





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TI32082W-2
MEMORY MANAGEMENT UNIT

PARAMETER MEASUREMENT INFORMATION

T10R
TMMU

' k—'suﬂ—"' .
RDY ¥
) THE RDY LINE IS SAMPLED AT
THE BEGINNING OF T3. IF RDY
N . B IS LOW, T3WILL BE REPEATED.
- . ' {F RDY IS HIGH, T4 WILL BE THE

NEXT T STATE.
FIGURE 8. READY SAMPLING (MMU INITIALLY READY)

‘ . T T3 T4
ck1 / \ % \ 0\ ‘
. . |
, I
CLK2 /--\ I
o .
o
o,
o
[72]
=
@
®
~
7

"'—‘suk—-: rthR

RoY 3 AN

FIGURE 9. READY SAMPLING (MMU INITIALLY NOT READY)
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: "TI32082W-2
MEMORY MANAGEMENT UNIT

PARAMETER MEASUREMENT INFORMATION'

T1 : T4

CLK1 % \ % \ /
| | :
I b

CLK2 l l .
| / \__| !
] I

ADO-AD15 —I_i DATA OUTPUT VALID TIMES }

l .

fe—too—] |
5 7] |

{cpPu) i /1
L—q—tm HSL Ii—-’l—'cmsu

A/D . i
{cPU)
CPU DATA INPUT
. REQUIREMENTS (REF)

DDIN \

Data Sheets E

STATUS " STATUS VALID X.NEXT CYCLE STATUS
ADS {HIGH)
DBE (HIGH)

NOTE: CPU timing shown for reference, for actual CPU setup and hold times see CPU data sheets.

FIGURE 10. MMU DATA OUT TIMING (COPROCESOR INSTRUCTIONS)

i ‘
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TI32082W-2
MEMORY MANAGEMENT UNIT.

TYPICAL APPLICATION DATA
T TA

oL _/_\______](_\____/-
CLK2 ﬂ /—\_
. . . l ’
. k—'suD—ﬂ .
. _ B DATA INPUT
ADO-AD15 - REQUIREMENTS
(cPU) ) .
AD i DATA FROM CPU
» ad 0 ’ (REFERENCE)
n L DDIN /
o .
o
e . ‘
[72]
=
5]
®
Py
7]

_’I |l—‘hD
!
|
|

A

STATUS _ STATUS VALID XNEXT CYCLE STATUS
m_ ~ (HIGH)
DBE (HIGH)

NOTE: CPU timing shown for reference, for actual CPU setup and hold times see CPU data shéets.
. FIGURE 11. MMU DATA IN TIMING {COPROCESSOR INSTRUCTIONS)
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TI32202-2
INTERRUPT CONTROL UNIT

D2874, APRIL 1985

® High-Speed NMOS Technology JD DUAL-IN-LINE PACKAGE
. (TOP VIEW)

16 Maskable Interrupt Sources

{can be Cascaded to 256) : r15 1 UsoD vee
® Programmable 8- or 16-Bit Data Bus s‘?:E; 2: a :2:?
® Edge or Level Triggering for Each Hardware g7mr1al)s  s7QdiRo

Interrupt with lndwldually ‘Selectable G6/r120]s ~ 3[Ry

Polarities, G5/IR10 E 6 35 gle

) 7 34
8 Software Interru?ts » (ngjllg: ds 3P :2?
Fixed or Rotating Modes . G2/mrale 3200cCLK

Gir2Q1o 31 PDWR
GOnRo [J11  30[]RD
p7(]12 29[ COUT/SCIN

Dual DC to 10 MHz, 16-Bit Counters that .
may be Concatenated to a Single 32-Bit

Counter o6z 28 :@
® Optional 8-Bit I/0 Port Available in ) D5 (J14 27fJRST
8-Bit Data Bus Mode ) pa]is 26[0A4
. . . D316 25[]A3
Single 5-V Supply Operation ) o217 2f1A2
Designed to be Interchangéable with ) p1[Qis 23[A1 -
National Semiconductor NS16202 poe 22[JA0
: : GND[J20 21[QCs
description

The T132202 Interrupt Control Unit {ICU) is designed for use with the TI32000 microprocessor family.
Its usage minimizes the software and real-time overhead needed to handle multilevel, prioritized interrupts.
One T132202 can manage up to 16 interrupt sources, resolve interrupt priorities, and supply a smgle byte
interrupt vector to the CPU.

The T132202 operates in either the 8-bit or 16-bit data bus modes. In the 8-bit mode, up to 16 hardware
interrupts with programmable priorities are handled. In the 16-bit mode, 8 hardware and 8 software -
interrupts can be handled. In either mode, up to 16 additional ICUs may be cascaded to handle a maximum
of 256 interrupts.

Two 186-bit counters, which may be concatenated under program control into a single counter, are also
available for real-time applications.

The T13202 is characterized for operation from 0°C to 70°C.

on a new product. Specifications are

subject to change without notice. . IN S,I.RUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

. ADVANCE INFORMATION . Copyright © 1985, Texas Instruments Incorporated
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T132202-2
INTERRUPT _CONTROL UNIT

i

functional block diagfam

CLK——] COUNTERS |-¢-»— COUT/SCIN

'_4__'f

NT —e—d ] , -<—»— G7/IR14
sT1 < |—¢—$— G6/IR12
tR1 |—4-»— G5/IR10
IR3 |—<¢-—p-— G4/IR8
IRS PRIORITY ' o -<«—— G3/1Rs
CONTROL ’ ' : |—4—»— G2/IR4
1R7 . TIMING
IR ———f < AND »— : |—4—»— G1/IR2
CONTROL - 1/0 BUFFERS
IR11 ——rf AND |—4—p— GO/IRO
IR13 ——— LATCHES  L.4-— D7
" IR15 |—4—p— D6
|—4¢—p— D5
RST ’y -¢—»— D4
—4p»— D3
.RD —@ -4—»— D2
WR —o ) [--4—p— D1t
== READ/ .
—0 a —4—p— DO
s WRITE
. .HBE ——O) LOGIC
. A0 AND
DECODERS
Al :
. A2
A3
A4
PIN FUNCTIONAL DESCRIPTION TABLE
PIN
NO. NAME Vo DESCRIPTION
1 IR15 N Interrupt Request — One of eight inputs used for hardware interrupts. May be individually triggered
in one of four modes (see explanation for pins 33 thru 39).
o2 INT ouT Interrupt Output — This signal, when low, indicates that an interrupt is pending.
' Status — Status signal from the CPU. When the Hardware Vector Register is read, this signal differentiates
3 ST1 IN an INTA (Imerrupt. Acknowledge) cycle from an RET! 1Return~from-|ntefrupt) cycle. 1f T1 is low, the
ICU initiates an INTA cycle. If ST1 is high, an RETI cycle will result. L
4 G7/IR14 110 . . . . N . . o
5 G6/IR12 General Purpose 1/0 Lines — These pins are the high-order data bits when the ICU is in the 16-bit
6 G5/IR10 bus mode. When the ICU is in the 8-bit bus mode, each pin may be individually assigned one of
7 GA4/IR8 the following functions: |
8 G3/IRE 1. ‘Additional Hardware interrupt Input (IRO through iR14)
9 G2/IR4 2. General Purpose Data Input
10 G1/IR2 3. General Purpose Data Output )
1 GO/RO 4. Clock Output from H-Counter {pins GO/IRO through G3/IR6 only)

4-64
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. TI322022
" INTERRUPT CONTROL UNIT

PIN FUNCTIONAL DESCRIPTION TABLE (Continued)

PIN . .
NO. NAME /0 DESCRIPTION
12 D7 110 -
13 D6 110 '
14 DS o]
15 . D4 /0 . . ) . . .
16 03 1o Data Bus Lines — Eight low-order data bus lines used in both 8-bit and 16-bit bus modes
17 D2 110
18 D1 110
19 - DO 1/0
20 GND Ground — Power supply return ) RN
21 s IN Chip Select — When TS is high (inactive), it disables the ICU from responding to address, data, and
. control signals.
22 AC IN
23 A1 IN . R
24' A2 IN Address Lin?s - Thefe five-address lines are used to select the ICU internal registers for
25 A3 IN read and write operations
26 A4 “IN
27 RST . iN Reset — When low, this signal initializes the ICU. The ICU initializes to the 8-bit bus mode.
High-Byte Enable — When low, this input data transfers on the most significant byte of the Data Bus.

28 HBE IN If the ICU is in the 8-bit bus mode, this signal is not used and the terminal should be connected to
' either GND or Vcc. ) '

Counter or Oscillator Output/Sampling Clock Input — An output signal from this pin provides either

" 29 COUT/SCIN 1o a clock signal generated by the ICU internal oscillator, or a zero-detect signal from one or both of the ﬂ
- 1CU counters. An input to-this pin is used for an external clock to override the ICU internal oscillator, 3
The internal oscillator is overridden during sampling. This is done only for testing purposes. s
30 RD IN Read — When low, this signal enables data to be read from internal registers of the ICU. [72]
31 WR IN Write — When low, this signal enables data to be written into internal registers of the ICU. ‘@
32 CLK . IN Counter Clock — External clock signal used to drive internal counters of the ICU. E
33 IR1 IN ) ) ] ) ) o o
34 IR3 IN Interrupt Request Lines — These seven lines along with IR15 (pin 1) constitute eight inputs used for
35 RS N hardware interrupts. Each of the eight inputs may be triggered in one of the following modes:
Rising Edge
36 IR7 IN Falling Ed
I
37 IR9 IN ng tege
Low Level
38 IR IN Hiah Level
1
39 IR13 IN gn teve
40 Vee Power Supply, 5 V dc

i B .
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TI32202-2 ' ' . oo
INTERRUPT CONTROL UNIT :

abso

lute maximum ratings over recommended operating conditions (unless otherwise noted)

Supply voltage, VCC {see Note 1) . .. ... i i 7V
Input voltage range .. ... ...ttt i e e —0 5Vto7V
Output voltage range . . . . oottt it et e e e e e e -0.5Vto?7V

* Continuous total dissipation. . . ... ... it i e e e 1.5W-

Operating free-air temperature range . . . .. ... A 0°C to 70°C
Storage temperature range . ... .. ... vt vt vttt n it i e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 300°C

- NOTE

recommended operating condmons )

1: All voltage values are with respect to the GND terminal.

. MIN NOM MAX | UNIT
Supply voltage, Vo 4.75 5 5.25 \
High-level input voltage, Viy P 2 \
Low-level input voltage, V). ’ 08( V
Opevating free-air temperature, TA . o] 70| °C
electrical characteristics over recommended ranges of supply voltage and operatlng free-air temperature
{unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOH High-level output voltage loH = —400 pA : 2.4 . )4
VoL Low-level output voltage loL = 2mA : 045 V.
I Input current V) = 0to Vg N +20 | wA
lo(off)  Off-state output current : ) Vo = 0.4V to Vce +20| xA
Ice Supply current g = 0,Ta = 0°C 300 { mA

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten
the symbols, the pin names have been further abbreviated as follows: ’

Pin Name abbreviations are as follows: Lowercase subscripts and their meanings are:

CLK CorCL a access time
CouT co c cycle time (period)
Ccs . cs d delay time interval
INT INT © dis disable time (H or L to Z)
IR 1 en enable time (Z to H or L}
RD RD Sf fall time
RST " RST . h " hold time
ST1 S ) p propagation delay time
WR WR r rise time. '

su setup time

w pulse duration

Parentheses have been omitted except when req‘uired for separation of a final subscript represénting special
conditions. The columns titled NSC SYMBOL show the symbols used by National Semiconductor for the
parameters shown in the timing requirements and switching characteristics tables.

4-66
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TI32202-2

INTERRUPT CONTROL UNIT

timing requirements over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PARAMETER FROM TO SYl\ll\)IsB(:OL FI:gT‘E MIN MAX | UNIT
thA(R) Read address hold time 2 V RDt 0.8/2 V Address | tAhRDia 1 80 ns
tsuA(R) - Read address setup time 0.8/2 V Address | 2 vV RD! tAsRDa 1 50 .ns
thCSIR} Read CS hold time 2 V RD? 0.8V Csi tCShRDia 1 ' 80 ns
tsuCS(R) Read CS setup time 0.8 VCs! 2 VRD! tCSsRDa 1 50 ns
thD(R) Read data hold time 2 V ROt 0.8/2 V Data tDhRDia 1 o 50| ns
twRD RD low pulse duration 0.8 V RD!L 0.8 VRD! tRDw 1 160 ns
tsus ST1 setup time 0.8/2 V ST1 2 VADL tSsRDa 1 50. ns
ths ST1 hold time 2 V RD? 0.8/2 V ST1 tShRDia 1 -30 ns
thAIW) * _ Write address hold time 2 vV WR? 0.8/2 V Address | tanwria -| 2 80 ns
tsyA(w)  Write address setup time 0.8/2 V Address | 2 V WRL tAsWRa T2 50 ns
thes(w)  Write CS hold time 2 V WR? 0.8 v Cst tCShWRia 2 80 ns
tsuCS(w) Write CS setup time 0.8 vV Csl 2 V WR! tCSsWRa 2 50 ns
thD(W) Write data hold time 2 V WRt 0.8/2 V Data tDhWRia 2 50 ns
tsyD(W)  Write data setup time 0.8/2 V Data 0.8 V WRt tDsWRia 2 100 ns
twWR WR low pulse duration 0.8 V WR! 0.8 V WRt tWRw 2 160 ns
taiAl Interrupt acknowledge 2 VAD (INTAN | 0.8/2V iR} tACKIR 3 500" ns

to IR delay .
twie) ' low pulse duration in 0.8/2 V IRL 0.8/2 V IRt HRw 3 50 ns
edge-trigger mode .
twSCH j:’::::;:g clock high pulse 2 V SCINt 2V SCINI 1SCINN 5 100 ns
twSCL jj::';:‘gr:!ll:ik low 0.8V SCINI - | 0.8V SCINt tsCIN 5 100 ns
tcSC Sampling clock period 0.8 V SCIN!{ 0.8 V SCIN! 1SCINp 5 800 ns
tcC Clock period 0.8 V CLK! 0.8 vV CLK! tcy 7 400 ns
tcCIP) Clock period with prescaler 0.8 V CLKL 0.8 V CLK! tCyp 7 100 ns
twCH CLK high pulse duration 2 V CLK? 2V CLKI tCh 7 100 ns
twchp)  CHX Mo pulse duration 2V CLK1 L2V CLKL tChp 7 50 ns
(with prescaler)
twCL CLK low pulse duration 0.8 V CLK! 0.8 V CLK1? tcl 7 100 ns
tweLP) (Cvt::h':‘:'e::;ls:”d”'a"°" 0.8 v CLK! 0.8 V CLK1 tCip 7 50 ns
twRST RST low pulse duration 0.8 V RST! 0.8 V RST? tRSTw 400 ns
i
- _Texas 4-67
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TI32202-2
INTERRUPT CONTROL UNIT

switching characteristics over recommended supply voltage and operating free-air temperature, °

CL = 100 pF (unless otherwise noted) -

NSC FIGURE
PARAMETER FROM TO SYMBOL NO. MIN MAX | UNIT
taRD Data access time 0.8 VRDI 0.8/2 V Data tRDaDv . 1 160 | ns
tdisG GO...G7 disable time 2V WRI Hi-Z GO...G7 tWRiaPf 200 | ns
tpG GO...G7 output delay time 2 V WRt 0.8/2 V GO...G7| twRijaPv 2 200 | ns
toINT INT low delay after IR 0.8/2 V IRl 0.8 VINT! tIRid 3,4 800 | ns
twCcoL'  COUT low pulse duration 0.8V COUTI | 0.8V COUT! :223:” 6,7 50 ns
tcCO COUT clock period 0.8 v COUT! 0.8 V COUT! tCouTp 6 400 ns
tCLCO CLK! to COUT delay 0.8 V CLK! 0.8 vV COUT! tGCOUTI 7 300 | ns
PARAMETER MEASUREMENT INFORMATION
2v

2V
E
ADDRESS XO.BV

0.8V

—

sT1 vl
0.8 V

2V

!
1
|
|
|

08V
1
! I‘—':uA(R)—"‘ 'hs'r_.i |
_ ——k-taucsim) [ ThAIR)-H /
cs | 08V ! 1 0.8V .
1 T
y t N §
[ tsus —— = WRD A nes(R)—ol
| II‘ 2V
RD 08V 0.8 v ¥l
! I
j¢e———taRD———| —-to(R)
v e ——— o —————— - ——— —
)
DATA BUS o 2aTAvA

Figure 1. READ/INTA Cycle’

ss 2V
ADDRE:! 0.8V

2V
0.8 V

] r—‘mcs(w)—bl thaW)—| -
|
= 1\ | I : I{
cs | 0.8V | | 0.8V
| Y .
C e—twaw— - tWWR » k-thesiw)-»l
s . 2 v-\&Ir V X7
WR 08V osv |
je——tsuD W) ——) H‘hD(Wl
e~ - —— ———-
PATA i s —— —— 98V AP | osv —_————
be—toc —
OUTPUT PORT >¢ 2V
DATA . 0.8 V
Figure 2. Write Cycle
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TI32202-2
INTERRUPT CONTROL UNIT:

D)

PARAMETER MEASUREMENT INFORMATION
[ tmien ‘

2vICS TN
" A
» . p—:,mr——-;l ta1A 14— '

|

— . . l

INT \(-o.sv ‘ 1 / .
. $ o

{

RD (INTA) o \ ’ 2v

“Figure 3. Interrupt Timing in Edge-Triggering Mode

R "2V
08V

Figure 5. External Interrupt Sampling Clock to be Provided at COUT/SCIN When in Test Mode

lt—'pm*r—h'
iNT » \L / '
) 0.8V .
Figure 4. Interrupt Timing In Level Triggering Mode
’ &
twSCH J¢—| ®
twSCL'l‘—’l ! l ! 'cSC | . g
scIN | 2v Xl (7]
08V 08V 0.8V o 8V
: ]
. -
1)
. (a]

‘wCOL 'cco—-——bl

Figure 6. Internal Interrupt Sampling Clock Prowded at COUT/SCIN:

twCH OR twcH(P1{¢—d|

twCL OR twcL(p)—e— | . | j————-tcCOR tecip)
| "\ |

12Vl
CLK 08V 08V 0.8V 08V
" l-tcico ]
! L
COUNTER OUTPUT | |
(PULSED FORM) : 0.8V |

= jetwcoL . i
COUNTER OUTPUT / . |
(SQUARE WAVE) Sk 0.8V | |

Figure 7. Relationslhip Between Clock Input at CLK and Counter Output Signals at COUT/SCIN
or GO/RQ....G3/R6, Pulsed Form and Square Wave .

Texas b 469
INSTRUMENTS ,



‘ n ‘Data Sheets

4-70



T132201-2
TIMING CONTROL UNIT

D2870, APRIL 1985

® 2-Phase Full Vgcc Swing High-Capacitance JD DUAL-IN-LINE PACKAGE

Drivers (TOP VIEW}
® 4-Bit Input (WAITn) Allowing Precise = BBE
Specification of O to 15 Wait States - . . 'RWEN/SYNC
® Cycle Hold for System Arbitration and/or %;
Memory Refresh * —_
) DDIN
® System Timing (CTTL and FCLK) and ' ) .AD
Control (RD, WR, and DBE) Outputs : RSTI
® General- Purpose Timing-State Output to R:gg
Identify Internal States
CLK2
" @ Support of Slow MOS Peripheral Interface CLK1
ICs (e.g., 8080 Series) ' GND

® Provides Ready (RDY) Output for TI32000
MPUs

© Synchronous System Reset Generation from
Schmitt Trigger Input

® Single 5-V Power Supply

description

The T132201 Timing Control Unit (TCU) is a 24-pin device fabricated by a Schottky bipolar process. It
provides the 2-phase MOS clock drivers, system control logic {read, write, and data buffer enable), and
cycle extension logic for the TI32000 microprocessor family.

A crystal or external signal is used as the frequency source. In addition to the two-phase MPU clock outputs
(CLK1 and CLK2), two other clock outputs (TTL-compatible) are available for system timing. One of these
is a fast clock (FCLK) providing twice the MPU clock frequency (i.e., at the crystal frequency). Clock CTTL
is a TTL version of CLK1.

The TCU also features cycle extension that includes digitally programmable wait state inputs, a peripheral
(slow) cycle to accommodate slower MOS peripheral interface, and Cycle Hold between the first cycle
time (T1) and second cycle time (T2) to allow for arbitration prior to generating control signals.

The T132201 is characterized for operatiop from 0°C to 70°C.

i

ADVANCE INFORMATION

This d:
e ' Ehangs whkaut nones In sﬁﬁfﬁ%é’s

Copyright © 1985, Texas Instruments Incorporated
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TI32201-2
TIMING CONTROL UNIT

functional block diagram

CLK1

XIN {13) .
(14) osc ; FCLK
XouT ——¢4
2
D- M cLK2
Syhe : (11)
LOGIC :)— > C
) INTERNAL CLOCK
T < > l\ 18 erre
e (7) INTERNAL RESET .
RsT! 0 o O RSTO
D> c (4)

_RWEN/SYNC -(3’-9

(®)

ADS
]

DDIN
S —= (23)

(22) -

WAIT

(18)

WAIT
STATE

— 19

COUNTER

= (20)

LOGIC

— (21}

0(50'00
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T132201-2

TIMING. CONTROL UNIT

PIN FUNCTIONAL DESCRIPTION

PIN .

NO. NAME 110 DESCRIPTION

1 DBE ouT Data Buffer Enable Output — A low signal at this pin enables the 3-state buffers on the data
lines of the T132000 CPU system. .

2 RWEN/SYNC IN Read-Write Enable/Synchronizing Input — This input when low enables the RD and WR
outputs. When high, it synchronizes the CLK1 and FCLK through the sync logic circuitry and
disables the RD and WR outputs placing the lines in the high-impedance state.

3. RD ouTt Read Output Strobe (3-state) — When low, this signal identifies a READ cycle. It is' decoded
from DDIN and placed in the high-impedance state by RWEN going high.

4 ‘WR ouT Write Qutput Strobe (3-state) — When low, this signal identifies a WRITE cycle. It is decoded
from DDIN and placed in the high-impedance state by RWEN going high.

5 DDIN IN . Data Direction Input ~ When low, this signal determines that a READ cycle is performed.
When high, a WRITE cycle is performed.

6 ADS IN Address Strobe Input from CPU/MMU — This signal (going low) identifies the first timing state
(T1) of a bus cycle for the TCU.

7 RSTI IN Reset Input — This Schmitt trigger input generates the synchronous reset signal RSTO, The
rising edge of RSTO is synchronized to CLK 1. RSTI going low causes RSTO to go low, and

N . this signals a system reset.

8 RSTO OUT | Reset Output — The signal RST1 going low causes RSTO to bo fow. When the slow rising edge
of RSTI reaches the threshold of the internal Schmitt trigger, RSTO goes high on the next
rising edge of CLK1.

9 RDY ouT Ready Output — This signal remains low as long as WAIT states are to be inserted in a bus
cycle {cycle extension). This pin is normally connected to the RDY input of the CPU.

10 CLK1 ouTt CPU Clocks — These outputs provide 2-phase nonoverlapping clock signals. Their frequency is

11 CLK2 QUT | half that of the crystal source or external source. They are intended to drive high-capacitance
MOS inputs with a full Ve swing. :

12 GND Common reference for power supply and all signals.

13 XIN IN Crystal or External Frequency Source (XIN) — The desired CPU clock (CLK1 or CLK2)
frequency will be half that of the crystal or external source. A Schottky series gate
(VoHmin = 2.7 V) is recommended to drive XIN (Vihreshotd = 2.5 V) as'the external
frequency source.

14 XOuT ouT Crystal Feedback Output — This output is used in crystal operation only. This pin must be left
open when driving XIN with an external frequency source.

15 FCLK OUT | Fast Clock Qutput — This is a TTL-level clock output having the same frequency as the crystal

' or external frequency source. Therefore, its frequency is twice that of the CPU clocks.

16 CTTL ouT TTL System Clock — This output is a TTL version of CLK1; therefore, it operates at the CPU
clock frequency. )

17 TSO OUT ' | Timing State Qutput — The falling edge signals the beginning of state T2. The rising edge
signals the start of state T4 of the bus cycle.

18 WAIT1 IN Wait-State Inputs — These inputs, collectively called W\, allow from O through 15 wait

19 WAIT2 IN states to be specified. They have binary weights of 1, 2, 4, and 8, respectively. The number

20 WAIT4 N of wait states will be equal to the sum of the weights of the wait-state inputs standing at the

21 WAITS IN__ | low level. ‘

22 CWAIT IN Continuous Wait Input — This input is used to initiate the Cycle Hold (sampled at end of T1}
or (continuous) Wait-State {sampled in the middle of T2) modes. In the Wait-State mode, this
input causes the WAITn inputs to be sampled and possif)ly to be overridden.

23 PER IN Periph’eral Cycle Input — When this signal is low, the TCU performs a slow cycle. This input
causes the TCU to insert 5 WAIT states into a normal bus cycle and reshape the RD and WR
signals. This satisfies the RD and WR setup and hold times required by slower peripherals.

24 Vee IN +5-Volt power supply input

\ TexAs
INSTRUMENTS
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T132201-2 : o
TIMING CONTROL UNIT : :

absolute maximum ratings over recommended operating conditions (unless othafwise noted)

Supply voltage, V¢ (see Note 1) ....... .. P 7V
Input voltagerange ..............c.0.. P R I . =1Vtob5V
Output voltage range . . . ........ P .o.o.... =TVtob5V
Continuous total dissipation. ..................... e e ceve... 1BW
Operating free-air temperaturerange . .. ....... e eiisiiiesiens... 0°Cto 70°C
Storage temperature range . . e e e IIPTIN v —65°C to 150°C
NOTE 1: All voltage values are with resr;ect to the common ground.
‘recommended operating conditions
L MIN NOM MAX | UNIT
Supply voltage, Voo . ) 4.75 5 6525| V
High-level input voltage, Vi, any input except RSTI and XIN . : 2 v
Low-level input voltage, V|, any input except RSTI and XIN | j 0.8 \
Operating free-air temperature, TA i . o] 70| °C
electncal characteristics over recommended ranges of supply voltages and operatmg free-air temperature .

. {unless otherwise noted)

’ PARAMETER - TEST CONDITIONS MIN TYP1 MAX UNIT
VIK Input clamp voltage Any input except XIN If = -18 mA -0.7 -1.2 v
Vhys Hysteresis (V14 - VT1_) RST! input Co 0.1Vge 0.2Vee  0.25Vcee

Positive-going input ’ —_— )
Y RSTI t . 0.5V, 0.6V, 0.7V,
T+ threshold voltage : ",mu : cc cc cc
A% ¢ Threshold voltage XIN input 0.4Vec 0.5Vce  0.6Vce N
CLK1 and CLK2 4.3
VoH High-level output voltage Any other output IoH = -1 mA 2.4 \"
except XOUT '
CLK1 and CLK2 loL=1mA - j ) 0.5 |
VoL Low-level output voltage | Any other output- . )
. ot = . X
except XOUT oL 29 mA »O 5 v
IIH High-level input current Any input except XIN- Vjp=5.28V. 50 A
L Low-level input current Any input except XIN V=056V - 500 pA
. lcc Supply current All outputs high ' 180 260 mA

Al typical values are at Vo = 5V, Ta = 25°C.

Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten

the symbols, the pin names have been further abbreviated as follows:’

Clk1  CorC1 RD R
Clk2 €2 . RSTO - RS
CTiL_ CT : SYNC SN
CWAIT Cw TSO T
DBE DB : WAITh Wn
DDIN DD WR w

FCLK - = F - XIN X

{i,
TeExas :
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TI32201-2
TIMING CONTROL UNIT

Lowercase subscripts and their meanings are:

c cycle time (period)

dis disable time (H or L to 2)
en enable time (Z to H or L)
f fall time

p propagation delay time .

r rise time ’
su setup time

w pulse duration

-Parentheses have been omitted except when required for separation of a final subscript representing special
conditions. The columns titled NSC SYMBOL show the symbols used by National Semiconductor for the
parameters shown in the timing requirements and switching characteristics tables.

timing requirements over recommended ranges of supply voltage and operatlng free-air temperature
{unless otherwise noted)

NSC FIGURE
RAMETER FROM T0 : MIN MAX | UNIT
PA SYMBOL NO. _
tcC CLK1 clock period 50% CLK1t 50% CLK1t ‘tCp 4 100 ns
XIN applicd igh
twxH applied hig 2.5 V XINt 2.5 V XIN} txh o a 16 " ns

pulse duration

XIN applied low
t, 2.5 V XIN! 2.5 V XINt t; 4 16 s
wxL . pulse duration X n

tsuADS ADS setup time 0.8 V ADS! 50% CLK11 tADs 6. 25 ns
twADS ADS low pulse duration| 0.8 V ADS! 0.8 V ADS?t tADw 6 25 ns %
tsuDD DDIN setup time 0.8/2 v DDIN 50% CLK11 tDDs 6 10 ns o
tsuCWICH) -fc\yc?:h;e;;‘p time 0.8 VTWATL| 50% CLK1t | towspy | 10 25 . ns 5
0.8 V CWAITt s
thewicHy  CWAIT hold time 50% CLK11 or 1 tewne 10 o ns 8
(cycle hold) 2 v CWATLL :
tsuCWWS) (CWM;:Z:::;JP time 0.8 VCWAITL | 50% CLk2t | towsw)| 10,11 13 | ns
- thCWWS) (cm':t:::f time 50% CLK21 0.8 VTWAT| tewnw| 11 8 1 ons
tsuWn WAITn setup time 0.8 V WAITn! 50% CLK2t tws 11,12 5 ns
thwn WAITn hold time 50% CLK2t 0.8 VWAITRT| twn 11,12 15 ns
tsuPER PER setup time 0.8 V PER! 50% CLK1t tpg 12 (o] ns
thPER PER hold time ~ §50% CLK11 0.8 V PERt tPh 12 20 ns
tsuSN SYNC setup time 2 V SYNCT 0.8 VFCLKT | tgys 13 8 ns
thsN SYNC hold time 2 V FCLKT 2V SYNCL Syh 13 0 ns

TeExas {? 4-75
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switching characteristics over recommended ranges of supply voltage and operating free-air temperature (unless otherwise
noted) (see Note 2) ) .

clocks (XIN, FCLK, CLK1, and CLK2)

NSC FIGURE
PARAMETER . ) FROM T0 SYMBOL NO. MIN MAX UNIT

1CH CLK?1 high time 90% CLK1t | 90% CLK1l tCLh 4 0.5 tec—15 0.5t,c-7 ns
tCcL CLK1 low time . 10% CLK1l | 10% CLK11T tcu 4 0.5 tcc 0.5 tec+10| ns
twCH CLK1 high pulse duration 50% CLK1T | 50% CLK1! tCLw(1) 4 0.5 tec—-10 0.5t,c—-4 ns
twC2H CLK2 high pulse duration 50% CLK2! | 50% CLK2! tCLw(2) 4 0.5 to;c—-10 0.5 tec—4 ns

Clock pulse asymmetry toL 4 .5 ns

{twC1H = twC2H) . . was B
tC - CLK1 rise time 10% CLK1T | 90% CLK11 tCLR 4 2 7 ns
tc CLK1 fall time 90% CLK1! | 10% CLK1! tCLF 4 2 7 ns
tC1LC2H  CLK1 low to CLK2 high nonoverlap 10% CLK1! 10% CLK21 thOVL(1) 4 +5 ns
tc2Lc1H  CLK2 low to CLK1 high nonoverlap 10% CLK2! | 10% CLK11 thOVL(2) 4 +5 ns

Nonoverlap asymmetry

{tC1LC2H — tCILCIH) fnOVias ¢ =4 "
tXFH XIN high to FCLK high delay 2.5 VXINT | 2 V FCLKT tXFr 4 15 27 ns
tXFL XIN tow to FCLK low delay 2.5 V XINI 0.8 V FCLK! tXFf 4 15 27 ns
tXCTH XIN high to CTTL high delay 2.5V XINT | 2V CTTLT tXCr 4 24 35 ns
tXCH XIN high to CLK1 high delay 2.5 V XINT 50% CLK1T tXpr 4 21 32 ns
tECTH FCLK to CTTL high differential delay 2 V FCLK? 2V CTTLT tFCr 4 5 15 ns
tFCTL FCLK to CTTL low differential delay 2 V FCLK1 0.8V CTTLL tECE 4 5 15 ns
tFCH FCLK to CLK1 high differential delay 2 V FCLK? 50% CLK1t tepr 5 2 10 . ns
tFCL FCLK to CLK1 low differential delay 2 V FCLKT 50% CLK1! FPf 5 +4 ns
tEH FCLK high time 2 V FCLK? 2 V FCLK! tFw 5 0.25 tcc-5 0.25 tcc+5] ns
tc2CT CLK2 to CTTL differential delay 50% CLK2t 2V CTTL tpCf 5 * 1: ns
tCTH CTTL high time 2V CTTLt 2V CTTL tCTw 5 0.5 tec—7 0.5 tec+7 ns

NOTE 2: Unless otherwise noted, parameter measurements are taken with the output pins in the following conditions:
CLK1 and CLK2 — Figure 1.
All TTL outputs {except CTTL) C{ = 50 pF — Figure 2.
CTTL C_ = 100 pF — Figure 2.
RD and WR -- Figure 3.

- 102ZElL
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T132201-2
TIMING CONTROL UNIT

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
{unless otherwise noted) (see Note 2)

clock (CTTL) timing, CL. = 50 pF

- ~NSC FIGURE
PARAMETE FROM
R TO SYMBOL NO. MIN MAX | UNIT
tcct  CLK1 to CTTL differential delay | - 50% CLK1t | 2 v CTTLt tpCr 5 +2 ns
tcT  CTTL rise time 0.8 VCTTLt | 2VCTTL! tCTR 5 5| ns
ticT CTTL fall time 2V CTTL 0.8 VCTTL t1CTF 5 41 ns
clock (CTTL) timing, C. = 100 pF !
NSC FIGURE
PARAMETER FROM IN MA.

0 T0 SYMBOL NO. M X | uNIT
tcCeT CLK1 to CTTL differential delay 50% CLK11 2V CTTL tpCr 5 +g ns
tCT CTTL rise time 0.8 V CTTLt 2V CTTL tCTR 5 71 ns
tct | CTIL fall time 2V CTTLL 08VCTTL! | tcTr 5 5| ns

output controls (RSTO, TS0, WR, RD, RDY, and RWEN/SYNC)
N.
PARAMETER FROM TO SC FIGURE MIN MAX | UNIT
. SYMBOL NO.
RS CLK1 to RSTO high delay 50% CLK1t 2 v ASTOt tRSTr 6 15[ ns
tpTL CLK1 to TSO low delay 50% CLK1t 0.8 V TSO! tTf 7.8 10| ns
tpTH CLK1 to TSO high delay 50% CLK1t 2 VTSOt tTr 7.8 5 15| ns
CLK1 to WR low delay —_ :
50% CLK WR 7 14 30
PWLIF)  (Fast cycle) % cat 0.8 VWRI {RWHF) "
tpRL(F)  CLK1 to RD low delay 650% CLK11 0.8 V RD! RWI(F) 7 14 . 30| ns |
CLK1 to WR low delay . P
tpWL(S) (Slow eycle) 50% CLK11 0.8 VWR! tRWH(S) 8 3 15| ns
tpHRL(S) CLK1to RD low delay 50% CLK11 0.8 VRD! tRWH(S) 8 3 15| ns
thWH CLK1 to WR delay 50% CLK1t 2 V WR? tRWr 7.8 7 20| ns
thRH CLK1 to RD delay 50% CLK11 2 vV RDt TRWr 7,8 7 . 20| ns
CLK1 to DBE delay o —_—
CLK . BE t 7, 8 24
tpDBL(W) (Write cycle) 50% 11 0.8 V DBE! DBf(W) 8 ns
CLK1 to DBE delay —_
t 50% CLK2 0.8 V DBE! 1 7.8 3 15
PDBLIR) (Read cycle) ! DB(R) ns.
toDBH  CLK2 to DBE delay 50% CLK2t 2 v DBEt DBy 7.8 5 20| ns
i WR or D output disable time | 2 v AWENT | o Vehange | o 9 20| ns
dis(W/R) output disadble time WR or RD pLZ: pHZ
! WR or AD output enable ti o8 vAweEN: | 2872V tozL, t 9 20| ™
en(W/R) r output enable time . Wi or FD pZL. tpZH
tc2rDY CLK2 to RDY delay 50% CLK2{ 0.8/2 V RDY tRd 10,11,12 23| ns
: 0.8 VCTTLL 2 V SYNC?
t TTL 1, 13 15
TSN CTTL to SYNC delay (MASTER) {SLAVE) cs ne
“NOTE 2: Unless otherwise noted, parameter measurements are taken with the output pins in the following conditions:
CLK1 and CLK2 — Figure 1.
All TTL outputs (except CTTL) C| = 50 pF — Figure 2.
CTTL Cp = 100 pF — Figure 2. -
RD and WR — Figure 3.
T {l’
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TI32201-2
TIMING CONTROL UNlT

PARAMETER MEASUREMENT INFORMATION

243V 231V 15V
2.1k 20.5Q 499
TEST . TEST TEST
FROM QUTPUT POINT FROM OUTPUT POINT FROM OUTPUT POINT
UNDER TEST Cp =200pF UNDER TEST T Cy =50 pF ) UNDER TEST TCL= 15 pE
(See Note A) (See Note A) - {See Note A)
FIGURE 1. CLK1 AND CLK2 FIGURE 2. TTL OUTPUT FIGURE 3. 3-STATE OUTPUT
OUTPUT LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT

NOTE A: C. includes probe and jig capacitance.

1,
r— WXHT’L_‘WXL—H
| | |

XIN 25v ) 25V 25V 25V 25V
! . [
tXFH—D, -l |1—th!.

]
1

FCLK |J
]
ﬁ—ﬂ—'xcm thm—k—ﬂ H—tpcn
|

. 2V

CTTL ! . 2v :

i

‘XCH—‘Q—-DH—'wCﬂ-l —> -p—:cu—xl e t,c—-)i [
] ]
. ! y I o0% 0% |F50%
cLK1 50% 50% 50% |
10% 10%

teC
—tcL—}

[¢——twC2H | 1
! ’I TC1LC2H—p e chcm-): Je—

. [
CLK2 \ 50% 50% o y [ o

FIGURE 4.  CLOCK SIGNALS (A)

B
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TI132201-2
.TIMING CONTROL UNIT

PARAMETER MEASUREMENT INFORMATION

e—tFH—¥
! |
2v 2v 2v
FCLK
! |
| |
tFcH¥ [ ljetrcL

; t tcT P -
tcer-¥ [1- ™ r— cacr ’ 1
P TYY 2v W'exy
cTTL !
| | 08V
j———tcTH——p]

FIGURE 5. CLOCK SIGNALS (B}

. : %)
-t
. - - [
: . ! - %
B : :
ASTI 1
____/ ] I o
4—»—1pRS |
. ] e |
— 2v i 1
RSTO . & tsuADSP|
1
. : twADS —ﬂ—q I
) £ | ] 3
—_ . 77 l I : K
AD
s 08V -0.8 V
- —tupp
e 1
— [ad 2v
DDIN ><:|
. P 0.8V

7’7

FIGURE 6. CONTROL INPUTS
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TI32201-2 :
TIMING CONTROL UNIT

PARAMETER MEASUREMENT INFORMATION

1 T o T2 | - T3 ! T4 ]
! | { | I
| - I | ) |
CLK1 50% i 50% 50% 50% 50%
’ ] ' |
. |
| . |
: 1
, I ! |
'PTL—!‘—H | . oTH - |6 |
— | ] | gzZv |
TS0 I Nosv | y !
: _ | ! |
. tpqu)—!G-H : WYWH- - |
___ | , | : 2v ]
WR | Yosv | :
) I
tpRLIFI— : tpRH-M ]
I
=5 | : | . v ]
_ : 0.8V . :
, PDBLW)—iH| j¢e——>k-tpDBL(R) 'pDBH ——P} '
o = —— 1
p— H '\\I ' /FZV
0.8V . 408V i
‘ FIGURE 7. CONTROL OUTPUTS (FAST CYCLE) ‘
T 1 T2 '} TOO | OO | .TD2 | TO3 | TD4 | T3 | T4 |

|
toTL-Y :‘- | { tBTH-H - :
. |
TS0 mtzv'&-I |l ! v | 2v|
|} — |
I ] I
: | -”IL !‘—_tpWL(S) ) towH !" | :
2V |
WR K : } :lo.sv 7 ! :
I I - W-1pRL(s) tRHM e |
e e Al e
|
RD | .‘J'._o.sv FaN
I W [=WDBLR) Fm—mmm e e — e ¥ [¢tpDBH
o . .
- 2v
BEE IS
DBE 08 V1 Vosv
t . K
-l e tppBLW)

'FIGURE 8. CONTROL OUTPUTS {PERIPHERAL CYCLE)
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T132201-2
TIMING CONTROL UNIT

PARAMETER MEASUREMENT INFORMATION

2V
RWEN/SYNC ]
| 0.8V

Mtdiswm) I
| N—bf—ten(wm)

WRaTD !
VoL +05V
- Vou
|
|— VOH
—_— - VoH =05V
R & RD X »

FIGURE 9. CONTROL OUTPUTS (THREE-STATE TIMING)

| TH1 (FIRST) | THn (LAST) |

[} | |
CLK1 50% 50%

|
|
CLK2 I 50% .
| L [
] 7

F-—-DI tsuCW(Ws)

|

! |

I / \ |

| !

! 1

! thew(CHIe—p | |
—| |e~thcwic Jl |

tsucW(cH) —8| fo—-
|

I A
CWAIT CYCLE HOLD t
CWAIT Losv 0.8V

|0—»|-tcznov

y |

RDY \
08V .
7

2V -§! SUBSEQUENT WAIT
08V STATE

tc2m:v-|t—1-|

J'LT

FIGURE 10. CYCLE HOLD

READY REMAINS LOW
FOR SUBSEQUENT WAIT

xas X

E
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TI32201-2
TIMING CONTROL UNIT

PARAMETER MEASUREMENT INFORMATION

™

T2 |  Ttewortwa | T3

| : I "

cLK2 50% %50% \ / \
. , I
|
tsucwiws) —je—o| |
thCWIWS) I
rya
I 1 ) 77T ]
CWAIT cosv¥ | fosv :
.1suWn—P—’L_’|_‘hwn ’2 |
) - 7 ]
WAITn 08V ! 08V |
tczroY —j¢—9| , “——’l—'cznov
' o
ROY 08V »
17 .
FIGURE 11. WAIT STATE (FAST CYCLE)
TCwW
| | | | [ ! | |
e T2 TDO o1 . | D2 TWn TD3 TD4 T3 T4
' | J I\ [ R [ [ ! |
cLKi 50%

o PP A AN

I F\_/\ /-\_
: 1 tsuwn | l¢— . !
— | Jethn :
CWAIT . |
OR - ‘hPER-M eI ! | |
WAITn 1| |
tsuPERH &1 | \ B
| 1 F
I | |
08V |
k—‘cznuv

- !1—- tC2RDY

Tzv

/L
7’

FIGURE 12. WAIT-STATE (PERIPHERAL CYCLE)
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TIMING CONTROL UNIT

" PARAMETER MEASUREMENT INFORMATION

CTTL (MASTER) g . ’ .
08V
‘K 2v

!
ICTSN-j6——

. 7—2 \
RWEN/SYNC (SLAVE} ’ |

|
k——'suSN—’i !1— thsN—p|

' : 2v
FCLK {SLAVE) 08V

FIGURE 13. SYNCHRONIZATION TIMING
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5 Ordering Information and Packaging Mechanical Data

5.1

Ti

TX

Unique Circuit Description:
Must contain five characters

Ordering Instructlons

Electrical characteristics presented in this data manual, unless otherwise noted, apply
for circuit type(s) listed in the page heading regardless of package. The availability
of a circuit function in a particular package is denoted by an'alphabetical reference
above the pin-connection diagram(s). These alphabetical references refer to mechanical

outline drawings shown in this section.

Factory orders for circuits described in this catalog should include a seven-part type

number as explained in the following example.

EXAMPLE: ol

Complies with Tl’s published
quality and reliability policies
Prototype.device not internally
qualified by TI

Examples:
32008 = CPU
32016 = CPU
32032 = CPU
32081 = FPU
32082 = MMU
32201 = ICU
32202 = TCU
Bus Width—
Blank = No address or data bus
"B = Byte (8-bit) data bus
w = Word (16-bit) data bus
D = Double-word (32-bit) data bus
Q = Quad-word (64-bit) data bus
T = Truncated (24-bit) address bus

for CPU

32032 D CFN L1

A A A 4
Prefix (Qual St.':ltus)———j

Must contain two letters

A
1— Speed Code

Must contain one character
1= 6 MHz
2 = 10 MHz

Temperature Range
Must contain one character
= 0°C to 55°C
= 0°C to 70°C

Package
Must contain one or two letters
JD (Dual-in-line package)
FN (Chip Carrier)
GB (Pin grid array package)
N (Dual-in-line package)
(From pin-connection diagram
on individual data sheet)

Functionality Code
Blank = OQriginal NMOS version
A or B= Revised functionality
for NMOS product
o = Original CMOS version
D or E = Revised functionality
for CMOS product

TThese circuits in dual-in-line packages are shipped in one of the carriers listed below. Unless a specific method of shipment
is specified by the customer (with possible additional costs), circuits will be shipped in the most practical camer Please
contact your T! sales representative for the method that will best suit your particular needs.

Slide Magazines |
A-Channel Plastic Tubing

Sectioned Cardboard Box
Individual Plastic Box

5-3
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5.2 Packaging Mechanical Data

5.2.1

5-4

FN Plastic Chip Carrier Package '

This chip carrier package consists of a circuit mounted on a lead frame and encapsulated
within an electrically noncanductive plastic compound. The compound withstands
soldering temperatures with no deformation, and circuit performance characteristics
remain stable when the devices are operated in high-humidity conditions. The package

-is intended for surface mounting on solder lands on 1,27 (0.050-inch) centers, but

can also be used in a socketed configuration that is pin-compatible with the 68-Pin

Grid Array Package.

FN PLASTIC CHIP

CARRIER PACKAGE

{28-terminal package used for illustration)’

NO. OF A B C
TERMINALS MIN MAX MIN MAX MIN MAX
28 12,24 12,57 11,43 11,58‘ 10,41 10,92
(0.482) (0.495) | {0.450) (0.456) | (0.410) = (0.430)
68 24,94 25,27 24,13 24,28 23,11 23,62
(0.982) (0.995) | (0.950) (0.956) | (0.910) (0.930)
18 17 16 15 14 13 12 /] I
19 nf}
520 10
[1E3) ‘ 9
22 8 A
EZ3 . '7
[}22 6
. 478 (0.188) 025 26 27 28 1 2 3 & °
" 4,06 (0.160) O
1,14 (0.045)
| T et 5o
1,27 {0.050) x 45° — B
NOM 1 X |

0,81 (0.032)

MAX

__0.46(0018)
0,66 (0.026) | 936 (0°078)
3° NOM .
3 NOM I'_’l—lsz (0.060) MIN

0,25 (0.010) R\

1.35 (0.053)
1,190,047}

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. .



5.2.2 GB Ceramic Pin Grid Array Package

This is a hermetically sealed ceramic package with metal cap and gold-plated pins.

GB CERAMIC 68-PIN GRID ARRAY PACKAGE
(CAVITY UP)

. 28,4 (1.120)
— 27,4(1.080)
17,0 (0.670)
NOM
INDEX
corner Y
28.4 (1.120)
Top 27,4 (1.080)
VIEW 17,0 (0.670)
NOM
4,95 {0.195)
2,03 (0.0801 i 1 1,40 (0.055)
& 1.1a2(0.045)
3,30 (0.130) | 0,508 (0.020) o fo- 1575(0.062) |\
2,79 (0.110) 0,406 (0.016) 1.473 (0.058)

2,54 (0.100) T.P.

L OEPEEOEOEE— '
X C)@ OJOROJOXO) @@-:Ez,sa (0.100)
'[OXO) OXO) TP
HIEE ‘ OJO]
@® | oJo)

AR CYCRIE ©Q
[OXO] @O
p|@© ’ ©JO;
c|l@® OJO,
JicloYoYoYoJoYolololo]e)
GO 0JOXOXOJOXOYOXC S

1,27 (0.050)
12345678910111N0M
(See Note A)

NOTE A: Pins are located within 0,127 (0.005) radius of true position relative to each other at maximum
material condition and within 0,254 (0.010) radius relative to the center of the ceramic.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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5.2.3 JD Ceramic Dual-in-Line Package—Side Braze

eleq [edlueyod\ M

5-6

This is a hermetically sealed ceramic package with a metal cap and side-brazed gold-
plated leads.

PIN :
S 24 40 48
DIM. e
A+0.025 15,24 15,24. | 15,24
(0.010) (0.600) | (0.600) | (0.600)

32,8 52,1 62,2
B {(MAX

( : (1.290) | (2.050) | (2.45)

C (NOM) 15,1 15,1 15,1

(0.595) | (0.59)5 | (0.595)

B MAX L
C NOM

INDEXDOT\

¢ ¢ ‘
"—— A ' i 5,1 (0.200) MAX
0,51(0.020) MIN -

o - S.E.:‘:L"f—j :U ” V WHE
* .075) MAX _.lt

1,90 (0.075 1 1,52 (0.060)
( 1,02 (0.040) 3,05 (0.120) MIN
k- 0.25 (0.010) NOM 254 (0.100) TP
’ PIN SPACING 053 (0.021)

(See Note A) 0,38(0.015)

NOTE A: Each pin center line is located within 0,25 (0.010) of its true longitudinal position.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.



5.2.4 N Plastic Packages

&
—— A
MAX

; 15°

«/90" g0

RINS 24 40 48
DIM.
A (MAX) 15,88 15,88 15,88
: (0.625 (0.625) | (0.625)
8 (MAX) 31,8 53,1 62,2
(1.250) | (2.090) | (2.450)
C IMAX) 13,97 13,97 | 13,97
(0.550) | (0.550) | (0.550)
e B MAX
N+

EITHER <

1)

J

OR BOTH

/L

]

=
>
x

INDEX MARKS

0,508 (0.020} MIN

0,279 + 0,076 e~

(0.011 + 0.003)

0,457 + 0,076
(0.018 + 0.003}

—SEA‘TING PLANE——T—-—
e ek

1

—0

PIN SPACING
2,54 (0.100) NOM

]

[\

5,08 (0.200) MAX

3,17 (0.125) MIN

i

-

0,838 (0.033) NOM

1,778 (0.070) MAX

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
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6 Glossary

Abort — The first step of recovery when an instruction or its operand(s) is not available
in main memory. An Abort is initiated by the Memory Management Unit (MMU) and
handled by the CPU.

Absolute Address — An address that is permanently assigned to a fixed location in
main memory. In assembly code, a pattern of characters that |dent|fles a fixed storage
location.

Access Time — The time interval between when a request for information is made
and the instant this information is available.

Access Class — The five TI32000 family access classes are memory read, memory
write, memory read-modify-write, memory address, and register address. The access
class informs the T132000 family CPU how to interpret a reference to a general operand.
Each instruction assigns an access class to each of its two operands, which in turn
fully defines the action of any addressing mode in referencing that operand.

Accumulator — A device which stores the result of an ALU operation.

ACU — Application-specific Coprocessor Unit. This is a user-designed device which
utilizes the same coprocessor interface as the dedicated coprocessors (FPU and MMU).

~The TI32000 family instruction set contains 20 instructions designed specifically for
use with an ACU, but the exact interpretation of these instructions is left to the system
designer.

Address — An expression, usually numerical, which designates a specmc location in
a storage or memory device.

Address-Data Register — A register which may contain either address or data,
sometimes referred to as a general-purpose register.

Address Strobe — Control signal used to tell external devices when the address is
valid on the external address bus.

Address Translation — The process by which a logical address emanating from the
CPU is transformed into a physical address to main memory. This is performed by the
Memory Management Unit (MMU) in T132000 family systems. Logical address to
Physical address mapping is established by the operating system when it brings pages
into main memory.

Glossary ﬂ

Addressing Mode — The manner in which an operand is accessed. TI32000 family
CPUs have nine addressing modes: Register, Register Relative, Memory Relative,
Immediate, Absolute, External, Top-of-Stack, Memory Space, and Scaled Indexing.

Algorithm — A set of procedures by which a given result is obtained.

6-3



6-4

Alignment — The issue of whether an mstructuon must begin.on a byte, double byte,
or quad byte address boundary.

ALU — Arithmetic Logic Unit. A cofnputational subsysteh which performs the
arithmetic and logical operations of a digital system.

Array — A structured data type consisting of a number of elements, all of the same
data type, such that each data element can be individually identified by an integer
index. Arrays represent a basic storage data type used in all high-level languages.

ASCIl — (American National Standard Code for Information Interchange, 1968). This
standard code uses a character set coded as 7-bit characters (8-bits when using parity
check). It is used for information interchange among data processing systems,
communication systems, and associated equipment. The ASC!I set consists of alpha,
numeric, control and graphic characters. Synonymous with USASCII. ‘

Assemble — To prepare a machine language program {also called machine code or
object code) from a symbolic language program by substituting absolute operation
codes for symbolic operation codes and absolute or relocatable addresses for symbolic
addresses. Machine code is a series of ones and zeros which a computer understands.

Assembler — A computer program that assembles.

Assembly Language — A machine-specific language whose symbolic instructions are
usually in one-to-one correspondence to machine language instructions.

Associative Cache — A storage area where each data entry has an associated ‘tag’’.
The tags are simultaneously compared to some input value (a logical address) in the
case of the MMU, and if a matching tag is resident, the associated data entry. is emitted.
An associative cache is present within the MMU in TI32000 family systems to provide
logical-to-physical address translation.

Asynchronous Device —. A device in which the speed of operation is not related to
any frequency in the system to which it is connected.

Baud Rate — Data transfer rate. For most serial transmission protocols, this is
synonymous with bits-per-second (bps).

BCD — Binary Coded Decimal. A binary numbering system for coding decimal numbers.
A 4-bit grouping provides a binary value range from 0000 to 1001, and codes the
decimal digits ““0’* through ""9"’. To count to 9 requires a single 4-bit grouping; to
count to 99 takes two groupings of 4 bits; to count to 999 takes three groupings of

4 bits, etc.

Benchmark — In terms of computers, this refers to a software program designed to
perform some task which will demonstrate the relative processing speed of one
computer versus another.

Bit — An abbreviation of ‘’'binary digit’’. It is a unit of information represented by either
a one or a zero. ‘

Bit Field — A group of bits addressable as a single entity. A bit field is fully spécified
by the location of its least significant bit and its length in bits. In TI32000 family
systems, bit fields may be from one to 32 bits in length.



Branch — A nonsequential flow in a software instruction stream.

Breakpoint — A place in a routine specified by an instruction, instruction digit, or other
condition, where the software program flow will be interrupted by external |ntervent|on
or by a monitor routine.

Buffer — An isolating circuit used to avoid reaction of a driven circuit on the
corresponding driver circuit. Buffers also supply increased current drive capacity.

Bus — A group of conductors used for transmitting signals or powér.

Bus Cycle — The time necessary to complete one transfer of information requiring
the use of external address, data and control buses.

Byte — eight bits.

Byte Enable — BEO to BE3. CPU control signals which activate memory banks, each
bank providing one byte of data per address.

Cache — See Associative Cache.

Cache Hit— In the MMU, logical-to-physical address translation takes place via the
associative cache. For this to happen, the addressed page must be resident in physical
memory such that a logical address tag is present in the MMU'’s translation cache.

Cache Miss — When a logical address is presented to the MMU, and no physical address
translation entry is found in the MMU'’s associative cache.

Cascaded — Interrupt Control Units present in a TI32000 family system which are
in addition to the Master ICU are referred to as ‘‘cascaded’’ ICUs; i.e., interrupts
cascade from a second-level ICU through the master ICU to the CPU.

Clock — A device that generates a periodic signal used for synchronization.

Clock Cycle — After making a low-to-high transition, the clock will have completed '

one cycle when it is about to make another low-to-high transition. This time is equal
to 1/f where f = the clock frequency.

Compile — To take a program written in a High-Level Language such as C, Pascal,
or FORTRAN and convert it into an object-code format which can be loaded into a
computer’s main memory by a linker/loader program. During compilation, symbolic
HLL statements, called source code, are converted into one or more machine
instructions which the CPU understands A compiler also performs the assemble
function.

Compiler —A program that compiles.

Coprocessor — A processor which cooperates with the main microprocessor in
executing certain instructions from the instruction stream. A coprocessor generally
accelerates certain functions which increases overall system throughput. Examples
of coprocessors are floating-point accelerators and memory-management units.

CPU — The portion of a computer system that contains the arithmetic logic unit, register
file, and other control oriented subsystems. It performs arithmetic operations, controls
instruction processing, and provides timing signals and other housekeeping operations.

6-5
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Demand-Paged Virtual Memory — A virtual memory method in which memory-is divided
into blocks of equal size which are referred to as pages. These pages are then moved
back and forth between main memory and secondary storage as required by the CPU.

Demand paging reduces the problem of memory fragmentatlon which results in unused
memory space.

Dispatch Table — In TI32000 family systems, this is an area of memory which contains
interrupt descriptors for all possible hardware interrupts and software traps. The
interrupt descriptor directs the CPU to the module descriptor for the procedure which
is designed to handle that particular interrupt.

Displacement — ‘A numerical offset from a known point of reference. Displacements
are used in programming to facilitate position independent code, such that a given
program can be loaded anywhere in memory. In TI32000 family processors, a
displacement is contained in the instruction itself, as opposed to being stored in a
register by the. programmer. '

DMA — Direct Memory Access. A method that uses a small processor whose sole
task is that of controlling input-output or data movement. With DMA, data is moved

_into or out of the system without program intervention once the DMA controller has

been initialized by the CPU.

Double-Precision — With reference to floating-point arithmetic, a double-precision
number has a 52-bit fraction field, 11-bit exponent field and a sign bit. :

Double Word. — Two words, i.e., 32 bits.

Emulate — To imitate one system with another, such that the imitating system accepts
the same data, executes the same programs, and achieves the same results as the
imitated system.

Exception — An occurrence which must be resolved through CPU intervention. An
exception results in the suspension of normal program flow. In TI32000 family systems,

- exceptions occur as a result of a hardware reset, interrupt or software traps. Execution

of floating-point instructions may also result in occurrences which must be resolved
through CPU intervention.

Exponent — In floating-point representation, a numeral that indicates the power to

-which the base is raised.

FIFO — First-in first-out memory. A memory from which data can be read out in the
same order as it was entered, but not necessarily at the same rate.

Firmware — Computer programs and data loaded in a class of memory that cannot
be dynamically modified by the computer during processing.

Floating-Point — A method by which computers deal with numbers having a fractional
component. In general, it pertains to a system in which the location of the
decimal/binary point does not remain fixed with respect to one end of numerical
expressions, but is regularly recalculated. The location of the point is usually given
by expressmg a power of the base. !

FP — Frame Pointer. CPU register which points to a dynamically allocated data area
created at the beginning of a procedure by the ENTER instruction.



FPU — Floating-Point Unit. Coprocessor in TI32000 family systems which implements
in hardware all calculations needed to support floating-point arithmetic, which otherwise
would have to be implemented in software.

Fragmented — The term used to describe the presence of small, unused blocks of
memory. The problem is especially common in segmented memory systems, and results
in inefficient use of memory storage.

Frame — A block of memory on the stack that provides local storage for parameters
in the current procedure.

Hardware — Physical equipment, as opposed to the software programs or method
in which the hardware is used, e.g., mechanical, magnetic, electrical, or electronic
devices.

HLL — High-Level Language. A programming language in which the statements
represent procedures which are multiple machine instructions. C, Pascal, FORTRAN,
LISP and BASIC are some common high-level languages. A HLL requires a compiler
or interpreter that translates each HLL statement |nto a series of machine language
instructions.

ICE — In-Circuit-Emulator. A computer system which imitates the operation of another
in terms of software execution. In microprocessor system development, the ICE takes
the place of the microprocessor by means of a connector at the end of an umbilical
cable. Not only does the ICE perform all the functions of the microprocessor, but it
also allows the engineer to debug his system by setting breakpoints on various
conditions, permits tracing of program flow, and provides substitution memory which
may be used in place of actual target system memory.

ICU — Interrupt Control Unit. A memory-mapped microprocessor support chip in
TI132000 family systems which handles external interrupts as well as additional
software traps. The ICU provides a vector to the CPU to identify the servicing software
procedure.

Indexing — In computers a method of address modification that is by means of index
registers.

Index Register — A register whose contents may be added to or subtracted from the
operand address.

Indirect Addressing — Programming method where the initial address is the storage
location of a word which is the actual address. This indirect address is the location
of the data to be operated upon.

Instruction — A statement that specifies an operation and the values or locations of
its operands, i.e., it tells the CPU what to do and to what.

Instruction Cycle — The period of time during which a programmed system obeys a
particular instruction.

' Instruction Fetch — The action of accessing the next instruction from memory, often
overlapped by its partial execution. -

6-7
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- Instruction Queue — In TI32000 family CPUs, this is a small area of RAM ofganized

as a FIFO buffer which stores prefetched instructions until the CPU is ready to execute
them. :

- Interpreter — A program which translates HLL statements into machine instructions

in real-time, i.e., while the program is executing.

Interrupt — To stop a software program in such a way that it can be resumed. Interrupts
can be caused by events external or internal to the CPU, and by either software or
hardware.

INTBASE — Interrupt Base Reglster A 32-bit CPU register whlch holds the address
of the dlspatch table used for interrupts and traps.

Linear Address Space — An address space where addresses start at location zero and
proceed in a linear fashion (i.e., with no holes or breaks) to the upper limit imposed
by the tdtal number of bits in a logical address.

Link Base — Module Descriptor entry which points to a table in memory containing
entries which reference variables or entry points in Modules external to the one
presently executing.

Linker — A computer program used to create one load module from one or more
independent translated object modules or load modules by resolving cross-references

~among the object modules, and possibly by relocating the elements.

Logical Address Space — The range of addresses which a programmer can assign
in a software program. This range is determlned by the length of the computer s address
registers..

LSB — Least Significant Bit. The bit in a string of bits representing the lowest value.

Machine Code — The code that a computer recognizes. Specifies internal register files
and operations that directly control the computer’s internal hardware.

Main Memory — The program and data storage area in a c'ornputer system which is
physically addressed by the microprocessor or MMU address lines. ‘

Mantissa — In a floating-point number, this is the fractional component.

Mapping — The process whereby the operating system assigns physical addresses
in main memory to the logical addresses assigned by the software.

Memory-Mapped — Referring to peripheral hardware devices which are addressed as
if they were part of the computer’s memory space. They are accessed in the same
manner as main memory, i.e., through memory read/write operations.

Microcode — A sequence of primitive instructions that control the internal hardwar»é
of a computer. Their execution is initiated by the decoding of a software instruction.
Microcode is maintained in special storage and often used in place of hard'wired logic.

Microcomputer — A computer system whose Central Processing Umt is a
Microprocessor. Generally refers to a board-level product.

Minicomputer — A ”box~|evel" computer with system capabilities generally between
that of a microcomputer and a mainframe.



MMU — Memory Management Unit. This is a coprocessor in the TI32000 family which
aids in the implementation of demand-paged-virtual memory. It provides logical to
physical address translation and initiates an instruction abort to the CPU when a desired
memory location is not in main memory.

MOD — Mod Register. A 16-bit CPU register which holds the address of the Module
Descriptor of the currently executing software module.

Module — An independent subprogram that performs a specific function and is usually
part of a task, i.e., part of a larger program.

Module Descriptor — In the TI32000 family, a set of four 32-bit entries found in main
memory which point to the static data area, link table, and first instruction of the module
it describes. '

Modularity — A software concept which provides a means of overcoming natural
human limitations for dealing with programming complexity by specifying the
subdivision of large and complex programming tasks into smaller and simpler
subprograms, or modules, each of which performs some well-defined portion of the
complete processing task.

MSB — Most Significant Bit.. The bit in a string of bits representing the highest value.

NMI — Nonmaskable Interrupt. A hardware interrupt which cannot be disabled by
software. It is generally the highest priority interrupt.

Object Code — Output from a compiler or assembler which is itself executable machine
code or is suitable for processing to produce executable machine code.

Operand — In a computer, a datum which is processed by the CPU. It is referenced
by the address part of an instruction. '

Operating System — Software which controls the execution of computer programs
and which may provide storage assignment, input/output control, scheduling, data
management, accounting, debugging, editing,.and related services.

Operating System Mode — In this mode, the CPU can execute all instructions in the
instruction set, access all bits in the Processor Status Register, and access any memory
location available to the processor.

Operator — In the description of an instruction, it is the action to be performed on
operands.

Page Fault — A hardware generated trap used to tell the operating system to bring
the missing page in from secondary storage. '

Page Swap — The exchange of a page of software in secondary storage with another
page located in main memory. The operating system supervises this operation, which
is executed by the CPU and involves external devices such as disk and DMA controllers.

Page Table — A 1K-byte area in main memory containing 256 entries 'which describe
the location and attributes of all pointer tables, i.e., a list of pointer table addresses.

Glosséry n

Peripheral — A device which is part of the computer system and operates under the

supervision of the CPU. Peripheral devices are often physically separated from the CPU.
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Physical Address — The address presented to main memory, either by the CPU or MMU.

Pointer Table — A 51 2-byte page located either in main memory or secondary storage
containing 128 entries. Each entry describes an individua! page of the software
program. Each page of the software program may reside in main memory or in
sgcondary storage.

Pop — To read a datum from the top of a stack.

Primitive Data Type — A data type which can be directly manipulated by the hardware.
In the TI32000 family, these are integers, floating-point numbers, Booleans, BCD digits,
and bit fields. '

Procedure — A subprogram which performs a particular function required by a module,
i.e., by alarger program; an ordered set of instructions that have a general or frequent
use. -

Progess — A task.

ProgrambBase — Module Descriptor entry which points to the first instruction in the
module being described.

Program Counter — CPU register which specifies the logical address of the currently
executing instruction.

Protection — The process of restricting a software program'’s access to certain portions
of memory using hardware mechanisms. Typically.done at the operating system and
page level.

PSR — Processor Status Register. A 16-bit register on TI32000 family CPU’s which -
contains bits used by the software to make decisions and determine program flow.

Push — To write a datum to the top of a stack.
Quad word — Four words, i.e., 64 bits.

Queue — A First-In-First-Out data storage area, in which the data may be removed
at a rate different from that at which it was stored.

Real Time — Pertaining to the performance of a computation during the actual physical
time that relates to the time in which the physical process transpires, in order that -
the results of the computation can be used in guiding the process in the next unit of
physical time. N

Record — A _structured data type with multiple elements, each of which may be of
a different data type, e.g., strings, arrays, bytes, etc.

Register — A temporary storage location, usually in the CPU, which holds digital data.

Relative Address — The number that specifies the difference between the base address
and the absolute address.

Relocatable — In reference to software programs, this is code which can be loaded

- into any location in main memory without affecting the operation of the program.

Return Address — The address to which a subroutine call, interrupt or trap subroutine
will return after it is finished executing.



Routine — A procedure.

SB — Static Base Register. Points to the start of the static data area for the currenﬂy
executing module.

Secondary Storage — This is generally slow-access, nonvolatile memory such as a
hard-disk which is used to store the pages of software programs not currently needed
by the CPU.

Segmented Address Space — Term used to describe the division of allocatable memory
space into blocks or segments .of variable size.

Setup Time — The minimum amount of time that data must be present at an input
to ensure data acceptance when the device is clocked.

Software — A user program consisting of tasks, modules and procedures; the rules
and possibly associated documentation and data pertaining to the operation of a
computer system.

SP1 — User Stack Pointer. Points to the top of the User Stack and is selected for all
stack operations while in User Mode.

SPO — Interrupt Stack Pointer. Points to the top of the interrupt stack. It is used by
the operating system and whenever an interrupt or trap occurs.

Stack — A one-dimensional data structure in which values are entered and removed
one datum at a time from a location called the Top-of-Stack. To the programmer, it
appears as a block of memory and a variable called the Stack Pointer (which points
to the top of the stack). '

Stack Pointer — CPU register which points to the top of a stack.

Static Base Register — A 32-bit CPU register which points to the beginning of the
static data area for the currently executing module.

String — An array of integers, all of the same length. The integers may be bytes, words,
or double words. The integers may be interpreted in various ways (see ASCII).

Subroutine — A self-contained program which is part of a procedure.

Symmetry — A computer architecture is said to be symmetrical when any instruction
can specify any operand length (byte, word or double word) and make use of any
address-data register or memory location while using any addressing mode.

Synchronous — Refers to two or more things made to happen in a system at the same
time, by means of a common clock signal.

Tag — A label appended to some data entry used 1n a look-up process whereby the
desired datum can be identified by its tag.

Task — The h:ghest level subdivision of a user software program. The Iargest program
entity that a computer’'s hardware directly deals with.

TCU — Timing Control Unit. A device used to provide system clocks, bus control signals
and bus cycle extension capability in TI32000 family systems.

.
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Trap « An internally generated interrupt request caused as a direct and immediate
result of the execution of an instruction.

T-State — One clock period. If the system clock frequency is 10 MHz, one T-State
will take 100 ns to complete. Operations internal and external to the CPU are
synchronized to the beginning and middle of the T-States. There are four T-States
in a normal TI32000 family CPU bus cycle.

UNIX™ — An operating system developed at Bell Laboratories in the early 1970s.
Software programs that run under UNIX are written in the high-level language C, making
them highly portable. UNIX systems do not distinguish user programs from operating
system programs in either capability or usage, and they allow users to route the output

-.of one program directly into the input of another.

User — A software program. The total set of tasks (instructions) that accomplish a

‘ desired result. Tasks are managed by the operating system.

User Mode — Machine state in which the executing procedure has limited use of the
instruction set and limited access to memory and the PSR. -

Variable — A parameter that can assume any of a given set of values.

Vectdr — Byte provided by the ICU (Interrupt Control Unit) which tells the CPU where
within the Descriptor table the descriptor is located for the interrupt it has just
requested.

Virtual Address — An address generated by a user’s logical address (working in
conjunction with the operating system) which maps into an address in main or
secondary storage

Virtual Memory — The storage space that may be regarded as addressable main storage
by the system. The operating system maps Virtual addresses into physical {main
memory) addresses. The size of virtual memory is limited by the method of memory
management employed and by the amount of secondary storage available, not by the
actual number of main storage locations.

Wait-State — An additional clock period added to a CPU memory cycle which gives
an external memory device additional time to provide the CPU with data. Also used
by bus arbitration circuitry to hold the CPU in an idle state until access to a shared
resource is gained.

Winchester — Small, hard-disk media commonly found in personal computers.

Word — A character string or bit string considered as the primary data entity. For
historical reasons, a word is a group of 16 bits in TI32000 family systems.

UNIX is a trademark of AT&T Bell Laboratories
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Appendix
Instruction Formats

NOTATIONS

= Integer Type Field
B = 00 (Byte)
W= 01 (Word)
D 11 (Double Word)
Floatlng Pomt Type Field
F = 1 (Std. Floating: 32 bits)
= 0 (Long Floating: 64 bits)
"ACU Type Field
D = 1 (Double Word)
Q = 0 (Quad Word)
op = Operation Code
Valid encodings shown with each format.
gen, gen 1, gen 2 = General Addressing Mode Field
reg = Address-Data Register Number
cond = Condition Code Field
0000 = Equal: Z = 1
0001 = Not Equal: Z
0010 = Carry Set: C
0011 = Carry Clear: C = 0
0100 = Higher: L = 1
0101 = Lower or Same: L = 0
0110 = Greater Than: N = i
0111 = Less or Equal N =20
1000 = Flag Set: F = 1
1001 = Flag Clear: F = O
1010 = Lower: L = 0OandZ = 0
1011 = Higher or Same: L = 1orZ = 1
1100 = Less Than:N = O0andZ =0
1101 = Greater or Equal: N = 1 orZ =
1110 =. (Unconditionally True)
1111 = (Unconditionally False)

-
1

9]
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0
1
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short = Short Immediate value. May contain
quick: Signed 4-bit value, in MOVQ, ADDQ,
CMPQ, ACB , .
cond: Condition Code (above), in Scond.
areg: CPU Dedicated Register, in LPR, SPR.

0000 = US

0001 = 0111 = (Reserved)
1000 ="FP -

1001 .= SP

1010 = SB

1011 = (Reserved)

1100 = (Reserved)

1101 = PSR -

1110 = INTBASE

1111 = MOD ]
Options: in String Instructions .

juwls[T |

= Translated
Backward
"00: None
01: While Match
11: Until Match

@
o

u/w

Configuration bits, in SETCFG:

o [CIm]F]i]

mreg: MMU Register number, in LMR, SMR.
0000 = BPRO
0001 = BPR1

0010 = (Reserved)
0011 = (Reserved)
0100 = (Reserved)
0101 = (Reserved)
0110 = (Reserved)
0111 = (Reserved)
1000 = (Reserved)
1001 = (Reserved)

. 1010'= MSR
1011 = BCNT
1100 = PTBO
1101 = PTB1

1110 = (Reserved)
1111 = EIA



Bcond

BSR
RET

cxp
RXP
RETT
RET
SAVE
RESTORE

ADDQ
CMPQ
SPR

Scond

. CXPD
BICPSR
Jump
BISPSR

7 0

[cons 107100

Format O
7 O‘
Format 1
-0000 ENTER ~~ -1000
-0001 EXIT -1001
-0010 NOP -1010
-0011 WAIT -1011
-0100 DIA -1100
-0101 FLAG -1101,
-0110 SVe -1110
L0111 BPT 1111
15 8|7 0
1 1 T 7T T 1 1 ) 1 | L L
gen | short | op |1 T I
Format 2
1000 ACB =100 . ‘
-001 Mova . 101
010 LPR -110
-011
15 8|7 0
LIPS B O | LIS SR T T 1 1 T
l gen I op |11|11|||
Format 3
-0000 ADJSP <1010
-0010 JSR -1100
-0100 CASE -1110
-0110

Trap (UND) on XXX 1, 1000
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15.

LEEE 350 L) [ L | LR
Lgen‘l Ilgenz op

Format

4
ADD -0000 SUB -1000
cMP -0001 ADDR -1001 .
BIC -0010 AND -1010
ADDC -0100 - SUBC -1100
MOV -0101 TBIT -1101
OR 0110 XOR 1110
16 15 8]7- 0
l LI L LI LI LI D DL B
00000 shonlgl I oo.oo111d
Formai 5 -
MOVS 0000 ©  SETCFG. -0010
.CMPS -0001 SKPS -0011
Trap (UND) on 1XXX, 01XX
23 16[15 8|7 0
LI A LI LI ['l 1 i Tirrrnri
gen 1 I gen 2 op Ii 01001110
_ Format 6
ROT - 0000 NEG -1000
ASH ~0001 NOT -1001
. CBIT .. -0010 Trap (UND) -1010
CBITI -0011 SUBP -1011
Trap (UND) -0100 ABS ~ -1100
LSH - 0101 coM - -1101
SBIT -0110 IBIT - -1110
SBITI 0111 ADDP . -1111



16'15 . 8|7 0

23.
T v 71 /L | C | T | SRS NS BENS SN NN S |
gen 1 I gen 2 op Ii 117001110
Format 7
MOVM -0000 MUL -1000
CVPM -0001 MEI -1001
INSS -0010 Trap (UND) -1010
EXTS ) -0011 DEI -1011
MOVXBW -0100 Quo -1100
MovzBw -0101, ‘REM -1101
MOVZiD -0110 MOD -1110
MOVXiD 0111 DIV -1111
23 16 15 -
TTT [T 1 | T LRI BB
gen 1 I gen 2 regl! ! |101110
Format 8
EXT -0 00 IVNDEX -1 00
CVTP -0 01 FFS -1 01
INS -0 10
CHECK 011
“MOVSU -110, reg = 001
MOVUS ~-110, reg = 011
.23 16)1s 8|7’ 0

Ty l|||||
lgenl'genz II

TTVvirTr
00111110

Format 9
MOVif -000 ROUND
LFSR . -001 TRUNC
MOVLF -010 SFSR
MOVFL -011 FLOOR

Format 10

Trap (UND) Always

-100-
-101
-110
-111

7 0 .

01111110
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23 ~ aes

8

7 0

f

T T T 17

10111110

LI 4 ' T LI | T T | S Bt a0
|" gen 1’ | -gen 2 I op [OI

Format 11
ADDf -0000 DIVf
MOVf -0001 Trap (UND})
CMPf . -0010 Trap (UND)
SUBf -0100 MULf
NEGf -0101 ABSf )
Trap (UND) -0110 _ Trap (UNDY
Trap (UND) -0111 Trap (UND)
Format 12

Trap (UND) Always N

-1000
11010
-1011
41100
1101
1110
1111

7 0

prr1ii1i1o0

7 0

100171110

) Format 13
Trap (UND) Always
23 16]is 8|7 0
T V7 LNNAL B B Ot N HREL IR DN AL IRAN B Rt J
| gen 1 Ishortlol op liooo11110]
. Format 14
RDVAL 0000 . LMR 1010
. WRVAL -0001 SMR - 1011
Trap (UND) on 01X X, 1XXX
23 1615 8|7 0
L] LI L) LB
. nnnli0110
' Operation Word ID Byte
Format 15
(ACU)
nnn ’ Opération Word Format



23 16)15 8

T r ¢ 1 v U1 LONNL B I S )
gen 1 Ishort |X| op Ii

Format 15.0
CATSTO -0000 . LCR -1010
CATST1 -0001 SCR -1011

Trap {UND) on all others

23 1615 8

LI LI B | LI | Ll
gen 1 I~gen2 [op Icli

‘Format 15.1
‘cevs -000 cev2 -100
.LCSR -001 CCv1 -110
CCvVs -010 SCSR -110
CCva -011 CCVO . -111
23 16]15 8
1 L] ¥ | 1 1 1] T ) L] | H
.gen 1 | gen 2 op lec
Format 15.5
CCALO -0000 CCAL3 -1000
CcCMOVOo -0001 Trap (UND) -1010
CCMP -9010 Trap (UND) -1011
CCAL1 -0100 CCAL2 -1100
CMOVv2 -0101 CMOV1 -1101
Trap (UND)  -0110 Trap (UND) -1110
Trap (UND)  -0111 Trap (UND) -1111
If nnn = 010, 011, 100, 110, 111 then Trap (UND) Always.
7 . 0

01011110

Format 16

Trap (UND) Always

Appendix E

A9
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Format 17
Trap (UND) Always

Format 18

_Trap (UND) Always

Format 19

Trap (UND) Always
Implied iImmediate Encodings:

o

7

10001110

7 0

xxx00110
0

7

Register Mark, apended to SAVE, ENTER

0

r0 r1 r2 r3
1 1 1

LIS 1 1
5 r6 r7
| 1 |

_ Register Mark, appen
7

ded to RESTORE, EXIT

0

] T
offset
| §

T

T T T
length — 1 -
1 1 i

Offset/Length Modifier appended to INSS, EXTS



TT Sales Offices

ALABAMA: Huntsville (205) 837-7530.
ARIZONA: Phosnlx (602) 995-1007.

CALIFORNIA: Irvine {714) 660-1200;
Sacramento (918) 829-1521;

San Diego (619) 278-9601;

Santa Clara (408) 960»9000;

Torrance (213) 217

Woodland Hills (2|3) 704 7759,
COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269 0074

FLORIDA: F!. Lauder (305) 9
Maitland (305) 660- 4500 Tampa (313) 870-6420

GEORGI!A: Norcross (404) 662-7900.
ILLINOIS: Arlington Heights (312) 640-2925.

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

IOWA: Cedar Rapids (319) 3959550.
MARYLAND: Baltimore (301) 944-8600.
MASSACHUSETTS: Waltham (617) 895-9100.
MICHIGAN: Farmington Hills (313) §53-1500.
MINNESOTA: Eden Prairie (612) 828-9300.

MISSOURL: Kansas Clolg (816) 523-2500;
. S1. Louis (314) 569-76

NEW JERSEY: Iselin (201) 750~|050.

NEW MEXICO: Albugquerque (505) 345-2555.
NEW YORK: East S acuse (315) 463.9291;

Endicott (607) 754-3500; Melvitle (516) 454-6600

Pittsford (716) 385-67

Poughkeepsie (314) 473-2900.

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

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

OKLAHOMA: Tulsa (918) 250-0633.
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) 2507655
San Anlosﬂo 2512) 496'1779
UTAH: Murray (801) 266-8972.
VIRGINIA: Fairfax (703) 849-1400.
WASHINGTON: Redmond (206) 831-3080.
WISCONSIN: Brookfleld (414) 785-7140.
n. Onlurlo (613) 726-1970;
ich tario (416) 884-9181;
St Lauunl. Qucbcc (514) 334-3635.

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660- 8140
Santa Clara (408) 748-2220.

GEORGIA: Norcross (404) 662-7945.
ILLINOIS: Arlington Helghts (312) 640-2909.
MASSACHUSETTS: Waltham (617) 890-6671.
TEXAS: Richardson (214) 680-5066.

(214) 680-5082;

Technical .
Support Center

(214) 9952171

For further literature information:
(800) 232-3200

TI1 Distributors

FSQUTHORIZED DISTRIBUTORS IN

Arrow Electronics
Diplomat Electronics
ESCO Electronics
General Radio Supply Company
Graham Electronics -
Harrison Equlgmem Co.
International Electronics
JACO Electronics
Kierulff Electronics
LCOMP, Incorporated
Marshall Industries
Miigray Electronics
Newark Electronics
Rochester Radio Supply
Time Electronics

R.V. Weatherford Co.
Wyle Laboratories

Tl ‘AUTHORIZED DISTRIBUTORS IN
CANADA

CESCO Electronics, Inc.
Future Electronics

ITT Components

L.A. Varah, Ltd.

ALABAMA: Arrow (205) 882-2730,
Kieruiff (205) 883-6070; Marshall (205) 881 9235,

ARIZONA: Arrow (602) 968-4800;
Kierulft (602) 243-4101; Marshall (602) 968-6181;
Wyle (602) 249-2232.

CALIFORNIA: Los Angel Inloungo County:
Arrow {818) 701-7500, ?7“' 8!
Kierulff (213) 725-0325 (714) 731-5711 (714) 220-6300;
Marshall 213) msoo«.m 8) 442 204
14) 660-0951; R.V, Weatherford (714} 634 9600,

(213; 8493451, (714) 623-1261; Wyle (213) 3221 9!00
(714) 863 9953 Sacramentc: Arrow (916) 925-7456;
Wyle (916) 638-5282; San DIO’
Arrow (819) 565- 4800 K:erul! (619) 278-2112;
Marshall (618) 578-9600; Wyle (619) 565-9171;
San Francisco Bny Arrow (408) 7456600
uﬁ) 487-4600; Kierulft 08) 971-2600;

arshall (408) 732 1100 Wyle (408) 737-2500;
Santa Barbara: R.V. Weatherford (805) 965-8551.

COLORADO: Arrow (303) 696-
Kierultf (303) 790-4444; Wyle (303) 457 9953.

CONNECTICUT: A"OW (203) 265-7;
Diplomat (203) 797-9674; Kierulft (203) 265-1115;
Marshait (203) 265-3822; Milgray (203) 795-0714.

FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200;
Diptomat (305) 974-8700; Kierulff (305) 486-4004;
Orlando: Arrow (305) 725 1480;
Mdgray (305) 647-5747, ‘I’lmp

Arrow sa'ls) 576-8995; lomat (813) 443-4514;
Kieruift (813) 576-1966.

GEORGIA: Arrow (404) 449-82
Kierulff (404) 447-5252; Marshall {404) 923-5750.

°
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ILLINOIS: Arrow (312) 397-
Diplomat (312) 595-1000; Klerulﬂ (312) 640-0200;
Marshall (312) 490 0155; Newark (312) 638-4411,

INDIANA: Indlanupolis‘ Arrow (317) 243-9353;
Graham (317) 634.
Fi. Wayne: Graham (219) 423-3422.

IOWA: Arrow (319) 395-7230.

KANSAS: Kansas City: Marshall (913) 492-3121;
Wichita: LCOMP {316) 265-9507.

MARYLAND: Arrow (301) 247-5200;
Diplomat (301) 995-1226; Kierulft (301) 636-5800;
Milgray (301) 793-3993.

MASSACHUSETTS: Arrow (617) 933- B|30
Diplomat (617) 935-6611; Kierulff (617) 667-8331;
Marshall (617) 272-8200; Time (617) 935-8080.

MICHIGAN: Detroit: Arrow (313) 971:8220;
Marshall (313) 525-5850; Newark (313} 967-0600;
Grand Rapids: Arrow (616) 2430912,

MINNESOTA: Arrow (612) 830-1800;
Kierultf (612) 941.7500; Marshall (612) 559-2211.

MISSOURI: Kansas (2126 LCOMP {816) 221-2400;
S\ Louis: Arrow (314
Kierultl (314) 739—0355

NEW HAMPSHIRE: Arrow (603) 668-6968.

NEW JERSEY: Arrow (201) 5755300, (609) 596-8000;
anloma! (201) 785-1830;

General Radio (609) 964-8560; Klerul" (201) 575-6750;
(609) 235-1444; Marshall (201) 882-¢

(609) 234-9100; Milgray (609) 983- 50

NEW MEXICO: Arrow (505) 2434566;
fnternational Electronics (505) 345-8127.

NEW YORKX: Long Island: Arrow (516) 231-1000;

Diplomat (516) 454-6400; JACO (516) 273-5500;

warshall (516) 273- 2053 M|!8ray (516) 420- 9800

Rochester: Arrow (7

Marshall {716) 235- 7620

-Rocheslev Radio Supply (716) 454-7800;
Syracuse: Arrow (315) 6! 0;

Diplomat (315) 652 5000 Marshall (607) 754-1570.

NORTH CAROLINA: Arrow (919) 876-3132,
(919) 725-8711; Kieruttf (319) 872-8410.

ORIO0: Cincinnati: Graham (513) 772-1661;
Cleveland: Arrow (216) 248-3!
Kierultf (216) 587-6558; Mavshall (216) 248-1788.
Columbu: raham (51 4) 895-1590;
Eon Arrow (513) 435-5563;
0 (513) 226-1133; Kuerull( (513) 439-0045;
Marshall (513) 2361 8088. .

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

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

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

TEXAS: Austin: Arrow (512) 835-41,
Kierulff (512) 8352090; Marshall (512) 458-5654;
Wyle (512) 834-9957; Daltas: Arrow (214) 3806464
International Electronics (214) 233-93;
Kieruttf (214) 343-2400; Marshall (214) 233«-5200
Wyle (214) 235-9953;
El Paso: International Electronlcs (915) 598-34086;
Houston: Arrow (713) 530-
Marsnall {713) 789-6600;

n Equipment S’ 3) 879-.
Klerulﬂ (713) 530-7030; Wyle {713] 879-9953

UTAH: Diplomat (801) 486-4134;
Kierulff (801) 973-6313; Wyle (801) 974.9953.

VIRGINIA; Arrow (804) 282-0413.

WASHINGTON: Arrow (206) 843-4800,;
Kierulff (206) 575-4420; Wyle (206) 453.8300; Marshall
(206) 747-9100.

WISCONSIN: Arrow (414) 764-6600;
Kierulff (414) 784-8160.

CANADA: Cllgm} Future (403) 259-6408, Varah
{403) 230-1235 onton: Future ADJ) 456 0974;
Monlull CESCO (514) 735-5511,

{514) 694-7710; ITT Components (514) 735 1177,
Olllvll CESCO (813) 226-6903; F

(613) 820-8313; ITT Companen\s (813) 226-7406;
Varah (613) 726-8884; Quebec City:

{418) 687-4231; Toronto: CESCO (4!6) 661-0220;
Future (416) 63&477\ [1a4 Oomponen(s

Vancouver: Fulure&: 4) 438-5545; Vi
(604) 873-3211; ITT Components (604) 27&7805
Winnipeg: Varah (204) 6336190




TI Worldwide
Sales Offices

ALABAMA: Hunsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 35808, (205) 837-7530.

ARIZONA: Phoenlx: 8825 N. 23rd Ave., Phoenix,
AZ 85021, (602) 995-1007.

CALIFORNIA: Irvslgg 17891 Cartwright Rd., Irvine,
4)

CA 92714, (71 1200; Sacramento: 1900 Point
West way.s ite 171, Sacramento, CA

{916) 929-1521, San Dcxo 4333 View RldgsoAve,
Suite B., San Diego, 92123, (619) 278

Santa Ciars: 5353 Betsy Ross Dr., Sanla Clnra, CA
95054, (408) 980-9000; Torrance: 19505 Hamilton St.,
Bidg. A, Suile1 Torrance, CA 90502, (213) 217 7010

Woodland Hil 220 Erwin St., Woodland Hils,
CA 91367, (2!3) 704-7759.

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Aurora, CO 80012, (303) 368-8000.

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

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St.,
Ft. Lauderdale, FL 33309, (305) 973-8502; Maitland:
2601 Maittand Center Pavkwa Maitland, FL 32751,
(305) 660-4600; Ti FP. 501 Kennedy Bivd.,
ul(e |01 'lampaA 33609, (813) 870-6420.

GEORG 5515 Spalding Drive, N
GA 30092 (404) 662-7900

ILLINOIS: Arlington Helghts: 515 W. Algonquin
Arlington Nu:r?xs, I8 60%05 312) 540—282 .

INDIANA: Ft. w.gno 2020 Inwood Or., Ft. Wayne,
IN 46815, (219) 424-5174; Indianapolis: '2346 S.
Lynhurst, Suite J-400, Indianapolis, IN 46241,
(317) 248-8555.

IOWA: Cedar Rapids: 373 Collins Rd. NE Suite 200,
Cedar Rapids, 1A 52402, (319) 395-8550.

MARYLAND: Baltimore: 1 Rutherford PI.,

7133 Rutherford Rd., Baltimore, MD 21207,

(301) 944-8600.

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

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, 48018, (313) 553-1500.

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

MISSOUR!: Kansas City: 8080 Ward Pkwy Kansas
Cll MO 64114, (818) 523-2500; St. Louis:

51 Westline Industrial Drive, St. Louis,
MO 63141, (314) 569-7600.

NEW JERSEY: Iselin: 485E U.S. Roule 1_South,
Parkway Towers, Iselin, NJ 08830 (201) 750-1050

NEW MEXICO:

Pkwy -

PENNSVLVANIA F1. 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: Mercantil Plaza Bidg.,
Suite 505, Hato Rey, PR'00919, (809) 753 8700.

TEXAS: Austin: 12501 Research Blvd.

P.O. Box 2909, Austin, TX 78723, (512) 250-7655;
Richardson: 1001 E. Campbell Rd.,

Rlchardson TX 75080,

g 5082 Mouston: 9100 Southwest Frwy.
uite 237, Houslon X 77036 (713) 778-6592;

San Antonio: 1000 Centr. arkway South,

San Anlonlo TX 78232, (5'2) 496 1779, .

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

VIRGINIA: Fairfax: 3001 Pmspenty. Fairfax, VA
22031, (703) 849-1400.

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

WISCONSIN: Brookfield: 450 N. Sunny Slope,
Suite 150, Brookfield, W1 53005, (414) 785-7140.

CANADA Nepean: 301 Moodie Drive, Mallorn
Center, Nepean, Ontario, Canada, K2H9C4,

- gm 7261970 ﬁlchmond Hill; 280 Centre St. E.,

ichmond Hill L4C1B1, Ontario, Canada
gle) 884-9181; St. Laurent: Ville St. Laurent Quebec,
460 Trans Canada Hwy., St. Laurent, Quebec,
Canada H4S1R7, {514) 334-3635.

ARGENTINA: Texas instruments Argent na -
S.A.I.C.F.: Esmeraida 130, |5(h Floor, 1035 Buenos
Aires, Argentina, 1+394-3008

AUSTRALIA (& NEW ZEALANDy: Texas Instruments
Australia Ltd.: 6-10 Talavera Rd., North Ryde
Sydne);) New South Wales, Australia 2113,

122; 5th Floor, 418 St. Kilda Road
Melbourne, Victoria, Australia 3004, 3
171 Ph:ll_g ngnway, Elizabeth, South Austraha 51|2

AI.ISTRIA Texas Instruments Ges.m.b.H.:
Ind:’?é‘r‘iee;uabe B/16, A 2345 Brunanebque,

BELGIUM: Texas Instruments N.V. Belglum SA.:
Mercure Centre, Raketstraat 100, Rue de la Fusee,
1130 Brussels, Belgium, 2/720.80.00.

BRAZIL: Texas Instruments Electronicos do Brasil
Ltda.: Rua Paes Leme, 524.7 Andar Pinheiros, 05424
Sao Paulo, Brazil, 0815-6166.

Texas AIS,
46E, DK-2730 Herlev, Denmark, 2 - 91 74 00
FINLAND: Texas Instruments Finland

Teolll‘sguskalu 190 005!1 Helsinki 51, Flnland (90)

FRANCE
nd Prod.

Texas France:
Plant, BP 05, 06270 Villeneuve- Loubet,

9‘3) 200 -0| Parls ?mca, BP 67 8-10 Avenue

NE, Albuguerque, NM 87107, (505] 345 2555,

NEW YORK: East Syracuse: 6365 Coltamer Dr., East
Syracuse, NY 13057, (315) 463-9291; Endicott: 112
Nanticoke Ave., P.O. Box 618, Endicof tt,

NY 13760, (607) 754- 3900 Melville: 1 Huntington
Quadran Ie Suite 3C10, P.0. Box 2936, Melville,
NY 1174 (518) 4546800 Pittsford: 2851 Clover Sl
Pm:low NY 14534, (716) 385-6770;

8141 Velizy
3) 946-97-12; Lyon Sales Omce L'Oree D'Ecully,

B, ‘Chemin de ia Fores!lero 69130 Ecully,
7) B33-04- 40 Strasbourg Sales Oﬂlca. Le Sebastopol

3, Quai Kleber, 67055 Strasbourg Cedex,

88) 22-1266; Rennes 23-25 Rue du Pulls Mauger,
5100 Rennes, (99) 31-54-86; Toulouse Sales Office,
te Per!lpole—z Chemin du Pigeonnier de la Caplere,
31100 oulouse, 1(61) 44-18-19; Marsellle Sales O"Ica.

385 , Poughkeepsie, NY 12601,
(914) 2732000"

NORTH CAROLINA: Charlotte: 8 Woodlawn Green
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930
Ral .l?l\: 2809 Highwoods Bivd., Suite 100, Raleigh,
NC 27625, (919) 876-2725.

OHI0: Beachwood: 23408 Commerce Park Rd.,
Beachwood, OH 44122, (216) 464-6100; Dayton:

51ﬁsley Bldg 4124 Linden Ave., Dayton OH 45432,
N

OKLAHOMA: Tulsa: 7615 East 63rd Place,
3 Memorial Place, Tulsa, OK 74133, (318} 250-0633.

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

v

46 Rue Paradis, 13006 Marseille,
(9') 37
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. GERMANV (Fed. Republic gl G’:rmany): Texas
mb

, 8161 + 80-4591; Kurfuerstendamm

- ‘Berlin 15, 30 + 882 7365; Ill, Hagen
43/Kibbelstrasse, .19, D-4300 Essen, 201-24250;
Frankluner Allee 6-8, D-6236 Eschborm 1,

+8070; Hamburgevs(vasse 11, D-2000 Hamburg |

76 040 +220-1154, Kirchhorsterstrasse 2, D-3000
Hannover 51, 5||¢648021 Maybachslvabe 11,
D-7302 Osttildern 2. Nellngen 71I
Mixikoring 19, D-2000 Ham 60, 40+637+006|
Postfach 1309, Roonslrasse l D-5400 Koblenz,
261 +35044.

HONG KONG (+ PEOPLES REPUBLIC OF CNINA)
Jexas Instruments Asia Ltd., 8th Floor, World
Shipping Ctr., Harbour City, 7 Canton Rd Kowloon,
Hong Kong, 347221223,

IRELAND: Texas Instruments (Ireland) Limited:
Brswer‘y Rd., Stillorgan, County Dublin, Eire,

ITALY: Texas Instruments Semiconduttori Itatia Spa
Viale Delle Scienze, 1, 02015 Cittaducale (Risti),
Italy, 746 694.1; Via Salaria KM 24 (Palazzo COsma).
Monterotondo Scalo {Rome), Italy, 6 +9003241; Viale
Europa. 38-44, 20093 Cologno Monzese (Milano),

2 2532541; Ccrso Svizzera, 185, 10100 Torino, ltaly,
5;578515 : Via J. Barozzi 6, 40100 Bologna, ltaly, 5

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama
Fu i Bldu 6-12, Kita Aoyama 3-Chome, Minato-ku,
okyo, Japan 107, 3-498- 2111; Osaka Branch 5F,

N|ssho Iwai Bidg., 30 Imabashi 3. Ch ome,
Higashi-ku, Osaka Japan 541, 06-204- ‘881 Nagoya
Branch, 7F Daini Toyola Wesl Bldg., 10- 27 Meieki
4Chome Nakamura-ku Nagoya, Japan

450, 52- 583-8691.

KOREA: Texas Instruments Supply Co.: 3rd Floor;
Samon Bld% Yuksam-| Dog&,’Gangnam-ku,
135 Seoul, Korea, 2 +462-8001.

MEXICO: Texas Instruments de Mexico S.A.: Mexico
Cny, AV Reforma No. 450 — 10th Floor, Mexico, -
., 06600, 5+514-3003.

MIDDLE EAST: Texas Instruments: Nc4 13, 1st Floor
Mannai Bldg., Diplomatic Area, P.O. Box 26335,
Manama Bahrain, Arablan Gulf, 973+27l681.

NETHERLANDS: Texas Instruments Holland B.V.,
P.O. Box 12995, (BulleWijk) 1100 CB Amsterdam,
Zuid-Oost, Holland 20+ 5602911

NORWAY: Texas Instruments Norwa,
Refstad 131, Oslo 1, Norway, (2) 15

PHILIPPINES: Texas Instruments Asia Ltd.: 14th
Floor, Ba- Lepanto Bldg 8747 Paseo de Roxas,
Makati, Metro Manila, Philippines, 2 +8188987.

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal), Lda.: Rua Eng. Frederico
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal,
2-948-1003,

AIS: PB106,
90.

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas |ns(rumen(s Asia Ltd.: 12 Loron,
Bakar Batu, Unit 01-02, Kolam Ayer Inﬁustrlal Estate,
Republic of Singapore, 747-2255.

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

SWEDEN: Texas Instruments (nternational Trade
CorporalIonéSverlgeﬂllalen) Box 39103, 10054
Stockholm, Sweden, 8 - 2

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
¢ 7CH 8963 Dietikon (Zuerich) smuerland

TAIWAN: Taxas Instruments Suppl Co.: Room 903,
205 Tun Hwan Rd., 71 Sung-Kian, oad Taipei,
Taiwan, Republic of China, 2 + 521-9: 321,

UNITED KINGDOM: Texas Instruments Limited:

Mnnton Lane, Bedford, MK“ 7PA, England, 0234
7466; St. James House, Wellington Road North,

Slockporl SK4 2RT, England 61+442-7162. BK
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