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1.1

1.2

INTRODUCTION

DESCRIPTION

The TIM9S04A four-phase clock generator/driver is a 20-pin dual-in-line package peripheral device designed for use
with the Texas Instruments TMS 9900 microprocessor family and other microprocessors. The TIM9904A internal
oscillator is controlled by a fundamental crystal or an external oscillator. The TIM9904A is fabricated using low-
power Schottky technology and is available in both plastic and ceramic packages.

KEY FEATURES

L] Clock generator/driver for the TMS 9900 or other microprocessors

[ MOS and TTL four-phase outputs

o Self-contained oscillator crystal-controlled

[ External oscillator can be used

° Clock D-type flip-flop with Schmitt-trigger input for reset signal synchronization

L] Standard 20-pin plastic and ceramic packages

ARCHITECTURE

The TIM9904A clock generator/driver (Figure 1) comprises an oscillator, a divide-by-four counter with gating to
generate four clock phases, high-level (12-volt) output drivers, low-level (5-volt) complementary output drivers, a D-
type flip-flop controlled by an external signal, and a ¢3 clock. The four high-level clock phases provide clock inputs
to a TMS 9900 (or other) microprocessor. The four complementary TTL-level clocks can be used to time memory
or other logic functions in a TMS 9900 computer system. The D-type flip-flop can be used, for example, to provide
a reset signal to a TMS 9900, timed by ¢3, on receipt of and input to the FFD input from power turn-on or a
manual switch closure. Other applications are possible. A safety feature incorporated in the ¢ outputs causes the ¢
outputs to go low if an open occurs in the Vg supply common to TIM3904A and TMS 9900, thus protecting
the TMS 9900.

The frequency of the internal oscillator is established by a quartz crystal. The LC circuit connected to the tank
inputs selects the desired crystal frequency. An external oscillator may be used, if desired.

DEVICE OPERATION

Connected to a TMS 9900 as shown in Figure 2, the TIM9904A oscillator operates with a quartz fundamental
crystal and an LC circuit connected to the tank terminal. For operation of the TMS 9900 microprocessor at 3 MHz,
the frequency reference requires a fundamental frequency of 12 MHz (4 X 3 MHz). The quartz crystal used as a
frequency reference should be designed for series-mode operation with a resistance between 20 and 75 ohms and
capable of a minimum of 6 mW power dissipation. Typical frequency tolerance is +/— 0.005 percent. For 4 MHz
operation, a 16 MHz fundamental crystal is used. For best results, the LC circuit connected across the tank terminals
should be tuned to the fundamental crystal frequency. The crystal and tank circuit should be physically located as
close as possible to the TIM9904A. When an internal oscillator is used, OSCIN should be connected to Vg through
aresistor (4.7 kilohm nominal), and an LC tank circuit must be connected to the tank inputs.
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FIGURE 2 — TIM9904A CRYSTAL-CONTROLLED OPERATION

Resistors between the TIMQ904A ¢1, ¢2, ¢3, ¢4, outputs and the corresponding clock input terminals of the
TMS 9900 should be 16 ohms +/—20 percent (see Figure 2). The purpose of the resistors is to minimize overshoot
and undershoot. The required resistance value is dependent on circuit layout; clock signal interconnections should

be as short as possible.

An external oscillator can be used by connecting the crystal terminals to Vcc and a 130 ohm (+/—10 percent)
resistor between the tank pins. The external oscillator must have a frequency four times the desired output clock

frequency with a minimum of 25 percent and a maximum of 50 percent duty cycle. (See Figure 3)

The output clocks are generated from the rising edge of the OSCIN signal such that a varying pulse width will not

affect the pulse width (and duty cycle) of the ¢1 - ¢4 outputs.
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FIGURE 3 — EXTERNAL OSCILLATOR TIMING FOR USE WITH TIM9904A



4.1

4.1.1

The D-type flip-flop associated with TIM9904A pins FFD and FFQ provides a power-on reset and a manual reset
to the TMS 9900 as shown in Figure 4. A Schmitt-trigger circuit driving the D input generates a fast-rising wave
form when the input voltage rises to a specific value. At power turn-on, voltage across the 0.1 uF capacitor in
Figure 4 will rise towards Vcg. This circuit provides a delay that resets the TMS 9900 at any time. The TMS 9900
HOLD signal could alternatively be actuated by FFD.

The ground terminals GND1 and GND?2 are normally connected together and to system ground.

Vee
TIM 9904A
10kQ TMS 9900
100 2 FFD FFQ MICROPROCESSOR
_— —l : >4p o
g OPTIONAL RESET.

MANUAL
RESET 0.1 uF
SWITCH

o~
—o

FIGURE 4 — POWER-ON RESET

DEVICE APPLICATION

MODES OF OPERATION

The TIM9904A may be used in one of the following modes to provide clocking for the TMS 9900 or other
microprocessor:

L] Fundamental operation — fundamental crystal with tank circuit

o Externally-controlled operation — internal oscillator disabled; TTL input signal determines frequency.

Fundamental Operation

If a crystal is available with a fundamental frequency four times the required frequency, the TANK1 and TANK2
inputs are connected to each other through a tank circuit as shown in Figure 5. The PRESET/OSCIN input is held
at high level.

XTAL1
FUNDAMENTAL ==
XTAL
[ XTAL2
TANKA1

fosc = fxTAL = 4Fcy
L c fosc = foscouT
2 MHz < fCy < 4 MHz

TANK2
\elo) —MAN—{ PRESET/
QLIS 0SCIN

FIGURE 5 — FUNDAMENTAL FREQUENCY CRYSTAL OPERATION



4.1.2

4.2

4.21

4.2.2

Externally Controlled Operation

If a TTL signal is available with the appropriate frequency and waveform, it may be connected to the PRESET/
OSCIN input of the TIM9904A with a resistor between the tank pins and connection of the crystal inputs to V.

Ve ———— xTAL1

Vee XTAL2
TANK1
130 ohm e
(+/-10%) & foscin =4 fey
TAaNnk2 foscin = foscouTt

. .5 MHz < f
OSCIN PRESET/ 0 z <fey <4 MHz

OSCIN

FIGURE 6 — EXTERNALLY-CONTROLLED OPERATION

COMPONENT SELECTION

The criteria for selecting the values of the discrete components used with the TIM9904A are discussed in this
section.

Crystal

The following crystal specifications are suggested:

o Series resonant, 20-75 ohm series resistance 6 mW maximum power dissipation.

o FXTAL =4 fcy

o For fcy = 3 MHz, specify 12 MHz fundamental.

L] For fcy = 4 MHz, specify 16 MHz fundamental.

o Suggested stability: 0.005 percent from 0°C to 70°C.

Tank Circuit
The tank circuit should have a resonant frequency at the fundamental frequency of the crystal.
The resonant frequency is determined by the equation:

fosc =
2r\LCT

Because the value of the capacitance is in the picofarad range, board capacitance must be considered when selecting
component values for the LC tank circuit. The board capacitance (CB) will be added to the device capacitance (CD),
as shown in Figure 7.



TANK1

cT=cB+cD ¢ L T CcD T CB TIM9904A

TANK2

FIGURE 7 — EFFECT OF BOARD ON TANK CIRCUIT RESONANT FREQUENCY

For 16 MHz operation, the following component values may be used:

L = 6.8uH
CT = 15 pF
It is recommended that when CB = CT, a 5 pF capacitor should be added for stability purposes.
For 12 MHz operation, the following component values may be used:
L =33uH
CT = 50 pF
4.2.3 Series Resistors

Resistors with values of 16 ohms +/—20 percent, should be installed between the ¢1-¢4 outputs of the TIMO904A
and the corresponding inputs of the TMS 9900. These serve three purposes:

° Reduce overshoot and ringing
° Protect the drivers from overvoltage and undervoltage signals
o Reduce device power consumption

Connect the resistors as illustrated in Figure 8.

————— 16 0hMS ———
+/—20%
1 M 1
62 A 62
TIM9904A TMS 9900

¢3 MN 3
o4 MY ¢4

B e

FIGURE 8 — SERIES MOS CLOCK RESISTORS



Be sure the resistor values chosen do not cause V| on the ¢ lines entering the TMS 9900 to fall below specifications.

4.2.4  Bypass Capacitors

Bypass capacitors are needed on the Vcc and Vpp lines to filter out noise caused by the device switching. The Vpp
line is critical; the capacitor must be physically as close to the device as possible.

425 ¢ TTL Outputs

Care must be exercised when designing printed circuit layouts for the aTTL signal. Poor layout techniques, under
certain circumstances, can cause negative undershoot on high-to-low transitions on the ¢ TTL output signals. This
can cause damage to MOS devices, which do not have negative substrate supplies, i.e. —5 Vgpg.

4.3 TIM 9904A TERMINAL ASSIGNMENTS

TABLE 1 — TIM9904A TERMINAL ASSIGNMENTS

SIGNATURE PIN I/0 DESCRIPTION
TANK 1 1 | Tank circuit connection
TANK 2 2 | Tank circuit connection TANK1 | 1 ' ' 20| Vce
GND 1 3 Ground reference
FFQ 4 | o | OutputofD fiip-fiop Tank2 [2 [19] xTAL2
FFD 5 | D-input of Schmitt-

triggered flip-flop GND1 |3 E XTAL1
%4 TTL 6 o TTL phase 4 inverted Lok E Buch
#3TTL 7 o] TTL phase 3 inverted
»3 8 o) MOS phase 3 fep |5 E 0SCOUT
P4 9 o MOS phase 4 ety s
GND 2 10 Ground reference d4 TTL | 6 E ¢2TTL
®2 1 (6] MOS phase 2 = =
1 12 o MOS phase 1 ¢3TTL |7 E ¢1 TTL
VpbD 13 | Supply voltage: 12 V nominal
P TTL 14 o) TTL phase 1 inverted $3 |8 E VoD
2 TTL 15 o TTL phase 2 inverted sa [o E #1
OSCouT 16 (e] Oscillator output
OSCIN 17 | TTL external oscillator input GND2 [10 E ¢2
XTAL1 18 | Crystal
XTAL2 19 | Crystal
Vee 20 ) Supply voltage: 5 V nominal FIGURE 9 — CHIP PIN DESIGNATIONS




ELECTRICAL SPECIFICATIONS

5.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)
Supply voltage: Vo (see N oted )t v S Bt o e e sy shasoness A i R b bt G 7V
VppilseeNOte 1)l v o SBemmmn s By ool ed S bab i e o pote L g S 13V
Input voltage: (G1s{0] ]\ QP 28 e SR LU RE R SR TN o ik i Sl e ST L e 5.5V
EED: - . Sleorssinisiscaliivaemonl (SAGNS, 1 x s W G ee R e —-05Vto7V
Operating free-air temperature range: NL,JL ... ... . ... . .. . i, 0°C to 70°C
A O N e e —40°C t0 85°C
Storage temperatire range (N ) L o A T . e T e —65°C to 150°C
NOTE 1: Voltage values are with respect to the network ground. Pins 3 and 10 should be connected to the same ground,
5.2 RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN NOM MAX | UNIT
Supply voltage, Ve 4.75 5. ..5:25 \
Supply voltage, Vpp 1.4 12 - 1226 \"
High-level output current, IoH TII :tzhle(f’ s :lgg LA
Low-level output current, g P20, 3 4 mA
All others 8
Internal oscillator frequency, fogc Mt 19 MHz
3 MHz 12
External oscillator pulse width, tyy(osc) Silas ¢ = ns
3 MHz 19 30
Setup time, FFD input (with respect
to falling edge of ¢3), tg, & 1
Hold time, FFD input (with respect s 5]
to falling edge of ¢3), t,,
. NL, JL 0 70
Operating free-air temperature, T a °c
NA, JA —40 85




5.3 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)
PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
VIH High-level input voltage 2 \"
y FFD 0.5
ViL Low-level input voltage OSGIN 08 \%
VT4 — VT_ Hysteresis FFD 0.4 0.8 \
Vik Input clamp voltage GEE 4TS HEIGR -1.5 Vv
Vpp=114 V
o1, 02, 3, p4 Vcc=4.75 V loy=—100 uA Vpp—2 Vpp-1,5 Vpp
VOoH High-level output voltage Other Vpp=114V | 1o4=—400 uA 27 34 v
outputs 0126V
@1, 92, ¢3, 04 Veg=4.75 V loL=4 mA 0.25 0.4
VoL Low-level output voltage Other Vop=114 V loL=4 mA 0.25 0.4 \"
outputs loL=8 mA 0.35 0.5
Input current at maximum FFD Vee=5.25V | V=7V 0.1
h input voltage OSCIN Vpp=126V | V;=55V T
: e Vce=5.25 V 20
(177] High-level input current GReIN Vpp=126 V RA
V=27V 60
: i EED Vee=56.25 vV -0.4
L Low-level input current OSGIN Vpp=12.6 V mA
V|=0.4 Vv -1.6
P All except
los Short circuit output current § o1, 62, 63, 04 Vce=5.25 V -10 —-100| mA
0°C to 70°C Vce=5.25V, FFD and OSCIN 65 85
lge=-"-Blhely aeATaw N en —40°C 10 85°C | at GND, Output open. 70 105}
0°Cto 70°C Vee=5.25V, Vpp=126V 71 95
Icclav)  Supply current from Vg (3 MHz) 40°C 10 85°C | four=3 MHz JE = mA
0°C to 70°C Vee=56.25V, Vpp=12.6V 73 95
IcC(av) Supply current from Ve (4 MHz) 40°C 10 85°C fout=4 MHz 70 e mA
RE s ot Vee=5.25V, Vpp=12.6V A 54
Ibb Supply from Vpp ACCioBETC FFD and OSCIN at GND = o mA
outputs open.
0°Cto 70°C Vee=525V, Vpp=126V 40 48
IDD(av) Supply current from Vpp (3 MHz) TA0°C1085°C | foue=3 MHz 7 =0 mA
0°Cto 70°C Vce=5.25V, Vpp=126V 47 52
IDD(av) Supply current from Vpp (4 MHz) T40°C 10 85°C | foueed MHz e 5 mA

T All typical values are at Voe = 5V, Vpp = 12 V, T = 25°C.

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second. Outputs ¢1, ¢2, ¢$3, and
$4 do not have short-circuit protection.
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NOTE: Power-up initialization forces ¢2 output to logic one first. This approach makes synchronization for testing easier.

FIGURE 10 — TYPICAL PHASE RELATIONSHIPS OF INPUTS AND OUTPUTS
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5.4 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYPt MAX |[UNIT
3 MHz 2 3= 413133
fout Output frequency, any ¢ or $TTL T > T A MHz
3 MHz 12
fout Output frequency, OSCOUT T2 a MHz
. 3 MHz 300 333 500
te(g) Cycle time, any ¢ output 2 MHz 240 250 = ns
tr(p) Rise time any ¢ output 5 20 ns
t(g) Fall time any ¢ output 5 9 20 ns
. 3 MHz 40 60
’W(d)) Pulse width, any ¢ output high TR Otputisaad 20 ns
td(p1L-¢2H) Delay time, ¢1 low to ¢2 high ®1,63,04: 150 pF to GND (o] 1 5 ns
td(p2L-¢3H) Delay time, ¢2 low to ¢3 high ¢2: 200 pF to GND 0 1 5 ns
td(p3LpaH) Delay time, ¢3 low to ¢4 high Others: 0 1 5 ns
td(¢4L-¢1H) Delay time, ¢4 low to ¢1 high R =2k 0 1 5 ns
td(p1H-p2H) Delay time, ¢1 high to ¢2 high CL=15pF 55 63 ns
td(p2H-p3H) Delay time, ¢2 high to ¢3 high 55 63 ns
td(p3H-paH) Delay time, ¢3 high to ¢4 high 55 63 ns
td(¢p4H-¢p1H) Delay time, ¢4 high to ¢1 high 55 63 ns
td(gH-¢TL) Delay time, ¢n high to ¢n TTL low -20° -13 0 ns
td(pL-¢TH) Delay time, ¢n low to ¢pn TTL high —20 -13 -5 ns
td(¢3L-¢H) Delay time, ¢3 low to FFQ output high -18 -8 2 ns
td(p3L-¢L) Delay time, ¢3 low to FFQ output low —-10 4 10 ns
td(0SOH-L) OSCOUT high to any ¢ low 15 25 40 ns
! 3 MHz 18 30
tw(0S0) Minimum OSCOUT pulse width TR 7 5t ns

1 All typical values are at Vee=5V,Vpp=12VandTp = 25°C.

TEST
POINT Vee

P See Note A
OUTPUT

UNDER
TEST
CL
See Note B

NOTES: A. All diodes are IN916 or IN3064.
B. C| includes probe and jig capacitance.

FIGURE 11 — LOAD CIRCUIT

"
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55 SCHEMATICS OF INPUTS AND OUTPUTS

EQUIVALENT OF D INPUT

<
3 20 K2 NOM

AAA

Vee e,

INPUT —r—

GND 1

EQUIVALENT OF OSCIN INPUT

Vee ==

:t 10 k2 NOM

INPUT -_——

GND 1

EQUIVALENT OF XTAL 1 AND
XTAL 2 INPUTS

GND 1

EQUIVALENT OF
TANK INPUTS

Vee N

>3
$ 3Kk NOM

———

INPUT

GND 1

TYPICAL OF
¢1,02,03 AND ¢4 OUTPUTS

3 k2 NOM
Vbbp
Vee
»
»
30 k2

5k 3k NOM
NOM NOM

200 Q@
NOM

Vbbp

— OUTPUT

TYPICAL OF OSCOUT, Q, AND
ALL ¢ TTL OUTPUTS
Vce

30 2
NOM

OUTPUT

GND 1

13




6.

MECHANICAL DATA

6.1 PLASTIC PACKAGE
1.070 (27,2)
0920 (23,3)
@EAREEOEG®O
RS TA R VATAEETATS
€ € 0093 (2,36) R NOM ——
| 0.300+0.010
(7,62 + 0.26)

275 (6,99) MAX

0.080 (2,03) NOM

E 0.010 (0,25) NOM

——SEATING PLANE

_,\\‘ 0.011 £ 0.003
(0,279 + 0,076)
20 PLACES
(See Notes ¢ and d)

Package configuration of
20-pin N package ‘see
alternative sideviews) is
at the option of TI.

0.200 (5,08) MAX

0.160 (4,06) NOM —?’{
U/
GG

0,020(0,5\)[ |
MIN

5

0.155 (3,94)

0.125(317)
0.075 (1,91 PIN SPACING 0.100 (2,54) T P.
0.009 (0,22) (See Note b)
4 PLACES

ALTERNATE SIDE VIEW

—-1 'ﬁ 0.070 (1,78) MAX 20 PLACES

’1 l‘0033 (0,83) MIN

20 PLACES

—»| j@—— 00180003

(0,457 + 0,076)
20 PLACES
(See Notes ¢ and d)

0.020 (0,51) ‘ l
0.200 (5,08) max  MIN J
3
f ﬂ }— 0.033 (0,83) MIN
16 PLACES
i l«— o018+ 0003
e i 13 353» 0,076)
0125 (317) Mo
0.075 (1,91) (See Notes c and d}
0009 022 PIN SPACING 0.100 (2,54) T.P.
4 PLACES (See Note b)

— 0.050 (1,27) NOM

SEATING PLANE

0.130 (3.30)
MIN
20 PLACES
0.014 (0,356)
0.008 (0,203) 0012(03DA)MIN
20 PLACES 4 PLACES

6.2 CERAMIC PACKAGE
@OEO®®EOG® OO
LA AN
0.025 (0,63) R NOM
¢

| 0310788
A% P EACATAVATATATATATLY

T~ 0245 (6.22)

CEROCCOEEO®

0.020 (0,51} 4’1 r0070(1 781 MAX 20 PLACES

MIN

0.200 (5.08)
MAX

PIN SPACING 0.100 (2,54) T.P
(See Note b)

SEALANT
Y
| 0.030 (0.76) MIN
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All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern,
Each pin centerline is located within 0.010 (0,26) of its true longitudinal position.
. This dimension does not apply for solder dipped leads.
When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.020 (0,50) above the seating




TI1 Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Huntsville,
AL 35805, (205) 837-7530

ARIZONA: Phoenix, P.0. Box 35160, 8102 N. 23rd Ave.. Suite
A, Phoenix, AZ 85069, (602) 995-1007

CALIFORNIA: EI Se undo, 831 S. Douglas St., El Sequndo, CA
90245 (213) 973-2571; Irvine, 17620 Fitch, Irvine, CA 9271

714) 545-5: 10 Sacramentn 1900 Point West Way, Sunem
acramento, CA 95815, (916) 929-1521; San Diego, 4333 View
Ridge Ave., Suite B., San Diego, CA 92723, (714) 278-9600;
Santa Clara, 5353 Betsy Ross Dr, Santa Clara, CA 95051,
(408) 748- 2300 Woodland Hills, 21220 Erwin St., Woodland
Hills, CA 91367, (213) 704-7759

COLORADO: Denver, 9725 E. Hampden St., Suite 301, Denver,
C0 80231, (303) 695-2800

CONNECTICUT: Wallingford, 9 Barnes Industrial Park Rd.,
ggén&)s?lndusmal Park, Wallingford, CT 06492, (2[]3)

FLORIDA: Clearwater, 2280 U.S. Hwy. 19 N_, Suite 232, Clear-
water FL 33515, (813) 796-1926; Ft. Lauderdale, 2765 N W.

Ft. Lauderdale, FL 33309, (305) 973-8502; Mait-
Lzrgdgggg\ Maitland Center Parkway, Maitland. FL 32751, (305)

GEORGIA: Atlanta, 3300 Northeast Expy.. Building 9. Atlanta.
GA 30341, (404) 452-4600

ILLINOIS: Arlington Heights, 515 W. Algonquin. Arlington
Heights, IL 60005, (312) 640-2934

INDIANA: Ft. Wayne, 2020 Inwood Dr., Ft. Wayne, IN 46805,
(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, |A 52402, (319) 395-9550

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

MASSACHUSETTS: Waltham, 504 Totten Pond Rd.. Waltham,
MA 02154, (617) 890-7400

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

MINNESOTA: Edina, 7625 Parklawn. Edina, MN 55435, (612)
830-1600

7133 Rutherford

MISSOURL: Kansas City, 8080 Ward Pkwy., Kansas City, MO
64114, (816) 523-2500; St. Louis, 11861 Westline Industrial
Drive, St. Louis, MO 63141, (314) 569-7600

NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ
07066, (201) 574-9800

NEW MEXICO: Albuguerque, 5907 Alice NSE, Suite E, Albu-
querque, NM 87110, (505) 265-8491

NEW YORK: Easl sVracuse 6700 Old Collamer Rd., East Syr-
acuse, NY 13057, (315) 463-9291; Endicott, 112 Namlcoke
Ave., PO, Box 618, Endicott, NY 13760, (607) 754-3900;
Melville, 1 Huntington Quadrangle, Suite 3C10, P.0. Box 2936,
Melville, NY 11747, (516) 454-6600, Poughkeepsie, 201 South
Ave., Poughkeepsie, NY 12601, (914) 473-2900: Rochester,
1210 Jefferson Rd., Rochester, NY 14623, (716) 424-5400

NORTH CAROLINA: Charlotte, 8 Woodlawn Green, Woodlawn
Rd.. Charlotte, NC 28210, (704) 527-0930.

OHIO: Beachwood, 23408 Commerce Park Rd.. Beachwood.
OH 44122, (216) 464-6100. Dayton, Kingsley Bldg.. 4124
Linden Ave., Dayton, OH 45432 YSTB) 258-3877

OKLAHOMA: Tulsa, 3105 E. Skelly Dr., Suite 110, Tulsa, OK
74105, (918) 749-9547

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

PENNSYLVANIA: Ft. Washington, 575 Virginia Dr., Ft. Wash-
ington, PA 19034, (215) 643-6450

TENNESSEE: Johnson City, P.0. Drawer 1255, Erwin Hwy.,
Johnson City, TN 37601, (615) 461-2191

TEXAS: Austin, 12501 Research Blvd., P.0. Box 2909, Austin,
TX 78723, (512) 250-7655; Dallas, P.0. Box 225012, Dallas,
TX 75265, (214) 995-6531; Houston, 9100 Southwest Frwy.,
Suite 237, Houston, TX 77036, (713) 778-6592; San Antonio,
1%%0 Central Park South, San Antonio, TX 78217, (512)
4 1779

UTAH Salt Lake City, 3672 West 2100 South, Salt Lake City UT
84120, (801) 973-6310

VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, (703)
849-1400; Midlothian, 13711 Sutter's Mill Circle, Midlothian,
VA 23113, (804) 744-1007

WISCONSIN: Brookfield, 205 Bishops Way. Suite 214, Brook-
field, W1 53005, (414) 784-3040

WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg 6. Red-
mond, WA 98052, (206) 881-3080

CANADA: Ottawa, 436 McClaren St., Ottawa, Canada,
K2POM8, (613) 233-1177; Richmond Hill, 280 Centre St. E.,
Richmond Hill L4C1B1, Ontario, Canada, (416) 884-9181; St.
Laurent, Ville St. Laurent Quebec, 9460 Trans Canada Hwy.,
St. Laurent, Quebec, Canada H4S1R7, (514) 334-3635 P

Suite 110, Beaver-

TI Distributors

ALABAMA: Hall-Mark (205) 837-8700

ARIZONA: Phoenix, Kierulff (602& 243-4101: Marshall (602%
968-6181; R.V. Weatherford SG 2) 272-7144; Wyle (602
249-2232; Tucson, Kierulff (602) 624-9986

CALI FDHNIA Los Angeles/ﬂrange Cnunl }

701-7500. (714 961; JACO (714) 540-5600, (213
998-2200; Klerum 4213& 725-0325, (714 731 5711; Marshall
;213) 999-5001, é? g 86-0141, (714) 556-6400; RPS (213)
44-0355, (714) 521-5230; R V. Weatherford (714) 634-9600.
i213; 849- 3451 (714) 623-1261; Time (213) 320-| 0880 Wyle

Arrow 213;

213) 322-8100, (714) 641-1611: San Diego, Arrow (714)
65-4800; Kieruift ;71 ) 278- 2113 Marshal\ (714) 578 9600
R.V. Weatherford (714) 695-1700; Wy{ 714) 565- San
Francisco Bay Area, Arrow (408) 745-6600; Kwerum (415)
968-6292; MarshaH }408) 732-1100; T\me (408{ 734-9888:

United Components (408) 496-6900; Wyle (408) 727- 2500°
ggglgsl?rhara RPS (805) 964-6823; R.V. Weatherford (805)

COLORADO: Arrow éaoa) 758-2100; Diplomat 5303| 740-8300:
Kierulff (303% 371-6500; R.V. Weatherford (303) 428-6900:
Wyle (303) 457-9953

CONNECTICUT: Arrow (203) 265-7741, Keruf (203) 2651115
Marshall (203) 265-3822; Milgray (203) 795-0714

FLORIDA: Ft. Lauderdale, Arrow (305) 973-8502; Diplomat
((’SOSE 971-7160: Hall-Mark (305) 971-9280; Kierulff (305;
52-6950; Orlando, Arrow (. []53 725-1480; Diplomat (305
725-4520; Hall—MarkéGOS 855-4020; MI!Pray 3305 ) 647-5747;
Tampa, Diplomat (813) 443-4514; Kierulff (813) 576-1966

GEORGIA: Arrow 5404) 449-8252; Hall-Mark (404) 447-8000;
Marshall (404) 923-5750

ILLINOIS: Arrow (312& 893-9420; Diplomat 8372) 595-1000;
Hall-Mark §312) 860-3800; Kierulff (312) 640-0200; Newark
(312) 638-4411.

INDIANA: Indianapolis, Arrow 3317{ 243-! 9353 Graham (317)
634-8202: Ft. Wayne, Graham (219) 423-342

I0WA: Arrow (319) 395-7230; Deeco (319) 365-7551

KANSAS: Kansas City, Component SEecwaIt\es (913) 492-3555:
Hall-Mark (913) 888-4747; Wichita, LCOMP (316) 265-9507

MARYLAND: Arrow (301) 247-5200; DTIOmaY (301) 995-1226
Hall-Mark (301) 796-9300: Milgray (301) 468-64

MASSACHUSETTS: Arrow (617) 933-8130: Diplomat (617)
429-4120: Kierulff (617) 667-8331: Marshall (617) 272-8200:
Time (617) 935-8080

MICHIGAN: Detroit, Arrow (313) 971-8200: Diplomat (313)
477-3200; Newark (313) 967-0600; Grand Rapids, Newark
(616) 241-6681

MINNESOTA: Arrow (612) 830-1800; Diplomat (612) 788-8601:
Hall-Mark (612) 854-3223; Kierulff (612) 941-7500

MISSOURI: Kansas City, LCOMP (816) 221-2400; St. Louis,
%50\88(53;4)567 6888; Hall-Mark (314) 291-5350: Kierulff (314)

NEW HAMPSHIRE: Arrow (603) 668-6968

NEW JERSEY: North, Arrow (201) 797-5800: D\glomat (201)
785-1830; JACO (201) 778-4722; Kierulff 1201\)3 575-6750: Mar-
shall (201) 340-1900; South, Arrow éGUQ) 5-1900; General
Radio (609) 964 8560; Hall-Mark (609) 424-0880:; Milgray
(609) 424-130

NEW MEXICO: Arrow (505) 243-4566; International Electronics
(505) 345-8127

NEW YORK: Long Island, Arrow (]5163 231-1000; Dlplomat
251&2 454-6400; JACO (516) 273-5500; Milgray (516)
46-5600, (800; 645-3986; QPL %516% 467-1200; Rochester,
Arrow (716) 275-0300; Marshall (716) 235-7620; Rochester
Radio Su% Iil (716?3 454-7800; Syracuse, Arrow (315)
652-1000; Diplomat (315) 652-5000; Marshall (607) 754-1570.

NORTH CAROLINA: Arrow (919) 876-3132. (919) 725-8711:

Hall-Mark (919) 872-0712: Kierulff (919) 852-6261

OHIO: Cincinnati, Graham (513) 772-1661; Cleveland, Arrow
216) 248-3990: Hall-Mark (216) 473-2907: Kierulff (216)
87-6558; Columbus, Hall-Mark (614) 846-1882; Dayton,
é\g(é)‘gogf)gfi) 435-5563: ESCO (513) 226-1133; Marshall (513)

OKLAHOMA: Component S?emames 918% 664-2820; Hall-
Mark (918) 665-3200; Kierultf (918) 252

OREGON: Almac/Stroum 6503) 641-9070; Kierulff (503)
641-9150; Wyle (503) 640-600

PENNSYLVANIA: Arrow (412) 856-7000

TEXAS: Austin, Arrow (512) 835-4180; Component Specialties
5512) 837-8922; Hall-Mark (512) 258-8848; Kierulff (512)
35-2090; Dallas, Arrow (214) 386-7500; Component Spe-
cialties (214) 357-6511; Hall-Mark (214) 341- 1147 (I)merrianona\

Electronics (214) 233- 9323; Kierulff (2142| Paso
mternallonal Electronics (915) 778- onstnn Arrow (713)
91-4100; Component Specialties 1713 7237 Hall-Mark

E713; 781-6100; Harrison Equipment (713) 879-2600: Kierulff
713) 530-7030

UTAH: Dij \Dmat (801) 486-4134; Kierulff (801) 973-6913; Wyle
(801) 974-995

WASHINGTUN Almac/Stroum (206) 643-9992; Arrow EZUG{
575-0907; Kierulff 6206) 575 4420 United Components (206,
643-7444; Wyle (2 53+

WISCONSIN: Arrow (AM) 764—8600: Hall-Mark (414)
761-3000; Kierulff (414) 784-8160

CANADA Calgary, Future 403 259-6408; Varah (403)
230-1235; Downsview, CESCO 416 661-0220; Hamilton,
Varahé416;561 -9311; Montreal, CES QZSVQ 735-5511; Future
gﬁM) 94-7710; Ottawa, CESCO (613) 226-6905; Future (613)
20-8313; Quebec Cny CESCO- (418) 687-: 4231; Tomnlo
Future (416) 663-5563; Vancouver, Future (604) 438-

Varah (604) 873-3211; Wlnnlpeq, Varah (204) 633- 6190 N

TEXAS INSTRUMENTS

Printed in U.S.A

INCORPORATED




TEXAS INSTRUMENTS

INCORPORATED

SEPTEMBER 1982 Post Office Box 1443 / Houston, Texas 77001

MPOOGB Semiconductor Group Printed in US.A.



