

ACT3 3 4 buffers for the corresponding CMPRXx register.

ACT4 4 4

ACTS 5 4

Figure 3-39. Compare Module
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The compare registers are used to store certain values or periods. These are
compared with timer values. Bits 8 through 12 of the timer control (TCON) reg-
ister control the operation of the compare registers. Table 3-15 and
Table 3—-16 show the functions of the TCON register bits.

Table 3-15. TCON Register Compare Bit Configuration
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T T
Compare Control : Timer 2

(=4
=

Timer 1
—
Capture Control | : Control
1 ]

t Reserved bit. Should be cleared to 0.

Control

Table 3—16. TCON Compare Register Description

Bit # Description

CMPS/CAP3 Configure. Set to zero on reset.
2 | 0 =Configures pin CMP5/CAP3 as capture input.
1 = Configures pin CMP5/CAP3 as compare output.

CMP4/CAP2 Configure. Set to zero on reset.
11 0 = Configures pin CMP4/CAP2 as capture input.
1 = Configures pin CMP4/CAP2 as compare output.

Compare Enable. Set to zero on reset.
0 = Disables the compare subsystem. Pins CMPO—CMPS5 are held at 0.
10 Compare registers CMPO~CMP5 are reset and held at 0000h;
compare interrupts are disabled.
1 = Enables the compare subsystem. Allows normal operation of
compare subsystems

Timer select for compare subsystem. Set to zero on reset.
9 0 = Timer 1. Select Timer 1 for use in comparison.
1 = Timer 2. Select Timer 2 for use in comparison.

Compare mode selection. Set to zero on reset.
3 0 = Normal compare subsystem operation.
1 = High precision PWM mode.

3.11.1.1 Compare Registers

Once a value is stored in each of the six compare registers, the compare sys-
tem works independently without any intervention from the CPU. Each of the
compare registers (CMPRO through CMPRS5) is constantly comparing itself
with either TMR1 or TMR2.

When a match is detected between the value stored in the compare register
andthe value inthe timer, a match signal enables the corresponding action reg-
ister to carry out an action on a compare output pin. All compare registers have
the same bank address ot 3h. and port addresses of Oh through 5h. They can
be read from or written tc using these addresses.

3-69



Event Manager (TMS320C14)

3.11.1.2 Action Registers

Each of the action registers is dedicated to a compare register, and is capable
of controlling all six output pins (CMPQ through CMP5). When a match signal
is received from the corresponding compare register (that is, value of timer
matches compare register value), each of the compare output pins can either
be set high, reset low, or toggled. in addition, each action register can specify
generation of one or both interrupts (CMPINTO and CMPINT1). Figure 3—40
shows the configuration of the bits in each action register.

Figure 3-40. ACTXx Register Configuration

15 14 13 1211 10 9 8 7 6 S 4 3 2 1 Q

CMPG | CMP1 | CMP2 CMP3| CMP4| CMP5 [CMPINTO|CMPINT1| Reserved

Bits 4 through 15 of the action register control (in pairs) the action of CMP0
through CMP5. Bits 2 and 3 control generation of CMPINTO and CMPINTT.
Bits 0 and 1 are reserved. ACTO through ACT5S have the same bank address
of 4h and port addresses Oh through 5h. They can be read from or written to
via these addresses.

When the value in the specified timer equals the value in a compare register,
the corresponding action register specifies an action, depending upon the con-
figuration as shown in Table 3—17.

Table 3-17. Action Register Description
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Bit # Function Description
00 = No action taken on pin CMPO.
15.14 Set/Reset 01 = Resets pin CMPO0 to a low level.
’ CMPO 10 = Sets pin CMPO to a high level.

11 = Toggles pin CMPQ.

00 = No action taken on pin CMP1.
1312 Set/Reset 01 = Resets pin CMP1 to a low level.
' CMP1 10 = Sets pin CMP1 to a high level.

11 = Toggles pin CMP1.

00 = No action taken on pin CMP2.
11.10 Set/Reset 01 = Resets pin CMP2 to a low level.
’ CMP2 10 = Sets pin CMP2 to a high level.

11 = Toggles pin CMP2,

00 = No action on pin CMP3.

98 Set/Reset 01 = Resets pin CMP3 to a low level.
' CMP3 10 = Sets pin CMP3 to a high level.

11 = Toggles pin CMP3.
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Table 3-17.  Action Register Description (Continued)

% Bit # Function Description
' 00 = No action taken on pin CMP4,
76 Set/Reset 01 = Resets pin CMP4 to a low level.
CMP4 10 = Sets pin CMP4 to a high level.

11 = Toggles pin CMP4.
00 = No action on pin CMP5.

i

:

! 54 Set/Reset 01 = Resets pin CMP5 to a low level.

| CMP5 10 = Sets pin CMP5 to a high level.

i 11 = Toggles pin CMP5.

! 0 = No interrupt generated.

g 3 Set CMPINTO 1 =Generatesinterrupt and sets bit 6 in IF register.
' 0 = No interrupt generated.

} 2 Set CMPINT1 1 =Generates interrupt and sets bit 7in IF register.
K Reserved Should be set to 1.

-0 Reserved Should be setto 1.

3.11.1.3 Compare Pins

Four outpins (CMPQ) through CMP3) are dedicated to the compare subsys-
tem. Two additional pins are also available for the compare subsystem. These
pins (CMP4/CAP2 and CMP5/CAP3) are shared with the capture (input) sub-
system. CMP4/CAP2 and CMP5/CAP3 are configured by bits 11 and 12 of the
TCON register. Each of the compare output pins can be controlled by ali six
action registers to create specific waveforms. However, if two action registers
specify simultaneous action (that is, set is specified by one action register,
while toggle is specified by another action register), unpredictable action can
occur. Pins CMPQ through CMP3 are set low on reset. Pins CMP4/CAP2 and
CMP5/CAP3 are configured as inputs and put in the high-impedance state at
reset.

3.11.1.4 Compare Interrupts

Bits 2 and 3 of each action register can generate interrupts (CMPINTO and
CMPINT1) to the CPU when the corresponding compare register generates
a match or EQ signal. CMPINTO sets bit 6 in the interrupt flag register (IF).
CMPINT1 sets bit 7 of IF. Both interrupts can be masked by using the interrupt
mask register (IM).

3.11.1.5 High-Precision PWM Mode

The compare subsystem has a mode for generating high-precision pulse width
modulation (PWM) outputs (refer to Figure 3—41). In the high-precision mode,
the pulse width on pins CMPx has two extra bits of resolution. Thus, the pulse
width in this mode can be specified with a minimum resolution of 40 ns @ 25.6
MHz (vs 160 ns in the normal compare mode). Figure 3—41 gives a comparison
between the high-precision PWM mode and the normal compare mode.
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Figure 3-41. Compare Subsystem in PWM

TMR Reset |
TOONS Timer 1 |-k ‘ |
TCON9 Do—-'_—-_) ") L |
3 |
L2 | cmp
] Timer 2 7 J Q T B X
Carry 184 5 | ckinp :
©
cin —> 2.8it Timer |5 g K |
i 8 |
Internal 16 Action ompare |, |
Data Register Register | |
Bus {ACTx) (CMPRx) | |
WR ACTx TCON10 |
Table 3-18. PWM Resolution Bits Comparison
Bits of Resolution
PWM Normal Compare High Precision
Frequency (in KHz) Mode PWM Mode

100 6 8

25 8 10

6.26 10 12

1.506 12 14
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The PWM mode is enabled by setting bit 8 of TCON register to 1. In this mode,
each of the six output pins is uniquely associated with one compare and action
register, and each works independently. The pulse width of each compare out-
put pinis determined by the associated compare register, while the overall peri-
od is determined by the selected timer period register.

To begin using the PWM mode, select TMR1 or TMR2 (prescale of 1, internal
source) and load its period register with the period value. The selected timer,
clocked by CLKOUT, begins to count (refer to Figure 3—42) until the value of
the 14 LSBs of the timer match the 14 MSBs of the compare register. The two
LSBs of the specified register are then used to count the number of CLKIN
pulses before the associated compare pin is reset (refer to Figure 3—42). If the
two LSBs are 00, a transition occurs immediately on the compare pin. If 01 ap-
pears onthe two LSBs, a transition occurs after one CLKIN cycle. If 10 appears
in the two LSBs, a transition occurs after two CLKIN cycles. If 11 appears in
the two LSBs, a transition occurs after three CLKIN cycles. In this way, the res-
olution of the PWM mode is increased by a factor of four. The timer continues
to count until its 14 LSBs match the 14 MSBs of its associated period register.
When this occurs, all compare pins are set (refer to Figure 3—42), the timer is
reset to 0000h, and the compare registers are loaded with the values in their
associated action registers. Because only the 14 LSBs are used in comparing
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the timer and its period register, the two MSBs in the period register must be
zeros. The timer begins counting from 0000h, and a new PWM cycle begins.

Figure 3-42. CMPx Pin Level

Timer Status CMPRx=Timer Timer Times Out

v v v

Note that the action of the CMPx pins are no longer controlled by the action
registers. The action registers also do not generate any interrupts. Interrupt
CMPINTO is dedicated to CMPR4, and is generated when contents of CMPR4
match contents of TMRx. Interrupt CMPINT1 is dedicated to CMPRS5, and is
generated when contents of CMPR5 match contents of TMRXx. Either TMR1
or TMR2 can be used for comparison in this mode. Note that the selected timer
must be clocked at the CLKOUT rate with a prescale of one. See Figure 3—43
for TMR bit configuration.

In summary:

1)

2)
3)

4)
5)
6)
7)

8)
9)

TMR1 or TMR2 is selected and the associated period register is loaded
with the pulse period value.

TMRXx counts until its 14 LSBs match the 14 MSBs of the compare register.
The two LSBs of the compare register decide which quarter phase causes
the compare pin to reset.

When contents of register CMPR4 matches value of TMRx, pin CMP4 is
reset to 0 and interrupt CMPINTO is generated.

When contents of register CMPR5 matches value of TMRx, pin CMP5 is
reset to 0 and interrupt CMPINT1 is generated.

TMRx continues to count until its 14 LSBs match the 14 LSBs of its asso-
ciated period register. Recall that the two MSBs in the period register must
be zeros.

ALL compare pins are set.

TMRXx is reset to 0000h and begins counting.

The value in the action register is automatically written into its associated
compare register.

10) New PWM cycle starts.

Figure 3-43. TMR Bit Configuration

Bits Used in PWM Mode

§r 14,, 4 3 2 P o]
(T T4 TTTT]

15 14
Bits Used in Normal Mode
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3.11.2 Capture Subsystem

The capture subsystem provides a logging function for up to four different
events (transitions) and includes the following features:

Four 16 x 4 FIFO stacks

Four possible Schmidt trigger input capture pins
User-specified edge detection

FIFO status indicator bits

Optional timer selection

(SEEyEySHES

The operation of the capture subsystem is controlled by the timer control
(TCON) and the capture control (CCON) register. Figure 3—44 shows the
structure of the capture subsystem. Table 3—19 summarizes the registers as-
sociated with the capture subsystem.

Figure 344. Capture Module
CAPINTO

J al- FIFo Ful

K
,0 Internal Data Bus (16) 8 J_—

= Third Entry

RD FIFO-0 \

FIFO-0 (TOS) CON1S
FIFO-0

___/
FIFO-0 }
FIFO-0 (BOS)

(]
ir-—l_C ~_ Detect

4

P

Timer1 Timer2 CCON1 CCON2
Bus Bus

3-74 Architecture



Event Manager (TMS320C14)

Table 3-19. Capture Subsystem Register Summary

3.11.2.1 FIFO Stacks

Register | Addr | Bank Description

TCON 4 2 | Timer control register. Controls operation and configura-
tion of TMR1, TMR2, and the compare and capture sub-
systems.

FIFOQOQ 0 6 |Four-deep FIFO stacks that capture the timer values

FIFO1 1 6 when atransition is detected on the associated CAPx pin.

FIFO2 2 6

FIFO3 3 6

CCON 4 6 Capture control register. Controls configuration and oper-
ation of capture inputs. it also holds the status of the FI-
FOs.

CCLR 5 6 | CCON bit clear register. Allows clearing of individual bits
in CCON without affecting other bits.

Anytime a positive or negative transition is detected on a capture input pin, the
currentvalue of a timer is saved in a FIFO. In addition, when a capture is made,
each FIFO can generate an interrupt to the CPU. There are four interrupts (CA-
PINTO through CAPINT3) dedicated to the capture subsystem.

Each of the FIFOs is four deep and dedicated to one of the capture input pins.
When a transition is detected on a capture input pin, the current value of the
timer is saved in the corresponding FIFO. Either TMR1 or TMR2 may be speci-
fied. Each FIFO has a dedicated interrupt (CAPINTX). The FIFO can generate
an interrupt when the first capture is made or when the third capture entry is
received. The CPU has direct access only to the top of each FIFO. The rest
of the FIFO entries must be read successively. When a FIFO is empty (that is,
all entries are read), a status bit (FIFOx not empty) is cleared in CCON. When
a FIFQO is full and an additional capture is made, the overrun condition is indi-
cated by setting a status bit (FIFOx overrun) in CCON. At the same time, the
FIFO preserves existing entries and ignores additional entries, thus losing
them. The FIFO registers have a bank address of 6h, and a port address of Oh
through 3h.

3.11.2.2 TCON Register

Bits 11 through 15 of the timer control (TCON) register control the operation
of the capture subsystem. Figure 3-45 and Table 3-20 show the functions of
the TCON register bits associated with the capture subsystem.

Figure 3-45. TCON Register Capture Bit Configuration

15 14 13 12 1110 g 8 7 6 5 4 3 2 10
! ! I [
| Compare Control i Timer 2 | ot | Timer 1
b— | I I
Capture Control | [ Control : | Control
: ! J

T Reserved bit. Should be cleared to 0.
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Table 3-20. TCON Capture Register Description

Bit # Description

interrupt on first or third entry in FIFOx.

0 = An interrupt is generated to the CPU on the first capture entry received

15 in an empty FIFO.

1 = An interrupt is generated to the CPU when the third capture entry is
received in the FIFO and the FIFO already has two entries.

Capture Enable.

0 = Enables the capture subsystem. Starts normal operation of capture
subsystem.

1 = Disables the capture subsystem. No capture is possible on any pin.
All FIFO registers (FIFOx) are reset to 0000h. All FIFOx not empty bits
are reset to 0. All FIFOx overrun bits reset to 0.

14

Timer select for capture subsystem.
13 | 0 = Timer 1. Selects Timer 1 for use in capture.
1 = Timer 2. Selects Timer 2 for use in capture.

CMP5/CAP3 Configure.

12 | 0 = Configures pin CMP5/CAP3 as capture input.

1 = Configures pin CMP5/CAP3 as compare output.
CMP4/CAP2 Configure.

11 0 = Configure pin CMP4/CAP2 as capture input.

1 = Configure pin CMP4/CAP2 as compare output.
Note: All bits cleared to zero on reset.

3.11.2.3 Capture Control Register
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The capture control register, CCON, (refer to Figure 3—46 and Table 3-20) is
used to configure and control the operation of individual capture inputs. Each
capture input has four bits in CCON that controls its operation. Capture can be
enabled or disabled on each individual capture pin. In addition, each pin can
be programmed to detect a transition, a falling edge, or a rising edge. If either
CMP4/CAP2 or CMP5/CAPS3 pins are configured as output compare pins, it is
still possible to enable a capture function on these pins. Inthis case, the transi-
tion detected is due to the compare output function, not an external input.

The CCON gives the status of each of the FIFOs, whether they are empty or
have an overflow. When an overflow is detected and bit FIFOx overrun is set
to 1, CCON must be cleared to 0. You can do this in software after a read from
FIFOx is completed. Some bits of the CCON, that is, FIFO status bits, can only
be read only while the rest of the bits can be written to and read from.

Another 16-bit register, capture clear (CCLR), is also used by the capture sub-
system. The CCLR allows clearing of individual bits in CCON without affecting
other bits. The operation of CCLR is similar to that of the BCLR register. There
is a direct correlation between bits of CCLR and CCON that is: setting bit 3 of
CCLRto 1 clears bit 3 of CCON. Figure 3—46illustrates bit 15 of CCLR clearing
15 of CCON. The CCLR makes it easier to configure the CCON because it is
not possible to write to CCON directly. The CCON has a bank address of 6h
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and port address of 4h. The CCLR has a bank address of 6h and port address
of 5h and is described in Tabie 3-21.

Figure 3~46. CCON and CCLR Register

15 0
Register
{0)
15 0
CCLRI ‘ ]
Register
(1
Table 3-21. CCON Register Description
Bit # Function Description
0 = FIFO-3 is not full.
FIFO-3 1 = FIFO-3 is full, and another transition or capture entry
15 overrun is detected. You must clear this bit if a read is done on
error. FIFO-3.
Status bit. Read and clear access.
0 = No entries available in FIFO-3.
FIFO-3 1 = FIFO-3 has one or more unread entries.
14 not empty Cleared as soon as the CPU has read all entries and
pYy. FIFO-3 is empty.
Status bit. Read access only.
Edae 00 = Capture disable on pin CAP3.
trans?tion 01 = Detect positive (rising) edge on pin CAP3.
13.12 detection 10 = Detect negative (falling) edge on pin CAP3.
for CAP3 11 = Detect any transition on pin CAP3.
) Control bits. Read and write access.
FIFO-2 0 = FIFO-2 is not full.
1 overrun 1 = FIFO-2 is full, and another transition or capture entry is
arror detected. You must clear this bit if a read is done on
) FIFO-2. Status bit. Read and clear access.
0 = No entries available in FIFO-2.
10 FIFO-2 1 = FIFO-2 has one or more unread entries.
not empty. Cleared as soon as CPU has read all entries and FIFO-2
is empty. Status bit. Read access only.
Edge 00 = Capture disabled on pin CAP2.
tran s?ti on 01 = Detect positive (rising) edge on pin CAP2.
9.8 detection 10 = Detect negative (falling) edge on pin CAP2.
for CAP2 11 = Detect any transition on pin CAP2.
) Control bit. Read and write access.
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Table 3-21.

CCON Register Description (Continued)

Bit # Function Description
FIFO-1 0 = FIFO-1 js not full. L .
7 overrun 1 = FIFO-1 is full, and another transition or capture entry is
error detected. You must clear this bit if a read is done on
’ FIFO-1. Status bit. Read and clear access.
0 = No entries available in FIFO-1.
6 FIFO-1 1 = FIFO-1 has one or more unread entries.
not empty. | Cleared as soon as the CPU has read all entries and FIFO-1
is empty. Status bit. Read access only.
Edge 00 = Capture disabled.qn pin CAP1.
transition 01 = Detect positive (rising) edge on CAP1.
54 detection 10 = Detect negative (falling) edge on pin CAP1.
for CAP1 11 = Detect any transition on pin CAP1.
) Control bits. Read and write access.
FIFO-0 0 = FIFO-0 _is not full. B .
3 overrun 1 = FIFO-1 is full, and another transition or capture entry is
error detected. You must clear this bit if a read is done on
' FIFO-0.
0 = No entries available in FIFO-0.
> FIFO-0 1 = FIFO-0 has one or more unread entries. Cleared as soon
not empty. as CPU has read all entries and FIFO-0 is empty.
Status bit. Read access only.
Edge 00 = Capture disgbled.o'n pin CAPO.
transition 01 = Detect positive (rising) edge on CAPO.
1,0 detection 10 = Detect negative (falling) edge on CAPO.
for CAPO 11 = Detect any transition on CAPO. Control bits. Read and
write access.

Note: Al bits cleared to zero on reset.

3.11.2.4 Capture Interrupts
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Each capture input has a dedicated interrupt (CAPINTXx) that can be generated
either when the corresponding FIFO receives either its first or third entry. This
selection is done by means of bit 15 of TCON. CAPINTO through CAPINT3 set
bits 8 through 11 of IF. These interrupts can be masked by setting the appropri-

ate bit in IM.
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3.12 Serial Port (TMS320C14)

The TMS320C14 has a universal asynchronous receiver/transmitter (UART)
serial portthat supports industry-standard communications protocols. Key fea-
tures of the serial port include the following:

Double-buffered receiver/transmitter.

Full-duplex asynchronous mode with 400 Kbps maximum transceiving
rate (25.6-MHz clock).

Supports address detect and address match protocols.

Separate interrupts for receiver/transmitter.

Separate 16-bit timer for baud rate generation.

Programmable operation through 18-bit control/status register.

o od oo

The asynchronous (async) mode is full-duplex with a maximum transmission/
reception rate of CLKOUT/16. The async mode uses start and stop bits for syn-
chronization at the byte level. Double-buffering of receive/transmit data is used
in ali modes.

The serial port supports communication protocols. The first communication
protocol supports 8051 nine-bit communication, in which the ninth bit indicates
address or data reception/transmission. The second communication protocol
supports a sleep/wakeup mode, in which all nine bits have to match the device
address stored in a register (SMAT) to start data reception. Table 3-22 sum-
marizes the registers associated with the serial port.
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Table 3-22. Serial Port Register Summary

Register Addr | Bank Description
Serial port control register. Controls configuration
SCON 0 5 and operation of the serial port.
SSET 1 5 SCON bit setregister. Allows setting of individual bits
in SCON without affecting other bits.
SCLR > 5 SCON bit clear register. Allows clearing of individual
bits in SCON without affecting other bits.
Transmit buffer register. Stores temporary data
TBR 3 5 | while old data is being shifted out from transmit reg-
ister.
RBR 4 5 Receive buffer register. Stores temporary data while
new data is being shifted into receive register.
Serial port baud rate generator. Sets the divide ratios
SBRG 5 5 for the serial port timer to generate baud rates for
asynchronous mode.
Serial port match word register. The serial port stays
SMAT 2 7 in the sleep mode until an address match with vaiue
in SMAT register is detected.
TSR 3 7 Transmit shift register. Stores outgoing data that is
currently being transmitted.
RSR 4 7 Receive shift register. Stores incoming data that is
currently being received.
Timer 3. Free running timer that is used for baud rate
STMR/TMR3 5 7 generation for the serial port,

3.12.1 Serial Control Register
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The serial control (SCON) register see Table 3-23) is a 16-bit register that con-
trols operation of the serial port. At the same time, the SCON also acts as a
status register to indicate the status of the serial port. Async mode is selected
by configuring bits 0 and 14 of the SCON. Reception on the serial port can be
disabled by bit 11 of the SCON. Bits 5 and 6 of SCON select the number of data
bits, while bits 9 and 10 select the communication protocol. SCON bits 3,4,7,
and 8 indicate errors or overflows. The SCON should not be modified during
reception or transmission because unpredictable results may occur. The com-
plete configuration of the SCON is described in the following section. The
SCON has a bank address of 5h and a port address of Oh.
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Table 3-23. SCON Register Description

Bit # Function Description
0= Selects asynchronous mode. Note that in addition to configuring this bit, bit
Sync mode 14 also has to be cleared to 0 to select async mode.
(] (SyYNC) Setto 1 on reset. Control bit. Write and read access. Must be cleared after re-
set to operate the serial port.
1 = Reset condition (serial port is nonoperational).
: Disable parity.
> -
1 ::é% enable ? _ Enables parity. Parity is added during transmission, and detected during re-
"~ ception. Control bit. Write and read access. Cleared to 0 on reset.
- ; _ Selects even parity.
2 E;Z’;ﬁggg)amy 10 _  Selects odd parity.
¥ ~ Control bit. Write and read access. Cleared to 0 on reset.
. Normal operation. No parity error detected.
ol - =
3 :ei:ﬂy error de ? _ Parity error has been detected during reception. You must clear it in software.
"~ Status bit. Read and clear access only. Cleared to zero on reset.
Framing error 0 - Normal operation. No framing error detected.
4 detect (gFERR) 1. Framing error has been detected, that is, invalid stop bit received. You must
~  clear it in software. Status bit. Read or clear access. Cleared to O on reset.
00 - Selects 6 data bits.
. ~  Selects 7 data bits.
6,5 :%;tlaobgiﬁ?lem ?8 " Selects 8 data bits.
’ 11 ~ Selects 9 data bits.
"~ Control bits. Write and read access. Set to 10 on reset.
Normal operation. No overflow detected.
7 Receiver over- 0 - Receiverbuffer overflow detected. Both receive registers (RSR and RBR) are
flow error (ROV) | * full, and third data reception is detected. You must clear it in software. Status
bit. Read and clear access only. Cleared to zero on reset.
Normal operation. Receive buffers empty.
8 Receive buffers 0 - Receive buffers full detected. Both receive registers/buffers (RSR and RBR)
tull (BBF) 1 have just filled. New data word is fully received in RSR. Status bit. Read and
clear access. Control bit. Cleared to 0 on reset.
Protocol 1 disabled. Normal reception mode. Receive interrupt (RXINT) gen-
erated to CPU every time new data frame is clocked into RSR register.
Receive interrupt | 0= Interrupt CPU if MSR of receive word is 1. Protocol 1 is enabled, and normal
9 qualifiert reception mode is disabled. Serial port is put into sleep mode. Receive inter-
(RINTQ1) t = rupt (RXINT) is generated if MSB or last bit of received word is 1 (indicating
address reception) Control bit. Write and read access. Cleared to zero on re-
set.
Protocol 2 disabled, Normal reception mode. Receive interrupt (RXINT) gen-
erated to CPU every time new data is clocked into RSR register.
Receive interrupt | 0 =  Interrupt CPU if receve word matches SMAT. Protocol 2 is enabled, and nor-
10 | qualifier2 mal reception mode is disabled. Serial port is put into sleep mode. Receive
{RINTQ2) 1= interrupt (RXINT) is generated if received word matches value in SMAT (indi-

cates serial port has been addressed). Control bit. Write and read access.
Cleared to zero on rese’
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Table 3-23. SCON Register Description (Continued)

Bit # Function Description
Continuous 0= Disables reception
11 receive enable 1 = Enables reception/continuous reception. Control bit. Write and read access.
(CREN) Set to 1 on reset.
Singlereceive en- | 0= Sets frame sync pulse generated by TMS320C14 at one clock pulse wide.
able Can be overridden by CREN bit.
12 | (SREN)/Frame 1= Sets frame sync pulse generated by the TMS320C14 at two pulses wide.
sync pulse width Control bit. Write and read access. Cleared to 0 at reset
(FSPW)
13 | Reserved Cleared to 0 on reset.
14 Asynchronous Must be zero to operate the serial port in asynchronous mode.
mode Control bit. Write and read access. Cleared to 0 on reset.
0= Transmit buffer not empty. Transmit buffer contains data that has not been
15 Transmit  buffer transferred to transmit shitt register.
empty (TBE) 1 = Transmitbuffer empty. Transmit buffer is empty and ready to accept new data
from the CPU. Status bit. Read access only. Set to 1 on reset.

To facilitate clearing and setting of individual bits in the SCON, two additional
registers (SCLR and SSET) are provided (see Figure 3—47). SCLR and SSET
function similarly to BCLR and BSET. They clear or set individual bits in the
SCON. A mask of ones written to SCLR clear the corresponding bits in the
SCON. Bit positions in SCLR containing zeros do not affect corresponding bits
inthe SCON. Similarly, SSET sets to one all bits in the SCON that have corre-
sponding ones in the SSET. Bit positions having zeros do not affect corre-
sponding bits in the SCON. The SCLR and SSET have a bank address of 5h
and port address of 1h and 2h.

Figure 3-47. SCON Register Control
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Table 3—-24 shows the basic parameter configuration of the serial port after power-up or

a reset.
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Table 3-24. Serial Port Key Default Settings

Parameter Description
Made Nonoperationat
Parity None

Word Length 8 Data bits
Reception Continuous
Clock Internal

3.12.2 Serial Port Baud Rate Generator

The serial port baud rate generator provides internal baud rate generation for
asynchronous mode. If the baud rate generator is not required for clock/baud
rate generation, it can be used as a general-purpose timer (refer to subsection
3.5.3) with its own interrupt. When the baud rate generator is used for baud ra-
te/clock generation, bit 12 of the interrupt mask (IM) register should be
masked.

The baud rate generator has a 16-bit register (STMR) and a baud rate genera-
tion register (SBRG) that uses CLKOUT as the input; see Figure 3—48. The
SBRG register holds a user-instalied value that is used in generating the baud
rate.
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3.12.2.1 Asynchronous Baud Rate Generation

The asynchronous baud rate is computed as follows:

CLKOUTfrequency

BaudRate = 16K+ 1)

where: K = value stored in the SBRG register,
and CLKOUT = CLKIN/4

The maximum transmission/reception rate is CLKOUT/16, or 400 kHz at
25.6 MHz CLKIN frequency. Table 3-25 gives the K values that have to be
stored in the SBRG register to obtain the standard baud rates and the deviation
from those rates. These calculations use the maximum oscillator frequency of
25.6 MHz.

Table 3-25. SBRG Value for Standard Baud Rates

Desired Baud Rate SBRG Value (K) Actual Baud Rate
19.2 Kbps 0014h 19.048 Kbps
9600 bps 0028h 9756.00 bps
4800 bps 0052h 4819.00 bps
2400 bps 00A6h 2395.20 bps
1200 bps 014Ch 1201.20 bps

300 bps 0534h 300.07 bps
110 bps OE33h 110.011 bps

Note: All K values are in hexadecimal.

The maximum baud rate is obtained when K = 0. The minimum baud rate is
generated when the value 65535 (FFFFh) is stored in the SBRG register. The
percentage deviation (Pcd) is computed as follows:

Pcd = (Actual rate — desired rate)/desired rate

3.12.3 Asynchronous Mode
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The asynchronous mode is selected by clearing bits 0 and 14 of the SCON to
0. This is a full duplex mode, with data being transmitted on the TXD/CLK pin
and data received on the RXD/DATA pin. Figure 3—48 shows the architecture
of the serial port for asynchronous communication.
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Figure 3-48. Asynchronous Serial Port Operation
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Inthe asynchronous mode, data is transmitted on a character-by-character ba-
sis with each data frame containing a start bit, 6 to 9 data bits, a parity bit (if
parity is enabled), and a stop bit. Both the transmit and receive sections are
double-buffered to allow continuous transceiving. The serial port timer pro-
vides the transmit and receive register clock signals, as well as the baud rate.
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3.12.3.1 Asynchronous Transmission

The transmit section consists of a 9-bit transmit shift register (TSR) and a 9-bit
transmit buffer register (TBR). Data is always written to the TBR, and then
transferred to the TSR. Data to the TBR should be written in right-justified form,
irrespective of the number of the bits to be transmitted. It is possible to read
the TSR directly, but not to write to it directly. Data from the TSR is shifted out
on pin TXD/CLK. The TXD/CLK pinis held at 1 while the serial portis not trans-
mitting. Figure 3—49 shows an asynchronous transmission of 8-bit data with
parity bit.

Figure 3-49. Asynchronous Transmission of Eight Bits Plus Parity
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Transmission in the serial port is started by writing data to the TBR. If the TSR
is empty, data from the TBR is transferred to the TSR. If the TSR is full, then
data is kept in the TBR, and existing data in the TSR is shifted out to the se-
quence control logic. At the same time, bit 15 in the SCON register is cleared
to 0 to indlicate that the TBR is not empty. If both the TSR and TBR are full and
the CPU tries to write to the TBR, the write is not allowed, and existing data
in both registers is maintained. The sequence control logic constructs the
transmit frame by outputting a start bit followed by the data bits from the TSR,
and a parity bit is then added (if required). As soon as the last data or parity
bit has left the TSR, TXINT is generated to the CPU, indicating that a frame
has been sent.

The TSR has a bank address of 7h and a port address of 3h. The TBR has a
bank address of 5h and a port address of 3h.

Summary of asynchronous mode transmission:

1) Asynchronous mode is enabled by clearing bit 0 of SCON to 0 and setting
bit 11 to 1.

2) Transmission begins by writing data to TBR. If TSR is empty, this data is
transferred to TSR.

3) Startbitis transmitted first, followed by 6 to 9 data bits (LSB through MSB).

4) If parity is enabled, parity bit is added after MSB.

5) Stop bit is shifted out and TXINT is generated, indicating end of transmis-
sion.
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3.12.3.2 Asynchronous Reception

The receive section includes two 9-bit registers: the receive buffer regist »r
(RBR) and receive shift register (RSR). Data is received on the RXD/DATA pin,
and the negative edge detect logic samples the input for a start bit on the 7th,
8th, and 9th sampling pulse following a detected falling edge (see
Figure 3-50).

Figure 3-50. Start Bit Detection
Falling
Edge Majority Majority

Detected Vote Vote

1 ] 1234567 891011121314151612 3456 7 8 9 101112131415161
rxp L YV Y [ vV
Start Bit LS Bit of Data

A maijority vote of 0 by the three sample pulses results in the data being loaded
into the RSR. If the majority vote is 1, the data is not accepted, and the sampling
continues until a start bit is detected.

After the appropriate number of data bits is received (that is, 6 — 9 bits), parity
is computed on the data bits (if parity is enabled) and compared with the re-
ceived parity bit. If the computed parity does not match with the received, apar-
ity error is indicated by setting a flag (bit 3 of SCON register — PERR), to a 1
and normal reception continues. You are responsible for checking this bit and
clearing it. PERR (parity error} is also double buffered. This means when both
buffers are full and PERR is raised, the data in RBR has a parity error. If data
in RSR also has a parity error, PERR is raised again when data is transferred
from RSR to RBR.

After the parity bit is received, a stop bit is received, indicating the end of that
block. If a stop bit is not received, a framing error is indicated by the setting of
bit 4(FERR) in SCON to a 1. Normal reception continues, and the receiver
looks for the next start bit. You are responsible for checking this bit and clearing
it. Datais then transferred to the RBR, and interrupt RXINT is routed to the CPU
(see Figure 3-51). The RSR is now available to receive another data block,
and the negative edge detect logic is activated again.

Figure 3-51. Asynchronous Reception of Eight Bits Plus Parity
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If RBR is not empty when new data has just been received in the RSR, an error
flag, BBF (both buffers full), is setin SCON. In this case, data from RSR is not
transferred to RBR, and all further reception is disabled. Existing data is main-
tained in both RSR and RBR until you read RBR. Reading RBR automatically
clears the BBF flag, and data in the RSR is transferred into RBR, thus allowing
further reception. RSR has a bank address of 7h, and a port address of 4h.
RBR has a bank address of 5h and a port address 4h.

Summary of asynchronous mode reception:

1) A negative edge is received to indicate a start bit. A test is performed to
indicate whether or not a start bit is valid.

2) If start bit is valid, the appropriate number of data bits (as specified by the
SCON register) is shifted into RSR.

3) (Optional). Parity is computed onthe parity bits, and a parity bitis received.
Computed parity is compared with the received parity. If they are different,
a parity error is indicated.

4) A stop bit is received to indicate end of reception. If a stop bit is not re-
ceived, a framing error is indicated.

5) Aninterrupt is generated to the CPU.

6) Datais transferred from RSR to RBR. If RBR is full, the BBF (both buffers
full) flag is set.

7) Reception is complete; receiver waits for another negative transition.

3.12.4 Communication Protocols
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Besides supporting the regular transmission/reception (no protocol), the
TMS320C 14 supports two communications protocols: address detect and ad-
dress match. These protocols are used for interprocessor communication and
to allow the processor to ignore all reception until it is addressed by another
device. The first communication protocol, address detect, allows the
TMS320C 14 to ignore all reception until it detects an address reception. The
serial port then wakes up and aliows you to determine via software if the right
address was received or not. The second communication protocol, address
match, allows the serial port to actually match the incoming address with its
own address (stored in SMAT register). If the addresses match, the serial port
wakes up. if not, all reception is ignored. The communications protocols are
selected by bits 9 and 10 of the SCON register.
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3.12.4.1 Address Detect Protocol

Address detect allows the processor to detect when an address is being re-
ceived in the serial port. This protocol is enabled by setting RINTQ1 (receive
interrupt qualifier 1}, bit 9 of SCON, 1o 1. Address detect requires that 9-bit data
transmission be used. The 9th or MSB is used to determine whether address
or data is being transmitted. if the 9th bit equals 0, this indicates data is being
received, and the serial port ignores the reception. Although data is being
shifted into the RSR register no interrupt (RXINT) is generated to the CPU. If
the 9th bit equals 1, interrupt RXINT is generated, indicating that an address
IS being received (see Figure 3-52).

Figure 3-52. Serial Port Using Address Detect Protocol
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Upon detection of an address, the serial port wakes up and generates interrupt
RXINT to the CPU. Your software then matches the received address with its
own address. If the address does not match, the serial port is allowed to remain
in sleep mode. if a match is indicated, the software puts the serial port into wa-
keup by resetting RINTQ1, bit 9 of SCON to 0, disabling the communication
protocol. This allows reception of data. When the complete message is re-
ceived, RINTQ1 is setto 1. thus enabling the communication protocol and put-
ting the serial port back into sleep mode. Data is shifted in with the rising edge
of the signal. Every ninth clock is detected to determine whether the received
bits are address or data (see Figure 3-53).
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Figure 3-53. Address Detect Reception
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When the address detect protocol is used, parity must be disabled. The receiv-
er assumes that no parity is being sent along with the data.

Summary of address detect protocol:

1)
2)
3)
4)
5)
6)
7)

8)

9)

Nine data bits are selected, and parity is disabled.

Reception is disabled.

Setting RINTQ1 bit (bit 9 of SCON) to 1 selects protocol 1, and puts the
serial port into sleep mode.

Data is clocked into the RSR register. The MSB (9th bit) is checked to see if
itisatoraO.

If MSB is 0, the incoming word is assumed to be data, and nothing hap-
pens. The serial port continues in sleep mode.

If the MSB is 1, the incoming word is detected as address, and interrupt
RXINT is generated to the CPU.

Your software looks atincoming address and decides whetherto reactorto
continue sleeping.

If it decides to continue sleeping, nothing is done, and the serial port ig-
nores all data clocked in, until another address is detected.

If you decide to wake it up, set RINTQ1 of SCON to 0.

10) Normal reception is enabled, and data is clocked into RSR, generating in-

terrupt RXINT each time a word is shifted in.

11) You determine that a full message is received; set RINTQ1 to 1, to enable

protocol and put the serial port back to sleep.

3.12.4.2 Address Match Protocol

Address match protocol allows the serial port to actually match an incoming
address to determine if another device wants to communicate with it. This pro-
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tocol is enabled by setting RINTQ2 (bit 10) of SCON register to a 1. Address
match requires that an address be written to a 9-bit sync match register called
SMAT. The incoming word is matched against the value in the SMAT register
(see Figure 3—54 and Figure 3-55). If a match is detected, the serial port deter-
mines that it is being addressed and is activated. It then generates interrupt
RXINT to the CPU. If no match is detected, the data clocked into the RSR is
discarded, and the serial port remains in the sleep mode.

Figure 3-54. Serial Port Using Address Match Protocol
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Once an address is detected, the serial port wakes up by generating an inter-
rupt to the CPU. You must then put the serial port in the normal reception mode
by resetting RINTQ2 (bit 10) of SCON to a 0. Data will now be clocked into the
RSR, generating interrupt RXINT every time a complete word is received.
When the complete message is received, you can put the serial port back into
sleep mode by setting RINTQ2 back to a 1. Address match protocol does not
require parity to be disabled, nor does it require that the full 9-bit data length
be used. If the value written into the SMAT register is less than nine bits, the
value must be right-justified, and the remaining upper bits must be zeros. Note
thatto generate aunique address, the number of bits in the address frame must
exceed the number of bits in the data frame.

Figure 3-55. Address Match Reception
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The SMAT register has a bank address of 7h, and a port address of 2h.
Summary of address match protocol:

1)
2)
3)
4)

5)
6)

7)
8)

9)

You must enable the asynchronous serial mode.

Parity and number of data bits are selected.

The serial port address (up to 9 bits) is written into the SMAT register.
Address match protocol is enabled by setting RINTQ2 (bit 10) of SCON to
1; this also puts serial port into sleep mode.

Reception is disabled.

Data is shifted into the RSR register and compared against the contents of
the SMAT register.

If a match does not occur, the data in the RSR is discarded, and the serial
port remains in sleep mode.

If a match does occur, the serial port wakes up and generates an interrupt
(RXINT) to the CPU.

Reset the RINTQ2 bit of SCON to 0 to enable normal reception.

10) Data is clocked into RSR, generating an interrupt RXINT to the CPUevery

time a complete word is received.

11) You determine that the complete message has been received and puts the

serial port back into sieep mode by setting RINTQ2 of SCON back to 1.

12) The serial port waits for another address match.
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3.13 Serial Port (TMS320C17)

Two of the I/O ports on the TMS320C17 are dedicated to the serial port and
companding hardware. /O port 0 is dedicated to control register 0, which con-
trols the serial port, interrupts, and companding hardware. I/O port 1 accesses
control register 1, as well as both serial port channels and the companding
haraware. The six remaining YO ports are available for external parallel inter-
faces.

The on-chip dual-channel serial port provided on the TMS320C17 is capable
of full-duplex serial communications and direct interface to combo-codec PCM
systems, serial A/D converters, and other serial systems. The interface signals
are directly compatible with codecs and many other serial devices and require
aminimum of external hardware. For additional information on combo-codecs,
refertothe TCM29C 13/C14/C16/C 17 Combined Single-Chip PCM Codec and
Filter data sheet.

Two receive and two transmit registers are mapped into /O port 1 and operate
with 8-bit data samples. Either internal or external framing signals for serial
data transfers (MSB first) are selected viathe system contro! register. The seri-
al port clock, SCLK, provides the bit timing for transfers with the serial port and
may be either an input or an output. A framing pulse signal supplies framing
pulses for combo-codec circuits, a sample clock for voice-band systems, or a
timer for control applications. The serial port is accessed through IN and QUT
instructions. A block diagram of the serial port and companding hardware is
shown in Figure 3-56.

3.13.1 Receive Registers

Two receive registers are mappedinto I/O port 1 via the portdecode logic. Data
is clocked into the shift registers on the next eight negative serial clock (SCLK)
transitions after an active framing puise is detected. SCLK controis the bit-level
timing for all serial port data transfers. Note that the MSB is always shifted first.

On an active framing pulse, serial data is clocked into the receive registers from
the DR pins. Channel 0 data is received in shift register RS0 from pin DRO, and
channel 1 data is received in shift register RS1 from pin DR1. To read the data
from the registers, an IN instruction is executed from port 1. On the first IN in-
struction after a framing pulse. channel 0 data is output onto the external data
bus where it is read by the CPU. On the second IN instruction, channel 1 data
is output onto the external data bus.
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An active framing pulse initiates the receive operation, as shown in
Figure 3-57. External framing pulses (FSR) are active low, and the internal
framing (FR) signal is active high. With external framing (FSR), the falling edge
ofthe framing pulse gates the serial port clock to the receive shift registers, and
the data is clocked into the shift registers on the next eight consecutive nega-
tive transitions of the clock.

Figure 3-56. Serial Port and Companding Hardware
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Figure 3-57. Receive Timing for External Framing
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The rising edge of the framing pulse transfers the data from the receive shift
registers to the receive registers and sets the FSR flag bit (CR1) in the system
control register (see Figure 3-57), causing.an interrupt to occur if the FSR is
enabled. External framing pulses are sensed during the high portion of the
SCLK cycle and latched internally with the falling edge of SCLK. Only one FSR
state can be detected per SCLK period.

Internal framing (FR) pulses can be selected in either fixed data-rate or vari-
able data-rate modes for combo-codec interface. With the fixed data-rate
mode, the FR puise is one SCLK cycle wide, and appears in the cycle preced-
ing the first data bit. The falling edge of the pulse initiates both the transmit and
receive operations, as shown in Figure 3-58. Received data is clocked into the
receive shift registers on the next eight consecutive negative transitions of the
clock. After data bit 8 has been received, data is transferred from the receive
shift registers to the receive registers, and an interrupt is generated when the
FR flag bit (CR3) is set in the system control register, thus causing an interrupt
to occur if enabled.

Figure 3-58. Fixed Data-Rate for Internal Framing
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Inthe variable data-rate mode shown Figure 3-59, the FR pulse is eight SCLK
cycles wide and appears in the same SCLK cycle as the first data bit. The rising
edge of the pulse initiates the transmit and receive operations. The falling edge
of the pulse transfers data from the receive shift registers to the receive regis-
ters and sets the FR flag bit (CR3) in the system control register, causing an
interrupt to occur if enabled
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Figure 3-59. Variable Data-Rate for Internal Framing
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3.13.2 Transmit Registers
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Two transmit registers are mapped into 1/O port 1 via the port decode logic.
The transmit registers are connected to the port 1 data bus in a FIFO (first in,
first out) configuration. On the first OUT instruction to port 1 after a framing
pulse, the data to be transmitted is put into transmit register TRO. On the next
framing pulse, the TRO contents are latched into transmit shift register TS0,
and the data is transmitted on channel 0 {(pin DX0) on the next eight positive
transitions of the serial port clock (SCLK), as shown in Figure 3—60. External
framing pulses (FSX) are active low, and the internal framing (FR) signal is ac-
tive high. Datasentto port 1 is always putinto the transmit registers. Only when
control register bit 11 (CR11) is higii, is the data enabled onto the transmit pins.
The transmit pins are in the high-impedance state when nottransmitting. Exter-
nal framing pulses are sensed during the high portion of the SCLK cycle and
latched internally with the falling edge of SCLK. Only one FSX state can be de-

tected per SCLK period.
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Figure 3-60. Transmit Timing for External Framing
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Internal framing (FR) pulses can be selected in either fixed data-rate or vari-
able data-rate modes for combo-codec interface. In the fixed data-rate mode,
the FR pulse is one SCLK cycle wide and appears in the cycle preceding the
first data bit. The falling edge of the pulse initiates both the transmit and receive
operations, as shown in Figure 3—60. Data is transferred from the transmit reg-
isters to the transmit shift registers. Transmitted data is clocked into the trans-
mit shift registers on the next eight consecutive negative transitions from the
clock. After data bit 8 has been transmitted, an interrupt is generated when the
FR flag bit (CR3) is set in the system control register, thus causing an interrupt
to occur if enabled.

in the variable data-rate mode shown in Figure 3-59, the FR pulse is eight
SCLK cycles wide and appears in the same SCLK cycle as the first data bit.
The rising edge of the pulse initiates the transmit and receive operations. The
falling edge of the pulse sets the FR flag bit (CR3) in the system control register,
causing an interrupt to occur if enabled.

When two QUT instructions to port 1 are executed between framing pulses,
both transmit registers are loaded with data for transmission. The first OUT in-
struction loads data into transmit register TRO. The second OUT pushes the
data from TRO into TR1 and puts the new data into TR0. On an active framing
pulse edge, the transmit register contents are latched into the transmit shift
registers, and the data clocked out on the next eight consecutive positive tran-
sitions of SCLK. Thus, for single-channel operation, only one OUT instruction
to port 1 should be executed between framing puises to ensure data transmis-
sion on channel 0. Only TRO may be read back to the serial port data bus by
an IN instruction. This feature is used for the parallel companding mode.

Both transmit channels always output data on an active framing pulse when
CR11is high. During single-channel operation (using channel 0), channe! 1 still
transmits the data from transmit register TR1. Transmit channel 1 cannot be
disabled during single-channel operation.
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3.13.3 Timing and Framing Control

The serial port timing and framing control is shown in Figure 3-61. The serial
port clock (SCLK) provides the timing control for data transfers with the serial
port. SCLK may be configured as either an input or an output through the con-
trol register. As an input, SCLK is an external serial system clock that provides
the framing synchronization and timing for the serial port. As an output, SCLK
provides the system clock for standalone serial applications and is derived
from the microcomputer system clock (X2/CLKIN).

Figure 3-61. Serial Port Timing and Framing Contro/
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The serial-port clock prescaler determines the divide ratio for SCLK when con-
figured as an output. The TMS320C 17 system clock (X2/CLKIN) is input to the
prescaler, along with control register bits CR27-CR24. Table 3-26 shows the
prescale divide ratios selectable as divide by 10, 12, 14, 16, 20, 24, 28, and
32 through system control register bits CR27—CR24. These divide ratios are
available only for SCLK when it is configured as an output from the device (see
Section 3.12 for control register bit configurations).

The frame multiplexer determines which framing pulses cause serial-port data
transfers to occur and configures the internal framing pulse (FR) frequency.
The inputs to the multiplexer are SCLK, control register bit 9 (CR9), control reg-
ister bits CR23-CR 186, external transmit framing (FSX) pulse, and external re-
ceive framing (FSR) pulse. The outputs of the multiplexer go to the serial-port
control for receive and transmit timing generation for the serial-port registers
andto the FR multiplexer for determining which FR framing pulse is generated.
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The outputs of the frame counter are input to the FR multiplexer for selection
oflong or short FR puises. The short FR pulse provides fixed data-rate framing
pulses for standalone serial interface to the Texas Instruments TCM29Cxx
family of combo-codec circuits. The long FR framing pulse provides variable
data-rate framing pulses to the combo-codec.

The FR frequency is determined at the beginning of the framing pulse cycle.
The FR frequency is equal to SCLK/(CNT + 2) where CNT is the binary value
of CR23—-CR16. When you are reconfiguring the frequency, the upper control
register bits determine the new divide ratio. However, the new frequency is not
implemented until the next FR framing pulse.

Table 3-26. Serial Clock (SCLK) Divide Ratios (X2/CLKIN = 20.48 MHz)

CR27 CR26 CR25 CR24 Divide Ratlo | SCLK Freq. MHz
0 0 0 0 32 0.640
0 0 0 1 28 0.731
0 0 1 0 24 0.853
0 1 0 0 20 1.024
1 0 0 0 16 1.280
1 o 0 1 14 1.463
1 0 1 0 12 1.706
1 1 0 0 10 2.048
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3.14 Companding Hardware (TMS320C17)
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The on-chip companding hardware enables the TMS320C17 to compand
(COMpress and exPAND) data in either p-law or A-law format with either
sign-magnitude or 2s-complement numbers. The companding standard
employed in the United States and Japan is u-law. The European companding
standard is referred to as A-law. Configuration and connections of the encoder
and decoder (see Figure 3-56) are controlled through the system control reg-
ister.

When sign magnitude is selected, the p-law encoding and decoding require a
bias adjustment in the sample value. For pu-law encoding, a bias of 33 must be
added to the sign magnitude before encoding; likewise, after u-law decoding,
the bias of 33 must be subtracted from the sign-magnitude value. No additional
bias adjustment is required for p-law encoding and decoding when the se-
lected conversion uses two's-complement notation. Note that A-law encoding
and decoding do not require a bias adjustment in either case.

Upon reset, theTMS320C17 is programmed to operate in sign-magnitude
mode. This mode can be changed by modifying control register bit 29 (CR29).
Refer to the TCM29C13/TCM29C14/TCM29C16/TCM29C17 Combined
Single-Chip PCM Codec and Filter data sheet for further information on com-
panding. If you want software companding without the use of companding
hardware, descriptive algorithms are given in the bock, Digital Signal Process-
ing Applications with the TMS320 Family (literature number SPRA012A); refer
to the application report.  Companding Routines for the
TMS32010/TMS32020.

The specification for u-law and A-law log PCM is part of the CCITT G.711 rec-
ommendation. Part of the coding format specifies certain bits to be inverted be-
fore transmission or upon receipt of transmitted data. The companding hard-
ware in the TMS320C17 implements the bit inversion as well as the logarithmic
compression and decompression. For the p-law format, all of the data bits are
inverted. Refer to the data sheet in Appendix A for diagrams of the codec inter-
face circuits used for u-law and A-taw formats on the TMS320C17 devices.

Data may be companded via four modes: serial-port encode, serial-port de-
code, parallel encode, and parallel decode. In the serial mode, transmitted
data is encoded according to the specified companding law, and received data
is decoded to either sign-magnitude or 2s-complement format. In the parallel
modes, encoding or decoding is performed on data from the RAM for computa-
tions within the device. Note that in parallel mode when 2s-complement nota-
tion is selected, at least one instruction must be inserted between successive
OUT and IN instructions to I/0 port 1.
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Table 3-27 shows the control register bit combinations that determine the seri-
al or parallel modes of the companding hardware operation. Note that the seri-
al and parallel companding modes require separate control register settings.
When you are using the serial mode, parallel companding is not available un-
less the control register is reconfigured.

Table 3-27. Serial- and Parallel-Mode Bit Configurations

CR Bit #
13 12 11 Mode of Operation
0 0 0 Parallel mode. Encoder and decoder are disabled. No operation

performed on data written to or read from port 1.

Serial mode. Encoder and decoder are disabled.The transmit
registers are enabled for data transmission on an active framing
0 0 1 | pulse. The 8-bit value written to port 1 is transmitted, and the 8-bit
value in the receive register is read with an IN instruction from
port1.

Parallel encode. Encoder is enabled. A linear sample written to
0 1 0 |port 1 with an OUT instruction is compressed to 8-bit log PCM.
The 8-bit value is then read from port 1 with an IN instruction.

Serial encode. Encoderis enabled. A linear sample written to port
0 1 1 | 1is compressed to 8-bitlog PCM and put into the transmit regis-
ter for transmission on an active framing pulse.

Parallel decode. Decoder is enabled. An 8-bitlog PCM data writ-

1 0 0 |tento port1is decoded to linear notation with an IN instruction
from port 1.
Serial decode. Decoder is enabled. An 8-bit log PCM sample
1 0 1 | from one of the receive registers is expanded to linear notation

with an IN instruction from port 1.

Parallel encode and decode. Encoder and decoder enabled. In
1 1 0 | this state, data is compressed onan OUT instruction to port 1 and
then expanded with the IN instruction from the port.

Serial encode and decode. Encoder and decoder enabled. Lin-
ear data written to pcrt 1 is encoded and put into one of the trans-
1 1 1 | mit registers for serial transmission. The 8-bit log PCM data from
one of the receive registers is decoded with an IN instruction from
port 1.

3.14.1 u-Law/A-Law Encoder

The encoder compresses linear PCM (14 bits of dynamic range for p-law for-
mat or 13 bits of dynamic range for A-law format) to 8-bit logarithmic PCM. Se-
lection between p-law or A-law conversion is determined by the system control
register bit 14(CR14). This bit is input directly to the encoder to determine the
conversion law to be used. The p-law conversion is performed if CR14 is logic
0, and A-law conversion is performed if CR14 is logic 1. Data is input to the en-
coder from the data bus with an OUT instruction to port 1. The converted 8-bit
log PCM sample is then presented to the multiplexer (MUX2 shown in
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Figure 3-56). The multiplexer controls whether the encoder output or the eight
low-order data bus bits are input to transmit register TRO of the serial port. Note
that the transmit registers are connected to the port 1 data bus in a FIFO (first
in, first out) configuration. The encoder compresses data written to port 1 at
all times, but the output is enabled to the TRO only when CR12 is logic 1.

In the serial encode mode, data written to port 1 is encoded, and the value is
putinto transmit register TRO. The transmit register is then loaded with the 8-bit
value on an active framing pulse, and the 8 bits are clocked out on the positive
edge of SCLK.

For the parallel encode mode, the linear-PCM value is written to port 1 with an
OUT instruction. The encoded 8-bit value is then stored in TRO. An IN instruc-
tion from port 1 reads TRO to the data bus for storage in RAM. Only one OUT
and one IN instruction to port 1 for each data sample is allowed in the paral-
lel-encode mode. If there are two OUT instructions to port 1, the first sample
is pushed into transmit register TR1, which cannot be read back to the data
bus. Note that when 2s-complement notation is selected, there must be at least
one instruction executed after the OUT instruction to port 1 and before the IN
instruction from port 1.

3.14.2 u-Law/A-Law Decoder
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The p-law/A-law decoder converts 8-bit log-PCM samples to linear PCM. The
conversion law selection is governed by control register bit 14 (CR14). The
u-law conversion is performed if CR14 is logic 0, and A-law conversion if CR14
islogic 1. Data input to the decoder may come from either the serial port receive
registers or transmit register TRO. The multiplexer (MUX1 shown in
Figure 3-56) sends data to the data bus either through the decoder or directly
to the bus. This multiplexer is controlied in part by control register bit 13
(CR13). ifthis bitis logic 0, the multiplexer outputis sent to the data bus directly.
If the bit is logic 1, the multiplexer output is sent to the data bus through the de-
coder.

In the serial decode mode, received data from the serial-port receive registers
is input to the decoder from the multiplexer, and the received data is decoded
according to either p-law or A-law format.

For the paraliel decode mode, the 8-bit PCM sample to be decoded is written
to port 1 with an OUT instruction. This stores the sample in transmit register
TRO. The sample is then decoded by reading the value from port 1 with an IN
instruction. The IN instruction brings the sample from TRO through the multi-
plexer (MUX1) to the decoder, which performs the expansion on the 8-bit sam-
ple. Again, there should be only one OUT and one IN instruction to port 1 for
each sample to be decoded and to avoid losing a sample in transmit register
TR1. Note that when 2s-complement notation is selected, there must be at
least one instruction must be executed after the OUT instruction to port 1 and
before the IN instruction from port 1.
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3.15 Coprocessor Port (TMS320C17)

The coprocessor port on the TMS320C 17 provides a direct interface to most
4-/8-bit microcomputers and 16-/32-bit microprocessors. The port is accessed
through I/0 port 5 by using IN and OUT instructions. The coprocessor interface
allows the device to act as a peripheral (slave) microcomputer to a micropro-
cessor, or as a master to a peripheral microcomputer such as the TMS7042.
The coprocessor port is enabled by setting MC/PM and MC low. The micro-
computer mode is enabled by setting these two pins high. (Note that the MC/
PM and MC pins must be in the same state.) In the microcomputer mode, the
16 data lines are used for the 6 parallel 16-bit /O ports.

interprocessor communication through the coprocessor interface (see
Figure 3-62) is accomplished asynchronously as in memory-mapped I/O op-
erations. In coprocessor mode, the 16-bit data bus is reconfigured to operate
as a 16-bitlatched bus interface. Control bit 30 (CR30) in control register 1 con-
figures the coprocessor port to either an 8-bit or a 16-bit length for data trans-
fers. Use of the HI/LO pin allows the full 16-bit data latches to be used even
when the 8-bit mode is selected.

Figure 3-62. TMS320C17 Simolified Coprocessor Port Logic Diagram
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Several key characteristics of the coprocessor interface are listed below.

(]
-

Q

The BIO and EXINT signals are internal to the processor. No inputs should
be made on the BIO and EXINT pins.

Only transfers made when HI/LO is in a low state can activate the internal
BIO and EXINT signals.

The interrupt condition is kept internally until it is cleared by the
TMS320C 17 reading the data in the coprocessor port latch. The interrupt
flag cannot be cleared until the port is read. Four instruction cycles must
take place between the read (IN instruction) from the coprocessor port
(PAS) and the write to control register CRO to clear the interrupt flag.
When the TMS320C 17 reads the coprocessor port, it clears the data in the
latch.

The16 data lines (LD15-LD0) remain in a high-impedance state unless a
logic low is asserted on RD. When RD is asserted, the TMS320C 17 drives
the data bus with the data in the coprocessor port latch.

The following sequences of events occur, depending upon the configuration
and use of the coprocessor port:

.
.

16-bit data interface (CR30 = 1):

All 16 bits of the data port are available for 16-bit transfers to16-/32-bit mi-
Croprocessors.

The HI/LO pin is maintained at a logic low level for all transfers.
Transfers to the TMS320C17 (see Figure 3—63):
1) The WR signal is driven low by the microprocessor.

2) The RBLE (receive buffer latch empty) signal transitions to a logic high
level in response to WR.

3) Datais written from LD15-LD0 to the receive buffer latch when the WR
signal is driven high by the microprocessor.

4) The internal EXINT signal is generated, causing the interrupt flag to
be set in the TMS320C17

5) The TMS320C17 responds to the interrupt condition and reads port
5 by using an IN instruction.

6) The receive buffer is cleared. (Subsequent reads by the TMS320C17
are zero value.)

7) The RBLE signal transitions to a logic low level, signaling the micro-
processor that the receive buffer is empty.

8) Theinternal EXINT signal is removed, allowing the interrupt flag to be
cleared.

9) The interrupt flag is cleared by writing to control register 0.
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Transfers from the TMS320C17 (see Figure 3—64):
1) The RD signal is driven low by the microprocessor.

2) The TBLF (transmit buffer latch full) signal transitions to a logic high
level in response to RD.

3) Datais driven from the transmit buffer latch to LD15-LDO0 until the RD
signal is driven high by the microprocessor.

4) The internal BIO signal transitions to a logic low level, indicating to the
TMS320C 17 that the transmit buffer is empty.

5) The TMS320C17 responds to the BIO condition and writes to port 5
by using an OQUT instruction.

6) The TBLF signal transitions to alogic low level, signaling the micropro-
cessor that the transmit buffer is full.

7) The internal BIO signal transitions back to a logic high state.
8-bit data interface (CR30 = 0):

Only the least significant eight bits of the data port are available for 8-bit
transfers to 4-/8-bit microcomputers.

Eight-bit microcomputers may complete full 16-bit transfers by transferring
data firstwith the HI/LO signal in a logic high state (steps 1 through 4 below)
and then with HI/LO in alogic low state. Composing 16-bit data in this man-
ner requires two external bus cycles but only one internal port access. The
HI/LO pin may be maintaned at a logic low level if only 8-bit transfers are
desired.

Transfers to the TMS320C17 (see Figure 3-63):

1) The HI/LO signal is driven high by the microcomputer to allow trans-
fers to the upper eight bits of the internal latch.

2) The WR signal is driven low by the microcomputer.

3) The RBLE (receive buffer latch empty) signal transitions to a logic high
level.

4) Data is written from LD7-LDO0 to the receive buffer latch (D15-D8)
when the WR signal is driven high by the microcomputer.

5) The HI/LO signal is driven low by the microcomputer to allow transfers
to the lower eight bits of the internal latch.

6) The WR signal is driven low by the microcomputer.

7) Datais written from LD7-LDOto the receive buffer latch (D7-D0) when
the WR signal is driven high by the microcomputer.

8) The internal EXINT signal is generated, causing the interrupt flag to
be set in the TMS32¢:C*7
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9)

The TMS320C17 responds to the interrupt condition and reads port
5 by using an IN instruction.

10) The receive buffer is cleared. (Subsequent reads by the TMS320C17

will be zero value.)

11) The RBLE signal transitions to a logic low level, signaling the micro-

computer that the receive buffer is empty.

12) The internal EXINT signal is removed, allowing the interrupt flag to be

cleared.

13) The interrupt flag is cleared by writing to control register 0.
Transfers from the TMS320C17 (see Figure 3—64):

1)

2)
3)

4)

5)
6)

7)

8)

9)

The HI/LO signal is driven high by the microcomputer to allow trans-
fers from the upper eight bits of the internal latch.

The RD signal is driven low by the microcomputer.

Data is driven from the transmit buffer latch (D15-D8) to LD7-LDO un-
til the RD signal is driven high by the microcomputer.

The HI/LO signal is driven low by the microcomputerto allow transfers
from the lower eight bits of the internal latch.

The RD signal is driven low by the microcomputer.

The TBLF (transmit buffer latch full) signal transitions to a logic high
level.

Data is driven from the transmit buffer latch (D7-D0) to LD7—LDO until
the RD signal is driven high by the microcomputer.

The internal BIO signal transitions to a logic low level, indicating to the
TMS320C 17 that the transmit buffer is empty.

The TMS320C17 responds to the BIO condition and writes to port 5
using an OUT instruction.

10) The TBLF signal transitions to a logic low level, signaling the micro-

computer that the transmit buffer is full.

11) The internal BIO signal transitions back to a logic high state.

Examples of the use of a coprocessor interface are provided in subsection
6.2.3 and in the data sheet in Appendix A.

Architecture



Coprocessor Port (TMS320C17)

Figure 3-63. External Write Timing to the Coprocessor Port
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Figure 3-64. External Read Timing From the Coprocessor Port
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3.16 System Control Register (TMS320C17)

The TMS320C17 features hardware that supports serial applications. This
hardware is interfaced to the microcomputer portion of the device via the exter-
naldata bus (D15-D0) and is controlled by a 32-bit system control register (see
Figure 3—-65). This makes additions to the TMS320 instruction set unneces-
sary.

Figure 3-65. System Control Register
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The lower 16 register bits (CR15-CRO0) are accessed through port 0. These
bits control interrupts, serial port configuration, the external logic output flag,
internal and external framing pulses, and the u-law/A-law encoder and decod-
er. The interrupt inputs (EXINT, FSX, FSR, and FR) are synchronized to
CLKOUT and control the interrupt flag bits (CR3—-CR0). The interrupts are
maskable via the interrupt enable bits (CR7-CR4). Bit 8 (CR8) controls |/0 port
1 configuration.

The upper 16 bits (CR31-CR16) are accessed through port 1. These bits con-
trol the internal framing pulse (FR) output frequency, serial clock divide ratios,
pulse-width control for the FR framing pulse, and companding conversions.
The bit width of the coprocessor mode is controlled by CR30.

The external data bus provides on-chip communication with the system control
register, serial port, companding hardware, and coprocessor port. With a write
to port 0, the lower control register is addressed and data latched into the regis-
ter by the rising edge of the write enable (WE) signal. To write to the upper con-
trol register bits, bit 8 of the lower control register must be set to logic 1. If CR8
is logic 0, a write to port 1 accesses the serial port and companding hardware.

Table 3-28 gives a detailed description of the control register bits and their op-
eration. The control register bits are configured through OUT instructions to
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port 0 and port 1. WE goes low during the first cycle of the OUT instruction, en-
abling the port data onto the external data bus. The control register bits are
latched on the rising edge of WE. These bits require a propagation delay to ac-
cess the appropriate hardware (see Appendix A for timing information). To
avoid recelving an external framing pulse at this time, this write delay should
be considered during reconfiguration of (writing to) the control register. If an
external framing pulse is received while the control register is being reconfi-
gured, the pulse may not be detec ted, and the serial port registers may contain
random data (see Section 3.1 3 for further details).

Table 3-28. Control Register Bit Definitions

CR Bit#

Description

3-0

Interrupt flags. When an interrupt occurs on any of the four maskable in-
terrupts, the appropriate flag is set to logic 1, whether the interrupt is en-
abled or disabled. To clear the flag, a logic 1 is written to the appropriate
bit by an OUT instruction to port 0. The bits may be read by an IN instruc-
tion to determine interrupt sources when multiple interrupts are enabled.

Bit # Flag

0 EXINT
1 FSR
2 FSX

3 FR

7-4

interrupt enable bits. When one of these bits is set to logic 1, an interrupt
occurring on that input sets the appropriate flag and activates the micro-
computer interrupt circuitry. When disabled, the interrupt flag is still set,
but the device is not interrupted.

Bit # Flag

4 EXINT
5 FSR

6 FSX

7 FR

Port 1 control bit. When this bit is set to logic 0, I/O port 1 is connected to
either the serial port registers or the companding hardware, depending on
the state of CR11. When the bit is set to logic 1, /O port 1 is connected
to the upper control register. This bit must be set with an OUT instruction
to port 0 before port 1 may access the upper control register bits
CR31-CR16.

External framing enable. This bit controls which framing pulses cause se-
rial port data transmission to occur. When the bit is set to logic 0, serial
port transmit and receive operations occur simultaneously and are con-
trolled by the internal framing (FR) pulse. When the bit is set to logic 1,
transmit operations are controlled by the external transmit framing (FSX)
pulse, and receive operations are controlled by the external receive fram-
ing (FSR) puise
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Table 3-28. Control Register Bit Definitions (Continued)

3-110

CR Bit#

Description

10

XF output latch. This bit controls the logic level of the external logic output
flag (XF) pin. A write delay time occurs during reconfiguration of this latch
(see Appendix A for timing information).

11

Serial port enable. When this bit is set to logic 0, the transmit and receive
registers are disabled so that the parallel companding mode can be used.
When the bitis setto logic 1, the serial port registers are enabled and data
transfers with the serial port are via OUT and IN instructions to port 1. A
reset sets this bit to zero.

12

p-law/A-law encoder enable. When set to logic 0, the encoder is disabled.
When set to logic 1, the encoder is enabled, and data written to port 1 is
u-law or A-law encoded. The encoder must be enabled for compression
of linear data in both the serial and parallel modes of operation.

13

p-law/A-law decoder enable. When this bit is set to logic 0, the decoder
is disabled. When set to logic 1, the decoder is enabled, and data read
from port 1 is p-law or A-law decoded to linear format. The decoder must
be enabled for expansion of log PCM data in both the serial and parallel
modes of operation.

14

u-law/A-law encode/decode select. When this bitis set to logic 0, the com-
panding hardware performs y-law conversion. When this bit is set to logic
1, the companding hardware performs A-law conversion.

15

Serial clock control. When this bit is set to logic 0, the serial port clock
(SCLK) is an output, and its frequency is derived from the microcomputer
system clock, X2/CLKIN. When the bit is set to logic 1, SCLK is an input
that provides the clock for all data transfers with the serial port and the
frame counter in timing logic. A reset sets this bit to one.

23-16

Frame counter modulus. The value of these bits determines the divide ra-
tio for the FR output frequency. The FR frequency is given as SCLK/(CNT
+ 2) where CNT is a binary value of CR23-CR16. The following should
be noted when configuring the divide ratio:

1. CNT must be in the range given by 7 s CNT <254,

2. Bits are operational whether SCLK is an input or an output.

27-24

SCLK prescale control bits. As an output, SCLK is derived from the micro-
computer system clock, X2/CLKIN. Prescale divide ratios are selectable
through these control bits (see subsection 3.9.3 for the available divide
ratios).

28

FR pulse-width control. This bit controls the pulse width of the FR output
to select data-transfer rates with combo-codec circuits. When this bit is
set to logic 0, the FR output framing pulse is one SCLK cycle wide for the
fixed data-rate mode and appears in the serial-clock cycle preceding the
first serial-bit transmission. When set to logic 1, the FR output framing
pulse is eight SCLK cycles wide for the variable data-rate mode. In this
mode, the framing pulse is active high for the duration of the eight bits
transmitted and received.

Architecture




System Control Register (TMS320C17)

Table 3-28. Control Register Bit Definitions (Continued)

CR Bit#

Description

29

Twos-compiement u-law/A-law conversion enable. When this bit is set to
logic 0, sign-magnitude companding is enabled. When the bit is setto log-
ic 1, 2s-complement companding is enabled. When 2s-complement com-
panding has been selected along with the parallel companding mode of
operation, one instruction must be inserted between successive OUT and
IN instructions to port 1. A reset sets this bit to zero.

30

8-/16-bit length coprocessor mode select. When this bit is set to logic 0,
the 8-bit byte length is used. When the bit is set to logic 1, the16-bit word
length is selected.

31

Reserved for future expansion. This bit should be set to zero.
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Chapter 4

Assembly Language Instructions

The instruction set of the TMS320C1x generation processors supports numer-
ic-intensive signal processing operations and general-purpose applications,
such as high-speed control. The instruction set shown in Table 4-2 consists
primarily of single-cycle, single-word instructions, facilitating execution rates
of upto 6.25 million instructions per second. Only infrequently used branch and
I/O instructions are multicycle

A single-cycle instruction (MPY) executes multiplication operations. For ease
of use in a Harvard architecture, table read (TBLR) and table write (TBLW) in-
structions transfer information between data and program memory. The IN and
OUT instructions permit a data word to be read into the on-chip RAM in only
two cycles. The SUBC (conditional subtract) instruction performs the shifting
and conditional branching necessary to implement a divide efficiently and
quickly.

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), 'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
‘C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

This chapter describes the TMS320C1x assembly language instructions. In-
cluded in this chapter are the following major topics:

Section Page
4.1 Memory AddressingModes ........ ...l 4-2
42 InstructionSet ...... .. ... i e 4-7
4.3 Individual Instruction Descriptions ........................... 4-12



Memory Addressing Modes

4.1 Memory Addressing Modes

The TMS320C1x instruction set provides three memory addressing modes:

Q Direct
X Indirect
O Immediate

Both direct and indirect addressing can be used to access data memory. Direct
addressing concatenates seven bits of the instruction word with the 1-bit data
memory page pointer to form the 8-bit data memory address. Indirect address-
ing accesses data memory through the two auxiliary registers. In immediate
addressing, the data is based on a portion of the instruction word(s). The fol-
lowing sections describe each addressing mode and give the opcode formats
and some examples for each mode.

4.1.1 Direct Addressing Mode

42

In the direct memory addressing mode, the instruction word contains the lower
seven bits of the data memory address (dmay). This field is concatenated with
the one-bit data memory page pointer (DP) register to form the full 8-bit data
memory address. This implements a paging scheme in which the first page
contains 128 words and the second page contains 16/128 words. In a typical
application, infrequently accessed system variables, such as those used when
performing an interrupt routine, are stored on the second page. The 7-bit ad-
dress in the instruction points to the specific location within that data memory
page. The DP register is loaded through the LDP (load data memory page
pointer), LDPK (load data memory page pointer immediate), or LST (load sta-
tus bits from data memory) instructions. The data page pointer is part of the
status register and thus can be stored in data memory.

Note:

The data page pointer is not initialized by reset and is therefore undefined
after powerup. The TMS320C1x development tools, however, utilize default
values for many parameters, including the data page pointer. Because of this,
programs that do not explicitly initialize the data page pointer may execute
improperly, depending on whether they are executed on a TMS320C1x de-
vice or with a development tool. Thus, it is critical that all programs initialize
the data page pointer in software.

Assembly Language Instructions
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Figure 4—1 illustrates how the 8-bit data address is formed.

Figure 4-1. Direct Addressing Block Diagram

c Data Bus (16) c

7 LSBs From

Instruction

Register (IR)
8

8-Bit Data Address

Direct addressing can be used with all instructions except CALL, the branch
instructions, immediate operand instructions, and instructions with no oper-
ands. The direct addressing format is as follows:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode 0 dma

Bits 15 through 8 contain the opcode. Bit 7 = 0 defines the addressing mode
as direct. Bits 6 through 0 contain the data memory address (dma), which can
directly address up to 128 words (1 page) of data memory. Use of the data
memory page pointer is required to address the full data memory space.

Example of direct addressing format:

ADD 9,5 Add to accumulator the contents of data memory location
9, left-shifted 5 bits.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

6 0 0 0 o0 1 701 0 0 0 0 1 0 0 1

The opcode of the ADD 9,5 instruction is 05h and appears in bits 15 through
8. The notation nnh indicates that nn is a hexadecimal number. The shift count
of 5h appears in bits 11 through 8 of the opcode. The data memory address
09h appears in bits 6 through 0

4-3
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4.1.2

4-4

Indirect Addressing Mode

Indirect addressing forms the data memory address from the least significant
eight bits of one of the two auxiliary registers, ARO and AR1. This is sufficient
to address all the data memory; no paging is necessary with indirect address-
ing. The auxiliary register pointer (ARP) selects the current auxiliary register.
The auxiliary registers can be automatically incremented or decremented in
parallel with the execution of any indirect instruction; this permits single-cycle
manipulation of data tables. The increment/decrement occurs after the current
instruction has completed executing.

In indirect addressing, the 8-bit addresses contained in the auxiliary registers
may be loaded by the instructions LAR (load auxiliary register) and LARK (load
auxiliary register inmediate). The auxiliary registers may be modified by the
MAR (modify auxiliary register) instruction or, equivalently, by the indirect ad-
dressing field of any instruction supporting indirect addressing. AR(ARP) de-
notes the auxiliary register selected by ARP.

The following symbols are used in indirect addressing:

* Contents of AR(ARP) are used for data memory address.

- Contents of AR(ARP) are used for address, then decremented after
data memory access.

+ Contents of AR(ARP) are used for address, then increased after data
memory access.

*

*

The indirect addressing format is as follows:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode 1 0 | INC |DEC|NAR| 0 0 |ARP

Note: NAR = new auxiliary register control bit.

Bits 15through 8 contain the opcode, and bit 7 = 1 defines the addressing mode
as indirect. Bits 6 through 0 contain the indirect addressing control bits.

Bit 3 and bit 0 control the ARP. If bit 3 = 0, the contents of bit 0 are loaded into
the ARP after execution of the current instruction. If bit 3 = 1, the contents of
the ARP remain unchanged. ARP =0 defines the contents of ARO as a memory
address. ARP = 1 defines the contents of AR1 as a memory address.

Assembly Language Instructions
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Bit 5 and bit 4 control the auxiliary registers. If bit 5 = 1, the current auxiliary
register is incremented by 1 after execution. If bit 4 = 1, the current auxiliary
register is decremented by 1 after execution. If bit 5 and bit 4 are 0, then neither
auxiliary register is increased or decreased. Bits 6, 2, and 1 are reserved and
should always be programmed to 0.

The auxiliary registers may also be used fortemporary storage viathe load and
store auxiliary register instructions, LAR and SAR, respectively.

The examples that follow illustrate the indirect addressing format. Indirect ad-
dressing is indicated by ar asterisk (") in these examples and in the
TMS320C 1x assembler.

Example 1:

ADD *+,8  Addto the accumulator the contents of the data memory address
defined by the contents of the current auxiliary register. This data
is left-shifted 8 bits before being added. The current auxiliary
register is autoincremented by one. The opcode is 08A8h, as
shown below.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o o o0 o + o0 ¢ O0}1| 0 1+ © 1t 0 O O

Example 2:

ADD*8 The same as Example 1, but with no autoincrement; the opcode
is 0888h.

Example 3:

ADD *-8 The same as Example 1, except that the current auxiliary register
is decreased by 1: the opcode is 0898h.

Example 4:

ADD *+,8,1 Thesameas Example 1, exceptthatthe auxiliary register pointer
is loaded with the value 1 after execution; the opcode is 08A1h.

Example 5:

ADD *+,8,0 Thesame as Example 4, exceptthatthe auxiliary register pointer
is loaded with the value 0 after execution; the opcode is 08A0h.
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4-8

Immediate Addressing Mode

The TMS320C1x instruction set has five immediate operand instructions, in
which the immediate operand is contained within the instruction word. These
instructions execute within a single instruction cycle. The length of the constant
operand is instruction-dependent. The immediate instructions are

LACK Load accumulator immediate short (8-bit constant)

LARK Load auxiliary register immediate short (8-bit constant)
LARP Load auxiliary register pointer (1-bit constant)

LDPK Load data memory page pointer immediate (1-bit constant)
MPYK Multiply immediate (13-bit constant)

The following examples illustrate immediate addressing format:
Example 1:

MPYK 2781 Multiply the value 2781 with the contents of the T register. The
result is loaded into the P register.

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0

1 o] o 13-bit Constant

Example 2:

LACK 221 Load the constant 221 into the lower eight bits of the accumula-
tor, right-justified. The upper 24 bits of the accumulator are zero.

15 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0
01 1 1] 1 1 1 1 0 8-bit Constant

Assembly Language Instructions



Instruction Set

4.2 Instruction Set

The following sections list the symbols and abbreviations used in the
TMS320C1x instruction set summary and in the instruction descriptions. The
complete instruction set summary is organized according to function. The in-
structions are explained in detail in Section 4.3.

4.2.1 Symbols and Abbreviations

Table 4—1 lists symbols and abbreviations used in the instruction set summary
on Table 4-2 and in the individual instruction descriptions.

Table 4-1. Instruction Symbols

Symbol Meaning

A Port address

ACC Accumulator

ARn Auxiliary Register n (ARO and AR1 are predefined assembler symbols equal to
0 and 1, respectively)

ARP Aucxiliary register pointer

BR Branch address

D Data memory address field

DATn Label assigned to data memory location n

dma Data memory address

DP Data page pointer

INTM Interrupt mode bit

italics User-defined terms

K Immediate operand field

M Addressing mode bit

nrh Indic;ates nnis a hexadecimal number. (All others are assumed to be decimal val-
ues.

OovM Overflow (saturation} mode flag bit

P Product register

PA Port address (PAO through PA7 are predefined assembler symbols equal to 0
through 7, respectively.)

PC Program counter

pma Program memory address

PRGn Label assigned to program memory location n

R 1-bit operand field specifying auxiliary register

S 4-bit left-shift code




Instruction Set

Table 4-1.  Instruction Symbols (Continued)
Symbol Meaning
T Temporary register
TOS Top of stack
X 3-bit accumulator left-shift field
- Is assigned to
Il An absolute value
[] Options
() Contents of
{} Alternatives, one of which must be entered
<>orz |Notequal
4.2.2 Instruction Set Summary

Table 4-2. Instruction Set Summary

Table 4-2 summarizes the TMS320C 1x instruction set according to function

and alphabetically within each functional grouping.

The instruction set summary consists primarily of single-cycle, single-word in-
structions. Only infrequently used branch and I/O instructions are multicycle.

Mnemonic and Description Cycles | Words 16-Bit Opcode
MSB LsB
Accumulator Memory Reference Instructions
ABS Absolute value of accumulator 1 1 0111 1111 1000 1000
ADD Add to accumulator with shift 1 1 0000 SSSss MDDD DDDD
ADDH  Add to high accumulator 1 1 0110 0000 MDDD DDDD
ADDS  Add to low accumulator with sign extension 1 1 0110 0001 MDDD DDDD
suppressed
AND AND with accumulator 1 1 0111 1001 MDDD DDDD
LAC Load accumulator with shift 1 1 0010 3888 MDDD DDDD
4-8 Assembly Language Instructions
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Table 4-2.  Instruction Set Summary (Continued)
Mnemonic and Description Cycles | Words 16-Bit Opcode
MSB LSB
Accumulator Memory Reference Instructions

LACK  Load accumulator immediate short 1 1 0111 1110 KKKK KKKK
OR OR with accumulator 1 1 0111 1010 MDDD DDDD
SACH  Store high accumulator with shift 1 1 0101 1XXX MDDD DDDD
SACL  Store low accumulator 1 1 0101 0000 MDDD DDDD
sus Subtract from accumulator with shift 1 1 0001 ssss MDDD DDDD
SUBC  Conditional subtract 1 1 0110 0100 MDDD DDDD
SUBH  Subtract from high accumulator 1 1 0110 0010 MDDD DDDD
SUBS  Subtract from low accumulator with sign extension 1 1 0110 0011 MDDD DDDD

suppressed
XOR Exclusive-OR with low accumulator 1 1 0111 1000 MDDD DDDD
ZAC Zero accumulator 1 1 0111 1111 1000 1001
ZALH  Zero low accumulator and load high accumulator 1 1 0110 0101 MDDD pDDD
ZALS  Zero accumulator and load low accumulator with sign 1 1 0110 0110 MDDD DDDD

extension suppressed

Auxiliary Register and Data Page Polnter Instructions
LAR Load auxiliary register 1 1 0011 100R  MDDD DDDD
LARK  Load auxiliary register immediate short 1 1 0111 000R KKKK KKKK
LARP  Load auxiliary register pointer immediate 1 1 0110 1000 1000 000K
LDP Load data memory page pointer 1 1 0110 1111 MDDD DDDD
LDPK  Load data memory page pointer immediate 1 1 0110 1110 0000 000K
MAR Modify auxiliary register 1 1 0110 1000 MDDD DDDD
SAR Store auxiliary register 1 1 0011 000R MDDD DDDD
T Register, P Register, and Muitiply Instructions

APAC  Add P register to accumulator 1 1 0111 1111 1000 1111
LT Load T register 1 1 0110 1010 MDDD DDDD
LTA Load T register and accumulate previous product 1 1 0110 1100 MDDD DDDD
LTD Load T register, accumulate previous product, and 1 1 0110 1011 MDDD DDDD

move data
MPY Multiply (with T register, store product in P register) 1 1 0110 1101 MDDD DDDD
MPYK  Multiply immediate 1 1 100K KKKK KKKK KKKK
PAC Load accumulator with P register 1 1 0111 1111 1000 1110
SPAC  Subtract P register from accumulator 1 1 0111 1111 1001 0000
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Set

Table 4-2.  Instruction Set Summary (Continued)
Mnemonic and Description Cycles | Words 16-Bit Opcode
MSB LSB
Branch/Call Instructions
B Branch unconditionally 2 2 1111 1001 0000 0000
0000 BBBB BBBEB BBEB
BANZ Branch on auxiliary register not zero 2 2 1111 0100 0000 0000
0000 BBBB BBBB BBBB
BGEZ  Branch if accumulator 2 0 2 2 1111 1101 0000 0000
0000 BBBB BBBB BBBB
BGZ Branch if accumulator > 0 2 2 1111 1100 0000 0000
0000 BBBB BBBB BBBB
BIOZ Branch on I/O status = 0 2 2 1111 0110 0000 0000
0000 BBBB BBBB BBBB
BLEZ  Branch if accumulator < 0 2 2 1111 1011 0000 0000
0000 BBBB BBBEB BBBB
BLZ Branch if accumulator < 0 2 2 1111 1010 0000 0000
0000 BBBB BBBB BBBB
BNZ  Branch if accumulator # 0 2 2 1111 1110 0000 0000
0000 BBBEB BBBB BBBB
BV Branch on overflow 2 2 1111 0101 0000 0000
0000 BBBB BBBB BBBEB
BZ Branch if accumulator = 0 2 2 1111 1111 0000 0000
0000 BBEB BBRB BBBB
CALA  Call subroutine indirect 1 0111 1111 1000 1100
CALL Call subroutine 2 1111 1000 0000 0000
0000 BBBB BBBB BBBB
RET Return from subroutine 2 1 0111 1111 1000 1101
Control Instructions
DINT Disable interrupt 1 1 0111 1111 1000 0001
EINT Enable interrupt 1 1 0111 1111 1000 0010
LST Load status register from data memory 1 1 0111 1011 MDDD DDDD
NOP No operation 1 1 0111 1111 1000 0000
POP Pop top of stack to low accumulator 2 1 0111 1111 1001 1101
PUSH  Push low accumulator onto stack 2 1 0111 1111 1001 1100
ROVM Reset overflow mode 1 1 0111 1111 1000 1010
SOVM  Set overflow mode 1 1 0111 1111 1000 1011
SST Store status register 1 1 0111 1100 MDDD DDDD
4-10 Assembly Language Instructions
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Table 4-2.  Instruction Set Summary (Continued)

Mnemonic and Description Cycles | Words 16-Bit Opcode
MSB LSB

/0 and Data Memory Operations

DMOV  Data move in data memory 0110 1001 MDDD DDDD

0100 OARA MDDD DDDD

IN Input data from port
ouT Output data to port
TBLR  Table read

TBLW  Table write

0100 1AAA MDDD DDDD
0110 0111 MDDD DDDD
0111 1101 MDDD DDDD

Wil V] V] =
-wl ) al o) -
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4.3

4-12

Individual Instruction Descriptions

The remainder of this chapter is a reference. The instructions are organized
alphabetically, one instruction per page, with information that includes assem-
bler syntax, operands, execution, encoding, description, words, cycles, and
examples for each instruction. An example instruction is provided first to famil-
iarize you with the special format used and to explain its content. Refer to Sec-
tion 4.1 for further information on memory addressing. Code examples using
many of the instructions are given in Chapter 5 on Software Applications.The
following is an alphabetical table of contents for the instructions reference:

Instruction Page
ADD i e 4-17
ADDH e e e e e e e e e 4-18
AD DS e e e e e 4-19
AND et eiieaaaa 4-20
APAC e ieia e 4-21
B e s 4-22
BANZ e 4-23
BGEZ . e e e 4-24
BGZ e 4-25
= [0 72 4-26
BLEZ e e et et 4-27
BLZ e e i e 4-28
BNZ e e e 4-29
2 4-30
BZ e 4-31
CALA e e e 4-32
CALL e 4-33
DINT i e e ieeeeie e, 4-34
19,1 L A P 4-35
| 4-36
IN et 4-37
LA e 4-38
LACK i e e e e e e e e 4-39
L 4-40
LARK e 4-41
LARP e e 4-42
LD e e 4-43
I 4-44
1 U 4-45
) O 4-46
0 7SR 4-47
0 4-48
T 4-49
MPY e e 4-50
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MPYK 4-51
NOP 4-52
OR 4-53
OUT e 4-54
PAC 4-55
POP 4-56
PUSH 4-57
RET 4-58
ROVM e 4-59
SACH 4-60
SACL 4-61
SAR e 4-62
SOVM e 4-63
SPAC 4-64
ST e 4-65
SUB 4-66
SUBC e 4-67
SUBH e 4-69
SUBS e 4-70
TBLR 4-71
TBLW 4-72
XOR 4-73
ZAC 4-74
ZALH 4-75
ZALS e 4-76
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EXAMPLE

Example Instruction

Syntax

Encoding

4-14

Direct: [/abell EXAMPLE dma [shiff
indirect:  [/abel) EXAMPLE{* * + | *=} [,shift [,next ARP]]
Immediate: [label] EXAMPLE [constanf]

Each instruction begins with an assembler syntax expression. The optional
comment field that concludes the syntax is not included in the syntax expres-
sion. Space(s) are required between each field (label, command, operand, and
comment fields), as shown in the syntax. The syntax example illustrates both
direct and indirect addressing, as well as immediate addressing in which the
operand field includes constant.

0 s dma <127
ARP =0or1
0 < constant < 255

Operands may be constants or assembly-time expressions that refer to
memory, /O and register addresses, pointers, shift counts, and a variety of
constants. The operand values used in the example syntax are shown.

(PC)+1 > PC
(ACC) + (dma) 2shift ., ACC

1 — interrupt mode (INTM) status bit. Affects INTM.

The operation sequence describes the processing that occurs when the in-
structionis executed. Conditional effects of status register specified modes are
also given. In addition, those bits in the status registers that are affected by the
instruction are named.

15 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0

Direct] © 0 o0 o shift 0 Data Memory Address
Indirect:] o0 0 o o shift 1 See Section 4.1
Immediate:] 1+ 0o o 13-Bit Constant

Encoding shows opcode examples of both direct and indirect addressing orim-
mediate addressing.
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Example Instruction EXAMPLE

Description

Words

Cycles

Example

Example

Description explains the instruction execution and its effect on the rest of the
processor or memory contents. Any constraints on the operands imposed by
the processor or the assembler are also described here. The description paral-
lels and supplements the information given by the operation section.

1

The digit specifies the number of memory words required to store the instruc-
tion and its extension words

1

The digit specifies the number of cycles required to execute the instruction.

ADD DAT1,3 ; (DP = ()

or

ADD *,3 +If current auxiliary register contains 1

Before Instruction After Instruction

Data Data

Memory 2h Memory 2h
1 1
ACC 7h ACC 17h

The sample code presented in the above format shows the effect of the code
on memory and/or registers.
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ABS Absolute Value of Accumulator

Syntax
Operands
Operation

Encoding

Description

Words

Cycles
Example

4-16

[label} ABS
None

(PC)+1->PC
If (ACC) < O:
Then — (ACC) — ACC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 1 1 1 0 0 0 1 c o0 o0

If the contents of the accumulator are greater than or equal to zero, the accu-
mulator is unchanged by the execution of ABS. If the contents of the accumula-
tor are less than zero, the accumulator is replaced by its 2s-complement value.

Note that 80000000h is a special case. When the overflow mode is not set, the
ABS of 80000000h is 80000000h. When the overflow mode is set, the ABS of
80000000h is 7FFFFFFFh.

1
1

ABS
Before Instruction After Instruction
ACC 1234h ACC 1234h
ACC OFFFFFFFFh ACC 1h
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Add to Accumulator With Shift ADD

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example 1

Example 2

Direct: [label] ADD dma, [shiff)
Indirect: [/abel) ADD {*|* + | *~} [,shift [,next ARP]]

0<dmas 127
ARP =0Qor1
0 < shift <15 (defaults to 0)
(PC)+1—-PC
(ACC) + (dma) x 2shift s ACC
15 14 13 12 11 .10 9 8 7 6 5 4 3 2 1 0
Directf o o o o]  sh [0]  DataMemoryAddress |
Indirect:f © 0 0 o  shif [ 1] See Section 4.1 1

Contents of the addressed data memory location are left-shifted and added to
the accumulator. During shifting, low-order bits are zero-filled, and high-order
bits are sign extended. The result is stored in the accumulator.

1

1

ADD DATI1,3 ; (DP = Q)

or
ADD *,3 ;If current auxiliary register contains 1
_ Before Instruction After Instruction
Data Data -
Memory 2h Memory 2h
1 1
ACC 7h ACC 17h
ADD DAT2,4 ;{(DP = 0)
or
ADD *,4 ;If current auxiliary register contains 2
Before Instruction After Instruction
Data Data .
Memory 8BOEh Metgory 8BOEh
2
ACC Oh ACC OFFFBBOEOh
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ADDH Addio High Accumulator

Syntax Direct: [label] ADDH dma
Indirect: [labe] ADDH {*|* +|*=} [,next ARP]

Operands 0<dmac<i27
ARP =0or1

Operation (PC)+1->PC
(ACC) + (dma) x 216 ACC

Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Directf © 1 1 o0 0 0 0 o0 [0] DataMemoryAddress |
Indirect.f © 1 1 o o o o o |1] See Section 4.1 |

Contents of the addressed data memory location are added to the upper haif
of the accumulator (bits 31 through 16). Low-order bits are unaffected by
ADDH.

The ADDH instruction may be used in performing 32-bit arithmetic.

Words 1
Cycles 1
Example ADDH DAT5 : (DP = 0)
or
ADDH * ;If current auxiliary register contains §
Before Instruction After Instruction
Data Data
Memory 4h Memory 4h
5 5
ACC 13h ACC 40013h
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Add to Accumulator With Sign-Extension Suppressed __ ADDS

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] ADDS dma
indirect: [/abel] ADDS {*| * + !*~} [,next ARF)

0<dmacs 127
ARP =00r1

(PC)+1 o5 PC

(ACC) + (dma) —» ACC

(dma) is a 16-bit unsigned number.
Affects OV; affected by OVM.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct;f ¢ + 1 0 0 0 0 1 0 Data Memory Address

Indirect:] 0 1 1 o 0 o0 0 1 1 See Section 4.1

Contents of the specified data memory iocation are added with sign extension
suppressed. The data is treated as a 16-bit unsigned number rather than a 2s-
complement number. Therefore, there is no sign extension such as there is
with the ADD instruction.

The ADDS instruction can be used in implementing 32-bit arithmetic.

1
1

ADDS DAT11 ;(DP = ()
or
ADDS * ;If current auxiliary register contains 11
Before Instruction After Instruction
Data Data
Memory 0F006h l Memory 0F006h
1 1
ACC 3h ] ACC 0F00Sh
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AND AND With Low-Order Bits of Accumulator

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-20

Direct: [label] AND dma
Indirect: [label] AND {*|* +1*-} [,next ARP|

0<dma<127
ARP =0or1

(PC)+1->PC
(ACC(15-0)).AND.(dma) — ACC(15-0)
0 — ACC(31-16)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Direct:u Tt 1 1t 1t 0 01 l OI Data Memory Address |
Indirect{ 0 1 1 1 1 o0 o 1 |1] See Section 4.1 1

The lower half of the accumulator is ANDed with the contents of the addressed
data memory location. The upper half of the accumulator is ANDed with all zer-

os. Therefore, the upper half of the accumulator is always zeroed by the AND
instruction.

1
1

AND DAT16 ;(DP = 0)
or
AND * ;If current auxiliary register contains 16
Before Instruction After Instruction
Data Data
Memory OFFh Memory OFFh
16 16
ACC 12345678h ACC 78h
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Add P Register to Accumulator APAC

Syntax
Operands
Operation

Encoding

Description

Words

Cycles
Example

[label} APAC
None

(PC)+1—-PC
(ACC) + (P register) - ACC
Affects OV; affected by OVM,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 i 1 1 0 o o0 1 11 1

The contents of the P register, the result of a multiply, are added to the contents
of the accumulator. The result is stored in the accumuiator. The APAC instruc-
tion is a subset of the LTA and LTD instructions.

1
1

APAC
Before Instruction After Instruction
P 40h P 40h
ACC 20h ACC 60h
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B Branch Unconditionally

Syntax [labe] B pma

Operands 0 < pma < 4095

Operation pma — PC

Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 0 0o 1 0 o0 0 0 o o0 0 o0

Program Memory Address
Description Control passes to the designated program memory address (pma). Pma can
be either a symbolic or a numeric address.
Words 2
Cycles 2
Example B PRG191 ;191 is loaded into the program counter and
;the program continues running from that
7location
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Branch on Auxiliary Register Not Zero BANZ

Syntax
Operands

Operation

Encoding

Description

Words

Cycles

Example

[labell BANZ pma
0 <pma< 40985

If (AR bits 8-0) # 0:
Then pma - PC;
Else (PC)+2 - PC
(AR) - 1 — AR.

15 14 13 12 11 10 98 8 7 6 5 4 3 2 1 0

1 1 1 1 0 1 0 o] 0 0 0 0 0 0 o0 0

Program Memory Address

If the lower nine bits of the current auxiliary register are not equal to zero, then
the address contained in the following word is loaded into the program counter.
If these bits are equal to zero, the current program counter is incremented by
two. In either case, the auxiliary register is decremented. Note that the test for
zero is performed before decrementing the auxiliary register. The branchto a
location in program is specified by the program memory address (pma). Pma
can be either a symbolic or numeric address.

2
2
BANY PRG35
Before Instruction After Instruction
AR 1h AR Oh
PC 46h PC 35h
or
AR Oh AR OFFFFh
PC 46h PC 48h
4 L]
Note:

BANZ is designed for ioop control using the auxiliary registers as loop count-
ers. The auxiliary register is decremented after testing for zero. The auxiliary
registers also behave as modulo 512 counters.
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BGEZ  Branch If Accumulator Greater Than or Equal to Zero

Syntax
Operands
Operation

Encoding

Words

Cycles
Example

4-24

[labe] BGEZ pma
0 <pma < 4095

If (ACC) 2 0:
Then pma — PC;
Else (PC) + 2 —» PC

15 14 13 12 11

9 B 7 6 5 4 3 2 1 0

1 1 1 1 1

¢ 1 0 0 0 0 0O 0 0 O

Program Memory Address

Ifthe contents of the accumulator are greater than or equal to zero, then branch
to the specified program memory location. The branch to a location in program
s specified by the program memory address (pma). Pma can be either a sym-

bolic or numeric address.
2
2

BGEZ PRG217 217 is loaded into the program counter
;if the accumulator is greater than or
sequal tc zero
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Branch If Accumulator Greater Than Zero BGZ

Syntax

Operands
Operation

Encoding

Words

Cycles
Example

[label) BGZ pma
0 < pma < 4095

if (ACC) > 0:
Then pma — PC;
Else (PC) + 2 - PC.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 0 o 0 0 0 0 0 0o 0 o0

Program Memory Address

If the contents of the accumulator are greater than zero, then branchto the spe-
cified program memory location. The branch to a location in program is speci-
fied by the program memory address (pma). Pma can be either a symbolic or
numeric address.

2
2

BGZ PRG342 ;342 1s loaded into the program counter
;if the accumulator is greater than zero
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BIOZ  Branch on /O Status Equal to Zero

Syntax [/abel] BIOZ pma
Operands 0 < pma < 4095
Operation If BIO = 0:

Then pma — PC;
Else (PC) + 2 — PC.

Encoding 15 14 13 12 11 10 9 8 7 € 5 4 3 2 1 0

i 1+ 1+ 1+ o0 1 1 0 0 O 0 0 0o 0 o0 0o

Program Memory Address

Description If the BIO pin is active low, then branch to the specified program memory loca-
tion. Otherwise, the program counter is incremented to the next instruction.
The branch to a location in program is specified by the program memory ad-
dress (pma). Pma can be either a symbolic or numeric address.

The BIOZ instruction in conjunction with the BIO pin can be used to test wheth-
er a peripheral is ready to send or receive data. Poliing the BIO pin by using
BIOZ may be preferable to an interrupt when executing time-critical loops.

Words 2
Cycles 2
Example BIOZ PRG64 ;If the BIO pin is active (low), then
;a branch to location 64 occurs.
;Otherwise, the program .counter is
;incremented
T L
Note:

The BIOZ instruction is not defined on the TMS320C14 devices.
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Branch If Accumulator Less Than or Equal to Zero BLEZ

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

[label]l BLEZ pma
0 < pma <€ 4095

If (ACC) < 0:
Then pma — PC;
Else (PC) + 2 — PC.

i 14 13 12 11 10 9 8 7 6 5§ 4 3 2 1 0

1 1 1 1 1 0 1 1 0 0 0 0 0 6 0 o

Program Memory Address

If the contents of the accumulator are less than or equal to zero, then branch
to the specified program memory location. The branch to a location in program
is specified by the program memory address (pma). Pmacan be either a sym-
bolic or a numeric address

2
2

BLEZ PRG63 ;63 1s loaded into the program counter if
;the accumulator is less than or equal to
;ZEero
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BLZ  Branch if Accumulator Less Than Zero

Syntax [label BLZ pma
Operands 0 <pma < 4095
Operation If (ACC) < 0:
Then pma — PC;
Eise (PC) + 2 — PC.
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 0 1 0o 0 o] 0 0o o0 o 0 o

Program Memory Address

Description If the contents of the accumulator are less than zero, then branch to the speci-
fied program memory location. The branch to a location in program is specified
by the program memory address (pma). Pma can be either a symbolic or a nu-
meric address.

Words 2
Cycles 2
Example BLZ PRG481 1481 is loaded into the program counter

;if the accumulator is less than zero
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Branch If Accumulator Not Equal to Zero BNZ

Syntax
Operands
Operation

Encoding

Description

Words
Cycles

Example

{label] BNZ pma
0 < pma < 4095

if (ACC) #0:
Then pma — PC;
Else (PC) +2 —» PC.

15 14 13 12 1 i0 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 [ 0 0 0 0 0 o o

Program Memory Address

If the contents of the accumulator are not equal to zero, then branch to the spe-
cified program memory location. The branch to a location in program is speci-
fied by the program memory address (pma). Pma can be either a symbolic or
a numeric address.

2
2

BNZ PRG320 7320 is loaded into the program counter
+if the accumulator does not equal zero
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BV  Branch on Overflow

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

4-30

{/labell BV pma
0 < pma < 4095

if overflow (OV) status bit = 1:
Then pma — PC and 0 - OV;
Eise (PC) +2 — PC.

Affects OV; affected by OV.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 o 1 o 1 0 0 0o 0 0 0 o 0

Program Memory Address

If the overflow (OV) flag has been set, then a branch to the specified program
memory location occurs, and the overflow flag is cleared. Otherwise, the pro-
gram counter is incremented to the next instruction. The branch to a location
in program is specified by the program memory address (pma). Pma can be
either a symbolic or numeric address.

2
2

BV PRG610 ;If an overflow has occurred since the
;overflow flag was last cleared, then 610
;is loaded into the program counter and
;OV is cleared. Otherwise, the program
;counter is incremented
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Branch If Accumulator Equals Zero BZ

Syntax
Operands
Operation

Encoding

Description

Words
Cycles
Example

[labell BZ pma
0 < pma <4095

If (ACC) = 0:
Then pma — PC;
Else (PC) +2 — PC.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 1 0 0 0 0 0 0 0o 0

Program Memory Address

It the contents of the accumulator are equal to zero, then branch to the speci-
fied program memory location. The branch to a location in program is specified
by the program memory address (pma). Pma can be either a symbolic or nu-
meric address.

2
2

BZ PRG102 ;102 is loaded into the program counter if the
;accumulator is equal to zero

4-31



CALA Call Subroutine Indirect

Syntax [fabel] CALA
Operands None
Operation (PC)+1 - TOS
(ACC(11-0)) - PC
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 1 1 1 0 0 0 1 1 o 0

Program Memory Address

Description The current program counter is incremented and pushed onto the top of the
stack. Then, the contents of the 12 least significant bits of the accumulator are
loaded into the PC.

The CALA instruction is used to perform computed subroutine calls.

Words 1
Cycles 2
Example CALA
Before Instruction After Instruction

PC 25h PC 83h

ACC 83h ACC 83h

32h 26h

Stack 75h Stack 32h

84h 75h

49h 84h
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Call Subroutine CALL

Syntax
Operands

Operation

Encoding

Description

Words

Cycles
Example

[labell CALL pma
0 < pma < 4095

(PC)+2 > TOS
pma — PC

15 14 13 12 1N 10 9 8 7 6 5 4 3 2 1 0

i1+ 1+ 1+ 1 0 0 0 O 0 0 o0 o 0o 0 o

Program Memory Address

The current program counter is incremented by two and pushed onto the top
of the stack. The specified program memory address (pma) is then loaded into
the PC. Pma can be either a symbolic or a numeric address.

2
2
CALL PRG109
Before instruction After Instruction
PC 33h PC 6Dh
71h 35h
Stack 48h Stack 71h
16h 48h
80h 16h
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DINT Disable interrupt

Syntax
Operands
Operation

Encoding

Description

Words

Cycles
Example

[/fabel] DINT

None

(PC) + 1 5 PC

1 - interrupt mode (INTM) status bit.
Affects INTM.

1§ 14 13 12 11 t0o 9 8 7 6 5 4 3 2 1 0

(1] 1 1 1 1 1 i 1 1 0 0 0 0 o o i

The interrupt mode (INTM) status bit is set to logic 1. Maskable interrupts are
disabled immediately after the DINT instruction executes. Interrupts are also
disabled by a reset. Note that the LST instruction does not affect INTM.

The unmaskable interrupt, RS, is not disabled by this instruction.
1

1

DINT ;Maskable interrupts are disabled, and INTM
;is set to one
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Data Move in Data Memory DMOV

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [/abel} DMOV dma
Indirect: [labe] DMOV {*|* + |*=} [,next ARF]

0<dma<127
ARP=0or1

(PC)+1—-PC
(dma) - dma + 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Direct:} 0 1 1+ 0o 1 o0 0 1 0 Data Memory Address

Indirect:} 0 1 1 0o 1 0 0 1 1 See Section 4.1

The contents of the specified data memory address are copied into the con-
tents of the next higher address. When data is copied from the addressed loca-
tion to the next higher location, the contents of the addressed location remain
unaltered.

The data move function is useful in implementing the z —1 delay encountered
in digital signal processing. The DMOV function is included in the LTD instruc-
tion (see LTD for more information).

1
1

DMOV DATS8
or
DMOV * :If current auxiliary register contains 8
Before instruction After Instruction
Data Data
Meg\ory 43h Memory 43h
8
Data Data
Memory 2h Meglory 43h
9
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EINT Enable Interrupt

Syntax [label] EINT
Operands None
Operation (PC)+1—=PC
0 — interrupt mode (INTM) status bit
Affects INTM.
Encoding 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 i1 1 0 0 0 0 o 1 0

Description The interrupt mode (INTM) status bit is cleared to logic 0. Maskable interrupts
are enabled after the instruction following EINT executes. This allows an inter-
rupt service routine to re-enable interrupts and execute a RET instruction be-
fore any other pending interrupts are processed. Note that the EINT instruction
should not be used immediately preceding a branch instruction,

The LST instruction does not affect INTM. (See the DINT instruction for further
information.)

Words 1
Cycles 1
Example EINT ;Maskable interrupts are enabled, and INTM

;is set to zero
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Input Data from Port IN

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

Direct: [label] IN dma PA

Indirect: [fabef] IN {*|* +|*~}, PA[,next ARP|

0<dmas127
ARP=0or1
0 < port address PA<7

(PC)+1-PC

Port address — address lines A2/PA2—-A0/PAQ
0 — address bus A11-A3

Data bus D15-D0 — dma

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:} 0 1 0 0 0 | PortAddress| 0 Data Memory Address

Indirect:] 0 1 0 0 0 [ Port Address| 1 See Section 4.1

The IN instruction reads data from a peripheral and places it in data memory.
This is a two-cycle instruction. During the first cycle, the port address is sent
to address lines A2/PA2—-A0/PA0. DEN goes low during the same cycle, strob-
ing in the data that the addressed peripheral places on the data bus D15-D0.
On the TMS320C10, and on the 'C15, MEN remains high when DEN is active.
On the TMS320C17, the MEN signal is not available.

Note:

On the TMS320C14, address lines A11-A4 are driven high during an I/0 ac-
cess. These address lines are driven low for all other devices.

1

2

IN STAT,PAS ;Read in word from peripheral on port
;address 5. Store in data memory
;location STAT

or

LARK 1,20 ;Load AR1 with decimal 20

LARP 1 ;Load ARP with decimal 1

IN *-,PAl1,0 ;Read in word from peripheral on port

:address 1. Store in data memory
;location 20. Decrement ARl to 19
;Load the ARP with 0
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LAC Load Accumulator With Shift

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-38

Direct: [label) LAC dma [,shiff]
Indirect: [fabef] LAC {*1* +|*-} [,shift [,next ARF]]

0<dmas 127
ARP =0or1

0 < shift < 15 (defaults to 0)

(PC)+1—=PC
(dma) x 2shift _y ACC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:}] 0 o0 1 o shift 0 Data Memory Address

Indirect:] o o 1 o shift 1 See Section 4.1

Contents of the specified data memory address are left-shifted and loaded into
the accumulator. During shifting, low-order bits are zero-filled. High-order bits
are sign-extended.

1
1

LAC DAT6, 4 ;(DP = 0)
or
LAC *,4 ;If current auxiliary register contains 6
Before Instruction After Instruction
Data Data
Memory 1h Memory th
6 6
ACC Oh ACC 10h
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Load Accumulator Immediate LACK

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

[labeLACK constant
0 < constant < 255

(PC)+1 -5 PC
8-bit positive constant - ACC

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 11 0 8-Bit Constant

The 8-bit constant is loaded into the accumulator right-justified. The upper 24
bits of the accumulator are zeroed (that is, sign extension is suppressed).

1
1

LACK 15h

Before Instruction After instruction

ACC 3th ACC 15h
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LAR __Load Auxiliary Register

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

Direct: [/abel] LAR AR, dma
indirect: [/abef] LAR AR, {*|* +|*=} [,next ARP]

0<dma<127
auxiliary register AR = 0 or 1
ARP =0Qor 1

(PC)+1>PC
(dma) — auxiliary register AR

15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0

Directz] 0 o 1 1 1 0 0]AR}|O Data Memory Address

Indirect:1 o o 1 1 1t o0 o0}AR|"1 See Saction 4.1

The contents of the specified data memory address are loaded into the desig-
nated auxiliary register. The LAR and SAR (store auxiliary register) instruc-
tions can be used to load and store the auxiliary registers during subroutine
calls and interrupts. If an auxiliary register is not being used for indirect ad-
dressing, LAR and SAR enable the register to be used as an additional storage
register, especially for swapping vaiues between data memory locations with-
out affecting the contents of the accumulator.

If indirect addressing is used to load the current auxiliary register (thatis, if the
AR specified in the LAR instruction is the AR pointed to by the ARP), then the
new value is loaded into the auxiliary register from data memory, and any
decrement or increment specified is not performed.

1
1

LAR ARQ,DAT19
Before Instruction After Instruction
Data Data
Memory Memory
19 18h 19 18h
ARQ 6h ARO 18h
also,
LARP 0
LAR ARQ, *—
Before Instruction After Instruction
Data Data
Mer7nory 32h Memory 32h
7
ARO 7h ARO 32h
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Load Aucxiliary Register Immediate LARK

Syntax

Operands

Operation

Encoding

Description

Words

Cycles

Example

[labell LARK AR, constant

0 < constant < 255
auxiliary register AR = 0 or 1

(PC)+1 > PC
8-bit constant — auxiliary register AR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 0 0 0] AR 8-Bit Constant

The 8-bit positive constant is loaded into the designated auxiliary register,
right-justified and zero-filled (that is, sign extension suppressed).

LARK is useful for loading an initial loop counter value into an auxiliary register
for use with the BANZ instruction.

1
1

LARK ARO, 21h

Before Instruction After Instruction

AR oﬂ ARO 21h




LARP _ Load Auxiliary Register Pointer

Syntax
Operands

Operation

Encoding

Words

Cycles
Example

4-42

{label) LARP constant
0 < constant < 1

(PC)+1 = PC
Constant - ARP
Affects ARP.

15 14 13 12 N

i 9 8 7 8 5 4 3 2 1 0

0 1 1 0 1

0 o 0 1 0 0 0 0 0 O |ARP

The auxiliary register pointer is loaded with the one-bit constant identifying the
desired aucxiliary register. ARP can also be modified by the LST and MAR in-
structions, as well as any instruction that is used in the indirect addressing

mode.

The LARP instruction is a subset of MAR; that is, the opcode is the same as
MAR in the indirect addressing mode. The instruction MAR *,next ARP has the

same effect as LARP.
1
1

LARP 1 ;Any succeeding instructions will use auxiliary
;register ARl for indirect addressing
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Load Data Memory Page Pointer LDP

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] LDP dma
Indirect: [label] LDP {*|* + ' *=} [,next ARP)

0<dma<127
ARP =0o0r1
(PC)+1 - PC
LSB of (dma) — data memory page pointer (DP = 0 or 1)
Aftects DP.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Direct:] o0 + 1 0o 1t 1 1 1 1]0 Data Memory Address
Indirect:} 0 1 1 o <« 1 1t 1 }1 See Section 4.1

The least significant bit of the contents of the specified data memory address
is loaded into the DP (data memory page pointer) register. All higher-order bits
are ignored in the data word. DP = Q defines page 0 that contains words 0—127.
DP=1 defines page 1 that contains words 128-143/255.The DP may also be
loaded by the LST and LDPK instructions.

1
1

LDF DAT1 ;LSB of lccation DAT1 is loaded into DP
or
LDP *,1 ;LSB of location currently addressed by auxiliary
;jregister is loaded into DP. ARP is set to 1
Before Instruction After instruction
Data Data
Memory OFEDCh Mermory OFEDCh
DP 1th DP Oh
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LDPK Load Data Memory Page Pointer Immediate

Syntax
Operands

Operation

Encoding

Description

Words

Cycles
Example

4-44

[label] LDPK constant
0 <constant < 1

(PC)+1 - PC

Constant — data memory page pointer (DP)
Affects DP.

15 44 13 12 M1 10 9 8 7 6 5 4 3 2 1 0

1] 1 1 0 1 1 i 0 0 ©° 0 0 0o 0 O]DP

The DP (data memory page pointer) register is loaded with a 1-bit constant.
DP = 0 defines page 0 that contains words 0-127. DP = 1 defines page 1 that
contains words 128—143/255. The DP can also be loaded by the LST and LDP
instructions.

1
1

LDPK 0 ;The data pointer is set to 0O
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Load Status Register From Data Memory LST

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] LST dma
Indirect: [labeff LST {*I* -1 -} [,next ARP]

0<dma<127
ARP =0or1

(PC)+1—>PC

(dma) — status register bits
Affects ARP, OV, OVM, and DP.
Does not affect INTM.

15 14 13 12 1+ 10 9 8 7 6 5 4 3 2 1 0

Direct:) 0 1 1 1 0 1 1 0 Data Memory Address

Indirect:] o 1 1 11 0 1 111 See Section 4.1

The status register is loaded with the addressed data memory value. Note that
the INTM (interrupt mode) bit is unaffected by LST.

The LST instruction is used to load the status register after interrupts and sub-
routine calls. The status register contains the status bits: OV (overflow flag),
OVM (overflow mode), ARP (auxiliary register pointer), and DP (data memory
page pointer). These bits were stored (by the SST instruction) in the data
memory word as follows:

15 14 13 12 1 10 9 8 7 <] 5 4 3 2 1 0

OV {OVM NTMl 1 1 1 1 | ARP| 1 1 11 1 1 0| DP

LAR} o)

or

LST *,1 :The data memory word addressed by the contents
;of auxiliary register ARO replaces the status
;bits. ARP ovecomes 1

1 L]

Note:

When you use direct addressing, the SST instruction always saves status on
page 1. The LST instruction will not automatically restore status from page
1. Therefore, you must specify the correct data page pointer.

| S— J
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LT loadT Register

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-46

Direct: [labe] LT dma
Indirect: [/abef LT {*|* +|*~} [,next ARP]

0<dma<i127
ARP=0or1

(PC)+1-PC
(dma) — T register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:l o 1+ 1+ o 1 o0 1 o0 }o Data Memory Address

Indirect:loc 1+ 1 o 1 o 1 0 }1 See Section 4.1

The T register is loaded with the contents of the specified data memory loca-
tion. The LT instruction may be used to load the T register in preparation for
multiplication (see the LTA, LTD, MPY, and MPYK instructions).

1
1

LT DAT24 ; (DP = Q)
or
LT * ;If current auxiliary register contains 24
Before Instruction After Instruction
Data Data
Memory Memory
24 62h 24 62h
T 3h T 62h
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Load T Register and Accumulate Previous Product LTA

Syntax

Operands

Operation

Encoding

Description

Words

Cycles

Example

Direct: [label] LTA dma
Indirect: [fabel] LTA {** + "~} [,next ARF]

0 <dmac< 127
ARF =0or1

(PCy+1 -5 PC

(dma) — T register

(ACC) + (P register) —» ACC
Affects OV, affected by OVM.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:| 0 1 1 o 1 1 0 oo Data Memory Address

Indirect:] 0 1 1 0 1 1 0 0 {1 See Section 4.1

The T register is loaded with the contents of the specified data memory ad-
dress. The P register, containing the previous product of the multiply operation,
is added to the accumulator, and the result is stored in the accumulator.

The function of the LTA instruction is included in the LTD instruction.
1
1

LTA DAT24 ;(DP = 0)
or
LTA * ;If current auxiliary register contains 24
Before Instruction After Instruction
Data Data
Memory Memory
24 &2n 24 62h
T 3h T 62h
P OFh P OFh
ACC 5h ACC 14h
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LTD LloadT Register, Accumulate Previous Product, and Move Dala

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

4-48

Direct: [label] LTD dma
Indirect: [fabel LTD {*|* +|*~} [,next ARP]

0<dmas< 127
ARP =0o0or1

(PC)+1 - PC

(dma) — T register

(dma) — dma + 1

(ACC) + (P register) — ACC
Affects OV, affected by OVM.

15 14 13 12 11 10 ¢ 8 7 6 5 4 3 2 1 0

Direct:] 0 1 1 0 1 0o 1 1 0 Data Memory Address

Indirect:| 0 1 1 o 1 0 1 1 |+t See Section 4.1

The T register is loaded with the contents of the specified data memory ad-
dress. The contents of the P register are added to the accumulator, and the re-
sult is placed in the accumulator. The contents of the specified data memory
address are also copied to the next higher data memory address. This function
is described under the instruction DMOV.

1

1

LTD DAT24 ; (DP = 0)
or
LTD * ;If current auxiliary register contains 24

Data

Before Instruction

After Instruction

Data
Memory 62h Memory 62h
24 24
Data Data
Memory Oh Memory 82h
25 25
T 3h T 62h
P OFh P OFh
ACC 5h ACC 14h
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Modify Auxiliary Register MAR

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example 1

Example 2

Example 3

Direct: [label) MAR dma
Indirect: [label] MAR {*|* + | *=} [,next ARP]

0<dma<127
ARP=OOf1

(PC)+1—>PC
Modifies AR(ARP), ARP as specified by the indirect addressing field (acts as
a NOP in direct addressing).

15 14 13 12 v+ 10 9 8 7 6 5 4 3 2 1 0

Direct:] 0 1 1 0 1 0 0 0 |O Data Memory Address

Indirect:] 0 1 1 o 1 0 0 0 |1 See Section 4.1

in the indirect addressing mode, the auxiliary registers are either incremented
or decremented and the ARP is modified; however, no use is made of the
memory being referenced. MAR is used only to modify the auxiliary registers
or the ARP. ARP may also be loaded by an LST instruction.

MAR acts as a no-operation (NOP) instruction in the direct addressing mode.
Also, the LARP instruction is a subset of MAR (that is, MAR *,0 performs the
same function as LARP 0!

1
1

MAR *,1 ;Load the ARF with 1

Before Instruction After Instruction

ARP 0 ARP 1

MAR *- ;Decrement current auxiliary register (in this
;case, AR1)
Before Instruction After Instruction

AR1 35h AR1 34h

MAR *+,0 ;Increment current auxziliary register (AR1)
;and load ARF with Q

Before Instruction After Instruction
AR1 34h AR1 35h
ARP 1 ARP 0




MPY  muitiply

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-50

Direct: [label) MPY dma
Indirect: [label] MPY {*|* + |*} [next ARP]

0<dma<127
ARP=0o0r1

(PC)+1 > PC
(T register) x (dma) — P register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Directtfo 1 1 o0 t+ t 0 1 ]0 Data Memory Address

Indirect:{ 0 1 1 0 1 1 0 1 |1 See Section 4.1

The contents of the T register are multiplied by the contents of the addressed
data memory location. The result is placed in the P register.

During an interrupt, all registers except the P register can be saved and re-
stored directly. However, the TMS320C 1x generation TMS320 devices have
hardware protection against servicing an interrupt between an MPY or MPYK
instruction and the succeding instruction. For this reason, it is advisable to fol-
low MPY and MPYK with LTA, LTD, PAC, APAC, or SPAC.

Note that no provisions are made for the condition of 8000h x 8000h. if this con-
dition arises, the product will be 0C00000C0h.

1
1

MPY DAT13 ;(DP = O
or
MPY * ;If current auxiliary register contains 13
Before Instruction After Instruction
Data Data
Memory 7h Memory 7h
13 13
T 6h T 6h
P 36h P 2Ah

Assembly Language Instructions



Muitiply Immediate MPYK

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

{labell MPYK constant
-212 < constant < 212

(PCy+1 - PC
(T register) x constant — P register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 0 13-Bit Constant

The contents of the T register are multiplied by the signed 13-bit constant. The
result is loaded into the P register.

During an interrupt, all registers except the P register can be saved and re-
stored directly. Because no provision is made to save the contents of the P reg-
ister during an interrupt, the MPYK instruction shouid be followed by one of
these instructions: PAC, APAC, SPAC, LTA, or LTD. Provision is made in hard-
ware to inhibit the interrupt during MPYK until the next instruction is executed.

1

1

MPYX -9

Before Instruction After Instruction
T 7h T 7h
P 2Ah P OFFFFFFC1h
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NOP  No Operation

Syntax [/abell NOP

Operands None

Operation (PC)+1 - PC

Encoding 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 11 1 0 0 0 0 0o o0 0

Description No operation is performed. NOP affects only the PC. NOP is useful as a pad
or temporary instruction during program development.

Words 1

Cycles 1

Example NOP
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OR With Accumulator OR

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] OR dma
Indirect: [label] OR {** +|*-} [,next ARP]

0<dma<i27
ARP =0or1

(PC)+1—>PC
(ACC(15-0)) .OR.dma — ACC(15-0)
(ACC(31-16)) = ACC(31-16)

15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0

Direct:] 0 1 1 i 1 0 1 o]o Data Memory Address

Indirect:] 0 1 1 1 1 0 1 0 |1 Ses Section 4.1

The low-order bits of the accumulator are ORed with the contents of the ad-
dressed data memory location. The high-order bits of the accumulator are
ORed with all zeros. Therefore, the upper half of the accumulator is unaffected
by this instruction. The result is stored in the accumulator.

The OR instruction is useful for comparing selected bits of a data word.
1
1

OR DATSS8 ; (DP = 0)
or
OR * ;Where current auxiliary register contains 88
Before Instruction After Instruction
Data Data
Memory 0F000h Memory 0F000h
88 88
ACC 100002h ACC 10F002h

4-53



QUT  Output Data to Port

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [labe) OUTdma, PA
Indirect: [labe) OUT {*|* +|*~} PA[,next ARP)

0<dma<127
ARP =0Qor1
0 < port address PA <7

(PC)+1 = PC

Port address PA — address bus A2/PA2-A0/PAQ
0 — address bus A11-A3

(dma) — data bus D15-D0

i5 14 13 12 11 10 ¢ 8 7 6 5 4 3 2 1 0

Direct] 0 1 0 0 1 | PortAddress] 0 Data Memory Address

Indirect:} 0 1 0 0 1 | Port Address| 1 See Section 4.1

The QUT instruction transfers data from data memory to an external peripher-
al. The first cycle of this instruction places the port address onto address lines
A2/PA2-A0/PAO. During the same cycle, WE goes low, and the data word is
placed on the data bus D15-D0. On the TMS320C10 and TMS320C15, MEN
remains high during the first cycle. On the TMS320C17, the MEN signal is not
available.

1

2

ouT 120,7 ;Output data word stored in data memory
;location 120 to peripheral on port
;address 7

or

ouT *,5 ;Output data word referenced by current
;auxiliary register to peripheral on port
;address 5

¥ L

Note:

Onthe TMS320C14, address lines A11—-A4 are driven high during an /0 ac-
cess. These address lines are driven low for all other devices.
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Load Accumulator With P Register PAC

Syntax [label]l PAC
Operands None
Operation (PC)+1 - PC
(P register) - ACC
Encoding 15 14 13 12 11 10 9 B8 7 6 5 4 3 2 1 0
o 1+ 1t 1 1 1+ 1t 1 1 0 o0 0 1 1 1 0
Description The contents of the P register resulting from a multiply are loaded into the ac-
cumulator.
Words 1
Cycles 1
Example PAC
Before Instruction After Instruction
P 144h P 144h
ACC 23h 1 ACC 144h
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POP Pop Top of Stack to Low Accumulator

Syntax
Operands
Operation

Encoding

Description

Words
Cycles

Example

4-56

[label] POP
None

(PC)+1->PC
(TOS) —» ACC(11-0)
0 - ACC(31-12)
Pop stack one level.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o

0 1 1 1 1 1 1 1 1 0 0 1 1 1 o 1

The contents of the top of the stack (TOS) are copied to the low accumulator,
and the stack is popped after the contents are copied. The next elementon the
stack becomes the top of the stack. The upper bits (31—12) of the accumulator
are zeroed. The hardware stack is a last-in, first-out stack with four locations.
Any time a pop occurs, every stack value is copied to the next higher stack loca-
tion, and the top value is removed from the stack. After a pop, the bottom two
stack words have the same value. Each stack value is copied; therefore, if
more than three pops (due to POP or RET instructions) occur before any
pushes occur, all levels of the stack contain the same value.

1

2
POP
Before Instruction After Instruction
ACC 82h ACC 45h
45h 16h
Stack 16h Stack 7h
7h 33h
33h 33h
L 1]
Note:

On the TMS320C 16, a 16-bit 8-level stack is implemented to effectively use
the device’s larger memory reach of 64K words.
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Push Low Accumulator Onto Stack PUSH

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

[label] PUSH

None

(PC)+1—-PC
Push all stack locations downr one level.
(ACC(11-0)) » TOS

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 1 1 1 0 0 1 1 1 0o 0

The contents of the lower 12 bits (11-0) of the accumulator are copied onto the
top of the hardware stack. The stack is pushed down before the accumulator
value is copied. The hardware stack is a last-in, first-out stack with four loca-
tions. If more than four pushes (due to CALA, CALL, PUSH, TBLR, or TBLW
instructions or interrupts) occur before a pop, the first data values written are
lost with each succeeding push.

1

2
PUSH
Before Instruction After Instruction
ACC 7h ACC 7h
2h 7h
Stack 5h Stack 2h
3h 5h
Oh 3h
L L}
Note:

On the TMS320C16, a 16-bit 8-level stack is implemented to effectively use
the device’s larger memory reach of 64K words.
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RET Return From Subroutine

Syntax
Operands

Operation

Encoding

Description

Words

Cycles

Example
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[/abell RET

None

(TOS) - PC
Pop stack one level.

15 14 13 12 11 10 9 8 7 6 -] 4 3 2 1 ]

0 1 1 1 1 1 t 1 1 0 0 0 1 1 o 1

The contents of the top of the stack are copied into the program counter. The
stack is then popped one level. RET is used in conjunction with CALA and
CALL for subroutines and interrupts.

1

2
RET
Before Instruction After Instruction
PC 96h PC 37h
37h 45h
Stack 45h Stack 75h
75h 75h
75h 75h
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Reset Overflow Mode ROVM

Syntax
Operands

Operation

Encoding

Description

Words

Cycles

Example

[labell ROVM
None

(PC)+1 - PC
0 — OVM status bit
Affects OVM.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 1 1 1 0 0 0 1 0 1 0

The OVM status bit is reset to logic zero. This disables the overflow mode, in
which the device was placed by the SOVM instruction. If an overflow occurs
with OVM reset, the OV (overflow flag) is set, and the overflowed result is
placed in the accumulator. OVM may also be loaded by the LST and SOVM
instructions (see the SOVM instruction).

1

4

ROVM ;The overflow mode bit OVM is reset, disabling
;the overflow mode on any subsequent arithmetic
;operaticns
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SACH__ Store High Accumulator With Shift

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-60

Direct: [label]l SACH dma, shift
Indirect: [labef) SACH {*|* + | "~} [,shift [,next ARF])

0<dma<127
ARP =0or1
shift=0,1,0r4

(PC)+1 > PC
16 MSBs of (ACC) x 2shift _, dma

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:] 0 1 0 1 1 Shit 0 Data Memory Address

Indirect:] 0 1 o 1 1 Shift 1 See Section 4.1

The SACH instruction copies the entire accumulator into a shifter. It then
left-shifts this entire 32-bit number 0. 1, or 4 bits, and copies the upper 16 bits
of the shifted value into data memory. The accumulator itself remains unaf-
fected.

1
1

SACH DAT70,1 ;(DP = ()
or
SACH *, 1 ;If current auxiliary register contains 70
Before Instruction After instruction

ACC 4208001h ACC 4208001h

Data Data
Memory Oh Memory 841h

70 70

Assembly Language Instructions



Store Low Accumulator SACL

Syntax Direct: [/abel] SACL dma
Indirect: [/abel] SACL {*|* + |*~} [,shift [,next ARF]
Operands 0<dmac<127
ARP=0or1
shift =0
Operation (PC)+1->PC
(ACC(15~0)) » dma
Encoding 15 14 13 12 1 10 9 8 7 6 & 4 3 2 1 0
Directt] o 1+ o 1 0 o 0 0|0 Data Memory Address
Indirectt] o 1+ o 1 o0 o0 0 0 |1 See Section 4.1
Description The low-order bits of the accumulator are stored in data memory. There is no

shift associated with this instruction, although a shift code of zero mustbe spe-
cified if the ARP is to be changed.

Words 1
Cycles 1
Example SACL DAT71 ; (DP = 0)
or
SACL * ;If current auxiliary register contains 71
Before Instruction After Instruction
Data Data
Memory 5h Memory 8421h
ACC 7C638421h ACC 7C638421h
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SAR __ Store Auxiliary Register

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example 1

Example 2

4-62

Direct: [labell SAR AR, dma
Indirect: [label] SAR AR, {*|* +|*~} [,next ARP|
0<dmas<127
auxiliary register AR = 0 or 1
ARP =0or1
(PCY+1->PC
(auxiliary register AR} — dma
15 14 13 12 11 10 & 8 7 6 5 4 3 2 1 0

Direct:] © 0 1 1 0 0 O{AR}O Data Memory Address

indirect:l 0 o 1 1 o o o]AR|1 See Section 4.1

The contents of the designated auxiliary register are stored in the addressed
data memory location. For more information, see the LAR instruction.

1

1
SAR ARO,DAT30 ;(DP = 0)
or
SAR ARQ, * ;If current auxiliary register contains 30
Before instruction After instruction
ARO 37h ARO 37h
Data Data
Memory 18h Memory 37h
30 30
LARP ARO
SAR ARO, *+
Before Instruction After Instruction
ARO 5h ARO 6h
Data Data
Memory Ch Megory 6h
5

Special pfdb!ems arlse when SAR is Uised to store the current auxi
ister with indirect addressing if autoincrement/decrement is used
LARP .. “ARO = o f BN A

LARK AR, 10
SAR _ 'or ‘5aR ARO

In this case, SAR ARO,"+ stores the \

storés'ih'é: value 9 in location 10.
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Set Overflow Mode SOVM

Syntax
Operands

Operation

Encoding

Description

Words
Cycles

Example

[fabel) SOVM
None

(PC'+1 -5 PC

1 — overflow mode (OVM) status bit
Affects OVM.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 1 1 1 1 1 0 0 0 1 0 1 1

The OVM status bit is set to logic 1, which enables the overflow (saturation)
mode. If an overflow occurs with OVM set, the overflow flag OV is set, and the
accumulator is set to the largest representable 32-bit positive (7FFFFFFFh)
or negative (80000000h) number, according to the direction of overflow. OVM
may also be loaded by the LST and ROVM instructions. (See the ROVM in-
struction for further information )

1

1

SOVM :The overflow mode bit OVM is set, enabling the
;overflow mode on any subsequent arithmetic
;operations
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SPAC _ Subtract P Register From Accumulator

Syntax [/abel) SPAC
Operands None
Operation (PC)+1->PC

(ACC) — (P register) = ACC
Affects OV; affected by OVM.

Encoding 15 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0

0 1 1 1 1 1 11 1 0 0 1 0 o 0 0

Description The contents of the P register are subtracted from the contents of the accumu-
lator. The result is stored in the accumulator. Note that the P register is always
sign-extended.

Words 1
Cycles 1
Example SPAC
Before Instruction After Instruction
P 24h P 24h
ACC 3Ch ACC 18h
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Stors Status Register SST

Syntax

Operands

Operation

Encoding

Description

Words

Example

Direct: [label} SST dma
Indirect: [label] SST{*|* + | *=} [,next ARP]

0 <dma < 15 (TMS320C10)
0 <dma g 127 (TMS320C14/C15/C16/C17)
ARP =0or1
(PC)+1->PC
(status register) — specified dma (page 1 only in direct addressing)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:] ©0 1+ 1 1 1 1 o o0 }o Data Memory Address

Indirect:] 0 1 1 1 1 1 0 0|1 See Section 4.1

The status bits are saved into the specified data memory address (only page
1 if direct memory addressing is used). ‘

In the direct addressing mode, the status register is always stored in page 1,
regardless of the value of the DP register. The processor automatically forces
the page to be 1, and the specific location within that page is defined in the in-
struction. Note that the DP register is not physically modified. This allows stor-
age of the DP register in the data memory on interrupts, etc., in the direct ad-
dressing mode without having a change of the DP. In the indirect addressing
mode, the data memory address is obtained from the auxiliary register se-
lected. (See the LST instruction for more information.)

The SST instruction can be used to store the status bits after interrupts and
subroutine calls. These status bits include the OV (overflow flag) bit, OVM
(overflow mode), INTM (interrupt mode), ARP (auxiliary register pointer), and
DP (data memory page pointer). The status bits are stored in the data memory
word as follows:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OVOVMINTM|1 t 1 1]arrl 1 1 1t 1 1 1 x|op

Note: X =reserved
1
1

SST DAT1 ; (DP = Don'’t care)
or
ssT *,1 ;If current auxiliary register contains 1
Before Instruction After Instruction
Status SEFEh Status SEFEh
Register Register
Data Data
Memory 0Ah Memory SEFEh
1 1
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SUB Subtract From Accumulator With Shift

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

4-66

Direct: [/abel] SUB dma [,shiff]
Indirect: [labe) SUB {** + | *~} [,shift [,next ARF]}

0<dma<127
ARP =0or1
0 < shift < 15 (defaults to 0)

(PC)+1 > PC
(ACC) = [(dma) x 2shift | 5 ACC
Affects OV; affected by OVM.

15 14 13 12 11 10 9 8 7 6 65 4 3 2 1 O

Direct:l 0 0o o 1 Shift ] Data Memory Address

Indirect:| © 0o 0 1 Shift 1 See Section 4.1

The contents of the addressed data memory location are left-shifted and sub-
tracted from the accumulator. During shifting, the low-order bits are zero-filled.
The high-order bit is sign extended. The result is stored in the accumulator.

1
1

SUB DATS9 ; (DP = Q)
or
SUB * ;If current auxiliary register contains 59
Before Instruction After instruction
ACC [ 24h ACC 13h
Data Data
Memory 11h Memory 11h
59 59
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Conditional Subtract SUBC

Syntax

Operands

Operation

Encoding

Description

Direct: [labef) SUBC dma
Indirect: [fabel} SUBC {*|~ + *-} [,next ARP}

0<dmac<127
ARP =0or1

(PC+1 >PC
(ACC) - [(dma) x 215] — ALU output
If ALU output > 0:
Then (ALU output) x 2 + 1 — ACC;
Else (ACC) x2 — ACC.
Affects OV but not affected by OVM (no saturation).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:] 0 1 1 o ¢ 1 0 0o Data Memory Address

Indirect:{ 0 1 1 0o ¢ 1 0 0|1 See Section 4.1

The SUBC instruction performs conditional subtraction, which may be used for
division. The 16-bit dividend is placed in the low accumulator, and the high ac-
cumulator is zeroed. The divisor is in data memory. SUBC is executed 16times
for 16-bit division. After completion of the last SUBC, the quotient of the division
is in the lower-order 16-bit field of the accumulator, and the remainder is in the
high-order 16 bits of the accumulator. SUBC assumes that the divisor and the
dividend are both positive

If the 16-bit dividend contains less than 16 significant bits, the dividend may
be placed in the accumulator, left-shifted by the number of leading nonsignifi-
cant zeros. The number of executions of SUBC is reduced from 16 by that num-
ber. However, at least one leading zero must always be present because both
operands of the SUBC instruction must be positive. Note that the next instruc-
tion after SUBC cannot use the accumuiator.

The SUBC instruction affects OV but is not affected by OVM. Therefore, the
accumulator does not saturate upon positive or negative overflows when this
instruction executes.

The above description is for 16-bit integer division. SUBC can also be used in
fixed-point division.
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SUBC Conditional Subtract

Words 1
Cycles 1
Example LARP ARO
LARK ARO, 15
DIV SUBC DAT2 ; (DP = 0)
BANZ DIV
Before Instruction After Instruction
Data Data
Memory 7h Memory 7h
2 2
ACC 41h ACC 2000%h

The results above show the execution of all the instructions in the code exam-
ple.
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SUBH

Subtract From High Accumulator

Syntax

Operands

Operation

Encoding

Description

Words

Cycles
Example

Direct: [label] SUBH dma
Indirect: [label] SUBH {*|* + | *~} [,next ARP]

0<dmac<127
ARP=0or1

(PC)+1-5PC
(ACC) —[(dma) x 216] - ACC
Affects OV, affected by OVM.

15 14 13 12 1
Direct:z1 o0 1+ 1 0o o o 1 o |o

i0 9 8 7 6 565 4 3 2 1 0

Data Memory Address

Indirecttj 0 1 1 0o o o 1 o0 |1 See Section 4.1

The contents of the addressed data memory location are subtracted from the
upper 16 bits of the accumulator. The 16 low-order bits of the accumulator are
unaffected. The result is stored in the accumulator.

The SUBH instruction can be used for performing 32-bit arithmetic.
1
1

SUBH DAT33 ;(DP = 0)
or
SUBH * ;If current auxiliary register contains 33

Data Data
Memory 4h Memory 4h
33 33
ACC 0A0013h ACC 60013h

Before Instruction

After instruction
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SUBS _ Subtract From Low Accumulator With Sign Extension Suppressed

Syntax Direct: [label] SUBS dma

Indirect: [label] SUBS {*|* +|*-} [,next ARP)
Operands 0<dmas 127

ARP=0o0r1
Operation (PC)+1 -PC

(ACC) - (dma) — ACC
Affects OV; affected by OVM.

Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Direct:] 0 1 1 o 0 o0 1 1 0 Data Memory Address
Indirect:l o 1+ 1 o0 o0 o0 1 1 |1 See Section 4.1

Description The contents of the addressed data memory location are subtracted from the

accumulator with sign extension suppressed. The data is treated as a 16-bit
unsigned number, rather than a 2s-complement number. The accumulator be-
haves as a signed number.

Words 1
Cycles 1
Example SUBS DAT2 ; (DP = 0)
or
SUBS * ;If current auxiliary register contains 2
Before instruction After Instruction
Data Data
Merznory 0F003h Me;_nory 0F003h
ACC OF105h ACC 102h
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Table Read TBLR

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] TBLR dma
Indirect: [lfabel] TBLR {*|* + "-} [,next ARP|

0<dmax<127
ARP=0o0r1

(PC)+1 > TOS

(ACC(11-0)) - PC

(pma) — dma

Modify AR(ARP) and ARP as specified
(TOS) - PC

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Direct:| 0 1 1 o 0o 1 1 1 0 Data Memory Address

Indirect:] 0 1 1 0 0o 1 1 1 1 See Section 4.1

The TBLR instruction transfers a word from a location in program memory to
a data memory location specified by the instruction. The program memory ad-
dress is defined by the low-order 12 bits of the accumulator. For this operation,
aread from program memory is performed, followed by a write to data memory.
The contents of the lowest stack location are lost when TBLR is used.

The TBLR instruction is useful for reading coefficients that have have been
stored in program ROM, or for reading time-dependent data stored in RAM.

1

3
TBLF DAT6 ;s {DF = Q)
or
TBLE * ;If current auxiliary register contains 6
Before Instruction After Instruction
ACC 9h ACC 9h
Program Program
Meglory 306h Memory 3086h
9
Data Data
Meg‘w 75h Memory 306h
51
71h 71h
Stack 48h Stack 48h
16h 16h
80h 16h
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TBLW Table Write

Syntax Direct: [label] TBLW dma

Indirect: [label) TBLW {*|* +|*-} [,next ARP)
Operands 0<dma<127

ARP =0o0r1
Operation (PC)+1 - TOS

(ACC(11-0)) — PC
{dma) — pma
Modify AR(ARP) and ARP as specified

(TOS) —» PC
Encoding 15 14 13 12 11 10 ¢ 8 7 6 5 4 3 2 1 0
Directz] o 1+ 1 1 1 1 0 1]o0 Data Memory Address
Indirect:} 0 1 1 11 1 0 1 |1 See Section 4.1
Description The TBLW instruction transfers a word from data memory to program memory.

The data memory address is specified by the instruction, and the program
memory address is specified by the lower 12 bits of the accumulator. A read
from data memory is followed by a write to program memory to complete the
instruction. The contents of the lowest stack location are lost when TBLW is
used.

Note that the TBLW and OUT instructions use the same external signals and
thus are undistinguishable during a write to program memory addresses 0
through 7. Onthe 'C14, this situation occurs on the highest 8 words in program
memory by driving the upper address lines high instead of low.

Words 1

Cycles 3
Example TBLW DAT5 ; (DP = 0)
or
TBLW * ;I1f current auxiliary register contains $
Before Instruction After Instruction
Data Data
Memory 4339h Memory 433%h
5 )
Program Program
Meg!ory 306h Memory 433%h
8
ACC 8h ACC 8h
34h 34h
23h 23h
Stack T1h Stack 11h
97h 11h
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Exclusive-OR With Low Accumulator XOR

Syntax

Operands

Operation

Encoding

Description

Words
Cycles

Example

Direct: [label] XOR dma
Indirect: [/abel] XOR {*| * +|*=} [,next ARP]

0<dma<i27
ARP =0or1

(PC) + 1 - PC
(ACC(15-0)).XOR.dma — ACC(15-0)
(ACC(31-16)) — ACC(31-16) ,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Directf © 1 1 1 1 0 o0 0 ]o Data Memory Address

Indirect:] 0 1 1 1 1 0 0 o }1 See Section 4.1

The low half of the accumulator is exclusive-ORed with the contents of the ad-
dressed data memory location. The upper half of the accumulator is not af-
fected by this instruction.

The XOR instruction is useful for toggling or setting bits of a word for
high-speed control. In addition, the 1s complement of a word can be found by
exclusive-ORing it with all ones.

1
1

XOR DAT127 ; (DP = 0)
or
XOR * ;If current auxiliary register contains 127
Before Instruction After Instruction
Data Data
Memory OFOFOh Memory - OFQFCh
127 127
ACC 12345678h ACC 1234A688h
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ZAC Zero Accumulator

12 11 10

1 1 1

The contents of the accumulator are replaced with zero.

Before Instruction

OAS5A5A5A5h

Syntax [label] ZAC
Operands None
Operation (PC)+1—=PC
0> ACC
Encoding 15 14 13
0 1 1
Description
Words 1
Cycles 1
Example ZAC
ACC
4-74

ACC

After Instruction

Oh
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Zero Low Accumulator and Load High Accumulator ZALH

Syntax Direct: [label] ZALH dma
Indirect: [label] ZALH {*|* +|*=} [,next ARP]
Operands 0<dma<127
ARP=0o0r1
Operation (PC)+1-PC
0 — ACC(15-0)
(dma) - ACC(31-16)
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Directj] o0 1+ t o0 0 1 0 1 ]o0 Data Memory Address
Indirect:f o 1+ 1 0 o 1 0 1 |1 See Section 4.1
Description ZALH loads a data memory value into the high-order half of the accumulator.

The low-order bits of the accumulator are zeroed.

ZALH is useful for 32-bit arithmetic operations.

Words 1
Cycles 1
Example ZALH DAT3 ; (DP = 0)
or
ZALH * :If current auxiliary register contains 3
Before Instruction After Instruction
Data Data
Megwory 3F01h Megnory 3F01h
ACC 77FFFFh ACC 3F010000h
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ZALS  Zero Accumulator, Load Low Accumulator With Sign Extension Suppressed

Syntax

Operands

Operands

Encoding

Description

Words
Cycles

Example

4-76

Direct: [label] ZALS dma
Indirect: [label] ZALS {*|* +|*-} [,next ARP]
0<dmac<127
ARP =0o0r1
(PC)+1 - PC
0 —» ACC(31-16)
(dma) — ACC(15-0)
15 14 13 12 11 10 9 8 7 6 & 4 3 2 1 0
Direct:{ 0 1 1 o 0 1 1 0 ]o Data Memory Address
Indirect:] 0 1 1 0 0 1 1 0 |1 See Section 4.1

The contents of the addressed data memory location are loaded into the 16
low-order bits of the accumulator. The upper half of the accumulator is zeroed.
The data is treated as a 16-bit unsigned number rather than as a 2s-comple-
ment number. Therefore, there is no sign extension with this instruction.

ZALS is useful for 32-bit arithmetic operations.

1

1
ZALS
or

ZALS

Data
Memory

ACC

DAT1 ;{DP = C)

*

Before Instruction

OF7FFh

7FF00033h

Data
Memory
1

ACC

;I1f current auxiliary register contains 1

After Instruction

OF7FFh

OF7FFh

Assembly Language Instructions



Chapter 5

‘Software Applications

This chapter explains how to use key features of the software-related proces-
sor and instruction set and gives assembly language coding examples.
TMS320C1x instructions are tailored to digital signal processing tasks, provid-
ing a single-cycle multiply, scaling, convolution, and overflow management.
They support logical and arithmetic operations.

More information about specific applications can be found in the book, Digital
Signal Processing Applications with the TMS320 Family, Volume 1 (literature
number SPRA012A). The DSP software library contains the major DSP rou-
tines and application algorithms presented in the applications book. The
TMS320 DSP bulletin board service provides access to code updates and new
application reports as they become available. See Appendix E for information
about the software library and bulletin board.

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), ’C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17); unless otherwise
noted.

Major topics discussed in this chapter are

Section Page
5.1 Processor Initialization ..ot 5-2
5.2 InterruptManagement ..........coiiiiiiiiii it 5-16
5.3 Program Control ... ..o i i e 5-28
5.4 MemoryManagement ...........ciiiiiiiiiiiiiiiriiiaeans 5-36
5.5 Logical and ArithmeticOperations .............ccivvvinee..n 5-42
5.6 Application-Oriented Operations ..........c.ccviiiiiiinennn 5-55
5.7 PWM Generation (TMS320C14) .............ciiiiiiiininn 5-74
5.8 Speed/Position Measurement (TMS320C14) ................. 5-76
5.9 Using the Serial Port (TMS320C14) .........c.cciviviiiinnnn 5-79
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Processor Initialization

5.1

5.11

Processor Initialization

Reset (RS)

The processor must be initialized before it can execute a digital signal process-
ing algorithm. Generally, initialization takes place anytime the processor is re-
set. This section describes how to configure the TMS320C 1x devices after re-
set and provides code for processor initialization.

When hardware reset is activated by applying alow level to the RS (reset) input
for a minimum of five cycles, the TMS320C1x terminates program execution
and forces the program counter (PC) to zero. After reset, program memory lo-
cation 0 normally contains a B (branch) instruction to direct program execution
to the system initialization routine. The hardware reset also initializes various
registers and status bits.

After reset, the processor should be initialized through software. The initializa-
tion routine sets up operational modes, memory pointers, interrupts, and the
remaining functions necessary to meet system requirements.

5.1.2 TMS320C10 and TMS320C15 Initialization

5-2

To configure the TMS320C 10 and TMS320C 15 processor after reset, the fol-
lowing internal functions should be initialized:

L3 Interrupt structure (INTM)

[ Overflow mode control (OVM)

[ Auxiliary registers and auxiliary register pointer (ARP)
(d Data memory page pointer (DP)

Note that the INTM (interrupt mode) bit, OVM (overflow mode) bit, auxiliary
register pointer (ARP), and data memory page pointer (DP) are not initialized
by reset.

Example 5-1 shows coding for initializing the TMS320C10 and the
TMS320C15 to the following machine state, and also the coding for the initial-
ization performed during the hardware reset:

interrupt enabled (INTM)

Overflow mode (OVM) disabled

Data memory page pointer (DP) set to zero
Auxiliary register pointer (ARP) set to zero
Internal memory filled with zeros

o000 d
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Example 5-1. TMS320C 10 and TMS320C 15 Processor Initialization

.title 'PROCESSOR INITIALIZATION'’
.def RESET, INT
.ref ISR

*

* PROCESSOR INITIALIZATION.

* RESET AND INTERRUPT VECTOR SPECIFICATION.
*

.text
RESET B INIT ;RS BEGINS PROCESSING HERE
INT B ISR ; INT BEGINS PROCESSING HERE
*
* THE BRANCH INSTRUCTION AT PROGRAM MEMORY LOCATION 0
* DIRECTS EXECUTION TO BEGIN HERE FOR RESET PROCESSING
* THAT INITIALIZES THE PROCESSOR. WHEN RESET IS APPLIED,
* THE FOLLOWING CONDITICONS ARE ESTABLISHED FOR THE STATUS
* REGISTER:
*
* OV OVM INTM 12 11 10 9 ARP7 6 5 4 3 2 DP
*ST: 0 X 1 11 1 1 X 1 1 1 1 1 1 X
*
INIT ROVM ;DISABLE OVERFLOW MODE
LDPK 0 ;POINT DP TO DATA PAGE 0

LARK 0,255 ;SET LOOP COUNT FOR DATA MEM INIT
. ;TO 143 FOR 32010 AND 255 FOR
;320C15/17
*

* INTERNAL DATA MEMORY INITIALIZATION.
*

ZAC ;CLEAR THE ACCUMULATOR
LARP 0 ;USE ARO FOR POINTER AND LOOP CONTROL
LOOP SACL * ;CLEAR DATA MEMORY BANZ LOOP

BANZ LOOP ;CHECK IF DONE AND DECREMENT ARO
*

* THE PROCESSOR IS INITIALIZED. THE REMAINING APPLICATION-

* DEPENDENT PART OF THE SYSTEM SHOULD NOW BE INITIALIZED.
*

EINT ;ENABLE ALL INTERRUPTS

5.1.3 TMS320C14 Initialization

Itis necessary to initialize the processor before executing a DSP algorithm. Ini-
tialization is normally done following a reset so that the processor and peripher-
als meet system requirements. In initializing the TMS320C14, the system re-
quirements of the following functions should be considered:

Auxiliary register pointer

Data memory page pointer
Overflow mode

Interrupt structure

Bit 1O

Serial port

Watchdog timer

General-purpose timer

Event manager (compare/capture)

Qoo Oo00

Note that although a hardware reset forces the program counter to zero and
initializes various registers and status bits, the overflow mode bit (OVM), inter-
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rupt mode bit (INTM), auxiliary register pointer (ARP), and data memory page
pointer bit (DP) must be initialized by the programmer.

As described in subsection 3.8.1, the on-chip peripherals are accessed with
abank address and a port address. Table 5-1 shows how the I/O registers are
mapped.

Table 5-1. /O Register Map

Port| BANKO | BANK1 | BANK2 | BANK3 | BANK4 | BANKS | BANK6 | BANK? | BANKFFFF
0 IOP WDT TMR1 CMPRO ACTO SCON FIFOO EXT. /O
1 DDR WPER TPR1 CMPR1 ACTH SSET FIFO1 EXT. /O
2 BSET WTPL4 TMR2 | CMPR2 ACT2 SCLR FIFO2 SMAT EXT. /O
3 BCLR | SYSCON | TPR2 CMPR2 ACT3 TBR FIFO3 TSR EXT. VO
4 IF TCON | CMPR4 ACT4 RBR CCON RSR EXT. /O
5 M CMPR5 ACTS SBRG CCLR STMR EXT. 110
6 FCLR EXT. /O
7 BSR BSR BSR BSR BSR BSR BSR BSR BSR
The assembly language code presented in Example 5-2 and in Example 5-3
initializes the TMS320C 14 to the following machine state:
[ Overflow mode disabled
{3 Data memory page pointer set to zero
(& Auxiliary register pointer set to zero
(2 Internal memory filled with zeros
Q Bitl/O
B Bits 15 through 8 configured as inputs
H  Bits 7 through 0 configured as outputs
L Serial port configured as:
B Asynchronous mode
B Seven data bits
W Even parity
B 19.2-kbps bit rate
{3 Watchdog timer set to time out once every 1 ms.
4 Use the compare subsystem and set compare data to a specific pattern.
If match occurs, output pin is toggled appropriately as defined by action
register.
& Interrupt enabled
L2 Timer 1 and 2 used by the compare subsystem are initialized to 400 s.
The header file in Example 5-2is included in each of the TMS320C 14 example
program listings in this chapter. It defines constants used for symbolic access
to registers and bit field maps of control registers. The following example list-
ings refer to the header file simply as C14INC.
5-4
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Example 5-2. Header File Constants(TMS320C14)

*

*
*
*

.title /HEADER FILE CONSTANTS’

FILE NAME: Cl4INC

*THIS HEADER FILE DEFINES CONSTANTS FOR SYMBOLIC ACCESS
*TO REGISTERS AND BIT MAP FIELDS OF CONTROL REGISTERS

*
*

*DEFINE CONSTANTS FOR BITS
*

BITO
BIT1
BIT2
BIT3
BIT4
BITS
BIT6
BIT7
BITS
BIT9
BIT10
BIT11
BIT12
BIT13
BIT14
BITLS
*
MASKO
MASK1
MASK2
MASK3
MASK4
MASKS
MASK6
MASK?
MASKS
MASK9
MASK10
MASK11
MASK12
MASK13
MASK14
MASK15

.set
.set
.set
.s5et
.set
.set
.set
.set
.set
.set
. set
.set
.set
.set
.set
.set

.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set

00000000000000018
0000000000000010B
0000000000000100B
0000000000001000B
0000000000010000B
0000000000100000B
0000000001000000B
0000000010000000B
0000000100000000B
0000001000000000B
0000010000000000B
0000100000000000B
0001000000000000B
0010000000000000B
0100000000000000B
1000000000000000B

1111111111111110B
1111111111111101B
1111111111111011B
1111111111110111B
1111111111101111B
1111111111011111B
1111111110111111B
11111111011111118B
1111111011111111B
1111110111111111B
1111101111111111B
1111011111111111B

1110111111111111B

1101111113111111B
1011111111111111B
0111111111111111B
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*

BitIOBank .set 0
InterruptBank .set 0
WDTBank .set 1
SYSBank .set 1
TimerBank .set 2
CompareBank .set 3
ActionBank .set 4
SerialPort .set 5
CaptureBank .set 6
SerialPortRegs .set 7

*

ExternalIO .set OFFFFH
*

BSR .set 7

*

* DEFINE REGISTERS IN BitIOBank
*

I0P .set o]

DDR .set 1

BSET .set 2

BCLR .set 3

*

* DEFINE REGISTERS FOR InterruptBank
*

IF .set 4

IM .set 5

FCLR .set 6

*

* DEFINE REGISTERS IN WDTBank
*x

WDT .set 0

TMR4 .set ]

WPER .set 1

TPR4 .set 1

WTPL .set 2

*

* DEFINE REGISTER IN SYSBank
*

SYSCON .set 3

*

* DEFINE REGISTERS IN TimerBank
k4

TMR1 .set 0

TPR1 .set 1

TMR2 .set 2

TPR2 .set 3

TCON .set 4

*

* DEFINE REGISTERS IN CompareBank
*

CMPRO .set 0
CMPR1 .set 1
CMPR2 .set 2
CMPR3 .set 3
CMPRA4 .set 4
CMPRS .set 5

*

* DEFINE REGISTERS IN ActionBank
*

ACTO .set 0

ACT1 .set 1

ACT2 .set 2

ACT3 .set 3

ACT4 .set 4

ACTS .set 5

*
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* DEFINE REGISTERS IN SerialPort
" .
SCON .set 0
SSET .set 1
SCLR .set 2
TBR .set 3
RBR .set 4
SBRG .set 5
*
* DEFINE REGISTERS IN CaptureBank
*
FIFQ0 .set 0
FIFO1 .set 1
FIFO2 .set 2
FIFO3 .set 3
CCON .set 4
CCLR .set 5
*
* DEFINE SerialPortRegs
*
SMAT .set 2
TSR .set 3
RSR .set 4
STMR .set 5
*
* DEFINE BIT MAP FOR SYSCON
*
MCMPbit .set BITO
*
* DEFINE BIT MAP FOR STATUS REGISTER
*

ov .set BIT15
_OovM .set BIT14
_INTM .set BIT13
_ARP .set  BIT8
op .set  BITO
*
* DEFINE BIT MAP FOR INTERRUPT FLAG REGISTER
*
_NMI .set BIT1S
_INT .set BIT14
_STMRINT .set BIT12
_CAPINT3 .set BIT11
_CAPINT2 .set BIT10
_CAPINT1 .set BIT9
_CAPINTO .set BITS8
_CMPINTL .set BIT7
_CMPINTO .set BIT6
_TIMINT2 .set BITS
_TIMINT1 .set BIT4
_RXINT .set BIT3
_TXINT .set BIT2
_WDTINT .set BIT1
_IOPINT .set BITO
*
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FIELD

FIELD

* DEFINE SHIFTS FOR INTERRUPT BIT MAP
*

NMI_BIT .set 15

INT BIT .set 14

STMRINT_BIT .set 12

CAPINT3 BIT .set 11

CAPINT2 BIT .set 10

CAPINT1_BIT .set 9

CAPINTO _BIT .set 8

CAPINT1 BIT .set 7

CMPINTO_BIT .set 6

TIMINT2 BIT .set 5

TIMINT1 _BIT .set 4

RXINT BIT .set 3

TXINT BIT .set 2

WDTINT_BIT .set 1

IOPINT_BIT .set 0]

*

* DEFINE BIT MAP FOR TCON BIT

*

CAPIntOnFirst .set BIT15 ;15
CAPIntCnThird .set 0

*

CaptureEnable .set 0 ;14
CaptureDisable .set BIT14

*

CAPTMR2Select .set BIT13 ;13
CARPTMR1Select .set ¢}

*

CMPS5Enable . set Bitlz ;12
CAP3Enable .set 0

*

CMP4Enable .set BIT11 1l
CAP2Enable .set 0

*

CMPEnable .set BIT10 ;10
*

CMPTMR2Select .set BITO ;9
CMPTMR1Select .set 0

*

CMPPWMMode .set BITS ;8
CMPNormalMode .set 0

*

TMR2Enable .set BIT6 ;7,6 TIMER 2 MODE
*

TMRZInternal .set 0 ;5,4 TIMER 2 SOURCE
TMR2External .set BIT4+BITS

TMR2 fromTMR1 .set BITS

*

TMR1Enabie .set BIT1 ;2,1 TIMER 1 MODE
*

TMRlInternal .set 0 ;0 TIMER 1 SOURCE
TMR1External .set 1

*

*

* TIMER 1 AND 2 MODES

TMRStop .set V]

TMRby 4 .set 1

TMRbyl6 .set 2

TMRby 1l .set 3

*
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* BIT MAP FOR ACTION REGISTER
*

* ACTION CODES

*

CMPNoaction .set 0

CMPReset .set 1

CMPSet .set 2
CMPToggle .set 3

*

* COMPARE OQUTPUT ACTION FIELDS

*

CMPOAct .set BIT1l4
CMP1lAct .set BIT12
CMP2Act .set BIT1O0
CMP3Act .set BITS8
CMP4Act .set BIT6
CMP5Act .set BIT4

*

* COMPARE INTERRUPT ENABLES
*

CMPINT1Enable .set BIT3
CMPINT2Enable .set BIT2

ActionDefault .set BIT1+BITO
*

* BIT MAP FOR CCON
*
* CAPTURE CONTROL BIT FIELD DEFINITIONS
*
* FIFO STATUS BITS
*
FIFOFull .set 8
FIFONotEmpty .set 4
*
* CAPTURE MODE DEFINITIONS
*
CAPDisable .set 0
PosEdgeDetect .set 1
NegEdgeDetect .set 2
PosNegDetect .set 3
*
* CAPTURE CONTROL FIELDS
*
CAP3Mode .set BIT12
CAP2Mode .set BITS8
CAP1Mode .set BIT4
CAPOMode .set BITO
*
*
* BIT MAP FOR SCON

SCON BIT
*
*
SynchMode .set BITO
AsynchMode .set 0
*

ParityEnable .set BIT1
ParityDisble .set 0
*

OddParity .set BIT2
EvenParity .set 0

*

ParityError .set BIT3
*

FERR .set BIT4

*

;0
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* NUMBER OF DATA BITS SELECT FIELD

*

SixDataBits .8et 0 ;5,6
SevenDataBits .set BITS
EightDataBits .set BIT6
NineDataBits .set BIT3+BITé

*

RxOverflow .set BIT7 ;7
*

RxFull .set BITS8 ;8
*

* CODEC MODE FIELD

* SEE TABLE 3-19 FOR DEFINITIONS

*

CodecMode .set BITY 9,10,11,12,13
*

CodecEnable .set BIT14 ;14
*

TxEmpty .set BIT1S ;15
*

* EQUATES FOR BAUD RATE WITH 25.6 MHZ CLOCK
*

SBRG19200 .set 20

SBRGY9600 .set 40

SBRG4800 .set 82

SBRG2400 .set 166

SBRG1200 .set 332

SBRG300 .set 1332

*

* EQUATES FOR WDT RESET

*

WDTmagicl .set OABCDh
WDTmagicZ .set 2345h

Example 5-3. TMS320C 14 Processor Initialization

*

* INITIALIZATION FOR THE Cl4/El4
*

.title 'Cl4/E14 PROCESSOR INITIALIZATION’

*

.include “Cl4INC” ; INCLUDE HEADER FILE
*
WDT1mS .set 782 ;COUNTS FOR1 MS WITH MAX CLOCK RATE
TMR2Period .set 3125 ;PERIOD FORTIMER2 (400 MICROSEC)
I0PortData .set OASh
InterruptMask .set OFFFCh iMASK FOR IM TO ENABLE WDT
*

*
SerialPortMode .set

CaptureMode .set
CompareMode .set
Timer2Mode .set
TimerlMode .set
ActionMode .set

CaptureControl .set
*

.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss

.ref

5-10

;AND IOP INTERRUPTS

AsynchMode+SevenDataBits+ParityEnable+EvenParity
CAPINntOnFirst+CAPTMR2Select

CMP5Enable+CMPEnable
TMRZ2Enable*TMRbyl+TMR2Internal
TMR1Enable*TMRStop

CMP5Act *CMPToggle+ActionDefault

PosNegDetect *CAP2Mode

ONE, 1
T™P, 1
BANK, 1
REG, 1
VALUE, 1
WDTVALL, 1
WDTVALZ, .
INTMSK, 1

ISR
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* RESET AND INTERRUPT
*

* PLACE INIT TABLE IN

*

InitTable:

.text

B
B

.data

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

BRANCH INSTRUCTIONS

INIT
ISR

INITIALIZED DATA SPACE

WDT1mS

WDTmagicl

WDTmagic2

SerialPortMode ;SERIAL PORT MODE

SBRG19200
CaptureMode+CompareMode+TimerlMode+Timer2Mode
TMR2Period

InterruptMask

ActionMode

CaptureControl

* BACK TO PROGRAM SPACE

INIT:

*

text

ROVM
LDPK
LARK

* CLEAR DATA RAM
*

LOQP:

ZAC
LARP

SACL
BANZ
LACK
SACL
LT

MPYK
PAC

TBLR
SACL

LACK
SACL
ouT
LAC
ADD

SACL
TBLR

;DISABLE OVERFLOW MODE

0 ;POINT TC DATA PAGE ©

ARO. 255 $ARO = 2°%5

ARO ;ARP ~> ARO

* ;CLEAR MEMORY POINTED TO BY ARO

LOOF ;DECREMENT ARO AND BRANCH TO LOOP
;IF ARO > °

1

ONE ;ONE = 1

ONE

Init Table
;ACC = ->InitTable

;SINCE LACK ONLY REFERENCES AN 8
;BIT CONSTANT AND MPYK REFERENCES
;A 13BIT CONSTANT, MULTIPLYING BY
;1 AND THEN SAVING THE RESULT IN
; THE ACC THROUGH THE P REGISTER

; SOLVES THE PROBLEM OF GETTING A
;12 BIT ADDRESS INTO THE ACC

VALUE ;VALUE = InitTable[0Q]

TMP ;TMP = -»IritTable[0]

WDTBank ;INITIALIZE THE WDT PERIOD
;REGISTER

BANK ;LOAD WPER WITH COUNTS FOR 1MS

BANK, BSR ; TIMEOUT

VALUE, WPER

TMP

ONE

TMP ;TMP = ->InitTablell]

WDTVAL1 ;INITIALZF WDT MAGIC VALUE 1
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LAC
ADD
SACL
SACL

LAC
ADD
SACL
TBLR
LACK
SACL
ouT
ouT

LAC
ADD
SACL
TBLR

ouT

LaC
ADD
SACL
TBLR
LACK

SACL
ouT
ouT

LAC
ADD
SACL
TBLR
OouT

LAC
ADD
SACL
TBLR
LACK

SACL
our
ourt

LAC
ADD
SACL
TBLR
LACK
SACL
oUT
ouT

LAC
ADD
SACL
TBLR
LACK
SACL
ouT
ouT

INITIALIZE DDR

TMP
ONE
T™MP
WDTVALZ

TMP

ONE

TMP

VALUE
SerialPort
BANK

BANK, BSR
VALUE, SCON

TMP
ONE
TMP
VALUE

VALUE, SBRG

T™MP

ONE

T™P

VALUE
TimerBank

BANK
BANK, BSR
VALUE, TCON

TMP

ONE

TMP

VALUE
VALUE, TPR2

TMP

ONE

TMP

VALUE
InterruptBank

BANK
BANK, BSR
VALUE, IM

TMP

ONE

TMP

VALUE
ActionBank
BANK

BANK, BSR
VALUE, ACTS

T™P

ONE

TMP

VALUE
CaptureBank
BANK

BANK, BSR
VALUE, CCON

JTMP = ~>InitTable[2]
;INITIALIZEWDT MAGIC VALUE 2

;TMP = ->InitTable[3]
;INITIALIZE SCON REGISTER
;s ASYNCHRONOUS MODE

;7 DATA BITS

;EVEN PARITY

;TMP = ->InitTable([4]
;SET BAUD RATE GENERATOR FOR
;19200 BAUD

;TMP = ->InitTable(5]
;INITIALIZE TCON

;ENABLE CAPTURE, INTERRUPT ON
;FIRST INPUT

;COMPARE 5: TOGGLE MODE

;TIMER 1 STOP

;TIMER 2 DIVIDE BY 1, INTERNAL
;CLOCK

;TMP = ->InitTable(6]

; INITIALIZE TMR2 PERIOD

;LOAD WITH COUNTS FOR 400
;MICROSEC PERIOD WITH 25.,6MHZ
;CLOCK INPUT

;TMP = ->InitTable[7]
;INITIALTIZE INTERRUPT MASK
;ENABLE WDT AND IOP

; INTERRUPTS

;TMP = ->InitTable[8]

; INITIALIZE ACTION MODE FOR CMP5

: TOGGLE COMPARE OUTPUT 5

;TMP = ->InitTable{9]
;INITIALIZE CAPTURE CONTROL

;DETECT RISING OR FALLING EDGES ON CAP
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*

* CONFIGURE BITS 0-7 OF IOP AS QUTPUTS AND 8-15 OF IOP AS INPUTS
*

LACK  BitIOBank

SACL  BANK

OUT BANK, BSR

LACK  11111111B

SACL  VALUE

ouUT VALUE, DDR

* *

EINT

END

THIS COMPLETES DEVICE INITIALIZATION

;ENABLE INTERRUPTS

5.1.4 TMS320C17 Initialization

Table 5-2. Control Register Bit Definitions

To configure the TMS320C 17 after reset, the following internal functions must

be initialized:

Q0000 0w

Interrupt structure

Serial-port framing-pulse generation selection
Serial-port connection

Companding hardware

Serial-port clock

Auxiliary register pointer

Data memory page pointer

Overflow mode

Two of the I/O ports are dedicated to the serial port and companding hardware,
the operation of which is determined by the 32 bits of the system control regis-
ter. Table 5-2 lists the control register bits and gives brief definitions.

Control Register Bit # Definition
Port 0

CR3-CR0 interrupt flags
CR7-CR4 Interrupt mask bits
CRs8 Port 1 configuration control
CRs External framing enable for serial port transfers
CR10 XF external logic output flag latch
CR11 Serial port companding mode select
CR13-CR12 Companding hardware enable
CRi14 A-law/p-law conversion select
CR15 Serial clock (SCLK) control
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Table 5-2.  Control Register Bit Definitions (Continued)

Control Register Bit # | Definition
Port 1
CR23-CR16 Frame counter modulus
CR27-CR24 Serial clock (SCLK) prescale control (divide ratios)
CR28 FR pulse-width contro!
CR30-CR29 I/O control
CR31 Reserved for future expansion (set to 0)

Example 5-4 shows coding for initializing the TMS320C17 serial-port and
companding hardware for interface to a codec. The following machine state is
loaded:

@ Load the value 0B988h into the lower control register.This sets bit (CR8)
enabling port 1 to access the upper control register. This also sets (R15)
to logic 1, which configures SCLK as an input to the device. This insures
safe system operation (SCLK line contention is avoided) and prevents in-
valid serial port timing during the initialization routine.

3 The upper control register is set as follows:
B Long FR pulse (variable data-rate selected)
M SCLK divide ratio of 10
B FR frequency at SCLK/256 for an 8-kHz framing pulse
B The value 7CFEh is loaded into the upper control register

Note that the data operand of the upper control register is set at 7CFEh. This
selects 2s-complement companding for the serial port and 16-bit length copro-
cessor mode (that is, for interface to 16-bit processors). When 2s-complement
companding is used, there must be at least one instruction between an OUT
instruction to the serial port transmit register and an IN instruction from the seri-
al port receive register.

[ The lower control register is then configured as follows:
B Interrupt flags cleared
B Active FRinterrupt enabled. (The FR interrupt flag is generated inde-
pendently of the enable condition to the serial port)
Port transfers enabled by active FR
Serial companding mode selected (see subsection 5.6.1)
Companding hardware enabled
u-law conversion selected
SCLK selected as an output
The value 3888h now loaded into the lower control register.

Note that the interrupt flags are flip-flops. Writing a one to an interrupt flag
clears it and sets the corresponding flag to zero; that is, a write to the flags af-
fects the clear or reset input of the flip-flops.
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Example 5-4. TMS320C17 Processor Initialization

*A BRANCH INSTRUCTION AT PROGRAM MEMORY LOCATION O DIRECTS
*PROCESSOR EXECUTION HERE. THE CONTROL REGISTER VALUES ARE
*STORED IN ROM STARTING AT LOCATION 4. THESE VALUES ARE
*THEN READ INTO RAM FOR THE OUT INSTRUCTIONS TO THE CONTROL
*REGISTER. MEMORY LOCATIONS SET1-SET3 AND ONE ARE LOCATED
*ON RAM PAGE 1. THE PROGRAM MEMORY LOCATION HAS A BRANCH TO
*THE INTERRUPT SERVICE ROUTINE.

*

.def RESET, INT, INIT

.ref ISR
*
ONE . set 1 ;CONSTANT ONE
SET1 . set 2 ; LOWER CONTROL REGISTER
SET2 .set 3 ;UPPER CONTROL REGISTER
SET3 .set 4 : LOWER CONTROL REGISTER
*

* PROCESSOR INITIALIZATION.

* RESET AND INTERRUPT VECTOR SPECIFICATION.
*

text
RESET B INIT ;RS BEGINS PROCESSING HERE
INT B ISR ; INT BEGINS PROCESSING HERE
TABLE .word OB988h ; CONTROL REGISTER DATA
.word 7CFEh
.word 3888h
*
INIT DINT ;DISABLE INTERRUPTS
SOVM ;SET OVERFLOW MODE
LARP 0 ;USE AUXILIARY REGISTER O
LDPK 1 ;WORK IN RAM PAGE 1
LACK 1 ;ACC =1
SACL ONE ;STORE 1 IN MEMORY LOCATION ONE
LACK TABLE ; START AT LOCATION 4 :
TBLR SET1 ;READ VALUE 0B988h TO RAM
ADD ONE, O ; INCREMENT ADDRESS
TBLR SET2 ;READ VALUE 1CFEh TO RAM
ADD ONE, O ; INCREMENT ADDRESS
TBLR SET3 ;READ VALUE 3888h TO RAM
ouT SET1,0 ;CONFIGURE LOWER CONTROL REGISTER
ouT SET2,1 ; CONFIGURE UPPER CONTROL REGISTER
ouT SET3,0 ;CONFIGURE LOWER CONTROL REGISTER
LDPK 0 ;RESET RAM PAGE TO O

THE PROCESSOR IS INITIALIZED. THE REST OF THE SYSTEM THAT
IS APPLICATION-DEPENDENT SHOULD BE INITIALIZED BEFORE THE
EINT INSTRUCTION.

* 5k % O %

EINT ;ENABLE INTERRUPTS
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5.2 Interrupt Management

The interrupt function allows the current process to be suspended to perform
a more critical function. On the TMS320C 10 and the TMS320C 15, processor
execution may be suspended on a high-priority basis by using the INT pin.
Otherwise, a lower priority interrupt can be serviced by using a software (BIO)
polling technique.

Four interrupts on the TMS320C17 and 15 interrupts on TMS320C14 are
maskable via the system control register. These interrupts are synchronized
and multiplexed into the master interrupt circuitry and have the same priority.
Software polling techniques are used to determine which input caused the in-
terrupt when multiple interrupts are enabled.

Processing in the interrupt service routine (ISR) must assure that the proces-
sor context is saved before and during execution and restored whenthe routine
is finished. Descriptions and examples of how to implement interrupt service
routines, BIO polling, and context switching are provided in this section.

5.2.1 TMS320C10 and ’15 Interrupt Service Routine

The TMS320C10 and TMS320C15 devices provide one maskable interrupt
(INT). Using the INT pin permits the processor’s execution to be suspended
at any point in the program except after a multiply instruction. The instruction
following the MPY and MPYK instructions is always executed.

Interrupt processing on the TMS320C 10, TMS320C15 begins as follows:

1) The EINT (enable interrupt) instruction is executed, which sets the INTM
(interrupt mode) bit to 0 so that an interrupt can be received.

2) When an interrupt occurs, the INTF (interrupt flag) bit is set to 1.
As interrupt servicing begins, the following sequence occurs automatically:

1) Theinterrupt is acknowledged, which clears the INTF (interrupt flag) bit to
0.

2) The INTM (interrupt mode) bit is set to 1 to disable further interrupts.
3) The current PC is pushed onto the TOS (top of stack).
4) The new PC is set to 2.
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During servicing of the interrupt, you commonly perform the following opera-
tions in software: :

1) The interrupt service routine is executed. Program memory address 2 will
have either a service routine to save the context of the machine or abranch
to the interrupt service routine.The context of the machine can be saved
and the source of the interrupt serviced. Then, the context is restored and
the interrupts enabled prior to returning from the interrupt routine.

2) The EINT (enable interrupt) instruction is executed, which sets the INTM
(interrupt mode) bit to 0.

3) The RET instruction is executed.

The hardware interrupt can be masked at critical points in the program with the
DINT instruction. This sets the INTM (disable interrupt mode) bit to logic one.
If an interrupt occurs while INTM equals one, the interrupt will not be serviced
until the interrupts are enabled again. However, the INTF(interrupt flag) is set
to one, and the interrupt is held pending. The interrupt will be serviced when
the INTM bit is set to zero by executing the EINT instruction. If an interrupt is
pending when an enable interrupt operation occurs, the interrupt is serviced
after the execution of the instruction following the EINT instruction. This allows
for a return instruction to be executed before an interrupt is acknowledged.

An interrupt-driven analog input channel can be implemented by using the
technique described and shown in Example 5-5. However, multiple-level data
buffering will impact system /O overhead. Analog systems supported by
TMS320C 1x devices usually have information bandwidths of less than 20 kHz.
The desired sample rate can be generated by dividing the CLKOUT signal from
the TMS320 processor. Itis advisable to provide at least a one-level data buffer
to ensure the integrity of the data read by the processor. If an 8-kHz sample
rate is used (for example), the system must then respond to an analog interrupt
every 125 us. The percentage of I/O overhead incurred by this arrangement
can be computed by determining the number of clock cycles that the TMS320
processor spends in the interrupt routine servicing each sample and dividing
by the number of clock cycles available between each sample. Example 5-5
shows a typical interrupt service routine. Note that the memory location flag
(FLAG) contains a 1-bit flag to indicate that the required number of samples
has been received.

Example 5-5. TM5320C10 and TMS320C 15 Interrupt Service Routine

THIS ROUTINE SERVICES AN EXTERNAL INTERRUPT. IT MAY BE
LOCATED AT PROGRAM MEMORY LOCATION 2, OR A BRANCH AT
LOCATION 2 DIRECTS PROGRAM EXECUTION HERE. THE ROUTINE
READS DATA FROM AN EXTERNAL DEVICE (A/D CONVERTER). THE
NUMBER OF SAMPLES OBTAINED ARE STORED IN MEMORY LOCATION
COUNT. LIMIT IS THE NUMBER OF SAMPLES NEEDED. MEMORY
LOCATION ONE CONTAINS THE CONSTANT 1. STATUS IS ALWAYS
STORED ON DATA PAGE 1 WHEN USING DIRECT MEMORY ADDRESSING.
ASSUME ARO POINTS TO THE NEXT EMPTY LOCATION IN THE SAMPLE
BUFFER.

A % % ok ok b % 2k 3 %
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ADC .set 0 ;ASSIGN PAO TO A/D CONVERTER
STATUS .set 0 ; STATUS REGISTER STORAGE ON PAGE 1
ACCL .set 1 ;ASSIGN LOCATION TO SAVE STATUS/ACC
ACCH .set 2
SAMP .set 3 :STORE INPUT DATA HERE
COUNT .set 4 ;COUNT # OF SAMPLES HERE
FLAG .set 5 ;ASSIGN MEM LOCATION TO FLAG
LIMIT .set 32 ;ASSIGN TOTAL # OF SAMPLES REQUIRED
*

.text
ISR SST STATUS ; SAVE STATUS

LDPK 1 ;USE DATA PAGE 1

SACL ACCL ; SAVE ACCUMULATOR LOW

SACH ACCH ; SAVE ACCUMULATOR HIGH

LARP 0 ;USE ARO

IN *—,ADC ; READ FROM ADC

LAC COUNT ; LOAD SAMPLE COUNTER

ADD ONE ; INCREMENT

SACL COUNT ; STORE UPDATED COUNT

LACK LIMIT

SUB COUNT ;CHECK IF LIMIT EXCEEDED

BGZ OK
DONE LACK 1

SACL FLAG ;YES --> SET FLAG
OK ZALH ACCH ;RESTORE ACCUMULATOR HIGH

ADDS ACCL ;RESTORE ACCUMULATOR LOW

LST STATUS ;RESTORE STATUS

EINT ;ENABLE SUBSEQUENT INTERRUPTS

RET

If the processor is using a 20-MHz clock, the number of available cycles be-
tween each sample is 625. The overhead required to service this system is
18/625 = 2.9 percent. This overhead burden can be reduced by using a FIFO
(first in, first out) to buffer the data. In this case, the TMS320 device needs to
be interrupted only when the buffer has filled. If a 16-level FIFO is used in the
example above, this interrupt occurs every 2 ms, and the overhead burden is
reduced to about 0.5 percent.

If two different kinds of devices are being serviced by the same interrupt rou-
tine, the BIO pin can be used to determine which device needs to be serviced
(see subsection 5.2.4 for BIO polling).

5.2.2 TMS320C14 Interrupt Service Routine

5-18

The TMS320C14 provides a total of 15 external and internal interrupts. Two
interrupts are dedicated for external sources. The remaining interrupts service
the on-chip peripherals. All interrupts, except NMI, are maskable through an
interrupt mask register (IM). The interrupts are synchronized and multiplexed
into the master interrupt circuitry and have the same priority. Software poliing
techniques are used to determine which input caused the interrupt.

Interrupt processing on the TMS320C14 begins as follows:
1) The EINT (enable interrupt) instruction is executed, which sets the INTM
(interrupt mode) bit to 0 so that an interrupt can be received.
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2) When an interrupt occurs, the IF (interrupt flag) bit is set to 1.
3) |f the corresponding interrupt mask (IM) bit is zero, the CPU interrupt is
generated.

As the interrupt is generated (either by an internal or external source), the fol-
lowing sequence occurs automatically:

1) The INTM bit is set to 1 to disable further interrupts.
2) The current PC is pushed onto the TOS (top of stack).
3) The new PCis setto 2.

During the servicing of the interrupt, you commonly perform the following oper-
ations in software:

1) Program memory address 2 will either have a service routine to save the
context of the machine or branch to the interrupt service routine.

2) The interrupt service routine is executed. The context of the machine may
be stored and restored later if required. The following sequence can be
used to select which interrupt to service:

a) Use software polling techniques to determine which one of the 15flags
has been set in the control register.

b) Check for corresponding mask bits before proceeding (optional).

c) Clear the flag (reset to 0) through the FCLR register and service the
source of the flag.

3) The EINT instruction is executed, clearing the INTM bit to 0.

4) The RET instruction is executed.

Although all interrupts have the same hardware priority, you can control the
polling of the interrupt flags. The ISR should clear the interrupt fiag before ex-
ecuting the EINT instruction or enabling interrupts. Note that clearing the flag
register requires writing a one to the FCLR register. Writing a zero has no ef-
fect. The interrupt service routine in Example 5-6 is for a system with five ac-
tive interrupts and includes polling.

Example 5-6. TMS320C14 Interrupt Service Routine
THIS IS AN EXAMPLE INTERRUPT SERVICE ROUTINE

* Ok X %k % % *

*

THIS ROUTINE MAY BE LOCATED AT LOCATION 2 TO BE INVOKED THROUGH

A BRANCH LOCATED AT LOCATION 2. THIS MODULE IS DESIGNED AS A
DISPATCHER FOR THE VARIOUS SERVICE ROUTINES THAT WOULD BE REQUIRED
TO IMPLEMENT THE DESIRED RESPONSES TO SYSTEM INTERRUPTS.

.include "C1l4INC” ; INCLUDE HEADER FILE
.def ISR, ISRexit

.ref Rxisr,Txisr,WDTisr,NMIisr, INTisr, IOPisr
.ref ONE s INITIALIZED TO 1
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.ref BANK ;THESE 7 LOCAL VARIABLES SHOULD BE
.ref STATUS ;PLACED ON PAGE 1
.ref ACCL
.ref ACCH
.ref BankSave
.ref T™P
.ref IFimage

w*
.text

*

ISR:

*

SAVE ENVIRONMENT

* .
SST STATUS 7SAVE STATUS ON DATA PAGE 1
LDPK 1 ;DP NOW POINTS TO DATA PAGE 1
SACL ACCL ; SAVE ACCUMULATOR
SACH ACCH
IN BankSave, BSR ;SAVE BSR

*

* BRANCH TO THE APPROPRIATE INTERRUPT SERVICE ROUTINE BASED

* ON BIT MAP OF IF
*

ouT InterruptBank,BSR ;GET INTERRUPT FLAGS
IN IFimage, IF ;STORE IN IFimage
LAC ONE, 15 ;TMP = 7FFFh
SUB ONE ‘
SACL T™MP
ouT TMP,FCLR ;CLEAR ALL INTERRUPTS
*
* TEST FOR INTERRUPTS FROM:
* NMI
* TRANSMITTER AND RECEIVE SECTIONS
* OF SERIAL PORT
* WDT
* BIT I/0 PORT
* INT PIN
*
* IGNORE ALL OTHER INTERRUPTS
*
LAC ONE,NMI_BIT
AN IFimage
BZ SkipNMI ;IF (NMI) NMIisr()
CALL NMIisr
SkipNMI:
LAC ONE, RXINT_BIT
AND IFimage
B2 SkipRx ;IF (RECEIVE PORT INTERRUPT) Rxisr()
CALL Rxisr
SkipRx:
LAC ONE, TXINT BIT
AND IFimage
BZ SkipTx ; IF (TRANSMIT PORT INTERRUPT) Txisr()
CALL Txisx
SkipTx:
LAC ONE,WDINT BIT
AND IFimage
BZ SkipWDT ; IF (WDT INTERRUPT) WDTisr
CALL WDTisr
SkipWDT:
LAC ONE, ICPINT BIT
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SkipIOP:

SkipINT:
*

*
*

ISRexit:
*

*
*

RESTORE:

AND IFimage
BZ SkipIOP ;IF (I/0 PORT INTERRUPT) IOPisr
CALL I0Pisr
LAC ONE, INT_BIT
AND IFimage
BZ SkipINT ;IF (INT) INTisr
CALL INTisr
EXIT INTERRUPT SERVICE ROUTINE
RESTORE ENVIRONMENT
ouT BankSave, BSR ;RESTORE BSR
ZALH ACCH ;RESTORE UPPER ACCUMULATOR
ADDS ACCL ;RESTORE LOWER ACCUMULATOR
LST STATUS ;RESTORE STATUS
EINT ;ENABLE INTERRUPTS
RET ;RETURN TO INTERRUPTED CODE
END

5.2.3 TMS320C17 Interrupt Service Routines

The TMS320C17 has four maskable interrupts: EXINT, FSR, FSX, and FR.
The interrupts are maskable via the system control register bits CR7-CR4. Bits
CR3-CRO serve as the interrupt flags for the four interrupts. An active signal
onany of these interrupts sets the corresponding interrupt flag to one. Because
all four interrupts activate a single master interrupt flag, the interrupt service
routine (ISR) should poll ali four interrupt flags and check for the corresponding
interrupt source. The ISR may also need to poll the individual mask bits
(CR7—-CR4) before recognizing the interrupt flag.

Interrupt processing on the TMS320C17 begins as follows:

1) The EINT (enable interrupt) instruction is executed, which sets the INTM
(interrupt mode) bit to 0 so that an interrupt can be received.

2) When an interrupt occurs, the INTF (interrupt flag) bit is set to 1.
As interrupt servicing begins, the following sequence occurs automatically:

1) The interrupt is acknowledged, which clears the INTF (interrupt flag) bit to
0.

2) The INTM (interrupt mode) bit is set to 1 to disable further interrupts.
3) The current PC is pushed onto the TOS (top of stack).
4) The new PC is setto 2.

During servicing of the interrupt, perform the following operations in software:
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1) Executethe interrupt service routine. Program memory address has either
aservice routine to save the context of the machine or a branch to the inter-
rupt service routine.The context of the machine may be saved and re-
stored later if required. Follow these steps to select which interrupt to ser-
vice:

a) Use software polling techniques to determine which one of the four
flags has been set in the control register.

b) Check for corresponding mask bits before proceeding (optional).

¢) Clearthatflag (reset by writing a 1) and service the source of that flag.
Before you clear the flag there must be an interval of at least four clock
cycles after the flag has been set. Before clearing the EXINT flag, the
interrupt source must have been taken away for four cycles.
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Allinterrupts are synchronized and multiplexed into the master interrupt circuit-
ry and have the same priority. However, you can set priorities in polling the in-
terrupt flags. The ISR should clear the interrupt flag before executing an EINT
instruction or enabling the interrupts. Note that writing a one to an interrupt flag
will clear it: that is, set the corresponding flag to zero. If the interrupt condition
persists when an attempt is made to clear the flag, that interrupt flag will remain
set. This condition is applicable only to EXINT or its equivalent in coprocessor
port mode. In the coprocessor mode on the TMS320C17, the BIO and EXINT
lines cannot be driven externally but are reserved for transfers to/from the co-
processor port. Example 5-7 shows an example interrupt service routine, in-
cluding polling, for a system with three active interrupts enabled

Example 5-7. TMS320C17 Interrupt Service Routine

% % % % b X % ¥ ¥ ¥

*

THIS ROUTINE MAY BE LOCATED AT PROGRAM MEMORY LOCATION 2,
OR A BRANCH INSTRUCTION AT LOCATION 2 DIRECTS PROGRAM

EXECUTION HERE.
CONSTANT 1.

MEMORY LOCATION ONE CONTAINS THE
STATUS IS ALWAYS STORED ON DATA PAGE 1 WHEN

DIRECT MEMORY ADDRESSING IS USED.

RECV IS THE SERVICE ROUTINE FOR THE RECEIVE INTERRUPT.
XINT IS THE SERVICE ROUTINE FOR THE EXTERNAL INTERRUPT.
TRANS IS THE SERVICE ROUTINE FOR THE TRANSMIT INTERRUPT.

.def
.ref

STATUS .set

ACCL .set
ACCH . set
RBUF .set
CREG .s5et
*

.text
ISR SST

LDPK

SACL ACCL
SACH ACCH

*

* % * ¥ % % X

ISR, RECV,XINT

TRANS

0 ;

1 ;ASSIGN LOCATION TO SAVE STATUS/ACC
2 ;

3 ;STORE RECEIVE DATA HERE

4 ; TEMP LOCATION TO STORE CONTROL REG
STATUS ; SAVE STATUS

1

;USE DATA PAGE 1
; SAVE LOW ACCUMULATOR
; SAVE HIGH ACCUMULATOR

THIS ROUTINE CHECKS FOR THREE ACTIVE INTERRUPTS OCCURRING
AND SERVICES THEM ACCORDINGLY. IT IS ASSUMED THAT ONE OF
THREE IS THE SOURCE OF THE INTERRUPT. AFTER AN INTERRUPT
IT MUST BE RESET BY THE INTERRUPT SERVICE
ROUTINE TO AVOID BEING INTERRUPTED AGAIN ON THE RETURN
FROM THE SUBROUTINE.

FLAG IS SET,

IN

LAC
AND
BNZ
LAC
AND
BNZ

CREG, PAQ ;READ LOWER CONTROL REGISTER
ONE, O ; LOAD INT INTERRUPT MASK

CREG ;INT FLAG SET?

XINT ;GO TO INT SERVICE ROUTINE

ONE, 2 ; LOAD FSX INTERRUPT MASK

CREG ;FSX FLAG SET?

TRANS ;GO TO TRANSMIT SERVICE ROUTINE
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* INTERRUPT MUST BE FSR.

*

RECV LACK
OR
SACL
LACK
XOR
SACL

IN
*

CFh
CREG
CREG
OBh
CREG
CREG

;SET ALL INTERRUPT FLAGS IN CREG

; ZERO ALL INTERRUPT FLAGS EXCEPT FSR

RBUF, PALl ;READ REC DATA FROM PORT 1

* RESTORE STATUS.

*

RESTOR OUT
ZALH
ADDS
LST
EINT
RET
*

* INTERRUPT

*

XINT IN
LACK

5.2.4 BIO Polling
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CREG, PAO ;RESTORE CNTL REG. CLEAR INTERRUPTS
ACCH ;RESTORE HIGH ACCUMULATOR

ACCL ;RESTORE LOW ACCUMULATOR

STATUS ;RESTORE STATUS

;ENABLE INTERRUPTS

MUST BE COPROCESSOR EXINT.

CPBUF,PAS ;READ LATCH DATA FROM PORT 5

0Fh ;SET ALL INTERRUPT FLAGS IN CREG

CREG

CREG

OEh ;ZERO ALL INTERRUPT FLAGS EXCEPT EXINT
CREG

CREG

RESTOR ;BRANCH TO RESTORE STATUS

A low priority interrupt can be serviced by using BIO polling.Executing the BIOZ
instruction polls (or tests) the BIO pin to see if a device needs to be serviced.
This method allows a critical loop or set of instructions to be executed without
avariation in execution time. Because the test for the BIO pin occurs at defined
points in the program, context saves are minimal.

The BIO pin can be used to monitor the status of a peripheral. If the FIFO (first
in, first out) full status line is connected to the BIO pin, the FIFO is serviced only
whenthe FIFQ is full. Inthe following code segment, the FIFO contains 16 data
words. The BIO pin is tested after each time-critical function has been ex-
ecuted.

BIOZ SKIP

CALL SERVE
SKIP
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The subroutine does not have to save the registers or the status, because a
new procedure will be executed after the device is serviced, as shown in the
following code:
SERVE LARK ARO, 15

LARK AR1, TABLE
LOOP LARP 1

IN  *+,PA0,ARQ

BANZ LOOP

RET

The FIFO must be serviced before another word is input; otherwise, data may
be lost. This servicing of the FIFO determines the frequency at which the poll-
ing must take place.

5.2.5 Context Switching

Context switching, commonly required when processing a subroutine call or
interrupt, may be quite extensive or simple, depending on system require-
ments such as the use of the stack or auxiliary registers. Unless the interrupt
service routine (ISR) is a simple I/O handler, the processing in the ISR general-
ly must assure that the processor context is preserved during execution. The
context must be saved before executing the routine itself and must be restored
when the routine is finished. A common routine may be used to secure the con-
text of the processor during interrupt processing.

The TMS320C1x program counter is stored automatically on the hardware
stack. If there is any important information in the other TMS320C1x registers,
such as the status or auxiliary registers, these must be saved by user software.
A stack in data memory, identified by an auxiliary register, is useful for storing
the machine state when processing interrupts.

During an interrupt, all registers except the P register can be saved and re-
stored directly. However, the TMS320C1x devices have hardware protection
against servicing an interrupt between an MPY or MPYK instruction and the
following instruction. For this reason, it is advisable to follow the MPY and
MPYK instructions with LTA, LTD, PAC, APAC, or SPAC instructions thattrans-
fer data from the P register to the accumulator.

Example 5-8 and Example 5-9 show the routine for saving and restoring the
state of the TMS320C1x processor. Auxiliary register 1 (AR1) is used in both
examples as the stack pointer. As the stack grows, it expands into lower
memory addresses. The registers saved are the ST status register, accumula-
tor (ACC), P register, T register, all four levels of the hardware stack, and auxil-
iary registers ARO and AR1.
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The routines in Example 5-8 and Example 5-9 are protected against inter-
rupts, allowing context switches to be nested. This is done with the MAR*—and
MAR*+ instructions at the beginning of the context save and context restore
routines, respectively. Note that the last instruction of the context save de-
creases AR1 while the context restore is completed with an increase of AR1.
This prevents the loss of data if a context save or restore routine is interrupted.

Example 5-8. Context Save

5-26

.title ' CONTEXT SAVE’
.def SAVE
text

*
* CONTEXT SAVE ON SUBROUTINE CALL OR INTERRUPT. ASSUME THAT
* AR1 IS THE STACK POINTER AND AR1 = 128.
*
SAVE LARP ARl ; CHANGE POINTER TO AR1 ARl = 128
MAR *- ; ARl = 127
*
* SAVE THE STATUS REGISTER.
*
SST *- ;ST —=> (127), AR1 = 126
*
* SAVE THE ACCUMULATOR.
*
SACH *- ;ACCH --> (126), ARl = 125
SACL *- 7ACCL —-=-> (125), ARl = 124

*
* SAVE THE P REGISTER.
*
* THE P REGISTER CANNOT BE EASILY RESTORED FROM MEMORY. ON
* TMS320C1lx DEVICES, IT IS ASSUMED THAT THE MPY AND MPYK
* INSTRUCTIONS HAVE BEEN FOLLOWED BY AN APAC, PAC, SPAC,
* LTA, OR LTD INSTRUCTION. HENCE, SAVING THE ACCUMULATOR
* HAS ALSO SAVED THE P REGISTER.
*
* SAVE THE T REGISTER.
*

MPYK 1 ;T =-—> P

PAC ;T --> ACC

SACL *- ;T - (124), ARl = 123

*

SAVE ALL FOUR LEVELS OF THE HARDWARE STACK.

POP ; TOS --> ACC,

SACL *- ;TOS (4) ——> (123), ARl = 122
POP ;STACK (3) -—> ACC,

SACL *- ;STACK (3) --> (122), ARl = 121
POP ;STACK(2) -—> ACC,

SACL *- ;STACK (2) -——> (121), AR1 = 120
POP ;BOS (1) -=> ACC,

SACL *- ;BOSt1)  —-=> (120), ARl = 119

*

SAVE AUXILIARY REGISTERS

SAR ARO, *- ;ARO -—> (119), AR1
SAR AR1, *- ;AF1 --> (118), AR1

118
117

*

SAVE IS COMPLETE.
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Example 5-9. Context Restore

* ¥ % %

.title ’CONTEXT RESTORE’

.def = RESTOR
.text

CONTEXT RESTORE AT THE END OF A SUBROUTINE OR INTERRUPT.

ASSUME THAT ARl IS THE STACK POINTER AND ARl = 117.

RESTOR LARP ARl

* *

*

*

MAR *+

;CHANGE POQINTER TO AR1l, ARl

IS
’

RESTORE AUXILIARY REGISTERS.

LAR AR1,*+
LAR ' ARO, *+

:(118) -=> AR1,
:(119) --> ARO,

AR1

AR1
ARO

RESTORE ALL FOUR LEVELS OF THE HARDWARE STACK.

ZALS *+
PUSH
ZALS *+
PUSH
ZALS *+
PUSH
ZALS *+
PUSH

; (120) --> ACC,
; (120) -=> BOS (1),
: (121) =-=> ACC,
; (121) --> STACK(2),
; (122) --> AcC,
; (122) ==> STACK(3),
; (123) --> acce,
:(123) --> TOS (4),

RESTORE THE T REGISTER.

LT  *+

;(124) --> T,

RESTORE THE ACCUMULATOR.

ZALS *+
ADDH *+

; (125) --> ACCL,
; (126) ——> ACCH,

RESTORE THE STATUS REGISTER.

LST *+
RESTORE IS COMPLETE.

EINT
RET

:(127) --> ST,

;ENABLE INTERRUPTS

ARl
AR1

AR1

;RETURN TO CALLING ROUTINE

117
118

119
120

121

122

123
124

125

126
127

128
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5.3 Program Control

To facilitate the use of the TMS320C1x in general-purpose high-speed pro-
cessing, a variety of instructions are provided for software stack expansion, im-
plementation of subroutine calls, addressing and loop control with auxiliary
registers, and computed GOTOs. Descriptions and examples of how to use
these features are given in this section.

5.3.1 Software Stack Expansion

5-28

The TMS320C1x except the TMS320C 16 has a 12-bit program counter (PC)
and a four-level hardware stack for PC storage. Provisions have been made
on the TMS320C 1x for extending the hardware stack into data memory. This
is useful for deep subroutine nesting or stack overflow protection.

Note:

Because of the large (64K) address space of the 'C16, the PC is 16 bits long
and the hardware stack is eight levels deep.

[ "

You can access the hardware stack via the accumulator with the PUSH and
POP instructions. The PUSH instruction pushes the 12 LSBs of the accumula-
tor onto the top of the stack (TOS). The POP instruction pops the TOS into the
12 LSBs of the accumulator. Following the POP instruction, the TOS can be
moved into data memory by storing the low-order accumulator word (SACL in-
struction). This allows expansion of the stack into the data RAM. From data
RAM, the stack can easily be copied into off-chip program RAM by using the
TBLW instruction. In this way, the stack can be expanded to a very large size.

When the stack has four values stored on it and one or more values are to be
put on the stack before any other values are popped off, a subroutine can be
used to perform software stack expansion. Such a routine is illustrated in
Example 5-10. In this example, the main program stores the stack starting lo-
cationin memory inthe auxiliary register and indicates to the subroutine wheth-
er to push data from memory onto the stack or pop data from the stack to
memory. If a zero is loaded into the accumulator before the subroutine is called,
the subroutine pushes data from memory to the stack. If a one is loaded into
the accumulator, the subroutine pops data from the stack to memory.

A CALL instruction should be used to initiate execution of the software stack
expansion routine. Because the CALL instruction uses the stack to save the
program counter, the subroutine pops this value into the accumulator and
saves it in a memory location. Then, at the end of the subroutine, this value is
reloaded into the accumulator, and the main program is reentered by using the
RET instruction. This prevents the calling routine program counter from being
stored into a memory location. The BANZ (branch on auxiliary register not
zero) instruction controls all of the loops in Example 5-10.
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Example 5-10. Software Stack Expansion

0C1l

*
*
*
*
L
*

.set

STACK LARK

PO

POl

5.3.2 Subroutine Calls

LDPK
BNZ
POP
SACL

LARP
LAC
PUSH
BANZ
LAC
PUSH
RET

POP
SACL
LARP
MAR

LARP
POP
SACL
BANZ
MAR
LAC
PUSH
RET

0

AR1, 3
1
PO

LOC1

*+, ARl

LOC1

LOC1
AROD

*

*-,0,ARL
POl

*4

LOC1

THIS ROUTINE EXPANDS THE STACK WHILE LETTING THE MAIN
PROGRAM DETERMINE WHERE TO STORE THE STACK CONTENTS OR
FROM WHERE TO RECOVER THEM.

;LOAD COUNTER

;USE PAGE 1

;IF POPD IS NEEDED, GO TO PO
;LOAD PC INTO ACCUMULATOR
;STORE PC AT MEM LOCATION LOC1

;USE ARO

; LOAD ACCUMULATOR INTO MEMORY
;PUT MEMORY ON STACK

;BRANCH TO P UNTIL STACK IS FULL
; LOAD PC INTO ACCUMULATOR

;PUT RETURN ADDRESS ON STACK
;RETURN TO MAIN PROGRAM

;LOAD PC INTO ACCUMULATOR
; SAVE PC INTO MEMORY

;USE ARO

;ALIGN STACK POINTER

;USE ARO

;PUT STACK IN ACCUMULATOR
;STORE STACK IN MEMORY
;BRANCH TO POl UNTIL SAVED
;REALIGN STACK POINTER

; LOAD ACCUMULATOR WITH PC
;PUT RETURN ADDRESS ON STACK
;RETURN TO MAIN PROGRAM

When a subroutine call is made with the CALL or CALA instruction, the current
contents of the program counter are stored on the top of the stack. At the end
of the subroutine, a RET (return from subroutine) instruction pops the top of
the stack to the program counter. The program then resumes when the instruc-
tion following the subroutine call executes.

In two circumstances, a level of stack must be reserved for the machine's use.
First, the TBLR and TBLW instructions use one level of stack. Second, when
interrupts are enabled, the PC is saved on the stack during the interrupt rou-
tine. If asystem is designed to use both interrupts and a TBLR or TBLW instruc-
tion, only two levels of stack are available for nesting subroutine calls.
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Subroutine calls can be nested more than two levels deep if the return address
is removed from the stack and saved in data memory. The POP instruction
moves the top of stack (TOS) into the accumulator and pops the stack up one
level. The return address can then be stored in data memory until the end of
the subroutine when it is put back into the accumulator. The PUSH instruction
pushes the stack down one level and then moves the accumulator onto the
TOS. Therefore, when the RET instruction is executed, the PC is updated with
the return address. This procedure allows a second subroutine to be called in-
side the first subroutine without using another level of stack.

The POP and PUSH instructions can also be used to pass arguments to a sub-
routine. The DATA directives following the subroutine call can create a list of
constants and/or variables to be passed to the subroutine. After the subroutine
is called, the TOS points to the list of arguments following the CALL instruction.
If the argument pointer is moved from the TOS to the accumulator, the list of
arguments can be read into data memory by using the TBLR instruction. Be-
tween each TBLR instruction, the accumulator must be incremented by one
to point to the next argument in the list. To create the return address, the argu-
ment pointer is incremented past the last element in the argument list. The
PUSH instruction moves the return address onto the TOS, and the RET in-
struction updates the PC. Example 511 illustrates a call that passes two argu-
ments to a subroutine.
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Example 5~11. Two Arguments Passed to a Subroutine

CLEAR BITS
*

FOLLOWS:

* % Ok F ¥ X H ¥ %

CALL CBITS
.data
" .data

*

STATUS .set

XRO . set

XR1 . set

*

SST
LDPK
SAR

CBITS

POP
TBLR
LaR
ADD
TBLR
ADD
PUSH

LARP
LAC
XOR
AND
SACL

LAR
LDPK
LST
RET

VALUE
0081h

0
126
127

STATUS
0
ARO, XRO

XR1
ARO, XR1
ONE
XR1
ONE

0

XR1
MINUS
*

*

ARO, XRO
1
STATUS

THIS ROUTINE CLEARS THE BITS OF A DATA WORD DESIGNATED BY
A MASK. THE BITS SET TO ONE IN THE MASK INDICATE THE BITS
IN THE DATA WORD TO BE CLEARED. ALL OTHER BITS REMAIN

UNCHANGED. LOCATION ONE CONTAINS THE CONSTANT 1.
CONTAINS A MASK INVERTER,
PASSED TO THIS SUBROUTINE. THE CALLING SEQUENCE IS AS

MINUS
-1 OR OFFFFh. TWO ARGUMENTS ARE

;1ST AURGUMENT = ADDRESS OF DATA WORD
; 2ND ARGUMENT = MASK

;STORE STATUS REGISTER HERE
; TEMPORARY LOCATIONS

; SAVE STATUS
;USE DATA PAGE 0
;SAVE ARQ IN TEMPORARY LOCATION

;GET ADDRESS OF 1ST ARG. IN ACC
;STORE 1ST ARG. IN TEMP LOCATION
;PUT 1ST ARGUMENT INTO ARO
;POINT TO 2ND ARGUMENT

; 2ND ARGUMENT = MASK

;POINT TO RETURN ADDRESS

;PUT RETURN ADDRESS ON TOS

; LOAD MASK INTO ACCUMULATOR
; INVERT MASK

;CLEAR BITS

;STORE MODIFIED VALUE

;RESTORE ARO’

;USE DATA PAGE 1
;RESTORE STATUS REGISTER
;RETURN TO MAIN PROGRAM

Hardware stack allocation involves allocating the usage of the various stack
levels for interrupts, subroutine calls, pipelined instructions, and the emulator
(XDS). The TMS320C1x disables all interrupts when it takes an interrupt trap.
If interrupts are enabled more than one instruction before the return of the inter-
rupt service routine, the routine can also be interrupted; this uses another level
of the hardware stack. Take this into consideration when managing the use of

the stack.
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During nesting of subroutine calls, each call uses alevel of the stack. The num-
ber of levels used by interrupts, as well as the depth of the nesting of subrou-
tines must be considered. Here are two possible allocations of the hardware
stack:

L3 1 level reserved for interrupt service routines (ISR)
C3 3 levels available for subroutine calls

1 level reserved for interrupt service routines (ISR)
2 levels available for subroutine calls
1 level available for TBLR/TBLW instructions

(SEEEN

5.3.3 Addressing and Loop Control With Auxiliary Registers

5-32

The two auxiliary registers on the TMS320C 1x can be used either as pointers
for indirect addressing or as loop counters. In the indirect addressing mode,
the auxiliary register pointer (ARP) determines which auxiliary register is se-
lected. The LARP instruction sets the ARP equal to the vaiue of the immediate
operand. The value of the ARP can also be changed in the indirect addressing
mode; the ARP is updated after the instruction has been executed.

The contents of the auxiliary register are interpreted as adata memory address
when the indirect addressing mode is used. A sequential list of data can easily
be accessed in the indirect mode by using the autoincrement/decrement fea-
ture of the auxiliary registers. The auxiliary register can aiso be used as a 9-bit
counter (see subsection 3.3.5). The MAR (modify auxiliary register and point-
er) instruction allows the auxiliary register selected by the ARP to be increm-
ented or decremented without implementing any other operation in parallel.

Three instructions (LARK, LAR, and SAR) either load or store a value into an
auxiliary register, independently of the value of the ARP. The first operand in
each of these instructions determines which auxiliary register is to be either
loaded or stored. This operand does not affect the value of the ARP for subse-
quent instructions.

Example 512 illustrates using an auxiliary register in the indirect addressing
mode to input data into a block of memory.
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Example 5-12. Aucxiliary Register Indirect Addressing

* THIS ROUTINE USES AN AUXILIARY REGISTER IN THE INDIRECT
* ADDRESSING MODE TO INPUT DATA INTO A BLOCK OF MEMORY.
*

LARK ARO,DATBLK ;INIT ARO AS A POINTER TO DATBLK
* ; (AREA OF 8 WORDS IN DATA MEMORY)
LARP O i SELECT ARO
LACK 8 ;INIT ACCUMULATOR AS A COUNTER
*
LOOP IN *+,PAQ ; INPUT DATA
SUB ONE ;DECREASE COUNTER (ONE = VALUE 1)
BNZ LOOP ;REPEAT UNTIL COUNT = 0

When an auxiliary register is used as a loop counter, the BANZ instruction tests
and then decreases the auxiliary register selected by ARP. Because the test
for zero occurs before the auxiliary register is decreased, the value loaded into
the auxiliary register mustbe one less than the number of times the loop should
be executed. The maximum number of loops that can be counted is 512 be-
cause only 9 bits of each auxiliary register are implemented as counters. A rou-
tine that inputs data and calculates a sum while the auxiliary register is used
to count the number of loops is shown in Example 5-13. The accumulator con-
tains the result.

Example 5-13. Auxiliary Register Loop Counting

* THIS ROUTINE USES AN AUXILIARY REGISTER TO COUNT THE

* NUMBER OF LOOPS.
*

LARK ARG, 3 ; INITIALIZE ARO AS A COUNTER
LARP 0 ;SELECT ARO
ZAC ; CLEAR ACCUMULATOR

*

LOOP IN DATAl,PAZ2 ; INPUT DATA VALUE
ADD DATAl ;ADD DATA TO ACCUMULATOR
BANZ LOOP ;REPEAT LOOP FOUR TIMES

Both indirect addressing and loop counting can be performed at the same time
to implement loops efficiently. If the data block is defined to start at location 0
indata memory, the same auxiliary register that is counting the number of loops
can also be the pointer for indirect addressing, as shown below. Note that data
locations 0 through 7 are loaded with input data.

LARK ARO,7 ;ARO POINTS TO END OF DATA BLOCK
LOOP IN *,PA2 ; INPUT DATA VALUE
BANZ LOOP ;REPEAT LOOP 8 TIMES
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The data block does not have to start at zero if one auxiliary register is used
for counting and the other register is used as a pointer. Example 5-14 illus-
trates how both auxiliary registers can be used at once.

Example 5-14. Auxiliary Register Pointing and Loop Counting

* THIS ROUTINE USES ONE AUXILIARY REGISTER FOR POINTING AND
* THE OTHER REGISTER FOR LOOP COUNTING.
*

LARK ARO,7 ‘ ; INITIALIZE ARO AS A COUNTER
LARK AR1,DATBLK ;ARO POINTS TO START OF DATBLK
* ; (DATA MEMORY AREA)
ZAC ; CLEAR ACCUMULATOR
*
LOOP  LARP 1 ;POINT TO AR1
ADD *+,AR0 ;CALCULATE SUM OF DATA IN BLOCK
* ;POINT TO ARDO
BANZ LOOP ;REPEAT LOOP 8 TIMES

5.3.4 Computed GOTOs

Processing may be executed in a time-dependent (interrupt-driven) or pro-
cess-dependent (user-selected) way. Selecting the processing mode may de-
pend on the result of a particular computation. A simple computed GOTO can
be programmed in the TMS320C1x by using the CALA instruction. This in-
struction uses the contents of the accumulator as the direct address of the calll.
The address of the subroutine can be computed from a data value to determine
which one of several routines is executed. The return at the end of each of
these routines causes program execution to resume with the instruction follow-
ing the CALA command. Note that the CALA instruction uses a level of stack
because it is an indirect subroutine call, not just an indirect branch.

Example 5—-15 illustrates how to compute a call to one of several routines. The
subroutines are defined first, and then a table of branches to each subroutine
is created. The main part of the program inputs a data value of 0, 1, or 2. The
appropriate address in the table is calculated in the accumulator. An indirect
subroutine call causes the proper branch in the table to be executed.
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Example 5-15. Computed GOTO

* THIS ROUTINE COMPUTES AND EXECUTES A SUBROUTINE CALL.

ONE
VALUE
SUB1

*
suUB2

*
SUB3

*
TBL1

START

.set 126

.set 127

IN DAT1,PAQ
RET

IN DAT1,PAl
RET

IN DAT1, PA2
RET

B SUB1
B sSUB2
B SUB3

LDPK O
LACK 1
SACL ONE
LTONE

MPYK TBL1
PAC

IN VALUE, PA4
LT VALUE
MPYK 2
APAC

CALA

LAC DAT1

;STORE CONSTANT 1
;VALUE READ FROM PORT 4
; INPUT DATA VALUE FROM PORT 0

; INPUT DATA VALUE FROM PORT 1
; INPUT DATA VALUE FROM PORT 2

;CREATE TABLE OF BRANCHES TO EACH
; SUBROUTINE DEFINED

:USE PAGE 0

JACC =1

;STORE 1 IN LOCATION ONE

;LOAD T REGISTER WITH VALUE OF 1
:GET ADDRESS OF TABLE

;INPUT DATA VALUE OF 0, 1, OR 2
;LOAD T REG WITH VALUE FROM PA4
; CALCULATE OFFSET

;GO TO DESIGNATED SUBROUTINE
;RETURN HERE AFTER SUBROUTINE
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5.4 Memory Management
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In the TMS320C 1x's modified Harvard architecture, with program and data
memories in two separate spaces, the next instruction fetch can occur while
the current instruction is fetching data and executing the operation. This in-
creases the speed of the device, but it requires the use of instructions to trans-
fer a word between data memory and program memory.

Data memory consists of 144/256 words of 16-bit on-chip RAM with all nonim-
mediate data operands residing within this RAM. Program memory consists
of 1.5K/4K words of 16-bit on-chip ROM with 1524/4000 words reserved fc.~
program use. Only those devices with EPROM capability can access all 4096
words. Because there is no microprocessor mode of operation on the
TMS320C17, all program memory resides within the on-chip ROM.

The TMS320C 1x uses three forms of data memory addressing: direct, indirect,
and immediate. Direct addressing uses the seven lower bits of the instruction
word concatenated with the data page pointer to form the data memory ad-
dress. Indirect addressing uses the lower eight bits of the auxiliary registers
as the data memory address. Immediate addressing uses part of the instruc-
tion word for data addressing rather than using RAM.

The structure of the TMS320C 1x memory map can vary for each application
(see subsection 3.3.4 for memory maps). Instructions can move data and con-
stants into data memory. Explanations and examples are provided in this sec-
tion.

The TMS320C14 provides two options of program memory usage: the 4K
words of internal ROM/EPROM can be used in the microcomputer mode or in
the microprocessor mode. These modes can be configured in hardware or in
software. The hardware method uses the NMI/MC/MP and RS pins to set the
mode. The software method uses bit 0 of the SYSCON register to set the mode.
A one written to this bit sets the CPU in the microprocessor mode.

For the TMS320C 14, the initial configuration of the CPU is not binding; that is,
it can be changed later into the other mode and then changed back if desired.
This effectively doubles the amount of program memory to 8K words. In
Example 516, the CPU is set to the microprocessor mode.
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Example 5-16. TMS320C14 Memory Expansion Routine

5.4.1 Moving Data

*
* THIS IS AN EXAMPLE OF HOW TO MANIPULATE THE MC/MP BIT IN THE
* SYSCON REGISTER TO FORCE MICROPROCESSOR MODE: THAT IS, TO
* FORCE PROGRAM ACCESS TO EXTERNAL MEMORY.
*
.include”Cl4INC* ; INCLUDE HEADER FILE
*
* IT IS ASSUMED THAT BANK AND TMP ARE ALLOCATED IN THE CURRENT
* MEMORY. ‘
*
.ref BANK, TMP
*
* IT IS ALSO ASSUMED THAT ‘EXTERNAL’ IS THE ADDRESS IN
* EXTERNAL MEMORY WHICH IS TO BE EXECUTED AFTER THE MC/MP
* BIT CHANGE.
*
.ref EXTERNAL
»*
.text

LACK SYSBank
SACL BANK

ouT BANK, BSR
ZAC

SACL ™P

ouT TMP, SYSCON

CALL EXTERNAL ;CALL SUBROUTINE IN EXTERNAL MEMORY.
;PROGRAM FLOW RETURNS HERE IF
;MC/MP BIT IS SET TO 1 PRIOR
;TO THE ‘RET’ INSTRUCTION

.end

The DMOV (data move) instruction allows a data word to be written into the
next higher memory location in a single cycle without affecting the accumula-
tor. If variables are placed in consecutive locations, a DMOV instruction can
be usedto move each of the variables before the next calculation is performed.
For example, when a digital filter is implemented, the variables in the equation
represent the inputs and outputs at discrete times. This type of data structure
is typically implemented as a shift register when the data at time t is shifted to
the position previously occupied by the data at time t—1. If consecutive ad-
dresses in data memory correspond to consecutive time increments, then the
DMOV instruction can move the data item at location d to location d+1, thereby
accomplishing a shift. The DMOV feature is useful in implementing filters and
convolution algorithms.

The LTD instruction combines the data move operation with the LTA (load T
register and accumulate previous product) instruction operations, performing
the three operations in parallel. The operand of the instruction is loaded into
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the T register; the operand is also written into the next higher memory location
and the P register is added to the accumulator. Using the LTD instruction
makes the order of the multiply and accumulate operations important because
the data is being moved while the calculation is being performed. The oldest
input variable must be multiplied by its constant and loaded into the accumula-
tor first. Then the input, which is one time-unit delay less, is multiplied and ac-
cumulated. This process is repeated until the entire equation has been com-
puted.

Example 5—17 illustrates the use of the LTD instruction to move input variables
in memory as the results are calculated.

Example 5-17. Moving Daia Using the LTD Instruction

* THE FOLLOWING EQUATION WILL BE IMPLEMENTED TO DEMONSTRATE
* THE USE OF THE LTD INSTRUCTION. AT THE END OF THE SUB-
* ROUTINE, LOCATION X1 IS AVAILABLE TO INPUT THE NEW SAMPLE.
*
* Y = A*X3 + B*X2 + C*X1
*
* WHERE A, B, C, X1, X2, AND X3 ARE VALUES STORED AT THESE
* ADDRESSES.
*
X1 .set O ;USE THESE MEMORY LOCATIONS
X2 .set 1
X3 .set 2
Y .set 3
A .set 127
B .set 126
Cc .set 125
*
START ZAC ;CLEAR ACCUMULATOR
ILDPK O ;USE PAGE 0
LT X3
MPY A ;P = A*X3
LTD X2 ;T = X2, X2 --> X3, ACC = A*X3
MPY B ;P = B*X2
LTD X1 ;T = X1, X1 -=> X2, ACC = A*X3 + B*X2
MPY C ;P = C*X1
APAC ;ACC = A*X3 + B*X2 + C*X1

SACH Y,1 ;Y = ACCH

The table below illustrates the effect on data memory after execution of the
code in Example 5-17.

Data Memory Before Instruction After Instruction
Oh X1 X1
1h X2 X1
2h X3 X2
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5.4.2 Moving Constants Into Data Memory

Most signal processors have a separate memory space for storing constants.
By supporting communication between data and program memory, the
TMS320C1x incorporates constant memory capability with its program
memory and uses memory space efficiently. The portion of memory not used
for storing constants is available for use as program space.

Five immediate instructions efficiently execute operations with constants. The
LARP instruction changes the auxiliary register pointer, and the LDPK instruc-
tion changes the data page pointer. The LACK, LARK, and MPYK instructions
allow constants to be used in calculations. LACK and LARK both require an
unsigned operand with a magnitude no greater than eight bits. The MPYK in-
struction allows a 13-bit signed number as an operand.

A 16-bit value can be moved from program memory to data memory with the
TBLR instruction. TBLR obtains the program memory address (the source)
from the accumulator and the data memory address (the destination) from the
operand of the instruction. This instruction is commonly used to look up values
in atable in program memory. The address of the value in the table is computed
in the accumulator before the instruction is executed. TBLR then moves the
value into data merhory. TBLR is a three-cycle instruction and, therefore, takes
longer than an immediate instruction. However, it has more flexibility because
it operates on 16-bit constants.

Sometimes itis convenient to store data operands in program ROM or external
memory and then read them into the on-chip RAM as they are needed. There
are two ways to do this: First, the TBLR (table read) instruction can transfer
data from on-chip program ROM to on-chip data RAM. Second, off-chip data
RAM can be addressed via the IN and OUT instructions. The IN and OUT in-
structions can read and write from data RAM to large amounts of external stor-
age addressed as a peripheral. :

The TBLW instruction is another way to transfer data to program memory. The
IN and OUT instructions can transfer data between the on-chip data memory
and the I/O space (see Section 6.1).

Note that the TBLW (table write) instruction should not be used on the
TMS320C 17 because this instruction transfers data from on-chip data RAM to
external memory. The TMS320C17 does not directly interface to external
memory because the port address bits (PA2—PAQ) are the only address lines
external to the device.

Example 5-18 illustrates bringing the cosine value of a variable into data
memory by using the TBLR instruction. Note that if the address of COSINE is
greater than 255, the address is loaded into the accumulator by loading the T
register with a one, multiplying by the constant COSINE, and transferring it
from the P register into the accumulator.

5-39



Memory Management

Example 5-18. Using TBLR to Move a Constant Into Data Memory

*THIS ROUTINE USES THE TBLR INSTRUCTION TO BRING THE COSINE
*VALUE OF A VARIABLE INTO DATA MEMORY. A TABLE CONTAINING
*THE COSINE VALUES IS FIR3T ZREATED IN PROGRAM MEMORY.

*

COSINE DATA

START IN X,PAQO

LACK COSINE ; LOAD TABLE ADDRESS
ADD X ;CALCULATE PROGRAM MEMORY ADDRESS
TBLR COSX ;MOVE VALUE INTO DATA MEMORY

The effect on data memory after the TBLR instruction has been executed in
Example 5-18 is as follows:

| Before TBLR Execution | After TBLR Execution
Program Memory
COSINE +X | 02FFh | 02FFh
Data Memory
COSX | 71F2h | 02FFh

When data is transferred from program memory into data memory with the
TBLR instruction, a calculated, rather than predetermined, location of data in
program memory may be specified for transfer. A routine using this approach
is shown in Example 5-19.

Example 5-19.  Moving Program Memory to Data Memory With TBLR

* THIS ROUTINE USES THE TBLR INSTRUCTION TO MOVE DATA VALUES
* FROM PROGRAM MEMORY INTO DATA MEMORY. THIS ROUTINE, CAN
* SPECIFIES THE PROGRAM MEMORY LOCATION IN THE ACCUMULATOR
* FROM WHICH DATA IS TO BE MOVED TO A SPECIFIC DATA MEMORY
* LOCATION. ASSUME THAT THE ACCUMULATOR CONTAINS THE
* ADDREFS IN PROGRAM MEMORY FROM WHICH TO TRANSFER THE DATA.
*
TABLE LARP 1 ;USE AR1
LARK AR1,63  ;START FROM ADDRESS 63
*
LOOP  TBLR * ;MOVE DATA INTO DATA RAM
BANZ LOOP ; TRANSFER 64 VALUES
LET ;RETURN TC CALLING PROGRAM

Incases where systems require that temporary storage be allocated in the pro-
gram memory, TBLW can be used to transfer data from internal data memory
to external program memory. The code in Example 5-20 demonstrates how
this may be accomplished.
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Example 5-20. Moving Internal Data Memory to Program Memory With TBLW

* THIS ROUTINE USES THE TBLW INSTRUCTION TO MOVE DATA VALUES
* FROM INTERNAL DATA MEMORY TO EXTERNAL PROGRAM MEMORY. THE
* CALLING ROUTINE MUST SPECIFY THE DESTINATION PROGRAM
* MEMORY ADDRESS IN THE ACCUMULATOR. ASSUME THAT THE
* ACCUMULATOR CONTAINS THE ADDRESS IN PROGRAM MEMORY INTO
* WHICH THE DATA IS TRANSFERRED.
*
TABLE LARK ARI, 63 ; LOAD LOOP COUNT OF 64
LARK ARO,DAT1 ; LOAD STARTING ADDRESS
He
LOOP  LARP ARO ;USE ARO
TBLW *+,AR1 ;MOVE DATA TO EXT. PROGRAM RAM
BANZ LOOP ; DECREMENT AND CHECK IF DONE
RET ;RETURN TO CALLING PROGRAM

The effect on data memory after the TBLW instruction has been executed in
Example 5-20 is as follows:

| Before TBLR Execution | Atter TBLR Execution
Program Memory

PROG1 | OFF10h | 1234h
Data Memory
DATH ] 1234h [ 1234h

The IN and OUT instructions are used to transfer data between the data
memory and the l/O space, as shown in Example 5-21 and Example 5-22.

Example 5-21.  Moving Data From I/O Space into Data Memory With IN

* THIS ROUTINE USES THE IN INSTRUCTION TO MOVE DATA VALUES
* FROM THE I/0O SPACE INTC DATA MEMCRY. DATA ACCESSED FROM

* I/0 PORT 7 IS TRANSFERRED TO SUCCESSIVE MEMORY LOCATIONS
* ON DATA PAGE O.

*

INPUT LARK ARO, 32 ; SET UP LOOP COUNT
LARK AR1,DAT1 ; SET UP DESTINATION ADDRESS
*
LOOP LARP ARl ;USE ARl
IN *+,PA7,ARO ;MOVE DATA INTO DATA RAM
BANZ LOOP ;DECREMENT AND CHECK IF DONE
RET ;RETURN TO CALLING PROGRAM

Example 5-22. Moving Data From Data Memory to I/O Space With OUT

* THIS ROUTINE USES THE OUT INSTRUCTION TO MOVE DATA VALUES

* FROM THE DATA MEMORY TO THE I/O SPACE. DATA IS TRANSFERRED
* TO I/0 PORT 7 FRCM SUCCESSIVE MEMORY LOCATIONS ON DATA
*
*

PAGE 0.

OUTPUT LARK ARO, 32 ;SET UP LOOP COUNT
LARK AR1,DAT1 ;SET UP STARTING ADDRESS

*

LOOP  LARP ARl ;USE ARl
OUT *+,PA7,AR0 :MOVE DATA INTO I/O SPACE
BANZ LOOP ;DECREMENT AND CHECK IF DONE
RET ;RETURN TO CALLING PROGRAM
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5.5 Logical and Arithmetic Operations

Although the TMS320C 1x instruction set is oriented toward digital signal pro-
cessing, it can also perform the same fundamental operations of a general-pur-
pose processor, such as bit manipulation, logical and arithmetic operations,
logical and arithmetic shifts, and overflow management. Explanations and ex-
amples of how to use instructions for scaling, convolution operations,
fixed-point multiplication/division/addition, and floating-point arithmetic are
also given in this section.

The contents of the accumulator may be stored in data memory with the SACH
and SACL instructions or stored in the stack with the PUSH instruction. The
accumulator may be loaded from data memory withthe ZALH, ZALS, and LAC
instructions, which zero the accumulator before loading the data value. The
ZAC instruction also zeros the accumulator. POP can restore the accumulator
contents from the stack. The accumulator is also affected by the execution of
the ABS instruction, which replaces the contents of the accumulator with its ab-
solute value.

5.5.1 Bit Manipulation

A specified bit of a word from data memory can be set, cleared, or tested. Such
bit manipulations are accomplished by using the hardware shifter and the logic
instructions, AND, OR, and XOR. In Example 5-23, operations on single bits
are performed on the data word VALUE. In this and the following example, data
memory location ONE contains the value 1, and MINUS contains the value —1
(all bits set).

Example 5-23. Single-Bit Manipulation
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* CLEAR BIT 5 OF DATA MEMORY LOCATION VALUE. MEMORY LOCATION
* ONE CONTAINS CONSTANT 1. MEMORY LOCATION MINUS CONTAINS -1
* OR OFFFFh.
*
LAC  ONE,5 ;ACC = 00000020h
XOR  MINUS ; INVERT ACCUMULATOR, ACC = 0000FFDFh
AND  VALUE ;BIT 5 OF VALUE IS ZEROED

SACL  VALUE
* SET BIT 12 OF VALUE.
LAC ONE, 12 ;ACC = 00001000h

OR VALUE ;BIT 12 OF VALUE
SACL  VALUE

*

TEST BIT 3 OF VALUE.

LAC ONE, 3 ¢ACC = 00000008h
AND VALUE ;TEST BIT 3 OF VALUE
BZ BIT3Z :BRANCH TO BIT3Z IF BIT IS CLEAR
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More than one bit can be set, cleared, or tested at ene time if the necessary
mask exists in data memory. In Example 5-24, the six low-order bits in the
word VALUE are cleared if MASK contains the value 63.

Example 5-24. Multiple-Bit Manipulation

CLEAR LOWER SIX BITS OF VALUE. MEMORY LOCATION MASK
CONTAINS THE MASK TO CLEAR THE BITS. MEMORY LOCATION
MINUS CONTAINS -1 OR OFFFFh.

* ¥ * % *

LAC MASK ;JACC = 0000003Fh

XOR MINUS ;INVERT ACCUMULATOR; ACC = 0000FFCOh
AND VALUE ;CLEAR LOWER SIX BITS

SACL VALUE

5.5.2 Overflow Management

Two TMS320C1x features can handle overflow management: the branch on
overflow conditions and accumulator saturation (overflow mode). These fea-
tures provide several options for overflow protection within an algorithm.

The BV (branch on overflow) instruction enables a program to branchto an er-
ror handler routine on an overflow of the accumulator. This instruction can be
performed after any ALU operation that may cause an accumulator overflow.

The overflow mode is a useful feature for DSP applications. This mode simu-
lates the saturation effect characteristic of analog systems. When enabled, any
overflow in the accumulator results in the replacement of the accumulator con-
tents by the largest positive value (7FFFFFFFh) if the overflowed number is
positive, or the largest negative value (80000000h) if negative. The overflow
mode is controlied by the OVM bit of the status register and can be changed
by the SOVM (set overflow mode), ROVM (reset overflow mode), or LST (load
status register) instructions. Overflows can be detected in software by testing
the OV (overflow) bit in the status register. When a branch is used to test the
overflow bit, OV is automatically reset. Note that the OV bit does not function
as a carry bit. It is set only when the absolute value of a number is too large
to be represented in the accumulator, and it is not reset except by specific in-
structions. The overflow mode feature affects all arithmetic operations in the
ALU.

In Example 5-25, the accumulator saturates to 7FFFFFFFh orthe Iargest pos-
itive value. The BV instruction also clears the OV bit.
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Example 5-25. Overflow Management

5.5.3 Scaling
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* THE ACCUMULATOR SATURATES TO THE HIGHEST POSITIVE VALUE
* WHEN OVERFLOW OCCURS. THE ACCUMULATOR CONTAINS 7FFFF423h.
* MEMORY LOCATION A CONTAINS 74EDh. MEMORY LOCATION B
* CONTAINS 67AFh.
*

SOVM : SET OVERFLOW MODE

LT A ;T = 74EDh

MPY B ;P = 2F5B4903h

APAC ;ACC = 7FFFFFFFh

BV OVRFLW ;CHECK OV BI1T
* ;BRANCH TO OVERFLOW HANDLING ROUTINE

The effect on the accumulator before and after the instruction execution is
shown as follows:

Before Instruction After Instruction
ACC 7FFFF423h ACC 7FFFFFFFh

Scaling the data coming into the accumulator or already in the accumulator
helps signal processing algorithms. This is frequently necessary in adaptation
or other algorithms that must compute and apply correction factors or normal-
ize intermediate results. Scaling and normalizing are implemented on the
TMS320C1x via shifts of data on the incoming path to the accumulator.

There are two types of shifts: logical and arithmetic. A logical shift is implem-
ented by filling the empty bits to the left of the MSB with zeros, regardless of
the value of the MSB. An arithmetic shift fills the empty bits to the left of the MSB
with ones if the MSB is one, or with zeros if the MBS is zero. The second type
of bit padding is referred to as sign extension.

Data can be left-shifted 0 to 16 bits when the accumulator is loaded, and
left-shifted 0, 1, or 4 bits when the SACH instruction stores from the accumula-
tor. These shifts load numbers into the high 16 bits of the accumulator and re-
normalize the result of a multiply. The incoming left shift of O to 16 bits is
supplied in the instruction itself. Left shifts of data fetched from data memory
are available for loading the accumulator (LAC), adding to the accumulator
(ADD), and subtracting from the accumulator (SUB). The ZALH, ADDH, and
SUBH instructions are used when data is left-shifted 16 bits. The SACH in-
struction, which can left-shift 0, 1, or 4 bits, is used to shift out the extra sign
bits for fractional multiplication (see subsection 5.5.5).

The hardware shift, which is builtinto the ADD, SUB, and LAC instructions, per-
forms an arithmetic left-shift on a 16-bit word. This feature can also be used
to perform right-shifts. A right-shift of n is implemented by performing aleft-shift
of 16-n and saving the upper word of the accumulator. Example 5-26 shows
an arithmetic right-shift of 7 on a 16-bit number in the accumulator.
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Example 5-26. Arithmetic Right-Shift

SACL TEMP :MOVE NUMBER TO MEMORY

LAC TEMP, 9 ;SHIFT LEFT (16-7)

SACH TEMP ;SAVE HIGH WORD IN MEMORY

LAC TEMP ;RETURN NUMBER BACK TO ACCUMULATOR

The effect on the accumulator before and after the code execution is shown
as follows:

Before Instruction After Instruction
ACC OFFFFA452h ACC OFFFFFF48h

A logical right-shift of 4 on a 32-bit number stored in the accumulator is shown
in Example 5-26. The 32-bit results of the shift are then stored in data memory.
In this example, the accumulator initially contains the hexadecimai number,
9D84C1B2h. The variables, SHIFTH and SHIFTL, receive the high word
(09D8h) and low word (4C1Bh) of the shifted results.

Example 5-27. Logical Right-Shift

*

* SHIFT THE LOWER WORD. MEMORY LOCATION MINUS CONTAINS -1
* OR OFFFFh.

*

SACH SHIFTH ;SHIFTH = 9D84h INITIAL VALUES
SACL  SHIFTL ;SHIFTL = 0C1BZ2h
LAC SHIFTL, 12 ;ACC = OFC1B2000h

SACH  SHIFTL ;SHIFTL = OFClBh
LAC MINUS,12 ;ACC = OFFFFF000h
XOR MINUS ;ACC = OFFFFOFFFh

AND SHIFTL 1ACC 00000C1Bh

*

SHIFT THE UPPER WORD.

ADD SHIFTH,12 ;ACC = OF9D84C1Bh

SACL SHIFTL ;SHIFTL = 4C1lBh FINAL LOW VALUE
SACH SHIFTH ;SHIFTH = QF9D8h
LAC MINUS,12 ;ACC = OFFFFF0O00Oh
XOR MINUS ;ACC = OFFFFOFFFh

AND SHIFTH ;ACC = 000009D8h
SACL  SHIFTH ;SHIFTH = 09D8h FINAL HIGH VALUE

The accumulator is affected before and after the code execution as follows:

Before Instruction After Instruction
ACC 9D84C1B2h ACC 09084C1Bh

An arithmetic right-shift of 4 can be implemented with the same routine as
shown above, except with the last four lines omitted.
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5.5.4 Convolution Operations

5.5.5 Multiplication

5-46

Many DSP applications must perform convolution operations or other opera-
tions similar in form. These operations require data to be shifted or delayed.
The DMOV and LTD instructions can perform the data moves needed for con-
volution.

The data move function allows a word to be copied from the currently ad-
dressed data memory location in on-chip RAM to the next higher location while
the data from the addressed location is being operated upon (for exampie, by
the CALU). The data move and the CALU operation are performed in the same
cycle. The data move function is useful in implementing algorithms, such as
convolutions and digital filtering, in which data is passed through a time win-
dow. It models the z—1 delay operation encountered in those applications.

The TMS320C1x hardware muitiplier normally performs 2s-complement
16-bit by 16-bit multiplies and produces a 32-bit result in a single processor
cycle. To multiply two operands, load one operand into the T register with the
multiply instruction and move the second operand to the multiplier, which then
produces the product in the P register. Before another multiply can be per-
formed, the contents of the P register must be moved to the accumulator. Pipe-
lining the multiplies and the P-register moves allows most multiply operations
to be performed with a single instruction.

Computation of nonintegers (fractional) on the TMS320C1x is based on a
fixed-point 2s-complement representation of numbers. Each 16-bit number is
evaluated with a sign bit, i integer bits, and 15-i fractional bits. Thus, the num-
ber

0 0000010 10100000

binary point

has a value of 2.625. This particular number is said to be represented in a Q8
format (8 fractional bits). Its range is between —128 (1000000000000000) and
127.996 (0111111111111111). The fractional accuracy of a Q8 number is about
0.004 (one part in 28 or 256).

Although particular situations (for example, a combination of dynamic range
and accuracy requirements) require mixed notations, it is more common to
work entirely with fractions represented in a Q15 format or integers in a QO for-
mat. This is especially true for signal processing algorithms where multiply and
accumulate operations are dominant. The result of a fraction times a fraction
remains afraction, and the result of an integer times an integer remains aninte-
ger. No overflows are possible
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Qformat is a number representation commonly used when operations are per-
formed on noninteger numbers. In Q format, the Q number (15in Q15) denotes
how many bits are located to the right of the binary point. A 16-bit number in
Q15 format, therefore, has an assumed binary point immediately to the right
of the most significant bit. Because the most significant bit constitutes the sign
of the number, then numbers represented in Q15 may take on values from +1
(represented by +0.99997...) to —1.

A wide variety of situations may be encountered in the multiplication of two
numbers. Three of these situations are provided in Example 5-28,
Example 5-29 and Example 5-30.

Example 5-28. Fractionx Fraction (Q15x Q15 = Q30)
0100000000000000 =0.5in Q15
X 0100000000000000 =0.5in Q15

00 01000000000000 0000000000000000 = 0.25 in Q30

binary point

Two sign bits remain after the multiply. Generally, a single-precision (16-bit) re-
sult is saved, and the full intermediate precision is not maintained. The upper
half of the result does not contain a full 15 bits of fractional precision, because
the multiply operation actually creates a second sign bit. To recover that preci-
sion, the product must be shifted left by one bit, as shown in the following code

excerpt:
LT op1 ;OP1 = 4000h (0.5 in Q15)
MPY  OP2 ;OP2 = 4000h (0.5 in Q15)
PAC
SACH ANS,1 ;ANS = 2000h (0.25 in Q15)

The MPYK instruction provides a multiply by a 13-bit signed constant. In frac-
tional notation, this means that a Q15 number can be multiplied by a Q12 num-
ber. The resuiting number must be left-shifted by four bits to maintain full preci-

sion.
LT oP1 ;OP1 = 4000h (0.5 in Q15)
MPYK 2048 ;OP2 = 0800h (0.5 in Q12)
PAC
SACH ANS, 4 ;ANS = 2000h (0.25 in Q15)

5-47



Logical and Arithmetic Operations

Example 5-29. Integerx Integer (Q0% Q0 = Q0)

0000000000010001 =17in Q0
X 1111111111111011 ==5in Q0

1111111111111111 1111111110101011 =-85in QO

binary point

In this case, the extra sign bits do not change the result, and the desired prod-
uctis entirely inthe lower half of the product, as shown in the following program:

LT OPl ;OP1 = 0011h ( 17 in QO)
MPY OoP2 ;OP2 = OFFFBh ( -5 in QO0)
PAC

SACH  ANS ; ANS OFFABh (-85 in QO0)

Example 5-30. Mixed Notation (Q14x Q14 = Q28)
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0110000000000000 =1.50in Q14
X 0011000000000000 =0.75in Q14

0001 001000000000 0000000000000000 =1.125in Q28

binary point

The maximum magnitude of a Q14 number is just under two. Thus, the maxi-
mum magnitude of the product of two Q14 numbers is four. This possibility re-
quires two integer bits to allow for this possibility, leaving a maximum precision
for the product of 13 bits. In general, the following rule applies: The product of
a number with i integer bits and f fractional bits, and a second number with j
integer bits and g fractional bits is a number with (i+j) integer bits and (f+g) frac-
tional bits. The highest precision possible for a 16-bit representation of this
number has (i+j) integer bits and (15—i—j) fractional bits.

If the physical system being modeled is well understood, the precision with
which the number is modeled cain be increased. For example, if it is known that
the above product can be no more than 1.8, the product can be represented
as a Q14 number rather than as the theoretical worst case of Q13, shown in
the following program:

LT OP1 ;OP1 = 6000h (1.5 in Q14)
MPY oP2 ;OP2 = 3000h (0.75 in Q14)
PAC

SACH ANS,1 ;ANS = 2400h (1.125 in Q13)

The techniques illustrated in the previous three examples all truncate the resuit
of the multiplication to the desired precision. The error generated as a result
can be as much as minus one full LSB. This is true whether the truncated num-
ber is positive or negative. It is possible to implement a simple rounding tech-
nique to reduce this potential error by a factor of two, as shown inthe code se-
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quence of Example 5-31. The maximum error generated in this example is\
plus one-half LSB, whether ANS is positive or negative.

Example 5-31. Rounding Technique for Multiplication

LT OP1l
MPY or2 ;OP1 * OP2
PAC

ADD ONE, 14 ;ROUND UP
SACH ANS,1

A common operation in DSP algorithms is the summation of products. The con-
tents of the P register are added to the accumulator, and two values are simul-
taneously read and multiplied. A data memory value is multiplied by a program
memory value. Example 5-32 shows multiplies and accumulates implem-
ented with the LTA-MPY instruction pair.

Example 5-32. Multiply and Accumulate Using the LTA-MPY Instruction Pair

5.5.6 Division

* CLOCK TOTAL CLOCK PROGRAM TOTAL PROGRAM
* CYCLES CYCLES MEMORY  MEMORY
*

ZAC 1 1

LT DL 1 1

MPY Cl 1 1

LTA D2 1 1

MPY €2 1 1

2N 2N

LTA DN 1 1

MPY CN 1 1

APAC 1 2 + 2N 1 2 + 2N

Binary division is the inverse of multiplication. Multiplication consists of aseries
of shift and add operations, while division can be broken into a series of sub-
tracts and shifts. Although the TMS320C1x does not have an explicit divide in-
struction, you can implement an efficient flexible divide capability with the con-
ditional subtract instruction, SUBC. SUBC implements binary division like long
division. Given a 16-bit positive dividend and divisor, the repetition of the SUBC
command 16 times produces a 16-bit quotient in the low accumulator and a
16-bit remainder in the high accumulator. With each SUBC, the divisor is
left-shifted 15 bits and subtracted from the accumulator. For each subtract that
dcesn’t produce a negative answer, a one is put in the LSB of the quotient and
then shifted. For each subtract that produces a negative answer, the accumu-
lator is simply left-shifted. The shifting of the remainder and quotient after each
subtract produces the separation of the quotient and remainder in the low and
high halves of the accumulator. The similarities between long division and the
SUBC method of division are shown in Figure 51, in which 33 is divided by
5.
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Figure 5~1. Long Division and SUBC Division
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Long Division 0000000000000110 Quotient
0000000000000101 ) 0000000000100001
-101
110
-101
11 Remainder

SUBC Method:

32 HighACC LowACC 0 Comment

) 11 '

0000000000000000 0000000000100016 1)  Dividend is loaded into ACC. The divisor is left-
-10 _ 1000000000000000 shifted 15 and subtracted from ACC. The sub-
=y traction is negative, so discard the result and

| I I shift left the ACC cone bit.

0000000000000000  0apo000001000010 2)  Second subiract produces negative answer, so
-10 1000000000000000 discard result and shift ACC (dividend) left.
-10 01121111101111120

L] »
. . .

| LR i
0000000000000100 0010000000000000 14} Fourteenth SUBC command. The result is pos-
-10  1000000000006000 itive. Shift result left and replace LSB with 1.

0000000000000001 1010000000000060

! 1] !
0000000000000011 0100000000000601 15) Resultis a%ain.positive. Shift result teft and
-10 10600006000000000 replace LSB with 1.

0000000000000000 11000006000000G1

1 !
0000000000000001 1000000000000011 {6) Last subtract. Negative answer, so discard

-10 16006000000000000 result and shift ACC left.
-1111111111111101
0000000000000011 0000000000000110 Answer reached after 16 SUBC instruc-
tions
{ Remainder | | Quotient |

The condition of the divisor, less than the shifted dividend, is determined by the
sign of the result. The only restriction for the use of the SUBC instruction is that
both the dividend and divisor must be positive. Thus, the sign of the quotient
must be determined and the quotient computed by using the absolute value
ofthe dividend and divisor. In addition, when you implement a divide algorithm,
you must know if the quotient can be represented as a fraction and the degree
of accuracy to which the quotient is to be computed. Each of these consider-
ations can affect how the SUBC instruction is used (see Example 5-33 and
Example 5-34). Note that the next instruction after SUBC cannot use the accu-
mulator.
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Example 5-33. Using SUBC With Numerator Smaller Than Denominator

* THIS ROUTINE DIVIDES TWO BINARY, 2S—COMPLEMENT
* NUMBERS OF ANY SIGN WHERE THE NUMERATOR IS LESS THAN
* THE DENOMINATOR.
*
* BEFORE AFTER
* INSTRUCTION INSTRUCTION
*
* NUMERA 21 21
* DENOM 42 42
* QUOT 0 0.5
* (0.1 0 0)
*
*
DIV  LARP O
LT NUMERA ;GET SIGN OF QUOTIENT
MPY  DENOM
PAC

SACH TEMSGN ;SAVE SIGN OF QUOTIENT
LAC DENOM

ABS
SACL  DENOM ;MAKE DENOMINATOR POSITIVE
ZALH NUMERA ;ALIGN NUMERATOR
ABS ;MAKE NUMERATOR POSITIVE
LARK 0,14
*
* IF DIVISOR AND DIVIDEND ARE ALIGNED, DIVISION CAN START
* HERE.
*
KPDVNG SUBC  DENOM ;15-CYCLE DIVIDE LOOP
BANZ  KPDVNG
*
SACL  QUOT
LAC  TEMSGN
BGEZ DONE ;DONE IF SIGN IS POSITIVE
ZAC
SUB  QUOT
SACL  QUOT ;NEGATE QUOTIENT IF NEGATIVE
DONE RET ;RETURN TO MAIN PROGRAM
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Example 5-34. Using SUBC With Specified Quotient Accuracy

5.5.7 Addition

Example 5-35. Maintaining 32-Bit Results
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* THIS ROUTINE DIVIDES TWO BINARY, 2S-COMPLEMENT
* NUMBERS OF ANY SIGN, SPECIFYING THE FRACTIONAL
* ACCURACY OF THE QUOTIENT (FRAC).
*
*
* BEFORE AFTER
* INSTRUCTION INSTRUCTION
*
* NUMERA 11 11
* DENOM 8 8
* FRAC 3 3
* QUOT 17 1.375
* (1.0 1 1)
*
*
DN1 LT NUMERA ;GET SIGN OF QUOTIENT
MPY  DENOM
PAC
SACH TEMSGN ;SAVE SIGN OF QUOTIENT
LAC  DENOM
ABS
SACL  DENOM ;MAKE DENOMINATOR POSITIVE
LACK 15
ADD  FRAC
SACL  FRAC ; COMPUTE LOOP COUNT
LAC  NUMERA ;ALIGN NUMERATOR
ABS ;MAKE NUMERATOR POSITIVE
LAR  0,FRAC
*
* IF DIVISOR AND DIVIDEND ARE ALIGNED, DIVISION CAN START
* HERE.
*
KPDVNG SUBC . DENOM ;16 + FRAC CYCLE DIVIDE LOOP
BANZ KPDVNG
*
SACL  QUOT
LAC  TEMSGN
BGEZ DONE ;DONE IF SIGN IS POSITIVE
ZAC
SUB  QUOT
SACL  QUOT ;NEGATE QUOTIENT IF NEGATIVE
DONE RET ;RETURN TO MAIN PROGRAM

In addition, both operands must be represented in the same Q format. Allow
enough room in the result to accommodate bit growth, or prepare to handle
overflows. If the operands are only 16 bits long, the result may have to be repre-
sented as a double-precision number. Example 5-35 and Example 5-36illus-
trate two approaches to adding 16-bit numbers.

LAC
ADD
SACH
SACL

OP1l iQ15

oP2 ;015

ANSHI ;HIGH-ORDER 16 BITS OF RESULT
ANSLO ; LOW—-ORDER 16 BITS OF RESULT
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Example 5-36. Adjusted Binary Point to Maintain16-Bit Results

LAC OP1,15 Q14 NUMBER IN ACCH
ADD OP2,15 :Q14 NUMBER IN ACCH
SACH ANS :Q14

Double-precision operands present a more compiex problem because actual
arithmetic overflows or underflows may occur. The BV (branch on overflow) in-
struction can check for the occurrence of these conditions. A second technique
is saturation mode operations, which will saturate the result of overflowing ac-
cumulations to the most positive or most negative number. Both techniques,
however, resultin a loss of precision. The best technique involves a thorougn
understanding of the underlying physical process and care in selecting number
representations.

5.5.8 Floating-Point Arithmetic

Although the TMS320C 1x devices are fixed-point 16/32-bit microprocessors,
they can also perform floating-point computations. Using the floating-point
single-precision standard proposed by the IEEE, the TMS320C1x can perform
a floating-point multiplication in 8.4 us and a floating-point addition in 17.2 ps.
For adetailed discussion of floating-point arithmetic and TMS320 source code,
refer to Floating-Point Arithmetic with the TMS32010, an application report in
the book, Digital Signal Processing Applications with the TMS320 Family, Vol-
ume 1 (literature number SPRA012A).

Floating-point numbers are often represented on microprocessors in a
two-word format of mantissa and exponent. The mantissa is stored in one
word. The exponent, the second word, indicates how many bit positions from
the left the binary point is located. If the mantissa is 16 bits, a 4-bit exponent
is sufficient to express the location of the binary point. Because of its 16-bit
word size, the 16/4-bit floating-point format functions most efficiently on the
TMS320C1x.

Operations in the TMS320C 1x central ALU are performed in 2s-complement
fixed-point notation. To implement floating-point arithmetic, operands must be
converted to fixed point for arithmetic operations, and then converted back to
floating point. Conversion to floating-point notation is performed by normaliz-
ing the input data (that is, shifting the MSB of the data word into the MSB of
the internal memory word). The exponent word then indicates how many shifts
are required. To multiply two fioating-point numbers, multiply the mantissas
and add the exponents. The resulting mantissa must be renormalized. (Be-
cause the input operands are normalized, not more than one left shift is re-
quired to normalize the result.)

Floating-point addition or subtraction requires shifting the mantissa so that the
exponents of the two operands match. Use the difference between the expo-
nents is to left-shift the lower power operand before adding. Then, renormalize
the output of the add.
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The LAC, LACK, ADD, and SUB instructions support floating-point operations.
The mantissas are often used in Q15 format. Q formatis a number representa-
tion common in operations on noninteger numbers. In Q format, the Q number
(15in Q15) denotes how many digits are located to the right of the binary point.
A 16-bit number in Q15 format, therefore, has an assumed binary point imme-
diately to the right of the most significant bit. Because the most significant bit
constitutes the sign of the number, the numbers reprasented in Q15 may take
on values from +1 (represented by +0.99997...) to —1.
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5.6 Application-Oriented Operations

The TMS320C 1x efficiently implements many common digital signal process-
ing algorithms and provides solutions to numerically intensive problems usual-
ly characterized by multiply and accumulate operations. Some device-specific
features that aid in the implementation of specific algorithms on the
TMS320C1x include companding, filtering, fast Fourier transforms (FFT), and
PiD control. These applications require /O performed either in parallel orin se-
rial.

5.6.1 Companding

Inthe area of telecommunications, one of the primary concerns s the I/O band-
width in the communications channel. One way to minimize this bandwidth is
by companding (COMpress/exPAND). Companding is defined by two interna-
tional standards, A-law and pi-law, both based on the compression of the equiv-
alent of 13 bits of dynamic range into an 8-bit code. The standard employed
in the United States and Japan is p-law; the European standard is A-law. De-
tailed descriptions and code examples of p-law and A-law companding are
presented in Companding Routines forthe TMS32010/TMS32020, an applica-
tion report included in the book, Digital Signal Processing Applications with the
TMS320 Family, Volume 1 (literature number SPRA012A). The book also con-
tains flowcharts, companding algorithms, and detailed descriptions). The algo-
rithm space and time requirements for u-law and A-law companding on the
TMS320C10 and on the TMS320C15 are given in time.

The technique of companding allows the digital sample information corre-
sponding to a 13-bit dynamic range to be transmitted as 8-bit data. For pro-
cessing inthe TMS320C 1x, it is necessary to convert the 8-bit logarithmic data
to a 16-bit linear format. Before outputting, the linear result must be converted
to the compressed or companded format. On the TMS320C10 and
TMS320C15, companding must be performed in software using conversion
routines. On-chip companding hardware on the TMS320C17 implements
these functions.

Table 5-3. Program Space and Time Requirements for u-/A-Law Companding

Words of Memory Program Cycles Time Req.¥
Program Data | Initialization | Loopt pus
p-Law:
Compression 105 13 17 40 8.0
Expansion 46 8 6 23 4.6
A-Law:
Compression 97 11 14 36 7.2
Expansion 48 7 4 25 5.0
T Worstcase

t Assuminginitialization
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Four modes are available for the on-chip companding hardware operation on
the TMS320C17: serial encode, serial decode, paraliel encode, and parallel
decode. The companding hardware converts between 2s-complement or
sign-magnitude format and the companded format.

In the serial encode mode, transmitted data is encoded according to either
p-law or A-law format. In the serial decode mode, received data is decoded to
a linear format according to the specified companding law.

In the parallel modes, either the encoder or decoder is enabled and then data
written to port 1 is compressed or expanded. To convert sign-magnitude or
2s-complement linear PCM to 8-bit log PCM, the encoder is enabled for paral-
lel operation, and the sample is written to port 1. An IN instruction from port 1
returns the linear PCM value. To convert an 8-bit log PCM to a sign-magnitude
or 2s-complement linear PCM, the decoder is enabled for parallel operation,
and the 8-bit sample is written to port 1. The expanded linear value is returned
onthe IN instruction from port 1. Note that when the selected conversion mode
converts a 2s-complement value, there must be one instruction cycle between
the OUT and IN instructions. Take care to have one OUT—IN instruction se-
quence to port 1 for each data sample because the execution of two QUT in-
structions to port 1 in succession pushes the first sample into the transmit reg-
ister TR1, preventing access for read purposes. OUT instructions to port ad-
dresses 2 through 7 do not affect serial port operations.

When the companding hardware converts to sign-magnitude data, it must be
converted to 2s-complement notation for computation in the microcomputer.
Sign-magnitude notation consists of a sign bit in the MSB: a zero indicating a
positive value, and a one indicating a negative number. All bits between the
sign bit and the MSB of the data value are set to zero. For conversions between
p-law and sign-magnitude linear PCM, the hexadecimal value 1FFFh repre-
sents the most positive value of 8191, and the value 9FFFh represents the
most negative value of -8191. For conversions between A-law and sign-mag-
nuude linear PCM, the hexadecimal value OFFFh represents the most positive

value of 4095, and the value 8FFFh represents the most negative value of
—4095.

Conversion between sign-magnitude and 2s-complement data for p-law en-
coding and deceding is implemented with the code shown in Example 5-37
and Example 5-38, respectively. Conversion between 2s-compiement and
sign-magnitude data for A-law encoding and decoding is implemented with the
code shown in Example 5-39 and Example 5-40, respectively. Note that both
TMS320C17 devices feature hardware companding logic that can operate in
either u-law or A-law format with either sign-magnitude or 2s-complement
numbers
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Example 5-37. 2s-Complement to Sign-Magnitude for \L-Law Encoding

THIS ROUTINE CONVERTS A 2S~COMPLEMENT NUMBER TO 14-BIT
SIGN-MAGNITUDE FORMAT AND ADDS THE BIAS OF 33 FOR u-~LAW

MEMORY LOCATION 2 (BIAS) CONTAINS +33.

%
*
* ENCODING. MEMORY LOCATION 1 CONTAINS THE VALUE 1 AND
*
*

OUTPUT
LAC
BGEZ
ABS
ADD
ADD
SACL
SUB
BLEZ
LAC
SACL
B
POSOUT ADD
SACL
SUB
BLEZ
LAC
SACL
DONE OUT
*

SAMPLE
POSOUT

BIAS
ONE, 15
SAMPLE
NEGMAX
DONE
NEGMAX
SAMPLE
DONE
BIAS
SAMPLE
POSMAX
DONE
POSMAX
SAMPLE
SAMPLE

;GET THE LINEAR DATA FOR OUTPUT
;IF POSITIVE, CHECK POS MAX VALUE
;IF NEGATIVE, CHECK ABSQOIILUTE VALUE
;ADD IN THE BIAS OF 21h

;SET THE SIGN BIT NEGATIVE

;HOLD FOR LATER

; COMPARE TO NEGATIVE MAX=9FFFh
;IF WITHIN MAX, THEN SEND IT
;ELSE, LOAD THE VALUE WITH THE

; LARGEST NEGATIVE IN RANGE

;AND SEND IT

;ADD IN THE BIAS OF 21h

;AND SAVE IT

;COMPARE TO POSITIVE MAX=1FFFh
;IF WITHIN MAX, THEN SEND IT
;ELSE, LOAD THE VALUE WITH THE

; LARGEST POSITIVE VALUE IN RANGE
;PAl AND SEND TO ENCODER

CONTINUE CODE HERE

Example 5-38. Sign-Magnitude to 2s-Complement for \-Law Decoding

THIS ROUTINE CONVERTS A 14-BIT SIGN-MAGNITUDE NUMBER TO
25-COMPLEMENT NOTATION AND REMOVES THE BIAS OF 33 FOR

AND MEMORY LOCATION 2 (BIAS) CONTAINS 33.

*
*
* y~LAW DECODING. MEMORY LOCATION 1 CONTAINS THE VALUE 1
*
*

IN
LAC
SUB
BGEZ
ADD
SACL
ZAC
SUB
PQOS SACL
x .

SAMPLE,PAl;READ SERIAL PORT INPUT, DECODE

SAMPLE
BIAS
POS
ONE, 15
SAMPLE

SAMPLE
SAMPLE

;MOVE INPUT TO ACCUMULATOR
;REMOVE BIAS VALUE

; IF POSITIVE, THEN SAVE IT
;ELSE, DELETE SIGN BIT BY CARRY
; SAVE MAGNITUDE VALUE

;NEGATE THE INPUT BY

; SUBTRACTING FROM ZERQ AND SAVE
;FULLY EXPANDED LINEAR DATA

.+ CONTINUE CODE HERE
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Example 5-39. 2s-Complement to Sign-Magnitude for A-Law Encoding

* THIS ROUTINE CONVERTS A 2S-COMPLEMENT NUMBER TO 13~BIT

* SIGN-MAGNITUDE NOTATION FOR A-LAW ENCODING. MEMORY

* LOCATION 1 CONTAINS THE VALUE 1.

*

OUTPUT
LAC  SAMPLE ;GET THE LINEAR DATA FOR OUTPUT
BGEZ POSOUT ;IF POSITIVE, CHECK POS MAX VALUE
ABS ; IF NEGATIVE, CHECK NEG MAX VALUE
ADD  ONE,15 ;SET THE SIGN BIT NEGATIVE
SACL  SAMPLE ;HOLD FOR LATER
SUB  NEGMAX ; COMPARE TO NEGATIVE MAX=8FFFh
BLEZ DONE ;IF WITHIN MAX, THEN SEND IT
LAC  NEGMAX ;ELSE, LOAD THE VALUE WITH THE
SACL  SAMPLE ; LARGEST NEGATIVE IN RANGE
B DONE ;AND SEND IT

POSOUT SACL  SAMPLE ;SAVE IT
SUB  POSMAX ; COMPARE TO POSITIVE MAX=O0FFFh
BLEZ DONE ;IF WITHIN MAX, THEN SEND IT
LAC  POSMAX ;ELSE, LOAD THE VALUE WITH THE
SACL  SAMPLE ; LARGEST POSITIVE VALUE IN RANGE

DONE ouT SAMPLE,PAl;AND SEND IT TO ENCODER
* ... CONTINUE CODE HERE

Example 5-40. Sign-Magnitude to 2s-Complement for A-Law Decoding

* THIS ROUTINE CONVERTS A 13-BIT SIGN-MAGNITUDE NUMBER TO
* 28~COMPLEMENT NOTATION FOR A-LAW ENCODING.

* MEMORY LOCATION 1 CONTAINS THE VALUE 1.

*

INPUT

IN SAMPLE, PA1l;READ INPUT FROM SERIAL PORT; DECODE

LAC SAMPLE ;MOVE INPUT TCO ACCUMULATOR

BGEZ POS ;IF POSITIVE, THEN SAVE IT

ADD ONE, 15 ;ELSE, DELETE SIGN BIT BY CARRY

SACL SAMPLE ; SAVE MAGNITUDE VALUE

ZAC ;NEGATE THE INPUT BY

SUB SAMPLE ; SUBTRACTING FROM ZERO AND SAVE

POS SACL s SAMPLE, FULLY EXPANDED LINEAR DATA
* ... CONTINUE CODE HERE

5.6.2 FIR/IR Filtering
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Digital filters are a common requirement for digital signal processing systems.
The filters fall into two basic categories: finite impulse response (FIR) and infi-
nite impulse response (lIR) filters. In either category, the coefficients of the filter
(weighting factors) may be fixed or adapted during the course of the signal pro-
cessing. The theory and implementation of digital filters has been presented
and discussed in an application report, Implementation of FIR/IIR Filters with
the TMS32010/TMS32020, included in the book, Digital Signal Processing
Applications with the TMS320 Family, Volume 1 (literature number
SPRAD12A).

IIR filters benefit from the fast instruction cycle time of the TMS320C1x. They
typically require fewer multiply/accumulates. Correspondingly, the amount of
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data memory for samples and coefficients is not usually a limiting factor. Be-
cause of sensitivity to quantization of the coefficients themselves, they are usu-
ally implemented in cascaded second-order sections. This translates to coce
consisting of LTD-MPY instruction pairs. Example 5~41 shows an implemen-
tation of a second-order IIR filter.

Example 5-41. Implementing an IIR Filter

* THE FOLLOWING EQUATIONS IMPLEMENT AN IIR FILTER:
*
* d(n) = x(n) + d(n-1)al + d(n-2)a2
* y(n) = d{n)b0 + d{n-1)bl + d(n-2)b2
*
START 1IN XN, PAO ; INPUT NEW VALUE XN
LAC XN, 15 :LOAD ACCUMULATOR WITH XN
*
LT DNM1
MPY Al
*
LTD DNM2
MPY A2
*
APAC
SACH DN,1 ~id{(n) = x(n) + d(n-1l)al + d(n-2)a2
ZAC
MPY B2
*
LTD DNM1
MPY Bl
*
LTD DN
MPY BO
*
APAC
SACH = YN,1 ;y(n) = d(n)b0 + d(n-1)bl + d(n-2)b2
ouT YN, PAl ;YN IS THE OUTPUT OF THE FILTER

FIR fiiters, also, benefit from the fast instruction cycle time. An FIR filter re-
quires many more multiply/accumulates than does the lIR filter with equivalent
sharpness at the cutoff frequencies and with distortion and attenuation in the
passbands and stopbands. The TMS320C1x devices help solve this problem
by making implementation of longer filters feasible to implement. The
TMS320C 15 and the TMS320C 17 have expanded data memory of 256 words,
thus allowing additional coefficients and samples to be stored for longer length
filters. Example 5—42 illustrates an implementation of a fourth-order (4 taps)
FIR filter. Each tap consists of a LTD-MPY instruction pair, uses two data
memory locations, and requires two instruction cycles to execute.
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Example 5-42. Implementing an FIR Filter

* THE FOLLOWING EQUATION IS USED TO IMPLEMENT AN FIR FILTER:
*

* y(n)='Ax(n-1)+Cx (n=3) +Dx (n—4) 1 * 2%*~16
*

START 1IN X1,PA0 ; INPUIJT SAMPLE
ZAC
*
LT X4 ;x {(n—4)
MPY D
*
LTD X3 ;ACC=Dx4; x(n—-4)=x(n-3)
MPY C
*
LTD X2 ;ACC=Dx4+Cx3; x(n=-3)=x(n-2)
MPY B
*
LTD X1 ;ACC=Dx4+Cx3+Bx2; x(n-=2)=x(n-1)
MPY PN
*
APAC ;ACC=Dx4+Cx3+Bx2+Ax1
SACH Y,1
ouT Y,PAl ;OUTPUT RESULTS
B START

Example 5-42 uses straightline code. For longer length FIR filters, straightline
code may require larger program memory size. Depending on system con-
straints, you may choose to reduce program memory size by using looped
code. However, straightline code runs much faster than looped versions. Con-
sider the design tradeoff carefully.

5.6.3 Adaptive Filtering
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With FIR or IR filtering, the filter coefficients may be fixed or adapted. If the
coefficients are adapted or updated with time, then another factor impacts the
computational capacity. This factor is the requirement to adapt each of the co-
efficients, usually with each sample. A means of adapting the coefficients is the
least-mean-square (LMS) algorithm given by the following equation:

b(i + 1) = by(i) + 2Be(i)x(i — k)
where: e(i) = x(i) — y(i)

N-1

and: yi) = Z bx(i — k)

k=0
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Quantization errors in the updated coefficients can be minimized if the resuit
is obtained by rounding rather than truncating. For each coefficient in the filter
at a given point in time, the factor 2B e(i) is a constant. This factor can then be
computed once and stored in the T register for each of the updates. Thus, the
computational requirement has become one multiply/accumulate plus round-
ing. The adaptation of each coefficient is five instructions corresponding to five
clock cycles. This is shown in the instruction sequence as follows:

LARK ARO, LASTAP ;POINT TO DATA SAMPLE
LARK AR1, COEFFD sPOINT TO COEFFICIENTS
LARP ARO

LT ERRF ;errf = 2B*e (i)

MPY *—,AR1 ;P = 2B*e (i) *X(i-0)
ZALH

APAC ;0 (i+1) = bO(1l) + P
ADD ONE, 15 ; ROUND

SACH *+,0,AR0O s STORE b0 (i+l)

Example 543 shows a routine to filter a signal and update the coefficients.
The total execution time of the routine is 30 + 7n where n is the filter length.
Data and program memory requirements are 5 + 2n words and 28 + 7n words,
respectively. The filter length for adaptive filters Is restricted by both execution
time and memory. Obviously, more processing must be completed per sample
because of the adaptation, and the size of the on-chip data RAM limits the num-
ber of coefficients and data samples that can be stored.

Another routine on adaptive filtering is discussed in the book, Digital Signal
Processing Applications with the TMS320 Family (literature number
SPRA012A); see application report, Digital Voice Echo Canceller with a
TMS32020.

Example 5-43. 32-Tap Adaptive Filter

.title ‘ADAPTIVE FILTER’
.def ADPFIR
.def X, Y

THIS 32-TAP ADAPTIVE FILTER USES PAGE 0 FOR COEFFICIENTS
AND DATA SAMPLES, THE NEWEST INPUT SHOULD BE IN MEMORY
LOCATION X WHEN CALLED. THE OUTPUT WILL BE IN MEMORY
LOCATION Y WHEN RETURNED.

* ok ® % *
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*

ONE .set 120 ; CONSTANT ONE

BETA .set 121 ;ADAPTATION CONSTANT * 2
ERR .set 122 ; SIGNAL ERROR

ERRF .set 123 ;ERROR FUNCTION

Y .set 124 ;FILTER OUTPUT

X .set 125 ;NEWEST DATA SAMPLE

FRSTAT .set 32 ;NEXT NEWEST DATA SAMPLE
LASTAP .set 63 ;OLDEST DATA SAMPLE

COEFFD .set 0 ; START OF COERRICIENT TABLE
*

* FINITE IMPULSE RESPONSE (FIR) FILTER.

*
.text

ADPFIR LDPK 0 ;USE DATA PAGE O
LARK AR1l, COEFFD; LOAD POINTER FOR COEFF TABLE
LARK ARO, LASTAP; LOAD POINTER FOR DATA SAMPLES

MPYK 0 ; CLEAR THE P REGISTER
LAC ONE, 14 ; LOAD OUTPUT ROUNDING BIT
LARP ARO

*

* DO 32 TAPS.
*

FIR LT *—,AR1 ;LORD T REG WITH OLDEST SAMPLE
MPY *+, ARO sMULTIPLY WITH LAST COEFFICIENT
*
*
LTD *—,AR1 ;LOAD NEXT SAMPLE
MPY *+,AR0O sMULTIPLY WITH NEXT COEFFICIENT
*
LTD *—, AR1 ;LOAD NEXT SAMPLE
MPY *+, ARO ;MULTIPLY WITH NEXT COEFFICIENT
LTD *—,AR1 ;LOAD LAST SAMPLE
MPY *+, ARO ;MULTIPLY WITH LAST COEFFICIENT
*
APAC
SACH Y,1 ;STORE FILTER OUTPUT
ZAC
SuB Y ;ACC = -y (i)
ADD X 7ADD THE NEWEST INPUT
SACL ERR serrti) = x(i) - y(i)
*
* LMS ADAPTATION OF FILTER COEFFICIENTS.
*
LT ERR
MPY BETA
PAC ;errf (i) = 2*beta*err(i)
ADD ONE, 14 ;ROUND THE RESULT
SACH ERRF, 1
LAC X
SACL FRSTAP ; INCLUDE NEWEST SAMPLE

LARK ARO,LASTAP;POINT TO DATA SAMPLE
LARK AR1,COEFFD;POINT TO COEFFICIENTS

LT ERRF ;KEEP ERRF IN T REGISTER
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ADAPT MPY *-,AR1 ;P = 2*beta*err (i) *x (i-31)
ZALH  *
APAC :b31(i+l) = b31(i) + P
ADD ONE, 15 ; ROUND
SACH *+,0,AR0 ;STORE b3l (i+l)

*
MPY *—,AR1 ;P = 2*beta*err (i) *x(i-30)
ZALH  *
APAC :b30(i+1) = b30(i) + P
ADD ONE, 15 ; ROUND

SACH *+,0,AR0 ;STORE b30(i+1)

MPY *—,AR1 ;P = 2*beta*err (i) *x (i-29)
ZALH *

APAC ;b29(i+l) = b29(i) + P
ADD ONE, 15 +ROUND

SACH *+,0,AR0 ;STORE b29 (i+l)

MPY *—,AR1 ;P = 2*beta*err (i) *x (i-0)
ZALH *

APAC ;b0 (i+l) = bO(i) + P

ADD ONE, 15 ; ROUND

SACH *+,0,AR0 ;STORE b0 (i+1)

RET ;RETURN TO MAIN PROGRAM

5.6.4 Fast Fourier Transforms (FFT)

Fourier transforms are another important tool often used in digital signal pro-
cessing systems. The purpose of the transform is to convert information from
the time domain to the frequency domain. The inverse Fourier transform con-
verts information back to the time domain from the frequency domain. Imple-
mentations of Fourier transforms that are computationally efficient are known
as fast Fourier transforms (FFTs). The theory and implementation of FFTs has
been discussed in the book, DFT/FFT and Convolution Algorithms, by Burrus
and Parks, published by John Wiley and Sons. The book also contains a large
number of sample TMS32010 and FORTRAN programs to implement DFT/
FFT algorithms. The TMS320C1x reduces the execution time of all FFTs by
virtue of its single-cycle instruction time.

Example 5-44 consists of some of the macros used in the implementation of
FFTs. Example 545 shows the code for an 8-point DIT (decimation in time)
FFT. The code has been structured into a number of macro calls, including a
macro for bit reversal.
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Example 5-44. FFT Macros
COMBO .macro R1,I1,R2,1I2,R3,I3,R4,1I4
*

* CALCULATE PARTIAL TERMS FOR R3, R4, I3, AND I4.
*

LAC :R3:,14 ;ACC := (1/4) (R3)
ADD :R4:,14 ;JACC := {1/4) (R3+R4)
SACH :R3:,1 ;R3 = (1/2) (R3+R4)
SUB :R4:,15 ;AC = (1/4) (R3+R4)—-(1/2) (R4)
SACH tR4:,1 ;R4 = (1/2) (R3-R4)
LAC :I13:,14 JACC = (1/4) (I3)
ADD :I4:,14 JACC = (1/4) (I3+14)
SACH :I3:,1 ;I3 = (1/2) (I3+14)
SUB :I4:,15 JACC = (1/4) (I3+I4)-(1/2) (I4)
SACH :I4:,1 ;14 = (1/2) (13-14)

*

* CALCULATE PARTIAL TERMS FOR R2, R4, I2, AND I4.

:.3
LAC :R1:,14  ;ACC := (1/4) (R1)
ADD :R2:,14 ;ACC := (1/4) (R1+R2)
SACH :R1:,1 ;R1 = (1/2) (R1+R2)
SUB :I13:,15 iAC = (1/4) (R1+R2)-(1/2) (R2)
ADD :I4:,15 JACC = (1/4) { (R1=-R2)+(I3=I4)]
SACH 1R2: ;R2 = (1/4) [ (R1-R2)+(I3-I4)]
SUBH 114 ;ACC = (1/4) [ (R1-R2)—-(13-I4)]
DMOV :R4: ;14 := R4 = (1/2) (R3-R4)
SACH :R4: ;R4 = (1/4) [ (R1-R2)-(I3-I4)]
LAC :I1:,14 ;ACC = (1/4) (I1)
ADD :I2:,14 ;ACC = (1/4) (I1+12)
SACH :I1:,1 ;I 1= (1/2) (I1+12)
SUB :I2:,15  ;ACC :=  (1/4) (I1+I2)-(1/2)(I2)
SUB :I4:,15 ;ACC := (1/4)y [(I1-I2)-(1I3-I4)]
SACH :I2: ;I2 = (1/4) [(I1-12)-(I3-I4)]
ADDH :I4: JACC = {(1/4) [(11-I2)+(I3-I4)]
SACH :T4: ;14 1= (1/4) [(I1-12)+(I3-I4)]

*

* CALCULATE PARTIAL TERMS FOR
*

w0

1, R3, I1, AND I3.

LAC :R1:,15 ;ACC :=  (1/4) (R1+R2)

ADD tR3:,15 ;ACC 3= (1/4) [ (R1+R2) + (R3+R4) ]
SACH :Rl: JR1 :=  (1/4) [ (R1+R2)+(R3+R4)]
SUBH :R3: JACC :=  (1/4) [ (R1+R2)-(R3+R4)]
SACH  :R3: ;R3  :=  (1/4) [ (R1+R2)-(R3+R4)]
LAC :I1:,15 ;ACC := (1/4) (I1+412)

ADD :I3:,15 JACC = (1/4) [(I1+I2)+(I3+I4)]
SACH :Il: ;I := (1/4) [(I1+I2)+(I3+41I4)])
SUBH :I3: JACC = (1/4) [(I1+I2)-(I3+I4))]
SACH :13: 313 = (1/4) [(I1+I2)-(I3+I4)]
.endm
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*

* MACRO FOR INPUT BIT REVERSAL.

*

BITREV .macro PR,PI,QR,QI

ZALH :PR:
ADDS QR
SACL :PR:
SACH :QR:
ZALH :PI:
ADDS :QI:
SACL :PI:
SACH :QI:
.endm

*

ZERO .macro PR,PI,QR,QI

*

* CALCULATE Re (P+Q) AND Re (P—Q)

»
LAC :PR:, 15 +ACC
ADD 1QR:, 15 ;ACC
SACH :PR: ;PR
SUBH :OR: ;ACC
SACH :QOR: ;OR

*

* CALCULATE Im(P+Q) AND Im(P-Q)

*
LAC :PI:, 15 ;ACC
ADD :QI:, 15 +ACC
SACH :PI: ;PR
SUBH :QI: ;ACC
SACH QI ;OR
.endm

*

*

PIBY4 .macro PR,PI,QR,QI,W

*
LT W ;T REG :
LAC :QI:, 14 ;ACC
SUB :QR:,14 ;ACC
SACH :QI:, 1 ;QI
ADD :QR:,15 ;ACC
SACH :QR:,1 ;OR
LAC :PR:,14 ;ACC
MPY :QR: ;P REG :
APAC ;ACC
SACH :PR:,1 ;PR
SPAC ;ACC
SPAC . ;ACC
SACH 1QR:, 1 ;QR
LAC 1PI:,14 ;ACC
MPY :QI: ;P REG :
APAC ;ACC
SACH :PI:, 1 ;PI
SPAC ;ACC
SPAC ;ACC
SACH :QI:, 1 QI
.endm

WHonwn

[ | T | | Y1 A [ 1

(1/2) (PR)

(1/2) (PR+QOR)
(1/2) (PR+QR)
(1/2) (PR+QR) — (QR)
(1/2) (PR-QR)

(1/2) (PI)

(1/2) (PI+QI)
(1/2) (PI+QI)
(1/2) (PI+QI)=(QI)
(1/2) (PI-QI)

W=COS (PI/4)=SIN(PI/4)
(1/4) (QI)

(1/4) (QI-QR)

(1/2) (QI-QR)

(1/4) (QI+QR)

(1/2) (QI+QR)

(1/4) (PR)

(1/4) (QI+QR) *W

1/4) [PR+ (QI+QR) *W]
(1/2) [PR+ (QI+QR) *W)
(1/4) (PR)

(1/4) [PR~ (QI+QR) *W]
(1/2) [PR=(QI+QR) *W]
(1/4) (PI)

(1/4) (QI-QR) *W
(1/4) [PI+(QI-QR) *W]
(1/2) [PI+(QI-QR) *W}
(1/4) (PI)

(1/4) [PI-(QI-QR) *W]
(1/2) [PI-(QI-QR) *W]
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*
*

PIBY2
*

.macro

* CALCULATE
*

LAC
SUB
SACH
ADDH
SACH

* CALCULATE
*

*
*

PI3BY4
*

LAC
ADD
SACH
SUBH
DMOV
SACH
.endm

PR,PI,QR,QI

Re (P+3Q) AND Re (P-3Q)

:PI:, 15 ;ACC
:QR:,15 ;ACC
:PI: ;PI
:QR: ;ACC
:QR: :OR

Im(P+3jQ) AND Im(P-3jQ)

:PR:, 15 ;ACC
:QI:, 15 ;ACC
:PR: : PR
QI ;ACC
:OR: ;OR —=>
:QR: ; OR

PR,PI,QR,Q1,W
H'H ;T REG :
:QI:, 14 i ACC
:QR:,14 ;ACC
:QI:, 1 s QI
:QR:, 15 ;ACC
:QR:,1 ;OR
:PR:,14 :ACC
QI ;P REG

;ACC
:PR:, 1 ;PR
;ACC
;ACC
QR ;P REG :
:QR:,1 ; QR
:PI:, 14 ;ACC
;ACC
:PI:, 1 ;PI
;ACC
;ACC
:QI:, 1 01

(1/2) (PI)

(1/2) (PI-QR)
(1/2) (PI-QR)
(1/2) (PI-QR)+ (QR)
(1/2) (PI+QR)

(1/2) (PR)

(1/2) (PR+QI)

{1/2) (PR+QI)

(1/2) (PR+QI)-(QI)
I

(1/2) (PR-QT)

(o X |

W=COS (PI/4)=SIN(PI/4)
(1/4) (QI)

(1/4) (QI-QR)

(1/2) (QI-QR)

(1/4) (QI+QR)

(1/2) (QI+QR)

(1/4) (PR)

(1/4) (QI-QR) *W
(1/4) [PR+(QI-QR) *W]
(1/2) [PR+ (QI-QR) *W]
(1/4) (PR)

(1/4) [PR-(QI-QR) *W]
(1/4) (QI+QR) *W
(1/2) [PR-(QI-QR) *W)
(1/4) (PI)

(1/4) [PI-(QI+QR) *W]
(1/2) (PI-(QI+QR) *W])
(1/4) (PI)

(1/4) [PI+ (QI+QR) *W]
(1/2) [PI+(QI+QR) *W]

| T 2 20 T O I
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Example 5-45. An 8-Point DIT FFT

* THIS ROUTINE IMPLEMENTS AN 8-POINT DIT FFT. ASSUME THAT
* TWIDDLE FACTOR = W VALUE STORED IN MEMORY LOCATION W.
*

*

XOR .set 00
X0I .set 01
X1R .set 02
X11I .set 03
X2R .set 04
X21 .set 0%
X3R .set 06
X311 .set 07
X4R .set 08
X41I .set 09
X5R .set 10
X5I .set 11
X6R .set 12
X61 .set 13
XTR .set 14
X77 .set 15
W .set 16
WVALUE .set 5A82h ;VALUE FOR SIN (45) OR COS (45)
*
* INITIALIZE FFT PROCESSING. ASSUME TWIDDLE FACTOR =
* W VALUE STORED IN MEMORY LOCATION W.
*
.text
FFT ROVM ;RESET OVERFLOW MODE
LDPK 6] ; SET DATA PAGE POINTER TO 0

* BIT-REVERSED INPUT SAMPLES.

*

BITREV X1R,X1I, X4R,X4I
BITREV X3R, X3I.X6R, X611

FIRST AND SECOND STAGES COMBINED WITH DIVIDE-BY-4
INTERSTAGE SCALING.

* * A %

COMBO XOR,XO0I,X1R,X1I,X2R,X2I,X3R,X3I,
COMBO X4R,X4TI,X5R,X5I,X6R,X6I,X7R,X7I.

*

* THIRD STAGE WITH DIVIDE-BY-2 INTERSTAGE SCALING.
*

ZERO XO0R, X0I, X4R, X41I
PIBY4 X1R,X1I,X:SR,X5I,W
PIBY2 X2R,X2I,X6R,X6I
PI3BY4 X3R,X3I X =, X7I,W
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5.6.5 PID Control

5-68

The purpose of control systems is to regulate a process and achieve a desired
behavior or output from the process. A control system consists of three main
components: sensors, actuators, and a controller. Sensors measure the be-
havior of the system. Actuators supply the driving force to ensure the desired
behavior. The controller generates actuator commands corresponding to the
error conditions observed by the sensors and the control algorithms pro-
grammed in the controller. The controller typically consists of an analog or digi-
tal processor.

Analog control systems are usually based on fixed components and are not
programmable. They are also limited to using single-purpose characteristics
of the error signal, such as P (proportional), | (integral), and D (derivative), or
their combination. These limitations, along with other disadvantages of analog
systems such as component aging and temperature drift, are reasons why digi-

tal control systems increasingly replace analog systems in most control appli-
cations.

Digital control systems that use a microprocessor/microcontroller are able to
implement more sophisticated algorithms of modern control theory, such as
state models, deadbeat control, state estimation, optimal control, and adaptive
control. Digital control algorithms deal with the processing of digital signals and
are similar to DSP algorithms.

The most commonly used algorithm in both analog and digital control systems
is the PID (proportional, integral, and derivative) algorithm. The classical PID
algorithm is given by

u(t) = Kee(t) + K; I edt + Kd%$

The PID algorithm must be converted into a digital form for implementation on
a microprocessor. Using a rectangular approximation for the integral, the PID
algorithm can be approximated as

u(n) =u(n-1) + Ky e(n) + Ky e(n—1) + K3 e(n—2)

This algorithm is implemented in Example 5-46.
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Example 5-46. PID Control

.title 'PID CONTROL’
.def PID
*

* THIS ROUTINE IMPLEMENTS A PID ALGORITHM.
*

UN .set O ;OUTPUT OF CONTROLLER
EO .set 1 ; LATEST ERROR SAMPLE
El .set 2 ;PREVIOUS ERROR SAMPPLE
*

UN .set 0 ;OUTPUT OF CONTROLLER
EO .set 1 ;LATEST ERROR SAMPLE
El .set 2 ;PREVIOUS ERROR SAMPLE
E2 .set 3 ;OLDEST ERROR SAMPLE
K1 .set 4 ;GAIN CONSTANT

K2 .set 5 ;GAIN CONSTANT

K3 .set 6 ;GAIN CONSTANT

*

* ASSUME DATA PAGE 0 IS SELECTED.
*

.text

PID IN E(0,PAQO ;READ NEW ERROR SAMPLE

LAC UN ;ACC = u(n-1)

LT E2 ;LOAD T REG WITH OLDEST SAMPLE

MPY K2 ;P = K2*e (n-2)

LTD El ;ACC = u(n—-1)+K2*e(n-2)

MPY K1l ;P = Kl*e(n-1)

LTD EO ;ACC = u(n-1)+Kl*e(n-1)+K2*e (n-2)

MPY KO ;P = KO*e(n) )

APAC ;ACC = u(n-1)+K0*e (n) +Kl*e (n-1)
* ;+K2*e (n-2)

SACH UN,1 ; STORE OUTPUT

ouT UN, PAl 3 SEND IT

The PID loop executes in 13 cycles or 2.6 ps at a 20-MHz clock rate. The
TMS320 can also be used to implement more sophisticated algorithms such
as state modeling, adaptive control, state estimation, Kalman filtering, and op-
timal control. Other functions that can be implemented are noise filtering, sta-
bility analysis, and additional control loops.

5.6.6 Self-Test Routines

A self-test program can effectively perform incoming quality verification or be
used as a powerup device verification tool. Texas instruments has developed
a self-test program to check out the functionality of a TMS320C1x device be-
fore you branch to the user code. This program is not intended to provide a
means of logic debug but rather to indicate device pass/fail from which it can
be determined whether or not the TMS320C1x is functional.

When designing a DSP device, Texas Instruments runs thorough patterns
through the logic to test all the stages. Inthese patterns, worst-case conditions
and transitions are forced to verify logic design prior to manufacturing. Like-
wise, the speed and electrical specifications are thoroughly tested. in produc-
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tion manufacturing, every TMS320C1x is tested to meet the functionality,
speed, and power specifications of the device before it is shipped. The drive

levels and loading of lines are checked at full speed and over varying tempera-
ture.

The 460-word self-test program for the TMS320C1x sxercises most of the
on-chip resources of the device with a minimal amount of external circuitry.
Note that this code is intended for testing on-chip resources and will not exer-
cise the external interface lines.

Example 5-47 contains a small portion of this self-test program, which checks
out the ALU section. The ALU test is designed to validate the basic operation
ofthe circuit. It consists of a series of subtests to verify addition and subtraction
operations of both halves of the 32-bit operation as well as carry and overflow
calculations, absolute value, and SUBC operation. A failure in any of these
tests will set the error code in the accumulator to 100xh, where x is the number
of the subtest that has failed.

Other sections of this self-test check the auxiliary registers, on-chip data RAM,
on-chip program ROM (longitudinal redundancy test), status register and
branches, pre- and post-scaling shifters, multiplier, and the instruction set.

Texas Instruments offers an applications brief, which discusses the code seg-
ments that compose the TMS320C 1x self-test program and also explains how
to link and execute this code. The applications brief and selftest code are avail-
able through the TMS320 DSP Bulletin Board Service (see Appendix E).
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Example 5-47. Self-Test Routine

* THIS PROGRAM EXECUTES AN INTERNAL SELFTEST OF THE
* TMS320C1X MICROCOMPUTER ALU. A FAILURE IN ANY OF THESE
* TESTS WILL SET THE ERROR CODE IN THE ACCUMULATOR TO 100Xh
* WHERE X IS THE NUMBER OF THE SELFTEST THAT HAS FAILED.
*
*
* RESET AND INTERRUPT VECTORS.
*
BEGIN B START ;RESET SOFT VECTOR
B INTRPT ; INTERRUPT SOFT VECTOR
*
* REQUIRED DATA VALUES FOR TEST PROGRAMS.
*
.word OFFFFh ;RAM TEST PATTERN 1
.word OAAAAh ;RAM TEST PATTERN 2
.word 5555h ;RAM TEST PATTERN 3
.word Oh ;RAM TEST PATTERN 4
*
* PROGRAM INITIALIZATION DP = 0 AND DISABLE INTERRUPTS.
*
.text .
START ; START INITIALIZATION ROUTINE
LDPK 0 ; START IN ZERO DATA PAGE
DINT ;DISABLE EXTERNAL INTERRUPTS

*

* ARITHMETIC LOGIC UNIT TEST.
*

ALU
LACK 1 ;GET INCREMENT VALUE
SACL. 8 ;STORE IT IN REG8
LACK 4 ;POINT ACC TO PATTERNS TABLE
TBLR 4 ;PUT TABLE VALUE IN REG4
ADD 8 ; INCREMENT TABLE ADDRESS
TBLR 5 ;PUT TABLE VALUE IN REGS
ADD 8 ; INCREMENT TABLE ADDRESS
TBLR 6 ;PUT TABLE VALUE IN REG6
ADD 8 ; INCREMENT TABLE ADDRESS
TBLR 7 ;PUT TABLE VALUE IN REG7
LACK 10h ;SET ERROR CODE VALUE
SACL 2 ;STORE CODE IN REG2
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ALU1l

ALU2

ALU3

ALU4

ALUS

LACK
ADD

LAC
ADD
BZ

LACK
ADD

ADD
ABS
sSUB
BZ

LACK
ADD

LACK
SACL
LACK
SUBC
NOP

SUBC
NOP

SUBC
NOP
SACH
SACL
LACK
XOR
BZ

s oy N

[
a
N

o~
a3
C
o]

=R e N R0 [ o

> o
t
(@]
W

4,12

ALU4
2,8
ERROR
ALUS
2,8
ERROR

40h

OFFh

ALUG

; CLEAR OUT ACCUMULATOR

;ADD IN OAAAAh PATTERN

;AND WITH OAAAAh PATTERN

;OR WITH 5555h PATTERN

; SUBTRACT -1 FROM PATTERN

;IF ACC CLEARED, GO TO NEXT TEST

;IF NOT, THEN SET TEST 1 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE

;ADD HIGH THE OAAAAh PATTERN

; SUBTRACT HIGH THE 5555h PATTERN
; SAVE THE VALUE

;RESTORE THE VALUE

; TAKE ABSOLUTE VALUE

;SUBTRACT HIGH 10000h

;IF ACC CLEARED, GO TO NEXT TEST

; IF NOT, THEN SET TEST 2 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE

;LOAD ACC WITH OFFFFFO0Oh PATTERN
;ADD 00001000h TO IT
;IF ACC CLEARED, GO TO NEXT TEST

;IF NOT, THEN SET TEST 3 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE

;LOAD ACC WITH OFFFFFFFFh PATTERN
; TAKE ABSOLUTE VALUE

; SUBTRACT 00000001h

;IF ACC CLEARED, GO TO NEXT TEST

;IF NOT, THEN SET TEST 4 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE

;GET DIVISOR = 64

; SAVE IN REGO

;GET DIVIDEND = 255
;1ST STAGE OF DIVIDE
;REQUIRED NOP

;2ND STAGE OF DIVIDE
;REQUIRED NOP

;16TH STAGE OF DIVIDE

; REQUIRED NOP

; SAVE REMAINDER

; SAVE QUOTIENT

;GET QUOTIENT COMPARISON MASK

; COMPARE WITH CALCULATED ANSWER
;IF ACC CLEARED, GO TO NEXT TEST
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ALU6

LACK
ADD

LACK
XOR

LACK
ADD

5
2,8
ERROR

3Fh
1
STATUS

6
2,8
ERROR

; IF NOT, THEN SET TEST 5 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE

:GET REMAINDER COMPARISON MASK
; COMPARE WITH ANSWER
; IF ACC CLEARED, GO TO NEXT TEST

: IF NOT, THEN SET TEST 6 CODE
;ADD IN ERROR CODE
;EXIT TO ERROR ROUTINE
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5.7 PWM Generation (TMS320C14)

5-74

The TMS320C14 can be configured to generate high-precision pulse width
modulation (PWM) outputs. In this function, the compare output pins are con-
trolled directly by the compare registers. The contents of the compare registers
control the duration of the high portion of the PWMwaveform. The PWM output
is useful in controlling stepper motors.

Example 548 contains code that could be used in adjusting the phase re-
sponse of a three-phase motor. By controlling the width of the PWM waveform
output, a designer can control the relative phase of a three-phase motor. Timer
2 is used to determine the duration of the PWM pulse width.
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Example 5-48. Using Compare Oulputs for Motor Control

* * ¥ * * * % * % X % F %

* % % %

% o ¥ o

*

PWM GENERATION WITH COMPARE OUTPUTS EXAMPLE. SETTING BIT 8
OF THE TCON REGISTER OVERRIDES ANY OTHER CONFIGURATION. THE
COMPARE REGISTER(S) MUST BE SET UP WITH THE DURATION OF THE
HIGH PORTION OF THE PWM OUTPUT. IF THESE VALUES ARE TO BE
CHANGED, WRITING TO THE PROPER ACTION REGISTER ACCOMPLISHES
THE TASK IMMEDIATELY AT THE END OF THE CURRENT CYCLE.

.include “C1l4INC” ;INCLUDE HEADER FILE
IT IS ASSUMED THAT’BANK’ AND ‘TMP’ ARE AVAILABLE TO STORE
VALUES TO THE BSR AND THE CONTROL REGISTER WHICH IS TO BE
ALTERED. IT IS ALSO ASSUMED THAT ‘ONE’ HOLDS THE CONSTANT 1.
.ref BANK, TMP, ONE

IT IS ALSO ASSUMED THAT ‘PWMperiod’ HOLDS THE DESIRED PERIOD
AND ‘PWMwidth’ HOLDS THE WIDTH.

.ref PWMperiod, PWMwidth

.

.

.data

TABLE:

*

*

*

* % * %

.word CMPPWMMode+CMPTMR1Select+TMR1Enab1e*TMRby1+TMR1Internal

.text

SET UP PERIOD REGISTER OF TIMER 1

LACK TimerBank

SACL BANK

ouT BANK, BSR

ouT PWMperiod, TPR1

GET MODE WORD FOR TCON

LT ONE

MPYK TABLE

PAC

TBLR TMP

ouT TMP, TCON ;LOAD TCON

LACK ActionBank

SACL BANK

ouT BANK, BSR

ouT PWMwidth, ACT5 ; UPDATE PWM WIDTH
.end
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5.8 Speed/Position Measurement (TMS320C14)

The capture subsystem onthe TMS320C14 is capable of detecting and storing
any transition on its capture input pins. Using optical encoders, a digital repre-
sentation of an analog process such as speed measurement can be obtained.
An incremental encoder creates a series of square waves. The number of
square waves corresponds to the mechanical increment required. For an en-
coder that supplies 1024 square wave cycles per revolution (360 degrees),
each increment of one corresponds to 0.351 degrees of revolution. Using a
counter, the rotation of the shaft can be calculated.

A dual channel incremental encoder can be used for position sensing, as
shown in Figure 5-2. Most incremental systems use two output channels in
quadrature so that you can count the transitions from a high state to a low state,
and view the state of the opposite channel during these transitions. Using this
information, you can determine if channel A leads channel B and derive the di-
rection.

Figure 5-2. Dual-Channel Optical Encoder Qutputs

Channel A

Channel B

Example 5-49 instructs the CPU to read the capture input once every 0.5 ms,
compare the input to a value (contents of Timer 1), and toggle the bit IO pins
0 and 1 for every maich.

Example 5-49. Using the Capture Inputs to Detect Speed

¥ % A % % % d X F O X % *

o
~
®

USE CAPTURE INPUTS TO DETERMINE SPEED. BITS 11 THROUGH 15

OF TCON ARE PRESUMED TO BE 0. THIS THEN IMPLIES THAT TIMER 1
IS USED FOR CAPTURE OPERATIONS WITH INTERNAL CLOCK SOURCE
WITH AN INTERRUPT GENERATED ON THE FIRST CAPTURE ENTRY
RECEIVED IN FIFOO. THE OPTICAL ENCODER OUTPUTS A AND B ARE
CONNECTED TO CAPO AND CAP1 INPUTS. ANY TRANSITION FROM HIGH
TO LOW WILL TRIGGER A CAPTURE. THIS ROUTINE COMPUTES MEAN
TIME BETWEEN A AND B PULSES AND DETERMINES SIGN OF FORWARD
DIFFERENCE OF TIME BETWEEN AN A PULSE AND A B PULSE.

INCLUDE C14 EQUATES
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; INCLUDE HEADER FILE

Capturelnit,CapturelISR

.word CAPOMode*NegEdgeDetect+CAP1Mode*NegEdgeDetect

.include “”C14INC”
*
.def
*
.data
*
TABLE:
.word
*
*
.ref IFimage
.ref IMimage
.ref BANK
.ref TMP
.ref POINT
.ref ONE
.ref SampleRate
.ref MeanATime
.ref MeanBTime
.ref FIFOOvalue
.ref FIFOlvalue
.ref ABdifference
.ref IntBankSave
*
.bss CapBankSave, 1
.bss TimBankSave, 1l
*
* THE FOLLOWING CODE INITIALIZES CCON.
*
*
*
.text
*
CaptureInit:
*
LT ONE
MPYK TABLE
PAC
SACL  POINT
TBLR TMP
LACK CaptureBank
SACL CapBankSave
ouT CapBankSave, BSR
ouT TMP, CCON
*
LAC POINT
ADD ONE
SACL POINT
LACK TimerBank
SACL TimBankSave
ouT TimBankSave, BSR
ouT TMP, TPR1
*
LAC POINT
ADD ONE
SACL  POINT
TBLR TMP
ouT IntBankSave, BSR
IN IMimage, IM
LAC ‘TMP

(_CAPINTO + _CAPINT1) OFFFFh

; CONSTRUCT CAPTURE MASK

; INTERRUPT FLAG IMAGE

; INTERRUPT MASK IMAGE

; TEMPORARY STORAGE FOR VALUE FOR BSR

;s SCRATCH SPACE

; TEMPORARY STORAGE FOR TABLE POINTER
;THE VALUE 1 SAVED AS A CONSTANT

;NUMBER OF CLOCK TICKS FOR 0.5 MS

;MEAN CLK TICKS BETWEEN TRANSITIONS ON A
;MEAN CLK TICKS BETWEEN TRANSITIONS ON B
; LAST FIFO0 VALUE

;LAST FIFOl VALUE

;FIFO0 ~-FIFO1

;PRESUMED INITIALIZED TO InterruptBank

;DEFINE CAPTURE BANK
;DEFINE TIMER BANK

IT WOULD BE REFERENCED DURING

INITIALIZATION. USE TIMER 1 WITH INTERNAL CLOCK SOURCE WITH X1 PRE-
SCALE. SET TIMER PERIOD TO 3125 (ABOUT 0.5 MS FOR A 25 MHZDEVICE).

;CapBankSave = CaptureBank

; INITIALIZE CCON FROM TABLE

;TimBankSave = TimerBank

; INITIALIZE TIMER 1 PERIOD

;POINT = —>TABLE[1]
;TMP = TABLE[1l]

;READ IM AND STORE IN IMimage
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AND
SACL
ouT
RET

* O R R % X * % %

CapturelISR:
ouT

*
LAC
AND
BNZ
LAC
AND
BNZ
RET

*

Capture0:
IN
LAC
SUB
ADD
SACL
LAC
SACL
LAC
SACH

LAC
SUB
SACL
RET

*

Capturel:
IN
LAC
SUB
ADD
SACL
LAC
SACL
LAC
SACH

RET

.end
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OF THIS ROUTINE.

INSTRUCTION,

IMimage
IMimage
IMimage, IM

CapBankSave, BSR

ONE, CAPINTO_BIT

IFimage
Capturel

ONE, CAPINT1_BIT

IFimage
Capturel

TMP, FIFQO
TMP
FIFOOvalue
MeanATime
MeanATime
TMP
FIFOQvalue
MeanATime, 15
MeanATime

FIFOOvalue
FIFOlvalue
ABdifference

TMP, FIFOl
TMP
FIFOlvalue
MeanBTime
MeanBTime
TMP
FIFOlvalue
MeanBTime, 15
MeanBTime

;ENABLE CAPINTO AND CAPINT1

CAPTURE ISR PRESUMES THAT A CAPTURE INTERRUPT WAS DETECTED

AND THAT THE ENVIRONMENT HAS BEEN SAVED PRIOR TO THE DISPATCH

IT IS PRESUMED THAT THE IF REGISTER WAS SAVED AT
IFimage PRIOR TO IMAGE ENTRY INTO THE ROUTINE. UPON COMPLETION OF
HANDLING THE CAPTURE INTERRUPT, THE ROUTINE EXECUTES A ‘RET’
RETURNING IT TO THE POINT WHERE IT WAS INVOKED FOR THE
RESTORATION OF THE ENVIRONMENT AND/OR FURTHER INTERRUPT PROCESSING.

;BSR ~> CAPTURE BANK
;IF (CAPINTO) THEN PROCESS IT

;ELSE IF (CAPINT1) THEN PROCESS IT
;RETURN TO CALLING ROUTINE

;FIFOQvalue = FIFOO

;MeanATime = (MeanATime + FIFO0dif) /2

;ABdifference = FIFOOvalue - FIFOlvalue

;Get FIFO 1 VALUE

; SUBTRACT PREVIOUS FIFO1l

; UPDATE FIFOlvalue

;MeanBTime = (MeanBTime + FIFQldif)/2
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5.9 Using the Serial Port (TMS320C14)

The TMS320C14 has a dedicated asynchronous mode receiver/transmitter
(UART). An independent timer is used for baud rate generation, if required.
Two interrupts (receiver buffer full or transmitter buffer empty) are generated
by the serial port to initiate transceiving.

The asynchronous operation is full-duplex with internal baud rate generation,
with a maximum transmission rate of CLKOUT/16 bps (400 Kbps @ 25.6
MHz). In this mode, the serial port is capable of detecting parity, framing, and
frame overrun errors.

5.9.1 Asynchronous Configuration

Example 5-50 below sets up the serial port in the asynchronous mode with 7
data bits, even parity, and normal reception. A software polling technique is
used to determine if the receiver or the transmitter requires servicing, and data
is either read from the receive buffer or written to the transmit buffer, depending
on the source of the interrupt.

Example 5-50. Configuring for Asynchronous Operation

*
* EXAMPLE PROGRAM SEGMENT TO INITIALIZE SERIAL PORT FOR ASYNCHRONOUS OPERATION AND
* TO RESPOND TO INTERRUPTS FROM TRANSMIT AND RECEIVE SECTIONS OF THE SUBSYSTEMS.
*
* INCLUDE Cl4 EQUATES
*
.include ”“C1l4INC” ; INCLUDE HEADER FILE
*
.def AsynchInit, AsynchISR
.data
*
TABLE:
.word SBRG19200 ; CONSTANT FOR 19.2 KBAUD
.word AsynchMode+SevenDataBits+ParityEnable+EvenParity
.word (_RXINT + _TXINT) “~ OFFFFh
;CONSTRUCT IM MASK FOR SERIAL PORT
*
.ref IFimage ; INTERRUPT FLAG IMAGE
.ref IMimage ; INTERRUPT MASK IMAGE
.ref BANK ; TEMPOARAY STORAGE FOR BSR VALUE
.ref TMP ; SCRATCH SPACE
.ref POINT ; TEMPORARY STORAGE FOR TABLE POINTER
.ref ONE ;THE VALUE 1 SAVED AS A CONSTANT
*
.ref PortBankSave ;INITIALIZED TO SerialPort BANK

;TO SPEED EXECUTION DURING
; INTERRUPT SERVICE ROUTINE

.ref IntBankSave ;INITIALIZED TO InterruptBank

;TO SPEED EXECUTION DURING
; INTERRUPT SERVICE ROUTINE
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.text
*
* THE FOLLOWING CODE INITIALIZES SCON. IT WOULD BE REFERENCED
* DURING INITIALIZATION.
*
AsynchInit:
*
LT ONE
MPYK TABLE
PAC
SACL POINT :POINT = ~>TABLE(0]
TBLR TMP
LACK SerialPort
SACL PortBankSave ;PortBankSave = SerialPort
ouT PortBankSave, BSR
ouT TMP, SBRG ;SET SBRG FOR19.2 KBAUD
*
LAC POINT
ADD ONE
SACL POINT ;POINT = ->TABLE[1]
TBLR TMP ;TMP = TABLE (1]
ouT TMP, SCON ;INITIALIZE SCON FROM TABLE
*
LAC POINT
ADD ONE
SACL POINT ;POINT = —>TABLE(2]
TBLR TMP ;TMP = TABLE (2]

LACK InterruptBank

SACL IntBankSave

ouT IntBankSave,BSR ;IntBankSAve = InterruptBank
ouT TMP, IM ;ENABLE RXINT AND TXINT

RET
*
* THIS ROUTINE IS PRESUMED TO BE INVOKED FROM AN INTERRUPT

* SERVICE DISPATCHER WHICH SAVES AND RESTORES ENVIRONMENT
*

AsynchISR:

ouT PortBankSave, BSR ;BSR -> SERIAL PORT
*

LAC ONE, RXINT BIT

AND IFimage

BZ Txtest ;IF (RXINT) THEN PROCESS IT
*
* PROCESS INTERRUPT FROM RECEIVER
*
* -
* -
* .
*
Txtest:
LAC ONE, TXINT BIT
AND IFimage
BZ AsynchExit ;ELSE IF (TXINT) THEN PROCESS IT
*
* PROCESS INTERRUPT FROM TRANSMITTER
*
*
* -
* -
*
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AsynchExit:
ouT PortBankSave, BSR
ZAC
LAC ONE,RXINT BIT
ADD ONE, TXINT_BIT

SACL TMP
ouT TMP, FCLR ;CLEAR INTERRUPT FLAGS FOR TX AND RX
RET ;RETURN TO CALLING ROUTINE
*
END
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Chapter 6

Hardware Applications

M
R

Information and examples on interfacing a TMS320C1x (first-generation
TMS320) digital signal processor with external devices are presented in this
chapter. The examples given can be easily adapted to fit a particular system
requirement.

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14),'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted. ‘

This chapter includes the following topics

Section Page
6.1 ExpansionMemory Interfacing ............cooiiiiiiiin 6-2
6.2 External Peripheralinterfacing ...............coovveiiannt 6-9
T I 0 = o - P 6-14
6.4 Coprocessorinterface ..........cciiiiiiiiiiiiiiiniiiiat 6-15
6.5 System Control Circuitry (TMS320C14) ........ccocvvnenatn. 6-18
6.6 TMS320C1x System Applications .............cooiieeiiannn 6-25
6.7 TMS320C14 System Applications ..........ccoviiiiiiinnnns 6-28



Expansion Memory Interfacing

6.1

6.1.1

Expansion Memory Interfacing

The TMS320C1x can be interfaced to a wide variety of memory and I/O de-
vices. The TMS320C10 and TMS320C15 devices can be interfaced to up to
4K words of external program memory. Expansion of program memory is ac-
complished directly through the use of the MEN (memory enable) and WE
(write enable) control lines, with memory accesses occurring in a single cycle.

Interfacing (TMS320C14)

The TMS320C14 can be interfaced with PROMs, EPROMs, and RAMs. The
TMS320C 14 has no provisions to insert wait states; all memory devices should
theretore meet the full-speed access requirements of the device.

The TMS320C 14 implements two kinds of memory spaces: program memory
(4K words) and data memory (256 words). Data memory accesses are always
from internal RAM, and no off-chip accesses are available. Program memory
accesses can be configured from either on-chip ROM/EPROM or off-chip
memory. REN (read enable) and WE (write enable) strobes are active, whether
accessing on-chip or off-chip program memory.

Read and Write Cycles

For timing diagrams, refer to the TMS320C 14 data sheet. Memory interfaces
assume that the TMS320C14 is running at 25.6 MHz and that Q is 39.1 ns. Q
indicates one quarter cycle of CLKOUT frequency.

In the read cycle, the following sequence occurs (refer to Figure 6-1):

1) REN (or WE) rises, terminating the previous bus cycle and starting the next
cycle.

2) Address becomes valid no less than ty(a)r before REN goes low, to indi-
cate the start of a read cycle.

3) Theexternaldevice is selected with a minimum address setup time of ta(a)
and puts its data on the bus.

4) Data must be valid for at least tg,p)R before REN rises and must be heid
valid for at least th(p)R.

5) REN goes high and the address bus becomes invalid after a delay of no
more than ty(a).

For read-only devices, the maximum access time from address valid until data
valid is:

ta(a) = tc(c)— 90 =156.25-90 = 66.25 ns
From chip enable until data valid is:
toe(REN) = 0.75 te(c) — 60

=0.75(156.25) - 60 = 57.19 ns
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The minimum address setup time prior to chip enable will be:
tsu(a)R = 0.25tc) -39 = 0.6 ns

Therefore for read access. memories with a maximum access time of 57 ns
from chip enable are required

Figure 6-1. Memory Read Timing

[h'__‘—'_' tw{RENL) ——"‘

| A
& toe(REN) ¥ |l
|
tsu(A)R —-:‘—H !‘_"—L | th(A)
A11-A0 W Address Bus Valid x. E g S g x
| I
—tya)—» '
4 lu(D)R ——'i
I‘-’:— th(D)R
\ . )
D15-DO g { Instruction Input Valid }

When a TBLW is executed, a write cycle is initiated and the following sequence

occurs (refer to Figure 6-2):

1) REN (or WE) rises, terminating the previous cycle and starting the write
cycle for the TBLW instruction.

2) Address becomes valid after a minimum of tg,(ayw before W__E'_falling.

3) The data bus is driven after a maximum of tenpyw before WE f_all_s and
ggt_a becomes valid after a delay of no more than tg,(p)w before WE falls.

4) WE goes high and the address bus becomes invalid after adelay of th Dyw
after WE rising.

5) Thedatabus is driven to the high-impedance state after a delay of no more
than tgis(pyw after WE rising.

For RAM devices, the maximum access time from address valid until data valid
is:

tsuaw — tsu(@yw = 0.25 t(c) — 45 — (0.25t5(c) —45)
=025t c)=391ns

From chip enable until data valid is:
tsyD)w = 0.25tg(c) —45=-59 ns

The write enable access time is:
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tw(weL) = 0.5t¢(c)—15= 63.1ns
The minimum data hold time provided is:
th(D)W = 0.25 tg(c) — 10 =29.1 ns

Therefore, for write access, memories with a maximum access time of 50 ns
from chip enable are required.

Figure 6-2. Memory Write Timing (TBLW Instruction)

N /N N\ /S N /\
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tsu(AW
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|
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|

1 Data valid prior to WEL

LEGEND:

1. TBLW Instruction Prefetch 7. Address Bus Valid

2. Dummy Prefetch 8. Instruction Input Valid
3. Next Instruction Prefetch 9. Instruction Input Valid
4. Address Bus Valid 10. Data Output Valid

5. Address Bus Valid 11. Instruction input Valid
6. Address Bus Valid

6.1.2 Program ROM Expansion

The address pins on a TMS329C 1x device contain either the buffered outputs
of the program counter or the 1/0 port address and are always driven. The bus
control lines define the direction of data flow and the data space where the data
belongs.

Read operations are performed on external memory either during opcode or
operand fetches or during the execution of a TBLR (table read) instruction.
Write operations have no effect on the circuit. When a read operation occurs
on a TMS320C1x device, an address is placed on the address bus, and the
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MEN (memory enable) strobe is generated by driving MEN low to enable exter-
nal memory. The instruction word is then transferred to the TMS320C 1x via the
16-bit data bus.

When a read operation occurs on the TMS320C14, an address is placed on
the address bus, and the REN (read enable) strobe is generated by driving
REN low to enable external memory. The instruction word is then trainsferred
to the TMS320C 14 via the 16-bit data bus.

Note:

The timing parameters of the 'C14, such as ta(a), are described in the data
sheet in Appendix A. The use of CLOCKOUT as a reference is also elimi-
nated in many cases. Note that the memory control signal names and func-
tions are different from other 'C1x devices.

| I J

A memory address being placed on the bus becomes valid following a maxi-
mum delay (ty4) from the falling edge of CLKOUT. The combined delay of

td1+ ta(A) + tsy(D) = Minimum cyzle time, te(c)

where:
ta(ga = memory access time of EPROM from address valid
tsu(D) = setup time form data bus valid prior to CLKOUT.

serves as the timing constrant used when calculating te(C)-

When only external program ROM is required, a minimum system can consist
of a TMS320C1x with 4K words of external program memory (TMS27C292),
as shown in Figure 6-3. The MEN (REN on the 'C14) signal and the address
(A11—A0) and data (D15-D0) lines on the TMS320C1x are connected directly
to the TMS27C292 memories, and no address decoding is required. These
memories are a pair of TMS27C292 4K x 8 ROMs by Texas Instruments, confi-
gured in parallel for a direct 16-bit interface to the TMS320C1x. The
TMS320C16 is not shown but it can access up to 64K of external memory. In
this ~ase address-decoding ngic may be needed.

6-5



Expansion Memory Interfacing

Figure 6-3. Minimum Program ROM Expansion
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An inexpensive system with minimal chip-count is possible with the
TMS320C10-14. Using an EPROM interfaced to a TMS320C10-14 in external
program memory allows the implementation of 4K words of nonvolatile pro-
gram memory and gives added flexibility in reprogramming. This in turn, per-
mits system development, future program expansion, and/or upgrade modifi-
cation. Single-cycle memory access with a direct memory interface requires
no additional external interface logic.

On the TMS320C10-14, ty¢ with a maximum value of 50 ns and tg,(p) With a
minimum value of 50 ns are both constants; therefore, t;(a) is the only remain-
ing variable used in determining the minimum clock cycle time of the system.
For the circuit shown in Figure 6—4 (with t;(a) = 170 ns), inserting these values
into the equation yields te(cy min = 270 ns.

In Figure 6—4, a pair of Texas Instruments TMS2732A-17 4K x 8 EPROM me-
mories are configured in paraliel for a direct 16-bit interfacing with
TMS320C10-14. These EPROMs display a 170-ns access time. However, oth-
er EPROMs may be used with access times best suited to a particular applica-
tion, as long as the TMS320C 10-14 clock frequency has been selected to allow
for the access time of the EPROMs chosen.

Hardware Applications
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Figure 6-4. EPROM Interface to the TMS320C10-14
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Contention for the data bus is not a concern in this memory configuration.
Therefore, the E (chip enable) pin for the EPROM pair has been tied to ground
to avoid unnecessary switching transients that could be induced if the chip en-
ables were toggled upon memory access.

6.1.3 Data RAM Expansion

No direct memory expansion is provided on the TMS320C 1x. However, if RAM
is used for external program memory, this memory can be used to store data
information accessed with the TBLR and TBLW instructions. These instruc-
tions, however, take three cycles 10 execute.

If larger memory or faster memory accesses are required, an alternative
memory expansion scheme using I/O ports can be implemented for a
TMS320C 1x device. In this case, additional RAM can supplement internal data
memory and can be accessed in only two cycles through the IN and OUT in-
structions. If RAM is to be used for program memory, additional logic must be
included to distinguish between an 1/0O write (OUT) and a program memory
write (TBLW).

Figure 6—4 provides an example of external data memory expansion. The de-
sign consists of up to 16K words of static RAM (IMS1420), addressed by the
lower 14 bits of a 16-bit counter (74ALS193). In the case of the IMS1420s, the
address of the data to be accessed is loaded into the counter by implementing
an OUT instruction to port 0. This loads the data bus into the counters. Memory
can then be read from or written to sequentially by performing an IN or OUT
instruction to port 1. The MSB in the counters determines whether the memory
address is increased (MSB = 0) or decreased (MSB = 1) after a read or write
of data memory. Memory continues to be addressed sequentially until new
data is loaded into the counters
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Figure 6-5. Data RAM Expansion
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Dynamic memories may also be used for external data memory expansion;
however, these devices may impose additional constraints on the system de-
sign. For example, some memory cycle times may not allow consecutive IN/
OUT/IN instruction sequences. Memory refresh must also be considered. Be-
cause the TMS320C 1x does not implement wait states, memory refresh must

1 REN on TMS320C14 devices

be generated transparently to the processor.

For additional information regarding interfacing to TMS320C1x devices, refer
to Digital Signal Processing Applications with the TMS320 Family, Volume 1

(literature number SPRAO12A).
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6.2 External Peripheral Interfacing

The TMS320C 1x is flexible enough to be used in a wide range of applications
requiring different types of peripheral interfaces. The following subsections de-
scribe A/D and D/A interfaces, codec interfaces and a serial communication
RS-232 interface.

6.2.1 A/D Interface

The TMS320C1x can be interfaced to an A/D (analog-to-digital) converter to
perform the necessary conversions. Normally, only a minimum of external cir-
cuitry is required.

Figure 6-6 shows an interface of the TLC0820 8-bit A/D converter to the
TMS320C1x. Because the controt circuitry of the TLC0820 operates much
more slowly than the TMS320C1x, it cannot be directly interfaced. All of the
logic functions are implemented with one each of the following devices from
the 74ALS family of advanced low-power Schottky logic:

74ALS679 12-bit address comparator

741874 Dual positive edge-triggered D-type flip flops
74ALS465 Octal buffer with three-state output
74ALS32 Quad two-input OR gate
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Figure 6-6. A/D Converter to TMS320C14 Interface

6.2.2 D/A Interface
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A memory-mapped interface of the TLC7524 8-bit D/A converter to the 'C14
is shown in Figure 6—7. Because table writes and I/O write cycles use the same
external control signals, A12-bit address decoder is used to avoid memory and
170 conflicts. In the configuration shown in Figure 67, I/O port address zero
is configured to a corresponding address of 03F8h.
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Figure 6-7. D/A Converter to TMS320C14 Interface
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For further information about the A/D and D/A converters shown in the figures,
refer to the Linear Circuits Data Book (literature number SLYD001).

6.2.3 Codec Interface (TMS320C17)

Some areas of speech, telecommunications, and other applications require
low-cost analog-to-digital (A/D) and digital-to-analog (D/A) converters. Acom-
bo-codec is a nonlinear single-chip PCM (pulse-code modulated) codec with
antialiasing and smoothing filters and data storage registers. it encodes (A/D)
and decodes (D/A) efficiently and economically in a single 300-mil DIP pack-
age. For additional information on combo-codecs, refer to the
TCM29C13/C14/C16/C17 Combined Single-Chip PCM Codec and Filter data
sheet.

The TMS320C17 is capable of direct interface to serial devices such as com-
bo-codecs, thus reducing chip count and improving system throughput. By us-
ing on-chip hardware, the C17 can also compand (COMpress and exPAND)
a PCM data stream acquired by the codec.

Figure 6-8 shows the TMS320C17 in a standalone full-duplex direct serial port
interface witha TCM29C 13 combo-codec. The TMS320C17 provides the seri-
al clock for bit transmission. The codec is sampled every 125 us (8-kHz fre-
guengcy), at which time an 8-bit PCM byte is exchanged between the two de-
vices. A second codec can also be interfaced to the TMS320C17 with no addi-
tional logic or interconnections because these devices implement two inde-
pendent serial ports.

Timing for the serial interface system is controlled by the serial port clock
(SCLK). SCLK is configured as an output from the TMS320C17, and its fre-
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quency is set to 2.048 MHz (see Section 3.13). A 20.48-MHz crystal is input
to the TMS320 as its system clock. The SCLK frequency is derived from this
system clock by a divide-by-10 in the SCLK prescale control logic, initialized
through control register 1. SCLK is connected to CLKR/CLKX on the
TCM29C 13 to provide the transmit-and-receive master clock. CLKSEL on the
codec is tied to Vg to select the 2.048-MHz master clock mode.

Framing pulses are generated by the TMS320C 17 on the FR output pin. The
frequency of these pulses is set to 8 kHz by dividing the serial clock (SCLK)
by 256. This value is also initialized through control register 1. The short FR
framing pulses supply the codec with framing pulses for the fixed data-rate
mode. FR is input to both the FSX and FSR inputs on the codec. The FR output
causes simultaneous transmit and receive operations from the serial port. The
FSX input on the codec causes the device to transmit PCM data on the next
eight consecutive positive transitions of the serial port clock (SCLK). The FSR
input on the codec causes the device to receive PCM data on the next eight
consecutive negative transitions of the serial port clock (SCLK). With this tim-
ing, the codec transmits and receives one 8-bit PCM sample every 125 ps.

Figure 6-8. Codec Interface for Standalone Serial Operation
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The TMS320C17 transmits its PCM sample via the DXO0 pin and is received
by the TCM29C13 on the PCM IN pin. The TMS320C17 receives PCM sam-
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ples on its DRO pin, from the PCM OUT pin of the TCM29C13. This is a
single-channel operation. All data transmission occurs on channel 0, requiring
one IN instruction from port 1 to receive the PCM sample and one OUT instruc-
tion to port 1 to send a sample to the codec.

In the serial interface configuration, u-law companding is selected by setting
system control register bit 14 (CR14) to logic 0. The TCM29C 13 is put into the
p-law companding mode by connecting the SIGX/ASEL pin to Vgc.

Linear A/D and D/A converters may also be interfaced to the TMS320C17
through its parallel ports instead of through the serial port.

6.2.4 RS-232 interface

The TMS320C 14 supports implementation of an RS-232 interface for connec-
tion to communication equipment, terminals, and PCs. The only devices need-
ed are line drivers/receivers for the TTL/RS-232 level conversions. Figure 6-9
shows a typical interface with the TMS320C 14 as a data terminal equipment
(DTE) device connected to a data communication equipment (DCE) device
(such as a modem). The serial port is configured for the asynchronous mode
with the appropriate parameters selected. The bit 1/0 pins IOP15-IOPQ provide
any necessary handshaking signals (that is, RTS, CTS, DSR, and DTR).

Figure 6-9. RS-232 Interface
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6.3

/O Ports

The TMS320C1x devices interface to input/output (1/0) devices through the
eight 16-bit paralle! ports (see Section 3.6 for I/O functions). The /0 space is
selected by the appropriate control signals, such as DEN for reads and WE for
writes onthe TMS320C15. Each ofthe eight /0 ports is addressed by the three
LSBs of the address bus with all other address lines held low, or high for the
TMS320C14. The /O ports share the 16 data lines.

The IO ports may be used for interfacing external circuitry such as data
memory expansion devices (see Section 6.1), A/D and D/A converters, syn-
chronization latches, or memory-mapped peripheral devices. Figure 6-10
shows a circuit that can be used to generate device select lines for each of the
individual port writes. A similar circuit may be used to enable I/O port reads.

Figure 6-10. 1/O Port Interface Circuit
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When you interface the TMS320C 1x to slower devices, a handshake intertace
used in conjunction with the I/O port interface may be desirable. Data to be
transferred may be stored in latches to be read by the TMS320C1x at a later
time. Handshaking may then be established with the interrupt, BIG, and XF
(TMS320C17) signals.
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6.4 Coprocessor Interface (TMS320C17)

The TMS320C17 offers the option to use the parallel I/O interface exclusively
as a copracessor interface. This option includes both the buffer logic to com-
municate between two processors asynchronously, and the protocol logic to
protect against poor communication. The coprocessor port allows the
-TMS320C 17 to act as either a master processor or a slave processor in a multi-
processing system. The circuit also allows data to be transferred as either 8-
or 16-bit values.

As a master processor, the TMS320C17 writes to and reads from the copro-
cessor interface at will. This requires that the slave processor keep the receive
buffer full and the transmit buffer empty. Figure 6-11 shows the TMS320C17
as a master processor to a TMS70C42 (8-bit microcomputer). As the internal
CPU writes to the coprocessor interface, the TBLF (transmit buffer latch full)
signal is driven active low. This signals the TMS70C42 that there is data to be
read and that the 8-bit microcomputer must read that data before the next write
by the internal CPU. In Figure 6—11, the TBLF signal is tied to an I/O bit on the
8-bit microcomputer so that the microcomputer can poll the signal and act ac-
cordingly. This signal can also be tied to an interrupt on the 8-bit microcomputer
if this suits system requirements better. When the internal CPU reads its buffer,
it signals the 8-bit microcomputer that the read buffer is empty by generating
the RBLE (read buffer latch empty) signal. This signals the microcomputer that
it must reload the receive latch before the next internal CPU access.

Figure 6-11.TMS320C17 to TMS70C42 Interface
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When the TMS320C17 serves as a slave processor, transfer of data is con-
trolled by a master processor. Figure 6—12 shows how the TMS320C17 (slave)
interfaces with the 16-bit microprocessor TMS320C25 (master). When
TMS320C25 writes to the TMS320C17, an interrupt signal is sent from the
master to the internal CPU of the slave. The CPU must then read the informa-
tion stored in the coprocessor interface before the next write from the
TMS320C25. When the TMS320C25 reads the transfer latch of the coproces-
sor port, the internal CPU of the slave receives an active low BIO signal. When
information is transferred to the master processor, the internal CPU monitors
the BIO line (using the BIOZ instruction) to determine when it can reload the
transmit latch. Note that a wait state may be required when interfacing to the
TMS320C25.

To support mixed 8-/16-bit operation, the read buffer latch is cleared to 0 when
read by the internal CPU.
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Figure 6-12. TMS320C17 to TMS320C25 Interface
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6.5 System Control Circuitry (TMS320C14)

The system control circuitry performs functions that are critical for proper sys-
tem initialization and operation. A powerup reset circuit design and a crystal
oscillator circuit design are presented in this section. The powerup reset circuit
assures that a reset of the part occurs only after the oscillator is running and
stabilized.

6.5.1 Power-Up Reset Circuit

The reset circuit shown in Figure 6-13 performs a powerup reset; that is, the
TMS320C14 is reset when power is applied. Note that the switch circuit may
include debounce circuitry. Driving the RS signal low initializes the processor.
Reset affects several registers and status bits. (refer to subsection 3.5.2 fora
detailed description of the effect of a reset on processor status).

Figure 6-13. Power-Up Reset Circuit
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For proper system initialization, the reset signal must be applied for at least five
CLKOUT cycles, thatis, 800 ns fora TMS320C 14 operating at25.6 MHz. Upon
powerup, it can take up to one hundred milliseconds before the system oscilla-
tor reaches a stable operating state. Therefore, the powerup reset circuit
should generate a low pulse on the reset line until the oscillator is stable (that
is, 100 to 200 ms).

The voltage on the reset pin (RS) is controlled by the R1C¢ network (see

Figure 6~13). After a reset, this voltage rises exponentially according to the
time constant R4C1, as shown in Figure 6-14.
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Figure 6-14. Voltage on TMS320C14 Reset Pin
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The duration of the low pulse on the reset pin is approximately t1, which is the
time it takes for capacitor C4 to be charged to 1.5 volts. This is approximately
the voltage at which the rest input switches from a logic level 0 to a logic level
1. The capacitor voltage is given by following formuia:

V = Vo1 -]

Where 1 = R1C is the reset circuit time constant.

Solving the equation for t is given in the formula:

\

cc

For example, the following values of:
Ri=1MQ Veg=5V
C1=047HF V=V1=1‘SV

yieldt =ty = 167 ms. In this case, the reset circuit of Figure 6—13 can generate
a low pulse of long enough duration (167 ms) to ensure the stabilization of the
oscillator upon powerup, in most systems.
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6.5.2 Crystal Oscillator Circuit

The TMS320C14 requires an external clock source to drive the CLKIN pin. Ei-
ther a prepackaged oscillator can be used or a simple oscillator circuit with TTL
gates can be built. Prepackaged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator, however, will provide good
performance with TTL gates. Two types of crystal oscillator circuits can be
used; one with series resonance, or one with parallel resonance.

Figure 6—15 shows implementation of a parallel resonant oscillator circuit. The
circuit is designed to use the fundamental frequency of the crystal. The
74AS04 inverter performs the 180-degree phase shift that a parallel oscillator
requires. The 4.7-kQ resistor provides the negative feedback for stability, that
is, the poles of the system are constrained in a narrow region about the Jo axis

of the s-plane (analog domain). The 10 KQ potentiometer biases the 74AS04
in the linear region.

Figure 6-15. Parallel Resonant Crystal Oscillator Circuit
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Figure 6—16 shows a series resonant oscillator circuit. This circuit is also de-
signed to use the fundamental frequency of the crystal. The inverter performs
a 180-degree phase shift in a series resonant oscillator circuit. The 330-Q re-
sistors provide the negative feedback to bias the inverters intheir linear region.
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Figure 6-16. Series Resonant Crystal Oscillator Circuit
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6.5.3 MC/MP Mode Configurations

The TMS320C14 can be configured (by software or hardware) to address in-
ternal or external program memory. The software technique uses the MC/MP
bit in the SYSCON register to switch between internal and external memory.
The hardware technique uses the NMI/MC/MP pin, which is sensed during re-
set. If the pin is low, the device is put in the microprocessor (external memory)
mode. |f the pin is high, the device is put in the microcomputer (internal
memory) mode.

Figure 6—17 shows a circuit for configuring the device into the microprocessor
mode using a hardware technique. The RS and NMI/MC/MP pins cannot be
tied together since the NMI/MC/MP p|n must be held low for 1.25 clock cycles
(200 ps in the circuit below) after RS goes high. If the NMI function is not being
used, however, the NMI/MC/MP P pin may be tied to ground. This will not pro-
duce an interrupt because the NMI function is edge-triggered.

Figure 6-17. Mode Control Circuit
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DO ALS08
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1 values depend on reset timing. To operate with this circuit, use values of 1 MQ and 1.33 uF.

6.5.4 Optical Encoder Interface

Optical encoders are commonly used as sensors in measuring both speed and
position. The capture inputs of the TMS320C14 interface directly with optical
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encoders. A very cost-effective noise filtering system can be built with gates,
D latches, and RC filters. The one-shot circuit constructed with two XOR gates
generates pulses on each edge of each signal. Pulses generated by phase A
are used to clock the signal from phase B, and vice versa. Figure 6—18 shows
a typical interface with an optical encoder.

Figure 6-18. Optical Encoder Interface
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6.5.5 XDS Design Considerations

6.5.5.1 Bus Control

6-22

The TMS320C14 XDS emulator is implemented with a dual processor system
incorporating a TMS320C14 and a TMS9996. The TMS2996 acts as controller
in the system, while the TMS320C14 performs the emulation. The design of
the XDS maximizes performance and allows full-speed in-circuit emulation.

This discussion covers general design considerations as well as timing and
loading.

When the emulator is halted from the keyboard or by a breakpoint condition,
the current state of the TMS320C14 is extracted by the TMS9996, implem-
ented to look like a coprocessor. The TMSS8996 communicates with the
TMS320C14 over the internal data bus (of the emulated device), which is not
seen by the user. Additional communication between the two processors is
generated with commands entered from the keyboard. The TMS9996 shares
the data bus only when the REN and WE signals are high. The target system
should drive the data bus only when devices on the target system are ad-
dressed and REN or WE is low. If these rules are violated, the XDS gives a
PROCESSOR SYNC LOST error message #1185. This error may also be
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caused by signal-to-signal shorts in the target system, misalignment of the tar-
get connector, or wiring errors in the target system.

6.5.5.2 XDS Timing

The TMS320C14 emulator has additional logic in series with the inputs RS,
INT, and NMI/MC/MP and with outputs REN and WE. Propagation delays as-
sume 3 ns for cable delay and capacitive loading. The delays outlined in
Table 61 are in addition to device specifications.

Table 6-1. XDS/Target Device Timing Delays

Signal Delay
INT, NMI, RS Asynchronous
WE, REN,
PA2-PAO, Delay from part to pin=7ns
CLKOUT
CLKIN PLCC target cable delay from pin to part = 20 ns
Other Signals Delay from part to pin or pin to part = 3 ns

6.5.5.3 Reset

RS is synchronized on the rising edge of CLKOUT after being sent from the
pin through an array logic device. RS is applied to the TMS320C14.0n therising
edge of CLKOUT. This is done to implement a RUN upon application of the tar-
getreset function in the emulator. Itis not necessary for you to synchronize RS.

6.5.5.4 Emulator Loading

Additional loading on the outputs is induced by the XDS. The differences inthe
DC loading between the emulator and the device are defined Table 6-1 below.

Table 6-2. XDS/ Device DC Loading

Signal Load
RS 0.3mA
NMI/MC/MP 0.6 mA
D15-D0O 1.0 mA
REN, WE 0.3 mA

6.5.5.5 Transmission Line Phenomena

Because the XDS target cable is approximately 20 inches long, use of ad-
vanced CMOS or fast/advanced Schottky TTL may cause line reflections (ring-
ing above input thresholds) on inputlines to the XDS. Series termination resis-
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tors (22 to 68 ohms) can help eliminate this problem. Generally, you should use
the cables as supplied, and keep connections as short as possible.

6.5.5.6 Clock Source

The XDS emulator uses only an internal oscillator or a TTL clock source pro-
vided by the target system. The emulator clock can be selected from three
sources:

L The target clock
L A socketed, changeable crystal (Y2) on the processor module (PM) board
[ A socketed, changeable canned TTL oscillator (U1) on the PM board

6.5.5.7 Miscellaneous Considerations

The XDS emulator initially sets up the emulated device to run and does not
communicate with it until you activate the emulator via the keyboard. If the tar-
get system is continuously asserting RS, the XDS does not gain control of the
device and reports a PROCESSOR SYNC LOST error message #1185. This
condition can be caused by a powered-up emulator plugged into a pow-
ered-down target system. Even though RS is pulled up through a resistor on
the emulator, the impedance of the powered off target system can be low
enough to assert a low on RS or load the data bus so as to keep the emulator
from functioning.

The conductive foam on the XDS target connector and logic cable must |
be removed before power-up. Failure to do so will result in a malfunctio
and may cause damage. -
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6.6 TMS320C1x System Applications

Several system applications are presented in this section in a general form to
illustrate basic approaches to system design with the TMS320C1x. These
applications include a 2400-bps modem, a speech synthesis system, and a
voice store-and-forward message center.

6.6.1 2400-bps Modem

The implementation of a 2400-bps modem is shown in Figure 6—19. This sys-
tem implements the functions of a V.22 bis modem using a TMS320A2400 and
a TMS70A2400, which are masked ROM versions of the TMS320C17 and
TMS7042, respectively. The TMS320A2400 performs ail of the signal process-
ing functions, and the TMS70A2400 performs all of the interface protocol and
control functions. The remaining system components perform the necessary
A/D and D/A conversions as well as the PC bus interfacing, telephone line in-
terfacing, and filtering functions.

Figure 6-19. 2400-bps Modem
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6.6.2 Speech Synthesis System

The system design for speech applications consists of a codec, a digital signal
processor supported with program and data memory, a speech data memory,
and an optional host processor. A block diagram of this system, shown in
Figure 6—20, consists of the following components:

(d Codec (TCM29C18)

(1 Digital signal processor (TMS320C17)

[ Speech data ROM (TSP60C20) or EPROM (TMS27C56)
[ Microcomputer host (TMS70C42)

The actual speech system is composed of the digital signal processor and the
codec. The microcomputer host is performs an end-product application that
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calls upon the speech subsystem when needed, such as in the case of a mini-
computer and array processor system. The speech system can perform
speech synthesis, vocoding, speech recognition, speaker verification, and
DTMF decoding/encoding as well as many other algorithmically intensive
applications.

Figure 6-20. Speech Synthesis System
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6.6.3 Voice Store-and-Forward Message Center
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The voice store-and-forward message center consists of a
TMS320C17-based system interfaced to a phone line and alarge storage area
either on DRAMs or computer disks, depending on the application. Some
applications of the message center are voice mail for a computer network, an-
swering machines for home use (see Figure 6-21 ), and a hand-held bat-
tery-operated voice message pad for personal use. Typical algorithms re-
quired to perform the task are half-duplex ADPCM or sub-band coder, LPC
synthesis, and DTMF encoder/decoder. A combination of these algorithms fits
into the 4K on-chip program ROM of the TMS320C 17 and requires no external
data memory. Because the CPU utilization is less than 100 percent when per-
forming any of these tasks, other operations can also be done by the
TMS320C17, such as digital volume control, noise filtering, etc. A masked
ROM version of the TMS320C 17 can provide a cost-effective solution.

Hardware Applications



TMS320C1x System Applications

Figure 6-21. Answering Machine
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6.7 TMS320C14 System Applications

The TMS320C14 has been designed for a wide range of applications in digital
signal processing and digital control. A large number of on-chip peripherals
have been integrated into the TMS320C 14, giving it direct-connect capability
with various external devices. This can reduce and even eliminate interfacing
hardware.

The following buses, ports, and control signals provide system interfacing to
the TMS320C14.

12-bit address bus (A11— A0)

16-bit data bus (D15-D0)

3-bit port address bus (PA2-PAO)

Enable signals; read enable (REN) and write enable (WE)

Memory control and nonmaskable interrupt signals (NM/MC/MP)
signals.

Interrupt (INT)

16 bit 1/0 pins (IOP15-0OP0)

Serial port (RXD, TXD, TCLK1, TCLK2, CMP4/CAP2/FSR,
CMP5/CAP3/FSX)

Timers (WDT, TCLK/CLKR, TCLK2/CLKX)

Event manager (CMPO-CMP3, CAP0-CAP1, CMP4/CAP2/FSR,
CMP5/CAP3/FSX)

Reset (RS)

0 00 000 OROOOd

The fast CPU and associated circuitry of the TMS320C14 make it effective for
computation-intensive applications requiring processing of signais in control
systems, speech systems, telecommunications, FFTs, and filtering systems.
The TMS320C 14 surpasses previous DSPs with its large amount of peripheral
circuitry. These integrated modules increase cost effectiveness by reducing
(and possibly eliminating) the amount of glue circuitry normally required with
other DSPs.

6.7.1 Disk Drive Control
The implementation of the TMS320C14 for disk-drive control is shown in

Figure 6—22. In this example, both the read/write actuator and the spindle mo-
tor are controlled by the DSP.
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Figure 6-22. Disk Drive Controi
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Using sophisticated algorithms, the TMS320C14 can perform the following
functions:

L Precisely control the read/write actuator for fast access time.
(3 Cancel mechanical resonance.
(3 Estimate and control actuator speed.

Position information is read from the disk surface and converted into digital
torm by an A/D converter. A D/A convenrter provides the position control signal
for the actuator. The PWM outputs control the speed of the spindle motor di-
rectly. while the capture inputs accept the optical encoder signals indicating ve-
locity

6.7.2 Plotter Control

Figure 6-23 shows the TMS320C14 used as a pen position controller for a
plotter. The capture inputs receive position signals from the optical encoders
of the the position rotors, and the PWM outputs provide the controlling signals
to the X-Y drive motors.
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Figure 6-23.
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6.7.3 Tape Drive Control
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Figure 6-24 shows the TMS320C 14 providing servo control of amagnetictape
drive mechanism. The PWM outputs generate the signals for controlling the
tension and takeup motors, while the optical encoder sensors provide input to
the capture inputs. The DSP is responsible for keeping the speed of the tape
constant, as well as maintaining proper tape tension. Tape speed may also be
detected by reading embedded information from the tape. Tape tension is de-
tected by the position of lever arms attached to servo motors.

Hardware Applications
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Figure 6-24. Tape Drive Control
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6.7.4 AC Motor Control

The TMS320C14 provides cost-effective servo control of either AC induction
and synchronous motors or DC brushless motors. AC motors are cheaper to
manufacture and easier to maintain than DC servo motors. Their control struc-
ture, however, is much more complex than DC servo motors. Vector rotation
techniques are used to transform the coordinates and simplify the control
structure of an AC motor similarly to a field-controlled DC motor. The
TMS320C14 perform the necessary computations that permit vector control
of AC motors. The PWM outputs can control the multiple phases. Speed infor-
mation can be obtained from optical encoders. Figure 625 shows an imple-
mentation of control of an AC motor.

Figure 6-25. AC Motor Control
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Appendix A

TMS320C1x Digital Signal Processors

This appendix contains electrical specifications,timing, and mechanical data
for all TMS320C1x devices.
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Performance Up to 8.77 MiPs
All TMS320C1x Devices are Object Code

Commercial and Military Versions Available

Operating Free-Air Temperature

Compatible ...0°Cto70°C
144/256-Word On-Chip Data RAM Packaging: DIP, PLCC, Quad Flatpack, and
CER-QUAD

® 1.5K/4K/8K-Word On-Chip Program ROM

[ ] .
* 4K-Word On-Chip Program EPROM CMOS Technology:

(TMS320E14/P14/E15/P15/E17/P17) Device Cycle Time
—TMS320C10 ...covvrinnnnnnn.. 200-ns
¢ One-Time Programmable (OTP) — TMS320C10-14 .. ....cvvvennnn. 280-ns
Versions Available (TMS320P14/P15/P17) — TMS320C10-25 .......cooennn.. 160-ns
—TMS320C14 ....ovvirrnnnnn. 160-ns
* EPROM Code Protection for Copyright -——TM8320(E:14 ................... 1go-ns
Security —TMS320P14 .. ... vvervnennnns 160-ns
—TMS326C15 ...oovveernnaennn. 200-ns

® 3K / 64K-Word Tota! External Memory at
Fu|I/S ood Y — TMS320C15-25 ...\, 160-ns
P — TMS320E15 ....vveeneennns. 200-ns
® 32-Bit ALU/Accumulator — TMS320E15-25 ........covvvnnn 160-ns
— TMS320LC15 ....covevnrnnn... 250-ns
®* 16 x 16-8Bit Multip!ier With a 32-Bit Product —TMS320P15 ... o, 200-ns
. _ : —TMS320C16 .....cvvvvnnnnn.. 114-ns
0 to 16-Bit Barref Shifter — TMS320C17 +'voeeenenennn. 200-ns
* Eight Input/Output Channels ~—TMS320E17 ......cvvvvinnnnnns 200-ns
— TMS320LC17 .oevervnneennn.. 278-ns
¢ Dual-Channel Serial Port — TMS320P17 ..o, 200-ns

¢ Simple Memory and )/O Interface

® 5.V and 3.3-V Versions Available
(TMS320LC15/LC1 ™)

introduction

The TMS32010 digital signal processor (DSP), introduced in 1983, was the first DSP in the TMS320 family. From
it has evolved this TMS320C1x generation of 16-bit DSPs. Ail 'C1x DSPs are object code compatible with the
TMS32010 DSP. The Cix DSPs combine the flexibility of a high-speed controller with the numerical capability
of an array processor thereby offering an inexpensive alternative to muttichip bit-slice processors. The highly
paralleled architecture and efficient instruction set provide speed and flexibility to produce a CMOS
microprocessor generation capable of executing up to 8.77 MIPS (million instructions per second) ('C16). These
'C1x devices utilize a modified Harvard architecture *o optimize speed and flexibility, implementing functions in
hardware that other processors implement through microcode or software.

The 'C1x generation s powerful instruction set, inherent flexibility, high-speed number-handling capabilities,
reduced power consumption, and innovative architecture have made these cost-effective DSPs the ideal
solution for many telecommunications, computer, commercial, industrial, and military applications.

This data sheet provides detailed design documentation for the ‘C1x DSPs. It facilitates the selection of devices
best suited for various user applications by prov-ding specifications and special features for each 'C1x DSP.

This data sheet 1s arranged as follows: introduction. juick reference table of device parameters and packages,
summary overview of each device, architecture overview, and the 'C1x device instruction set summary. These
are followed by data sheets for each 'C1x device providing available package styles, terminal function tables,
block diagrams and «lectrical and timing paramete-s An index is provided to facilitate data sheet usage.

PRODUCTION DATA information is current as of ight © 199 Instruments Incorpor:
publication date, Products conform to spechfications w Copyrig 1, Texas Instrume orporated

por the terms of Texas Instruments standard warranty TEXAS
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ing does not y include
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Table 1 provides an overview of ‘C1x processors with comparisons of memory, 1/O, cycle timing, military support,
and package types. For specific availability, contact the nearest T Field Sales Office.

Table 1. TMS320C1x Device Overview

DEVICE MEMORY o CYCLE PACKAGE (1)
RAM | ROM | EPROM | PROG. | SERIAL |PARALLEL | (ns) DIP PLCC | CER-QUAD

TMS320C10 (2) 144 15K — 4K — 8x16 200 40 44 —
TMS320C10-14 144 15K — 4K — Bx16 280 40 44 —
TMS320C10-25 144 15K — 4K — 8x16 160 40 44 —
TMS320C14 (3) 256 aK - 4K 1 7 x 16 (4) 160 — 68 —
TMS320E14 (3) 256 - aK 4K 1 7 x 16 (4) 160 - — 68 CER
TMS320P141 256 — 4K 4K 1 7 x 16 (4) 160 — 68 —
TMS320C15 (3) 256 aK — aK - Bx16 200 40 44 —
TMS320C15-25 256 4K - 4K — 8x16 160 40 44 —
TMS320E15 (3) 256 — 4K 4K — 8x16 200 40 — 44 CER
TMS320E15-25 256 — 4K 4K — 8x16 160 40 — 44 CER
TMS320LC15 256 4K — 4K — 8x16 250 40 44 —
T™S320P15T 256 — 4K K — 8x16 200 40 44 -
TMS320C16 256 8K —_ 64K — 8x16 114 — — 64 QFP
TMS320C17 256 4K — - 2 6 x 16 (5) 200 40 44 —_
TMS320E17 (5) 256 — aK - 2 6x16 (5) 200 40 — 44 CER
TMS320LC17 (5) | 256 4K — — 2 6 x 16 (5) 278 40 44 -
TMS320P17 (5)T | 256 — 4K — 2 6 x 16 (5) 200 40 44

t One-time programmable (OTP) device is in a windowless plastic package and cannot be erased.

NOTES: 1. DIP = dual in-line package. PLCC = plastic-leaded chip carrier. CER = ceramic-leaded chip carrier, QFP = plastic quad flat pack.
. Military version available.

. Military versions planned; contact nearest T! Field Sales Office for availability.

. On-chip 18-bit /O, four capture inputs, and six compare outputs are available.

. On-chip 16-bit coprocessor interface is optional by pin selection.

oA WN
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description

TMS320C10
The ‘C10 provides the core CPU used in all other ‘C1x devices. Its microprocessor operates at 5 MIPS. It
provides a parallel I/O of 8 x 16 bits. Three versions with cycle times of 160, 200, and 280 ns are available as
illustrated in Table 1. The 'C10 versions are offered in plastic 40-pin DIP or a 44-lead PLCC packages.

TMS320C14/E14/P14

The 'C14/E14/P14 devices. using the ‘C10 core CPU, offer expanded on-chip RAM, and ROM or EPROM
('E14/P14), 16 pins of bit selectable parallel /O, an I/O mapped asynchronous serial port, four 16-bittimers, and
external/internal interrupts. The 'C14 devices can provide for microcomputer/microprocessor operating modes.
Three versions with cycle times of 160-ns are available as illustrated in Table 1. These devices are offered in
68-pin plastic PLCC or ceramic CER-QUAD packages.

TMS320C15/E15/P15
The '‘C15/E15/P15 devices are a version of the 'C10, offering expanded on-chip RAM, and ROM or EPFROM
('E15/P15). The 'P15 is a one-time programmable (OTP), windowless EPROM version. These devices can
operate in the microcomputer or microprocessor modes. Five versions are available with cycle times of 160 to
200 ns (see Table 1). These devices are offered in 40-pin DIP, 44-pin PLCC, or 44-pin ceramic packages.

TMS320L.C15

The 'LC15is a low-power version of the 'C15, utilizing a Vpp of only 3.3-V. This feature results in a 2.3: 1 power
requirement reduction over the typical 5-V 'C1x device. it operates at a cycle time of 250 ns. The device is offered
in 40-pin DIP or 44-lead PLCC packages.

TMS320C16
The 'C16 offers on-chip RAM of 256-words, an expanded program memory of 64K-words, and a fast instruction
cycle time of 114 ns (8.77 MIPS). It is offered in a 64-pin quad flat-pack package.

TMS320C17/E17/P17

The 'G17/E17/P17 versions consist of five major functional units: the 'C15 microcomputer, a system control
register, a full-duplex dual channel serial port, u-law/A-law companding hardware, and a coprocessor port. The
dual-channel serial port is capable of full-duplex serial communication and offers direct interface to two
combo-codecs. The hardware companding logic can operate in either p-law or A-law format with either
sign-magnitude or twos complement numbers in either serial or parallel modes. The coprocessor port allows
the '‘C17/E17/P17 to act as a slave microcomputer or as a master to a peripheral microcomputer.

The 'P17 utilizes a one-time programmable (OTP) windowless EPROM version of the 'E17.

TMS320LC17

The 'LC17 is a low-power version of the ‘C17, utilizing a Vpp of only 3.3-V. This feature results in a
2.3: 1 power requirement reduction over the typical 5-V 'C1x device. It operates at a cycle time of 278 ns.

*
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architecture

The 'C1x DSPs use a modified Harvard architecture for speed and flexibility. In a strict Harvard architecture,
program and data memory lie in two separate spaces, permitting a full overlap of instruction fetch and one-cycle
execution. The ‘C1x DSPs modification allows transfers between program and data spaces, thereby increasing
the flexibility of the device. This modification permits coefficients stored in program memory to be read into the
RAM, eliminating the need for a separate coefficient ROM.

32-bit accumulator

All 'C1x devices contain a 32-bit ALU and accumulator for support of double-precision, twos-complement
arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken from the data RAM
or derived from immediate instructions. In addition to the usuat arithmetic instructions, the ALU can perform
Boolean operations, providing the bit manipulation ability required of a high-speed controller. The accumulator
stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit word length. The
accumulator is divided into a high-order word (bits 31 through 16) and a low-order word (bits 15 through 0).
Instructions are provided for storing the high- and low-order accumulator words in memory.

shifters

Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of 0 to 16 places
on data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills
the low-order bits for twos-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1
or 4 places on the entire accumutator and places the resulting high-order accumulator bits into data RAM. Both
shifters are useful for scaling and bit extraction.

16 x 16-bit parallel multiptier

The multiplier performs a 16 x 16-bit twos-complement multiplication with a 32-bit result in a single instruction
cycle. The multiplier consists of three units: the T Register, P Register, and a muitiplier array. The 16-bit T
Register stores the multiplicand, and the P Register stores the 32-bit product. Multiplier values either come from
the data memory or are derived immediately from the MPYK (multiply immediate) instruction word. The fast
on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation, and
filtering.

data and program memory
Since the 'C1x devices use a Harvard type architecture, data and program memory reside in two separate
spaces. These DSP devices have 144-or 256-words of on-chip data RAM and 1.5K- to 8K-words of on-chip
program ROM. On-chip program EPROM of 4K-words is provided in the 'E14/E15/E17 devices. An on-chip
one-time programmable 4K-word EPROM is provided in the 'P14/P15/P17 devices. The EPROM cell utilizes
standard PROM programmers and is programmed identically to a 64K CMOS EPROM (TMS27C64).
(Reference Tabie 1.)

program memory expansion
All’C1x devices exceptthe 'C17/E17/LC17/P17 devices are capable of executing from off-chip external memory
at full speed for those applications requiring external program memory space. This allows for external
RAM-based systems to provide multiple functionality. The 'C17/E17/LC17/P17 devices provide no external
memory expansion. {Reference Table 1.)

microcomputer/microprocessor operating modes

All devices except the 'x17 offer two modes of operation defined by the state of the MC/MP pin: the
microcomputer mode (MC/MP = 1) or the microprocessor mode (MG/MP = 0 ). In the micracomputer mode,
on-chip ROM is mapped into the program memory space. In the microprocessor mode, all words of progam
memory are external.
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interrupts and subroutines

All devices except the ‘C16 contain a four-leve! stack for saving the contents of the program counter during
interrupts and subroutine calls. Because of the larger 64K program space, the 'C16's hardware stack has been
increased to eight levels. Instructions are available for saving the device's complete context, PUSH and POP
instructions permit a level of nesting restricted only by the amount of available RAM. The interrupts usedinthese
devices are maskable.

input/output
The 16-bit paralle! data bus can be utilized to perform I/O functions in two cycles. The |/O ports are addressed
by the three LSBic_m the address lines. In addition, a polling input for bit test and jump operations (BIO} and
an interrupt pin (INT) have been incorporated for multitasking. The bit selectable 1/O of the 'C14 is suitable for
microcontroller applications.

serial port (TMS320C17/E17)

Two of the I/O ports on the ‘C17/E17 are dedicated to the serial port and companding hardware. /O port 0 is
dedicated to control register 0, which controls the serial port, interrupts, and companding hardware. /O port 1
accesses control register 1, as well as both serial port channels, and companding hardware. The six remaining
1/0 ports are available for external parallel interfaces.

serlal port (TMS320C14/E14)

The ‘C14/E14 devices include one 1/O-mapped serial port that operates asynchronously. [/O-mapped control
registers are used to configure port parameters such as inter-processor communication protocols and baudrate.

companding hardware (TMS320C17/E17)

On-chip hardware enables the ‘C17/E17 to compand (COMpress/exPAND) data in either u-law or A-law format,
The companding logic operation is configured via the system control register. Data may be companded in either
serial mode for operation on serial port data (converting between linear and logarithmic PCM) or a parallel mode
for computation inside the device. The 'C17/E17 allows the hardware companding logic to operate with either
sign-magnitude or twos-complement numbers.

coprocessor port (TMS320C17/E17)

The coprocessor port on the 'C17/E17 provides a direct connection to most microcomputers and
microprocessors. The port is accessed through I/O port § using IN and OUT instructions. The coprocessor
interface allows the device to act as a peripheral (slave) microcomputer to a microprocessor, or as a master to
a peripheral microcomputer. In the microcomputer mode, the 16 data lines are used for the 6 paraltel 16-bit /O
ports. In the coprocessor mode, the 16-bit parallel port is reconfigured to operate as a 16-bit latched bus
interface. For peripheral transfer, an 8-bit or 16-bit length of the coprocessor port can be selected.

*p

Texas
INSTRUMENTS

A-8 POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001



TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

instruction set
A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations, such as high-speed control. All of the 'C1x devices are object-code compatible and
use the same 60 instructions. The instruction set consists primarily of single-cycle single-word instructions,
permitting execution rates of more than six million instructions per second. Only infrequently used branch and
I/O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute in a single
cycle and are useful for scaling data in parallel with other operations.

NOTE

The BIO pin on other 'C1x devices is not available for use in the ‘C14/E14/P14. An attempt to execute the
BIOZ (Branch on BIO low) instruction will result in a two cycle NOP action.

Three main addressing modes are available with the instruction set: direct, indirect, and immediate addressing.

direct addressing
In direct addressing, seven bits of the instruction word concatenated with the 1-hit data page pointer form the
data memory address. This implements a paging scheme in which the first page contains 128 words, and the
second page contains up to 128 words.

Indirect addressing
Indirect addressing forms the data memory address from the least-significant eight bits of one of the two auxiliary
registers, ARO-AR1. The Auxiliary Register Pointer (ARP) selects the current auxiliary register. The auxiliary
registers can be automatically incremented or decremented and the ARP changed in parallel with the execution
of any indirect instruction to permit single-cycle manipulation of data tables. Indirect-addressing can be used
with all instructions requiring data operands, except for the immediate operand instructions.

immediate addressing

Immediate instructions derive data from part of the instruction word rather than from the data RAM. Some useful
immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load auxiliary
register immediate (LARK).

instruction set summary

Table 2 lists the symbols and abbreviations used in Table 3, the instruction set summary. Table 3 contains a short
description and the opcode for each '‘Cix instruction. The summary is arranged according to function and
alphabetized within each functional group.

Table 2. Instruction Symbols

SYMBOL MEANING
ACC Accumulator
o] Data memaory address field
M Addressing mode bit
K Immediate operand field
PA 3-bit port address field
R 1-bit operand field specifying auxiliary register
S 4-bit left-shift code
X 3-bit accumulator left-shift field

*
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Table 3. TMS320C1x Instruction Set Summary

ACCUMULATOR INSTRUCTIONS
OPCODE
NO. NO.

MNEMONIC DESCRIPTION cvees| woros INSTRUCTION REGISTER

15 14 13 12 1 0 9 8 7 6 5 4 3 2 1 0
ABS Absolute valus of accumulator 1 1 [1] 1 1 1 1 1 11100 01 0 00
ADD Add to accumulator with shift 1 1 o 0 o0 ¢ E—sP y &——Do—>
ADDH Add to high-arder accumulalor bits 1 1 ¢ 1 1 0 90 0 0 O M ¢+—o—P
ADDS Add to accumulator with no sign extension 1 1 ¢ 1 1 6 0 0 0 7 M ¢———D—P
AND AND with accurulator 1 1 0 1 1 1 1 0 0 1M 4——0o—P
LAC Load accumulator with shift 3 1 0o 0 1 0 —sP y &——D—P
LACK Load accumulator immecdiate 1 1 6 t 1 1 31 1 10 4————K—P
OR OR with accumulator 1 1 001 1 1 1 0 1t oM E&——0D—P
SACH Store high-order aceumulator bits with shift 1 1 001 0 1 1 w4xXP u &——D0—P
SACL Store low-arder accumuiator bits 1 1 0 1 0 1 0 o 0 0 M ¢ O
sus Subtract from accumulator with shitt 1 1 0 0 0 1 4——s¥P» M ¢&——D—P
susc Conditional subtract (for divide) 1 1 o 1 1t 0 0 1 00 M &——D—Pp
SUBH Subtract from high-order accumulator bits 1 1 6 + 1 0 0 0 1 0 M ¢&———D—P
SUBS Subtract from accumulator with no sign extension 1 1 o 1 + 6 0 06 11 M ¢—— D
XOR Exclusive OR with accumulator 1 ] 6 1 1 1 1 0 0 0 M E&—— D—
ZAC Zero accumutator 1 1 [{] 1 1 1 1 1+ 1+ 11 0 0 0 1 Q0 0 1
ZALH Zero accumulator and load high-order bits 1 1 o 1.1 0 0 1 0 1M 4——D—P
ZALS Zero accumulator and load low-order bits with no sign extension 1 1 0 1 1 0o o t 1 0 <+— D-—+P

AUXILIARY REGISTER AND DATA PAGE POINTER INSTRUCTIONS
OPCODE
NO. HO.

MNEMONIC DESCRIPTION cvcies| woros INSTRUCTION REGISTER

15 14 13 12 11 10 9 B 7 6 § 4 3 2 1 0
LAR Load auxiliary register 1 1 o © 1 1 1 0 0 R M &——D—b>
LARK Load auxiliary register immediate 1 1 0 1 1 ] 0 o 0 R 4+—— K
LARP Load auxillary ragister pointer immediate 1 1 0 1 1 ] 1 0 00 1 0 0 0 0 0 0 K
LoP Load data memory page painter 1 1 6 1.1 6 1 111 M 44— D0—P
LDPK Load data memory page pointer immediate 1 1 0 1 1 0 1 1 1 6 0 0 0 0 0 0 0 K
MAR Modity auxiliary register and pointer 1 1 91 1 0 1 0 00 M ¢——D—P
SAR Store auxiliary register 1 1 0 ¢ 1 1 0 0 0 R M ¢&——D—P

TEXAS “9
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Table 3. TMS320C1x Instruction Set Summary (continued)

BRANCH INSTRUCTIONS

OPCODE
MNEMONIC DESCRIPTION NO. No. INSTRUCTION REGISTER
CYCLES| WORDS
1§ 14 13 42 11 10 9 B 7 6 5 4 3 2 1 O
1 1 1 1 1 9 01 0 0 0 0 0 ¢ 0 0
8 Branch unconditionatty 2 2 o o o o ¢ BRANCH ADDRESS »
" _ 11 1 1 6 1 000000 D00 O0 O
BANZ 8ranch on auxiliary register not 2era 2 2 o o o o BRANCH ADDRESS
1 1 1 1 1 1 c 106 0 0 0 0 0 0 O
BGEZ Branch if accumulator 2 0 2 2 o o o o SRANCH ADORESS
1 1 1 1 1 10 0 0 0 0 0 0 0 0 O
8GZ Branch if accumulator > ¢ 2 2 o o o o €———— BRANCH ADDRESS ————
o 1 1 1 1 0 1 10 0 0 0 0 0 ¢ 0 O
8i02 Branch on 810 < 0 1 2 z ¢ 0 0o ¢ 4¢————— BRANCH ADDRESS ————¥
1 1 1 1 1 0+ 10 0 0 0 0 0 € O
) BLEZ Branch if accumulator < 0 2 2 0 8 0 o ¢ BRANCH ADDRESS »
1 1 1 1 1 g ¢+ 0 0 0 0 0 O 70 (U]
BLZ Branch if accumuiator < 0 2 2 0 o o 0 €———— BAANCH ADDRESS ———
11 1 1 1 1 t 00000000 0
BNZ Branch if accumulator = 0 2 2 0 0 0 0 M BRANCH ADDRESS ~m———=pp
1 1 1 i [} 1 ¢ 10 0 0 ¢ 0 0 0 O
8v Branch on overfiow 2 2 6 0 0 0 ——— BRANCH ADDRESS ——
1 1 1 1 1 1 1 i 06 0 0 0 0 0 0 O
BZ Branch if accumulator = 0 2 2 o o o o BRANGH ADDRESS
CALA Call subroutine from accumulator 2 1 o v t 3+ 1 1 1 1100601 100
1 1 1 1 1 0 0 0 0 0 0 0 O 0 0 O
CALL Caif subroutine immediately 2 2 ¢ o o o SRANGH ADDRESS
RET Retun from subroutin or intersupt routing 2 1 o 1t 7 1 v 1 1t 1 0 0G0 1 1 01
T REGISTER, P REQISTER, AND MULTIPLY INSTRUCTIONS
OPCODE
MNEMONIC DESCRIFTION cv';?..es w::;’s INSTRUCTION REGISTER
15 14 13 12 11 10 9 8 7 6 5§ 4 3 2 1t O
APAC Add P register to accumulator 1 1 0 1 1 1 1 1 1+ ¢+ 1 00 0 1 1 1
LT Load T Register 1 1 o1 1 0 1 0 1 0 M 4g—D—P
LTA LTA combines LT and APAC into one instruction 1 1 [} 1 1 0 1 1 ¢ 0 M ¢4———— D—P
0 LTD combines LT, APAC, and DMOV into ane instruction 1 1 o1 1 0o i 0 1 1 M g&—&———0—p
MPY Muttiply with T register, store product in P register 1 1 0 1 1 ] 1 T 01 M D
MPYK ?:L;m’px'l' t:gisier with immediate operand; store product 4 3 3 o o < K >
PAC Load accumutator from P register 1 1 0 1 1 1 1 + 1+ 1+ 1 0 0 0 1 1 1
SPAC Subtract P register from accumulator 1 1 [ 1 1 1 1 1 11+ 100 1 0 0 00O

1 This instruction is a NOP on the '320C14/E14/P14.

*
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Table 3. TMS320C1x Instruction Set Summary (concluded)

CONTROL INSTRUCTIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION cYcLes | worps INSTRUCTION REGISTER
5 14 13 12 11 w0 9 8 7 & 5 4 3 2 1 0
DINT Disable interrupt 1 1 Q 1 1 1 1 1 t 110 0 0 0 0 0 1
EINT Enable interrupt 1 1 Q 1 1 1 1 1 t 11 0 000 0 1 0
LST Load status register 1 1 6 1 1 1 1 0 11 M Eg——o—F
NOP No operation 1 1 0 1 1 1 1 1 111 0 0 0 0 0 0 0
POP POP stack to accumulator 2 1 [ 1 1 1 +t + ¢+ 100 v 1 1 0 1
PUSH PUSH stack from accumulator 2 1 Q 1 1 1 1 1 +t 11 0 0 1 1 1 00
ROVM Reset overfiow mode 1 1 [ o1 t 1+ 1+ 11 0 0 0 1 0 10
SOVM Set overflow mode 1 1 o 1 1 1 1 11t 0 0 0 t 0 1 1
88T Store status register 1 1 0 1 1 1 1 1 0 C M 44— 0——>
1/O AND DATA MEMORY OPERATIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION cycLes | woRps INSTRUCTION REGISTER

5 14 13 12 11 10 5 8 7 &6 5 4 3 2 1 0
OMOV Copy contants of data memory location into next higher location 1 1 ] 1 1 0 1 0o 0t M “"_D—""
IN Input data from port 2 1 o 1. 0 0 0 %PAP y 4————D—P
out Output data to port 2 1 0 1t 0o 0 1 ®PAP Ny &——D——P
TBLR Table read from program memory to data RAM 3 1 0o 1 1 0 0 1 1 1 M ¢—D—P
TELW Table write from data RAM to program memory 3 1 0 1 1 1 1 1 0 1 M 4—— D———P

A-12
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Key Features: TMS320C10 5V GND
* Instruction Cycle Timing ¢
— 160-ns (TMS320C10-25)
— 200-ns (TMS32010)
144-Word RAM

— 280-ns (TMS320C10-14)

144 Words of On-Chip Data RAM
1.5K Words On-Chip Program ROM
External Memory Expansion up to 4K

Interrupt

-
>

1.5K-Word ROM

K Data (16) >

32-Bit ALU/ACC

L]
-
J —

Words at Full Speed Multiplier
* 16 x 16-Bit Multiplier With 32-Bit Product Address (12) >
Shifters
* 0to 16-Bit Barrel Shifter
* On-Chip Clock Oscillator
* Device Packaging:
— 40-Pin DIP
— 44-Lead PLCC
* Single 5-V Supply
* Qperating Free-Air Temperature Range
...0°C to 70°C
TMS320C10 TMS320C10
N/JD Package FN/FZ Package
(Top View) (Top View)
Q- N
A1/PA1 E 1U4o% A2/PA2 ~ |§E £ o
AoPAO (]2 391 A3 Ee3z9923128
CEES 0  EBzazsd2398
RS [+ 370 As 65432 1443424140
INT (5 36[] A6 CLKOUT {1 7 39 A7
CLKOUT [}e 35[] A7 X1l 8 3sf] As
x1 CJ7 3] As X2/CLKIN [] 9 37| MEN
X2/CLKIN (|8 33[] MEN BIO [] 10 as[| DEN
BIO L]e 32[] DEN NC JJ 11 35| WE
vgs 10 31] WE Vgs [ 12 34 Ve
o8 411 80 vge b8 [ 13 asf] A9
D9 [J12 29[] A9 D9 ] 14 32[} A10
D10 L] 13 28[] A10 D10 f 15 3t A1
p11 e 270 A1 D11 [} 16 o[ Do
D12 []15 26[] Do D12 [} 17 29]] D1
D13 E 16 25] ot 181920 21222324 2526 27 28
D14 [ 17 24[J D2 J819202122232420262728
D15 [(J18 23] D3 QMTOROLY 0N
D?[:19 22:|D4 QDDDOOODDDé)
D6 [}20 21f] D5
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TERMINAL FUNCTIONS
NAME ot DEFINITION
A11-AQ/PA2-PAD (o] External address bus. /O port address multiplexed over PA2-PAQ.
BIO | | External poliing input
CLKOUT o] System clock output, 1/4 crystal/CLKIN frequency
D15-D0 /O | 16-bit parallel data bus
DEN o] Data enable for device input data on D15-D0
INT | | External interrupt input
MC/MP | Mermory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN (o} Memory enable indicates that D15-D0 will accept external memory instruction.
NC o} No connection
RS | | Reset for initializing the device
vee | + 5V supply
vss ! Ground
WE (o] Write enable for device output data on D15-D0
X1 0] Crystal output for internal oscillator
X2/CLKIN | Crystal input internal oscillator or external system clock input

1 Input/Qutput/High-impedance state.

A14
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functional block diagram

X1
CLKOUT X2/CLKIN
. ¥ S Program Bus
WE —¢—
DEN —¢—-]
EN <—— 38
BIO —»—| % 12
MC/MP —»— 8
INT —
RS »—|
12 Instruction
A 3 . 16
A11-A0/ X1 v @ Program
PA2-PAQ s sea] |5 ROM/EPROM D15-DO
¢ Bl (1.5K Words
~ 3 a2 ||§ ¢ )
q Program Bus
16; 16
q Data Bus
16{ 7 16 i 16 i
— ARO (16) — e
Shifter 16
il _LI—I (0-16)
8 8 Multiplier &&=
Y P(32
MUX / a2 ¢2)
8 32
v
Address MUi[7
32
Data RAM v
. (144 Words) "‘1___1 7
Legend: ALU (32
ACC = Accumulator Data
ALU = Arithmetic Logic Unit
ARP = Auxiliary Reglster Pointer 4
ARO = Auxiliary Register 0
AR1 = Auxiliary Register 1
DP = Data Page Pointer
P = P Register
PC = Program Counter
T = TRegister Shifter (0,1,4)
16 16
AY
q Data Bus
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electrical specifications

This section contains the electrical specifications for alf speed versions of the 'C10 Digital Signal Processors,

including test parameter measurement information.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

t Stresses beyond those listed under

Supply voltage range Voo (see NOte ) ...t -03Vto7V
INPUL VOIKAGE FANGE ..o et evh et e ettt e st ~-03Vto7V
OULPUL VOIBGE FANGE .« .. vttt ee et e et e s e st s m it a st e e ~03Vto7V
Continuous power diSSIPAtIoN ... ... .. 0.5 mwW
Operating free-air temperature: Lsuffix ... 0°C to 70°C

ASUIIX i e e s ~ 40°C to 85°C

............................................................ -55°Cto 150°C

Storage temperature

“Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and

functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6: All voltage values are with respect to Vgg,
recommended operating conditions
MIN NOM MAX | UNIT
Vog  Supply voltage 4.5 5 5.25 v
Vgg  Supply voltage 4] Vv
; CLKIN ¥
Viy  High-level input voltage Al rermaining inputs v
MC/MP 0.6 v
VIL Low-level input voltage ———
All remaining inputs 0.8 A
loH  High-level output current, all outputs -300 A
loL  Low-level output current 2 mA
] ) L suffix 0 70 °C
TA Operating free-air temperature A sufix 20 v e

*
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electrical characteristics over specified temperature range (uniess otherwise noted)

PARAMETER TEST CONDITIONS MiIN TYPt MAX | UNIT
| = MAX 2.4 3
VoH High-level output voltage OH Y
IoH = 20 uA (see Note 7) Vg - 0.4%
VoL Low-level output voltage loL = MAX 0.3 0.5 A
Vo =24V 20
| Off-state output current Voo = MAX
0z P cc Vo =04V —20| ™
| 1nout " v v v All inputs except CLKIN =20 WA
nput curren = t
! P CC=YssioVeC Iotiin 250
c nout . Data bus 25t .
i nput capacitance
i put cap All others A 15% i
f =1 MHz, all other pins 0 V
c . Data bus 25t -
0 QOutput capacitance All othors Tof p

1 Ali typical values are at Voo = 5V, Ta = 25°C.

% values derived from characterization data and not tested.

NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data
sheet are specified for TTL logic levels and will differ for HC logic levels.

INTERNAL CLOCK OPTION

X1 X2/CLKIN

Figure 1. internal Clock Option

PARAMETER MEASUREMENT INFORMATION

216V

% R =825Q
From Output

Under Test &———%
Test
Point

T Cp=100pF

Figure 2. Test Load Circuit

s
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electrical characteristics over specified temperaturé range (unless otherwise noted)

PARAMETER Tr(sss;rEcggggréozr)«s MmN TYPt  max| uniT
TMS320C10 f= 205 MHz, VoG = 5.5 V, Ta = — 40°C t0 85°C a3 55

lcct  Supply current mA
TMS320C10-25 f= 25.6 MHz, VGG = 5.5V Ta = — 0°C to 70°C 0 6

t All typical values are at T = 70°C and are used for thermal resistance calcuations.
¥ igg characteristics are inversely proportional to temperature. For Icc dependence on temperature, frequency, and loading.

CLOCK CHARACTERISTICS AND TIMING
The 'C10/C10-25 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
paralle! resonant, with an effective series resistance of 30 ohms, a power dissipation of t mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM  MAX| UNIT
Crystal frequency, f TMS320C10 Ta=-40°Ct085°C 6.7 205 | MHz
TMS320C10-25 TA = 0°C t0 70°C 6.7 256
c1,c2 Ta = 40°C to 85°C 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TMS320C10 TMS320C10-25
PARAMETER TEST CONDITIONS UNIT
MIN NOM  MAX | MIN NOM  MAX
tgc)  CLKOUT oycle time$ 195.12 200 156.25 160 ns
1(C) CLKOUT rise time 101 10" ns
1 CLKOUT fallti AL = 8250, 81 a1
f(C) altime CL = 100 pF ns
twicl)  Pulse duration, CLKOUT law (see Figure 2) 921 72" ns
tw(CH)  Pulse duration, CLKOUT high 90 70f ns
tace)  Delay time, CLKINT to CLKOUTY 257 60Y| =25 50" | ns

Ste (C) is the cycle time of CLKOUT, i.e., 4t(MC) (4 times CLKIN cycle time if an externat osciltator is used).
T values derived from characterization data and not tested.

timing requirements over recommended operating conditions

TMS320C10 TMS320C10-25 UNIT
MIN NOM MAX | MIN NOM MAX
tgMc)  Master clock cycle time 48.78 50 150 | 39.06 40 150Y | ns
tr(MC) Rise time, master clock input 51 101 st 1071 ns
(MC) Fall time, master clock input sT 101 51 10| ns
tw(MCP)  Pulse duration, master clock .41 mcy" 06teme) T 045yt 0.85cmey? | ns
tw(MCL)  Pulse duration, master clock low 20" 151 ns
fw(MCH)  Pulse duration, master clock high 201 157 ns
9 values derived from characterization data and not tested.
- Texas ‘W
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

TEST TMS320C10 TMS320C10-25
PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNIT
Delay time, CLKOUT | to
td1 address bus valid 10f 50 1ot 40 ns
td2 zenl%gine' errouT V) -5t gy + 15 | 1idtge) -5 tstggy + 12| s
tg3 T -0t 15 -0t 12 ns
1ds :[;eg%ﬂt"?g' cLrouT gy ~5T  late(cy+ 15 | Vatec) - 5T 1)+ 12| ns
145 petay me. CLKOUT: 10t 15 —10t 12 ns
tdg Delay time, CLKOUT| o WE} | R _gosq |1/2t(C)-57 1/t +15 [ 120y -8 12gqy+12 | ns
t47 Delay time, CLKOUT{ to WE+ | Cr=100pF, -10t 15 -10f 12 ns
Delay ti CLKQUT} to dat (see Figure 2
elay time, o data
ts il 1atg(c) + 65 1atgcy +52t | ns
Time after CLKOUT] that data
tdg bus starts to be driven 1/4t¢(c) - 81 1/atg(c) - 51 ns
Time after CLKOUT| that data
410 i atope baing d”vi h 1/atgqgy + 40t 1/atgiey + 40T | ns
Data bus QUT valid after
ty CLKOUT, 4tg(c) - 10 14te(c) - 10 ns
Address hold time after WE?, 1ot 1ot
h(A-WMD)  TEN¢, or DENt (see Note 8) 10 10 ns
Address bus setup time prior
tsu(A-MD) to MEN} or mf P 1/4tc(C) — 45 1/4t¢(C) - 35 ns
t values derived from characterization data and not tested.
NOTE 8: For interfacing 1/O devices, see Figure 3.
TEXAS ‘{P
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timing requirements over recommended operating conditions

TMS320C10 TMS320C10-25
TEST CONDITION UNIT
MIN NOM MAX [ MIN NOM  MAX
tsu(D) Setup time, data bus valid prior to CLKOUT| R_=825Q, 50 40 ns
. Hold time, data bus held valid after CLKOUT} G =100pF 0 o e
h(D) (see Note 9) (see Figure 2)

NOTE 9: Data may be removed from the data bus upon MEN?t or DEN' preceding CLKOUT|.

SUGGESTED /0 DECODE CIRCUIT

The circuit shown in Figure 3 is a design example for interfacing I/O devices to the 'C10/C10-25. This circuit
decodes the address for output operations using the OUT instruction. The same circuit can be used to decode
input and output operations if the inverter (ALS04) is replaced with a NAND gate and both DEN and WE are
connected. Inputs and outputs can be decoded at the same port provided the output of the decoder (AS137)
is gated with the appropriate signal (DEN or WE) to select read or write (using an 'ALS32). Access times can
be increased when the circuit shown in Figure 3 is repeated to support IN instructions with DEN connected rather

than WE.

The table write (TBLW) function requires a different circuit. A detailed discussion of an example circuit for this
function is described in the application report, “Interfacing External Memory to the TMS32010”, published in the
book, Digital Signal Processing Applications with the TMS320 Famity (SPRA012A).

TMS320C10

WE

PAD
PA1
PA2

74AS137
74ALS04
32 a &L
2 1 A
1 2
40 3 c
Vee G1
51 &2

Yo p—
Yiphb
Y2 13

Y3 12

Y4 1"

vs P
Y6 o—

Figure 3. I/O Decode Circuit

/0 Device
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
411 Delay time, DENt, WE4, and MEN? from RS CHL 8120509,’: 1/2tg(cy +50t | ns
— = 100 pF,
tgis(R)  Data bus disable time after RS (seLe Figure 2) 14ty +50f | ns
t Values derived from characterization data and not tested.
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
PARAMETER MiIN NOM  max | MmN nom _ max| UMT
tsu(ry Reset (RS) setup time prior to CLKOUT (see Note 10) 50 40 ns
tw(R)  FS pulse duration 5¢(C) 5tg(C) ns
NOTE 10: BS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation,
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25 UNIT
MIN NOM MAX | MIN NOM  MAX
yoNT)  Falltime, INT 15 15! ns
tw(NT)  Pulse duration, INT te(C) te(C) ns
tgy(INT)  Setup time, INT| before CLKOUT| 50 40 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
MIN NOM  MAX| MIN NoM  max | UNT
g0,  Falltime, BIO 15 15| ns
tw(i0) Pulse duration, BIO te(C) t:(C) ns
toy(l0) Setup time, BIO} before CLKOUT| 50 40 ns
TEXAS “9
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

Typt

MAX

UNIT

‘CC* Supply current

f=14.4, MHz, Vog = 5.5V, T = 0°C to 70°C

28

65

mA

1 All typical values are at Ta = 70°C and are used for thermal resistance calculations.

¥ Icg characteristics are inversely proportional to temperature; i.e., IcC decreases approximately linearly with temperature.

CLOCK CHARACTERISTICS AND TIMING

The TMS320C10-14 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and be specified

at a load capacitance of 20 pF.

C1,C2

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Crystal frequency, fy Ta =0°Cto70°C 6.7 14.4| MHz
Ta =0°C to 70°C 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TEST CONDITIONS | MIN NOM MAX | UNIT
t5(C) CLKOUT cycle time$¥ 277.78 ns
tr(C) CLKQUT rise time 10 ns
) CLKOUT fall time gLL: fgg& 8 ns
tw(CL) Puise duration, CLKOUT low (see Figure 2) 131 ns
tw(CH) Pulse duration, CLKOUT high 128 ns
tagmcc)  Delay time, CLKIN? to CLKOUT| 251 601 ns

§1c(C) Is the cycle time of CLKOUT, i.e., 4teuc) (4 times CLKIN cycle time if an external oscillator is used).

9 vaiues derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX UNIT

te(MC) Master clock cycle time 69.5 150 ns
tr(MC) Rise time, master clock input sfl 107 ns
HMC) Fall time, master clock input 51 107 ng
tw(MCP)  Pulse duration, master clock oatemey” - OBiemo)t | ns
tw(MCL) Pulse duration, master clock low, tsmc) = 50 ns 207 ns
tw(MGH)  Puise duration, master clock high. to(Mc) = 50 ns 201 ns

T values derived from characterization data and not tested.
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
td1 Delay time, CLKOUT| to address bus valid 10t 50 ns
t42 Delay time, CLKOUT), to MEN| 1gte(c) - 51 1late(c) +15| ns
143 Delay time, CLKOUT} to MENt —10t 15 ns
144 Delay time, CLKOUT | to DEN| 14te(c) - 57 sty +15{ s
tas Delay time, CLKOUT | to DENt -10f 15 ns
tde Delay time, CLKOUT| to Ei AL =825 0, 1ite(c) - 51 liglgic) +15| ns
g7 Delay time, CLKOUT| to WE? CL=100pF -10f 15 ns
tqs Delay time, CLKOUT} to data bus OUT valid (see Figure 2) 14te(cy +65 | ns
tdg Time after CLKOUT| that data bus starts to be driven 1/8te(C) - 5t ns
td10 Time after CLKOUT | that data bus stops being driven 1/4te(C) +40t | ns
ty Data bus OUT valid after CLKOUT 1/4t5(c) - 10 ns

Address hold time after WEt, MEN?, or DEN?t _tof

th(A-WMD) (see Note 8) 10 ns

15u(A-MD) Address bus setup time prior to MEN| or DEN} 1/ato(c) — 45 ns
T Values derived from characterization data and not tested.
NOTE 8: For interfacing I/O devices, see Figure 3.
timing requirements over recommended operating conditions

TEST CONDITIONS | MIN NOM MAX | UNIT
tsuD) Setup time, data bus valid prior to CLKOUT} RL=825Q, 50 1 ns
Cy = 100 pF

th(D) Hold time, data bus held valid after CLKOUT| (see Note 9) (see Figure 2) 0 ns

NOTE 9: Data may be removed from the data bus upon MEN' or DEN? preceding CLKOUT].
TEXAS {"
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
td11 Delay time, DENt, WE?t, and MEN? from RS RL=825Q, 1/2tgcy +50t | ns
— Cy =100 pF
tdis(R) Data bus disable time after RS (see Figure 2) 1/4te(c) +50f ns

1 Values were derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX | UNIT
tsu(r) Reset (RS) setup time prior to CLKOUT (see Note 10) 50 ns
tw(r) RS pulse duration 5tc(0) ns

NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.

INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
MIN NOM  MAX | UNIT
HINT) Fall time, INT 15 ns
tw(iNT)  Pulse duration, INT te(C) ns
tsugNT)  Setup time, INT| before CLKOUT 50 ns

10 (BIO) TIMING

timing requirements over recommended operating conditions

MIN NOM MAX | UNIT
o)  Falitime, BIO 15| ns
tw(l0)  Pulse duration, BIO to(C) ns
tsu(0) Setup time, BIO| before CLKOUT} 50 ns

R
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 volts, unless
otherwise noted.

clock timing

—» 4 tymc ——twMCH ¢ >
{ N ‘r(tc(:ncr > | ) )I | hwwer)!
;
| | |
|
| | "—Pl—'w(MCL)
Y e - :
—» }‘— tgmce)t I w(CcH) it
]
CLKOUT i | ’?4‘ *:\-
=y ¥ - tc) !
| —————tycy ———» Y
* : te(C) »

de(MCC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

lr“- te(C) ’;
| J
CcLKOUT \' / \L /
—— tge ——¥ }
tda—'{ [ } !
!
o | | N
¥
| ot —¥ l— tsu(A-MD) Z——-N ]N— th(A-wMD)

A11-A0 x g g g Sx Address Bus Valid )( E E g gx

1
e tgyp) —M

| (D)
D15-DO ‘, { Instruction Valid }
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TBLR instruction timing

- m1ngsmaﬂ

> th(D)
tsu(p) ‘W
o0y y——C — r—O>—<
N L

Legend:

1. TBLR Instruction Prefetch 7  Address Bus Valid

2. Dummy Prefetch B. Address Bus Valid

3. Data Fetch 9. Instruction Valid

4. Next Instruction Prefetch 10. Instruction Valid

5. Address Bus Valid 11, Data Input Valid

6. Address Bus Valid 12 Instruction Valid

TBLW instruction timing

aor \__/ N N N

EN

a2

T
|

i |
CO—CO-@ oD

Legend:

1. TBLW Instruction Prefetch 7 Address Bus Valid
2. Dummy Prefetch 8 Instruction Valid
3. Next Instruction Prefetch 9 Instruction Valid
4. Address Bus Valid 10 Data Output Valid
5. Address Bus Valid 1 Instruction Vald
6. Address Bus Valid

*
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IN instruction timing

CLKOUT

=
m
Z|

/ \ 1 L/ ‘ \ 2 / \
> 4 tgya-MD) !

! —Pp tgu(D)
L il |
i T ‘ |
g, ™ | —» tds
g 1 *
DEN N\ i/
: ¥ th(D)

Legend:
1. IN Instruction Prefetch Address Bus Valic
2. Next Instruction Prefetch Instruction Valid
3. Address Bus Valid Data Input Valid
4. Peripheral Address Valid Instruction Valid

OUT instruction timing

WEN /\ ] Va

|
I

I
L

A11-A0

D

X - XX

WE

7 T
—1tgg —M - - tyy
f |

.

| t
¢—-tgg -—W ty 4‘_3110 —1

e (3R>
o

Legend:

. OUT instruction Prefetch

. Peripheral Address Valid

1 5. Address Bus Vahd
2. Next Instruction Prefetch 6.
3. Address Bus Valid 7
4 8

{nstruction Valid

. Data Qutput Valid
. Instruction Valid

*p
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reset timing

J
oren \_/—\,_/—\_/W

i
"|1 *+— tsy(R) _,: i tsu(R)
A \ J
1)
f
:ﬂ tw(R) —————
DEN - ! ~—
WE (see |
MEN Data In From Data In From
EN  Note® e tg1q PC ADDR 0 PC ADDR PC+1
teis(R) ¥4 Data Shown Relative to WE AN
D15.00 Data ata Shown Rela \r/(e o < <
Out A \
AL(’
e N/ \
AB = Address Bus AB = PC+1

AN
Add
Bus X AB=PC XAB:PCn)GS AB=PC=0 X N\

NOTES: A. RSforces DEN,WE, and MEN high and places data bus DO through D15in a high-impedance state. AB outputs (and program counter)

are synchronously cleared to zero after the next complete CLK cycle from RS}

B. RS must be maintained for a minimum of five clock cycles.

C. Resumption of normal program will commence after one complete CLK cycle from RSt.

D. Due to the synchronization action on HS, time to execute the function can vary dependent upon when RSt or BS| occurinthe CLK
cycle.

E. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive

F. During a write cycle, RS may produce an invalid write address

interrupt timing

CLKOUT _/——\_—_/_—\—_/———\_

|
:‘——‘—"— tsu(iNT)

I
— 54- HINT)
R tw(INT)

B10 timing

cLrout _/———-\n_____/__—\———-/—_-__—\—

i
:‘——‘—V‘ tsu(10)

BiO A /

|
—» ‘l‘— t(0) |
e — tw(o) ———

*
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TYPICAL POWER VS. FREQUENCY GRAPHS

Ta =-40°C
Ta=85C
Tp =—40°C
E Tp =85°C
5 ‘
§ TA =-40°C
o Ta = 85°
> A= 85°C
a
a
=
7]
Q
5
1.2 4 8 12 16 20 24 28
fx - Crystal Frequency - MHz
(a) — 40°C to 85°C Temperature Range
42
) / -
< /
g —
< With Léad /
(3 .
E 24 P Pt
3
o
g / /
5’ 18 = o
' / Without Load
8 .
- 12 //
6 / //
0
1.2 4 8 12 16 20 24 28
tx - Crystal Frequency - MHz
(b} Voltage = 5 V; Temperature = 25°C
Figure 4. Typical CMOS Igc vs Frequency
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Key Features: TMS320C14/E14/P14

160-ns Instruction Cycle

256 Words of On-Chip Data RAM

4K Words of On-Chip Program ROM
(TMS320C14)

4K Words of On-Chip Program EPROM
(TMS320E14/P14)

One-Time Programmable (OTP) Windowless
EPROM Version Available ('320P14)

EPROM Code Protection for Copyright Security

External Memory Expansion up to 4K-Words
at Full Speed (Microprocessor Mode)

16 x 16-Bit Multipler With 32-Bit Product

0 to 16-Bit Barrel Shifter
Seven Input and Seven Output External Ports
Bit Selectable I/O Port (16 Pins)

16-Bit Bidirectional Data Bus With Greater than
50-Mbps Transfer Rate

Asynchronous Serial Port
15 Internal/External Interrupts

Event Manager With Capture Inputs and
Compare Outputs

Four Independent Timers [Watchdog,
General Purpose (2), Serial Port]

Four-Level Hardware Stack

Packaging: 68-Pin PLCC (FN Suffix)
or CLCC (FZ Suffix)

Single 5-V Supply
Operating Free-Air Temperature
...0°Cto70°C

+5V GND

1y

256-Word RAM

Interrupt )

BK-Word ROM/
EPROM

32-Bit ALU/ACC

Multiplier

—
]
|

Shifters

TMS320C14, TMS320E14/P14
FN/FZ Packages
{Top View)

AMP4/CAP2/FSR
CMPS5/CAPIFSX

CAP1

CAPO

o
a

- @
[aR==]

N

wljAs

o [jcmpPo

~[jCcmP1

o [JA10

wljAl1

»Uveee

w [l Vssa

n[jempz
& ~[JCMP3

6867 666564
TCLK/CLKR ] 10
TCLK2/CLKX P 11
Asli12

A7p13

_5_6_ 14

REN[l16
RS[17
Wl 18
okout fl 19

aslior
NMIMC/MP [} 22
WOT [l 23
CLKINE 24
A3flzs

A2l 26
27 28 29 30 31 32 33 34 35 36 3738'3=9 40
e T

636261
60
59
58
57
56
55
54
53
52
51
50
49

4.
414243

Data (16)

Address (12)

N

D4

D5

06

224

{ol2]
10P1t
10P2
10P3
10P4
1085

[»]:]

D9
RXD/DATA
TXDICLK
D10
10P6

4 {JIOP?7

- MTON m e e

< § ——————

I0P1
0P
oP1
OP1
Vss

o

2]

P

3

D

D

[ -
a
g6
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Introduction

The 'C14/E14/P14 are 16/32-bit single-chip digital signal processing (DSP) microcontrollers that combine the
high performance of a DSP with on-chip peripherals. With a 160-ns instruction cycle, these devices are capable
of executing up to 6.4 million instructions per second (MIPS). The 'C14/E14/P14 DSPs are ideal for applications
such as automotive control systems, computer peripherals, industrial controls, and military command/control
system applications.

Control-specific on-chip peripherals include: An event manager with 6 channel PWM D/A/, 6-bit 1/O pins, an
asynchronous serial port, four 16-bit timers, and internal/external interrupts.

With 4K-words of on-chip ROM, the 'C14 is a mask programmable device. Code is provided by the customer,
and Tlincorporates the customer’s code into the photomask. It is offered in a 88-pin plastic chip carrier package
(FN suffix), rated for operation from 0°C to 70°C

The 'E14 is provided with a 4K-word on-chip EPROM. This EPROM version is excellent for prototyping and for
customized applications. It is programmable with standard EPROM programmers. It is offered in a 68-pin
(windowed) cerquad package (FZ suffix), rated for operation from 0°C to 70°C.

The 'P14 features a one-time programmable 4K-word on-chip EPROM. The 'P14 is provided in an
unprogrammed state and is programmed as if it were a blank 'E14. It is offered in a low-cost,
volume-production-oriented, 68-pin plastic leaded chip carrier (PLCC) package (FN suffix), rated for operation
from 0°C to 70°C.

X
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Each device can execute programs form either internal (MG/MP=0) or external program memory (MC/MP=1).

For proprietary code security, the 'E14 and 'P14 incorporate an EPROM protect bit (RBIT). If this bit is
programmed, the device’s internal program memory cannot be accessed by any external means.

TERMINAL FUNCTIONS
PIN vorzt DESCRIPTION
NAME NO. ADDRESS/DATA BUSES
Atl 5 Q/Z Program memory address bus A11 (MSB) through AQ (LSB) and port addresses PA2 (MSB) through
A10 6 ’ PAQ (LSB). Addresses A11 through AO are always active and never go to high impedance except
A9 9 during reset. 'Dur‘mg execution of the IN aqd OUT instructions, pins 26, 27, and 2_8 carry the port
addresses. Pins A3 through A11 are held high when port accesses are made on pins PAO through
A8 12 PA2.
A7 13
A6 14
AS 20
Ad 21
A3 25
AZ/PA2 26
A1/PAL 27
AO/PAO 28
D15 MSB 35 /0/Z Parallel data bus D15 (MSB) through D0 (LSB). The data bus is always in the high-impedance state
D14 36 except when WE is active (low). The data bus is also active when internal peripherals are written to.
D13 39
D12 40
D11 43
D10 46
09 49
D8 50
D7 57
D6 58
D5 59
‘D4 60
D3 61
D2 62
D1 63
D0 LSB 64
INTERRUPT AND MISCELLANEOQOUS SIGNALS
INT 18 { External interrupt input. The interrupt signal is generated by a high-to-low transition on this pin.
NMI/MC/MP 22 1 Non-maskable interrupt. When this pin is brought low, the device is interrupted irrespective of the
state of the INTM bit in status register ST.
Microcomputer/microprocessor select. This pin is also sampied when RS is fow. If high during reset,
internal program memory is selected. If low during reset, external memory will be selected.
WE 15 0] Write enable. When active low, WE indicates that device will output data on the bus.
REN 16 o} Read enable. When active low, REN indicates that device will accept data from the bus.
RS 17 | Reset. When this pin is low, the device is reset and PC is set to zero.

Continued next page.

T iInput/Qutput/High-impedance state.

*p
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TERMINAL FUNCTIONS (concluded)

DESCRIPTION

PIN yorzt
NAME NO. SUPPLY/OSCILLATOR SIGNALS
CLKOUT 19 o] System clock output (one fourth CLKIN frequency).
vee 4,33 | 5-V supply pins.
Vgs 3,34 | Ground pins,
CLKIN 24 | Master clock input from external clock source.
SERIAL PORT AND TIMER SIGNALS
RXD 48 | Asynchronous mode receive input.
TXD 47 o/Z Asynchronous mode transmit output.
TCLK1 10 | Timer 1 clock. If external clock is selected, it serves as clock input to Timer 1.
TCLK2 11 | Timer 2 clock. If external clock is selected, it serves as clock input to Timer 2.
WOT 23 (o] Watchdog timer output. An active low is generated on this pin when the watchdog timer times out.
BIT I/O PINS
IOP15 MSB 29 /O 16 bit /O lines that can be individually configured as inputs or outputs and also individually set or reset
10P14 30 when configured as outputs. :
I0P13 31
10P12 32
10P11 37
IOP10 38
10P9 41
10P8 42
10P7 44
0P8 45
10P5 51
10P4 52
I0P3 53
I0P2 54
I0P1 55
10PO LSB 56
COMPARE AND CAPTURE SIGNALS
CMPO 8 o} Compare outputs, The states of these pins are determined by the combination of compare and action
CMP1 7 registers.
CMP2 2
CMP3 1
CAPO 68 i Capture inputs. A transition on these pins causes the timer reqister to be captured in FIFQ stack.
CAP1t 67
CMP4/CAP2 66 [l{e} This pin can be configured as compare output or capture input.
CMP5/CAP3 65 110 This pin ¢an be configured as compare output or capiure input.

t Input/Output/High-impedance state.

s
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functional block diagram

CLKIN CLKOUT

l

R e

WE b
el ] ©
AEN § ﬂJ, " 16 hdog Timer WwoT
A5 —* !
PG 12) nstruction b
12 12 > Timers TCLK1.2
1.
AG-A11 X 12 |8 porogmam 16 [__]2 18
PAO-PA2 H (4K Words)
E +»— D15-DO
x
Ny Interrupt
MC/MP errup!
c{ﬁ —u»{ Controller
CMPO-CMP3
cMPg, 5/
. CAP2,3
T3 ARD (18) T(16)
A AR1 (16) :
Muttiplier e .
oy s : Ao
v Detect
i P(32) St(:?k @ [ CAPG,Y
+ 16
MUX 3 32 +
Shifter . l
8 (0-18) N
i L Sarial Serial
MUX H
1 Port Port
i 2 2 P2 rimer Controlier
Address L 9
2 4=t —+{ TBR | TSR |——»— ™@D
Dats ALU (32) At IRBRIRSR J+— RXD
{256 Words}
32 ¢
Data 10P |0P0-I0P15
ACC {32)
4 :
32 '
32 i
Legend: DP = Dats Page Pointer
ACC = Accumulstor 10P = InpuVQutput Port
Shitter (0,1,4) f ACT = Actlon Register {Bit Selectable)
3 ALU = Arithmetic Logic Unit PC = Program Counter
16 16 16 i ARP = Auxillary Register Point P = P Register
TR T T ARO = Auxillary Register ¢ RBR = Recelve Butfer Register
s Data Bus - B AR1 = Auxillary Register 1 RSR = Recelve Shift Reglster
BSA = Bank Select Register T = T Aegister
CAP = Capture TBA = Transmit Buffer Register
CMPR = Compars Register TSR = Transmit Shift Aaglster

architecture

The 'C1x family utilizes a modified Harvard architecture for speed and flexibility. In a strict Harvard architecture,
program and data memory lie in two separate spaces, permitting a full overlap of instruction fetch and execution.
The 'C1x family's modification of a Harvard architecture allows transfers between program and data spaces,
thereby increasing the flexibility of the device. This modification permits coefficients stored in program memory
to be read into the RAM, eliminating the need for a separate coefficient ROM. It also makes available immediate
instructions and subroutines based on computed values.

32-bit ALU/accumulator

The 'C14/E14/P14 devices contain a 32-bit ALU and accumulator for support of double-precision,
twos-complement arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken
from the data RAM or derived from immediate instructions. In addition to the usual arithmetic instructions, the
ALU can perform Boolean operations, providing the bit manipulation ability required of a high-speed controller.

*
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The accumulator stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit
wordlength. The accumulator is divided into a high-order word (bits 31 through 16) and a low-arder word (bits
15 through 0). Instructions are provided for storing the high- and low- order accumulator words in memory.

shifters

Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of 0 to16 places on
data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills
the low-order bits for twos-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1,
or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM. Both
shifters are useful for scaling and bit extraction

16 x 16-bit parallel multiplier

The mutltiplier performs a 16 x 16-bit twos-complement multiplication with a 32-bit result in a single instruction
cycle. The multiplier consists of three units: the T Register, P Register, and the multiplier array. The 16-bit T
Reqgister temporarily stores the multiplicand; the P Register stores the 32-bit product. Multiplier values either
come from the data memory or are derived immediately from the MPYK (multiply immediate) instruction word.
The fast on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation,
and filtering.

data and program memory

Since the ‘C14/E14/P14 devices use a Harvard architecture, data and program memory reside in two separate
spaces. These devices have 256 words of on-chip data RAM and 4K words of on-chip program ROM ('C14) or
EPROM ('E14 and the OTP 'P14). The EPROM cell utilizes standard PROM programmers and is programmed
identically to a 64K-bit CMOS EPROM (TMS27C64)

program memory expansion

The 'C1x devices are capable of executing up to 4K words of external memory at full speed for those applications
requiring external program memory space. This allows for external RAM-based systems to provide multiple
functionality.

microcomputer/microprocessor operating modes

The 'C14/E14/P14 devices offer two modes of operation defined by the state of the NMi/MC/MP pin during reset:
the microcomputer mode (NMI/MC/MP is high) or the microprocessor mode (NMI/MC/MP is low). In the
microcomputer mode, the on-chip ROM is mapped into the program memory space. In the microprocessor
mode, all 4K words of memory are external.

interrupts and subroutines

The 'C14/E14/P14 devices contain a four-level hardware stack for saving the contents of the program counter
during interrupts and subroutine calls. Instructions are available for saving the complete context of the device.
PUSH and POP instructions permit a level of nesting restricted only by the amount of available RAM. The
'C14/E14/P14 have atotal of 15 internal/external interrupts. Fourteen ofthese are maskable; NMiis the fifteenth.

input/output

The 16-bit parallel data bus can be utilized to access external peripherals. However, only the lower three address
lines are active. The upper nine address lines are driven high.

bit I/O

The 'C14/E14/P14 has 16 pins of bit /O that can be individually configured as inputs or outputs. Each of the pins
canbe set or cleared without affecting the others. The input pins can also detect and match patterns and generate
a maskable interrupt signal to the CPU.

serial port
The 'C14/E14/P14 includes an |/O-mapped asynchronous serial port.

*
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event manager

An event manager is included that provides up to four capture inputs and up to six compare outputs. This
peripheral operates with the timers to provide a form of programmable event logging/detection. The six compare
outputs can also be configured to produce six channels of high precision PWM.

timers 1 and 2

Two identical 16-bit timers are provided for general purpose applications. Both timers include a 16-bit period
register and buffer latch, and can generate a maskable interrupt.

serial port timer

The serial port timer is a 16-bit timer primarily intended for baud rate generation for the serial port. Its architecture
is the same as timers 1 and 2, theretore it can serve as a general purpose timer if not needed for serial
communication.

watchdog timer

The 'C14/E14/P14 contain a 16-bit watchdog timer that can produce a timecut (WDT) signal for various
applications such as software development and event monitorng The watchdog timer also generates, at the
point of the timeout, a maskable interrupt signal to the CPU.

instruction set

A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations, such as high-speed control. All of the first-generation devices are object-code
compatible and use the same 60 instructions. The instruction set consists primarily of single-cycle single-word
instructions, permitting execution rates of more than six million instructions per second. Only infrequently used
branch and I/O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute
in a single cycle and are useful for scaling data in paralle! with other operations.

NOTE ]

The BIO pin on other 'Cix devices is not available for use in the 'C14/E14/P14 devices. An attempt to
execute the BIOZ (Branch on BIO low) instruction will result in a two cycie NOP action.

Three main addressing modes are available with the instruction set: direct, indirect, and immediate addressing.
direct addressing

In direct addressing, seven bits of the instruction word concatenated with the 1-bit data page pointer from the
data memary address. This implements a paging scheme in which each page contains 128 words.

indirect addressing

Indirect addressing forms the data memory address from the feast-significant eight bits of one of the two
auxiliary registers, ARQ and AR1. The Auxiliary Register Pointer (ARP) selects the current auxiliary register. The
auxiliary registers can be automatically incremented or decremented and the ARP changed in parallel with the
execution of any indirect instruction to permit single-cycle manipulation of data tabies, Indirect addressing can
be used with all instructions requiring data operands, except for the immediate operand instructions.

immediate addressing

Immediate instructions derive data from part of the instruction word rather than from part of the data RAM. Some
useful immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load
auxiliary register immediate (LARK)

R
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electrical specifications

This section contains all the electrical specifications for the 'C14/E14/P14 devices, including test parameter
measurement information. Parameters with pp subscripts apply only to the 'E14 and 'P14 in the EPROM
programming mode.

absolute maximum ratings over specified temperature range (unless otherwise noted)?

Supply voltage range, Vo (seeNote 8) ... -03Vto7V
Supply voltage range, Vpp (see NOte B) ... e -06Vto14V
INPULVORAgE rANGE ... . it i e e e e e ~03Vto14V
Output VORAGE TANGE . ... i e e -03Vt7V
Continuous power dissipation ... ... .. e e e 05W
Air temperature range above operating device: Lversion ................. .o oo, 0°Cto70°C

Storage tEMPEIAtUIE ... ... .ttt ettt e e e -55°C+ 150°C

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

NOTE

6: All voitage values are with respect to Vgs.

recommended operating conditions
MIN NOM MAX | UNIT
Operating voltage 4.75 5 5.25 A
Vee  Supply voltage Fast programming 5.75 6 6.25 \
SNAP! Pulse programming 6.25 6.5 8.75 '
Vpp  Supply voltage for Fast programming (see Note 11) 12.25 12.5 12.75 v
Vep  Supply voltage for SNAP! Pulse programming (see Note 11} 12.75 13 13.25 Vv
Vgg  Supply voltage 0 v
CLKIN, CAPOQ, CAP1, CMP4/CAP2, CMP5/CAP3, RS
ViH  High-level input voltage All remaining inputs > \
ViL Low-level input voltage, all inputs 0.8 \4
loH  High-leveloutput current, all cutputs - 300 pA
loL  Low-level output current, all outputs 2 mA
TA Operating free-air temperature 0 70 °c

NOTE

11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current
islpp +loc.

%
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typrt MAX UNIT
VoH  High-level output voltage lon = MAX 24 3 v
IOH = 20 1A (see Note 7) v - 0.4t v
VoL Low-level output voltage oL = MAX 03 0.5 Vv
loz  Off-state output voltage Vge = MAX Vo-24V 20 uA
Vo =04V -20
All other inputs except CLKIN x 20
Iy Input current Vi=VggtoVee CLKIN T50 uA
icc  Supply current f=256MHz, Voo =525V, TA=0°Cto 70°C 70 90 mA
IPP1 Vpp supply current Vpp=Vog=55V 100 HA
PP2 é%’;ns; gfééf:r:\rir:lse) Vpp =13V 30 50 mA
) Data bus 251
Cy Input capacitance Al others P pF
o Outpu} Data bus f = 1 MHz, All other pins 0 V 25t .
capacitance All others | 10t

1 All typical values are at VoG = 5 V, Ta = 25°C, except IcC at 70°C.
¥ Values derived from characterization data and nat tested.

§ Igc characteristics are inversely proportional to temperature.
NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data
sheet are specified for TTL togic levels and will differ for HC logic levels

PARAMETER MEASUREMENT INFORMATION

From Output

Under Test o—¢

215V

% RL=825Q

, Test
Point

_T Cy = 100 pF

Figure 5. Test Load Circuit

EXTERNAL CLOCK REQUIREMENTS

The TMS320C14/E14/P14 use an external frequency source for a clock. This source is applied to the CLKIN
pin, and must conform to the specifications in the table below.

PARAMETERS TEST CONDITIONS MIN NOM MAX UNIT
CLKIN Input clock frequency Ta=0°Cto70°C 6.7 25.6 MHz
TExas &9
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CLOCK TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
te(C) CLKOUT cycletime ¥ 156.25 600 ns
tr(C) CLKOUT rise time 10t ns
- RL=825Q, T
t(C) CLKOUT fall time CL= 1.00 PE, 8 ns
tw(CL) Pulse duration, CLKOUT low (see Figure 2) 72t ns
tw(cH)  Pulse duration, CLKOUT high 7ot ns
tdgmee)  Delay time CLKINY to CLKOUT| 45t ns
1 Values were derived from characterization data and not tested.
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
1o (MC) Master clock cycle time ¥ 39.06 40 150 ns
tMC) Rise time, master clock input st 10t ns
HMC) Fall time, master clock input st 10t ns
tw(MCP) Pulse duration, master clock 0.45 temey 055tgmeyt| s
tw(MCL)  Pulse duration, master clock low 15t 130 ns
tw(MCH)  Pulse duration, master clack high 15t 130 ns
1 Values were derived from characterization data and not tested.
*‘c(C) is the cycle time of CLKOUT, i.e., 4i¢(mc) (4 times CLKIN cycle time if an external oscillator is used).
{
Texas . g
INSTRUMENTS
POST OFFICE BOX 1443 *  HOUSTON, TEXAS 77001 A-39



TMS$320C14, TMS320E14, TMS320P14
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

MEMORY READ AND INSTRUCTION TIMING
switching characteristics over recommended operating conditions

PARAMETER COJEES.ITONS MIN NOM MAX UNIT
tsu(MR Address bus valid before REN} 0.25 tg(c)— 39 ns
tSu(AW Address bus valid before WE| 0.50tc(C)— 45 ns
th(a) Address bus valid after REN$ or WE? st ns
ten(D)W Data starts being driven before WE | 025tcyf | s
tsuD)W Data valid prior to WE} RL=825Q, |{0.25tC)~45 ns
D)W Deta valid atter WE! gé—;g;grgg) 0.25 1)~ 10 ns
tdis(D)W Data in high impedance after WEt 025t gy + 25T | ns
tw(WEL) WE-low duration 0.50 tg(c) ~ 15 ns
Ww(RENL)  REN-low duration 0.75 te(c)— 15 ns
trec(WE) Write recovery time, time between WE1 and REN| 0.25t(C)— 5 ns
trec(REN)  Read recovery time, time between RENt and WE| 0.50t¢(c) - 10 ns
g(WE-CLK) _Time from WE? to CLKOUT?! 0.50te(c)— 15 ns

1 Values were derived from characterization data and not tested.
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX UNIT
tsu)R  Dataset-up prior to REN? 52 ns
4 Data hold after REN¢ 0 ns
"o Access time for read cycle data g,‘_' : 18 gg ;?F’
ta(A) valid after valid address (see Figure 2) fe(C)=9%0| s
toe(REN) Access time for read cycle from REN| 0.75 f¢(C)— 60 ns.
tgig)R  Datain high impedance after REN? 025tg)f | ns
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER ) TEST CONDITIONS MIN NOM MAX UNIT
td(RS-RW) Delay from RS} to REN? and WE? : 0.751(cy + 20T | ns
Udis(RS-RW) 3%%?&;5 ?r:;:d’:E;and Ao 125yt | s
tyis(RS-DB)  Data bus disable atter RS, (s‘la-e—Figurs é) 12517 | ns
tgis(RS-AB)  Address bus disable after RS} eyl | ns
ten(RS-AB)  Address bus enable after RSt gyt | ns
timing requirements over recommended operating conditions
, TEST CONDITIONS MIN  NOM  MAX [ uniT
tsy(RS) RS setup prior to CLKOUTY (see Note 10) RL=8259, 60 ns
— - Cp =100 pF,
tw(RS) RS pulse duration (see Figure 2) 5te(C) ns

NOTE 10: RS can occur anytime during the clock cycle. Time given is minimum to ensure synchronous operation.

R
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MICROCOMPUTER/MICROPROCESSOR MODE (NMi/MC/MP)
timing requirements over recommended operating conditions

MIN NOM MAX UNIT

th(Mc/mp)F  Hold time after BS high te(C) ns

1 Values were derived from characterization data and not tested.
1 Hold time to put device in microprocessor mode.

INTERRUPT (INT)/NONMASKABLE INTERRUPT (NMI)
timing requirements over recommended operating conditions

MIN NOM  MAX UNIT
HINT) Fall time, INT 15t ns
(NMI))  Fall time, NMI 1st ns
tw(INT) Pulse duration, INT te(C) ns
Tw(NM) Puise duration, NMI i tc(C) ns
tsu(INT)  Setup time, INT before CLKOUT low (see Note 12) 60 _ ns
tsu(NMI)  Setup time, NMi before CLKOUT low (see Note 12) 60 ns

NOTE 12: INT and NMI are synchronous inputs and can occur.at any time during the cycle, NI and TNT are edge triggered only.

BIT IO TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
trfo(lOP)  Rise and fall time outputs _ R =825Q, 20t ns
- CL =100 pF,
tdgop)  CLKOUT low to data valid outputs (see Figure 2) 0.75t;(c) + 80| ns

timing requirements over recommended operating conditions

TEST CONDITIONS MIN NOM MAX UNIT
trfi(lOF) Rise and fall time inputs R_-8250, 20t ns
1su(lOP) Data setup time before CLKOUT time CL =100 pF, 40 ns

- {see Figure 2)
‘W(IOP) Input pulse duration te(C) ns
GENERAL PURPOSE TIMERS
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM " MAX UNIT
tr(TIM) TCLK1, TCLKZ rise time 20t ns
i) TCLK1, TCLK2 fall time AL = 8250, 20t ns
t TCLK1, TCLK2 low time Ci_= 100 pF, to(C) + 20 ns
wi(TIM) — (see Figure 2) )
twh(TIM) TCLKT, TCLK2 high time : te(c) + 20 ns
telk(TIM) _ Input pulse duration 21g(c) + 40 ns

1 Values were derived from characterization data and not tested.
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WATCHDOG TIMER TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS NOM MAX UNIT
ywpr)  Fall time, WDT AL =825Q 201 ns
tgwoT)  CLKOUT to WDT valid €y = 100 pF, 0.25 t¢(C) + 20 ns
- {see Figure 2)
twiwpT) WDT output pulse duration 7 te(C) ns
EVENT MANAGER TIMER
switching characteristics over recommended operating conditions
PARAMETER TESTCONDITIONS | MIN  NOM  MAX | UNIT
tycmpy  Fall time, CMPO-CMPS Ry =825Q, 20t ns
C = 100 pF,
tcmp)  Rise time, CMPO-CMP5 (see Figure 2) 201 ns
timing requirements over recommended operating conditions
TESTCONDITIONS | MIN  NOM  MAX | UNIT
t CAPO-CAP3 input pulse duration AL =825Q, +20 ns
w(CAP) put p Cr = 100 pF, te(C)
(see Figure 2) 20t ns

15u(CAP) Capture input setup time before CLKOUT low

t Values were derived from characterization data and not tested.
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low valtage of 0.8 volts and a high voltage of 2 volts, unless
otherwise noted.

clock timing

| |

| |

= tme) __J._HW(MCH) . +
} —— teMC) | lf‘ ”I w({MCP)
|

l |
i | “—il—'w(mcu
R - .
H——':— tamceyt L WICH) it
|
CLKOUT “ I ,’/}[ JI\
- * ue) ¥ - |
;e tw(cL) — |
* teic) »

1 td(MCC) and tw(MCP) are referenced to an intermediate level of 1.5V on the CLKIN waveform.

memory read timing

I“——— tw(RENL) -————Hl
lﬂ' tos(REN) "1 :
tsu(A)R —H : r—’T— th(a)
A11-A0 xggggx Address Bus Vaid M
l tagay —M :
el P17 .Y} lh———t;u(n)n 44
| ﬂ“"t‘ th(D)R
D15-DO ) { instruction Input Vaiid }
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TBLR instruction timing

REN /_\ ! /—\ 2 /_\ 3 j—\ 4 /-\
!
|
tsuar M4
\
!
|
-‘HI""h(D)R
taca) —H h
X
tsu(D)R —- -9
N/
Legend:
1. TBLR Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Address Bus Valid
3. DataFetch 9. Instruction Input Valid
4. Next Instruction Prefetch 10. Instruction input Valid
5. Address Bus Valid 11. Data Input Valid
6. Address Bus Valid 12. Instruction input Valid

TBLW instruction timing

-

/\

2/ N\ 3

=__/\
_ XX

ten@yw! —4——»!
e T\
: b——b‘fr— tw(WEL)
b i ‘w
tsu(D)W #1 -~ “ — > oW
‘ |
| | |
: thow M|
: ! |
_\ VPR YT (T2
o0 ¢ ) s )RR 10 X~ )
1 Data valid prior to WE |
Legend:
1. TBLW Instruction Prefeich 7. Address Bus Valid
2. Dummy Prefetch 8. Instruction Input Valid
3. Next Instruction Prefetch 9. Instruction Input Valid
4. Address Bus Valid 10. Data Output Valid
5. Address Bus Valid 11, Instruction Input Valid
6. Address Bus Valid
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IN instruction timing

EN

tsu(A)R —‘, - }

A11-AQ

XBX

-]

X X XX

! I
! H——-—"}”— tsu(D)R

|
ta(a) -11—'}
, K—’lt— th(D)R

Legend:

IN Instruction Prefetch
Data Fetch

Address Bus Valid
Peripheral Address Valid

D=

OUT instruction timing

Next Instruction Prefetch

6. Address Bus Valid
7. Instruction Input Valid

8. Data Input Vaiid
9. Instruction Input Valid

2/

A11-A0

T\
MEX

r‘———’r ten(D)W

WE'

|
p1s-00 s )& 7 K

Legend:

OUT Instruction Prefetch
Next Instruction Prefetch
Address Bus Valid

Peripheral Address Valid

Fali ol

N

k—»lr— tW(WEL)

1
:ﬂ—i——ﬁ— tdis(O)W
- thDyw

|
tsupyw —M

5. Address Bus Valid
6. Instruction Input Valid
7. Data Output Valid

s %

Texa
INSTRUMENTS

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001 A-45



TMS320C14, TMS320E14, TMS320P14
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

reset timing

aer\_/ N\ S S S S
|

|
—Nl M~ t3u(RS) b 4 tey(RS)
|
lh——'dls(RS-RW)———’t [
A \, Y

T
|

l¢————twrs) - -———‘l—h

RER W, —~_| N
WE (see | |
!

\ H— ten(RS-AB)
tdis(Rs-0B) ¥ &
Data Shown Relative To WE l Va
D15-00 Data Out o ‘ {( )_C/
Data In From Data in From
PC ADDR 0 PC ADDR PC+1

|
tdis(RS-AB) — f AB = PC+1

|
i
|
{
ADDRESS AB = PC n d AB=PC=0 N
BUS K 3
AB = Address Bus
NOTES: A. RS forces REN, and WE high and then places data bus D0-D15, REN, WE, and address bus AQ-A11ina high-impedance state.
AB outputs (and program counter) are synchronously cleared to zero after the next complete CLK cycle from RS1.
. RS must be maintained for a minimum of five clock cycles.
. Resumption of normat program will commence after one complete CLK cycle from RSt
. Due to the synchronization action on RS, time 10 execute the function can vary dependent upon when AS1t or RS occur in the CLK
cycle.
E. Diagram shown is for definition purpose only. WE and REN are mutually exclusive.

ooOow

microcomputer/microprocessor mode timing

|
— th(MC/MP) ——¥

I
NMI/MC/MP \ y /
VY

*
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interrupt timing

|
:'_”— tau(INT): tsu(NMI)

o N, /

b |
> N NV |
M=ty aNT): twinmn M

bit 1/O timing
cLiout M
|
|
|
10P15-10P0 X
(Output)
| : —¥ W to(i0P)
tsu(oP) — ¥ — : }
10P15-10P0
{Input) X X
| ——— twgory ——»
|
tmgop) M —
general purpose timers
'h————fclk(nM)—b:
! |
TCLK1, TCLK2 ‘_/ | AN L/ \
| |
: 'H—twhmM)—N' : !
P >l vy '
ey R | |
- tywicriv) —>

watchdog timer

»l

« twWDT) - »
|
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event manager

|
¥ tgu(car)
[
CAP3-CAPOD X X
| i
— tw(cap) ———¥

CMP5-CMPO le

|
—#  — tCMP)  t(CMP)
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PROGRAMMING THE TMS320E14/P14 EPROM CELL

The 'E14 and 'P14 include a 4K x 16-bit industry-standard EPROM cell for prototyping and low-volume
production. The ‘C14 with a 4K-word masked ROM then provides a migration path for cost-effective production.
An EPROM adapter socket (part # TMDX3270110), shown in Figure 5, is available to prowde 68-pin to 28-pin
conversion for programming the ‘E14 and 'P14.

Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM
cell also includes a code protection feature that allows code to be protected against copyright violations.

The 'E14/P14 EPROM cells are programmed using the same family and device codes as the TMS27C64 8K
x 8-bit EPROM. The TMS27C64 EPROM series are ultraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin compatible with existing 28-pin ROMs
and EPROMs. These EPROMs operate from a 5-V supply in the read mode; however, a 12.5-V supply is needed
for programming. All programming signals are TTL level. For programming outside the system, existing EPROM
programmers can be used. Locations may be programmed singly, in blocks, or at random.

Figure 5. EPROM Adapter Socket

The 'E14/P14 devices use 13 address lines to address the 4K-word memory in byte format (8K-byte memory).
In word format, the most-significant byte of each word is assigned an even address and the least-significant byte
an odd address in the byte format. Programming information should be downloaded to EPROM programmer
memory in a high-byte to low-byte order for proper programming of the devices (see Figure 6).

*
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TMS320C14 On-Chip
Program Memory
(Word Format)

p(ooooh) | 1234h
1{000Ah) | 5678h
2(0002h) | 9ABCh
3(0003h) | DEFOh

4095(0FFh)

TMS320E14 and
TMS320P14 On-Chip
Program Memory
(Byte Format)

0(0000h) 34h
1(0001h) 12h
2(0002h) 78h
3(0003h) 56h
4(0004h) BCh
5(0005h) 9Ah
6(0006h) FOh
7(0007h) DEh

EPROM
Programmer
Memory
Byte Format with
Adapter Socket
0{0000h) 12h
1(0001h) 34h
2(0002h) 56h
3(0003h) 78h
4(0004h) 9Ah
5(0005h) BCh
6(0006h) DEh
7(0007h) FOh
8191 (1FFFh)

Figure 6. Programming Data Format

Figure 7 shows the wiring conversion to program the 'E14 and ‘P14 using the 28-pin pinout of the TMS27Cé4.
The table of pin nomenclature provides a description of the TMS27C64 pins.

CAUTION

The 'E14 and 'P14 do not support the signature mode available with some EPROM programmers.
The signature mode places high voltage (12.5 V¢) on pin A9. The '‘E14 and ‘P14 EPROM cells are
not designed for this feature and will be damaged if subjected to it. A 3.9 kQ resistor Is standard
on the Tl programmer socket between pin A9 and programmer. This prote
unintentional use of the signature mode.

cts the device from

Vep vee
A2 PGM

a7 EPT

LA

(2 a2 as 128
131 q3 o4 |5
141 anp

TMS27C64 Pinout

L|
o §4:sldalee
: /9876543216867666564638261

\liﬂ_] 10 60 (|
NAN ] “ 59
[} 12 58

) 13 57

[ 14 s6 [FALA
NA12 15 55 | A/

2 "
5"7 ) 17 53
PP R e TMS320E14 52
E ] 19 TMS320P14 51

20 50 [
] 21 49
_ 2 48
CLK:; ] 23 47
] 24 46
[l 25 45
[ 26 44

27 28 29 30 31 32 33 34 3536 37 38 39 40 414243

TP

P

Figure 7. TMS320E14/P14 EPROM Programming Conversion to TMS27C64 EPROM Pinout
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TERMINAL FUNCTIONS (TMS320E14/P14)

NAME 1/0 DEFINITION
A12(MSB)-A0(LSB) | On-chip EPROM programming address lines

CLKIN | Clock oscillator input

E [ EPROM chip enable

EPT 1 EPROM test mode select

G 1 EPROM output enable

GND | Ground

PGM 1 EPROM write/program select
Q8(MSB)-Q1{LSB) o] Data lines for byte-wide programming of on-chip 8K bytes of EPROM

RS 1 Reset for initializing the device

Vee ! 5-V to 6.5-V power supply

Vpp 1 12.5-V to 13-V power supply

Table 4 shows the programming levels required for programming, verifying, reading, and protecting the EPROM

cell.
Table 4. TMS320E14/P14 Programming Mode Levels
sonar [Twsociapi | THemost | pnocnan | oo | neas | ol | PO
E 19 20 ViL ViL ViL ViH ViL
G 23 22 VIH PULSE PULSE VIH ViL
PGM 16 27 PULSE ViH ViH ViH Vi
Vpp 18 1 Vpp vVpp veo Vpp vVeep
Vee 4,33 28 VceP Veep vVco Veer Vcep
Vss 3,34 14 Vss Vss Vss vss Vss
CLKIN 24 14 vss Vss Vss Vss Vgs
EPT 17 26 Vss Vss Vssg Vpp Vpp
Q1-Gs 24535 | 13,1519, | Datamn Data Out DataOut | Qg=PULSE | Qg=FRBIT
m2A7 | 16,11,10,8,7,2 | 223,202 ADDR ADDR ADDR X X
A6 1 4 ADDR ADDR ADDR X ViL
A5 68 5 ADDR ADDR ADDR X X
A4 67 6 ADDR ADDR ADDR VIH X
A3-AQ 66, 65, 56, 55 7-10 ADDR ADDR ADDR X X
t Signal names shown for ‘E14/P14 EPROM programming mode only. '
Legend:
ViH = TTLhigh level; Vi = TTL low level; ADDR = byte address bit; Vpp = 12.5V = 0.26 V (FAST) or 13 V + 0.25 V (SNAP! Pulse).
Ve = 5V=20.26V; X =don't care; PULSE = low-going TTL pulse.
Dy = byte to be programmed at ADDR; QouT = byte stored at ADDR.; RBIT = ROM protect bit
Voop = 6V +0.25V (FAST) or 8.5 V £ 0.25 V (SNAP! Pulse).

programming

Since every memory in the cell is at a logic high, the programming operation reprograms selected bits to low.
Once the '320E14 is programmed, these bits can only be erased using ultraviolet light. The correct byte is placed
on the data bus with Vpp set to the 12.5-V level. The PGM pin is then pulsed low-to program in the zeros.
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erasure

Before programming, the 'E14 must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm?2. A typical 12-mWes/cmZ, filterless UV lamp will
erase the device in 21 minutes. The lamp should be located about 2 5 cm above the chip during erasure. After
exposure, all bits are in the high state

verify/read

To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown
in Table 5, assuming the inhibit bit (RBIT) has not been programmed

program inhibit

Programming may be inhibited by maintaining a high level input or the E pin or PGM pin,

standard programming procedure

Before programming, the ‘E14 must first be completely erased. The device can then be programmed with the
correct code. It is advisable to program unused sections with zeros as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label
should be placed over the window to protect the EPROM ceft from inadvertent erasure by ambient light. At this
point, the programming is complete, and the device is ready to be placed into its destination circuit.

Refer to other appendices of the TMS320C 1x User’s Guide for additional information on EPROM programming.

recommended timing requirements for programming: Voc = 6 V and Vpp = 12.56 V (FAST) or

Vee = 6.5 Vand Vpp = 13 V (SNAP! PULSE), Ta = 25°C (see Note 13)
MiIN NOM MAX UNIT
tw(PGM) Initial program pulse duration Fast programming algorithm 0.95 1 1.08 ms
SNAP! Pulse programming algorithm 95 100 105 us
w(FPGM) Final pulse duration Fast programming only 2.85 78.75 ms
1su(A) Address setup time 2 us
tsu(E) E setup time 2 us
15u(G) G setup time 2 us
tsu(D) Data setup time 2 us
lsutvPP)  Vpp setup time 2 us
tsu(VCC) Ve setup time 2 us
thia) Address hold time 0 us
th(D) Data hold time 2 us
NOTE 13: For all switching characteristics and timing measurements, input pulse leve's are 0.4 Vto 2.4 V and Vpp = 12.5 V 2 0.5 V during

programming.
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program cycle timing

{4—————— Program ——P{‘Vﬁ_ﬂ Verify ;

| | | Vi
A12-A0 X Address Stable X'Address N+1
Vv
T L
l“—-—'f—‘su(A) ' H——r-‘— th(a) .
HVOH
Q8-Q1 ——-{ Data In Stable }—HI .z
| viLVoL
)
v
VPP | | | { : 1 PP
e *“—**’:— tsu(vPP) ‘ l \ | vee
j |
v ; ]l f { Veer
cC / !
‘ | ‘SU(VCC) : i : VCC
i |
_ : 1 ‘ ‘ | ViH
E 1 | ‘ j E 1 v
| ! Y ! T IL
14— tgy(E) —“‘ > th(l))l : |

y 1 v i VIH

P N/

PoH —t b ten(c)! viL
tw(FPGM) —14¢—¥ lﬂ—bF*— tsu(G) :

|
|

= | VIH
& \____/

viL

t tdis(G) and tan(G) are characteristics of the device but must be accommodated by the programmer.
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Key Features: TM320C15/E15/LC15/P15 5V

or
* Instruction Cycle Timing: +33V GND

— 160-ns (TMS320C15-25/E15-25)
— 200-ns (TMS320C15/E15/P15)
— 250-ns (TMS320LC15)

® 256 Words of On-Chip Data RAM Interrupt 256-Word RAM
> Data (16)
* 4K Words of On-Chip Program ROM 4K-Word ROM/EPROM

(TMS320C15/C15-25/LC15)

* 4K Words of On-Chip Program EPROM E"—— 32-Bit ALU/ACC
(TMS320E15/E15-25)

™ Multipiler
* One-Time Programmable (OTP) Windowless —[ Address (12)
EPROM Version Available (TMS320P15) Shitters

¢ EPROM Code Protection for Copyright Security

0l

* External Memory up to 4K-Words at Full Speed

* 16 x 16-Bit Multiplier With 32-Bit Product

¢ 0 to 16-Bit Barrel Shifter

¢ On-Chip Clock Oscillator

¢ 3.3-V Low-Power Version Available (TMS320LC15)

® Device Packaging:
— 40-Pin Dip (All Devices)
— 44-Lead PLCC (TMS320C15/C15-25/L.C15/P15)
— 44-Lead-QUAD (TMS320E15/E15-25)
TMS320C15/E15/LC15/P15 TMS320C15/E15/LC15/P15

N/JD Package FN/FZ Package
(Top View) (Top View)

|
A1/PAT [ 1 a0 Az/paz 4
L] A3 4
38 A4
37 AS

6L As CLKOUT [ 7 39(] A7
3] A7 x1 08 38(] A8
341 1 AB X2/CLKIN [ 9 37} MEN
33 MEN B0 ] 10 36[| DEN
% gf DEN NG [} 11 35| WE
WE Vgg [l 12 34l v
1130 Vg SS N 13 33} Agc
12 29[ A9 D9 |) 14 32{ Ato0
D10 13 28[ A10 D10 [} 15 31 { A1
D11 14 27 Al D11 316 30[ DO
D12 [J15 26[ po D12 ] 17 29( D1
D13 [ 16 25{] D1
D14 []17 24 D2 o019
D15 []1e 23] D3
D7 [J19 22{] D4
D6 (|20 21[] D5

T

W N3O WN

o

|80 00 0 0 I O O N | O [
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functional block diagram

X1
CLKOUT X2/CLKIN
. q Program Bus
WE —¢— 16 12LSB
EN —¢—]
EN «—| 8
BIO »—| £ 12
e k= 12
MC/MP —»— 5 12
NT °©
N ——] PC (12)
RS —»—] 12
12 Instruction
A~ 3 > ., 16
A11-A0/ =l v 2 Program
PA2-PAO H Stack 5| ROM/EPROM
N z 4K Wi
~ 3) ax12 | | K Werds
S Program Bus
16 16
g Data Bus
16$ 7 16 i 16
ARP ARO (16) DP T(16)
Shifter
AR1 (16) (0-16) 1
Multiptier 4——/—6
P(32
32 (32)
32
v v
Address MUX 7
32
Data RAM v
256 Words;
Legend: ¢ ) _l__.l"7
ACC = Accumulator Data
ALU = Arithmetic Logic Unit
ARP = Auxiliary Register Pointer 4
ARO = Auxiliary Register 0 ACC (32)
ARt = Auxlliary Register 1
DP = Data Page Pointer
P = P Register
PC = Program Counter
T = T Register Shifter (0,1,4)
16 .1 16
A4
q Data Bus
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TERMINAL FUNCTIONS (TMS320C15/E15/LC15/P15)T

NAME ot DEFINITION
A11-AQ/PA2-PAD o External address bus. /0 port address multiplexed over PA2-PAQ.
BiO | | External polling input
CLKOUT (o] System clock output, 1/4 crystal/CLKIN frequency
D15-Do /O | 16-bit paratiel data bus
BEN o} Data enable for device input data on D15-D0
INT | External interrupt input
MC/MP | Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN (o] Memory enable indicates that D15-D0 will accept external memory instruction.
NC (o] No connection
RS I | Reset for initializing the device
vVee [ + 5V supply
Vgs I Ground
WE O | Write enable for device output data on D15-DO
X1 (o] Crystal output for internal osciltator
X2/CLKIN P Crystal input internal oscillator or external system clock input

t See EPROM programming section.
¥ Input/Output/High-impedance state.
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electrical specifications

This section contains the electrical specifications for the ‘C15/E15/P15 digital signal processors, including test
parameter measurement information. Parameters with pp subscripts apply only to the 'E15/P15 in the EPROM
programming mode (see Note 11).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (See Note 8) ... -03Vto7V
Supply VORAGE raNgE, VR . oottt e i i e -06Vto14V
INpUtVOAgB rANGE .. ... e e e e e -03Vto14V
Output VOITAGE TBNGE . ... ottt it it it e e -03Vto7V
Continuous power dissipation .......... et et e e e e e 0.5 mW
Operating free-air temperature: Lsuffix .............oooi i 0°C to 70°C

Asuffix ... —40°C to0 85°C
StOrage temMPEratlure . ... ....c...ueuniutenen ittt -55°Cto 150 °C

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

NOTE
reco

6. All voltage values are with respect to Vgg,

mmended operating conditions

MIN NOM MAX | UNIT
v Supply volt EPROM devices 4.75 5 5.25 A
u voltage
Cc  Supplyvollag All other devices 45 5 55| V
Vpp  Supply voltage (see Note 11) 12.25 12.5 12.75 v
Vgs  Supply voltage 4] \%
. CLKIN 3 \
VIH High-level input voltage e
All remaining inputs 2 \
VL  Low-levsl input voltags MEMP 08 v
All remaining inputs 0.8 Vv
loy  High-level output current, all outputs — 300 nA
lo.  Low-level output current (All outputs except for TMS320LC15) 2 mA
L suffix 0 70 °C
Ta Operating free-air temperature
A suffix - 40 85 °C
NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current is

PP + ICC-
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electrical characteristics over specified temperature range (urless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
) IoH = MAX 2.4 3 \%
VoH High-leve! output voltage
10H = 20 pA (see Note 8) Ve - 04 \
VoL Low-level output voltage loL = MAX 0.3 0.5 v
Vo=24V 20
! Off-state output current Voo = MAX
oz ce Vo=04V -20 uA
| nout ‘ Vi = Vae to V. All inputs except CLKIN 120
nput curren = 0
! P 1=¥sslovee CLKIN w50 | MA
TMS320C15 f=20.5MHz, Voo =55V, Ta =0°Cto 70°C 45 55
TMS320C15-25 | f = 25.6 MHz, Vo = 5.5V, TA = 0°C 10 70°C 50 65
icct  Supply current mA
TMS320E15 f=20.5MHz, Vo =525V, To=-40°Cto 85°C 56 75
TMS320E15-25 | f = 25.6 MHz, Vo =5.25V, T = 0°C 10 70°C 65 B85
o nout i Data bus 25%
i nput capacitance
' put cap All other f 15 pF
) Data bus =1 MHz, all other pins 0V P
Co Output capacitance pF
All others 104

1 Alt typical values are at VGG = 5 V, Ta = 70°C and are used for thermal resistance calculations.

t Icc characteristics are inversely proportional to temperature. For lcc dependence on temperature, frequency, and loading, see Figure 3.

NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data
sheet are specified for TTL logic levels and will differ for HC logic levels.

CLOCK CHARACTERISTICS AND TIMING

The TMS320C15/E15/P15 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
TMS320C15 Ta =0°C o 70°C 6.7 20.5
Crystal frequency, fx TMS320E15/P15 Ta = - 40°C 10 85°C 6.7 20.5 | MHz
TMS320C15-25/E15-25 TA=0°C1070°C 6.7 25.6
c1,Cc2 Ta = 0°C to 70°C 10 pF

+p
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external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating condlitions

PARAMETER TEST CONDITIONS TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN NOM MAX | MIN NOM Max | UNT
te(0) CLKOUT cycle time¥ 195.12 200 156.25 160 ns
tr(C) CLKOUT rise time 10t 101 ns
- RL=825Q, T T

%C) CLKOUT fall time CL = 100 pF 8 8 ns
twicL) Pulse duration, CLKOUT low (see Figure 2) g2t 72t ns
tw(CH) Pulse duration, CLKOUT high oot 70t ns
tdMCC) Delay time, CLKINt to CLKOUT} 25t eot | 2st s0f| ns

1 values derived from characterization data and not tested.
3 t¢(C) is the cycle time of CLKQUT, i.e., 4tgmC) (4 times CLKIN cycle time if an external oscillator is used).
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timing requirements over recommended operating conditions

TMS320C15/E15/P15 TMS320C15-25/E15-25 UNIT
MIN NOM MAX MIN NOM MAX
te(MC) Master clock cycle time 48.78 50 150 | 39.06 40 150 ns
t(MC) Rise time, master clock input st 10t st 10t | ns
HMC) Fall time, master clock input st 10t st 10t | ns
twmcp)T  Pulse duration, master clock 0.4t6(MC) otemeyt [ 0.45cMe)  0.85meyT | ns
tyMCL)  Pulse duration, master clock low 20t 15t ns
tw(MCH)  Pulse duration, master clock high 20t 15t ns
t values derived from characterization data and not tested.
MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST TMS320C15/E15/P15 TMS320C15-25/E15-25 UNIT
CONDITIONS | N NOM  MAX | MIN NOM  MAX
Detay time, CLKOUT | to
ta1 address bus valid 107 50 | 1o¥ 40 ns
142 Delay time, CLKOUT} to MEN| 1/4t(C) - 51 1/atg(cy +15| 1/a1gcy - 5T 1idgcy +12|  ns
143 Delay time, CLKOUT | to MEN? -10t 15 | —10t 12| ns
tda Delay time, CLKOUT | to DEN| 14tgicy - 5T 1i4tg(c) +15| Vateig) =51 Vo) +12]  ns
tds Delay time, CLKOUT to DENt -10t 15 | -10t 12| ns
tde Delay time, CLKOUT} to WE| 12tigy ~ 5T 12ty +15| 12y~ 51 - 121 +12] ns
td7 Delay time, CLKOUT} to WEt —10t 15 [ -10t 12 ns
Delay time, CLKOUT | to data bus
tds OUTyv:I-Ii-Ide ¢ 1/4te(c) +65 1/41(C) +52 ns
RL=825Q,
Time after CLKOUT | that data bus Cp =100pF 5t —st
tds starts to be driven (see Figure 2) 1445(0) -5 Watg(c) -5 ns
Time after CLKOUT| that
td410 data bus stops being driven 1/4te(c) + 401 1jatgcy + 40T | ns
(TMS320C15/C15-25 only) .
Time after CLKOUT| that
t410 data bus stops being driven 1/4tg(c) + 7ot 1/4te(C) +70t ns
(TMS320E15/E15-25 only)
ty Data bus OUT valid after CLKOUT| 141(c) - 10 1/4te(c) ~ 10 ns
Address hold time after WE1, MEN1, " t +
1h(A-WMD) o DEN? (see Note 15) 0 2t 0 2 ns
Address bus setup time prior to
tsu(A-MD)  DEN, p fime pr 1/ate(c) - 45 1/atg(c) - 36 ns
T Values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WE+$, MEN1®, or DENY.
timing requirements over recommended operating conditions
TEST TMS320C15/E15/P15 TMS320C15-25/E15-25 N
CONDITIONS | miN NOM  MAX | MIN nom  max | UMT
tsu(D) Setuptime, databus valid priorto CLKOUT| R =825Q, 50 40 ns
Hold time, data bus held valid after Cy =100 pF 0 0 ns

th(D)

CLKOUT| {see Note 9)

(see Figure 2)

NOTE 9: Data may be removed from the data bus upon MEN?t or DEN? preceding CLKOUT].
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
td11 Delay time, DENt, WE?, and MEN? from RS R_=825Q, 1ty +50t | ns
— CL = 100 pF
tgis(r) Data bus disable time after RS (see Figure 2) 1/ate(C) +50t ns

t values derived from characterization data and not tested.

timing requirements over recommended operating conditions

TMS320C15/E15/P15 TMS$320C15-25/E15-25
MIN  NOM  MAX | MIN  Nom  max | UNIT
tsu(R) Reset (RS) setup time prior to CLKOUT (see Note 10) 50 40 ns
tw(R) RS pulse duration 515(C) 5te(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
) TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN  NOM  MAX MIN NOM max | UNT
HINT) Fall time, INT 15 |. 15[ 'ns
tw(INT) _ Pulse duration, INT te(C) t(C) » ns
tsy(NT)  Setup time, INT| before CLKOUT} 50 40 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN NOM MAX | MIN NOM wax | UMT
tfjo)  Falltime, BIO 15 15| ns
tw(l0) Pulse duration, BIO te(C) t5(C) ns
tsu(0) Setup time, BIO| before CLKOUT| 50 40 ns
TExas ‘9
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 voitsand a high voltage of 2.0 voits, uniess
otherwise noted.

clock timing
—» [ tme) 4Pty (MCH) ¢ '
{ ——tomy —’*: | T'#T wMeR)
| | |
wn N/ N S S
|
| [ lﬂ—bL—!w(MCL)
{ —» tmC) .
-—»| ;1— tamcoyt | wicH) |
i
CLKOUT ; [ | { *:\-
—’i ‘w— e ~¥ — tr(c) }
| ey —— > |
¢ te(C) »

Ttd(MCC) and tw(MCP) are referenced to an imermediate level of 1.5 V on the CLKIN waveform.

memory read timing
- ﬁ
i |
CLKOUT \! J ‘ /
PR
td3—"{ —

\
I
WER __———)./——\

| l—
e td1 -—n_u\ fsu(A-MD) r—' th(A-WMD)

A11-A0 X g g g g X Address Bus Valid x S E 5 S x

T
M tgy(p) ¥
|

- th(p)
—\
D15-DO o { Instruction Vatid }

P

T

+
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TBLR instruction timing

MEN

/SN SN\ L3 /\
td1
—¥ 14— th(D)
tsu) 14— |
—_— N 4

Legend:

1. TBLR Instruction Prefetch 7. Address Bus Valid

2. Dummy Prefetch 8. Address Bus Valid

3. Data Fetch 9. Instruction Vald

4, Next Instruction Prefeich 10. Instruction Vaid

5. Address Bus Valid 11, Data Input Valid

6. Address Bus Valid 12. Instruction Valid

TBLW instruction timing

wor N/ N N
/ N\ SN/

A11-A0 W 4 W 5 —‘W 6
—tgg —W —’},‘— 47

|
T | |

MEN

WE i o
—tis — bty
tdo | ‘1—*{- t410
—C B )
D15-D0 8 9 KK ooy
Legend:
1. TBLW Instruction Prefetch 7. Address Bus Vaha
2. Dummy Prefetch 8. Instruction Valid
3. Next Instruction Prefetch 9. Instruction Valid
4. Address Bus Valid 10. Data Qutput Valic
5. Address Bus Valid 11, Instruction Valid
6. Address Bus Valid

%
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IN instruction timing

aworr \_ /" N_/ S

[
|

WEN /\ . 1/ T \ 2 7\
—» - tgyampy |

| I ! [ —t tsuD)
I ! |
T | [ !
- tgq W | ¥ s
| | f
DEN \ I/
M~ thD)
Legend:
1. IN Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Valid
3. Address Bus Valid 7. Data Input Valid
4. Peripheral Address Valid 8. Instruction Valid

OUT instruction timing

T\
A11-A0 W 3 W 4 W 5 W

g’
m
z
E

T T
— tdg —b} Bl I*— ty7
t |
WE tdo —{4——-—){ l
. ! .
‘ lda » d10 —H
T M—C

Legend:

. Address Bus Valid

. Instruction Valid

. Data Output Valid

. Instruction Input Valid

1. IN instruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4, Peripheral Address Valid

@~NO O,
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reset timing

|

|
"’: L ol tsu(R) —’: — tsu(n)
A — tw(R) ———>

t —pl -
dls}_l_*n il Data Shown Relative to WE
D15-DO { i {

e " N\

AB = Address Bus AB =\PC+1

S S 6 M —

NOTES: A. RSforces DEN, WE, and MEN high and places databus DOthroughD15ina high-impedance state. AB outputs (and program counter)
are synchronously cleared to zero after the next complete CLK cycle from RSy.

RS must be maintained for a minimum of five clock cycles.

Resumption of normal program will commence after one complete CLK cycle from RSt.

Due to the synchronization action on RS, time to execute the function can vary dependent upon when RS¢ or RS} occur in the CLK
cycle.

Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive,

During a write cycle, RS may produce an invalid write address.

DEN | 45
_We ;eet E ! Data In From Data In From
MEN Rote 4 tg1q FC ADDR 0 PC ADDR PC+1

_o.ow

mm

interrupt timing

CLKOUT w
i
IN—N- tsu(INT)
INT |\ /

—H l‘- HONT) '
H———— tw({INT) ———N

BIO timing

lvd————FL t5u00)
. BiO ’ N J

—H l‘— t00) I
H—-— tw(i0) ————~—N
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absolute maximum ratings over specified temperature range (unless otherwise noted)?

Supply voltage range, Vpp (S8 NOE B) ............oooiiiiin o -0.6Vto14V
1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage 1o the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond thase indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device refiability.
NOTE 6: All voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX UNIT
Vpp  Supply voltage (see Note 11) 12.25 12.5 12.75 \

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current is
pp +lcC.

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP# MAX UNIT
Ipp1 Vpp supply current Vpp=Vog 558V 100 \
Ipp2 Vpp supply current (during program pulse) Vpp = 12.76 V 30 50 \

1 All typical values except for Igc are at Voo = 5 V. Ta = 25°C.

recommended timing requirements for programming, Ta = 25°C, Veoe = 8, Vpp = 125 V,
(see Note 13)

MIN NOM MAX | UNIT
tw(iPGM) Initiat program pulse duration 0.95 1 1.05 ms
tw(FPGM) Final pulse duration 38 63 ms
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 us
3u(G) G setup time 2 us
tdis(G) Outputdisabletime from G (see Note 15) 0 1308 ns
ton(G) Output enable time from G 0 1509 ns
tsu(D) Data setup time 2 us
tsu(VPP) Vpp setup time 2 us
tsu(vcC) V¢ setup time 2 us
thia) Address hoid time 0 us
th(D) Data hold time 2 us

§ values derived from characterization data and not tested.
NOTES: 13. For ail switching characteristics and timing measurements, input pulse levels are 0.4Vto2.4Vand Vpp = 125V £ 0.5 V during
programming.
15. Common test conditions apply for tgis(G) except during programming.

*
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PROGRAMMING THE TMS320E15/P15 EPROM CELL

'‘E15/P15 devices include a 4K x 16-bit industry-standard EPROM cell for prototyping, early field testing, and
low-volume production. In conjunction with this EPROM, the 'E15/P15 with a 4K-word masked ROM, then,
provide more migration paths for cost-effective production.

EPROM adapter sockets are available that provide pin-to-pin conversions for programming any 'E15/P15
devices. One adapter socket (part number RTC/PGM320C-06), shown in Figure 8, converts a 40-pin DIP device
into an equivalent 28-pin device. Another socket {part number RTC/PGM320A-06), not shown, permits 44- to
28-pin conversion.

Figure 8. EPROM Adapter Socket (40-pin to 28-pin DIP Conversion)

Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM
cell also includes a code protection feature that allows code to be protected against copyright violations.

The 'E15/P15 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64
8K x 8-bit EPROM. The TMS27C64 EPROM series are unltraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin-compatibie with existing 28-pin ROMs
and EPROMs. These EPROMs operate from a single 5-V supply in the read mode; however, a 12.5-V supply
is needed for programming. All programming signals are TTL level. For programming outside the system,
existing EPROM programmers can be used. Locations may be programmed singly, in blocks, or at random.

Figure 9 shows the wiring conversion to programthe 'E 15/P15 using the 28-pin pinout of the TMS27C64. Table 5
on pin nomenclature provides a description of the TMS27C64 pins. The code to be programmed into the device
should be in serial mode. The ‘E15/P15 devices use 13 address lines to address 4K-word memaory in byte format.

*
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o
——t—] 1 Al A2 40
~———t——T] 2 AO(LSB) A3 39
—} 3 VPP A4 38
{l 4 RS AS 37
vpp 11} {] 5 EPT A6 36 128 Vo
Atz 2] e A7 35 0 27 PGM
A7 3 07 A8 34 J——j 0 26 EPT
A6 41— y———{] 8 CLKIN as [l YT [l 25 A8
As sl— o 32) S dVAVAY, 0 24 A9
A4 60— ———] 10 GND a1 p 023 A1
A3 70— 11 Q1(LSB) vee 30 —— 22 G
Az 8[— 12 Q2 A9 29 [ l 0 21 Af0
Al 9l 13 Q3 A10 28 [} 20 E
Ao 10 [] 14 Q4 A1l 27 [1 - RN
Q1 11 15 Qs (MSB)A12 26 J— [ 18 a7
Q2 12 16 Q6 E25[ [ 17 Q6
@3 130 17 Q7 _Ga2af [} 16 Q5
GND 14 (] g 18 Q8(MSB) PGM 23 [ ] 15 Q4
] 19 221 _—
TMS27C64 TMS27C64
PINOUT ;] 20  TMS320E15/P15 21 Rrer
[
CAUTION

Although acceptable by some EPROM programmers, the signature mode cannot be used on any ‘E1x
device. The signature mode will input a high-level voitage (12.5 Vy¢) onto pin A9, Since this pin Is not
designed for high volitage, the cell will be damaged. To prevent an accidental application of voltage,
Texas Instruments has inserted a 3.9 k< resistor between pin A9 of the Tl programmer socket and the
programmer itself.

PIn Nomenclature (TMS320E15/P15)

NAME [s] DEFINITION
A0-A12 | On-chip EPROM programming address lines
CLKIN | Clock oscillator input
E | EPROM chip select
EPT 1 EPROM test mode select
G | EPROM read/verify select
GND | Ground
PGM | EPROM write/program select
Q1-08 lle} Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS 1 Reset for initializing the device
Ve 1 5-V power supply
Vpp ! 12.5-V power supply

Figure 9. TMS320E15/P15 EPROM Programming Conversion to TMS27C64 EPROM Pinout

A-68
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Table 5 shows the programming levels required for programming, verifying, reading, and protecting the EPROM cell.

Table 5. TMS320E15/P15 Programming Mode Levels

SIGNAL NAME | TMS320E15 PIN | TMS27C64 PIN | PROGRAM | VERIFY READ | PROTECT VERIFY | EPROM PROTECT
E 25 20 viL ViL ViL viL VIH
] 24 2 VIH PULSE PULSE ViL ViH
PGM 23 27 PULSE ViH ViH ViH VIH
Vep 3 1 Vpp vVep vVee Vee +1 Vpp
vee 30 28 Vee \'/e%e} Voo Voo + 1 Voo +t
Vss 10 14 Vss Vss Vss Vss Vss
CLKIN g 14 vVss Vss Vss Vss Vg
RS 4 14 Vss Vss vss Vss Vss
EPT 5 26 Vss Vss vss Vpp Vpp
o1-a8 11-18 11-13, 15-19 Din QouTt Qout Q8=RBIT Q8=PULSE
A0-A3 2,1, 40,39 10-7 ADDR ADDR ADDR X X
A4 38 6 ADDR ADDR ADDR X ViH
A5 37 5 ADDR ADDR ADDR X X
A6 36 4 ADDR ADDR ADDR VIL X
A7-A9 35, 34, 29 3, 25,24 ADDR ADDR ADDR X X
A10-A12 28-26 21,23,2 ADDR ADDR ADDR X X

Legend:
V|H = TTL high level; Vji_= TTL low level; ADDR = byte address bit
Vpp = 125V = 0.25V;Vgg =5V = 0.25 V; X = don't care
PULSE = low-going TTL level pulse; Djy = byte to be programmed at ADDR
QquT = byte stored at ADDR; RBIT = ROM protect bit.
programming
Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once
programmed, these bits can only be erased using ultraviolet light. The correct byte is placed on the data bus
with Vpp set to the 12.5 V level. The PGM pin is then pulsed low to program in the zeros.

erasure
Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm2. Atypical 1 2-mW/em2, filterless UV lamp will erase
the device in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After
exposure, all bits are in the high state.

verify/read v
To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown
in Table 5, assuming the inhibit bit has not been programmed.

program inhibit
Programming may be inhibited by maintaining a high level input on the E pin or PGM pin.

read

The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents
of the EPROM location selected by the value on the address inputs appear on Q8-Q1.

*
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output disable

During the EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing
the output disable state. This state is selected by setting G and E pins high. While output disable is selected,
Q8-Q1are placed in the high-impedance state.

EPROM protection

To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code
from external accesses can be completely disabled. Programming the RBIT disables externat access of the
EPROM cell and disables the microprocessor mode, making it impossibie to access the code resident in the
EPROM cell. The only way to remove this protection is to erase the entire EPROM cell, thus removing the
proprietary information. The signal requirements for programming this bit are shown in Table 5. The cell can be
determined as protected by verifying the programming of the RBIT shown in the table.

standard programming procedure

Before programming, the device must first be completely erased. Then the device can be programmed with the
correct code. It is advisable to program unused sections with zeroes as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label
should be placed over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this
point, the programming is complete, and the device is ready to be placed into its destination circuit.

program cycle timing

— Program-—————-ﬂl‘ Verity |
| | I Vin
A12-A0 X Address Stable X Address N+1
Vit
— tsu(a) : —-——E—DL thia)
] | VIHVOH
Q8-gn —{ Data In Stable }— HI-IZ ViLVo
L
1 | ]
“——’r tsu(D) ' I l > tdis(G)
| ] v
| | | [ Voo
H—-———H— tsu(vPP) | I | I
T 1 T T Vee+t
w0 T T
Vee
l‘—’{' tsu(vce) ! | : :
_ [ : | | I VIH
= l : ! ' ' Vi
— tsu(E) —J — e : }
! ! |
|

t IPGM - *—

N /T .
PG — tsuG) |

-1‘;]— a— ten!(G) ViL

X F VIH

‘ Vi

2]
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absolute maximum ratings over specified temperature range (uniess otherwise noted)t

Supply voltage range, Vo (S8 NOtB B) ...t s -03Vtiod4s6V
Inputvoltage range ........ .. ... i -0.3VtoVgg +0.5
Outputvoltage range .......... ..o ~03Vto Vg + 0.5
ContinUOUS POWE! diSSIDAHON ...\ ittt e e i e e e s 75 mW
Alr temperature range above operating devices: Lversion .............. ..., 0°Cto 70°C

AVersion ... i —40°C t0 85°C
StOrage temMPerature TANGE .. ... .vcvut et tie et et et e et a et e e —~55°C to +150°C

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

NOTE 6: All voltage values are with respect to Vgs.
recommended operating conditions
MIN NOM MAX UNIT
Vce  Supply voltage 3.0 3.3 3.6 \'s
Vgg  Supply voltage 0 \
Vin High-level input voltage All inputs except CLKIN 20 A
CLKIN 25 v
ViU Low-tevel input voltage All inputs 0.55 \
loH High-tevet output current (ali outputs) - 300 uA
loL Low-level output current (all outputs) 1.5 mA
Ta Operating free-air temperature L version 0 70 <
A version - 40 85 °C

electrical characteristics over specified temperature range (uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
IoH = MAX 2.0 v
VoH High-level output voltage
IOH = 20 pA (see Note 7) Voo - 0.4% v
VoL Low-level output voltage loL = MAX 0.5 \Y
Vee =Max, Vo=Vce 20 WA
lpz Off-state ouput current Vo = Vg 20
Vi=Vggto Voo  Allinputs except GLKIN +20
1] Input current HA
Vi=VggtoVog CLKIN =50
Data bus 25% -
Cj Input capacitance T p
All others f= 1 MHz, All other pins 0V 15
C, Output capacitance Data bus 25t F
uipul |l
° P Al athers 10f P

1 Al typical values are at Vo = 3.3 V, Ta = 25°C.
*Values derived from characterization data and not tested.

NOTE

7: This voltage specification is included for interface to HC logic. However, note that ail of the other timing parameters defined in this data
sheet are specified for TTL logic levels and wilf differ for HC logic levels.
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‘320LC15

X1

X2/CLKIN

N Package FN Package
(Top View) (Top View)
oo~ ol
ArA1 [ 1“0 Az/pa2 " %gg 0k
aopA0 ]2 3ol A3 ER99z99232¢
MCMP []3  38[] A4 e
RS J+ 37[J As 65432 14443424140
INT []s 38[] As CLKOUT {1 7 s0fl A7
cLkouT s 35 A7 x1{8 38[ As
x1 07 3] As X2/CLKIN || 9 37[| MEN
x2/cLKIN [} e 33 ] MEN 80 fJ 10 3s[| DEN
Bio (Jo 32[] DEN NC fI 1 s} WE
vgs 10 31[J WE vgs [I 12 34 Voe
D8 |11 301 vge D8 [ 13 33{ A9
Do []12 29[ A9 D9 [] 14 32{ A10
D10 (] 13 28] A10 D10 ] 15 31 AN
o1t Cj14 270 Ant D11 [} 16 s0[} po
p12 []1s 267 po D12 ) 17 29] D1
D13 E 16 25:1 Ot 18192021 222324252627 28
D14 [J17 24[] D2 e e e e
D15 [] 18 23[] D3 pnosoreLTaNG
- - D jalia}
D7 []19 227 D4 £585°°° °L
D6 [J20 21[] D5
INTERNAL CLOCK OPTION

PARAMETER MEASUREMENT INFORMATION

From Output

Under Test o——¢

1.75V

% Ry =825Q

Test
Point

—/I\L— Cy =100 pF

Figure 10. Test Load Circuit
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CLOCK CHARACTERISTICS AND TIMING
The 'L.C15 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and be specified
at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM  MAX UNIT
Crystal frequency 1 40 16 MHz
s auency Ta= 40°Cto85°C
c1.C2 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS | MIN NOM  MAX | UNIT
gy CLKOUT cycle time T 250 1000 ns
t(C) CLKOUT rise time R =825Q, 10t ns
1(C) CLKOUT fall time C( = 100 pF, 8¥ ns
ty(cl Pulse duration, CLKOUT low (see Figure 2) 117% ns
tw(CH) _ Pulse duration, CLKOUT high 1154 ns
tamce) Delay time, CLKIN?t to CLKOUT|{ 20 70 ns

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
tgMC)  Master clock cycle time 62.5 150 ns
tric)  Rise time, master clock input 5% 10t ns
tguc)  Fall time, master clock input 5% 10t ns
tw{MCP) Pulse duration, master clock 04tepacy?  O6tgmoyt | ns
tw(MCL) Puise duration, master clock low at 1(mC) min 26 ns
tw(MCH) Pulse duration, master clock high at te(MC) Min 26 ns

th(c) is the cycle time of CLKOU™, i.e., 41(MC) (4 times CLKIN cycle time it an external oscillator is used)
% Values derived from characterization data and not tested.

R
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
ot f=16.0 MHz, Vo =3.6 V, TA = 0°C 10 70°C 15 20 mA
 All typical values are at Ta = 70°C and are used for thermal resistance calculations,
¥ I characteristics are inversely proportional to temperature. For Igg dependence on frequency, see figure below.
typical power vs. frequency graph (outputs unloaded)$
20.0
15.0
T Veg=35V
g -t
E R J Vee=3V
o 100 - -
P - ”
(3] ot” —
- -® -t
o’ -
L. . - -— -
5.0 o - P
- - s
- # T
{ PA d
0.0 Lae®
0 2 4 6 8 10 12 14 16

CLKIN Frequency, MHz
— 40°C to 85°C Temperature Range

§ Device operation is not guaranteed below 4 MHz CLKIN.
Graph is for device in RESET; i.e., only clock-out is driven.
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS | MIN MAX | UNIT
41 Delay time CLKOUT | to address bus valid 10t 75 ns
12 Delay time CLKOUT} to MEN} Vate)=5T 1/4tec)+25 | s
03 Delay time CLKOUT), to MENt -1ot 30 ns
lga Delay time CLKOUT | to DEN| Hatoc)-5T 1/4tg(cy+25 ns
s Delay time CLKOUT| to DENt -10t 30 ns
t46 Delay time CLKOUT| to WE| R| = 8250, 124051 1/2t¢(c)+25 ns
47 Delay time CLKOUT, to WE (&%1?3&22) -10t 30 ns
tdg Delay time CLKOUT | to data bus OUT valid 1/4 te(C)+75 ns
tdg Time after CLKOUT | that data bus starts to be driven 1/4 tc(c)—sT ns
td1o Time after CLKOUT | that data bus stops being driven 1/4 to(C)+60 ns
ty Data bus OUT valid after CLKOUT} 1/415(C)-10 ns
th(A-WMD) Address hold time after WEt, MEN', or DEN't (see Note 14) ot ns
1su(A-MD)  Address bus setup time to DEN} -4t ns

t values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WE?t, MEN?, or DEN?t.

timing requirements over recommended operating conditions
TEST CONDITIONS | MIN NOM  MAX | UNIT

tsu(D) Setup time data bus valid prior to CLKOUT | gL = 525‘?& 56 ns
=100 pF,
th(D) Hold time, data bus held valid after CLKOUT | (see Note 9) (seLs Figurs 2) o] ns

NOTE 9: Data may be removed from the data bus upon MEN?t or DENY preceding CLKOUT|.

™
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
TEST CONDITIONS | MIN NOM MAX UNIT
1411 Delay time, DENt, WE?, and MEN? from RS gL =180205911' 1/21(C)+75 ns
tgis(R) Data bus disable time after RS (sé'e_r:agurg 2) 1/81(C)+75 ns
t These parameters do not apply to this device.
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
1su(R) Reset (RS) setup time prior to CLKOUT (see Note 10) 85 ns
tw(r) RS pulse duration 5te(0) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
tF(NT)  Fall time, INT 15 ns
tw(INT) Pulse duration, INT tz(C) ns
tsy(INT) Setup time, INT{ before CLKOUT 85 ns
I/O (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
%(10) Fall time BIO 15 ns
tw(i0) Pulse duration BIO 1¢(C) ns
85 ns

tsu(I0) Setup time BiO| before CLKOUT}
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clock timing

—» = tue) —>—twmcH
! “—(‘c(MC) ' " )ﬁ_‘“‘T'w(MCP)T
r | |
| | |
X2/CLKIN WW
| 4 lA—DL-tw(MCL)
e e :
H—H‘—— tamccy’ N W(CH) it
|
CLKOUT : x‘ "/ *}\
-y, b+t 3
| |
e tyey ¥ !
-— to(c) »

t td(MCC) and twMcp) are referenced to an intermzdiate level of * 5/ on the CLKIN waveform.

IN instruction timing

f ;
| ‘
WEN /N . ' \ . /\
'/ —» 4 tgua-mMp) |
i ! ‘-
XX '

| tsu(D)
PA2-PAD 3 )@{ 1 4 W 5 )@(
:1— tgg — ¥ Y —H r— tds
BER \ , a
ic-»;— th(D)

Legend:

1. INInstruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

Address Bus Valid
instruction Valid
Data Input Valid
Instruction Valid
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OUT instruction timing

CLkout _\_f—_\_/_—_\_—/_-—\—__—/_

El o

B
|
MEN / \ 1 i /
!
|

|
|
!
|

2/ N\

PA2-PAQ )@(

WE

—tge —»| —Hl :i—tm
!
1
I \
L —-H———D‘
“ '| e —4 910 — N
dtf i 'VH

!
L0 OO
CH—R 7 D

Legend:

QUT Instruction Prefetch
Next instruction Prefetch
Address Bus Valid

Peripheral Address Valid

5.
6.
7.
8

Address Bus Valid
Instruction Valid
Data Output Valid
instruction Vatid

external memory read timing

Pu———
b ;
|
MEN | |
! l— teyia |
ta1 —W tsu(A-MD) i

}‘— th(A-WMD)

A11-AD x g g g g x Address Bus Valid

— gy W

0\

EX

H~—’1— th(p)

D15-DO 7

i
]
7
Instruction Valid
N £

.\
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TBLR Instruction timing

N =
74} SRV

tys — | 1 tg3

MEN

2 | 3 { 4
]
]

D I T v D ' QT
— 14—t
toupy H—¥|

bre.00 C—— o )—— 1 r——"2)

Legend:

1. TBLR Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Address Bus Valid
3. Data Fetch 9. Instruction Valid
4. Next Instruction Prefetch 10. instruction Valid
5. Address Bus Valid 11. Data Input Valid

6. Address Bus Valid 12.  Instruction Valid

TBLW instruction timing

A A aN

|
D15:00 ) o )X 1o xP—_ 1)

Legend:

1. TBLW Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Instruction Valid
3. Next Instruction Prefetch 9. Instruction Valid
4. Address Bus Valid 10. Data Qutput Valid
5. Address Bus Valid 1. Instruction Valid
6. Address Bus Valid
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reset timing

°LK°”T\IWW

|
_’1‘ -+ tsu(R) —" ¢ tsu(R)
=\ 4
ST
}1— twiR) ———
DEN | ok
WE (see | Data In From Data In From
EN Note E) - tg1q PC ADDR O PC ADDR PC+1

t
‘_‘"@‘_ Data Shown Relative To WE >\ — \\
D15-DO ” A
L /_—\

AB = Address Bus AB =\PC+1

D
APDRESS X aB-=rc XAB:PCH@S AB=PC=0 X

NOTES: A. RSforces DEN, WE, and MEN high and places databus DO through D15 i a high-impedance state. AB outputs (and program counter)
are synchronously cleared to zero after the next complete CLK cycle from RS}

RS must be maintained for a minimum of five clock cycles.

Resumption of normat program will commence after one complete CLK cycle from RSt

Due to the synchronization action on RS, time to execute the function can vary dependent upon when RS 1 or RS | occur in the CLK
cycle.

E. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive.

F. During a write cycle, RS may produce an invalid write address.

=
m
F4

cowm

interrupt timing

awor _ /SN N/

:4————'1- tsu(INT)

W N /

|
—» }‘— tH(INT) !

4
—— twiNp) ————¥

BIO timing

cLrout w

lﬁ—-———i“- tsu(10)

B0 At /

|
> 40, |
t— tyo)————¥
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Key Features: TMS320C16

114-ns Instruction Cycle Time
256 Words of On-Chip Data RAM
8K Words of On-Chip Program ROM

64K Words Total External Memory at
Full Speed

8 Level Stack

32-Bit ALU/Accumulator

16 x 16-Bit Multiplier With 32-Bit Product
16-Bit Barrel Shifter

Elght Input and Eight Output Channels

Simple Memory and 1/O Interface:
— Memory Write Enable Signal MWE
— 1/O Write Enable Signal IOWE

Single 5-V Supply
64-Pin Quad Flatpack (PG Suffix)

Operating Free-Air Temperature Range
...0°Cto 70°C

GND

by

256-Word RAM

Interrupt

Data (16)

d

8K-Word ROM

32-Blt ALU/ACC

8-Level Stack

—
=]
|

Multiplier 1
Address (12) )
Shifters
PG Package
(Top View}

2%

5 nagalz ZWE
IQ‘*—-B‘o’gomco\wosm‘Big
BIZE>>>>> 22ZRQERQ
[ alminimlsisisiaiaisis)

(" 64636261 605958 57 5655 54 5352
Ncé te 51 f]1 NC
RS(] 2 50 {] NC
X1{]s 49 [] AO/PAO
X2/CLKIN[] 4 48 A1/PA1
vasl 5 a7 11 A2/PA2
vgsl 6 46 [1 A3
vegl} 7 45 [ A4
ves(] 8 44 [] AS
cLkouT [ o 43 |1 A6
D15} 10 42 [ vgg
D140f 11 a1 [ A7
NC ] 12 40 {] A8
D13[] 13 39 A9
D12(} 14 38 [] A10
D1 s 37 {1 A1t
D1o(] 18 36 [] A12
paf] 17 a5 [1 A13
NG} 18 34 [1 A4
NG 18 a3 [INC
2021 2223 24 25 26 27 28 2930 31 32

U D 0 ) O G N

@ M~ P <t [ae o) - QW
oaoa%oﬁoc%oo;
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TERMINAL FUNCTIONS

PIN "o/z'f DESCRIPTION
NAME NO. ADDRESS/DATA BUSES
A15 MSB 32 Yo/Z Pragram memory address bus A15 (MSB) through A0 (LSB) and port addresses PA2 (MSB) through
Al4 34 PAQ (LSB). Addresses A15 through AO are always active and never go to high impedance. During
A13 a5 executionofthe IN and QUT ins_‘.tructions, pins A2 througf\ AQ carry the port addresses. (Address pins
Atz 36 A15 through A3 are always driven low on IN and OUT instruction.
Al 37
A10 38
A9 38
A8 40
A7 41
A8 43
A5 44
A4 45
A3 46
A2/PA2 47
A1/PA1 48
AO/PAO 49
D15 MSB 10 1oz Parallel data bus D15 (MSB) through DO (LSB). The data bus is always in the high-impedance state
D14 11 oxcept when IOWE or MWE are active (low).
D13 13
D12 14
D11 15
D10 18
D9 17
D8 20
D7 21
D6 22
D5 23
D4 25
D3 27
D2 28
D1 30
DO LSB 31

1 Input/Output/High-impedance state.

A-82
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TERMINAL FUNCTIONS (concluded)

PIN yorzt DESCRIPTION
NAME NO. INTERRUPT AND MISCELLANEQUS SIGNALS
BIO 64 ) External polfing input. Polled by BIOZ instruction. If low, the device branches to the address
specified by the instruction.
Data enable for device input data. When active (low), IOEN indicates that the device will
I0EN 54 o} accept data from the data bus. JOEN is active only during the IN instruction. whtn IOEN is
active, MEN, IOWE, and MWE will always be inactive (high).
Write enable for device output data. When active (jow), TOWE indicates that data will be
{OWE 52 o] output from the device on the data bus. [OWE is active only during the OUT instruction. When
TOWE is active, MEN, TOEN, and MWE will always be inactive (high).
_ External interrupt input. The interrupt signal is generated by applying a negative-going edge
INT 63 | to the TNT pin. The edge is used to latch the interrupt flag register (INTF) until an interrupt
is granted by the device. An active low level will also be sensed.
. Memory mode select pin. High selects the microcomputer mode, in which BK words of
MC/MP 62 I on-chip program memory are available. A low on MC/MP pin enables the microprocessor
mode. In this mode, the entire memory space is external; i.e., addresses 0 through 65535.
Memory enable. MEN is an active {low) control signal generated by the device to enable
MEN 56 o instruction fetches from program memory. MEN will be active on instructions fetched from
both internal and external memory. When MEN is active, MWE, TOWE, and IOEN will be
inactive (high).
Write enable for device output data. When active (low), MWE indicates that datawill be output
MWE 53 o} fromtha device onthe data bus. MWE is active only duringthe TBLW instruction. When MWE
is active, MEN, IOEN, and IOWE will always be inactive (high).
1,12, 18,19,
NC 24, 29, 33, — No connection.
50, 51,55
Schmitt-triggered input for initializing the device. When held active for aminimum offive clock
cycles. IOEN, TOWE, MWE, and MEN are forced high; and, the data bus (D15 through DO)
S 2 I is not driven. The program counter (PC) and the address bus (A15 through AQ) are then
synchronously cleared after the next complete clock cycle from the falling edge of RS. Reset
also disables the interrupt, clears the interrupt flag register, and leaves the overflow mode
register unchanged. The device can be held in the reset state indefinitely.
SUPPLY/OSCILLATOR SIGNALS
PIN t DESCRIPTION
NAME NO. voz
CLKOUT 9 [0} System clock output (one-fourth crystal/CLKIN frequency).
26, 57, 58, ’
Vpp 59, 60 1 5-V suppy pins.
Vss 5‘462' 76'18' I Ground pins.
X1 3 o Crystal output pin for internal oscillator. If the internal oscillator is not used, this pin should
be left unconnected.
input pin to the internal oscillator {X2) from the crystal. Alternatively, an input pin for an
X2/CLKIN 4 : external oscillator (CLKIN).

1 input/Output/High-impedance state.

*
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functional block diagram

CLKOUT X1 X2/CLKIN

o q Program Bus
IOEN —4—1 1sF 16 LSB
MWE —¢—]
TOWE «—{ &
EN —»— [}
Bio E 16 16
MCMP »— © PC (18)
INT —»—
RS —»— 16
Instruction
A15-A s L ™a 1
LR ¥ lE e ||| orso0
\4——? d  stack G| (K Words)
3 8x16
g Program Bus

15}, 16
S Data Bus
16$ 7 16 16
ARO (16)
ARP AR{ :16) DP 11 Shifter T(16)
| (0—16) 1
8 L Multiplier }e—<
MUX7 " P(32)
L4
Address
32
Data RAM
(256 Words) "

Legend: DATA a2

ACC= Accumulator L4

ARP=Auxiliary Register Pointer ACC (32) I

ARO = Auxillary Register 0

ARt = Auxillary Register 1 a2

DP = Data Page Pointer 32

P = PRegister

PC = Program Counter

T = TRegister Shifter (0,1,4)

16 16
q Data Bus

*p
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t

Supply voltage range, Vo (see Note ) ......oviirnn i ~03Vio7V
INDUL VOILAZE TANGE .+ 1 oo v vcveets e anie e sttt -03Vto7V
OULPUL VOIKBGE TANGSE .« .o v vt e et teenaa s st e et ~-03Vto7V
Continuous power disSiPation .........vveeseiini i 0.5W
Operating free-air teMPErature:  ..........ooiieremria e 0°Cto 70°C
SHOrAQE tEMPEIAUIE . ... .. eevvteeeren e an ettt ee e a s et ~55°Cto150°C

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

NOTE 6: All voltage values are with respect to Vgg,
recommended operating conditions
MIN NOM MAX | UNIT
Voe  Supply voltage 4.75 5 5.25 A
Vgs Supply voltage 0 v
Vi High-fevel input voltage All inputs except CLKIN \%

CLKIN 3 \

All inputs except MC/MP 0.8 v
VjL  Low-level input voltage —

MC/MP 0.6 \
lo4 High-level output current, all outputs -300 pA
iloL  Low-level output current 2 mA
Ta Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating free-alr temperature range {unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
: loH = MAX 2.4 3
Von High-level output voltage \Y
lgH = 20 uA VoG- 04
VoL Low-level output voltage loL = MAX 0.3 0.5 \
Vo =24V 20
lgz  Off-state output current Ve = MAX Vo=04V 0 wA
W input current Vg = Vss toVee All inputs except CLKIN =20 WA
CLKIN +50
icc  Supply current f=35MHz, Voo =525V 60 75 mA
Gj Input capacitance Data bus i F
l P ” All others f=1 MHz, all other pins 0 V 5 P
‘Co  Output capacitance Data bus 25 pF
All others 10

*p
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internal clock option

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Crystal frequency, fx Ta=0°Cto70°C 6.7 351 | MHz
C1,C2 Ta = 0°C to 70°C 10 pF
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
te(mC) Master clock cycle time 28.49 28.57 150 ns
tr(MC) Rise time, master clock input 5 10 ns
tHMC) Fall time, master clock input 5 10 ns
tw(MCP)  Pulse duration, master clock o 0.45t¢(C) 0.55tg(C) ns
tw(MCL)  Pulse duration, master clock low o 10 ns
tw(MCH)  Pulse duration, master clock high 10 ns
switching characteristics over recommended operating conditions
PARAMETER MIN NOM MAX | UNIT
1) CLKOUT cycle time B 11396 1143 §00| ns
r(C) CLKOUT rise time 10 ns
H(C) CLKOUT fall time 8 ns
w(CL) Pulse duration, CLKOUT low 49 ns
tw(CH)  Pulse duration, CLKOUT high . 47 ns
L ld(MCC) Delay time, CLKIN? ta CLKOUT| 5 50 ns
TeExas *
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER MIN NOM MAX UNIT
td Delay time, MENt, MWE{, TOEN?, IOWE?, to next address bus valid 0 a5 ns
ta2 Delay time, CLKOUT} to MEN| Vato(c) - 5 ate(cy +12| ns
tas Delay time, CLKOUT}, to MENt -3 » 6 ns
tda Delay time, CLKOUT | to TOEN|, 1/410(0) -5 1/4tc(C) +12} ns
tg5 Delay time, CLKOUT}, to IOEN? -3 6 ns
tae Delay time, CLKOUT} to MWE |, TOWE|, igte(cy -5 Tiste(cy +12| ns
t47 Delay time, CLKOUT} to MWE?, IOWE? -3 6 ns
tas Delay time, MWE |, TOWE |, data bus out valid 0 ns
td9(CLK) Delay time, CLKOUT| to data bus starts to be driven 1/4tc(C) -5 ns
tdQ(MEN) Delay time, MEN1, to data bus starts to be driven 1/4‘0(0) ns
td10(CLK) Delay time, CLKOUT | to data bus stops being driven 15 ns
ta10(WE) Delay time, MWE 1, IOWE1, data bus stops being driven 20 ns
ty Data bus OUT valid after MWE?, IOWE? 5 10 ns
th(A-WMD)  Address bus hold time after MWE, MENY, TOWE?, or IOEN? 0 2 ns
tsu(A-MD) Address bus setup time prior to MEN |, TOEN| 5 ns

timing requirements over recommended operating conditions
MIN MAX | UNIT
tsu(D) Setup time, data bus valid prior to MEN1, TOEN1 35 ns
th(p) Hold time, data bus held valid after MENt, IOEN? 0 ns
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER MIN MAX | UNIT
tdi1 Delay time, IOEN1, [OWE?, MWE?, and MEN? from RS Uste(cy +601  ns
tgis(R)  Data bus disable time after RS lgtec) +50| ns
timing requirements over recommended operating conditions
MIN MAX | UNIT
tsu(R)  Reset (AS) setup time prior to CLKOUT 30 ns
tw(R) RS pulse duration 5(C) ns
TEXAS *p
INSTRUMENTS
POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001 A-87



TMS320C16
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

INTERRUPT (INT) TIMING

timing requirements over recommended operating conditions
MIN MAX | UNIT
H(ONT) Fall time, INT 15| ns
tw(NT)  Pulse duration, INT t¢(C) ns
tsu(NT)  Setup time, INT| before CLKOUT| o 30 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
MIN MAX [ UNIT
tf10)  Falltime, BIO 15( ns
tw(i0) Pulse duration, BIO (C) ns
tsu(i0) Setup time, BIO| before CLKOUT| 30 ns

TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 voits, unless
otherwise noted.

clock timing
—¥ 4 tyMC) Dty (MCH) o > +
: }d——tc(MC) — } , fwMCP)
| 1
X2/CLKIN W
|
| i lc——b‘——!w(mcu
i B Hme) —— . N
—» :‘— tagmce)’ | wicH) it
| /
CLKOUT } 1 [ T\
—¥ ) —» e [
| twely ¥ i
e 'c(C) — —p

t td(MCC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

*p
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memory read timing

CLKOUT \

- tc(C)
!

i / ) —
}‘— td2

taa- 4

:‘_ a1 l‘— tsu(A-MD) _H: {‘_ th(A-WMD)

A15-A0 X g g g gx Address Bus Valid x S g S g X

T
o tgyp) —¥

!

1

g

¢ '| th(D)
D15-D0 Y { Instruction Input Valid }

IN instruction timing

CLKOUTW

|
|
WEN /~\ ., U/ T \ ’ /~\
—'} = tsu(A-MD) :
| |

|
L ]

A15-A0 )@( 3 )@( 4 X 5 )@(

¥ -tg5
TOEN \ | /|
' |
: > th()

Legend:

1. IN instruction prefetch

2. Next instruction prefetch
3. Address bus valid

4. Peripheral address valid

Address bus valid
Instruction input valid
Data input valid
Instruction input valid

X N®DO
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OUT instruction timing

|
]
EN /"\ 1 \ 2 /" \
|
L de L 1‘
; i ~¥‘ 4 tys
% ! | } H—‘tﬂ
|
IOWE | | ——»— td10(WE)
tdoMEN) —+—¢—» ‘ -ty |

td9(CLK) —ﬂ»’-—*{ | H—y—ﬂ— td10(CLK)

1. OUT instruction prefetch
2. Next instruction prefetch
3. Address bus valid

4. Peripheral address valid

Legend:

Address bus valid
Instruction valid
Data output valid
Instruction valid

® ~ O

TBLR instruction timing

cLxout W
td2 —D‘ -ty

b
tsu(n) —f&——¥ * o)
D15-D0 ). { N { }_( >—<

TBLW instruction timing

aworr N/ N/ NS
r
e I
MEN /_\ r \ /T \
r
!
1

w

td1

=3

ko

|
- tes —
: i -+ M-—tag
| | : > tg7
— Pt L
MWE P | ——Pr— t410(WE)
tdo(MEN) —+—4—> | bty |
tda(CLK) H | | t410(CLK)

LX) (XX )
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reset timing

1
“H 4 tuR) > o)

TN ;
MVE R\ omeineron  Dminron
td11 +
tais(R) — - Data Shown Relative To IOWE N N\
Data i VAR AN
D15-D0 Date n {

AB = Address Bus AB =\PC+1
Address = N aB=pc XAB:PCHﬂg AB=PC=0 X N\

NOTES: A. RS forces {OEN, [OWE, MWE, and MEN high and places data bus DO through D15in a high-impedance state. AB outputs (and program
counter) are synchronously cleared to zero after the next complete CLK cycle from RS,.

. RS must be maintained for a minimum of five clock cycles

. Resumption of normal program will commence after one complete CLK cycle from RSt.

. Due to the synchronization action on RS, time 1o execute the function can vary dependent upon when RSt or BS| occurin the CLK
cycle.

. Diagram shown is for definition purpose only. IOEN, IOWE MWE. and MEN are mutually exclusive.
During a write cycle. RS may produce an invalid write address

:
S

oo

mm

interrupt timing

errouT w

(
:‘—’—F— t3u(INT)

e /

—» k—tt(mn

¢+ twoNT) — — ¥
BIO timing
|
% tsu(0)
e \ /

—» o) |
— twio) —— — ¥
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design considerations for interfacing to SRAM, EPROM and peripherals

The 'C16 differs somewhat from the other members of the ‘C1x family of digital signal processors (DSPs).
Additional control signals are available for easier interface to external memory or peripherals, and the memory
write cycle timings have been changed.

The discussion here will center around changes in t, anc its impact upon SRAM, EPROM and
peripherals/latches interfaces

Access time requirements for interface may be defined relative ¢
1. Valid address (t3);
2. MEN/OEN, [(ta(MEN)]"

Figure 11 and the following examples summarize these timings at 35 MHz CLKIN.

- te(C) —»
: — tw(cH) ¥
1 ' —» ()
!

CLKOUT \ |

|
| H—t,(CLKOUﬂ
e tgo —» -t
[ a(MEN)i
MEN I | : i/ \
| |
t,

— tq1 —W ta

Pt tgy(D)
l
N D
D15-DO y { )
Figure 11.
where;
ta : (access time from address valid) = te(c) — tg1 — tsu(D) = 44.3 NS
ta(MEN) : (access time from MEN valid) = t¢c) — taz — tsu(D) + tag = 35.73 ns

and where (for 35 MHz CLKIN):

toc) = 114.3 ns

tqy1 =35 ns

tgp = [1/4 x (114.3) + 12} ns
tsyp) =35ns

tw(CH) = 47 ns nominal
tcy=8ns nominal

*

EXAS
INSTRUMENTS

A-92 POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001



TMS320C16
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

In addition to the above timings, t, must be taken into account. t, is the time that the data bus is
guaranteed to be held after the rising edge of MWE or IOWE. In other 'C1x devices, the value of t, was
referenced to CLKOUT| and not WE1 (see Figure 12). For the 'C16, t, is a minimum of 5 ns. This implies
that MWE and IOWE must be tied directly to the external device. If required, decode togic must be added to
an input other than the read/write input — for example, the chip select on SRAMSs. If the external device
does not have two inputs, then transparent latches must be added to extend the time data is held on the
data bus. These latches must be off the bus prior to the next instruction (see Figure 12).

CLKOUT \
MWE or IOWE /i
|
-ty
g1 —
D15-D0O

Figure 12.

where:

ty = 5 ns (min)
tg10 = 15 ns (max)

There is a potential for bus conflict on the prefetch and execution of a TBLW or an OUT instruction. Figure 13
details the timings to be considered. In addition fo the timings for the 'C186, timing definitions for interface are
also included.

Dummy Prefetch Cycle —d—— TBLW or OUT Execution

CLKOUT \\ /
- 1 tddeco

MEN /. ’

|
|h—“‘”_l tdmemh
[ / !

|

‘ |

D15-D0 ‘

Memory Driven Data >[——
tdg(MEN) —4——¥ '

H teont

D15-DO
DSP Driven Data

Figure 13.
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where:

tconf (data bus conflict time) = tggeco + tamemh — td9(MEN)
with:

tddeco - decode delay time to make the CE or OE signal

tdmemh : Memory data hold time from CE or OE

tdo : delay time, MEN to data bus starts being driven
tag : (at 35 MHz CLKIN) = [1/4te(c)] = [1/4(114.3)] = 28.58 ns

Ifteont is less than or equal to zero, data bus conflict does not occur.
If tcont is greater than zero, data conflict oceurs.

Note that the following discussion is for CLKIN of 35 MHz.
static memory with output enable and write enable/chip select

The following SRAMSs are able to interface directly to the ‘C186, needing only to directly connect the ‘C16 memory
control signals MEN and MWE to the memory. Device select decode is accomplished with address decode and
then input to the device chip select.

PRODUCT tddeco tdmemh tacont UNITS
TC55645-35 0 15 -13.58 ns
TC55328-35 o] 15 -13.58 ns
TMS6789-35 0 8 -20.58 ns
TC5588-35 0 10 -18.58 ns
TMS6716-35 0 10 -18.58 ns

MWE »-| WE
MEN »-| OE
SRAM With OE
TMS320C16 : »| cs
ALS138 "\
A15-AXX (Decoder) 1 ADDR
DATA
%
D15-DO
o
Figure 14.

*p
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static memory with chip enable and write enable
Without a separate output enable, a faster SRAM is required. Logic is added to decode address and memory
control to perform a read/write cycle. The MWE signal is directly connected to the WE input of the SRAM to meet
the t,, specification (see Figure 15).

Product tadeco tdmemh tdcont Units
CyY7C164-25 7.5 10 -11.08 ns
—
WMWE > ng{?alglt:able »| WE
MEN > 75ns » CE
TMS320C16 SRAM With CE
—\ _—_’\
A15-AXX ) { ADDR
DATA
D15-DO
N\ —

Figure 15.

EPROM Interface
The following high-speed EPROMs can be used directly:

Product tddeco tdmemh tdcont Units
CY7C291-35 0 25 -3.58 ns
TMS27C291-35 ] 25 -3.58 ns

MEN »-{ TST
Vee — cs2
TMS320C16 Fast EPROM

TMS27C291-35

A15-AXX Decoder > CS3
:: 7.5ns AN ADDR

DATA

f

D15-DO

VAN

Figure 16.
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interfacing latches to the TMS320C16

As with the previous devices, the memory control signal must be directly connected to the latch and the latch
needs to have a separate chip select. There are several devices with this feature, including the SN74ALS996.
The SN74ALS996 is an 8-bit D-type edge-triggered read-back latch with three-state outputs, connected to the

'C16 as illustrated in Figure 17.

D15-DO< ™ D15-D0
IOWE p| CLK
IOEN »1! RD
TMS320C16 ALS 138 ALS996A x 2

A2

———\ Decoder _

At p Y »{ EN
AD

Figure 17.
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Key Features: TMS320C17/E17/LC17/P17

200-ns Instruction Cycle Timing Interrupt Dua-Channel

—— ] Serial Port
(TMS320C17/E17/P17)
278-ns Instruction Cycle Timing Coprocessor

'320C17 Interface

(TMS320LC17) or Serial Interface
256 Words of On-Chip Data RAM l 320817 woLawil-Law
4K Words of On-Chip Program ROM 3 Address (3) >
(TMS320C17/LC17) | Timer
4K Words of On-Chip Program EPROM

(TMS320E17/P17)

One-Time Programmable (OTP) Windowless
EPROM Version Available (TMS320P17)

EPROM Code Protection for Copyright Security

Dual-Channel Serial Port for Fuil-Duplex Serial
Communication

Serial Port Timer for Standalone Serial
Communication

On-Chip Companding Hardware for p-law/A-law
PCM Conversions

TMS320C17/E17/L.C17/P17

¢ Device Packaging:

— 40-Pin DIP (All Devices)
— 44-Lead PLCC (TMS320C17/LC17/P17
— 44.-Lead CER-QUAD (TMS320E17)

¢ 3.3 .V Low-Power Version Available

(TMS320LC17)

* Operating Free-Air Temperature Range

...0°Cto70°C

¢ 16-Bit Coprocessor Interface for Common

4/8/16/32-Bit Microcomputers/Microprocessors

TMS320C17, TMS320E17

N/JD Package FN/FZ Packages
(Top View) (Top View)
% &
= M
PA1/RBLE [] 1401 PA2/TBLF "2 Sl Em "
el = O -
PAOMIEO Ll 2 3o P sieg #2820 0e 5
RS s 37[] FR 4 65432(1);;:—:;:541:6
EXINT []s 28] pbx1 CLKOUT ] 7 39{] DX0
cLkouT []e  35[] Dxo Xt s 38[| SCLK
x1 []7 347 scLk X2/CLKIN [] 9 37[} DR1
X2/CLKIN []s 331 DRI BIO [} 10 36[] DEN/RD
BIO o s2[] BEN/RD NC [] 11 5[] WEAWR
vgs [ 10 31[J WE/RD Vgg [] 12 34[ Vee
D8/LD8 [} 11 30[] Veg D8 [ 13 33{ DRO
D9/LD9 [} 12 28[] DRo D9 [ 14 s2(] xF
p1o/LD10 [}13 28] XF D10 f] 15 31| MC/PM
D11D11 [ 14 27[] MC/PM D11 ] 16 30(] DoOLDO
Di2/LD12 []15 26[] DO/ADO D12 f] 17 291 Vss
D13/.D13 [] 16 25[] D1/LD1
D14AD14 (117 24[7 D2/LD2 18102021 222324252627 28
D15/LD15 [} 18 23[] D3/LD3 NDOITOEOD TN
p7AD7 []19 22[] DaiLD4 £55534333933
D6/LD6 []20 21[] Ds/LDS 3¥B50880880
[alnNal
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architecture

The 'C17/E17/LC17/P17 consists of five major functional units: the 'C15 microcomputer, a system controt
register, a full-duplex dual-channel serial port, companding hardware, and a coprocessor port.

Three of the I/O ports are used by the serial port, companding hardware, and the coprocessor port. Their
operation is determined by the 32 bits of the system control register (see Table 6 for the control register bit
definitions). Port 0 accesses control register 0 and consists of the lower 16 register bits (CR15-CR0), and is used
to control the interrupts, serial port connections, and companding hardware operation. Port 1 accesses control
register 1, consisting of the upper 16 control bits (CR31-CR16). as well as both serial port channels, the
companding hardware, and the coprocessor port channels. Communication with the control register is via IN
and OUT instructions to ports 0 and 1

Interrupts fully support the serial port interface. Four maskable interrupts (EXINT, FR, FSX, and FSR) are
mapped into /O port 0 via control register 0. When disabled, these interrupts may be used as single-bit logic
inputs polled by software.

serial port

The dual-channel serial port is capable of full-duplex serial communication and offers direct interface to two
combo-codecs. Two receive and two transmit registers are mapped into I/O port 1, and operate with 8-bit data
samples. Internal and external framing signals for serial port transfers (MSB first) are selected via the system
control register. The serial port clock, SCLK, provides the bit timing for transfers with the serial port, and may
be eitheraninputor output. As aninput, an external clock provides the timing for data transfers and framing pulse
synchronization. As an output, SCLK provides the timing for standalone serial communication and is derived
from the 'C17/E17/P17 system clock, X2/CLKIN, and system control register bits CR27-CR24
(see Table 7 for the available divide ratios). The internal framing (FR) pulse frequency is derived from the serial
port clock (SCLK) and system control register bits CR23-CR16. This framing pulse signal provides framing
pulses for combo-codecs, for a sample clock for voice-band systems, or for a timer used in control applications.

p-law/A-law companding hardware

The 'C17/E17/LC17/P17 features hardware companding logic and can operate in either p-law or A-law format
with either sign-magnitude or twos-complement numbers. Data may be companded in either a serial mode for
operation on serial port data or a paralle! mode for computation inside the device. The companding logic
operation is selected through CR14. No bias is required when operating in twos-complement. A blas of 33 is
required for sign-magnitude in u-law companding. Upon reset, the device is programmed to operate in
sign-magnitude mode. This mode can be changed by modifying control bit 29 (CR29) in control register 1. For
further information on companding, see the TCM29C13/TCM29C14/TCM29C16/TCM29C17 Combined
Single-Chip PCM Codec and Filter Data Sheet, and the application report, “Companding Routines for the
TMS32010/TMS32020," in the book Digital Signal Processing Applications with the TMS320 Family
(SPRAQ12A), both documents published by Texas Instruments

Inthe serial mode, sign-magnitude linear PCM (13 magnitude bits plus 1 sign bit for p-law format or 12 magnitude
bits plus 1 sign bit for A-law format) is compressed to B-bit sign-magnitude logarithmic PCM by the encoder and
sent to the transmit register for transmission on an active framing pulse. The decoder converts 8-bit
sign-magnitude log PCM from the serial port receive registers to sign-magnitude linear PCM.

in the parallel mode, the serial port registers are disabled to allow parallel data from internal memory to be
encoded or decoded for computation inside the device. In the parallel encode mode, the encoder is enabled and
a 14-bit sign-magnitude value written to port 1. The encoded value is returned with an IN instruction from port
1. In the parallel decode mode, the decoder is enabled and an 8-bit sign-magnitude log PCM value is written
to port 1. On the successive IN instruction from port 1, the decoded vaiue is returned. At least one instruction
should be inserted between an NUT and the successive IN when companding is performed with
twos-complement values.
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Table 6. Control Register Configuration

FR 4—Port1 | Potg——P
Pulse
Width Frame Counter Modulus Interrupt Mask Bits

A\ pusma \——
r31130[29|28|27|26[25l24]23122[21]20'19]18]17]16]15|14|13| 12]11]10' 9] 8 ’ 7| 6| 5{4] 3] 2 | 1 |0 |

: — —

[I{e) Serial Clock Serial-Port Contiguration Interrupt Flags
Control Prescale Contro! Companding Hardware Control
Reserved
BIT DESCRIPTION AND CONFIGURATION
0 EXINT Interrupt flagt
1 F5R interrupt flagt
2 FSX interrupt flagt
3 FR interrupt flagt
4 EXINT interrupt enable mask. When set to logic 1, an interrupt on EXINT activates device interrupt circuitry.
5 FSR interrupt enable mask. Same as EXINT control.
[¢] FSX interrupt enable mask. Same as EXINT control
7 FR interrupt enable mask. Same as EXINT control.
X . 0 = port 1 connects to either serial-port registers or companding hardware.
8 Port 1 configuration control: 1 - part 1 accesses CR31-CR16.
9 _ 0 = serial-port data transfers controlled by active FR.
External framing enable: 1 = serial-port data transfers controfled by active FSX/FSR.
10 XF external logic output flag latch
1 Serial ble: 0 = Paraliel companding mode; serial port disabled.
erial-portenable: 4 _ soria) companding mode; serial port registers enabled.
0 = disabled.
12 u-law/A-law encoder enable: | _ yata written to port 1 is p-law or A-law encoded.
. 0=disabled.
13 wlaw/A-law decoder enable: 1 _ ya1a written to port 1 is p-law or A-law decoded.
. 0 = companding hardware performs u-law conversion.
14 u-law/A-law decoder encode/decoded select: 1 = companding hardware performs A-law conversion.
15 Serial clock control: 0 = SCLK is an output, derived from the prescaler in timing logic.
erial clock control: 4 _ sCLK is an input that provides the clock for serial port and frame counter in timing logic.
23-16 Frame counter modulus. Controls FR frequency = SCLK/(CNT + 2) where CNT is binary value fo CR23-CR16%
27-24 SCLK prescale cotnrol bits. (See Table 7 for divide ratios.)
. . 0 = fixed-data rate; FR is 1 SCLK cycle wide.
28 FR puise-width control: = variable-data rate; FR is 8 SCLK cycles wide.
0 = sign-magnitude compandin
29 Two's-complement u-law/A-law conversion enable: | _ tfos»c:r%;;lgmem coenparl*ldging
. 0 = 8-bit byte fength
30 8/16-bit length coprocessor mode select:  y _ 16-&);( Xv!ord Iegngth
31 Reserved for future expansion: Should be set to zerc.

1 Interrupt flag is cleared by writing a logic 1 to the bit with an OUT instruction to port 0.
¥ Al ones in CR23-CR16 indicate a degenerative state and should be avoided. Bits are operational whether SCLK is an input or an output.

CNT must be greater than 7.
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Table 7. Serial Clock (SCLK) Divide Ratios (X2/CLKIN = 20.48 MHz)

CR27 CR26 CR25 CR24 DIVIDE RATIO | SCLK FREQUENCY UNIT
0 0 [¢] 0 32 0.640 MHz
0 0 0 1 28 0.731 MHz
0 0 1 0 24 0.853 MHz
0 1 0 0 20 1.024 MHz
1 0 0 0 16 1.280 MHz
1 o ] 1 14 1.463 MHz
1. 0 1 0 12 1.706 MHz
1 1 0 0 10 2.048 MHz

The specification for u-law and A-law log PCM coding -is part of the CCITT G.711 recommendation. The
following diagram shows a 'C17/E17/P17 interface to two codecs as used for u-law or A-law companding format.

TMS320C17/E17/P17
TCM29C13
DXo0 P PCM In —»— Analog Out
J:—— Vss DRO |-« PCMOut  |-4— Analogin
= SCLK P— CLKR/X
5V Vee FR | FSX
MC »—{ FSR
MC/PM
TCM29C13
_.I__ X2 DX1 1 PCM In —»— Analog Out
:' DR1 |-« PCM Out —-4¢— Analog In
T
$— CLKR/X
. 4 #—{ FSX
L“"_’— FSR

coprocessor port

The coprocessor port, accessed through I/O port 5 using IN and QUT instructions, provides a direct connection
to most 4/8-bit microcomputers and 16/32-bit micorprocessors. The coprocessor interface allows the
‘C17/E17/P17 to act as a peripheral {slave) microcomputer to a microprocessor, or a master to a peripheral
microcomputer such as TMS7042. The coprocessor port is enabled by setting MC/PM and MC low. The
microcomputer mode is enabled by setting these two pins high. (Note that MC/PM = MC is undefined.)

In the microcomputer mode, the 16 data lines are used for the 6 paraliel 16-bit I/O ports,

Inthe coprocessor mode, the 16-bit coprocessor portis reconfigured to operate as a 16-bit latched bus interface.
Control bit 30 (CR30) in control register 1 is used to configure the coprocessor port to either an 8-bit or a 16-bit
length. When CR30 is high, the coprocessor port is 16 bits wide thereby making all 16 bits of the data port
available for 16-bit transfers to 16 and 32-bit microprocessors. When CR30 is low, the port is 8-bits wide and
mapped to the low byte of the data port for interfacing to 8-bit microcomputers. When operating inthe 8-bit mode,
both halves of the 16-bit latch can be addressed using the HILO pin, thus allowing 16-bit transfers over 8 data
lines. When not in the coprocessor mode, port § can be used as a generic 1/O port.
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coprocessor port (continued)

The external processor recognizes the coprocessor interface in which both processors run asynchronously as
amemory-mapped I/0 operation. The external processor lowers the WR line and Pplaces data onthe bus. It next
raises the WR line to clock the data into the on-chip latch. The rising edge of WR automatically creates an
interrupttothe ‘C17/E17/P17, and the falling edge of WR clears the RBLE (receive buffer latch empty) flag. When
the 'C17/E17/P17 reads the coprocessor port, it causes the RBLE signal to transition to a logic low state that
clears the data in the latch, and allows the interrupt condition to be cleared internally. Likewise, the external
processor reads form the latch by driving the RD line active low, thus enabling the output latch to drive the latched
data. When the data has been read, the external device will again bring the RD line high. This activates the @
ling to signal that the transfer is complete and the latch is available for the next transfer. The falling edge of RD
resets the TBLF (transmit buffer latch full) flag. Note that the EXINT and BIO lines are reserved for coprocessor
interface and cannot be driven externally when in the coprocessor mode.

An example of the use of a coprocessor interface is shown in Figure 18, in which the 'C17/E17/P17 are DSPs
interfaced to the TMS70C42, an 8-bit microcontrolier

TMS320C17/E17/P17 TMS70C42

mc |2

me/m -2

HILO |2

cLkouT -2 17 xvaL2
wa 2 L& e
RBLE |— 81 o
RD % 2 A3
TBLF 22 Bl a2
Loz |13 Yo7
L6 -2 20 .
Los |2 21 s
Loa -2 2 | ba
Los -2 b3
o2 & 21 b2
Lot -2 % 1 b1
oo |22 2 1 bo

Figure 18. Coprocessor Interface
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TERMINAL FUNCTIONS?

NAME 1ot DEFINITION
BIO | External poiling input
CLKOUT (o] System clock output, 1/4 crystal/CLKIN frequency
D15/LD15-DO/LDO 1O | 16-bit paralle! data bus/data lines for coprocessor latch
DEN/RD I/Q | Data enable for device input data/external read ‘or output latch
DR1, DRO | Serial-port receive-channel inputs
DX1, DX0 0 Serial-port transmit-channel outputs
EXINT I | External interrupt input
FR o} Internal serial-port framing output
FSR | External serial-port receive framing input
FsX | External serial-port transmit framing input
MC { Microcomputer select (must be same state as MC/PM)
MC/PM ! Microcomputer/peripheral coprocessor select {must be same state as MC)
PAO/HILO 11O | 11O port address output/latch byte select pin
PA1/RBLE o] 1/0 port address output/receive buffer latch empty flag
PA2/TBLF O | VO port address outputitransmit buffer tatch full flag
RS I Reset for initializing the device
SCLK /O | Serial-port clock
Vee | + 5V Supply
Vss | Ground
WEMWR O | Write enable for device output data/external write for input latch
X1 (0] Crystal output for internal oscillator
X2/CLKIN [ Crystal input for internal oscillator or external oscillator system clock input
XF s} External-flag output pin

1 See EPROM programming section.
1 input/Output/High-impedance state.
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functional block diagram

CLKOUT X2/CLKIN

FSR  FSX FR
x1 mrfxm‘r l l s

| & & 4 q Program Bus I Interrupt Latch and
e 16 12158 | Multiplexer
MC/PM —— ] _4_; !
WAWE —— MUX :
RD/DEN —»—— 12
BIO 12 12 | Serlal-port Timing and
3 S v | Framing Contral
HILD  ~pr] | PC (12} l |
RBLE —
RBLE 12 |
TBLF instruction 8CLK
| 3 > |
| c <+ 12 g Program ; 1
’ Y ROM/EPROM D15-D0
Paz-PA0 4 | 3 3| @K words) v
| N ] sweex < Data Latch
| 3 ax12 |
| I
: C Frogram Bus 1‘ y| | Dot Laten
: 16 18 :
| Y | / Mux \
| S Data Bus | A
| : 16
|
| 18 7 1 1 | 16 1
System Control 18
| |
I AR (16) |
ARP T(16) b e e e =4 45
: AR1 (16) n Shifter (0-16) : " Register j
4 16
| 8 muttipier  |gcs || » xF
8 |
: i | u-;awl:-Law 16
P(32) ncoder 8
| MOX ] [
14
| L [y
| 8 22 |
| Y |/ MUX \ U-Law/A-Law 8
| Address ' y Decader
| 4 4 A
l Data RAM : 8 Y
| (256 Words) 8 MuX
I Iy 8
| o ALU (32) (i
i |
| A '32 | TRO/TSO oxo
Legend: A | e T ox1
ACC = Accumulator ACC (32) | TRITS
PC = Program Counter | ]
ARP = Auxillary Register Pointer ‘ il B
P = P Reglster ] N—- mRIRSH | —«- DRt
ARO = Auxiliary Register 0 |
T = TRegister X
AR1 = Auxiliary Register 1 !
TR = Transmit Register *
DP- = Data Page Pointer |
RR = Receive Register e |
| X \
| C) Data Bus %
. T _
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electrical specifications

This section contains the electrical specifications for all versions of the '‘C17/E17/P17 digital signal processors,
including test parameter measurement information. Parameters with pp subscripts apply only to the ‘E17/P17

in

the EPROM programming mode (see Note 11).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vg, except for the '320LC17 (see Note &Y . ............ ... .. ... ~-Q.3Vto7V
Supply voltage range, Vpp . ... .. -0.6Vto14V
Inputvoltagerange ........ ... . ... ... ... e -03Vtot4V
Outputvoltagerange ........... ... .. ................. PP -03Vto7V
Continuous power dissipation ... ................ ... e 1.5W
Operating free-air temperature: L suffix ........... ... ... e 0°C to 70°C

Asuffix ............ ... .. e —40°C to 85°C
Storage temperature . ..... . ... ... e ~-55°Cto 150 °C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage 1o the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6:

All voltage values are with respect to Vgg,

recommended operating conditions

MIN NOM MAX | UNIT

EPROM i 4.75 5.25 \
Vee  Supply voltage OM devices 3

All other devices 4.5 5 55 \
Vpp  Supply voltage (see Note 11) 12.25 125 12.75 \
Vgs  Supply voltage 0 v

’ . Al inputs except CLKIN 2 \

ViH High-level input vottage

CLKIN 3 Vv

All input t MC/MP 0.8 \
Vi Low-level input voltage Wlp_‘i 5 oxcep M

MC/MP 0.6 \
lon  High-level output current, all outputs -300 uA
oL Low-level output current (All outputs) 2 mA

L suffix 0 70 °C
TA Operating free-air temperature

A suffix —40 85 °C

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current
islpp +lcc.
INSTRUMENTS
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MmN Tvpt  max| UNIT
. TMS320G17 =205 MHz, VoG = 5.5 V, Ta = 0°C 10 70°C 50 65
lcct Supplycurent  "racaa0E17/P17 | f=25.6 MHz, Voo = 5.5V, TA = - 40°C 10 85°C 55 75| ™

T Al typical values are at Ta = 70°C and are used for thermal resistance calculations.
s lse characteristics are inversely proportional to temperature. For Icc dependance on temperature, frequency, and loading, see Figure 3.

CLOCK CHARACTERISTICS AND TIMING
The 'C17/E17/P17 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN  NOM  MAX | UNIT

Crystal frequency, fx TMS320017 Ta =0°Cto 70°C 6.7 205 | MHz
TMS320E17/P17 Ta = - 40°C to 85°C 6.7 205

c1,¢2 Tp = 0°C t0 70°C 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM  MAX | UNIT
t(C) CLKOUT cycle timeS 195.12 200 ns
t(C) CLKOUT rise time AL - 825, 107 ns
() CLKOUT fall time Gi = 100 pF gt ns
twicl) _ Pulse duration, CLKOUT low fsee Figure 2) 92" ns
tw(CH)  Pulse duration, CLKOUT high 90" ns

l1gmeg)  Delay time, CLKINT to CLKOUT} 257 607 ns

5‘0((:) is the cycle time of CLKOUT, te., H(MC) (4 times CLKIN cycle tme if an external oscifiator is used).
1 values derived from characterization data and not tested.

™
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timing requirements over recommended operating conditions

MIN NOM MAX UNIT
te(MC) Master clock cycle time 48.78 50 150 ns
tMC) Rise time, master clock input st 10t ns
tHMC) Fall time, master clock input st 10t ns
tw(MCP) Pulse duration, master clock oasigmeyt 0Byt s
tw{MCL) Puise duration, master clock low 20t ns
tw(MCH) Pulse duration, master clock high 20t ns

¥ Values derived from characterization data and not tested.

MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

td1 Delay time, CLKOUT, to address bus valid 10t 50 ns
taa Delay time, CLKOUT to DEN| 1agcy-5T 1Ay + 15| ns
tds Delay time, CLKOUT | to DEN? ~tot 15 ns
tde Delay time, CLKOUT| to WE |, H2tgcy~8%  ti2gy+ 15| ns
ta7 Delay time, CLKOUT} to WEt AL~ 625 0 -0t 15 ns
tds Delay time, CLKOUT| to data bus OUT valid Gy = 100 pF, 14ty +65 1 ns
149 Time after CLKOUT, that data bus starts to be driven (see Figure 2) 1atec) - 51 ns
td10 Time after CLKOUT | that data bus stops bieng driven 1/4tc(C)+70T ns
ty Data bus OUT valid after CLKOUTY{ 1/ate(cy - 10 ns
th(A-WMD) ?siirils; ::Izﬂ)lime after WE?t. or DEN?t ot ot ns
su(A-MD)  Address bus setup time prior to DEN | Hatg(c) — 45 ns

1 Values derived from characterization data and not tested.

NOTE 14: Address bus will be valid upon WEt MENt, or DENt.

timing requirements over recommended operating conditions

TEST CONDITIONS MIN NOM MAX | UNIT

tsu(D) Setup time, data bus vafid prior to CLKOUT} RL =825 Q, 50 ns
D) gc:g 't\;r:tz 1(1:)13 bus he'd valid after CLKOUT | (‘::;F: ;l?r :Z) 0 ns

NOTE 16: Data may be removed from the data bus upon DEN*t preceding CLKOUT .,
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
td11 Delay time, DENt, and WE+ from RS 1/2t¢(c) +50t| ns
i Data bus disable time after RS Ry 825 @, 1/4 50t | ns
dis(R) . Cy = 100 pF, M) +
ta12 Delay time from RS} to high-impedance SCLK (see Figure 2) 200t ns
1413 Delay time from RS} 1o high-impedance DX1, DX0 200t | ns
1 values derived form characterization data and not tested.
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
tsu(R) Reset (RS) setup time prior to CLKOUT (see Note 10} 50 ns
tw(R) RS pulse duration 5t¢(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (EXINT) TIMING
timing requirements over recommended operating conditions
MIN NOM  MAX | UNIT
HINT) Fail time, EXINT 15 ns
tWw(INT) Pulse duration, EXINT te(©) ns
tsu(INT) Setup time, EXINT} before CLKOUT| 50 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM  MAX | UNIT
t(10) Fall time, BIO 15 ns
tw(Q) Puise duration, BIO 15(C) ns
tsy(1Q) Setup time, BIO| before CLKOUT 50 ns
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
) ) Ry 825 @, Cp = 100 pF,
td(xF)  Delay time CLOCKOUT1 to valid XF (see Figure 2) st 115 ns
t values derived form characterization data and not tested.
EXAS w
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SERIAL PbRT TIMING

switching characteristics over recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
td(CH-FR) Internal framing (FR) delay from SCLK rising edge 70 ns
td(DX1-XL) DX bit 1 valid before SCLK falling edge 20 ns
td(DX2-XL) DX bit 2 valid before SCLK falling edge 20 ns
th(DX) DX hald time after SCLK falling edge te(SCLKY/2 ns

timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
te(SCLK) Serial port ciock (SCLK) cycie time (see Note 17) 390 4770 ns
H(SCLK) Serial port clock (SCLK) fall time 30T | ns
t{(SCLK) Serial port clock (SCLK) rise time 30t | ns
tw(SCLKL)  Serial port clock (SCLK) low-pulse duration (see Note 17) 185 2500 ns
tw(SCLKH) Serial port clock (SCLK) high-pulse duration (see Note 17} 185 2500 ns
tsu(FS) FSX/FSR setup time before SCLK falling edge 100 ns
tsu(DR) DR setup time before SCLK falling edge 20 ns
1h(OR) DR hold time after SCLK falling edge 20 ns
1 values derived from characterization data and not tested.
NOTES: 17. Minimum cycle time is 2tg(C) where tg(C) is CLKOUT cycle time.
18. The duty cycle of the serial port clock must be within 45 to 55 percent.
COPROCESSOR INTERFACE TIMING
switching characteristics over recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
14(R-A) RD low to TBLF high 751 ns
taw-A) WR low to RBLE high 75 ns
ta(RD) RD low to data valid 80 ns
th(RD) Data hold time after RD high 25 ns

timing requirements over recommended operating conditions

MIN NOM - MAX | UNIT

th(HL) HI/LO hold time after WR or RD high 25 ns

tsu(HL) HI/LO setup time after WR or RD low 40 ns

tsu(WR) Data setup time prior to WR high 30 ns

th(WR) Data hold time after WR high 25 ns
tw(RDL)  RD low-pulse duration 80 ns’

60 ns

tw(WRL) _ WR low-pulse duration

R
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 volts, unless
otherwise noted.

—» & tMe) ﬁw(MCH) R 4

|

! |
X2/CLKIN mw
| .
| | le—twmey
I —» Hmc)

< t
H—H— tamec)’ ( wicH)

CLKOUT ! SL ,j{

|
I |
—pl [ tc) —» -t
e N
¢

clock timing

tw(cL)

!L_,_ﬁ_/_!!

te(C)
T td(MCC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

i% t¢(C) >
|
ﬁ— ) —*l

/ \ /
-

|
|
|
| |
— N‘ tsu(A-MD); I *
|

[
— ta ,

At11-A0 xg g g gx_ Address Bus Valid _x g g E g x
| |
Ih—— tsu(D) -——ﬂ'
| r‘——‘":‘ th(D)
D15-DO ) { Instruction Input Valid }
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IN instruction timing

i i

MEN 4 ! i 2 / \
_/—_\—/ —» 4 tgu(a-MD) i \
I b

: | | tsu(®)
A11-A0 @( 3 m a 88888&( 5 @(
T
BEN X /
: “ "I th(D)

Legend:

1. INinstruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

Address Bus Valid
Instruction Input Valid
Data tnput Valid
Instruction Valid

o N® O

OUT instruction timing

=, .

—tdg —» N gy
¢ ' |
WE tag ———>y '
| ta10 —¥
—t
dq _hl ty H | X
(XX (XX
D15-00 ) & 7 2
Legend:
1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction input Valid
3. Address Bus Valid 7. Data Output valid
4. Peripheral Address Valid 8. Instruction Valid
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INSTRUMENTS

A-110 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS320C17, TMS320E17, TMS320P17
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

reset timing

aor \_/ N\ NSNS\ S S

1 |
> & tsuR) -‘H\ - tsu(R)

DEN | <5
WE |
ta11
tais(R) —W ¢}
Data'X |
D15-D00 out [T —4
& € 2
sx — > "
- tgrg
DX1, DXO 4

PA = Port Address PC3 =3 LSB of PC PC=0 PC =1

{
paz-pa0 X valid x vaia X S) PA=PC3=0 XPA =PC34+1=1
4

interrupt timing

;‘—“—'L tsugNT)
AN /"
i
—» }4- HINT) }
I ty(INT) — — ¥
BIO timing

:‘—_’L tsu(l0)
BiO { X J:/
¥ }‘— t%00) |
—— tygo) ———»
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XF timing

i

RN

& CIXRLKKS

PAZ-PAD (XXX

|

\
¢
4 tde ¥ —H\ -
WE ' J
tdo —‘—Nz — tg10 —H
— tqg — v ! ‘;
D P~ )

i td(XF)

- X

XF Valid

Legend:
1. Port Address Valid 3. Port Data Valid
2. Out Opcode Valid 4. Next Instruction Opcode Valid

external framing: transmit timing

—» :4— trSCLK)

l“—ﬁ” tW(SCLKH)

|
|
|

|
{
i

|
tsu(Fs) —r-H

-

>___

[
|
K—b;— tsu(Fs) ; } |
: | | P twscLk)
| Lo
: | > Yscuk)
FSX \J l E )
\ -’ 1)(
5 H——bt—~ th(oX) |
(DX1-CL) “‘“”‘I | [——>— tapxa-cy) )
DX1, DX0 11 'X‘ 2 X : )D<
L

NOTES: A. Data valid on transmit output until SCLK rises.
B. The most significant bit is shifted first.
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external framing: receive timing

SCLK 1 2 3 M
|

?‘—‘J— tsu(Fs) |

[
|
: tsu(Fs) M
|

V’V’V’ .V LV AVAV AV AW
0 QRRX = XK
NOTE: The most significant bit is shitted first.
internal framing: variable-data rate

! !

- tt:!(CH-FH) k td(CH-FR) ——
i

J L
[ L
FR / | | \!
—>— tyxe-cy

tdaox1-cL) —™ lﬂ-

Dx1,on4{‘1 X : X SD< ) —

. —» l:_'su(on)
noR) ™

\ \ 5 \ERRRRITIRR:
oR1. DR ‘ QLK

NOTE: The most significant bit is shifted first.
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internal framing: fixed-data rate

N\—m—‘
| | M
> et _FR) | ‘ ‘
| d(CH-FR) N’:ﬁ td(CH-FR)

' i
s gl
T T T

I
-l teupm

NOTE: The most significant bit is shifted first
coprocessor timing: external write to coprocessor port

HITO W :‘—'w(wnu —¥ wm& m

I I o | [ twWRY) —¥ |

‘ |
11——»%— tsu(HL) H—‘h(l—;lg.) lq—;Jl teu(HL) —— thL
| —¥t— th(WR l——»thwR
fe—— T tsuwR) — ¥ | WR) e tsy(wRr) — ¥ | W)

DATA IN —{ Valid }—‘\9—{ Valid }-——

T
taw-a) &

17‘)
RBLE I
| R ;
¢ nly necessary for operation of 8-bit made »
constructing 16-bit data

X
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coprocessor timing: external read to coprocessor port
s 7, TR i
i — tw(RDL) — ¥ ! ’ | : :
[ [4— tw(RDL) —M
H_,:— fsutHL) th(%) - tsu(Hv{.() ) M thiHL
I |
——

|
| le——»t- th(rD)
|

ta(RD)—¢—— taRD) 4P

ouT l Valld I ¥ | valid |

i
|

Only necessary for operation of 8-bit mode

constructing 16-bit data -
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EPROM PROGRAMMING

absolute maximum ratings over specified temperature range (unless otherwise noted)t
-0.6Vtot14V

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

NOTE 6: Alf voltage values are with respect to GND

Supply voltage range, Vpp (see Note 6)

recommended operating conditions

MIN

NOM

MAX

UNIT

Vpp  Supply voltage (see Note 11)

12.5

12.75

\

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current

islpp +lcC.

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Ippy  Vpp supply current Vpp=Vce =55V 100 nA
Ipp2  Vpp supply current (during program pulse) Vpp=1275V,VoCc =55V 30 50 mA

(see Note 13)

recommended timing requirements for programming, Ta = 25°C, Vgc = 6 V, Vpp = 125 V,

MIN NOM MAX ( UNIT
tw(iPGM) Initial program pulse duration 0.95 1 1.05 ms
tw(EPGM) Final pulse duration 38 63 ms
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 us
tsu(G) G setup time 2 us
tdis(G) Output disable time from G (see Note 15) 0 130¢% ns
ten(G) Output enable time from G 150 | ns
tsu(D) Data setup time 2 us
tsu(vPP)  Vpp setup time 2 us
tsu(vCC) VCC setup time 2 us
h(A) Address hold time o] us
th(D) Data hold time 2 us

t Values derived from characterization data and not tested.
NOTES: 13. For all switching characteristics and timing measurements, input pulse levels are 0.4 V1o 2.4 V and Vpp = 12.5V £ 0.26 V during

programming.

15. Common test conditions apply for tgis(G) except during programming.
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PROGRAMMING THE TMS320E17/P17 EPROM CELL

Each 'E17/P17 devices include a 4K x 16-bit industry-standard EPROM cel! for prototyping, early field testing,
and low-volume production. In conjunction with this EPROM, the TMS320C17 with a 4K-word masked ROM,
then, provides more migration paths for cost-effective production.

Note: The TMS320P17 is a one-time programmable (OTP) EPROM device.

EPROM adapter sockets are available that provide pin-to-pin conversions for programming any ‘E17/P17
devices. One adapter socket (part number RTC/PGM320C-06), shown in Figure 19, converts a 40-pin DIP into
an equivalent 28-pin device. Another socket (part number RTC/PGM320C-06), not shown, permits 44-to 28-pin
conversion.

Figure 19. EPROM Adapter Socket (40-Pin to 28-Pin DIP Conversion)

Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM
cell also includes a code protection feature that aliows code to be protected against copyright violations,

The '‘E17/P17 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64
8K x 8-bit EPROM. The TMS27C64 EPROM series are unltraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin-compatible with existing 28-pin ROMs
and EPROMSs. These EPROMs operate from a single 5-V supply in the read mode; however, a 12.5-V supply
is needed for programming. All programming signals are TTL level. For programming outside the system,
existing EPROM programmers can be used. Locations may be programmed singly, in blocks, or at random.

Figure 20 shows the wiring conversion to program the 'E17/P17 using the 28-pin pinout of the TMS27C64.
Table 8 on pin homenciature provides a description of the TMS27C64 pins. The code to be programmed into
the device should be in serial mode. The 'E17/P17 devices use 13 address lines to address 4K-word memory
in byte format.

*
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S
——{] 1 At A2 40
~———} 2 A0(LSB) A3 39
——1{] 3 VPP A4 38
{l 4 RS A5 37
vpp 10 {} 5 EPT A6 36 ] 28 vee
A12 2 s A7 35 [ 27 PGM
A7 30— 7 A8 34 ]—l ] 26 EPT
A6 41— (] 8 CLKIN 33 39K 1] 25 A8
A5 51— ———-] 9 32 AN 24 A9
As 60— +—] 10GND a1 023 At
Az 70— 11 Q1(LSB) vee 30 [ N22 @
A2 sl 12 Q2 A9 29 [} | 0 21 Al0
A1 off 13 Q3 A10 28 [} N2 E
A0 10 [ 14 04 A1 27 [} ] 19 Q8
Q1 11 15 Q5 (MSB)A12 26 [— ] 18 Q7
Qz 12 ] 16 Q6 E 251 0 17 Q6
Q3 13 17 Q7 _G2al} [ 16 Q5
GND 14 ] 18 Q8(MSB) PGM 23 [} [ 15 Q4
e g 19 22 ] -
TMS27C64 TMS27C64
BNAUT 0 20  TMS320E17/P17 21 PINOU16'
{

CAUTION :
Although acceptable by some EPROM programmers, the signature mode cannot be used on any
TMS320E 1x device. The signature mode will input a high-level voltage (12.5 V) onto pin Ag. Since this
pin is not designed for high voltage, the cell will be damaged. To prevent an accidental application of
voltage, Texas Instruments has inserted a 3.9 kQ resistor between pin A9 of the Tl programmer socket
and the programmer Itself.

Pin Nomenclature (TMS320E17/P17)

NAME ] 170 DEFINITION
AQ-A12 t On-chip EPROM programming address lines
CLKIN | Clock osciltator input
E | EPROM chip select
EPT I EPROM test mode select
G I EPROM readverify select
GND | Ground
PGM I EPROM write/program select
Q1-Q8 110 Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS o Reset for initializing the device
Vee | 5-V power supply
Vpp | 12.5-V power supply

Figure 20. TMS320E17/P17 EPROM Programming Conversion to TMS27C64 EPROM Pinout
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Table 8 shows thé programming levels required for programming, verifying, reading, and protecting the EPROM cell.

Table 8. TMS320E17/P17 Programming Mode Levels

SIGNAL NAME | TMS320E17 PIN | TMS27C64 PIN | PROGRAM | VERIFY READ | PROTECT VERIFY | EFROM PROTECT
E 25 20 ViL ViL viL VIL ViH
[ 24 22 ViH PULSE PULSE ViL VIH
PGM 23 X 27 PULSE Vi Viy Vi ) ViH
Vpp 3 1 Vpp Vep vee Vee +1 Vpp
vee 30 28 Ve vee vee Ve +1 Voo + 1
vss 10 14 . Vss Vss Vss Vss Vss
CLKIN 8 14 Vss Vss Vgs Vgs- Vss
RS 4 14 Vss Vss Vss Vss Vss
EPT ] 26 Vss vss Vss Vpp Vpp
Q1-qs 11-18 11-13, 15-19 DiN QouT Qour Q8=RBIT Q8=PULSE
AO-A3 2,1, 40,39 10-7 ADDR ADDR ADDR X X
A4 38 8 ADDR ADDR ADDR X ViH
A5 37 5 ADDR ADDR ADDR X X
A8 36 4 ADDR ADDR ADDR ViL X
A7-A9 35,34, 29 3,25,24 ADDR ADDR ADDR X X
A10-A12 28-28 21,23,2 ADDR ADDR ADDR X X

Legend:
ViH = TTU high level; V)_= TTL low level; ADDR = byte address bit
Vpp =126V =025V, Voo =5V £ 0.25V; X = don't care
PULSE = low-going TTL level pulse; Dyy = byte to be programmed at ADDR
QouyT = byte stored at ADDR; RBIT = ROM protect bit.
programming

Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once
programmed, these bits can be erased only by using ultraviolet light. The correct byte is placed on the data bus
with Vpp set to the 12,5 V level. The PGM pin is then pulsed low to program in the zeroes.

erasure

Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm2, A typical 12-mW/cm?2, filterless UV lamp will erase
the device in 21 minutes. The lamp should be located about 2.5 ¢m above the chip during erasure. After
exposure, all bits are in the high state.

verify/read
To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown
in Table 8 assuming the inhibit bit has not been programmed.

program inhibit
Programming may be inhibited by maintaining a high level input on the E pin or PGM pin.

read

The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents
of the EPROM location selected by the value on the address inputs appear on Q8-Q1. ‘

.
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output disable

During the EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing
the output disable state. This state is selected by setting G and E pins high. While output disable is selected,
Q8-Q1are placed in the high-impedance state.

EPROM protection

To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code
from external accesses can be completely disabled. Programming the RBIT disables external access of the
EPROM cell, making it impossible to access the code resident in the EPROM cell. The only way to remove this
protection is to erase the entire EPROM cell, thus removing the proprietary information. The signal requirements
for programming this bit are shown in Table 8. The cell can be determined as protected by verifying the
programming of the RBIT shown in the table.

standard programming procedure

Before programming, the device must first be completely erased. The device can then be programmed with the
correct code. It is advisable to program unused sections with zeroes as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label
shauld be placed over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this
point, the programming is complete, and the device is ready to be placed into its destination circuit.

program cycle timing

—————— Program ————Dﬂ

|
| l

'4
|
ViH
A12-A0 X Address Stable )(;ldress N+1

ViL
> taua) ' —— 1% thia
L ®w ViHVOH

|
|
-Q1 ———( Data In Stable }— HI-Z
aea T | Valid | ViLVoL
'su(D) > t4isG)

Verity ——
|

| |
[ v
! T T [ T PP
Vpp I ] | | | [
| ! | [ | | vce
P tu(vPP) | { | |
| T ' T T Vee+
Vee | { : { | {
! | l Vee
H—‘——“‘ tsu(vcc) | I | {
' | ’ I | v
= | H
E | | ! } | |
f - + ViL
— tsu(E) —ﬂ A I ;
FGM u_’} I i E -
M+ tsu(G) v
twipGM) ¥ t: + | ! I
tw(FPGM)— | : M= ten(G) v
& X | F H
viL
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absolute maximum ratings over specified temperature range (unless otherwise noted)t

Supply voltage range, Vo (seeNote B) ... -0.3Vto46V
INPUt VORAGE FANGE ... vttt et e e -03VtoVegtlo 05V
OUtpUt VORRAGE FANGE ... oottt et et -0.3V to Vg to 0.5V
Continuous power diSsiPation ........... it e 75 mW
Air temperature range above operating devices: Lversion ... 0°Cto 70°C

AVersion ... —40°C to 85°C
Storage temperature raNQgE ..........oooiet it - 55°C to +150°C

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

NOTE 6: Al voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX UNIT

Vcc  Supply voltage 3.0 3.3 38 A
Vgs  Supply voltage 0 \
Vin Hightlavel input voltage All inputs except CLKIN 2.0 Y
CLKIN 25 \

ViL Low-level input voltage All inputs 0.55 A
10H High-level output current (all outputs) ~ 300 pA
oL Low-level output current (all outputs) 1.5 mA
TaA Operating free-air temperature L version 0 70 C
) A version - 40 ) B5 °C

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPé MAX | UNIT
VoH High-level output voltage foH = MAX 20 v
IoH = 20 pA (see Note 19) veg—-0.41 v
VoL Low-level output voltage loL = MAX 0.5 v
Vee = Vo =V 20
loz Off-state ouput current CC=MAX, YO=TCC uA
Vo =Vss —20
V)= Vgg to Ve, All inputs except CLKIN 20
Iy Input current - 7880 CC P P z HA
Vi = Vgg to Vo, CLKIN +50
Data bus 251
C;  Inputcapacitance -
' g All others 15f pF
f = 1 MHz, All other pins 0 V
. Data bus 259
Co  Output capacitance pF
All others 107

§ Afl typical values are at Vo = 3.3 V, Tp = 25°C.

¥ values derived from characterization data and not tested.

NOTE 19: This voltage specification is included for interface to HC logic. All other timing parameters defined in this data sheet are specified for
the test load circuit shown in Figure 2.
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TMS320LC17 TMS320LC17
FN PACKAGE N PACKAGE
(TOP VIEW) (TOP VIEW)
oW |w J— JRE—
|§‘5 2 PA1/RBLE ] 1\/40]] pA2/TBLF
= e & PAOHILO (]2 3] FSR
S'<|m02<'f m?‘m‘wtxzx mMc []3  38[] FSX
uir T >l o &8s [14 270 FR
/65 43 2 14443424140 EXiNT |5 38 Dx1
(o]
CLKOUT [] 7 39(] pxo CLKOUT (J&  35[] Dxo
x1 [l 8 s8] sLek x1 07 340 sCLK
X2/CLKIN ) 9 37{ DR1 x2/CLIN []8 s3] DR1
BI0 {] 10 36| DEN/AD BIO [}o 32L] DEN/RD
NC [] 11 35| WE/WR vgg ] 10 31 WEMWR
Vgg Il 12 3] v peDs (] 11 80{] veg
o e po/Lbe |12 29{] DRo
D8/LD8 [) 13 33| DRO Dio/LD10 113 280 xF
DYDY Y 14 20 xF D11//LD11 = 14 27% MC/PM
D10/LD10 ] 15 31} MC/PM = f
D1/LD11 [} 16 a0 Do D12/D12 {}15 26{] Do/LDo
/LDO =
D12D12 | 17 200 v D131L013 [} 16 25L3 DIAD!
88 D14/LD14 [ 17 24[] D2/1D2
181920 21 22 2324 25 26 27 28 Di5LD15 [ 118 23] D3/LD3
HOTOREn 0N D7D7 |19 22 D4/LD4
5865535255 De/LDe []20 217 Ds/ADS
dIdIRNFHTOA -
'Q 3 ‘_lQ o000 00S
ooao
electrical characteristics over specified ranges (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt  MAX | UNIT
lcct  Supply current f=144 MHz, Vog = 3.6 V, Ta = 0°C ta 70°C 15 20 mA

t Al typical values are at Ta = 70°C and are used for thermal resistance calculations.
b Icc characteristics are inversely proportional to temperature. For ¢ dependence on frequency, see Figure 3.

clock characteristics and timing

The TMS320LC17 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and be specified

at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM  MAX UNIT
Crystal frequency fy Tp = - 40°C t0 85°C 4.0 14.4 MHz
C1,C2 10 pF
INSTRUMENTS
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external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 feft
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS | MIN NOM MAX UNIT
te(c)  CLKOUT cycle time$ 277.78 1000 ns
(C) CLKOUT rise time T 101 ns
c)y  GLKOUT fall time gll:: 528 p?F', 8" ns
tw(cl) Pulse duration, CLKOUT low (see Figure 2) 131 ns
tw(CH) Pulse duration, CLKOUT high 129 ns
tg(mce) Delay time CLKINT to CLKOUT| 25 75 ns

§tc(C) is the cycle time of CLKOUT, i.e., diemc) (4 times CLKIN cycle time if an external oscillator is used).

9 Values derived from characterization data and not lested

timing requirements over recommended operating conditions

o MIN  NOM  MAX | UNIT
te(MC)  Master clock cycle time o 69.5 150 ns
trMc)  Rise time, master clock input st 10t ns
tfme)  Fall time, master clock input - 5t 10t ns
tw(MCP) Pulse duration, master clock 0.4 ‘c(MC)T 0.6 ‘c(MC)T ns
tw(MCL) Pulse duration, master ciock low at te(MC)y min 30 ns
tw(MCH) Pulse duration, master clock high at teipc) min 30 ns
T Values derived from characterization data and not tested.
MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS | MIN MAX | UNIT
td1 Detay time CLKOUT | to address bus valid o 10t 100 ns
taa Delay time CLKOUT | to DEN}, o 1/atc)-61 1/dtgcyr25 | ns
tds Delay time CLKOUT | to DENt -10t 30 ns
td6 Delay time CLKOUT} to WE | 1/2 tc(cy-5 Tz te(C)+25 ns
ta7 Delay time GLKOUT | to WE? gLL: 1853 ;?F: -0t 30 ns
tds Delay time CLKOUT| to data bus QUT valid (see Figure 2) 1/4 () +130 ns
) Time after CLKOUT | that data bus starts to be driven 1/4 tc(c)—ST ns
td10 Time after CLKOUT | that data bus stops being driven 1/4 te(cy+90 ns
ty Data bus OUT valid after CLKOUT | 14 te(c)-10 ns
th(A-WMD) Address hold time atter WEt, MEN?, or DEN' (see Note 14) ot ns
tsu(A-MD) _ Address bus setup time or DEN; 0 ns

1 values derived from characterization data and not tested.
NOTE 14. Address bus wil be valid upon WE*.  MENt, or DEN?
TeExas *p
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timing requirements over recommended operating conditions

TEST CONDITIONS { MIN NOM MAX UNIT
tsu(D) Setup time data bus valid prior to CLKOUT| gL = ?333: 80 ns
L= s
th(D) Hold time data bus held valid after CLKOUT| (see Note 9) (see Figure 2) 0 ns
NOTE 9: Data may be removed from the data bus upon MENt or DENt preceding CLKOUT}.
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS | MIN NOM MAX UNIT
td11 Delay time DENT, WE1, and MEN't from RS 1/2(C)+75 ns
tgi Data bus disable time after RS Ry =825Q, 1/4 75 s
dis(R) ata bus ais; je after G - 100 pF, ‘c(C)"’ n
td12 Delay time from RS 1o high-impedance SCLK (see Figure 2) 200t ns
413 Delay time from RS | to high-impedance DX1, DX0 200t| ns
t These values were derived from characterization data and nat tested.
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
tsu(R)  Reset (AS) setup time prior to CLKOUT {see Note 10) 85 ns
tw(R) RS pulse duration 5te(c) ns
NOTE 10: RS can occur anytime during & clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (EXINT) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
H(INT) Fall time EXINT 15 ns
tw(INT) Pulse duration EXINT te(C) ns
tsu(INT) Setup time EXINT | before CLKOUT| 85 ns
1/0 (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
110) Fall time BIO 15 ns
Ww(10) Pulse duration BIO (C) ns
tsu(10) Setup time BIO | before CLKOUT| 85 ns

*
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1/0 (BIO) TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
o R = 825§,
td(XF) Delay time CLKOUT , tc valid XF Gy = 100 pF, 5t 115 ns
(see Figure 2)
1 values derived from charactenzation data and not tested
SERIAL PORT TIMING
switching characteristics over recommended operating conditions
MIN NOM MAX UNIT
td(CH-FR)  Internal framing (FR) delay from SCLK rising edge 120 ns
td(Dx1-Ct) DX bit 1 valid before SCLK falling edge 20 ns
td(DXx2-cl) DX bit 2 valid before SCLK falling edge 20 ns
th(DX) DX hold time after SCLK falling edge te(SCLKY/2 ns
timing requirements over recommended operating conditions
o MIN  NOM  MAX | UNIT
to(sCLK)  Serial port clock {SCLK) cycle time? - 555 8000 ns
tscLK)  Serial port clock (SCLK) fall time 3ot ns
t(SCLK)  Serial port clock (SCLK) rise time 3ot ns
tw(SCLK) Serial port clock (SCLK) low, pulse duration$ 250 4400 ns
tw(SCLKH) Serial port clock (SCLK) high, pulse duration$ 250 4400 ns
tsu(FS) FSX/FSH setup time before SCLK falling edge 130 ns
tsu(DR) DR setup time before SCLK falling edge 20 ns
th(DR) DR hoid time after SCLK falling edge 20 ns
1 Values derived from characterzation data and ot tested.
1 Minimum cycle time is 2tg(cy where tg(c) is CLKOUT cycle time.
§ The duty cycle of the serial port “iock must be within 45 1o 55%
Texas +
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COPROCESSOR INTERFACE TIMING

switching characteristics over recommended operating conditions

MIN NOM MAX | UNIT
t4R-A)  PD low1o TBLF high o 150 | ns
td(W-A) WR low to RBLF high 150 ns
ta(RD) RD low to data vailid 150 ns
th(RD) Data hold time after RD high 25

timing requirements over recommended operating conditions
MIN NOM MAX UNIT
th(HL) HYRD hold time after WR or RD high 25 ns
tsu(HL) HI/RD setup time prior to WR or RD low 40 ns
tsu(WR) Data setup time prior to WR high 50 ns
th(WR) Data hold time after WR high 35 ns
tw(RDU) Pulse duration, BD low 150 ns
tw(WRL) Pulse duration, WR low 150 ns

*

Texas
INSTRUMENTS

A-126 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001




TMS320LC17
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

clock timing

¥ - tme) "—H—'wmcu) 4 1
[ — P
! :1~——tc(MC) ‘ : | MeR)

|
[ |
wean NSNS NS S

| :

? | le——twmen
i

|

— tmc
*C) -— tw(cﬂ) —h
H——D}-"“ tamece)t I '

' N\

CLKOUT : ' ) {
Bl C) ¥ M-ty }
e tw(CL) —H j
.- te(C) —pl

Ttd(MCC) and tw(MCP) are referenced to an intermediate level of 1 5V on the CLKIN waveform.

IN instruction timing

wer N/ N/ N/ \__/

I
1

|
|
WEN ™\ ./ T \ 2 /\
—» W tgya-MD) |
! Iy -

tsu(D)
] Pl L ;
T ] | |
I—t“—n | —» ‘l—tds
| i |
DEN \ I/
: "'—’}_th(D)
LN S D S G S gy S—
Legend:
1. IN instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. [Instruction Valid
3. Addrass Bus Valid 7 Data Input Valid
4. Peripherat Address Valid 8 Instruction Valid

*
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OUT instruction timing

—tas —P g7
. |
1
WE tgo —M——m N \
: —tg10 M
15 —M ty e |
" (X (O
D18-D0 & ) & ’ &—__° )
Legend:
1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. instruction Valid
3. Address Bus Valid 7. Data Output Valid
4. Peripheral Address Valid 8. Instruction Valid

reset timing

cLkout MW\_/—\_/_

! !
—» - tsu(R) —’1' = tsu(R)

!
RS \ 1 s-j
e twR) ————»

DEN | 45
WE I
i ta11
tdis(R) —M 4
D15-D0 %ﬂgf 1 {
—» “—‘ t412
R td13
PA = Port Address PC3 = 3 LSB of PC PC =0 PC =

¢
PA2-PAD X Valid X vatid X PA=PC3=0
A

*
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Interrupt timing

r‘——*—-—":— tsu(INT)
T \ /
> ‘l‘- YNT) :
¢ twNT) ——
BIO timing
lﬁ—’L tsu(l0)
Bio N ,:/
- to) !
———— tw(10) —
XF timing
cLKouT W
I }
g XX OOOOOOOOOOX XX X
PAZ-PA0 G RS ]
|
l g }4— ta7
' [
WE : | {
o TN taro —
D o |
£OO0 OO
D15-00 (2 ) (IR 3 XA .
——— ta(xF)
XF X XF Valid
Legend:
1. Pont Address Valid 3. Port Data Valid
2. Out Opcode Valid 4. Next Instruction Opcode Valid

™
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external framing: transmit timing

—» ;4— tr(SCLK)

}‘—Pl“— tw(SCLKH)

|
|
|
setk wm
|
H—’:— tsu(Fs) : | :
| (&P tw(SCLKL) |

|
|
| |
‘ |
: > - WSCLK)

| ts;u(FS)—-’f-N
Fsx B * /
! | e
| T T
\ H——bt— th(DX) |
d(DX1-CL) —‘*"l | —»— t4pxa-cy) .
!
DX1, DX0 . 2 X ) >< ° )

NOTES: A. Data valid on transmit output until SCLK rises.
B. The most significant bit is shifted first

external framing: receive timing

SCLK 1 2 3 M
’ |

H—>}— tsu(FS)

[
[
tsu(Fs) P

|
|
|
|

FSR \|
tsu(DR) —i>
:‘*! l*‘- th(DR)

\
\
l
|

NOTE B: The most significant bit is shifted first

*
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internal framing: variable-data rate

e 1 N\_
| |

P"":‘ tc;!(CH-FR) I td(GH-FR) —i—¥

)1 |
T | ¢
FR / ﬂ-———bt—- th(px) \ |
|

tg(DX1-CL) —™ & | F——ﬂ— td(Dx2-CL)

L
nx1,oxo—————-< 1 |><| 2 X 3 X 8 >—————
L
| )
—» - gy(pR)

th(DR) + e

DR1, DRO XKLL

QLLLHLLLKLS

NOTE: The most significant bit is shifted first.

internal framing: fixed-data rate

A ! I
* td(c"'mk’f— t4(CH-FR) !
|

FR / \ !
— :

)i
} 1“—"’— t4(DX2-CL)
e oy

DX1, DX0 { 1 X 2 X 3 z::x 8 _>____

td(DX1-CL) *; [“—

EIERELLLLL

LR

DR1, DRO X2
AAA

NOTE: The most significant bit is shifted first.

*

TExas
INSTRUMENTS

POST OFFICE BOX 1443  * HOUSTON, TEXAS 77001 A-131



TMS320LC17
DIGITAL SIGNAL PROCESSOR

JANUARY 1887 — REVISED JULY 1991

coprocessor timing: external write to coprocessor port

o T o BRI £
I | !
|

| | ; 4 twowhL) — E

| ,
h’-""f— tsu(HL) ﬁ_"l— th("ﬂ-) ] P thHt

a | tsu(HL)

—>— thwr -t
[ tgywr) ———¥ | WR) e tgywr) ———! | NWR)

DATA IN —{ Valid }—-‘,‘,—{ Valld }-——

[
td(w-A) —H¢—> [

2T

|

|

| |

— Only necessary for operation of 8-bit mode N
constructing 16-bit data

coprocessor timing: external read to coprocessor port

o T L R P

Y | I
——p— —p— [— tw(roL) —™
ety ; h"j,":) b ‘tu(Hvll.() ) P th
TN/ | 1
—p—t 4
ta(RD)—14—— ! h(RD) taD) ‘}‘_’I H——br—] h(RD)
DATA |
ouT i Valid I G . (i Valid )
!
td(R-a) ——

TBLF /
I
I ha

I |
¢ Only necessary for operation of 8-bit mode ;

constructing 16-bit data
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THERMAL RESISTANCE CHARACTERISTICS

Commercial Devices
Device/Package Thermal Resistance
Junction To Case

DEVICE Rege (O _
PDIP (N) CDIP (JD) PLCC (FN) cLCC (F2) GFP (PG)

TMS320C10 26 17

TMS320C10-14 26 17

TMS320C10-25 26 17

TMS320C14 I

TMS320E14 8

TMS320P14 11

TMS320C15 26 17

TMS320C15-25 26 17

TMS320E15 8 8

TMS320E15-25 8 8

TMS320LC15 26 17

TMS320P15 13 13

TMS320C16 25
TMS320C17 26 17

TMS320E17 8 8

TMS320LC17 26 17

TMS320P17 13 13

*
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THERMAL RESISTANCE CHARACTERISTICS

Commerclal Devices

Device/Package Thermal Resistance

Junction To Ambient

DEVICE Roga CEM)
POIP (N) CDIP (JD) PLCC (FN) cLCC (FZ) QFP (PG)
TMS320C10 84 80
TMS320C10-14 84 60
TMS320C10-25 84 60
TMS320C14 48
TMS320E14 49
TMS320P14 46
TMS320C15 84 60
TMS320G15-25 84 60
TMS320E15 40 64
TMS320E15-25 40 64
TMS320LC15 84 60
TMS320P15 40 55
TMS320C16 120
TMS320C17 84 50
TMS320E17 40 64
TMS320LC17 84 60
TMS320P17 40 55
Texas {9
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MECHANICAL DATA

40-pin plastic dual-in-line package

- 53,1 (2.090) Max

@

mininiaininifnininEsisinisininisininialin]

Either or Both
Index Marks

[
15,24 + 0,25

(0.600 + 0.010)
| D O O G L R U 001 R o

(3 g ! O @

0,51 (0.020) — 5,08 (0.200)

Min [ Max
— Seating Plane —r—%WHhﬁ
L 105° 3 .]L ) .J_ L 2,92 (0.115)
90° 028008 0,457 = 0,076 i — Min
{0.011 + 0.003) (0.018 = 0.003) 0,84 (0.033)
2,54 (0.100) T.P. | Min %:-::

Pin Spacing ‘l L 1,52 (0.060) ' ’
(See Note A) Nom

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,254 (0.010) of its frue longitudinal position

40-pin windowed ceramic dual-in-line package

———————— 51,31 (2.020) Max
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21

*

15,0 (0.590)
Nom

v

Index Dot \

15,24 + 0,25

—_— 7
G ¢ 79600 % 6.010] 123456 8 9 10 11 12 13 14 15 16 17 18 19 20
4,70 (0.185)
0,508 (0.020) Max
Min *
. P .
| _ Seating L ¢
, [' Plane ﬁﬁﬂﬁ i 4
\J o - i
e 1—"—‘: 1,27 + 0,508 l« [ 1,27 + 0,254 L
%0 {0.050 £ 0.020) € 2540100 TP [0.050 £ 0.010) 3,81 & 0,762
n Spacing .150 + 0.030
—» 14— 0,25(0.010) (see Note A) (0.150 + 0.030)
Nom 0,457 + 0,076

(0.018 + 0.003)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,254 (0.010) of its true iongitudinal position.

Texas {?
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44-lead plastic chip carrier (FN suffix)

o B o B e O e O o 1 e B o I 1 o - ‘
O ]
g ]
a ]
{ i 1
0 ] \
0 1656 (0656) 17,65 (0.695)
d 16,51 (0.650) 17,40 (0.685)
o !
d 1 ‘
[: Index :] }
0 Dot 8 |
d ]
bt h 4
T T J LI T T LT T Ly
l— 1,14 (0.045) » 45° Typ
, 4,57 (0.180)
16,66 (0. AST0180) e o
1:'51 :0':3 » 2,19 (0.165) |
17,86 (0.695) 3,05 (0.120) |
17,40 (0.685) 2,29 (0.090)

0,51 (0.020) ™
Min

0,533 (0.021) |
0,330 (0.013)

1
—

16,00 (0.630)
14,99 (0.590)

1,27 (0.050)
Typ

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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64-pin quad flat pack (PG suffix) (TMS320C16)

24,0 (0.945)
23,2 (0.913)

¢————————— 20,0 (0.787) Nom

—— I 18,0 (0.709)

=] =) 17,2 (0.677)
14,0

] 2 mm ] {0.552)

o = fF—— Nom

[ome = = = mas o]

== fror—y

<

,WWJLJL

0,20 (0.008) 0,38 (0.0014) Typ -
0,10 (0.004) 3,10 (0.122) Max ——
-
\A/ 1,0 (0.040) 0,1 (0.004) Min -
0°-10° 0,6 (0.024)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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MECHANICAL DATA

68-lead plastic chip carrier package (FN suffix)

—

1,35 (0.053)

45"
1190047 < ¥

2,79 (0.110)
2,41 (0.095)

4,50 (0.177)

4,24 (0.167)

23,62 (0.930)

23,11 (0.910)
(At Seating Plane)

1,27 (0.050) T.P.
(see Note B) —

0,94 (0.037)
0,69 (0.027)

l
l
|
|

Seating Plane

0,25 (0.010} R Max

in 3 places
24,33 (0.956)
24,13 (0.950)
(see Note A)
‘ T
25,27 (0.995)
25,02 (0.985)
L=}
24,33 (0.956)
24,13 (0.950)
(see Note A) F 1,22 (0.048)
1,07 (0.042)
25,27 (0.995)
" 25,02 (0.985) »
0,81 (0.032)
e
0,66 (0.026) — 1,52 (0.060) Min
1 3 — 0,64
| :l . (0.025)
——
R - Min
_’II 0,51 (0.020)
0,36 (0.014)
Lead Detalt

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

x 45°

NOTES: A. Centerline of center pin, each side, is within 0,10 (0.004) of package centerline as determined by this deminsion.
B. Location of each pin is within 0,27 (0.005) of true position with respect to center pin on each side.

A-138
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MECHANICAL DATA

68-lead ceramic chip carrier package (FZ suffix)

4,57 (0.180)

—— A T ]
(see Note A) H 3,94 (0155) ‘ >
‘ | J { (see Note B)
i o gt I s W s B v W B e B l B ——1 !
T L E( © g v T
E RN % 0,81 (0.032) ! c
s / ) i 0,66 {0.026) | 0.51(0.020)  (nt geating
] \ \J h I 0,36 (0.014) Plane)
q i —
i : e
JL 00 ) SN I G D O S O
; 0,64 (0.025) R Max
Optional e Typ, 3 Places 1.016 (0.040) Min
EPROM Window 3,05 (0.120)
2,29 (0.090)

Seating Plane
(see Note C)

M0-087AD 68

NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
8. Location of each pin is within 0,27 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar within 0,15 (0.006)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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SMJ320C1x Digital Signal Processors

This appendix contains electrical specifications,timing, and mechanical data
for all SMJ320C1x devices.
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SMJ320 FIRST-GENERATION

DIGITAL SIGNAL PROCESSORS

APRIL 1990

160/200-ns Instruction Cycle

SMJ320C10, SMJ320C15

SMJ320E15

JD PACKAGE WINDOWED JD PACKAGE
144/256-Word On-Chip Data RAM (TOP VIEW) (TOP VIEW)
A1PA1 [ 110l azpaz APAT1 T 0] Az/paz
1.5K/4K-Word On-Chip Program ROM poPao ]z 3907 Aa Ao/PA0 (]2 ao[] Aa
4K-Word On-Chip Program EPROM MCMP []a  38[] A4 MCMP[la 38l A4
(SMJ320E15) A8 s w7l as RSO w7l as
NT s 3s[] as INT s 6] A6
EPROM Code Protection for KOUT E 6 35% A7 CLKOl).(I:’ E 6 22% A7
; 7 34 As 7 A8
Copyright Security X2/CLKIN C]s 331 MEN X2/CLKIN[]s 33[] MEN
4K-Word Total External Memory at 30 []e 321 DEN BIO (s 32[] DEN
Full Speed vss 10 3117 WE Vss ‘0@3‘3 WE
o8 )11 30[] vee ps [ 11 30[J Ve
32-Bit ALU/Accumulator Do [J12 29[] A9 oo (12 29[] A9
p1o []13 28] At0 pio 13 28] At0
16 x 16-Bit Multiptier with a 311 [J14 271 A1 p1t ([ 14 271 A11
32-Bit Product n12 []1s 260 oo p1z2 [j15 261 DO
. . 213 [J16 257 D1 pia 16 25[] D1
0 to 16-Bit Barrel Shifter n1a [J17 247 D2 o1 17 2a[] p2
Eight Input and Eight Output Channels D[;f E :: ;g-ﬂ gi D{;? E :g 32% 83
16-Bit Bidirectional Data Bus with pe [{20 2] Ds os 2o 21f1ps
up to 50-Mbps Transfer Rate
Single 5-V Power Supply SMJ320C10, SMJ320C15
FD PACKAGE
Class B High Reliability Processing (TOP VIEW)
CMOS Technology: ‘% gz ¢
~ SMJ320C10-14 ... ... 280-ns cycle time Eeds=sQdazunn
— SMJ320C10......... 200-ns cycle time Vs |:J|Eii:i::i::
— SMJ320C10-25 .. ... 160-ns cycle time 65432 14443424140
— SMJ320C15......... 200-ns cycle time CLKOUT [} 7 3s(] A7
- SMJ320C15-25...... 160-ns cycle time x1[8 38(] A
— SMJ320E15 (EPROM) 200-ns cycle time X2/CLKIN [1 9 37[] MEN
BIO [l 10 36 (] DEN
NC [] 11 35[] WE
This integrated SMJ320 digital signal processor Vss [] 12 3] Ve
family data sheet provides complete design ps [] 13 33{] A9
documentation for alt first-generation, high-reliability. D9 {] 14 3z2{] A10
CMOS DSP devices facilitating the selection of the D10 [] 15 3] At
devices best suited for user applications. Generic D11 [] 16 30[ Do
information is presented first, followed by specific D12 ] 17 29[ D1
device information. Ar index is provided for quick 81920 21 222324 25 26 27 28
reference to specific :mformation about a device PP DT oG
25508 [ajaNaNaNaNal,

PRODUCTION DATA contain i current

asofp

dats. P conform (o fi

per
the terms of Texas instruments standard warranty. Production
processing does not necessarily include testing of all
parameters.

*
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SMJ320 FIRST-GENERATION
DEVICES

introduction

The SMJ320 family of 16/32-bit single-chip CMOS Digital Signal Processors combines the flexibility of a
high-speed controller with the numerical capability of an array processor, thereby offering an inexpensive
alternative to multichip bit-slice processors. The SMJ320 family's unique versatility and power give the design
engineer a new approach to a variety of complicated applications. In addition, these microcomputers are capable
of providing the multiple functions often required for a single application. For example, the SMJ320 family can
synthesize and recognize speech, sense objects with radar or optical intelligence, and perform mechanical
operations through digital servo loop computations.

The SMJ320 family consists of three DSP generations. The first generation includes the SMJ320C10 and its
spinoffs as described in this data sheet. The second generation includes the SMJ32020, the SMJ320C25 and
the SMJ320E25 which are designed for higher performance. The third generation product is the SMJ320C30,
the first floating point DSP. its 80-ns cycle time allows execution of more than 33 miltion floating point operations
per second (MegaFLOPS).

While many features are common throughout the SMJ320 DSP family, specific features are provided in each
processor to provide different cost/performance tradeoffs. Software compatability is maintained throughout the
SMJ320 family to protect the user’s invesiment in architecture. Software and hardware tools are available for
each DSP to facilitate rapid design

description

The SMJ320C10 Digital Signal Processor operates at 20 MHz, and has a 200-ns cycle time. Its CMOS process
technalogy permits it to achieve a power dissipation of less than one-sixth that of an equivalent NMOS DSP. This
significantly lower power dissipation makes the SMJ320C10 ideal for power-sensitive applications such as
man-packed battery-backed radios

The SMJ320C10-14, a 14 MHz version, low power dissipation CMOS DSP, has a 280-ns instruction cycle time.
It provides a low-cost alternative for DSP applications not requiring the maximum operating frequency of the
SMJ320C10.

The CMOS SMJ320C10-25 operates at 25 MHz, has a 160-ns instruction cycle time, and is well suited for low
power dissipation, high-performance DSP applications.

All versions of the SMJ320C10 DSP are object-code and pin-for-pin compatible with the SMJ32010 DSP.

The SMJ320C15, SMJ320C15-25, and the SMJ320E15 CMOS devices are object-code and pin-for-pin
compatible with the SMJ32010 and offer expanded on-chip RAM of 256 words, and on-chip ROM or EPROM
of 4K words. The SMJ320C15, a 20 MHz version, has a 200-ns cycle time. The SMJ320C15-25, a 25.6 MHz
version, operates with a 160-ns cycle time. The SMJ320E 15 (EPROM), a 20 MHz version, operates at a 200-ns
cycle time. These devices within the CMOS SMJ320 DSP family allow the on-chip capability of upgrading
performance while reducing power requirements, board space, and system cost without hardware or software
redesign.

Table 1 provides an overview of the SMJ320 first generation DSPs within this data sheet. For specific availability,
contact the nearest Tl sales office

B-4
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SMJ320 FIRST-GENERATION

DEVICES
TABLE 1. SMJ320 FIRST-GENERATION DEVICE OVERVIEW
MEMORY 1o CYCLE MAX PACKAGE
DEVICE ON-CHIP OFF-CHIP PAR TIME POWER TYPE
RAM ROM EPROM | EXPANSION (ns) (mw) DIP LCCC
SMJ320C10-14 144 1.5K 4K 8x16 280 275 40 44
SMJ320C10 144 1.5K 4K 8x16 200 275 40 44
SMJ320C10-25 144 1.5K 4K 8x16 160 330 40 44
SMJ320C15 256 4K 4K 8x16 200 275 40 44
SMJ320C15-25 256 4K 4K 8x16 160 330 40 44
SMJ320E15 256 4K 4K 8x16 200 495 40 -
PIN NOMENCLATURE (SMJ320C10, SMJ320C15, SMJ320E1 5*)
NAME voszt DEFINITION
A11-A0/PA2-PAQ o} External address bus. /O port address multiplexed over PA2-PAQ
BIO | External polling input
CLKOUT (o} System clock output, 1/4 crystal/CLKIN frequency
D15-DO IYO/Z | 16-bit parallel data bus
DEN 0 Data enable for device input data on D15-D0
INT | External interrupt input
MC/MP | Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN o Memory enable indicates that D15-DO0 will accept external memory instruction.
NC - No connection; make na external connection to this pin.
RS | Reset for initializing the device
Veo | + 5V supply
Vss | Ground
WE (o] Write enable for device output data on D15-D0
X1 o} Crystal output for internat oscillator ’
X2/CLKIN | Crystal input for internal oscillator or external system clock input

t See EPROM programming section.
# Input/Output/High-impedance state.

*p
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SMJ320 FIRST-GENERATION
DEVICES

Key Features: SMJ320C10

Instruction Cycle Timing:
— 160-ns (SMJ320C10-25)
— 200-ns (SMJ320C10)

— 280-ns (SMJ320C10-14)

144 Words of On-Chip Data RAM
1.5K Words of On-Chip Program ROM

External Memory Expansion up to 4K Words
at Full Speed

16 x 16-Bit Multiply in One Instruction Cycle
0 to 16-Bit Barrel Shifter

Object Code and Pin-for-Pin Compatible
with SMJ32010

On-Chip Clock Oscillator
Single 5-V Power Supply

Device Packaging:
— 40-PinSide-Brazed Ceramic DIP
— 44-Pad Leadless Ceramic Chip Carrier

Key Features: SMJ320C15/E15

Instruction Cycle Timing:
— 160-ns(SMJ320C15-25)
— 200-ns(SMJ320C15/E15)

256 Words of On-Chip Data RAM

4K Words of On-Chip Program ROM
(SMJ320C15/C15-25)

4K Words of On-Chip Program EPROM
(SMJ320E15)

External Memory Expansion up to 4K Words
at Full Speed

EPROM Code Protection for Copyright Security

Object Code and Pin-for-Pin Compatible with
SMJ32010

16 x 16-Bit Multipler with 32-Bit Product
0 to 16-Bit Barrel Shifter

On-Chip Clock Oscillator

Single 5-V Power Supply

CMOS Technology

Class B Processing

+5V GND

t

INTERRUPT

—

=

T

144-WORD RAM

1.5K-WORD ROM

32-BIT ALU/ACC

MULTIPLIER

SHIFTERS

K DATA (16) y

ADDRESS (12) )

* 16-Bit Instruction Data Word

¢ 32-Bit ALU/Accumulator

® CMOS Technology

* Class B Processing

+5V GND

t

INTERRUPT

256-WORD RAM

I_«_
=

-

IS

4K-WORD
ROM/EPROM

32-BIT ALU/ACC

MULTIPLIER

SHIFTERS

K DATA (16) )

ADDRESS (12)

Rt i

¢ Device Packaging:
— 40-PinSide-Brazed Ceramic DIP

(SMJ320C15, SMJ320C15-25)
— 40-Pin Side Brazed Windowed

Ceramic DIP (SMJ320E15)

— 44-Pad Leadless Ceramic Chip Carrier
(SMJ320C15)
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SMJ320C10, SMJ320C10-25, SMJ320C10-14
SMJ320C15, SMJ320C15-25, SMJ3I20E15

functional block diagram (SMJ320C10, SMJ320C15, SMJ320E15)

X1
CLKOUT L X2/CLKIN
we={ . | L
DEN —— 4 16P
ME_N ] a] 12L5B
BIO —¥ E
MC/MP —% g MUX 16
INT ° 12 16
RS —* Y INSTRUCTION *
| PC (12) | D15-D0
12 -l B PROGRAM
s &' ROM/EPROM
A11-A0/ X | o (1.5K/aK
PA2-PAD 2 ! 2! WORDS) 16
- | sTACK :
4X12 ‘
3
/- PROGRAM BUS
16% [[ Y
7 { 16
16 16
T16 18
ARO (16) | D MULTIPLIER |-t
[ arP_| = F
AR1(16) | [— P(32)
8 8 | SHIFTER 32
Y Y (0-16)
\ Mux /
8
LEGEND: \
ADDRESS
ACC = Accumuiator
ARP = Auxiliary register ponter DATA RAM 2
ARO = Auxiliary register ¢ (144/256 WORDS) 1
AR1 = Auxiliary register !
DP = Data page pointer DATA { 732
PC = Program counter
P = P register 16 I SHIFTER (0, 1, 4) |
T = T register 16 18
/ DATA BUS
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SMJ320 FIRST-GENERATION
DEVICES

architecture

The SMJ320 family utilizes a modified Harvard architecture for speed and flexibility. In a strict Harvard
architecture, program and data memory lie in two separate spaces, permitting a full overlap of instruction fetch
and execution. The SMJ320 family’s modification of the Harvard architecture allows transfers between program
and data spaces, thereby increasing the flexibility of the device. This modification permits coefficients stored in
program memory to be read into the RAM, eliminating the need for a separated coefficient ROM. it also makes
available immediate instructions and subroutines based on computed values.

32-bit ALU/accumulator

The SMJ320 first-generation devices contain a 32-bit ALU and accumulator for support of doubie-precision,
two’s-complement arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken
from the data RAM or derived from immediate instructions. In addition to the usual arithmetic instructions, the
ALU can perform Boolean operations, providing the bit manipulation ability required of a high-speed controller.
The accumutator stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit
wordlength. The accumulator is divided into a high-order word (bits 31 through 16) and a low-order word (bits
15 through 0). Instructions are provided for storing the high- and low-order accumulator words in memory.

shifters

Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of 0 to 16 places on
data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills
the low-order bits for two’'s-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1,
or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM. Both
shifters are useful for scaling and bit extraction.

16 x 16-bit parallel multiplier

The multiplier performs a 16 x 16-bit two’s-complement multiplication with a 32-bit result in a single instruction
cycle. The multiplier consists of three units: the T Register, P Register, and multiplier array. The 16-bit T Register
temporarily stores the multiplicand; the P Register stores the 32-bit product. Multiplier values either come from
the data memory or are derived immediately from the MPYK (muitiply immediate) instruction word. The fast
on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation, and
filtering.

data and program memory

Since the SMJ320 devices use a Harvard architecture, data and program memory reside in two separate spaces.
The first-generation devices have 144 or 256 words of on-chip data RAM and 1.5K or 4K words of on-chip
program ROM. On-chip program EPROM of 4K words is provided on the SMJ320E15. The EPROM cell utilizes
standard PROM programmers and is programmed identically to a 64K CMOS EPROM (SMJ27C64).

program memory expansion

The first-generation devices are capable of executing up to 4K words of external memory at full speed for those
applications requiring external program memory space. This allows for external RAM-based systems to provide
multiple functionality.

interrupts and subroutines

The SMJ320 first-generation devices contain a four-level hardware stack for saving the contents of the program
counter during interrupts and subroutine calls. Instructions are available for saving the device's complete context.
PUSH or POP instructions permit a level of nesting restricted only by the amount of available RAM. The interrupts
used in these devices are maskable.

B-8
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SMJ320 FIRST-GENERATION
DEVICES

microcomputer/microprocessor operating modes (SMJ32001 0/C15)

The SMJ320C10 and SMJ320C15 devices offer two modes of operation defined by the state of the MC/MP pin:
the microcomputer mode (MG/MP = 1) or the microprocessor mode (MC/MP = 0). In the microcomputer mode,
on-chip ROM is mapped into the memory space with up to 4K words of memory available. In the microprocessor
mode, all 4K words of memory are external.

input/output
The 16-bit parallel data bus can be utilized to perform I/O functions in two cycles. The /O ports are addressed

by the three LSBs on the address lines. in addition, a polling input for bit test and jump operations (BIO) and an
interrupt pin (INT) have been incorporated for multitasking.

instruction set

A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations, such as high-speed control. All of the first-generation devices are object-code
compatible and use the same 60 instructions. The instruction set consists primarily of single-cycle single-word
instructions, permitting execution rates of more than six million instructions per second. Only infrequently used
branch and /O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute
in a single cycle and are useful for scaling data in parallel with other operations.

Three main addressing modes are available with the instruction set: direct, indirect, and immediate addressing.

direct addressing

in direct addressing, seven bits of the instruction word concatenated with the 1-bit data page pointer form the
data memory address. This implements a paging scheme in which the first page contains 128 words, and the
second page contains up to 128 words.

indirect addressing

Indirect addressing forms the data memory address from the least-significant eight bits of one of the two auxiliary
registers, ARO-AR1. The Auxiliary Register Pointer (ARF) selects the current auxiliary register. The auxiliary
registers can be automatically incremented or decremented and the ARP changed in paralle! with the execution
of any indirect instruction to permit single-cycle manipulation of data tables. Indirect addressing can be used with
all instructions requiring data operands, except for the immediate operand instructions.

immediate addressing

immediate instructions derive data from part of the instruction word rather than from the data RAM. Some useful
immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load auxiliary
register immediate (LARK). ‘

instruction set summary

Table 2 lists the symbols and abbreviations used in Table 3, the instruction set summary. Table 3 contains a short
description and the opcode for each SMJ320 first-generation instruction. The summary is arranged according
to function and alphabetized within each functional group.

TABLE 2. INSTRUCTION SYMBOLS

SYMBOL MEANING
ACC Accumulator
D Data memory address field
| Addressing mode bit
K Immediate operand field
PA 3-bit port address field
R 1-bit operand field specifying auxiliary register
S 4-bit left-shift code
X 3-bit accumuiator left-shift field

*
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SMJ320 FIRST-GENERATION
DEVICES

TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY

ACCUMULATOR INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION NO. No. INSTRUCTION REGISTER
CYCLES | WORDS

1% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ABS Absolute value of accumulator 1 1 o 1 1 1 1 11 1t | o o 01 00O
ADD Add to accumulator with shift 1 1 o 0 0 0 4—sPp | ¢4—p—P
ADDH Add to high-order accumulator bits 1 1 4] 1 1 0 0 0 0 0 | 4—D—p
ADDS Add to accumulator with no sign extension 1 1 0 1 1 0 0 ¢ 01 i ¢&4&4Dp—Pp
AND AND with accumulator 1 1 o 1 1 1 1 0 0 1 | d—————p~——>pPp
LAC Load accumulator with shift 1 1 6 0t 0 4—sP» | 44— 0—Pp
LACK Load accumulator immediate 1 1 ¢ 1+ 1t 1+ 1 1 1 0 4—K—Pp
OR OR with accumulator 1 1 g 1 t 1 1 0 1 0 | 4————D—Pp
SACH Stora high-order accumulator bits with shift 1 1 01 0 1 1 4=XPp ] 44— D—Pp
SACL Store low-order accumnulator bits 1 1 o1 0 1 ¢ 0 0 0 | 4——p—Pp
sus Subtract from accumulator with shift 1 1 0o 0 0 1 4——sP» | 4————Dp——>p
SuBC Canditional subtract (for divide) 1 1 o 1 1t 0 0 1 0 0 | 4—D—Pp
SUBH Subtract from high-order accumulator bits 1 1 ¢ + 1 0 0o 0 1 ¢ | 4————Dp—Pp
SUBS Subtract from accumulator with no sign extension 1 1 ¢ 1 1 0 0 0 1 t | 4———Dp——ou3Pp
XOR Exclusive OR with accumulator 1 1 o 1 1 1 1 0 ¢ 0 | ¢—— D—b
ZAC Zero accumulator 1 1 (¢ | 1 1 1 1 171 1 0 0 0 1 0 0 1
ZALH 2Zero accumulator and load high-order bits 1 1 0 1 1 o o 1 0 1| 4—m—m—pDp—7pPp
ZALS Zero accumulator and load low-order bits with no sign extension 1 1 [} 1 1 o 0 1 1t 0 | 4———D—Pp

AUXILIARY REGISTER AND DATA PAGE POINTER INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION Mo No. INSTRUCTION REGISTER
CYCLES | WORDS .

1 14 13 12 11 10 9 B 7 6 5§ 4 3 2 1 @0
LAR Load auxifiary register 1 1 0 0 1 1 t 0 0 R | f——Durfp
LARK Load auxillary register immediate 1 1 01 1 1 0 0 0 R e Krem——Pp
LARP Load auxiliary register pointer inmediate 1 1 0 1 i 0 1t 0 00 I ¢ 0 0 0 0 0 K
LopP Load data memory page pointer 1 1 o 1 t+ 0 1 1+ 11 | 4&———D—Pp
LDPK Load data memory page pointer inmediate 1 1 [} 1 1 0 1 1 1 0 0 0 0 0 0 0 0 K
MAR Modify auxiliary register and polnter 1 1 o t+ t 0 1 0 00 | 4———Dp——p
SAR Store auxiliary register 1 1 ¢ 0o t t 0 0 0 R | 4———Dp——Pp
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SMJ320 FIRST-GENERATION

DEVICES

TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY (continued)

BRANCH INSTRUCTIONS

OPCODE
MNEMONIC DESCRIPTION NO. No. INSTRUCTION REGISTER
CYCLES| WORDS

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

111 1 1 0 0100000 O0O0 0

B Branch unconditionally 2 2 o o o o @——— BRANCH ADDRESS ————P
BANZ Branch on auxiliary register net zero 2 2 ! ! ! ! 6 1t oo0o00000000
o o o o <@ BRANCHADDRESS—P

) 1 1 1 1 1 1 0100000 O0O0O

BoE2 Branch if ocumulator 0 2 z 0 0 0 0 <«——— BRANCH ADDRESS ———P
1 1 ¢+ t+ 1 1 0000000000

BGZ Branch if accumulator > O 2 2 c o 0 o ¢ BRANCH ADDRESS »
o Ty %y 1 1 @ 1 1 000 0 O0O0O0O0O

BIOZ Branch on BIO = 0 2 2 6 0 0 o ——— BRANCH ADDRESS ————P
+ 1 t 1 1 0 1 t 00 0000 QGO0

BLEZ Branch if accumulator < 0 2 2 o o o ° ¢ BRANCH ADDRESS »
+ 1 4+ 1 1t 0 1 00 000 OC O OO
BLZ Branch if accumulator < 0 2 2 o 0 0 0 ®——— BRANCH ADDRESS __”
1 1 1 1 1 1 t 0000060 OO o

BNZ Branch if accumulator = 0 2 2 o o 0 0 4—— BRANCH ADDRESS ——
1 1t 1 1 06 1 0000000 O0 DO D

Bv Branch on overfow 2 2 0 0 0 0 < BRANCH ADDRESS —P
) : 1t 1+ 1+ 1 1 1t 1 000 O0O0O0TO0CO

8z Branch i acoumulator = 0 z 2 0 0 0 0 <«——— BRANCHADDRESS————P
CALA Call subroutine from accumulator 2 1 0 1 1 1 1 1 111 00 01 1 0 O
) 1 1+ 1 1 1 0 00 0 00 O0OCO O O

CALL Call subroutine immediately 2 2 6 o 0 0 4———— BRANCH ADDRESS ——
RET Retum from subrouting or intarrupt routine 2 1 [ | L B | t 111t 0001 1 01

T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION No. No. INSTRUCTION REGISTER
CYCLES| WORDS

15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0

APAC Add P register to accumulator 1 1 6o 1 1 1 1 1 11 1000 v ¥ 11
&4 Load T Register 1 1 6 1 1t ¢ 1+ 0 t 0 | ¢——D———P
LTA LTA combines LT and APAC into one instruction 1 1 o 1 1 ¢ 1t 1 00 | ¢——D—Pp
LD LTD combines LT, APAC, and DMOV into one instruction 1 1 6o 1 1 0 1 0 11 | 4=—D—Pp
MPY Multiply with T register, store product in P register 1 1 o 1 1 06 1 1 01 ) ¢——Dp—Pp
MPYK l’:u;t%‘;:gmw with immediate operand; store product 1 1 1 o 0 ¢— K »
PAC Load accumutator from P register 1 1 [ | 1 1 1 1T 1 110 ot 1 10
SPAC Subtract P register from accumulstor 1 1 6 1 1 %+ 1 1 1 1 1 00 1 0000

lerL%(ﬁ%ms
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SMJ320 FIRST-GENERATION
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TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY (concluded)

CONTROL INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION No. NO. INSTRUCTION REGISTER
CYCLES | WORDS
15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0
DINT Disable interrupt 1 1 0 1 1 i 1 1 i1 ¢ 0 0 0 0 0 ¢ 1
EINT Enable interrupt 1 1 0 1 1 1 1 1 111 6 0 0 0 0 1 O
LST Load status register 1 1 61t 1 1 1 0 1 1 | ————D————p
NOP No operation 1 1 0 1 1 1 1 1 1 1+ 1 0 0 ¢ 0 0 0 O
POP POP stack to accumulator 2 1 [} 1 1 1 1 1 1 1 0 0 1 1 1 0 1
PUSH PUSH stack from accumulator 2 1 0 1 1 1 1 11 1+ 1 0 0 t 1 1t 0 O
AOVM Aeset overflow mode i 1 [} 1 1 1 1 t 1 1 0 0 0 1 6 1 0
SOVM Set overfiow mode 1 1 0 1 1 1 1 1 T 1 1. 0 0 0 t 0 1 1
8sST Store status register 1 1 61 1t 1 1 1 00 | ¢4——D—Pp
110 AND DATA MEMORY OPERATIONS
OPCODE
MNEMONIC DESCRIFTION NO. NO. INSTRUCTICN REGISTER
CYCLES | WORDS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
OMOV Copy contents of data memory location into next higher location 1 1 [ | 1 6o 1 0 01 | 4——D—Pp
IN Input data from port 2 1 0 1 0 0 0 4pPAP | 4¥4—D——P
ouT Output data to port 2 1 0o 1 0 0o 1 4rAP | 4—D—Pp
TBLR Table read from program memory to data RAM 3 1 o 1 it ¢ 0o 1 11 ) 4&4~———p—Pp
T8LW Table write from data RAM to program mamory 3 1 6ot 1 1 1 1+ 01 | ¢———D—Pp

development support products

Texas Instruments offers an extensive line of development products to assist the user in all aspects of SMJ320
first-generation-based design and development. These products range from development and application
software to complete hardware development and evaluation systems such as the XDS/22. Table 4 lists the
development support products for the first-generation SMJ320 devices.

System development begins with the use of the Evaluation Module (EVM) or Emulator (XDS). These hardware
tools allow the designer to evaluate the processor’s performance, benchmark time-critical code, and determine
the feasibility of using a SMJ320 device to implement a specific algorithm.

Software and hardware can be developed in parallel by using the macro assembler/linker and simulator for
software development and the XDS for hardware development. The assembler/linker translates the system's
assembly source program into an object module that can be executed by the simulator, XDS, or EVM. The XDS
provides realtime in-circuit emulation and is a powerful tool for debugging and integrating software and hardware

modules.

Additional support for the SMJ320 products consists of an extensive library of product and applications
documentation. Three-day DSP design workshops are offered by the Tl Regional Technology Centers (RTCs).
These workshops provide insight into the architecture and the instruction set of the first-generation SMJ320s as
well as hands-on training with the SMJ320 development tools. When technical questions arise in regard to a
SMJ320 member, contact Texas Instruments TMS320 Hotline (713) 274-2320. Or, keep informed on the latest
Tl and third-party development support tools by accessing the libraries of application source code via the DSP
Bulletin Board Service (BBS) at (713) 274-2323. The BBS provides access for the 2400-/1200-/300-bps

modems.

*p
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TABLE 4. TMS320 FIRST-GENERATION SOFTWARE AND HARDWARE SUPPORT

SOFTWARE TOOLS PART NUMBER

Macro Assembier/Linker

PC/MS-DOS TMDS3242850-02

VAXNMS TMDS3242250-08

VAX ULTRIX TMDS3242260-08

SUN-3 UNIX TMDS3242550-08
Simulator

PC/MS-DOS TMDS3240811-02

VAX/VMS TMDS3240211-08
Digital Filter Design Package (DFDP)

IBM PC PC-DOS DFDP/IBM002
DSP Software Software Library

PC/MS-DOS TMDC3240812-12

VAXVMS TMDC3240212-18
TMS320 Bell 212A Modem Software

PC/MS-MOS TMDX3240813-12
Data Encryption Standard Software

PC/MS-DOS TMDX3240814-12

HARDWARE TOOLS PART NUMBER

Evaluation Tools

Evaluation Module (EVM) RTC/EVM320A-03

Analog Interface Board 1 (AIB1) RTC/EVM320C-06

Analog Interface Board 2 (AIB2) RTC/AIB320A-06
XDS/22 Emulators

TMS320C10/C15 TMDS3262211
XD8/22 Upgrade Kits

TMS32010 — TMS320C10/C15 TMDS3282215
EPROM Programming Adaptor Sockets

40- to 28-pin (TMS320E15) RTC/PGM320A-06
Additional Target Connector

44-pin (TMS320C10/C15) TMDX3288810

documentation support

Extensive documentation supports the first-generation SMJ320 devices from product announcement through
applications development. The types of documentation include data sheets with design specifications, complete
user's guides, and 750 pages of application reports published in the book Digital Signal Processing Applications
with the TMS320 Family.

A series of DSP textbooks is being published to support digital signal processing research and education. The
first book, DFT/FFT and Convolution Algorithms, is now available. The TMS320 newsletter, Details on Signal
Processing, is published quarterly and distributed to update TMS320 customers on product information. The
TMS320 DSP bulletin board service board service provides access to large amounts of information pertaining
to the TMS320 family.

Refer to the TMS320 Family Development Support Reference Guide for further information about TMS320

documentation. To receive copies of first-generation SMJ320 literature, call the Customer Response Center at
1-800-232-2300.

*

Texas
INSTRUMENTS

POST OFFICE BOX 1443 * HOQUSTON, TEXAS 77001 B-1 3



SMJ320 FIRST-GENERATION
DEVICES

DEVICE ELECTRICAL SPECIFICATIONS

This section contains all the electrical specifications for the SMJ320 CMOS first-generation devices. Refer to the top
corner for the specific device.

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

Supply voltage range (see Note 1) .. .. ......... ... .. e -0.3Vto7V
Input voltage range : SMJ320C10/C10-14/C10-25/C15/C15-25 e -03Vtio7V
SMJ320E15 ... ... e i -03Vtoei5V

Output voitage range ... .. e e e i -03Vto7V
Continuous power dissipation: SMJ320C10/G15 .. ...... e 275 mw
SMJ320C10-14 ... ... .. e 275 mW

SMJ320C10-25/C15-25 ... . 330 mW

SMJ320E15 . ... .. L. e 495 mw

Maximum operating case temperature . ... ... ... ... ... e 125°C
Minimum operating free-air temperature .......... ... ... e -55°C
Storage temperature ........... e -65'Cto150°C

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

NOTE 1. Under “Absolute Maximum Ratings”, all voltage values are with respect to Vss-

recommended operating conditions

i MIN NOM MAX| UNIT
Voo Supply voltage 45 5 5.5 v
Vgg Supply voltage 0 A
i t |
ViH High-fevel input voltage Allinputs except CLKIN v
CLKIN
Vi Low-level input voltage Al mphuts except MC/MP 0.8 A
MC/MP 0.6
lon High-level output current (all outputs) - 300 HA
loL Low-level output current (alf outputs) 2] mA
Ta Operating free-air temperature -55 ‘c
Te Operating case temperature 125 c
electrical characteristics over specified temperature range (uniess otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
. lon = MAX 2.4 3
Vou  High-level output voltage — Vv
lon = 20 pA (see Note 2) Vge - 0.4}
Vo Low-level output voltage loL = MAX 0.3 0.5 \4
V=24V 20
loz  Off-state output current Vee = MAX
Vo =04V -20
| Inout . v Veato V. All inputs except CLKIN +20
nput curren = 0
! p CC = Vss ool CLKIN .50
o Input capacitance’® Data bus 25 pF
All others ' 15
5 f =1 MHz, All other pins 0% >
C, Output capacitance® ata bus 5 pF
All others 10

* All typical values are at Veg = 5 V, Ty, = 25°C

§ This parameter is not production tested.

NOTE 2. This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this
data sheet are specified for TTL logic tevels and will differ for HC logic levels.
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SMJ320 FIRST-GENERATION

DEVICES
X1 X2/CLK]
CRYSTAL
j D —y
“T T°
FIGURE 1. INTERNAL CLOCK OPTION
PARAMETER MEASUREMENT INFORMATION
215V
% RL=825Q
FROM QUTPUT ‘
UNDER TEST o————¢
4 TEST
R POINT
/-f C_ =100 pF
FIGURE 2. TEST LOAD CIRCUIT
20V | 24V . | e
1oV - Vi (MIN) 20y SF==== e Vou (MIN)
092V~ | e8v-~l__ / ______
0.60V -] V)L (MAX) sy = EEE=EEES Vou (MAX)

(a) INPUT (b) OUTPUTS
FIGURE 3. VOLTAGE REFERENCE LEVELS
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SMJ320C10-14

SMJ320C10
SMJ320C10-25
electrical characteristics over specified termperature range (unless otherwise noted)
TEST CONDITIONS +
PARAMETER (SEE FIGURE 2) MIN  TYP! MAX| UNIT
SMJ320C10-14 f=14.4 MHZ, Vog =55V 50
lee®  Supply current SMJ320C10 ! f=205MHz, Vg =55V 50{ mA
SMJ320C10-25 | f= 25.6 MHz, Ve = 5.5V 60

t All typical values are at Vg = 5 V, To = 25°C
i I characteristics are inversely proportional to temperature, i.e., loo decreases approximately finearly with temperature.

CLOCK CHARACTERISTICS AND TIMING

The SMJ320C10 can use either its internal oscillator or an external frequency source for a clock.
internal clock option

The internal osciliator is enabled by connecting a crystat across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms. a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
SMJ320C10-14 —55°C 1o 125°C with 8 MHz crystal 6.7 14.4
Crystal frequency, (A SMJ320C10 —55°C to 125°C with 8 MHz crystal 6.7 205 | MHz
SMJ320C10-25 -55°C to 125°C with 8 MHz crystal 6.7 25.6
c1,c2' i —55°G to 125°C with 8 MHz crystal 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 eft
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TEST CONDITIONS | SMJ320C10-14 SMJ320C10 SMJ320C10.25
PARAMETER (SEE FIGURE 2) WIN NOM MAX| MIN NoM WMAX| MiN nom wmax| UNIT
tyey  CLKOUT cycle time?® 277 600 | 195.12 600 | 156.25 600 | ns
e CLKOUT rise time 10 10 10 ns
) CLKOUT fall time ) ' 8 8 ns
Pulse duration, R =825,
WL GLKOUT low Cy = 100 pF % % i ns
Pulse duration,
(S CLKOUT high 90 %0 70 ns
Delay time, CLKIN?
1 Y )
et 1o GUKOUT L 15 40 15 40 15 40| ns

§ 1, s the cycle time of CLKOUT, LE., 4xt ¢, (4 Yimes CLKIN cycle time if an externat oscillator is used).
¥ This parameter is not production tested.

*
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SMJ320C10-14

SMJ320C10
SMJ320C10-25
timing requirements over recommended operating conditions (uniess otherwise noted) (see Note 3)
SMJ320C10-14 SMJ320C10 SMJ320C10-25 UNIT
MIN NOM  MAX MIN NOM  MAX MIN NOM MAX
temey Master clock cycle time 69.44 50 150 48.78 50 160 38.06 40 150 ns
trme) Rise time, master clock input 5 5 5 ns
temey Fall time, master clock input 5 5 5 ns
tw(Mc,,)1 Pulse duration, master clock | 0.4t ey 0.8tqmgy | 0-4temcy 0.8tcqucy | 0-45tmc) 0.55tmcy) ns
Pulse duration, master clock
bvmel  jow 20 20 15 ns
Pulse duration, master clock
LMCH) high 20 20 15 ns
' This parameter is not production tested.
NOTE 3: CLKIN rise and fall times must be less than 10 ns.
MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
TEST SMJ320C10-14 SMJ320C10-25 . »
PARAMETER CONDITIONS SMJ320C10 UNIT
(SEE FIGURE 2) MIN NOM MAX MIN NOM MAX
Delay time, CLKOUT| to N + ‘
tar address bus valid 10 50 10 40 ns
Deiay time, CLKOUT
ez to MEN, l Vate(c) - 5* Vaterey +15 | Vatercy- 5 w12 | ns
Delay time, CLKOUT} + +
ty3 o MEN -10 15 -10 12 ns
Delay time, CLKOUT
taa to D—Eyﬁll 4 1/4&:(0) -s¥ 1/4‘0(0) +15 1/41(;(3) —st 1/4%((;) +12 ns
Delay time, CLKOUT} " +
t4s to DENT -10 15 -10 12 ns
tis Delay time, CLKOUT| to Wl 1/2'6(0) -s¥ 1/2!';((;) +15 1’2‘1:((2) -5t 1/21c(C) +12 ns
tyr Delay time, CLKOUT} to WE? -10* 15 —10t 12 ns
Delay time, CLKOUT] to data R =825Q, 3 Y
tag bus OUT valid C, =100 pF falo(c) 485 faeeysse | 03
Time after CLKOUT| that data 1 + 3 +
tag bus starts to be driven fate(c) -3 fare(c) =5 ns
Time after CLKOUT | that data 1 + 4 +
tato bus stops bieng driven Iale()r40 late(cy40 ns
Data bus OUT vatid aft
v CLKOUT] e o 1/4t<=(c) - 10 1/4‘C(C) -10 ns
Address hold time after WE?,
theawm)® MEN?1, or DEN? ! 0+ ot ns
Address bus setup time prior
oo’ g MEN| or DEN| Uato(c) - 45 Viato(c) - 38 ns
¥ This parameter is not production tested.
§ Address bus wilt be valid upon WE*t, DEN?, or MEN?.
NOTE 4. For interfacing I/O devices, see Figure 4.
INSTRUMENTS
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SMJ320C10-14
SMJ320C10
SMJ320C10-25

timing requirements over recommended operating conditions

SMJ320C10-14
TEST CONDITIONS SMJ320C10 SMJ320C10-25 UNIT
(SEE FIGURE 2) MIN NOM MAX MIN NOM MAX
tsup) Setup time, data bus valid prior fo CLKOUT} R, 8250 50 40 ns
Hold time, data bus held valid after CLKOUT| C_ =100 pF
thoy (see Note 5) - ° 0 ns

NOTE 5: Datamay be removed from the data bus upon MENt or DEN? preceding CLKOUT .

SUGGESTED Y/O DECODE CIRCUIT

The circuit shown in Figure 4 is a design example for interfacing /O devices to the SMJ320C10. This circuit
decodes the address for output operations using the OUT instruction. The same circuit can be used to decode
input and output operations if the inverter (ALS04) is replaced with a NAND gate and both DEN and WE are
connected. Inputs and outputs can be decoded at the same port provided the output of the decoder (AS137)
is gated with the appropriate signal (DEN or WE) to select read or write (using an 'ALS32). Access times can
be increased when the circuit shown in Figure 4 repeated to support IN instructions with DEN connected rather
than WE.

The table write (TBLW) function requires a different circuit. A detailed discussion of an exampie circuit for this
function is described on page 315 of the application report, “interfacing External Memory to the TMS32010,"
published in the book, Digital Signal Processing Applications with the TMS320 Famify. A schematic of this circuit
as shown on page 318 of that book.

$MJ320C10 'AS137
"ALS04
32 a 15
GL yo b———
14
Y1 —
2 1 13
PAD) A 2
1 2 Y3 12
PA1 B H—
40 3 va 17
PAZ ¢ vs P——
10
ve Pp———
51 a1 Y7 9
1/O DEVICE
. 7
G2 >

I

FIGURE 4. /0 DECODE CIRCUIT
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SMJ320C10-14

SMJ320C10
SMJ320C10-25
RESET (RS) TIMING
switching characteristics over recommended operating conditions
TEST CONDITIONS
PARAMETER (SEE FIGURE 2) MIN TYP  MAX UNIT
ty,  Delay time, DENt, WE?, and MENt from RS R =825Q, gty +501 ns
tas Data bus disable time after RS Cy =100 pF Yate(cy +50° ns
! This parameter is not production tested.
timing requirements over recommended operating conditions
SMJ320C10-14 SMU320C10-2
SMJ320C10 320 5 UNIT
MIN NOM MAX | MIN NOM MAX
teum Reset (RS) setup time prior to CLKOUT 50 40 ns
tury RS pulse duration 5ty St ns
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
SMJ320C10-14
SMJ320C10 SMJ320C10-25 UNIT
MIN NOM MAX| MIN NOM MAX
tyny'  Falltime, INT 10 10 ns
tynmy  Puise duration, INT o toey ns
toqnny  Setup time, TNT | before CLKOUT} 50 40 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
SMJ320C10-14
SMJ320C10 SM.320C10-25 UNIT
MIN NOM MAX| MIN NOM MAX
oy  Falltime, BIO 10 10 ns
tyqo)  Pulse duration, BIO o) tc) ns
tyoy  Setup time, BIO| before CLKOUT} 50 40 ns

t INT and BIO fall times must be less than 15 ns.
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SMJ320C15-25

SMJ320C15
SMJ320E15
electrical characteristics over specified temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYPT  Max| uniT
SMJ320C15-25 =256 MHZ, Ve = 5.5V 65
icct Supply current SMJ320C15 1=205MHz, Vo =55V §5| mA
SMJ320E15 f=20.5MHz, Vee =55V 90

1 Al typical values are at Voo = 5 V. Ta = 25°C.
* Igc characteristics are inversely proportional to temperature; i.e., loc decreases approximately linearly with temperature.

CLOCK CHARACTERISTICS AND TIMING

The SMJ320C16/E15 can use either its internal oscillator or an external frequency source for a clock.
internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms. a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM  MAX | UNIT
SMJ320C15-25 —55°C to 125°C with 8 MHz crystal 6.7 256
Grystal frequency, f,’ - MHz
SMJ320C15/E15 ~55°C to 125°C with B MHz crystal 6.7 20.5
c1,c2! ~55°C to 125°C with 8 MHz crystal 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TEST CONDITIONS $MJ320C15-25 SMJ320C15 SMJ320E15
PARAMETER UNIT
(SEE FIGURE 2) MIN NOM MAX MIN NOM MAX MIN NOM MAX
tecy CLKOUT cycle time® 15625 160 600| 19512 200 600 195.12 200 600 ns
to CLKOUT rise time 10 10 10 ns
tic) CLKOUT fall time 8 ; 8 8 ns
Pulse duration, R, =825 ¢,
ey CLKOUT low Cy = 100 pF 2 92 92 ns
Pulse duration,
e CLKOUT high 70 90 90 ns
Delay time, CLKINt
9
tamce)' 15 GLKOUT| 15 40 15 40 20 80 ns

§ (g is the cycle time of CLKOUT, I.E., 4xt e, (4 tmes CLKIN cycle time if an external oscillator is used).
Y This parameter is not production tested.

*
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SMJ320C15-25

SMJ320C15
SMJ320E15
timing requirements over recommended operating conditions (unless otherwise noted) (see Note 3)
SMJ320C15
M 15-25
SMJ320C15- SMJ320E15 UNIT
MIN NOM MAX MIN NOM MAX
teme) Master clock cycle time 39.06 40 150 48.78 50 150 ns
temc) Rise time, master clock input (see Note 3) 5 s ns
timcy Fall time, master clock input (see Note 3) 5 5 ns
tumce,  Pulse duration, master clock 0.45tgpmcy 055ty | 0.4tqucy 0.6tgmcy | NS
twmcy  Pulse duration, master clock low 15 20 ns
tumcry  Pulse duration, master clock high 15 20 ns
 This parameter is not production tested.
NOTE 3: CLKIN rise and fall times must be less than 10 ns.
MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
TEST
PARAMETER CONDITIONS SMJ320C15-25 SMJ320C15 UNIT
(SEE FIGURE 2) MIN NOM MAX MIN NOM MAX
Delay time, CLKOUT | to + :
tar address bus valid 10 40 10 50 ns
Delay time, CLKOUT| to
taz m‘i ! b 1/41¢(c) -5t 1/4‘c(C) +12 1I4lc[c) -5t ’/41c(c) +15 ns
Delay time, CLKOUT | to apt 4ot
[ ——JMEN A 10 12 10 15 ns
Delay time, CLKOUT}
taa to0 D—gﬁ . Yacy-5* Yiateigy +12 | Yatery - 5% Vate(c) +15 ns
Delay time, CLKOUT| 10t +
tys 1o DENY 10 12 -10 15 ns
Delay time, CLKOUT
tos 10 W——)é;m i 1/:1;((;) -s¥ 112!¢(c) +12 112!(;((:) -5¥ ‘lzlc(c) +15 ns
tyr Delay time, CLKOUT} to WE?t 10t 12 —10% 15 ns
Delay time, CLKQUT/ to data R, =825Q, Y 3
tag bus OUT valid Cp = 100 pF late(c) +52 lateic) +65 | RS
Time after CLKOUT| that data 1 + 1 "
oo bus starts to be driven fatercy = late(cy -5 ns
N Time after CLKOUT| that data ’ ot 1, ot | ns
d10 bus stops being driven fateicy + 4le(0) +
Data bus OUT valid after
1, GLKOUT} Viate(cy - 10 Yiatercy - 10 ns
s Address hold time after WE?, ' +
thawmo)”  KIEN'S, or DENY 0 0 ns
Address bus setup time prior to :
twan)’  MEN) or DEN i Vale(c) =35 Vite(c) - 45 ns

¥ This parameter is not production tested.
§ Address bus will be valid upon WEt, DENt, or MEN?.
NOTE 4: Forinterfacing /O devices, see Figure 4.
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SMJ320C15-25

SMJ320C15

SMJ320E15

switching characteristics over recommended operating conditions (concluded)

TEST
PARAMETER CONDITIONS SMJ320E15 UNIT
(SEE FIGURE 2) MIN NOM MAX

W aaressmsvaid | 10! 0 | 0
tgo Delay time, CLKOUT to MEN| Vatecy-st Vateicy +18 ns
g3 Delay time, CLKOUT |} to MEN? -10t 15 ns
taa Delay time, CLKOUT) to DEN| Yty Vi) +15 ns
tas Delay time, CLKOUT to DEN? -10t 15 ns
[ Delay time, CLKOUT | to WE | R, - 8250, Vatgcy 5t atecy +15 | ns
tyy Delay time, CLKOUT | to WEt C, - 100 pF 10t 15 ns
t4g Detay time, CLKOUT | to data bus OUT valid "’4‘c(C) +80 ns
tag Time after CLKOUT that data bus starts to be driven gyt ns
taro Time after CLKOUT| that data bus stops being driven "rqteqcy +80" ns
t, Data bus OUT valid after CLKOQUT, Tlaterc)-10 ns
tha.wmpy®  Address hold time after WE t, MEN?, or DENt 0 ns
suamp)’  Address bus setup time prior to MEN| or DEN Yiatec) 45 ns

t This parameter is not production tested.

* Address bus will be valid upon WET, DEN?Y, or MEN{

NOTE 4: Forinterfacing I/O devices, see Figure 4

timing requirements over recommended operating conditions

TEST CONDITIONS |  SMJ320C15-25 SMJ320C15
(SEE FIGURE 2) SMJ320E1S UNIT
MIN NOM MAX MIN NOM MAX
teupy Setup time, data bus valid prior to CLKOUT R, =825 0, 40 50 ns
Hold time, data bus held valid after CLKOUT C_ = 100 pF 0 0 ns

theo) {see Note 5)

NOTE s&:

Data may be removed from the data bus upon MENt or DEN? preceding CLKOUT|.

B-22
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SMJ320C15-25

SMJ320C15
SMJ320E15
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER ngg:ggﬂgg;s MIN TYP MAX | UNIT
ty,  Delaytime, DENt, WE$, and MEN? from RS R, =825Q, geicy+s0T | ns
tysw) Data bus disable time after RS C_ =100pF "gte(cy+50" ns
¥ This parameter is not production tested.
timing requirements over recommended operating conditions
SMJ320C15-25 SMJ320C15
SMJ320E15 UNIT
MIN NOM MAX | MIN NOM MAX
toym Reset (ﬁ) setup time prior to CLKOUT (see Note 6) 40 50 ns
twm RS pulse duration St 5t ns
NOTE 6. RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
SMJ320C15-25 SMJaz0C18
SMJ320E15 UNIT
MIN NOM MAX| MIN NOM WAX
try'  Falltime, INT 10 10 ns
tygnny  Pulse duration, INT teey tocy ns
tonry  Setup time, INT| before CLKOUT| 40 50 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
SMJ320C15-25 SMJ320C15
SMJ320E15 UNIT
MIN NOM MAX| MIN NOM MAX
tooy’  Falltime, BIO 10 10 ns
tyioy  Pulse duration, BIO teo teig) ns
tsapy  Setup time, BIO| before CLKOUT| 40 50 ns

* INT and BIO fall times must be less than 15 ns.
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SMJ320 FIRST-GENERATION
DEVICES

TIMING DIAGRAMS

This section contains all the timing diagrams for the SMJ320 first-generation devices. Refer to the top corner for the
specific device.

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless
otherwise noted, See Figure 4.

clock timing
= Lo =t mcH) 1
! =ty
} 1 temc) -I : | | er
| ! |
X2/CLKIN IZ'Z[ |§ W
|
I | ‘L——Dl—'-w("cu
| S t
| (MC) L
o —_————
—= :“’ tamce) | () |
CLKoUT I _/'IL \
| ! |
—-—I :._ tiey — - ey :
| e tuicy —_— ]
b tec) »!
t tamcey and tymcp) are referenced to an intermediate levet of 1.5-volts on the CLKIN waveform.
memory read timing
|r= te 5;
| I
CLKOUT \ / \ /
[P ty ——— :
tas -—.{ j-— J |
|
MEN —_l‘/F———\L ! /IF_—_——L
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| — e te |
(A-MD) r" & thia.wmp)
b tay —.] I

A11-AQ X g E E S X ADDRESS BUS VALID X g S S gx

) ¢ B
D15-DO \r INSTRUCTION INVALID *(
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SMJ320 FIRST-GENERATION

DEVI

CES

TBLR instruction timing
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LEGEND:
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TBLR INSTRUCTION PREFETCH
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DATA FETCH
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ADDRESS BUS VALID
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TBLW instruction timing
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INSTRUCTION VALID
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DATA INPUT VALID
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LEGEND:

1. TBLW INSTRUCTION PREFETCH 7. ADDRESS BUS VALID

2. DUMMY PREFETCH 8. INSTRUCTION VALID

3. NEXT INSTRUCTION PREFETCH 9. INSTRUCTION VALID

4. ADDRESS BUS VALID 10. DATA QUTPUT VALID

5. ADDRESS BUS VALID 11. INSTRUCTION OUTPUT VALID

6. ADDRESS BUS VALID
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SMJ320 FIRST-GENERATION
DEVICES

IN instruction timing
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LEGEND:
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OUT instruction timing
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SMJ320C10, SMJ320C10-25, SMJ320C10-14
SMJ320C15, SMJ320C15-25, SMJ320E15

reset timing

|
->|| a— tyum) _.(l — Yy
RS \l
—
L— tw(n) ——l
DEN | 4
_WE SEE ‘ DATA IN FROM DATA IN FROM
BN~ T =t PC ADDR o\ PC ADDR\PC+1
dia(R) o —
.. Y DATA SHOWN RELATIVE TO WE AN 3_( -
\ F T \
- 5
MEN \ ™\
AB = ADDRESS BUS AB = PC4+1

ADDRESS AB=PC X AB=PCH >68 AB=PC=0

NOTES: A. RS forces DEN, WE, and MEN high and places data bus DO through D15 in a high-impedance state. AB outputs (and pragram counter)

are synchronously cleared to zero after the next complete CLK cycle from RS|.

B. RS must be maintained for a minimum of five clock cycles.

C. Resumption of normal program will commence after one complete CLK cycle from RSt.

D. Due to the synchronization action on RS, time to execute the function can vary dependent upon when RSt or RS| occur in the CLK
cycle.

E. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive.

F. During a write cycle, RS may produce an invalid write address.

interrupt timing

|
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|
~ = tom |
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BIO timing
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i
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SMJ320E15

EPROM PROGRAMMING

absolute maximum ratings, Ta = 25°C (unless otherwise noted)?

Supply voltagerange, Vpp (see Note 1) ... ... ... . e -06Vto14V
! Stresses beyond thoss listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not imptied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: Under "Absolute Maximum Ratings”, all voltage values are with respect tc Vgg.

recommended operating conditions

MIN NOM MAX ! UNIT

Vpp Supply voltage (see Note 7) 12.25 125 1275 \'%

NOTE 7: Vpp can be connected to Ve directly (except in the program mode) V. supply current in this case would be lgc + lpp. During
programming, Vpe must be maintained at 12.5 V (x0.25 V).

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
lopy  Vpp supply current Vpp =V =525V 100 uA
lppz  Vpp supply current (during program pulse) Vpp = 12,75V 50 mA

recommended timing requirements for programming, Ta = 25°C, Voo =6 V, Vpp = 125 V,
(see Note 8)

MIN NOM MAX| UNIT
twgpgm  Initial program pulse duration 0.85 1 1.05 ms
twirpayy  Final pulse duration 2.85 78.75 ms
tsua) Address setup time 10 us
tuE) E setup time 10 ps
tau(G) G setup time 15 pus
tais(G) Output disable time from G (see Note 9) 90 ns
tanic) Output enable time from G 105 ns
su) Data setup time 4 us
tsuvpry  Vpp Setup time 15 us
tsuveey  Veg setup time 20 us
thia) Address hold time B8 us
o) Data hold tims 28 us

NOTES: 8. For all switching characteristics and timing measurements, input pulse levels are 0.40 V10 2.4 V and Vpp = 12.5 V £ 0.25 V during
programming.
9. Common test conditions apply for ty gy except during programming.

*
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SMJ320E15

PROGRAMMING THE SMJ320E15 EPROM CELL

The SMJ320E15 includes a 4K x 16-bit industy-standard EPROM cell for prototyping, early field testing, and
low-volume production. The SMJ320C15 with a 4K-word masked ROM then provides a migration path for
cost-effective production. An EPROM programmer adaptor socket (part #RTC/PGM320A-06), shown in
Figure 5, is available to provide 40-pin to 28-pin conversion for programming the SMJ320E15.

FIGURE 5. EPROM PROGRAMMER ADAPTOR SOCKET

Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM
cell also includes a code protection feature that allows code to be protected against copyright violations.

The SMJ320E15 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64
8K x 8-bit EPROM. The TMS27C64 EPROM series are unitraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin-compatible with existing 28-pin ROMs
and EPROMs. These EPROMs operate from a single 5-V supply in the read mode; however, 12.5-V Vpp supplies
are needed for programming. All programming signals are TTL level. For programming outside the system,
existing EPROM programmers can be used. Locations may be programmed singly, in blocks, or at random.

Figure 6 shows the wiring conversion to program the SMJ320E15 using the 28-pin pinout of the TMS27C64.
Table 5 an pin nomenclature provides a description of the TMS27C64 pins. The code to be programmed into the
device should be in serial mode. The SMJ320E15 uses 13 address lines to address 4K-word memory in byte
format.

TExas Q
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TABLE 5. PIN NOMENCLATURE (SMJ320E15)

RS

Reset for initializing the device

NAME [/{e] DEFINITION
A12(MSB)-AQ(LSB) | On-chip EPROM programming address lines
CLKIN | Clock oscillator input
E | EPROM chip select
EPT I EPROM test mode select
G | EPROM readverify select
GND ( Ground
PGM 1 EPROM write/program select
Q8(MSB)-Q1(LSB) /0 Data lines for byte-wide programming of on-chip 8K bytes of EPROM

i
Vee | 5-V power supply
Vep { 12.5-V power supply
~7
1 At A2 40
2 AQ({LSB) A3 39
3 VPP A4 38
———] 4 RS A5 37 |
Vep 110 +— 5 EPT A6 36 ] 28 Voo
A12 2] Qs A7 35 ] 27 PGM
A7 30— 07z ABM]—l D 26 NC
A6 40— ———] 8 CLKIN 3 ] 25 A8
As 50— 0o 321 0 24 A9
A1 60— +———] 10 GND 31 [ —VW—i 23 An
A3 70— 11 Q1(LSB) Ve 30 f——oI R 122 G
A2 8[— 12 Q2 A9 29 [— l ] 21 A10
Al 9[——{_/ 13 Q3 A10 28 [1 [l 20 E
A0 10 ] 14 Q4 A1 27 [} 1 19 Q8
Q1 11 15 Q5 (MSB)A12 26 [—— N 18 Q7
Q2 12(] 16 Q6 Easf 1 17 Q8
a3 13 17 Q7 __Gaaf] ] 16 Q5
GND 14 (] 18 Q8(MSB) PGM 23 [1 ] 15 Q4
TMS27C64 g 19 22 TMS27C64
PINOUT g 20 SMJ320E15 210 PINOUT
(

T R = 3.9k ohms.

FIGURE 6. SMJ320E15 EPROM PROGRAMMING CONVERSION TO

TMS27C64 EPROM PINOUT

B-30
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Table 6 shows the programming levels required for programming, verifying, reading, and protecting the EPROM cell.
TABLE 6. SMJ320E15 PROGRAMMING MODE LEVELS

SIGNAL NAME | SMJ320E15PIN | TMS27C64 PIN | PROGRAM | VERIFY READ PROTECT VERIFY | ROM PROTECT
E 25 20 Vi ViL Vi ViL Vin
G 24 22 Viy PULSE PULSE Vi Vin
PGM 23 27 PULSE Vin Vin ViH Vi
Vep 3 1 Vep Vep Vee Vee+ 1 Vep
Veo 30 28 Vee Vee Vee [V Voo +1
Vss 10 14 Vs Vss Vss Vss Vss
CLKIN 8 14 Veg Ves Vgs Vs Ves
RS 4 4 Vss Vss Vss Vss Vss
| EPT 5 26 Ves Ves Ves Vre Ver
Q1-Q8 18-11 19-15, 13-11 Dy Qoyr Qour Q8=RBIT Q8=PULSE
A12-A10 26, 27, 28 2,23, 21 ADDR ADDR ADDR X X
A9-A7 29,34, 35 24,25,3 ADDR ADDR ADDR X X
AB 36 4 ADDR ADDR ADDR Vi X
A5 37 5 ADDR ADDR ADDR X X
A4 38 6 ADDR ADDR ADDR X Viy
A3-AQ 39,40.1,2 7-10 ADDR ADDR ADDR X X
LEGEND:

Viq = TTL high level; Vy_= TTL low level; ADDR = byte address bt
Vpp =125V £ 0.25V, Ve = 5V = 5% for read only, otherwise, Ve = 6 V; X = don't care
PULSE = low-going TTL level pulse; Dy = byte to be programmed at ADDR

Qpyr = byte stored at ADDR; RBIT = ROM protect bit

programming

Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once
programmed, these bits can only be erased using ultraviolet light. The correct byte is placed on the data bus with
Vpp set to the 12.5-V level. The PGM pin is then pulsed low to program in the zeroes.

erasure

Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 watt-seconds per square centimeter. A typical 12
milliwatt-seconds per square centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should
be located about 2.5 centimeters above the chip during erasure. After exposure, all bits are in the high state.
verify/read

To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown
in Table 6, assuming the inhibit bit has not been programmed.

program inhibit

Programming may be inhibited by maintaining a high ievel input on the E pin or PGM pin.

read

The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents
of the EPROM location selected by the value on the address inputs appear on Q8-Q1.

Tms{"
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output disable

During the EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing
the output disable state. This state is selected by setting G and E pins high. While output disable is selected,
Q8-Q1are placed in the high-impedance state.

EPROM protection

To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code
from external accesses can be completely disabled. Programming the RBIT disables external access of the
EPROM cell and disables the microprocessor mode, making it impossible to access the code resident in the
EPROM cell. The only way to remove this protection is to erase the entire EPROM cell, thus removing the
proprietary information. The signal requirements for programming this bit are shown in Table 6. The cell can be
determined as protected by verifying the programming of the RBIT shown in the table.

standard programming procedure

Before programming, the device must first be completely erased. Then the device can be programmed with the
correct code. It is advisable to program unused sections with zeroes as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label
should be placed over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this
point, the programming is complete, and the device is ready to be placed into its destination circuit.

program cycle timing

rt——— VERIFY ——#
PROGRAM
I l

|
Vi
A12-A0 X ADDRESS STABLE §< ADDRESS N+1
| Vi
t |
[ ] thiy
I Vin/Von
Qs-Q1 —{: DATA IN STABLE }— HI-Z DAT :L%UT

| VilVoL

|
tsu(D)

i
"+ tais(c)

| : !
| |
1 7 T i ; Ver
Vep | | i | |
I | ! | ; Vee
I‘_—'——.t_'su(VPP) i i | .
i | T | t Veetl
Vee /1 ‘ I | |
| l | \ ! Vee
[
: t:u(VCC) : ! |
_ [ | Vin
E i ! |
| | . I . v
f w
S e
__ u » i Vin
PGM et
G V,
twopamy ™ : T’( L‘ tenia) *

twrrom) ™

ra

ol
< <
FE

*»
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SMJ320 FIRST-GENERATION

DEVICES
PACKAGE TYPES
PACKAGE TYPE SUFFIX FAMILY MEMBERS
o ) SMJ320C10, SMJ320C10-14, SMJ320C10-25
40-pin side-brazed ceramic DIP JD SMJ320C15, SMJ320C15-25
40-pin windowed ceramic DIP JD SMJ320E15
. . SMJ320C10, SMJ320C10-14, SMJ320G10-25
44-pad ieadless ceramic chip carrier FD SMJ320015. SMJ320C15-25
THERMAL DATA
thermal resistance characteristics
Ry, Ry,
PACKAGE A s
{°C/W) {"C/'wW)
40-pin side-brazed ceramic DIP 42.8 7.2
40-pin windowed DIP 41.0 8.0
44-pad leadiess ceramic chip carrier 447 13.3
TEXAS ‘v
INSTRUMENTS
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SMJ320 FIRST-GENERATION
DEVICES

MECHANICAL DATA

40-pin JD ceramic dual-in-line package (SMJ320C10/C15)

——— 51,31 (2.020) MAX ﬁ
{(21)

(See Note A)
1,27 + 0,254

sty dboas i {0.050 + 0.010)

(0.018 £ 0.003)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
NOTE A: Each pin centerline is located within 0,254 {0.010) of ¢s true longitudinal position.

15,24 + 0,254 e |
{0.600 't Ogﬂl) e /‘\ @
- 4,70 (0.185) MAX
0,508 (0.020) MIN
T O o e g 3,81 + 0,762
__ SEATING 4 f {0.150 £ 0.030)
PLANE ] | _f
I ‘
— = PIN SPACING 2,54 (0.100) T.P.
0,254 (0.010) NOM—-H—— (0-100) —— 1,279 33’

[ooso:8 ]

40-pin JD windowed ceramic dual-in-line package (SMJ320E15)

-

51,31 (2.020) MAX
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21

T
ol
INDEX DOT - — 5

\L \\/ !

15,0 (0.590)
NOM

!

15,24 £ 0,25 1
| (0600 +0.010)

2 3 456 7 8 9 1011 121314151617 181920

(SEE NOTE A) 0,457 + 0,076

(0.018 £ 0.003)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
NOTE A: Each pin centerline is located within 0,254 (0.010) of its true longitudinal position.

¢
‘ 5.029 {0,198)
‘ l 0,508 (0.020) MAX
MIN ¥
SEATING )
} ! j' PLANE K ! Lf—l Lﬁ 1
_—H_:LQS 1,27 & 0,508 __H__ .]L12710254
9 10.050 = 0020) 2,54 (0.100) T.P. (0.030 + 0.010) 3,81 + 0,762
PIN SPACING (0.150 = 0.030)

*
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SMJ320C10, SMJ320C10-25, SMJ320C10-14
SMJ320C15, SMJ320C15-25

MECHANICAL DATA

44-pad ceramic chip carrier package
16,82 (0.662)

16,33 (0.643)

I‘* 15,04 (0.592) MAX —’]
29 30 31 32 33 34 35 36 37 38 39

16,82 (0.662)
16,33 (0.643)

15,04
(0.592)
MAX

INDEX CORNER

40 41424344 1 2 3 4 5 6
2,41, (0.095) 0,64 (0.025)

1,91 (0.075) IQ 0,38 (0.015) _-l

/ { 0,64 (0.025)
o 0,38 (0.015)
0,63;((%025) - l
yooooon
¢ nogooog -—s=--¢
D D . l B B I ?6‘.53255216.20750) TP
«?&%) I oooon IpLACES -
1,14 (0.045)
i _ X { 0,89 (0.035)
1,47 (0.058) f | o ! *
0,97 (0.038) 076 0.030) ¢ — 0™ 1’27_(:"052_ 1,14 (0.045) —l
0,51 (0.020) 0,89 (0.035) 3,05 (0.120)
0,381 (0.015) 7,65 (0.065)

0,076 (0.003)

The checkerboard pattern is aligned vertically and is symmetrical horizontally as shown.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

R
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Appendix C

ROM Codes

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14),'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

If used often, the routine or entire algorithm can be programmed into the on-
chip ROM of a TMS320C 1x processor. TMS320 programs can also be expan-
ded by using external memory; this reduces chip count and allows for a more
flexible program memory. Multiple functions are easily implemented by asingle
device, thus enhancing system capabilities.

TMS320 development tools are used to develop, test, refine, and finalize the
algorithms. The microcomputer/microprocessor (MC/MP) mode is available
on all ROM-coded TMS320 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 program memory. When the algo-
rithm has been finalized, the designer may submit the code to Texas Instru-
ments for masking into the on-chip program ROM. At that time, the TMS320
becomes a microcomputer that executes customized programs out of the on-
chip ROM. Should the code need changing or upgrading, the TMS320 may
once again be used in the microprocessor mode. This shortens the field up-
grade time and avoids the possibility of inventory obsolescence.

A TMS320E1x signal processor with the EPROM option is the solution for low-
volume production orders. The EPROM option allows for form-factor emula-
tion. Field upgrades and changes are possible with the EPROM option.

C-1



ROM Codes

Size of a printed circuit board must be considered in many DSP applications.
To use board space efficiently, Texas Instruments offers two options that re-
duce the chip count providing a single-chip solution. These options incorporate
4K words of on-chip program from either a mask programmable ROM or an
EPROM. This allows you to use a code-customized processor for a specific
application while taking advantage of the following:

Cd Greater memory expansion
(2 Lower system cost

A Less hardware and wiring
Ck Smaller PCB

Note:

in all ROM-coded devices, a 96-word block of memory located at the highest
address space is reserved for device testing. If the program code requires
afull 4K x 16-bit memory, external memory or EPROM version (TMS320E1x)
must be used.

c-2 ROM Codes
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Figure C—1. TMS320C1x ROM Code Flowchart

L ¢ Customer TMS320C1x design )

Customer submits:

TMS320C14 new code release form.
—»1 Print evaluation and acceptance form (PEAF).
Purchase order for mask charge/25 prototypes.
TMS320C1x code.

Customer code input into Tl system.

Fexas Instruments responds:
Code sent back for verification.

Customer approves algorithm

Tl produces 25 prototypes

Customer approves prototypes
(minimum production order required)

C TMS320C1x production )

C-3
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Lead times for the first 25 prototype units begin when the customer has formal-
ly verified that T| has recorded his code correctly. Leadtimes for the first pro-
duction order begin once the customer formally approves the masked proto-
types. The typicallead time for masked TMS320C 1x prototypes is 8 weeks and
for masked TMS320C1x production 10 to 12 weeks. Texas Instruments con-
stantly strives to improve these lead times and reserves the right to make
changes atany time. Please contact the nearest Tl Sales Office for current lead
times, mask-ROM production charges, minimum order, and confirmation ofthe
mask/production requirements.

Figure C—1 illustrates the procedure flow for implementing TMS320C14
masked parts.

TMS320C 1x ROM code may be submitted in one of the following formats (the
preferred media is 5 1/4-in floppy diskettes):

G PROM: TBP28S166, TBP28S86

L EPROM: TMS27C64, TMS2508, TMS2516, TMS2532, TMS2564
[ Floppy diskette: Tl cross-assembler format

d Modem (BBS): Tl cross-assembler format

When a code is submitted to Texas Instruments for a masked device, the code
is reformatted to accommodate the Tl mask generation system. System level
verification by the customer is therefore necessary. Although the code has
been reformatted, it is important that the changes remain transparent to you
and not affect the execution of the algorithm. The formatting changes made in-
volve deletion of all address tags (unnecessary in a ROM code device) and ad-
dition 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.

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

“The units to be shipped against this order were assembiled, for expediency
purposes, on a prototype (that is, non-production qualified} manufacturing line,
the reliability of which is not fully characterized. Therefore, the anticipated in-
herent reliability of these prototype units cannot be expressly defined.”

and a release stating:

“Any masked ROM device may be resymbolized as Tl standard product and
resold as though it were an unprogrammed version of the device, atthe conve-
nience of Texas Instruments.”

ROM codes will be deleted from the Tl system after one year from the last deliv-
ery.

ROM Codes



Appendix D

Quality and Reliability

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), 'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

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:

Qi Our customers

[ Our total manufacturing operation from front-end wafer fabrication to final
shipping inspection
Q2 Product quality and reliability monitoring.

Qur customer's perception of quality must be the governing criterion for judg-
ing performance. This concept is the basis for Texas Instruments Corporate
Quality Policy, which is as follows:

“For every product or service we offer, we shall define the requirements 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 constant
improvement in quality and reliability.

Note:

Without notice, Texas Instruments reserves the right to make changes in
MOS Semiconductor test expectations, procedures, and processing. Unless
prior arrangements for notification have been made, Tl advises all customers
to verify current testing and manufacturing conditions prior to relying upon
any published data.




Reliability Stress Tests

D.1 Reliability Stress Tests

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

P00 00

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 um).

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

00 Qed

L

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 equip-
ment)

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

Manufacturing site.

Ti reliability control systems extend beyond qualification. Total reliability con-
trols and management include a product reliability monitor and final product
release controls. MOS memories, utilizing high-density active elements, serve
as leading indicators in wafer-process integrity at TI MOS fabrication sites, en-
hancing all MOS logic device yields and reliability. Thousands of MOS devices
per month are randomly tested to ensure product reliability and excellence.

Quality and Reliability
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Table D~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)

FIT (Failure in time)

Operating lifetest

High-temperature storage

Biased humidity

Autoclave (pressure cooker)

Temperature cycle

Number of defective products in a popula-
tion, usually expressed in terms of parts
per million (PPM).

Estimated field failure rate in number of
failures per biltion power-on device hours;
1000 FITS equals 0.1 percent fail per
1000 device hours.

Device dynamically exercised at a high
ambient temperature (usually 125°C) to
simulate field vsage that would expose
the device to a much lower ambient tem-
perature (such as 55°C). Using a derived
high temperature, a 55°C ambient failure
rate can be calculated.

Device exposed to 150°C unbiased condi-
tion. Bond integrity is stressed in this envi-
ronment.

Moisture and bias used to accelerate cor-
rosion-type failures in plastic packages.
Conditions include 85°C ambient temper-
ature with 85-percent relative humidity
(RH). Typical bias voltage is +5 V and
ground on alternating pins.

Plastic-packaged devices exposed to-
moisture at 121°C using a pressure ofone
atmosphere above normal pressure. The
pressure forces moisture permeation of
the package and accelerates corrosion
mechanisms (if present) on the device.
External package contaminates can also
be activated and caused to generate in-
ter-pin current leakage paths.

Device exposed to severe temperature
extrtemes in an alternating fashion (—65°C
for 15 minutes and 150°C for 15 minutes
per cycle) for at least 1000 cycles. Pack-
age strength, bond quality, and consisten-
cy of assembly process are stressed in
this environment.
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D-4

Thermal shock

PIND

Mechanical Sequence:
Fine and gross leak
Mechanical shock

PIND (optional)
Vibration, variable frequency

Constant acceleration

Fine and gross leak
Electrical test

Thermal Sequence:
Fine and gross leak
Solder heat (optional)
Temperature cycle

Thermal shock

Moisture resistance
Fine and gross leak
Electrical test

Thermal/Mechanical Sequence:

Fine and gross leak
Temperature cycle

Constant acceleration

Fine and gross leak
Electrical test
Electrostatic discharge

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 par-
ticles inside a device cavity.

Per MIL-STD-883C, Method 1014.5

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

Per MIL-STD-883C, Method 2020.4

Per MIL-STD-883C, Method 2007.1,204,
Condition A

Per MIL-STD-883C, Method 2001.2, 20
kg, Condition D, Y1 Plane min

Per MIL-STD-883C, Method 1014.5
To data sheet limits

Per MIL-STD-883C, Method 1014.5
Per MIL-STD-750C, Method 1014.5
Per MIL-STD-883C, Method 1010.5, (10

cycles minimum) —65 to +150°C, Condi-
tion C

Per MIL-STD-883C, Method 1011.4,(10

cycles minimum) =55 to +125°C, Condi-
tion B

Per MIL-STD-883C, Method 1004.4
Per MIL-STD-883C, Method 1014.5
To data sheet limits

Per MIL-STD-883C, Method 1014.5

Per MIL-STD-883C, Method 1010.5, (10
cycles minimum) —65 to +150°C, Condi-
tion C

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

Per MIL-STD-883C, Method 1014.5
To data sheet limits
Per MIL-STD-883C, Method 3015

Quality and Reliability
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Solderability
Solder heat
Salt atmosphere

Lead pull
Lead integrity

Electromigration

Resistance to solvents

Table D-1. Microprocessor and Microcontroller Tests

Per MIL-STD-883C, Method 2003.3
Per MIL-STD-750C, Method 2031,10 sec

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

Per MIL-STD-883C, Method 2004.4,
Condition A
Per MIL-STD-883C, Method 2004.4,
Condition B1

Accelerated stress testing of conductor
patterns to ensure acceptable lifetime of
power-on operation

Per MIL-STD-883C, Method 2015.4

Test Duration Sample Size
Plastic Ceramic

Operating life, 1256°C, 5.0 V 1000 hrs 129 129
Operating life, 150°C 5.0 V 1000 hrs 77" 77
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°C to 150°C 1000 cycles | 129 129
Temperature cycle, 0°C to 125°C 3000 cycles | 129 129
Thermal shock, ~65°C to 150°C 200 cycles 129 129
Electrostatic discharge, +2 kV 12 12
Latch-up (CMOS devices only) 5 5
Mechanical sequence - 38
Thermal sequence - 38
Thermal/mechanical sequence - 38
PIND - 45
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Table D-1.  Microprocessor and Microcontroller Tests (Continued)

Test Duration Sample Size
Plastic Ceramic
Internal water vapor - 3
Solderability 22 22
Solder heat 22 22
Resistance 1o 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

Note: If junction temperature does not exceed plasticity of package.

Table D-2 provides alist of the TMS320C 1x devices, the approximate number
of transistors, and its equivalent number of gates. The numbers were deter-
mined during the stages of design verification and production.

Table D-2. TMS320C1x Transistors

Device # Transistors # Gates

NMOS:

TMS32010 (all speeds) 50K 17K
CMOS:

TMS320C10 (all speeds) 58K 15K

TMS320C14 (all speeds) 122K 25K

TMS320E14 (all speeds) 125K 26K

TMS320C15 (all speeds) 110K 20K

TMS320E15 (all speeds) 113K 21K

TMS320C16 (all speeds) 125K 26K

TMS320C17 (all speeds 115K 22K

TMS320E17 (all speeds) 118K 23K
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Appendix E

Development Support

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), 'C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise
noted.

Texas Instruments offers an extensive line of development tools for the
TMS320C1x generation of DSPs, including tools to evaluate the performance
of the processors, generate code, develop algorithm implementations, and ful-
ly integrate and debug software and hardware modules.

The following products support development of TMS320C1x-based applica-
tions:

Code Generation Tools:
Assembler/linker

System Integration and Debug Tools:
Software simulator
Evaluation module
In-circuit emulator (XDS/22)
Analog interface board

Each TMS320C1x support product is described in the TMS320 Family Devel-
opment Support Reference Guide (literature number SPRU011B). In addition,
more than 100 TMS320 third-party developers provide support products to
complement TI's offering. For more information on third-party support refer to
the TMS320 Third Party Reference Guide (literature number SPRU052). To
request a copy of either document, contact the Tl Customer Response Center
at (800) 336-5236.

For information on pricing and availability, contact the nearest Ti Field Sales
Office or authorized distributor.
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E.1 Device and Development Support Tool Nomenclature

E-2

To designate the stages in the product development cycle, Texas Instruments
assigns prefixes to the part numbers of all TMS320 devices and support tools.
Each TMS320 member has one of three prefix designators: TMX, TMP, and
TMS. Texas Instruments recommends two of three possible prefix designators
for its support tools: TMDX and TMDS. These prefixes represent one of the
evolutionary stages of product development from engineering prototypes
(TMX/TMDX) through fully qualified production devices/tools (TMS/TMDS).
This development flow is defined below.

TMX  Experimental device that is not necessarily 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 Developmentsupport productthat has notyet completed Texas Instru-
ments internal qualification testing.

TMDS Fully qualified development support product.

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

"Developmental product is intended for internal evaluation purposes.”
TMS devices and TMDS development support tools have been fully character-

ized, and the quality and reliability of the devices have been fully demon-
strated. Texas Instruments standard warranty applies.

—
Note:

Predictions show that prototype devices (TMX or TMP) will have a greater
failure rate than the standard production devices. Texas Instruments recom-
mends that these devices not be used in any production system because
their expected end-use failure rate is still undefined. Only qualified produc-
tion devices are to be used.

L i

Tl device nomenclature also includes a suffix with the device family name. This
suffix indicates the package type (for example, N, FN, or GB) and temperature
range (for example, L). Figure E~1 provides a legend for reading the complete
device name for any TMS320 family device.

Development Support and Part Order Information
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Figure E-1. Device Nomenciature

TMS 320 C 30 GB L

Prefix Temperature Range
TMX = Experimental Device L=0t070°C
TMP = Prototype Device §$=-5510100°C
TMS = Qualified Device M=-55t0125°C
SMJ = MIL-STD-883C A=-40t085°C
Device Family e Package Ty
320 = TMS320 Family = Plastic E??’
JD Ceramic DIP Ceramic
side-brazed
J = Ceramic CER-DIP
£ = Gorarmic CER-QUAD
= Ceramic -
Technology FN = Plastic Leaded CC
E = CMOS EPROM FD = Ceramic Leadless CC

LL.C= CMOS Low-Voltage
P = CMOS One-Time-Programmable
No Letter = NMOS

C2x Gen. DSP

C3x Gen. DSP

C4x Gen. DSP
C5x Gen. DSP
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Figure E-2 provides a legend for reading the part number for any TMS320
family software or hardware development tool.

Figure E-2. Development Support Tool Nomenclature

TMDS 32 4 08 1 0 0 2

Prefix } L Medium(1)

TMDX = Protatype 2 = 5 1/4-in floppy disk
TMDS = Quaiified 8 = 1600 BP| magnetic
tape
Device Family ———— S/W Format(!)
32 = TMS320 Family 0 = Object Code
1 = Source Code
Product Type Sequence Number(2)
4 = Software
& = Hardware
8 = Upgrade
Model(2) Generation(2)
11 = XDS/11 1=Cix
22 = XDS/22 2 =0C2x
88 = Upgrade Kits 3=03x
4 = C4x
5 = Cbx
Operating System!(1) Format(!)
02 = C1x VAX/VMS 1 = Tl-tagged
08 = C1x iBM PC/MS-DOS 5= COF?:
22 = C2x VAX/VMS
28 = C2x IBM PC/MS-DOS
32 = C3x VAX/VMS
38 = C3x IBM PC/MS-DOS
42 = C4x VAXIVMS
48 = C4x IBM MS?PC-DOS
52 = C5x VAX/VMS (1) Software only.
58 = C5x IBM MS/PC-DOS (2) Hardwars only.
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Appendix F

Analog Interface Peripherals and Applications

Texas Instruments offers many different products for total system solutions in-
cluding various memory options, data acquisition, and analog input/output de-
vices. This appendix describes a variety of devices that interface directly to the
TMS320 DSPs in many rapidly expanding applications.

T

Note:

Throughout this book, 'C14 designates all devices with a 14 suffix
(C14/E14/P14), *C15 all devices with a 15 suffix (C15/E15/LC15/P15), and
'C17 all devices with a 17 suffix (C17/E17/LC17/P17), unless otherwise

noted.
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F.1 Multimedia Applications

Multimedia integrates different media via a centralized computer. These media
can be visual or audio and can be input to or output from the central computer
via a number of technologies. These technologies can be digital based, such
as digital audio and digital video, or analog based, such as audio or video tape
recorders. The integration and interaction of media enhances the transfer of
information and can accommodate both analysis of problems and synthesis
of solutions.

Figure F-1. System Block Diagram

Figure F—1 shows the central role of the multimedia computer and the multime-
dia system’s ability to integrate the various media to optimize information flow
and processing.

CD ROM ‘ Operator Input ‘ ) Modem
Video Input .
Image Sensor L ) ——_l____/l* Video Monitor
V] Multimedia
l 2 Computer r—L—\
Microphone I l q Facsimile/Modem
Music Input l ™} Slides and Printing
(MID1) Speakers

F.1.1 System Design Considerations

Multimedia systems can include various grades of audio and video quality. The
most popular video standard currently used (VGA) covers 640 x 480 pixels with
1,2, 4, and 8-bitmemory-mapped color. Also, 24-bit true color is supported and
1024 x 768 (beyond VGA) resolution is emerging. There are two grades of au-
dio. The lower grade accommodates 11.25 kHz sampling for 8-bit mono, while
the higher grade accommodates 44.1-kHz sampling for 16-bit stereo.

Audio specifications include a musical instrument digital interface (MIDI) with
compression capability, which is based on keystroke encoding, and an input/
output port with a 3-disc voice synthesizer. in the media control area, video
disc, CD audio, and CD ROMplayer interfaces are included. Figure F—2 shows
a multimedia subsystem.

The TLC32046 wide-band analog interface circuit (AIC) is well suited for multi-
media applications because it features wide-band audio and up to 25-kHz

Analog Interface Peripherals and Applications
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sampling rates. The TLC32046 is a complete analog-to-digital and digital-to-
analog interface system for the TMS320 DSPs. The nominal bandwidths of the
filters accommodate 7.6 kHz; however, this bandwidth is programmable. The
application circuit shown in Figure F-2 handles both speech encoding and mo-
dem communication functions, which are associated with multimedia applica-

tions.

Figure F-2. Multimedia Speech Encoding and Modem Communication

VOCODER (Speech Analysis) 9600-bps Modem (V.32 bis)

r——"="=== |l -

{ TLC32046  TMS320 : TMS320 : TMS320  TLC32046 |I
B 1 < DSP | ]
2 AIC DSP | | Encrypt/ | | OSP AIC | | DAA | HYB
£+ > - Decrypt |y —>—

| l | I

U S | b e e ——— Jd

TMS320 DSP/TLC32046
Interface
Controller Memory

Figure F-3. TMS320C25 to TLC32046 Interface

Phone
Line

Figure F-3 shows the interfacing of the TMS320C25 DSP to the TLC32046
AIC that constitutes the building blocks of the 9600-bps V.32 bis modem shown

in Figure F-2.

_I_SV

™~

TMS320C25 TLC32046
CLKOUT < MSTRCLK Vet o2 Cor
FSX <« FSX REF —-K———-l 0.2 yF Cer. =
DX |—»— Dx ANLG GND * —y
FSR |— < FSR * BAT 42 —T— 0.2 uF Cer.
DR < DR Vee- o -5V
CLKR ¢—4— SHIFT CLK VDD ¢ 9 +5V
CLKX J * —L 0.1 uF
DGTL GND . T

F1.2

Multimedia-Related Devices

Y

As shown in Table F—1, Tl provides a complete array of analog and graphics
interface devices. These devices support the TMS320 DSPs for complete mul-

timedia solutions.
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Table F-1. Multimedia-Related Devices

Device Description o] Refgil:.nst)ion cgll.‘i‘éel:';:ltzn Application
TLC32046 | Analog interface (AIC) Serial 14 25 kHz Speech and modems
TLC32044 | Analog interface (AlC) Serial 14 19.2 kHz Speech and modems
TLC32040 | Analog interface (AIC) Serial 14 19.2 kHz Speech and modems
TLC34075 | Video palette Parallel Triple 8 135 MHz Graphics
TLC34058 | Video palette Paralie! Triple 8 135 MHz Graphics
TLC5502 Flash ADC Parallel 8 20 MHz Video
TLC5602 Video DAC Parallel 8 20 MHz Video
TLC5501 Flash ADC Parallel 6 20 MHz Video
TLC5601 Video DAC Parallel 6 20 MHz Video
TLC1550/1 | ADC Parallel 10 150 kHz Servo ctrl / speech
TLC32070 | Analog interface (AIC) Parallel 8 1 MHz Servo ctrl / disk drive
TMS57021 | Digital filter Serial 18 44.1 kHz Digital audio
TMS57010 | Dual 18-Bit DAC Serial 18 44.1 kHz Digital audio

For application assistance or additional information, please call
(214) 997-3772.
F-4 Analog Interface Peripherals and Applications
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F.2 Telecommunications Applications

Ti's linear product line focuses on two primary telecommunications application
areas: subscriber instruments (telephones, modems, etc.) and central office
line card products. Subscriber instruments include the TCM508x DTMF tone
encoder family, the TCM150x tone ringer family, the TCM1520 ring detector,
and the TCM3105 FSK modem. Central office line card products include the
TCM29Cxx combo (combined PCM filter plus codec) family, the TCM420x
subscriber line control circuit family, and the TCM1030/60 line card transient
protector.

T continues to develop new telecom integrated circuits such as a solid-state
subscriber line interface circuit (SLIC) that will significantly outperform today's
transformer based designs, and a high-performance 5-volt combo, targeted at
cellular phone applications. An RF power amplifier family is aimed at the hand-
held and mobile celiular phone market.

F.2.1 System Design Considerations

The size, network complexity and compatibility requirements of telecommuni-
cations central office systems create very demanding performance require-
ments. Combo voice-band filter performance is typically + 0.15 dB in the pass-
band. Idle channel noise must be on the order of 15 dBrnc0. Gain tracking
(S/Q) and distortion must also meet stringent requirements. The key parame-
ters for a SLIC device are gain, longitudinal balance, and return loss.
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Figure F—4. Typical DSP/Combo Interface

TMS320C25 il 8 13 1
" [DpeTL  ANLG
GND GND
" » TCM29C18
DR - < PCMOUT - 2k
DX PCMIN ANLGIN W |Nec
GSX
cLkx A2 121 poLkx . 20 kQ
Fox 12 PWRO+ Codec
B9 7 3 ouT
CLKR FSR PWRO- |—
FSR 0} Fsx
2] cLk
1 k2 4 |PDN DCLKR Vpp
5V
4 5 1
7 | 10 7 |10 1kQ
ENP ENT ENP ENT
3 15 3 15 5V 5V
2P Reo 1 RO
5|° 5|°
1
A 6| U2 2.048 MHz
D D i)
= | 748161} 9 =,| 745161] ® ||],
AS CLR LOAD| "ﬁﬁLOAD’ 390Q Y1 390Q
1kQ 1kQ
123 As LK CLK
2 +5V 2 45V '
0.01 nF
SV 74804 74804 74804

The TCM29C 18 combo interfaces directly to the TMS320C25 serial port with
aminimum of external components, as shown in Figure F—4. Half of hexinvert-
er U3 and crystal Y1 form an oscillator that provides clock timing to the
TCM29C18. The synchronous 4-bit counters U1 and U2 generate an 8-kHz
frame sync signal. DCLKR on the TCM29C 18 is connected to Vpg, placing the
combo in fixed data-rate mode. Two 20-kQ resistors connected to ANLGIN and

GSX set the gain of the analog input amplifier to 1. The timing is shown in
Figure F-5.
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Figure F-5. DSP/Combo Interface Timing

FSX/FSR / \

DR/PCMOUT—< A8 X Bit 1 X Bit2 X Bit 3 X X Bits Receive
_ " Timing

MSB LSB
DX’PCM'N—< A8 X Bit 1 X Bit 2 X Bit 3 X X Bitg Transmit
N Timing

MSB LSB

F2.1.1 Telecommunications-Related Devices

Data sheets for the devices in Table F-2 are contained in the 19971 Telecom-
munications Circuits Databook, (literature number SCTD001B). To request
your copy, contact your nearest Texas Instruments field sales office or call the

Customer Response Center at (800) 336-5236.
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Table F-2. Telecom Devices

Device Number ctgwg Clo;:nkHI:?tes # of Bits Comments
Codec/Fiiter
TCM29C13 Aandu 1.544, 1.536, 2.048 8 C.0O. and PBX line cards
TCM29C14 Aandp 1.544, 1.536, 2.048 8 includes 8th-bit signal
TCM28C16 i 2.048 8 16-pin package
TCM29C17 A 2.048 8 16-pin package
TCM29C18 M 2.048 8 Low-cost DSP interface
TCM29C19 m 1.536 8 Low-cost DSP interface
TCM29C23 Aand Up to 4.096 8 Extended frequency range
TCM29C26 Aandyp Up to 4.096 8 Low-power TCM29C23
TCM320AC36 p and Linear Up to 4.096 8 and 13 | Single voitage (+5)
TCM320AC37 A and Linear Up to 4.096 8 and 13 | Single voltage (+5)
TP3054/64 " 1.544, 1.536, 2.048 8 '::c‘f:j'siﬁ:gg"“d“cmr
TP3054/67 A 1,544, 1.536, 2.048 g | National Semiconductor
TLC32040/1 Linear Up to 19.2-kHz sampiing 14 For high-dynamic linearity
TLC32044/5 Linear Up to 19.2-kHz sampling 14 For high-dynamic linearity
TLC32046 Linear Up to 25-kHz sampling 14 For high-dynamic linearity
Solid-State Line Interface
TCM9050 u 1.544 8 Line card codec + filter
TCM9051 Linear Analog N/A Line card SLIC
Transient Suppressor

TCM1030 Transient suppressor for SLIC-based line card (30 A max)
TCM1060 Transient suppressor for SLIC-based line card (60 A max)

T Unless otherwise noted

For further information on these telecommunications products, please call
(214) 997-3772.
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Figure F-6. General Telecom Applications
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Figure F--7. Generic Telecom Application
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F.3 Dedicated Speech Synthesis Applications

For dedicated speech synthesis applications, Texas Instruments offers a fami-
ly of dedicated speech synthesizer chips. This speech technology has been
used in a wide range of products including games, toys, burglar alarms, fire
alarms, automobiles, airplanes, answering machines, voice mail, industrial
control machines, office machines, advertisements, novelty items, exercise
machines, and learning aids.

Dedicated speech synthesis chips are a good alternative for very low cost
applications. The speech synthesis technology provided by the dedicated
speech synthesizer chips is either LPC (linear-predictive coding) or CVSD
(continuously variable slope delta modulation). Table F-3 shows the charac-
teristics of the Tl voice synthesizers.

Table F-3. Voice Synthesizers

T Voice Synthesizers:

Device Microprocessor Sx‘:ttl:‘zﬂs /0 Pins Meggfytzlaplts) Eﬂ?::ra; 35::/223
TSP50C4x 8-bit LPC-10 20/32 B4K/128K VROM 1200-2400
TSP50C1x 8-bit LPC—12 10 64K/128K VROM 2400
TSP53C30 8-bit LPC-10 20 N/A From host pP 1200-2400
TSP50C20 8-bit LPC-10 32 N/A EPROM 1200-2400
TMS3477 N/A cVsD 2 None DRAM 16K-32K

In addition to the speech synthesizers, Tl has low cost memories that are ideal
for use with these chips. Texas Instruments can also be of assistance in devel-
oping and processing the speech data which is used in these speech synthesis
systems. Table F—4 shows speech memory devices of different capabilities.

Table F—4. Speech Memories

TSP60Cxx Family of Speech ROMs
TSP60C18 TSP60C19 TSP60C20 TSP60C80 TSP60CS81
Size 256K 256K 256K M M
No. of Pins 16 16 28 28 28
interface Parallel 4-bit Serial Paralielserial Serial Parallel 4-bit
For use with: TSP50C1x TSP50C4x TSP50C4x TSP50C4x TSP50C1x
F-10 Analog Interface Peripherals and Applications
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F.3.1 Speech Synthesis Development Tools

Software: System:

EVM Code development tool SEB System emulator board

Speech: SEB60Cxx System emulator boards for speech
SAB Speech audition board memories

SD85000  PC-based speech analysis

system

For further information on these speech synthesis products, please call
(214) 997-3772.
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F.4 Servo Control/Disk Drive Applications

Several years ago, most servo control systems used only analog circuitry.
However, the growth of digital signal processing has made digital control
theory a reality. Figure F-8 shows a block diagram of a generic digital control
system using a DSP, along with an ADC and DAC.

Figure F-8. Generic Servo Control Loop

F.4.1

F-12

r(n) + e(n) u(n) u(t) y(t)
TMS320-Based Y
Digital Controlier —p— DAC | Plant
y(n)
ADC |+ Sensor

In a DSP-based control system, the control algorithm is implemented via soft-
ware. No component aging or temperature drift is associated with digital con-
trol systems. Additionally, sophisticated algorithms can be implemented and
easily modified to upgrade system performance.

System Design Considerations

TMS320 DSPs have facilitated the development of high-speed digital servo
control for disk drive and industrial control applications. Disk drives have in-
creased storage capacity from 5 megabytes to over 1 gigabyte in the past de-
cade, which equates to a 23,900 percent growth in capacity. To accommodate
these increasingly higher densities, the data on the servo platters, whether ser-
vo-positioning or actual storage information, must be converted to digital elec-
tronic signals at increasingly closer points in relation to the platter “pick-off”
point. The ADC must have increasingly higher conversion rates and greater
resolution to accommodate the increasing bandwidth requirements of higher
storage densities. In addition, the ADC conversion rates must increase to ac-
commodate the shorter data retrieval access time.

Analog Interface Peripherals and Applications
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Figure F-9 shows a block diagram of a disk drive control system.

Figure F-9. Disk Drive Control System Block Diagram
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Table F-5. Servo Control Related Devices

—

k: SN74LS393 |40

Table F-5 lists analog/digital interfacing devices used for servo control.

To/From Disk Heads

Spindle
Motor

Function Device Bits Speed Channels Intertace
ADC TLC1550 10 3-5us 1 Parallel
TLC1551 10 3-5us 1 Paratlel
TLCS5502 8 50 ns (flash) Paralle
TLC0820 8 1us 1 Parallel
TLC1225 13 12 us 1 (Diff.) Parallel
TLC1125 13 12 s 1 (Diff.) Paraltel
TLC1558 10 3-5us 8 Parallel
TLC1542 10 3-5us 1 Serial
DAC TLC7524 8 9 MHz 1 Parallel
TLC7628 8 9 MHz {Dual) Parallel
TLC5602 8 30 MHz 1 Parallel
AIC TLC32070 8 (ADC) 1us 8 Parallel
8 (ADC) 9 MHz 1 Parallel
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Figure F-10 shows the interfacing of the TMS320C14 and the TLC32070.
Figure F-10. TMS320C14 - TLC32070 Interface

Do-D7 CSCNTRL
A2 ) CSAN
Al Address Decode Logic WE
a0 |- DEN
RESET

WE

DEN

TMS320C14 TLC32070

For further information on these servo control products, please call
(214) 997-3772.
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F.5 Modem Applications

High-speed modems (9,600 bps and above) require a great deal of analog sig-
nal processing in addition to digital signal processing. Designing both high-
speed capabilities and slower fall-back modes poses significant engineering
challenges. Tl offers a number of analog front end (AFE) circuits to support var-
ious modem standards.

The TLC32040, TLC32044, and TLC32046 analog interface circuits (AIC) are
specially suited for modem applications by the integration of an input multiplex-
er, switched capacitor filters, high resolution 14-bit ADC and DAC, a four-mode
serial port, and control and timing logic. These converters feature adjustable
parameters such as filtering characteristics, sampling rates, gain selection,
(sin x)/x correction (TLC32044 and TLC32046 only), and phase adjustment.
All these parameters are software programmable, making the AIC suitable for
a variety of applications. Table F-6 has the description and characteristics of
these devices.

Table F-6. Modem AFE Data Converters

Device Description ) “’?g,':‘s')“" Conyersion
TLC32040 Analog interface chip (AIC) Serial 14 19.2 kHz
TLC32041 AIC without on-board VR Serial 14 19.2 kHz
TLC32042 AIC with 200-Hz roli-off Serial 14 19.2 kHz
TLC32044 Telephone speed/modem AIC Serial 14 19.2 kHz
TLC32045 Low-cost version of the TLC32044 | Serial 14 19.2 kHz
TLC32046 Wide-band AIC Serial 14 25 kHz
TCM29C18 Companding codecfilter PCM 8 8 kHz
TCM29C23 Companding codecffilter PCM 8 16 kHz
TCM29C26 Low-power codecitter _ PCM 8 16 kHz

PCM
TCM320AC36 | Single-supply codec/ilter L;n:ar 8 25 kHz

The AIC interfaces directly with serial-input TMS320 DSPs, which execute the
modem’s high-speed encoding and decoding algorithms. The TLC3204x fami-
ly performs level-shifting, filtering and A/D/A data conversion. The DSP’s many
software-programmable features provide the flexibility required for modem op-
erations and make it possible to modify and upgrade systems easily. Under
DSP control, the AIC’s sampling rates permit designers to include fall-back
modes without additional analog hardware in most cases. Phase adjustments
can be made in real time so that the A/D and D/A conversions can be synchro-
nized with the upcoming signal. In addition, the chip has abuilt-in loopback fea-
ture to support modem self-test requirements.

For further information or application assistance, please call (214) 997-3772.
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Figure F-11.  High-Speed V.32 and Multistandard Modem With the TLC32046 AIC
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Figure F-11 shows a V.32 modem implementation using the TMS320C25 and
aTLC32046. The upper TMS320C25 performs echo cancellation and transmit
data functions while the lower TMS320C25 performs receive data and timing
recovery functions. The echo canceler simulates the telephone channel and
generates an estimated echo of the transmit data signal. The TLC32046 per-
forms the following functions:

Upper TLC32046 D/A Path: Converts the estimated echo, as computed by
the upper TMS320C25, into an analog signal,
which is subtracted from the recsive signal.

Upper TLC32046 A/D Path: Converts the residual echo to a digital signal for
purposes of monitoring the residual echo and
continuously training the echo canceler for opti-
mum performance. The converted signalis sent
to the upper TMS320C25.

Lower TLC32046 D/A Path: Converts the upper TMS320C25 transmit out-
put to an analog signal, performs a smoothing
filter function, and drives the DAC.

Lower TLC32046 D/A Path: Converts the echo-free receive signal to a digi-
tal signal, which is sent to the lower
TMS320C25 to be decoded.
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F.6 Advanced Digital Consumer Electronics Applications

With the extensive use of the TMS320 DSPs in consumer electronics, much
of the electromechanical control and signal processing can be done in the digi-
tal domain. Digital systems generally require some form of analog interface,
usually in the form of high-performance ADCs and DACs. Figure F—12 shows
the general performance requirements for a variety of applications.

Figure F~12. Applications Performance Requirements
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Advanced Television System Design Considerations

Advanced Digital Television (ADTV) is atechnology that uses digital signal pro-
cessing to enhance video and audio presentations and to reduce noise and
ghosting. Because of these DSP techniques, a variety of features can be im-
plemented, including frame store, picture-in-picture, improved sound quality,
and zoom. The bandwidth requirements remain at the existing 6-MHz televi-
sion allocation. From the IF(intermediate frequency) output, the video signal
is converted by an 8-bit video ADC. The digital output can be processed in the
digital domainto provide noise reduction, interpolation or averaging for digitally
increased sharpness, and higher quality audio. The DSP digital output is con-
verted back to analog by a video DAC, as shown in Figure F-13.
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Figure F-13. Video Signal Processing Basic System
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VCRs, compact disc and DAT players, and PCs are a few of the products that
have taken a major position in the marketplace in the last ten years. The audio
channels for compact disc and DAT require 16-bit A/D resolution to meet the
distortion and noise standards. See Figure F—14 for a block diagram of a typi-
cal digital audio system.

Figure F-14. Typical Digital Audio Implementation
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384ts Overtone 1281g Oscillator
Cireuit
. 1024
Digital
Input
1fg 8fs L L
TMS57001
Digital Audio | TMS57021 L TMS57010 PWM Analog Analog
Sound a2 | pigital Filter 1-Bit DAC Power Output
Processor R R Amplifier -——DR
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The motion and motor control systems usually use 8- to 10-bit ADCs for the
lower frequency servo loop. Tape or disc systems use motor or motion control
for proper positioning of the record or playback heads. With the storage me-
dium compressing data into an increasingly smaller physical size, the position-
ing systems require more precision

Analog Interface Peripherals and Applications
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The audio processing becomes more demanding as higher fidelity is required.
Better fidelity translates into lower noise and distortion in the output signal.

The TMS57010 is a 1-bit oversampling DAC designed for digital audio sys-
tems, such as CD players, DATSs, digital amplifiers, and broadcast satellite tun-
ers. It contains two serially loaded 18-bit multiplying, pulse-width modulated
(PWM) DACs. A third-order MASH (multistage noise-shaping) filter technology
is featured. It is suitable for 8x oversampling digitai filters, such as the
TMS57020 and TMS57021.

The TMS57021 is a digital filter LS| with 4x/8x oversampling rates. The
TMS57021 features noise shaping, attenuation, soft muting, de-emphasis,
and a wide variety of built-in functions. Ripple is within 10-5 dB, and attenua-
tion is greater than —100 dB at 24.1 kHz.

Table F-7 lists some of TI's products for analog interfacing to digital systems.

Table F-7. Audio/Video Analog/Digital Interface Devices

Function Device Bits Speed Channels Interface

D/A (PWM) TMS57010 18 44.1 kHz 2 Serial
(Equiv.)

Digital filter (10-5 dB ripple, TMS57021 N/A 44.1 kHz 2 Serial
—102 dB attenuation)
Analog interface TLC32070
A/D 8 2us 8 Parallel
D/A 8 15 pus 1 Parallel
A/D TLC1225 12 12 us 1 Parallel
A/D TLC1550 10 6 us 1 Paralle!
Flash A/D TLC5503-5 8 0.1 us 1 Parallel
Video D/A TLLC5602 8 50 ns 1 Parallel
Video D/A TL5602 8 50 ns 1 Paralle!
Flash A/D TLC5503-2 8 50 ns 1 Parallel
Flash A/D TLC5502-5 8 50 ns 1 Parallel

For further information or application assistance, please call (214) 997-3772.
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Appendix G

Programming the EPROM Cell

This appendix describes the programming, verifying, reading, and protecting
of the EPROM celis in the TMS320E1x/P1x devices, which are part of the
TMS320C1x digital signal processors generation. The 4K x 16-bit EPROMs
are implemented from a standard EPROM cell to expand the capabilities of the
TMS320E1x/P1x devices in the areas of prototyping, early field testing, and
limited production. For a final production design, the 4K-word masked ROM
in the TMS320C1x devices provides a data migration path for cost-effective
volume production.

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 contains the following major topics:

Sections Page
G.1 EPROMAdapter Sockets ............oovviiininennnnnnnnns G-2
G.2 Programming and Verification ........................c...... G-3
G.3 Protection and Verification ...................ccciiiiin... G-11



EPROM Adapter Sockets

G.1 EPROM Adapter Sockets

An EPROM adapter socket, shown in Figure G—1, is available to provide
68-pin to 28-pin conversion for programming the TMS320E14/P14.

Figure G-1. EPROM Adapter Socket (68-pin to 28-pin)

EPROM adapter sockets for pin-to-pin conversion of other TMS320E1x/P1x
devices are also available. The adapter socket shown in Figure G2 allows
connection of a 40-pin device into an equivalent 28-pin socket.

Figure G-2. EPROM Adapter Socket (40-pin to 28-pin)

G-2 Programming the EPROM Cell
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G.2 Programming and Verification

The TMS320E1x/P1x EPROM cells are programmed using the same family
and device codes as the TMS27C64 8K x 8-bit EPROM. The TMS27C64
EPROM series are ultraviolet-light erasable, electrically programmable
read-only memories, fabricated using HYCMOS technology. The TMS27C64
is pin-compatible with existing 28-pin ROMs and EPROMs. The TMS320E 1x/
P1x devices, like the TMS27C64, operate from a single 5-V supply in the read
mode and need an additional 12.5-V supply for programming. All programming
signals are TTL level. For programming outside the system, existing EPROM
programmers can be used. Locations may be programmed singly, in blocks,
or at random.

TMS320E14/P14

When programmed in blocks, the data is loaded into the EPROM cell one byte
at a time, the low byte first and the high byte second. The ‘E14/P14 EPROM
adapter socket shown in Figure G—1 has an inverter in it, so that from the
EPROM programmer’s point of view, data is loaded high byte, then low byte
(as shown in Figure G-3). The device itself, however, expects data low-byte
first, high-byte second.

TMS320E15/P15/E17/P17

These devices are programmed high-byte first, low-byte second, as shown in
Figure G-3.

Figure G-3. EPROM Programming Data Format

TMS320E1/P1x TMS320E14/P14 TMS320E15/P15/E17/P17
On-Chip Program On-Chip EPROM Programmer
Memory Program Memory Memory

{Word Format) (Byte Format) Byte Format with

Adapter Socket
0(0000h) 1234h 0(0000h) 34h 0(0000h) 12h
1(000ah) 5678h 1(0001h) 12h 1(0001h) 34h
2(0002h) 9ABCh 2(0002h) 78 2(0002h) 56h
3(0003h DEFOh 3(0003h) 56 3(0003h) 78h
) ) 4{0004h) BCh 4{0004h) 9Ah
5(0005h) 9Ah 5(0005h) BCh
. . 6(0006h) Foh 6{0006h) DEh
4095(0FFFh) 7(0007h) DEh 7(0007h) FOh

8191(1FFFh)
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Figure G—4 shows the wiring conversion to program the TMS320E14/P14 us-
ing the 28-pin pinout of the TMS27C64. Table G—1 shows the pin nomencla-
ture of the TMS320E 1x/P1x devices. The code to be programmed into the de-
vice should be in serial mode.

Figure G—4. TMS320E14/P14 EPROM Conversion to TMS527C64 EPROM
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\-————-—2—A12 PGM 27 o} o ~ ol wnl ¢l ol o
N 31 a7 epT 25~ <| < S|>l <l i<l <] <
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4 Q4 LN 51
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Table G-1. TMS320E1x/P1x Pin Nomenclature

Name 170 Definition
A12(MSB)-A0(LSB) 1 On-chip EPROM programming address lines
CLKIN | Clock oscillator input
E [ EPROM chip enable
EPT | EPROM test mode select
G [ EPROM output enable
GND | Ground
PGM | EPROM write/program select
QB8(MSB)-Q1(LSB) le] Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS | Reset for initializing the device
Vee | 5-V power supply
Vpp | 12.5-V programming power supply

Figure G-5. TMS320E15/P15/E17/P17 EPROM Conversion to TMS27C64 EPROM

s

oS
— 1 Al A2 40
—— ] 2 A0(LSB) A3 39
—— 3 Vpp A4 38
——{ 4 RS A5 37
vpp 11 +—{ 5 EPT A6 36 ] 28 y%Q
A2 20 0e A7 35 ] 27 PGM
A7 30— q-z A8 34]—\ 1 26 NC
A6 4 [ —— 8 CLKIN 33 [ ] 25 A8
As 50— Qo 32l 39K ] 24 A9
A4 60— +—— 10 GND 31 [0 ™ NVW— 23 AN
A3 70 11 Q1(LSB) Ve 30— 122 G
A2 gl— (—' 12 Q2 A9 29 [1— | ] 21 A10
Al o] 13 Q3 A10 28 [1 ] 20 E
A0 10 ] — 14 Q4 Al 27 — ~—11 19 Q8
Q1 11 L—{] 15 05 (MSB)A12 26 [— L—1] 18 Q7
Q2 12 Eg —11 16 Q6 E25[ L—1{1 17 Q6
Q3 13 ] —) 17 Q7 _Goaaf L— 16 Q5
GND 14 ,—{E 18 Q8(MSB) PGM 23 % — 15 Q4
JU— 19 22 —
TMO27C84 20 TMS320E15P15 21l TMS27C64
inout Pinout
—_—

Figure G—5 shows the wiring conversion to programthe 'E15/P15/E17/P17 us-
ing the 28-pin pinout of the TMS27C64. The code to be programmed into the
device should be in serial mode.

Figure G—6 shows the programming levels required for programming, verify-
ing, and reading the EPROM cell. The paragraphs foliowing the table describe
the function of each programming level.
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Figure G-6. TMS320E1x/P1x Programming Mode Levels

Signal ‘E15/P15 ‘E14/P14 TMS27C64 Program Program Program Read Output
Name ‘E17/P17 Pin Pin Verlfy Inhibit Disable
DIP Pin
E 25 19 20 vViL ViL VIH ViL ViL
G 24 23 22 ViH PULSE X PULSE ViH
PG 23 16 27 PULSE VIH VIH ViH ViH
Vpp 3 18 : == Vpp Vpp Vee Vce
vee 30 4,33 28 veer Veer veer Vee vee
Vss 10 3,34 14 Vss Vss Vss Vss Vss
CLKIN 8 24 14 Vss Vss Vss Vss Vss
P
RS 4 - 14 Vss Vss vss Vss Vss
EPT 5 17 26 Vss vVss Vpp Vss Vss
Q8-Qt 18-11 29-32,37, | 19-15,13-11 DIN QouT HI-Z QouT HI-Z
38,4142
A12-A7 | 26-28,29, | 15,11,10,8, | 2,23,21,24, ADDR ADDR X ADDR X
34,35 7.2 253
A6 36 1 4 ADDR ADDR X ADDR X
A5 37 68 5 ADDR ADDR X ADDR X
A4 ag 67 6 ADDR ADDR X ADDR X
A3-A0 39,40,1,2 |66,65,56,55 7-10 ADDR i ADDR X ADDR X
Note: See Appendix A for TMS320E1x'P1x pinouts.

LEGEND:
ViH = TTL high level
Vi = TTL low level
ADDR = byte address bit
Vpp = 12.5+0.25 V (FAST)
or 13+ 0.25 V (SNAP!, TMS302E14/P14 only)
Vec=5+£0.25V
Vecp =6+ 0.25 V (FAST)
or 6.5+ 0.25 V for (SNAP!, TMS302E14/P14 only)
X = don't care
PULSE = low-going TTL pulse
DIN = byte to be programmed at ADDR
QouyT = byte stored at ADDR

G.2.1 Erasure

Before programming, the device is erased by exposing the chip through the
transparent lid to high-intensity ultraviolet light (wavelength 2537 angstroms).
The recommended minimum exposure dose (UV-intensity x exposure-time) is
15 watt-seconds per square centimeter. A typical 12 milliwatt per square centi-
meter, filterless UV lamp will erase the device in 21 minutes. The lamp should
be located about 2.5 centimeters above the chip during erasure. After erasure,
all bits are in the high state. Note that normal ambient light contains the correct

Programming the EPROM Celi
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wavelength for erasure. Therefore, when using the TMS320E1x, the window
should be covered with an opaque label.

G.2.2 FAST Programming

After erasure (all memory bits in the cell are a logic one), logic zeros are pro-
grammed into the desired locations. The FAST programming algorithm, shown
in Figure G-7, is normally used to program the entire EPROM contents, al-
though individual locations may be programmed separately. A programmed
logic zero can only be erased by ultraviolet light (on TMS320E1x devices).
Data is presented in parallel (eight bits) on pins Q8-Q1. Once addresses and
data are stable, PGMis pulsed. The programming mode is achieved when Vpp
=125V, PGM = V), Voc = 6.0 V, G = V|y, and E = Vy . More than one
TMS320E 1x/P1x can be programmed when the devices are connected in par-
allel. Locations can be programmed in any order.

FAST programming uses two types of programming pulses: prime and final.
The length of the prime pulse is 1 ms. After each prime pulse, the byte being
programmed is verified. If correct data is read, the final programming pulse is
applied; if correct data is not read, an additional 1-ms prime pulse is applied
up to amaximum of 25 times. The final programming pulse is 3X times the num-
ber of prime programming pulses applied. This sequence of programming and
verification is performed at Vo = 6.0 V, and Vpp = 12.5 V. When the full FAST
programming routine is complete, all bits are verified with Vog = Vpp =5 V.

G.2.3 SNAP! Pulse Programming (TMS320E14/P14)

The EPROM can be programmed using the TI SNAP! pulse programming al-
gorithm illustrated by the flowchart of Figure G-8, which can reduce program-
ming time to a nominal of one second. Actual programming time will vary as
a function of the programmer used. Data is presented in parallel (eight bits) on
pins Q8 through Q1. Once addresses and data are stable, PGM is pulsed.

The SNAP! pulse programming algorithm uses pulses of 100 microseconds
followed by a byte verification to determine when the addressed byte has been
successfully programmed. Up to ten 100-microsecond pulses per byte are pro-
vided before a failure is recognized.

The programming mode is achieved when Vpp = 13.0V, Voo =6.5V, Vand
G = Vi, and E = V. More than one device can be programmed when the de-
vices are connected in parallel. Locations can be programmed in any order.
When the SNAP! Pulse programming routine is complete, all bits are verified
with Ve =Vpp =5 V.

G.2.4 Program Verify

Programmed bits may be verified with Vpp = 12.5 Vwhen G=V,E=V),and
PGM = V|y. Figure G-9 shows the program and verify operations timing for
the FAST and for the SNAP! pulse programming.
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Figure G-7. FAST Programming Flowchart
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Figure G-8. SNAP! Pulse Programming Flowchart (TMS320E14/P14)
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Figure G-9. FAST Programming Timing
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G.2.5 Program Inhibit

(G.2.6 Read

Programming may be inhibited by maintaining a high-level input on the E pin
or PGM pin.

The EPROM contents may be read independently of the programming cycle,
provided the RBIT (ROM protect bit) has not been programmed. The read is
accomplished by setting E to zero and pulsing G low. The contents of the

EPROM location, selected by the value on the address inputs, appear on
Qs-Qi.

G.2.7 Output Disable

G-10

During the EPROM programming process, the EPROM data outputs may be
disabled, if desired, by establishing the output disable state. This state is se-
lected by setting the G pin high or E pin high. Whichever occurs first will deter-
mine the time to high impedance on the outputs. While output disable is se-
lected, Q8—Q1 are placed in the high-impedance state.

Programming the EPROM Cell
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G.3 Protection and Verification

This section describes the code protection feature included in the EPROM cell,
which protects code against copyright violations. Table G-2 shows the pro-
gramming levels required for protecting the EPROM and verifying the protec-
tion. The paragraphs following the table describe the protect and verify func-

tions.

Table G-2. TMS320E1x/P1x EPROM Protect and Protect Verify Mode Levels

Signal Name | ‘E15/P15’E17/P17 "E14/P14 TMS27C64 Pin | EPROM Protect | Protect Verlty
DIP Pin Pin
E 25 19 20 VIH ViL
G 24 23 22 ViH ViL
PGM 23 16 27 ViH VIH
VPp 3 18 1 VPP veep
vee 30 4,33 28 Veep Veep
Vss 10 3,34 14 Vgs vss
CLKIN 8 24 14 Vss Vss
RS 4 - 14 Vss Vss
EPT 5 17 26 Vpp Vpp
Qs-Q1 18-11 29-32,37,38,41,42 19-15,13-11 Qg=PULSE Qg=RBIT
A12-A10 26-28 15,11,10 2,23,21 X X
A9-A7 29,34,35 872 24,253 X X
A8 36 1 4 X ViL
Y] 37 68 5 X X
Ad 38 67 6 ViH X
A3-A0 39,40,1,2 66,65,56,55 7-10 X X
LEGEND:

ViH = TTL high level; Vi = low-level TTL, Vcc =5+ 0.25V;
Vpp =125 0.5V (FAST);
Veep =6+0.25V (FAST) or 6.5 +0.25 V (SNAP!, TMS320E14/P14 only);
VPP = 13 £ 0.25V (SNAP!, TMS320E14/P14 only)
X =don't care; PULSE = low-going TTL level pulse; RBIT = ROM protect bit

G.3.1 EPROM Protection

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 disab-
ling the microprocessor mode on the device. Once programmed, the RBIT can
only be cleared by erasing the entire EPROM array with ultraviolet light, there-
by maintaining security of the proprietary aigorithm. Programming the RBIT is
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accomplished using the EPROM protection cycle, which consists of setting the
E, G, PGM, and A4 pins high, Vpp and EPT to 12.5+ 0.5 V, and pulsing Q8
low. The complete sequence of operations involved in programming the RBIT
is shown in the flowchart of Figure G—10. The required setups in the figure are

detailed in Table G-2.
Figure G-10. EPROM Protection Flowchart
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G.3.2 Protect Verify

v

Program One
Pulse of 3X-ms
Duration

!

Protect
Verify
Setup

T X =15 for the TMS320E15/P15E17/P17

Protect verify is used following the EPROM protection to verify correct pro-
gramming of the RBIT (see Figure G—10). When using protect verify, Q8
outputs the state of the RBIT. When RBIT = 1, the EPROM is unprotected;

G-12
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when RBIT = 0, the EPROM is protected. The EPROM protection and verify
timings are shown in Figure G-11.

Figure G-11. EPROM Protection Timing
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t 12.5-V Vpp and 6-V V¢ for FAST programming;
13-V Vpp and 6.5-V V¢ for SNAP! pulse programming (TMS320E14/P14 only).
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A/D interface, 6-9
A-law/u-law, 3-101
ABS, 4-16
accumulator, 3-29
adapter sockets, G-2
adaptive filters, 5-60
ADC, F-18
ADD, 4-17
ADDH, 4-18
addition, 5-52
addressing modes
direct, 3-24, 4-2
immediate, 3-24, 4-6
indirect, 3-24, 4-4
ADDS, 4-19
ADTV, F-17
AND, 4-20
APAC, 4-21
applications, 1-7
arithmetic logic unit (ALU), 3-29
ARP, 3-37
asynchronous configuration, 5-79
asynchronous mode ('C14), 3-84
auxiliary register addressing, 5-32
auxiliary register pointer (ARP), 3-25, 3-37
auxiliary registers (ARO, AR1), 3-23, 4-4, 5-32

B, 4-22

BANZ, 4-23

barrel shifter, 3-27

baud rate generator, 3-83

BGEZ, 4-24
BGZ, 4-25
BIO polling, 5-24
BIOZ, 4-26
bit clear register (BCLR), 3-59
bit manipulation, 5-42
bit set register (BSET), 3-59
BLEZ, 4-27
biock diagram
'C10, 3-5
'C14, 3-7
'C15, 3-5
'C16, 3-9
'C17, 3-11
BLZ, 4-28
BNZ, 4-29
BSR, 3-54
BV, 4-30, 5-43
BZ, 4-31

CALA, 4-32, 5-29

CALL, 4-33, 5-29

capture subsystem registers, 3-75
central arithmetic logic unit (CALU), 3-26
codec interface ('C17), 6-11
coefficients, 3-1, 5-60

COMBO, F-6

communication protocols ('C14), 3-88
companding, 5-55

companding hardware {'C17), 3-100
computed GOTO, 5-34

consumer electronics, F-17

context switching, 5-25

convolution operations, 5-46

Index-1



Index

coprocessor interface, 6-15
coprocessor port ('C17), 3-103
crystal oscillator circuit, 6-20

D/A interface, 6-10
DAC, F-19
data
addressing, 5-36
memory, 3-14, 3-15
movement, 3-17
data converters, F-15
data direction register (DDR), 3-58

data memory, page pointer (DP), 3-24, 3-37

data RAM expansion, 6-7
data shift, 5-44

decoding, 3-100
description, 1-4

device configuration, 6-21
digital audio, F-18

digital filters, 5-58

DINT, 4-34

direct addressing, 4-2
divide ratios (SCLK), 3-99
division, 5-49

DMOQV, 4-35, 5-37, 5-46
DP, 3-24, 3-37

EINT, 4-36
encoding, 3-100
EPROM
('C15,'C17), 3-15
adapter sockets, G-2
erasure, G-6
levels, G-6, G-11
pin nomenclature, G-5
pinout conversion, G-4
protection, G-11
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protection timing, G-13
EXINT, 3-50
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external clock interfacing, 6-20
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fast Fourier transforms (FFT), 5-63
FAST programming, G-7

FAST programming timing, G-10
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FIFO stacks, 3-75

filtering, 5-58

FiR filters, 5-58

fixed data-rate mode, 3-95, 3-97
fixed-point arithmetic, 5-46

flag clear register (FCLR), 3-41
floating-point arithmetic, 5-63
FR, 3-50, 5-23
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framing (FR), pulses, 3-93, 3-98
FSR, 3-50, 5-23

FSX, 3-50, 5-23

gates, D-6
general-purpose timers, 3-63

hardware stack, 5-25, 5-32
Harvard achitecture, 3-32
HOTV, F-17

1]e]
functions, 3-43, 3-46
functions ('C10/C15), 3-43
latch (I1OP), 3-59

/O port
bit selectable ('C14), 3-57
registers, 3-567
status and control, 3-59

/O ports, 6-14

1R filters, 5-58

IN, 3-102, 4-37, 5-39

indirect addressing, 4-4, 5-32
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initialization, 5-2
input pattern match, 3-59
instruction set summary, 4-7
INT, 5-16
interface

A/D, 6-9

external peripheral, 6-9

optical encoder, 6-21
internal hardware

'C10, 3-6

'C14, 3-8

'C15, 3-6

'C16, 3-10

'C17,3-12
interrupt flag (INTF), 5-17, 5-22
interrupt mode (INTM), 3-37, 5-17, 5-22
interrupt mode bit (INTM), 3-40
interrupts, 5-16
INTM, 3-37

LAC, 4-38

LACK, 4-39

LAR, 4-40

LARK, 4-41

LARP, 4-42

LDP, 4-43

LDPK, 4-44

logical and arithmetic operations, 5-42
loop control, 5-32
LST, 4-45

LT, 4-46

LTA, 4-47,5-49

LTD, 4-48, 5-38, 5-59

u-law/A-law decoder, 3-102
MAR, 4-49
mask options, C-2
MC/MP mode configurations, 6-21
memory
data, 3-14, 3-15
management, 5-36
maps, 3-17

organization, 3-14
program, 3-16
program EPROM, 3-15
program ROM, 3-15
memory addressing modes
direct, 4-2
immediate, 4-2
indirect, 4-2
memory map
'C10, 3-18
'C14, 3-19
'C16, 3-21
microcomputer mode, 3-16, 3-38
microprocessor mode, 3-16
mode
configuration, 6-21
fixed data-rate, 3-24
variable data-rate, 3-24
mode bit configurations, 3-101
modem, F-15
modem application, 6-25
motor control, 5-75
moving constants into data memory, 5-39
moving data, 5-37
MPY, 4-50, 5-49, 5-59
MPYK, 4-51
multimedia, F-2
multimedia-related devices, F-4
multiplier, 3-31, 5-46

NOP, 4-52
normalization, 5-53

optical encoder interface, 6-21

OR, 4-53

OUT, 3-102, 4-54, 5-39

output disable, G-10

ov, 3-37

overflow flag (OV), 3-37, 5-43

overflow management, 5-43

overflow mode (OVM), 3-30, 3-37, 5-43
overflow saturation mode, 3-30

OVM, 3-37
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P register, 3-31, 5-46
PAC, 4-55

paraliel modes, 5-56
parallel shifter, 3-27
peripheral selection, 3-53
PID control, 5-68

pin assignments, 2-2
'C10, 'C15,'C17, 2-3
'C14, 24
'C16, 2-5

pinouts, 2-2

POP, 3-34, 4-56, 5-28

port addressing, 3-43, 3-46
position measurement, 5-76
powerup reset circuitry, 6-18
prescale divide ratios, 3-98
product register (P), 3-31, 5-46

program
counter (PC), 3-32
EPROM, 3-15
inhibit, G-10
memory, 3-15
memory expansion, 3-16
ROM, 3-15
ROM expansion, 6-4
verify, G-7

program control, 5-28

program counter (PC), 3-32
programming, G-7

programming and verification, G-3
programming data format, G-3

programming flowchart
FAST, G-8
SNAP! pulse, G-9

programming mode levels, G-6
protect levels, G-11

protect verify, G-12

protect verify levels, G-11
prototype devices, C-2

pulse width modulation, 5-74
PUSH, 3-34, 4-57, 5-28
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Q format, 5-47, 5-52, 5-54

RAM, 3-14

read, G-10

receive registers, 3-93

registers, /O port, 3-67

reliability tests, D-2

reset (RS), 3-34, 3-35, 5-2
registers configuration, 3-35

reset circuit, 6-18

RET, 4-58, 5-29

ROM, 3-15

ROVM, 3-30, 4-59, 5-43

RS-232 interface, 6-13

SACH, 4-60
SACL, 4-61
SAR, 4-62
scaling, 5-44
SCLK, 3-93
SCON, 3-81
selftest routines, 5-69
serial control register ('C14), 3-80
serial modes, 3-100, 5-56
serial port, 5-79
'C14, 3-79
'C17,3-93
serial ports, 6-11
serial-port clock (SCLK), 3-93
service routines, 5-16
servo control, F-12
servo control-related devices, F-13
shifters, 3-27
sign-magnitude data, 3-100, 5-56
signal descriptions
'C10,'C15, 2-6
'C14,2-8
'C18, 2-11
'C17,2-14
SNAP! pulse programming, G-7



Index

software
routines, 5-55
stack expansion, 5-28

SOVM, 3-30, 4-63, 5-43

SPAC, 4-64

speech encoding, F-3

speech memories, F-10

speech synthesis, 6-25

speed measurement, 5-76

SST, 4-65

stack, 3-32, 3-34, 5-28

status register, 3-36
fields, 3-37

SUB, 4-66

SUBC, 4-67

SUBH, 4-69

subroutine calls, 5-29

SUBS, 4-70

SYSCON, 3-54

system applications, 6-25, 6-28

system control, 3-32
register ('C17), 3-108

system control circuitry, 6-18

T register, 3-31, 5-46
TBLR, 4-71, 5-39
TBLW, 4-72, 5-39
TCON registers, 3-75

telcommunications-related devices, F-7

telecommunications, F-5

temporary register (T), 3-31, 5-46
timer control register (TCON), 3-64

timer module registers, 3-61

timers, 3-61

timing control, 3-98

TLC32046, F-3

TLC32070, F-14

TMS320 device evolution, 1-2
TMS320C1x devices, 1-4
transistors, D-6

transmit registers ('C17), 3-96
twos-complement data, 3-100, 5-56

variable data-rate mode, 3-95, 3-97
video signal processing, F-18

voice store-and-forward center, 6-26
voice synthesizers, F-10

watchdog timer, 3-62

watchdog timer buffer latch (WTPL), 3-63
watchdog timer input, 3-63

watchdog timer register (WDT), 3-62
WDT period register, 3-63

XDS design considerations, 6-22
XOR, 4-73

ZAC, 4-74
ZALH, 4-75
ZALS, 4-76
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