




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































c 
C (carry) bit 3-4,6-27,6-60,9-33 
CAll 

Call Instruction �6�~�1�1�,� 6-25, 9-37 
capture latch 3-44 
cascade bit 3-47 
CDDR 3-16 
ceramic resonator 4-7, 4-14 
character constants 5-5 
character sets 

See Appendix 0 
character strings 5-7 
CHAR1, CHAR2 bits 3-55 
ClK bit 3-57,3-61 
ClKIN 12-6 
ClKOUT 3-10,.3-19 
clock options 3-22-3-25, 12-6 

+2 option 12-6 
+4 option 12-6 
crystal oscillator 3-24 
R-C oscillator 3-24 

clock source 3-65 
ClR 

Clear Instruction 6-11. 6-26 
ClRC 

Clear the Carry Bitlnstruction 6-11, 
6-27 

CMODE bit 3-55 
CMOS devices 3-44 

See also Section 2 and Section 4 
clock options 3-24 

CMP 
Compare Instruction 6-11, 6-28, 

9-33 
CMPA 

Compare Accumulator Extended In-
struction 6-11,6-29,9-33 

command field 5-2, 5-3 
comment field 5-2, 5c3 
common-relocatable code 5-20, 7-2 
communication mode 3-57 
Communication modes 3-51 

Asynchronous 3-51, 3-55, 3-65, 
9-19 

Isosynchronous 3-51, 3-55, 3-66, 
9-19 

Serial I/O 9-19 
compare instructions 6-28, 6-29 
conditional jumps 6-41 
conditional processing 8-20, 8-22, 8-23 
constants 5-4, 5-8, 8-6 

assembly-time 5-5 
characters . 5-5 

Index-2 

hexadecimal integers 5-5 
counter 3-74 
CPORT 3-16 
cross-assembler 10-2 
CrossWare 

ordering information 12-16 
CrossWare installation G-1 

IBM/CMS G-27. 
IBM/MVS G-15 
list of supported operating 

systems G-1 
MS/PC-DOS G-8 
T1990/DX10 G-32 
VAXNMS G-2 

crystal clock source 3-22 
crystal oscillator clock option 3-24, 12-6 

D 

DAC 
Decimal Add with Carry 
. Instruction 6-11, 6-30 

DATA 5-48 
Data Register 3-16 
Data- Direction Register 3-16 
data-relocatable code 5-27, 7-2 
DOOR 3-16,3-20 
DEC 

Decrement Instruction 6-11,6-31 
DECO 

Decrement Double Instruction 6-11, 
6-32 

decimal integer constants 5-4 
decimal integers 5-4 
DEF 5-48, 7-6 
$DEF keyword 8-11 
defining symbols 7-6 
development support 10-1 -10-11 

ordering information 12-16 
device initialization 3-26 
DINT 

Disable Interrupts Instruction 6-11, 
6-33 

Direct Memory Addressing mode 6-7, 
9-37 

directives 5-12 
for linking programs 5-12 

DEF 5-23 
lOAD 5-33 
REF 5-40 
SREF 5-43 

miscellaneous 5-12 
COPY 5-19 



END 5-28 
MLiB 5-35 

that affect assembler output 5-12 
lOT 5-31 
LIST 5-32 
OPTION 5-36 
PAGE 5-37 
TITL 5-45 
UNL 5-46 

that affect the location counter 5-12 
AORG 5-14 
BES 5-15 
BSS 5-16 
CEND 5-18 
CSEG 5-20 
DEND 5-24 
DORG 5-25 
DSEG 5-27 
EVEN 5-30 
PEND 5-38 
PSEG 5-39 
RORG 5-41 

that initialize constants 5-12 
BYTE 5-17 
DATA 5-22 
EQU 5-29 
TEXT 5-44 

divide-by-2 clock option 3-22, 12-6 
divide-by-4 clock option 3-22, 12-6 
division instructions 9-55, 9-56, 9-57 
DJNZ 

Decrement Register and Jump If Not 
Zero Instruction 6-34 

Decrement Relative and Jump If Not 
Zero Instruction 6-12 

dollar sign ($) 5-6 
DPORT 3-20 
DSB 

Decimal Subtract with Borrow Instruc- , 
tion 6-12,6-35 

Dual Register Addressing mode 6-4 
dummy section 5-25 

E 

EINT 
Enable Interrupts Instruction 3-35, 

6-12, 6-36 
$ELSE 

See also $IF 
Alternate Conditional Block 

Verb 8-22 

emulation 10-2 
ENABLE- 3-10,3-19 
END 5-48,8-5 

End Macro Definition Verb 8-24 
END linker command 7-4 
$ENDIF . 

See also $IF 
Terminate Conditional Block 

Verb 8-23 
EPROM devices 2-12, 2-18, 2-19, 2-22, 

2-23 
EQU 5-48 
ER bit 3-57 
error messages 

assembler 5-49, 5-51 
macros 8-29 

evaluation modules 10-8-10-10 
evaluation of arithmetic expressions 5-9 
event counter 3-38 
EVM 10-8-10-10 

ordering information 12-16 
expressions 5-8 

arithmetic evaluation 5-9 
using arithmetic operators 5-8 
using externally defined 

symbols 5-11 
using logical operands 5-9 
using parentheses 5-9 
using relocatable symbols 5-10 
well-defined 5-10 

Extended addressing modes 6-3 
Direct 9-37 
Indexed 9-37 
Register File Indirect 9-37 

Extended Development Support 
(XDS) 10-2-10-7 

external clock 3-16, 12-6 
external clock source 3-22, 3-24 
External Event-Counter mode 3-16 
external interrupts 3-35, 3-36 
external references 5-58 
externally defined symbols 5-11 

F 

FE bit 3-59 
FORMAT linker command 7-4 
frame bit 3-65 
Full-Expansion mode 3-20 

memory map 3-21 
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G 

global interrupt enable bit 3-4 

H 

Halt mode 3-25 
hardware UART 3-51 -3-78, 9-27 
hexadecimal integer constants 5-5 
host interface 10-2 

I (global interrupt enable) bit 3-4, 3-35, 
9-33 . 

I/O control registers 3-32 
I/O ports 3-6-3-9 

Full-Expansion mode 3-20 
Peripheral-Expansion mode 3-18 
Single-Chip mode 3-15 

IADD 3-59 
IBM/CMS G-27 
IBM/MVS G-15 
IDLE 3-25 

Idle Until Interrupt Instruction 3-25, 
6-12,6-37 

lOT 5-48,7-6 
$IF 

Begin Conditional Block Verb 8-6, 
8-20 

Immediate Addressing mode 3-17 6-6 
INC ' 

Increment Instruction 6-12,6-38 
INCLUDE linker command 7-4 
Indexed Addressing mode 6-8, 9-37 
instruction timing A-1 
Intel protocol 3-71 
Intel 8051 3-51 
interrupts 3-26-3-37,9-41 

CPU interface to interrupt logic 3-31 
DINT instruction 6-33 
edge-sensitive 3-30 
EINT instruction 6-36 
external 3-35, 3-36 
level 0 3-26 . 
level-sensitive 3-30 
logic for maskable interrupts 3-30 
multiple 3-35 
priority 3-26 
RETI instruction 6-53 

Index-4 

timer interrupts 3-49 
INTn ACK 3-31 
INTn ACTIVE 3-31 
INTn clear bit 3-34 
INTn enable bit 3-33 
INTn flag bit 3-33, 3-49 
INT4 3-58 
INV 

Invert Instruction 6-12,6-39 
10CNTO register 3-11, 3-15, 3-18, 3-20, 

3-21,3-32 
IOCNT1 register 3-32, 3-33 
lOCNT2 register ·3-32, 3-34 
IPC 9-36 
Isosynchronous Communication 

mode 3-51,3-5~3-6~9-19 

J 

J<cnd> 
Jump on Condition Instruction 6-41 

JC 6-12 
JEQ 6-12 
JGE 6-12 
JGT 6-12 
JHS 6-12 
JL 6-12 
JMP 

Jump Unconditional 
Instruction 6-12, 6-40 

JNC 6-12 
JNE 6-12 
JNZ 6-12 
JP 6-12 
JPZ 6-12 
jump instructions 6-21, 6-22, 6-23, 

6-24,6-34,6-40,6-41,9-33 
JZ 6-12 

K 

keywords 8-11,8-12 
. parameter attribute components 8-12 

$PCALL 8-12 
$POPL 8-12 
$PSYM 8-12 

symbol attribute components 8-11 
$DEF 8-11 
$MAC 8-11 
$REF 8-11 
$REL 8-11 



L 

$STR 8-11 
$UNDF 8-11 

label field 5-2, 5-3, 5-6 
LDA 

Load Register A Instruction 6-12, 
6-42 

LDSP 
, Load Stack Pointer Instruction 6-13, 

6-43 
length component (of a variable) 8-8 
link control file 7-3 
Link Editor 7-1-7-7 
linker commands 7-3 
linking directives 7-6 

DEF 5-23, 7-6 
IDT 5-31,7-6 
REF 5-40, 7-6 
SREF 5-43, 7-6 

linking program modules 7-1 
LIST 5-48 
Location Counter 5-3 
logical AND 8-6 
logical NOT 8-6 
logical operands 5-9 
logical OR 8-6 
low-power modes 3-25,3-44 

Halt 3-25 

M 

Halt mode 3-25 
Wake- Up 3-25 
Wake-Up mode 3-25 

$MAC keyword 8-11 
MACLIB files 8-2 
$MACRO 

Macro Definition Verb 8-2,8-5,8-7, 
8-16 

macro assembler 5-1 
macro libraries 8-2 
macro symbol table 8-7 
macros 8-1 

assembler symbol table 8-7 
assigning parameter values 8-13 

8-16 ' 
calls 8-1 
conditional processing 8-20, 8-22, 

8-23 

constants 8-6 
declaring variables 8-17 
definition 8-2,8-16 
error messages 8-29 
keywords 8-11 
MACLI B files 8-2 
macro libraries 8-2 
MLIB directive 8-2 
MLIST files 8-3 
MST 8-8 
search order 8-2 
strings 8-6 
substitution 8-1 
symbol components 8-10 
symbols 8-7 
variable components 8-8 
variables 8-7 

binary mode access 8-8 
definition 8-7 
macro symbol table 8-7 
parameters 8-7 
string mode access 8-8 
unqualified variables 8-9 
variable qualifiers 8-9 

verbs 8-15 
mask options 3-22, 12-6 
MC pin 3-11, 3-15, 3-18, 3-20, 3-21 
mechanical data 12-7 
memory modes 3-11-3-21 

Full-Expansion 3-20 
Microprocessor 3-21 
Microprocessor mode 9-2 
Peripheral- Expansion 3-18 
Single-Chip 3-15 

Microprocessor mode 3-21 
interface example 9-2 
memory map 3-21 

MLIB 8-2 
MLIST files 8-3 
mnemonics 5-1 
Mode Control (MC) pin 3-11 
model statements 8-25 
Motorola protocol 3-69 
Motorola 6801 3-51 
MOV 

Move Instruction 6-13,6-44 
MOVD 

Move Double Instruction 6-13,6-45 
move instructions 6-44, 6-45, 6-46 
MOVP 3-15 

Move to/from Peripheral Register In­
struction 3-18, 6-13, 6-46 

MPY 
Multiply Instruction 6-13, 6-47, 

9-39 
MS/PC-DOS G-8 
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MST 8-7,8-8 
MULTI bit 3-54 
multiple interrupts 3-35 
multiplication instructions 6-47,9-39, 

9-54 
multiprocessing 10-6 
multiprocessor communication 

modes 3-68 
Intel protocol 3-71 
Motorola protocol 3-69 

mUltiprocessor protocols 3-51, 3-54 
Inte! 8051 3-51 
Motorola 6801 3-51 

N 

N (sign) bit 3-4, 9-33 
naming a program module 7-6 
NMOS devices 

See Section 2 and Section 4 
NMOS to CMOS Conversion Guide B-1 
NOP 

No Operation Instruction 6-13,6-48 

o 
object code 5-48, 5-53, 5-58 
object program 5-1 
object record format 5-57 
OE bit 3-59 
offset calculation 6-6 
on-chip RAM 3-3 
on-chip timer/event counter 3-10 
operand field 5-2, 5-3, 5-6, 5-8 
operators 8-6 
OR 

Logical OR Instruction 6-13, 6-49 
ORP 

OR Peripheral Register 3-17 
OR Peripheral Register 

Instruction 3-62,6-13,6-50 
oscillator options 3-24, 12-6 
output data flip-flops 3-26 
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p 

packaging 12-7 
PAGE 5-48 
parameter attribute component 

keywords 8-12 
parameters 8-13 

as macro variables 8-7 
parentheses 5-9 
parity enable 3-55 
PC 3-5 
$PCALL keyword 8-12 
PCH (Program Counter High) 3-5 
PCL (Program Counter Low) 3-5 
PE bit 3-59 
PEN bit 3-55 
Peripheral File 3-3 
Peripheral-Expansion mode 3-18 

memory map 3-18 
Peripheral-File Addressing mode 6-5 
Peripheral- File instructions 3-3, 3-17, 
3-18,6-19,6-22,6-24,6-46,6-50,6-70, 
9-43 

PEVEN bit 3-55 
PF 3-3 
piggyback devices 2-17,2-19 
POP 

POP from Stack Instruction 6-13, 
6-14,6-51 

$POPL keyword 8-12 
Port A 3-6,3-10,3-15,3-19 
Port B 3-6,3-10,3-16,3-19 
Port C 3-6,3-10,3-16,3-19 
Port D 3-6,3-10,3-16,3-19 
port symbols 5-6 
power-down mode 3-25 
power-up reset 3-29 
predefinded symbols 5-6 
prescaler 3-48. 3-74 
PRE3(1), PRE3(0) bits 3-60 
Program Counter 3-5 
Program Counter Relative Adressing 

mode 6-6 
programmable timer/event 

counters 3-38-3-50 
program-relocatable code 5-41, 7-2 
prototyping 12-2 
prototyping devices 2-18,2-19,2-22, 

2-23,10-11 
$PSYM keyword 8-12 
Pulse flip-flop 3-30, 3-33 
PUSH 

Push on Stack Instruction 6-14, 
6-52 



P10 3-16 
P17 3-56 
P4 3-15 
P5 3-16 
P6 3-16 
P8 3-16 

R 

RfW- 3-10,3-19 
RAM 3-3 
R-C oscillator clock option 3-24, 12-6 
Realtime Clock mode 3-45 
receiver 3-51 
receiver buffer 3-62 
REF 5-48, 7-6, 7-7 
$REF keyword 8-11 
referencing externally defined 

symbols 5-40, 5-43, 7-7 
Register A 3-3, 6-42, 6-61, 6-66 
Register B 3-3, 3-4, 6-67, 6-68 
Register File 3-3 
Register File Indirect Addressing 

mode 6-7,9-37 
register symbols 5-6 
registers 3-3-3-5 

write-only 9-43 
$REl keyword 8-11 
relational operators 8-6 
relocatable code 7-2 
relocatable symbols 5-10 
relocation types 5-41 

common-relocatable 5-20, 5-27, 
5-41 

data-relocatable 5-20, 5-27, 5-41 
program-relocatable 5-20,5-27, 

5-41 
reset 3-4, 3-25, 3-26, 9-41 
RETI 

Return from Interrupt 
Instruction 3-35, 6-14, 6-53 

RETS 
Return from Subroutine 

Instruction 6-14,6-54,9-38 
RF 3-3 
Rl 

RlC 

Rotate left Instruction 6-14, 6-55, 
9-35 

Rotate left Through Carry 
Instruction 6-14,6-56,9-35 

rotate instructions 6-55,6-56,6-57, 
6-58,9-35 

RR 
Rotate Right Instruction 6-14,6-57, 

9-35 
RRC 

Rotate Right Through Carry 
Instruction 6-14, 6-58, 9-35 

RX 3-51, 3-62 
RXBUF 3-55 
RXBUF register 3-53,3-62 
RXD bit 3-16, 3-53 
RXEN 3-57 
RXRDY 3-62 
RXRDY bit 3-59 
RXSHF register 3-53 
RO 3-3 
R1 3-3 

s 
SBB 

Subtract with Borrow 
Instruction 6-14, 6-59, 9-35 

SClK 3-16,3-47,3-57,3-61 
SClKEN bit 3-57 
SCTlO 3-56 
SCTlO register 3-53, 3-56 

ER 3-57 
PRE3(1). PRE3(0) 3-60 
RXEN 3-57 
SClKEN 3-57 
SPH 3-57 
TXEN 3-56 
UR 3-57 

SCTl1 register 3-60 
ClK 3-61 
SLEEP 3-61 
START 3-61 
T3ENB 3-60 
T3FlG 3-61 
WU 3-61 

search order (macros) 8-2 
Serial If 0 mode 3-51,3-57,3-67,9-19 
serial port 3-51 -3-78, 9-27 

Asynchronous Communication 
mode 3-51 

Communication modes 3-54 
hardware UART example 9-19 
initialization 3-72 
interrupts 3-78 

INT4 3-78 
Isosynchronous Communication 

mode 3-51 
multiprocessor protocols 3-51, 3-54 
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registers 3-53 
RXBUF 3-53,3-62 
SCTlO 3-53 
SCTl1 3-60 
SMODE 3-53, 3-54 
SSTAT 3-53,3-58 
TXBUF 3-53,3-62 
T3DATA 3-53,3-61 

Serial I/O 3-51 
Serial I/O mode 3-51 
software UART example 9-19 
timing 4-15, 4-24, 4-30, 4-56, 4-64, 

4-80 
serial port communication modes 3-65 
SETC 

Set Carry Instruction 6-14, 6-60 
SE70CP160 4-72,4-75,10-11 

key features 2-22 
pin descriptions 2-26 
pinouts 2-25 

SE70CP160 devices 
external interrupts 3-35 

SE70CP162 4-76,4-8~ 10-11 
key features 2-23 
pin descriptions 2-26 
pinouts 2-25 

SE70CP162 devices 
external interrupts 3-35 

SE70P162 4-2~4-3~ 10-11 
key features 2-19 
pin descriptions 2-21 
pinouts 2-20 

SE70P162 devices 
external interrupts 3-35 

SE77C42 4-66 
key features 2-24 

shifting 9-39 
sign bit 3-4 
Single Register Addressing mode 6-4 
Single-Chip mode 3-3,3-10,3-15 

memory map 3-15 
SLEEP bit 3-61, 3-68 
SMODE 3-56 
SMODE register 3-53, 3-54 

ASYNC 3-55 
CHAR1, CHAR2 3-55 
CMODE 3-55 
MULTI 3-54 
PEN 3-55 
PEVEN 3-55 
STOP 3-55 

software UART 9-20 
SOURCE 3-45 
source program 5-1 
source statement format 5-2, 5-48 

Index-8 

SP 3-4 
SPH bit 3-57 
SREF 5-48,7-6,7-7 
SSTAT register 3-53,3-58 

BRKDT 3-59 
FE 3-59 
IADD 3-59 
OE 3-59 
PE 3-59 
RXRDY 3-59 
TXE 3-59 
TXRDY 3-58 

ST 3-4 
STA 

Store Register A Instruction 6-15, 
6-61 

stack 3-4, 9-36 
stack operations 3-4, 6-51, 6-52, 6-62, 

9-36,9-53 
initialization 3-4 

Stack Pointer 3-4, 6-43, 6-62 
initialization after reset 3-29 

START bit 3-61, 3-65 
Status Register 3-4, 9-33 

carry bit 3-4 
global interrupt enable bit 3-4 
sign bit 3-4 
zero bit 3-4 

STOP bit 3-55, 3-65 
$STR keyword 8-11 
string component (of a variable) 8-8 
string mode (macro variables) 8-8 
strings 5-5, 8-6 

single quotes 5-5 
STSP 

Store Stack Pointer Instruction 6-15, 
6-62 

SUB 
Subtract Instruction 6-15,6-63, 

9-35 
subroutine instructions 6-25, 6-54, 6-65, 

9-37 
subtraction instructions 6-31, 6-32, 

6-35,6-59,6-63,9-35 
SWAP 

Swap Nibbles Instruction 6-15, 
6-64,9-35 

symbol attribute component 
keywords 8-11 

symbol components (of a macro 
variable) 8-10 

symbolic addressing 5-47 
symbols 5-5, 5-6, 5-8 

character string 5-7 
externally defined 5-11 



predefined 5-6 
relocatable 5-10 
terms 5-7 

Sync flip-flop 3-30 

T 

tag characters 5-54-5-57 
TASK linker command 7-4 
terms (as symbols) 5-7 
TEXT 5-48 
TI990jDX10 G-32 
timer clock 3-48 
timer interrupts 3-49 
timer output function 3-50 
Timer 1 3-10, 3-38, 3-39 
Timer 1 capture latch 3-44 
Timer 1 data and control registers 3-40 
Timer 2 3-10, 3-16, 3-38, 3-41 
Timer 2 data and control registers 3-42 
Timer 3 3-38, 3-51, 3-53: 3-61, 3-73 
TITL 5-48 
TMS70CTxO devices 

pin descriptions 2-10 
pi'nouts 2-9 

TMS70CT20 and TMS70CT40 4-45 
TMS70CxO devices 4-31, 4-44 

clock options 3-24 
external interrupts 3-35 
interrupts 3-26 
key features 2-5, 2-6 
memory map 3-11 
pin descriptions 2-8 
pinouts 2-7 
port configuration 3-7 
timer operation 3-48 

TMS70Cx2 devices 4-49, 4-64 
clock options 3-25 
external interrupts 3-35 
initialization routine 3-28 
interrupts 3-26 
key features 2-15 
memory map 3-12 
peripheral memory map 3-14 
pin c;lescriptions 2-17 
pinouts 2-16 
Port A 3-10 
port configuration 3-9 
timer operation 3-49 
timer output function 3-50 

TMS70xO devices 4-2, 4-7 
external interrupts 3-35 
interrupts 3-26 

key features 2-4 
memory map 3-11 
pin descriptions 2-8 
pinouts 2-7 
port configuration 3-7 
timer operation 3-48 

TMS70x1 devices C-1-C-6 
TMS70x2 devices 4-8,4-15,9-27 

external interrupts 3-35 
initialization routine 3-28 
interrupts 3-26 
key featu res 2 -11 
memory map 3-12 
peripheral memory map 3-13 
pi n descri ptions 2 -1 4 
pinouts 2-13 
PortA 3-10 
port configuration 3-8 
timer operation 3-48 

TMS7000 family devices summary 2-1 
TMS77C42 4-65 
TMS77C82 

pin descriptions 2-17 
pinouts 2-16 

TMS7742 4-16,4-24,10-11 
external interrupts 3-35 
key features 2-12,2-18 
pin descriptions 2-14 
pinouts 2-13 

TM70CxO devices 
peripheral memory map 3-12 

TM70xO devices 
peripheral memory map 3-12 

transmitter 3-51 
transmitter buffer 3-62 
TRAP 

Trap to Subroutine Instruction 6-15, 
6-65,9-37 

TSTA 
Test Register A Instruction 6-15, 

6-66 
TSTB 

Test Register B Instruction 6-15, 
6-67 

TX 3-51, 3-62 
TXBUF 3-55 
TXBUF register 3-53, 3-62 
TXD bit 3-53 
TXE bit 3-59 
TXEN bit 3-56 
TXRDY bit 3-58 
TXSHF register 3-53 
T1CTL 3-25,3-43,3-48 
T1 DATA 3-43,3-48 
T2CTL -3-43,3-48 
T2DATA 3-43, 3-48 
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T3 3-51 
T3DATA register 3-53,3-61,3-74 
T3EN B bit 3-60 
T3FLG bit 3-61 

u 
UART 3-51 -3-78, 9-20 
$UNDF keyword 8-11 
UNL 5-48 
unqualified variables (in macros) 8-9 
UR bit 3-57 
USART 3-51 

v 
value component (of a variable) 8-8 
WAR 

Declare Variables Verb 8-17 
variable components 

attribute 8-8 
length 8-8 
string 8-8 
value 8-8 

variable qualifiers 8-9 
variables 8-7 
VAX/VMS G-2 
verbs 8-15 

$ASG 8-18 
$ELSE 8-22 
$END 8-24 
$ENDIF 8-23 
$IF 8~20 
$MACRO 8-16 
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$VAR 8-17 

w 
Wake-Up mode 3-25 
well-defined expressions 5-10 
write-only registers 9-43 
WU bit 3-61, 3-69 
WUT flag 3-69 

x 
XCHB 

Exchange with Register B 
Instruction 6-15, 6-68 

XDS 
ordering information 12-16 

XDS emulator 10-2-10-7 
XOR 

Exclusive Or Instruction 6-15,6-69 
XORP 3-62 

Exclusive OR Peripheral Register In­
struction 3-62,6-15,6-70 

XOR Peripheral Register 3-17 
XTAL1 3-22,12-6 
XTAL2 12-6 
XTAL2/CLKIN 3-22 

z 
Z (zero) bit 3-4,9-33 
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Suite 101, Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269·0074. 

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St., 
FI. Lauderdale, FL 33309, (305) 973·8502; 
Maitland: 2601 Maitland Center Parkway, 
Maitland, FL 32751, (305) 660·4600; 
Tampa: 5010 W. Kennedy Blvd., Suite 101, 
Tampa, FL 33609, (813) 870·6420. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662·7900 

ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640·2925. 

:~D2:8~~,: (~\'9r:I4~~;jg;20 Inwood Dr, Ft. Wayne, 

Indianapolis: 2346 S. Lynhurst, Suite J-400, 
Indianapolis, IN 46241, (317)248·8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395·9550. 

MARYLAND: Baltimore: 1 Rutherford Pl., 
7133 Rutherford Rd., Baltimore, MD 21207, 
(301) 944·8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895·9100. 

~~~~~~~ ~fl~~i~t:~0~~I,I(3~~7~~3~5~5. Mile Rd., 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 

~ilt~~g~R~:4~:~.(~~~1~3~~go~ard Pkwy., Kansas 

St. Louis: 11816 Borman Drive, SI. Louis, 
MO 63146, (314) 569·7600. 

NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08630 (201) 750·1050 

NEW MEXICO: Albuquerque: 2820·0 Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345·2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY 13057, (315)463·9291; 
Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott, 
NY 13760, (607) 754·3900; Melville: 1 Huntington 
Quadrangle, Suite 3Cl0, P.O. Box 2936, Melville, 
NY 11747, (516) 454-6600; Pittsford: 2851 Clover SI., 
Pittsford, NY 14534, (716) 385-6770; 
Poughkeepsie: 385 South Rd., Poughkeepsie, 
NY 12601, (914)473·2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527·0930; 
~~e~'~~1.8&;~iN~tf72d5s Blvd., Suite 100, Raleigh, 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464·6100; 

g~~o5~3~:(gf~)Y2~~~3~'7i.124 Linden Ave., Dayton, 

OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643·6758. 

PENNSYLVANIA: Ft. Washington: 260 New York Dr., 
Ft. Washington, PA 19034, (215)643·6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
Coraopolis, PA 15108, (412) 771-8550. 

PUERTO RICO: Hato Rey: Mercanti! Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809)753·8700. 

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769, 
(512) 250-7655; Richardson: 1001 E. Campbell Rd .. 
Richardson, TX 75080, 
(214) 660-5082; Houston: 9100 Southwest Frwy .. 
Suite 237, Houston, TX 77036, (713) 778·6592; 
San Antonio: 1000 Central Parkway South, 
San AntoniO, TX 78232, (512) 496·1779. 

UTAH: Murray: 5201 South Green SE, Suite 200, 
Murray, UT 84107, (801)266·8972. 

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849·1400. 

WASHINGTON: Redmond: 5010 148th NE, Bldg S, 
Suite 107, Redmond, WA 98052, (206)881·3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, 
Suite 150, Brookfield, WI 53005, (414) 785·7140. 

CANADA: Nepean: 301 Moodie Drive, Mallorn 
Center, Nepean, Ontario, Canada, K2H9C4, 
(613) 726-1970. Richmond Hill: 280 Centre SI. E., 
Richmond Hill L4C1Bl, OntariO, Canada 
(416) 664·9181; St. Laurent: Ville St. Laurent Quebec, 
9460 Trans Canada Hwy., St. Laurent, Quebec, 
Canada H4S1R7, (514) 335·6392. 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1 + 394·3008. 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 
2 + 887·1122; 5th Floor, 418 SI. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255·2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B116, A·2345 Brunn/Gebirge, 
2236·846210. 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 
Mercure Centre, Raketstraat 100, Rue de la Fusee, 
1130 Brussels, Belgium, 21720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Llda.: Rua Paes Leme, 524·7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Mairelundvej 
46E, DK-2730 Herlev, Denmark, 2 - 91 7400. 

FINLAND: Texas instruments Finland OY: 
Teollisuuskatu 19000511 Helsinki 51, Finland, (90) 
701·3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP OS, 06270 Vilieneuve·Loubet, 
(93) 20·01-01; Paris Office, BP 67 8-10 Avenue 
Morane-Saulnier, 78141 Velizy·Villacoublay, 

~lt~~~r-~~;cL~~~i~~:slaO~f~~:st~~~:~~9~~~cE~~'IIY, 
q,) ~~;~i!g;e~t~~~~~u~~r::~~~~fg;~'e~~ Sebastopol 

~~io~2~;~~6~S~(~~e~i_~~:~; ~~~,~~:eug:l:!a~V~~e, 
Le Peripole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44-18·19; Marseille Sales Office, 
Noilly Paradis-146 Rue Paradis, 13006 Marseille, 
(91)37·25·30. 

• TEXAS 
INSTRUMENTS 

Creating useful products 
and services for you 

GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH; Haggertystrasse 1, 
0·6050 Freising, 8161 + 60-4591; Kurfuerstendamm 
195/196,0·1000 Berlin 15,30+882-7365; III, Hagen 
43/Kibbelstrasse, .19, 0-4300 Essen, 201-24250; 
Frankfurter Allee 6·8, 0·6236 Eschborm 1, 
06196 + 6070; Hamburgerstrasse 11, 0·2000 Hamburg 
76,040+220·1154, Kirchhorsterstrasse 2,0-3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 
0·7302 Ostfildern 2-Nelingen, 711 +547001; 
Mixikoring 19, 0·2000 Hamburg 60, 40+637+0061; 
Postfach 1309, Roonstrasse 16, 0·5400 Koblenz, 
261 + 35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
1 831311. 

ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1,02015 Cittaducale (Rieti), 
Italy, 746 694.1; Via Sataria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6+9003241; Viale 
Europa, 38·44, 20093 Cologno Monzese (Milano), 
22532541; Corso Svizzera, 185, 10100 Torino, Italy, 
11 774545; Via J. Barozzi 6, 40100 Bologna, Italy, 51 
355851. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bldg., 6·12, Kita Aoyama 3-Chome, Minato-ku, 
Tokyo, Japan 107, 3·498·2111; Osaka Branch, 5F, 
Nissho Iwai Bldg., 30 Imabashi 3· Chome, 
Higashi·ku, Osaka, Japan 541, 06·204·1881; Nagoya 
Branch, 7F Daini Toyota West Bldg., 10·27, Meieki 
4-Chome, Nakamura·ku Nagoya, Japan 
450, 52·583·8691. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 

~~~~~o~:~~o~~~~a!"4~~88bfangnam-ku, 
MEXICO: Texas Instruments de Mexico S.A.: Mexico 
City, AV Reforma No. 450 - 10th Floor, Mexico, 
OF, 06600, 5+514·3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973+274681. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewijk) 1100 C8 Amsterdam, 
Zuid·Oost, Holland 20 + 5602911. 

NORWAY: Texas Instruments Norway AIS: PB1OS, 
Refstad 131, Oslo 1, Norway, (2) 155090. 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th 

~~~!ti~~e~~g~~~i~l,d~hi~~~in::~~~ ~~8~~~~~' 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2·948·1003. 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia LId.: 12 Lorong 
Bakar Batu, Unit 01·02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747·2255. 

SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No.6, Madrid 16, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 . 235480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH·8953 Dietikon (Zuerich) Switzerland, 
1-7402220. 

TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung· Kiang Read, Taipei, 
Taiwan, Republic of China, 2 + 521-9321. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 +442-7162. 

8M 



TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837-7?30 

ARIZONA: Phoenix: (602) 995-1007; 
Tucson (602) 624-3276, 

CALIFORNIA: Irvine (714) 660-8187; 
Sacramento (916) 929·1521; 
San Diego (619) 278-9601: 
Santa Clara (408) 960·9000; 
Torrance (213) 217·7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074 

FLORIDA: Ft. Lauderdale (305) 973-8502; 
Maitland (305) 660·4600; Tampa (813) 870·6420 

GeORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Ft. Wayne (219) 424-5174; 
Indianapolis (317) 248·8555, 

IOWA: Cedar Rapids (319) 395·9550 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Walfham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1500; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: Kansas City (816) 523-2500; 
St. Louis (314) 569-7600, 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Endicott (607) 754-3900; Melville (516) 454-6600; 
Pittsford (716) 385-6770: 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258·3877. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Ft. Washington (215) 643-6450; 
Coraopolis (412) 771-8550. 

PUERTO RICO: Hato Rey (809)753·8700 

TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 

UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 

WASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 785·7140 

~~~~~~d ~~~~O~t~r~a(~~6\6~~1_V;~-11;970; 
St. Laurent, Quebec (514) 335·8392 

TlRegional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clara (408) 748-2220 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS: Arling.ton Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895-9197 

TEXAS: Richardson (214) 680·5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214)995-6611 
(8:00 a.m. - 5:00 p.m. CST) 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
General Radio Supply Company 
Graham Electronics 
Hall·Mark Electronics 
Kierulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837-6955; 
Hall-Mark (205) 837-8700; KieruHf (205) 883-6070; 
Marshall (205) 881·9235. 

ARIZONA: Arrow (602) 968-4800; 
Hall-Mark (602) 437-1200; Kierulff (602) 437-0750; 
Marshall (602) 968-6181; Wyle (602)866-2888 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701·7500, (714) 838-5422; 
Hall-Mark (818) 716-7300, (714) 669-4700, 
(213) 217-8400; Kierulff (213) 725-0325, (714) 731-5711, 
(714) 220-6300; Marshall (818) 407·0101, 
(818) 442-7204, (714) 660-0951; 
R.V. Weatherford (714) 966-1447, (213) 849-3451, 
Wyle (213) 322-8100, (818) 880-9001, (714) 863-9953; 
Zeus (714) 632-6880; 
Sacramento: Arrow (916) 925-7456; 
Hall-Mark (916) 722·8600; Marshall (916) 635-9700; 
Wyle (916) 638-5282; 
San Diego: Arrow (619) 565·4800; 
Hall-Mark (619) 268-1201; Kierulff (619) 278·2112; . 
Marshall (619) 578-9600; Wyle (619) 565-9171; 
San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487-4600; Hall-Mark (408)946-0900; 
Kierulff (408) 971-2600; Marshall (408) 943-4600: 
Wyte (408) 727-2500; Zeus (408) 998·5121. 

COLORADO: Arrow (303) 696-1111; 
Hall·Mark (303) 790-1662; Kierulff (303) 790-4444; 
Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 
Diplomat (203) 797-9674; Hall·Mark (203) 269-0100; 
Kierulff (203) 265-1115; Marshall (203) 265-3822; 
Milgray (203) 795-0714. 

FLORIDA: Ft Lauderdale: Arrow (305) 429·8200; 
Diplomat (305) 974-8700; HalJ-Mark (305) 971-9280; 
Kierulff (305) 486·4004; Marshall (305) 928-0661; 
Orlando: Arrow (305) 725-1480; 
Hall-Mark (305) 855-4020; Marshall (305) 841-1878; 
Milgray (305) 647-5747; Zeus (305) 365-3000; 
Tampa: Arrow (813) 576-8995; 
Diplomat (813) 443·4514; Hall·Mark (813) 530-4543; 
Kierulff (813) 576-1986. 

GEORGIA: Arrow (404) 449-8252; 
Hall-Mark (404) 447-8000; Kierulff (404) 447-5252; 
Marshall (404) 923-5750 

TEXAS 
INSTRUMENTS 

ILLINOIS: Arrow (312) 397-3440; 
Diplomat (312) 595-1000; Hall-Mark (312) 860-3800; 
Kierulff (312) 250-0500; Marshall (312) 490·0155; 
Newark (312) 784-5100. 

INDIANA: Indianapolis: Arrow (317) 243-9353; 
Graham (317) 634-8202; Hall-Mark (317) 872-8875; 
Marshall (317) 297-0483; 
Ft. Wayne: Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230 

KANSAS: Kansas City: Arrow (913) 541-9542; 
Hall-Mark (913) 888·4747; Marshall (913) 492·3121. 

MARYLAND: Arrow (301) 995-0003; 
Diplomat (301)995-1226; Hall-Mark (301)988-9800; 
Kierulff (301) 636-5800; Milgray (301) 995-6169; 
Marshall (301) 840·9450; Zeus (301) 997-1118. 

MASSACHUSETTS: Arrow (617) 933-8130; 
Diplomat (617)667-4670; Hall-Mark (617)667-0902; 
Kierultt (617) 667-8331; Marshall (617) 272·8200; 
Time (617) 532-6200; Zeus (617) 863·8800. 

MICHIGAN: Detroit: Arrow (313) 971·8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; 
Hall·Mark (612) 941-2600; Kierulff (612) 941-7500; 
Marshall (612) 559·2211. 

MISSOURI: St. Louis: Arrow (314) 567·68S8; 
Hall-Mark (314) 291-5350; Kierulff (314) 739-0855. 

NEW HAMPSHIRE: Arrow (603) 668-6968. 

NEW JERSEY: Arrow (201) 575-5300, (609) 
596-8000; Diplomat (201) 785-1830; 
General Radio (609) 964-8560; 
Hall-Mark (201)575-4415, (609)235-1900; 
Kierulff (201) 575-6750, (609) 235-1444; 
Marshall (201)882·0320, (609)234-9100; 
Milgray (609) 983-5010. 

NEW MEXICO: Arrow (505) 243-4566. 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Diplomat (S16) 454-6400; 
Hall-Mark (516) 737-0600; Marshall (516) 273·2053; 
Milgray (516) 420-9800; Zeus (914) 937-7400; 
Rochester: Arrow (716) 427-0300; 
Marshall (716) 235·7620; Diplomat (716) 359-4400; 
Syracuse: Arrow (315) 652-1000; 
Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872.Q712; 
Kierulff (919) 872·8410; Marshall (919) 878-9882. 

OHIO: Cleveland: Arrow (216) 248-3990; 
Hall-Mark (216) 349·4632; Kierulff (216) 831-5222; 
Marshall (216) 248-1788. 
Columbus: Arrow (614) 885-8362; 
Hall-Mark (614) 888·3313; 
Dayton: Arrow (513) 435-5563; 
Graham (513) 435-8660; Kierulff (513) 439-0045; 
Marshall (513) 236-8088_ 

OKLAHOMA: Arrow (918)665-7700; 
Kierulff (918) 252·7537. 

OREGON: Arrow (503) 684·1690; 
Kierulff (503)641-9153; Wyle (503)640-6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856-7000, 
(215) 928-1800; General Radio (215) 922·7037_ 

RHODE ISLAND: Arrow (401) 431-0980 

TEXAS: Austin: Arrow (512) 835-4180; 
Hall-Mark (512)258-8848; Kierulff (512) 835-2090; 
Marshall (512) 837-1991; Wyle (512) 834-9957; 
Dallas: Arrow (214) 380-6464; 
Hall-Mark (214)553-4300; Kierulff (214) 343-2400; 
Marshall (214) 233-5200; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 
Houston: Arrow (713) 530-4700; 
Hall-Mark. (713) 781-6100; Kierulff (713) 530·7030; 
Marshall (713) 895-9200; Wyle (713)879-9953. 

UTAH: Arrow (801) 972-0404; 
Diplomat (801) 486-4134; 
Hall·Mark (801) 268·3779; KieruJff (801) 973-6913; 
Wyle (801) 974-9953. 

WASHINGTON: Arrow (206) 643-4800; 
Kierullf (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747-9100. 

WISCONSIN: Arrow (414) 792-0150; 
Hall-Mark (414) 797-7844; Kierulff (414) 784-8160; 
Marshall (414) 797-8400. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 661-0220; 
Future (416) 638-4771; 
Vancouver: Future (604) 294-1166 
Winnipeg: Future (204) 339·0554 
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