




































































































































































































































































































































































































































































































































































































































































































































































































































































The input of the IC is very similar to standard bipolar 
logic. It consists of a Schottky clamp diode connected 
between the emitter of an NPN transistor and ground. 
The input sources input current over the nominal 
LSTTL logic levels. Figure 2 shows the typical input 
current/voltage characteristics. The input offers a 
20K ohm input resistance between -0.5 to 3.0 V. The 
input resistance drops to 7.5 K from 3.0 to 3.4 V, while 
between 3.4 to 7 V the resistance is greater than 1 
megohm. Input voltages more negative than 0.5 V 
activate the Schottky diode clamp. 
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The collector of the input transistor is connected to a 
differential comparator, whose output switches when 
the input signal exceeds the reference voltage. The 
effects of temperature and power supply variations 
are minimized through the use of a voltage ref
erence. 
Figure 3 shows VIN vs Your of the 740L6000 illustrat
ing the input voltage switching point of 1.34 V. 
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Fig. 3. 740L6000 

The output of the comparator controls a current 
steering LED driver. The LED is enabled when the 
transistor is OFF. When the transistor is driven into 
saturation, it steers the current away from the LED by 
dropping the LED voltage below its 1.5 V conduction 
threshold. This technique of driving has the advan
tage of pre-biasing the LED, thus minimizing the 
switching speed reduction caused by the diode 
junction capacitance. It has the added advantage of 
greatly reducing power supply noise. 
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The output IC consists of seven functional circuits. 
These include: 1) PN photodiode, 2) transresistance 
amplifier, 3) differential gain stage, 4) hysteresis loop, 
5) buffer amplifier, 6) output stage, and 7) voltage 
regulator. 
The optical flux developed by the LED emitter is 
converted to an electrical current by a reversed 
biased PN photodiode. This photocurrent is amplified 
and converted to a voltage by a transresistance gain 
stage. This stage is connected to the inverting input of 
a differential amplifier, while the hysteresis network is 
connected to the non-inverting input. The output of 
this amplifier drives a buffer that provides the level 
shifts and signal splitting needed to drive the totem 
pole output stage. Power supply noise is rejected 
through the use of a voltage regulator that powers the 
transresistance amplifier and the differential gain 
stage. 
The output of the amplifier is offered as either an open 
collector (740L601 0/11) or a totem pole 
(740L6000/01 ). The open collector output is designed 
to interface with CMOS logic, with a supply voltage 
up to 15 volts. The output transistor will drive 10 
standard TTL loads with a VOL of 0.4 V, and its safe 
operating range allows it to sink up to 60 mA peak. 
The active pull-up will source an IOH in excess of 10 
mA with a VOH greater than 2.4 V. The output 
characteristics of the Optologic gates are shown in 
Figures 4 and 5. 
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The effects of common mode transients and other 
noise sources on the output amplifier are reduced by 
an optically transparent, electrically conductive noise 
shield, as well as by amplifier hysteresis. The shield 
shunts the noise away from the input stage and 
channels it to logic ground. The amplifier hysteresis 
eliminates false output pulses caused by a slowly 
varying input signal, or power supply noise found on 
the input network of the Optologic gate. 
These three chips are assembled in an industry 
standard six-pin dual-in-line package. General 
Instrument uses its patented over/under split lead
frame assembly process. This process has proven to 
be very reliable given environments typically found in 
industrial interface applications. This package is 
recognized under Underwriters Laboratories File 
E#50151, and with a withstand test voltage of 2500 
VRMS, guarantees continuous operation at 440 VAC. 

SWITCHING OPERATION 
The Optologic optocoupler was designed to interface 
directly with LSTTL at the input and either TTL or 
CMOS at the output. In addition, the switching levels 
are identical to the standards established for each of 
these logic families. 
There are four Optologic devices currently available. 
Two of these devices are LS.TTL to TTL compatible. 
The 740L6000 is a logic buffer and the 740L6001 is an 
inverter logic. LSTTL to CMOS is provided by the 
740L6010 buffer and the 740L6011 inverter. The 
switching operation is shown below. 

DEVICE INPUT LED OUTPUT 

740L6000 HIGH OFF HIGH 
LOW ON LOW 

740L6001 HIGH ON LOW 
LOW OFF HIGH 

740L6010 HIGH OFF OFF 
LOW ON ON 

740L6011 HIGH ON ON 
LOW OFF OFF 

The preceding table indicates that the Optologic gate 
is effectively two cascaded logic gates. The first is the 
input network and the second the output. Both the 
totem pole and open collector output amplifier 
function as inverters. Thus, when the LED is ON, the 
output will be in a logic low state. Therefore, in order 
to create an Optologic buffer (740L6000, 740L6010), 
the input amplifier must function as an inverter for 
controlling the LED emitter. The Optologic inverter 
gates (740L6001, 740L6011) use a non-inverting input 
amplifier. 
One will note that the output chip is always HIGH 
(OFF) when the LED is OFF, and the output is forced 
LOW (ON) when the LED is ON. Thus, the Optologic 
input has a switching threshold of 1.34 V. 

The operational sequence of LED and input/output 
chips will give the designer insight when combina
tions of inverters and buffers are used in parallel 
data transfer applications. In these types of applica
tions, the rate of data transfer is greatly affected by 
the propagation delay difference between the slow
est to fastest Optologic gate. The propagation delay 
is the sum of the delays of the input chip, LED, and 
output amplifier. The typical delay times for the 
740L6000/01 are 65ns, with rise times of 45ns and 
fall times of 5ns. The rise and fall time difference is 
the result of the operation of the output amplifier. 
The typical switching characteristics of the 
740L6000/01 are shown in Figures 6 and 7. When 
output edge detection is used, the fastest response 
will be obtained when the falling edge (H-L) is 
sensed. This is true for both the inverter and buffer 
Optologic gates. 
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The CMOS compatible output family (7 40L601 0/11) 
satisfies the VOH by using an open collector 
transistor and an external pull-up resistor. The high 
to low propagation delay and fall time is very similar 
to the 740L6000101 Optologic gates. The low to high 
propagation delay and rise time is greatly influenced 
by the value of the pull-up resistor. When a 470 ohm 
pull-up resistor is used, the typical propagation 
delay for low to high is 100ns. The typical switching 
characteristics of the 740L6010/11 are shown in 
Figures 8 and 9. 
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The Optologic gate's input and output chips ensure 
a constant propagation delay over the temperature 
range of-40°C to 85°C. This consistency is shown in 
Figures 10 and 11. 
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OPERATIONAL CONSIDERATIONS 
The Optologic gates have eliminated the need to 
perform a worst case analysis for logic family com
patability and switching speed. Operational per
formance degradation is greatly minimized through 
the optimal selection of the LED emitter and output 
amplifier. These features make the Optologic gates 
the easiest optocouplers to use for logic-to-Iogic 
interfacing. 
The consistent performance of the Optologic 
gates will be obtained if the designer ensures that 
package power dissipation and operational supply 
voltage does not exceed their absolute maximum 
ratings. The 740L6000101 were designed to operate 
from standard 4.5 to 5.5 volt supplies and, under 
these conditions, the devices will operate success
fully over a -40°C to 85°C range. The 740L6010/11 
output amplifier will operate from a 15V supply over 
a temperature range of -40°C to 55°C, however, the 
output amplifier power supply voltage must be 
derated at a rate of -0.27V /0 C above an operational 
temperature of 55° C. This function is shown 
graphically in Figure 12. 
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Fig. 12. Power Dissipation vs. 
Ambient Temperature 

Operational stability is optimized when low impe
dance Vee and Voo supplies are used to power the 
Optologic gates. This can be ensured by the com
mon practice of including 0.1 "F bypass capacitors 
for the input and output amplifier supplies. These 
capacitors are placed immediately next to the Vee 



and ground connections of the input and output 
amplifier. These capacitors minimize output ringing 
and improve the power supply noise rejection. A 
suggested printed circuit board layout is shown in 
Figure 13. 
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DATA COMMUNICATIONS INTERFACING 
The common LED input/phototransistor output and 
high speed logic compatible output have found their 
way into point-to-point (simplex) data communica
tions applications. When used as a line receiver the 
designer was required to design a matching network 
to provide the minimum rofloction caused by the 
non-linear input impodanco of tho light omitting 
diode. Theso matching notworks woro commonly 
designed for a specific cable distanco botwoon tho 
receiver and the transmitter. Therefore, if the cable 
distance were to be changed, a new matching 
network would be required in order to effect proper 
operation. 
This need of designing matching networks and 
allowing only point-to-point communications is a 
thing of the past with the introduction of the 
Optologic gates. The Optologic gate, when used as 
a line receiver, does not require a matching network. 
Its input amplifier offers a 22Kohm input resistance 
which permits it to bridge the transmission. When it 
is used as the only receiver connected to the end of 
the transmission line, optimum speed performance 
will be obtained when the transmission line is 
terminated in its characteristic impedance (Zo). 

PRSG 
100 ns BIT 
INTERVAL 

740L6000 BUFFER 

SIMPLEX 
NOTES 

When multiple data taps are required, all the de
signer need do is bridge the Optologic gate across 
the tranmission line at the desired cable length. 
Figure 14 illustrates a simplex multi-drop (tap) data 
communications system that has incorporated four 
740L6001 gates as receivers, evenly spaced along a 
1000 foot, 75 ohms co-axial transmission line. The 
cable used in this example is a Times Fiber & Cable 
Model RG59/U Series 2000. This cable includes a 
third insulated conductor that is used as the Vee 
supply source forthe input amplifier of the Optologic 
gates connected to the transmission line. This third 
conductor permits one simple isolated supply to 
power all the Optologic gates connected to the 
communications cable. 
The common mode rejection and insulation of the 
communications system can be greatly improved by 
incorporating an Optologic gate as a line driver. 
When driving low impedance transmission lines 
such as the 75 ohm coax shown in Figure 14, a buffer 
is required to drive the line. This buffer is shown in 
Figure 15. 
The signal quality "Eye Pattern" for the communica
tions system shown in Figure 14 is provided in 
Figures 16through 18with a 10 MBaud NRZ Psuedo
Random Sequence (PRS). Traces 1-3 in Figure 16 
describe the transmitter section. Traces 4-7 of 
Figure 17 show the output of the four Optologic 
bridged terminations. Traces 8-11 in Figure 18 
illustrate the "Eye Pattern", as seen at the output of 
the 74LS04 logic gate. The data quality is well 
porsorved, in that only a 30% eye closuro is soon at 
tho receiver located 1000 foot from the tran:ilT1ittor. 
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Through the use of the tri-state line driver, shown in 
Figure 19, a half duplex multi-drop communications 
system can be configured. This is done by adding 
this driver at each of the tap positions shown in 
Figure 14. This system provides the most common 
data communications configuration of high speed 
bi-directional communications, with the added 
features of vastly improved common mode transient 
rejection and insulation when compared to a com
mon integrated line receiver. 
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When high differential and common mode rejection 
are required, the differentially driven and received 
communications topology is considered. Figure 20 
shows a full duplex point-to-point communications 
system that is implemented with twisted pair shield
ed cable. Given the higher impedance of this type of 
cable, it is possible for the Optologic gates to drive 
the line directly. Here, a 740L6000 and 740L6001 
are used in a push-pull mode to differentially drive 
the line. The receiving end of the line is simply 
terminated in Zoo Bridging this termination is a 
DM8820 differential line receiver that is connected 
to the 740L6000 Optologic gate. Power for the line 
receiver and the Optolog ic gates is derived from two 
insulated shields of the twisted pair cable. This 
system offers a data rate in excess of 1 MBaud NRZ 
at a distance of 600 feet. 
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Fig. 20. 1 MBaud Full Duplex Differential Optically Isolated Transmit and 
Receive Data Transmission System with Shielded Twisted Pair. 

AC VOLTAGE LEVEL MONITOR 
The machine and process control industry has used 
optocouplers as voltage sensing devices for a 
number of years. They have proven very versatile 
when the presence or absence of power is to be 
determined. The monitoring of specific voltage 
levels has required the designer to commonly use 
selected couplers that have guaranteed gain at a 
specific LED drive current. Once armed with this 
specification, a resistor divider network is designed 
that will support 1 to 10 mA required by the LED. As 
the line voltage threshold increases, the power 
dissipation in the passive divider network can 
approach 2 watts. 

AC LINE VOLTAGE 
SENSE R2 

Using the Optologic gate, a fixed AC or DC level 
monitor can easily be designed. Recall the Opto
logic gate has a fixed reference source built into the 
input amplifier. The stability and consistency of this 
reference source allows the designer to construct a 
level detector using standard product that will offer 
an accuracy of ±15%. If higher accuracy is needed, 
the factory can provide devices with tighter ref
erence voltage tolerance. Not only is high accuracy 
possible, but power required from the line is 
typically less than 0.2 W. 
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Fig. 2l. Optologic Voltage Line 
Monitor and Power Supply 
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The most significant feature of the Optologic, in this 
application, is the small amount of current that is 
required to flow in the voltage divider. Under worst 
case design considerations, this sensing current will 
not exeeed 500 p.A. This low current permits the use 
of .25 W or smaller precision resistors, thus allowing 
even greater monitor accuracy. 
For example, when sensing a voltage of 110 VAC, the 
pewer dissipated in the divider network is only 45mW. 
Figure 21 shows a typical AC Line Monitor circuit. 
The threshold is determined by selecting the value 
o.f R1 and R2. 8est accuracy is achieved when R1 is 
elilual to or less than 2.2Kohm. Once R1 is selected, 
the value of R2 can be determined with the following 
equation. 

R1 RN ( Vth -V ref) 
R2=--------------------

Vref(RN +R1) - R1V 

Where 

Vth = Sel9Cj:tedACorDCswitchinglevel 
Vref = 1.34V 
RN = 22Kohm 
V = 4.3V 

Thiseqliation has been solved graphically in Figure 22. 
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The monitor circuit shown in Figure 21 consists of 
three elements. The first is an Optologic power 
supply, the second is the voltage divider, and the 
third is the retriggerable one-shot. 
The power supply consists of a capacitor voltage 
divider and 5V tegulator. A capacitor divider was 
used to minimize the power consumption from the 
AC line. This power supply will provide over 15 mA 
when the line voltage exceeds 60V RMS. 
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Fig. 23. 740LOOO1 AC Level Detection Waveform 

The voltage divider (R1, R2) sets the monitor thresh
old point of the sensor. R1 is used as an Optologic 
input pull-down, thus, as the input voltage rises, it 
forces current through R1 which raises its voltage up 
to the Vref of the Optologic input. Once the ref
erence voltage is exceeded, the output of the 
Optologic will change state. Figure 23 illustrates the 
relationship of the input voltage to the 740L6001 
output. It can be seen that the output is a series of 
pulses, whose width is determined by the duration 
that the input waveform exceeds the voltage 
thr!ilshold. 
Ttie final section of the sensor consists of a retrig
gerable one-shot, constructed with an NE555 timer. 
T"is one-shot is included to convert the pulse train 
into Ii constant logic level. For best stability, a time 
cOllstant of 1 1/4 cycles was selected. When a 60Hz 
power main is to be monitored, this becomes a time 
constant of 18ms. Thus, as the input voltage exceeds 
the monitor threshold, the output of the 740L6001 
changes from high to low, thus triggering the NE555 
timer. Once triggered, the NE555 outputs a logic 
high and will stay high as long as it is triggered every 
16ms. 

CONCLUSION 
The Optologic family of TTL and CMOS compatible 
devices is a new and easy-to-use optically coupled 
logic circuit element. This Application Note has 
provided but few of many new uses for this versatile 
device. Not only does thill device provide high noise 
immunity and level shifting for logic-to-Iogic inter
faces, it also has numerous applications in data 
communications and industrial control systems. 
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Santa Clara (408) 727 -2500 

COLORADO 
Arrow Electronics 
Denver (303) 740-1000 
Kierulff Electronics 
Englewood (303) 790-4444 

Wyle Laboratories 
Electronics Marketing Group 
Denver (303) 457 -9953 

CONNECTICUT 
Arrow Electronics 
Wallingford (203) 265-7741 
J_V. Electronics 
East Haven (203) 469-2321 

Kierulff Electronics 
Wallingford (203) 265-1115 
Pioneer 
Norwalk (203) 853-1515 
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FLORIDA 
Arrow Electronics 
Ft. Lauderdale (305) 776-7790 
Palm Bay (305) 725-1480 

Hammond Electronics, Inc. 
Ft. Lauderdale (305) 973-7103 
Orlando (305) 849-6060 

Kierulff Electronics 

MASSACHUSETTS 
Arrow Electronics 
Woburn (617) 933-8130 

Kierulff Electronics 
Billerica (617) 667-8331 
Pioneer 
Lexington (617) 861-9200 

Ft. Lauderdale (305) 486-4004 MICHIGAN 
St. Petersburg (813) 576-1966 Arrow Electronics 
Pioneer Ann Arbor (313) 522-1040 
Altamonte Springs (305) 834-9090 G~and Rapids (616) 243-0912 
Deerfield Beach (305) 428-8877 Pioneer 

Grand Rapids (616) 698-1800 
Livonia (313) 525-1800 GEORGIA 

Arrow Electronics 
Atlanta (404) 449-8252 

Kierulff Electronics 
Atlanta (404) 447-5252 
Pioneer 
Norcross (404) 448-1711 

ILLINOIS 
Arrow Electronics 
Schaumburg (312) 397-3440 
Kierulff Electronics 
Itasca (312) 250-0500 

Newark Electronics 
Chicago (312) 784-5100 
Pioneer 
Elk Grove Village (312) 437 -9680 

INDIANA 
Arrow Electronics 
Indianapolis (317) 243-9353 

Bell Industries 
Ft. Wayne (219) 423-3422 
Indianapolis (317) 634-8202 
Pioneer 
Indianapolis (317) 849-7300 

IOWA 
Arrow Electronics 
Cedar Rapids (319) 395-7230 

MARYLAND 
Arrow Electronics 
Columbia (301) 995-0003 

Kierulff Electronics 
Gaithersburg (301) 636-5800 

Pioneer 
Gaithersburg (301) 921-0660 

MINNESOTA 
Arrow Electronics 
Edina (612) 830-1800 
Kierulff Electronics 
Edina (612) 941-7500 
Pioneer 
Minnetonka (612) 935-5444 

MISSOURI 
Arrow Electronics 
St. Louis (314) 567-6888 
Kierulff Electronics 
Maryland Heights (314) 739-0855 

NEW HAMPSHIRE 
Arrow Electronics 
Manchester (603) 668-6968 

NEW JERSEY 
Arrow Electronics 
Fairfield (201) 575-5300 
Marlton (609) 596-8000 
Kierulff Electronics 
Fairfield (201) 575-6750 

Pioneer 
Pine Brook (201) 575-3510 



NEW MEXICO OREGON UTAH 
Arrow Electronics Arrow Electronics Kierulff Electronics 
Albuquerque (505) 243-4566 Po~and~03)689-1690 Salt Lake City (801) 973-6913 

NEW YORK 
Wyle Laboratories Wyle Laboratories 

Arrow Electronics 
Electronics Marketing Group Electronics Marketing Group 

Hauppauge (516) 231-1000 
Portland (503) 640-6000 Salt Lake City (801) 974-9953 

Liverpool (315) 652-1000 PENNSYLVANIA WASHINGTON 
Rochester (716) 427-0300 Arrow Electronics Arrow Electronics 
Milgray Electronics, Inc. Philadelphia (215) 928-1800 Bellevue (206) 643-4800 
Farmingdale (516) 420-9800 Pittsburgh (412) 856-7000 Kierulff Electronics 
Pioneer CAM/RPC Electronics Kent (206) 575-4420 
Fairport (716) 381-7070 Pittsburgh (412) 782-3770 Wyle Laboratories 
Vestal (607) 748-8211 Pioneer Electronics Marketing Group 
Woodbury (516) 921-8700 Horsham (215) 674-4000 Bellevue (206) 453-8300 
Summit Distributors, Inc. Pittsburgh (412) 782-2300 

WISCONSIN Buffalo (716) 884-3450 
PUERTO RICO Arrow Electronics 

NORTH CAROLINA Arrow Electronics Brookfield (414) 792-0150 
Arrow Electronics San Turce (809) 763-1365 Kierulff Electronics 
Raleigh (919) 876-3132 

SOUTH CAROLINA 
Waukesha (414) 784-8160 

Winston-Salem (919) 725-8711 

Hammond Electronics, Inc. Hammond Electronics, Inc. CANADA 
Greensboro (919) 275-6391 Greenville (803) 233-4121 Arrow Canada 

Kierulff Electronics TENNESSEE 
Calgary (403) 246-1980 

Raleigh (919) 872-8410 Hammond Electronics 
Montreal (514) 735-5511 
Ottawa (613) 226-6903 

Pioneer (800) 334-0267 Quebec (410) 6B7-4231 
Charlotte (704) 527-8188 

TEXAS Toronto (41 (l) G61-0220 

OHIO Arrow Electronics Cardinal Electronics 
Arrow Electronics Austin (512) 835-4180 Edmonton (403) 483-6266 

Centerville (513) 435-5563 Dallas (214) 386-7500 Future Electronics, Inc. 
Columbus (614) 885-8362 Houston (713) 530-4700 Calgary (403) 259-6408 
Solon (216) 248-3990 Harrison Equip. Co., Inc. Montreal (514) 694-7710 

CAM/RPC Electronics Stafford (713) 879-2600 Ottawa (613) 820-9471 

Cleveland (216) 461-4700 Kierulff Electronics Toronto (416) 638-4771 

Kierulff Electronics Austin (512) 835-2090 Vancouver (604) 438-5545 

Cleveland (216) 587-6558 Dallas (214) 343-2400 R.A.E. Electronics 
Da~on(513)439-0045 Houston (713) 530-7030 Edmonton (403) 451-4001 

Pioneer Pioneer Vancouver (604) 291-8866 

Cleveland (216) 587-3600 Austin (512) 835-4000 
Da~on(513)236-9900 Dallas (214) 386-7300 

Houston (713) 988-5555 
OKLAHOMA Wyle Laboratories 
Arrow Electronics Electronics Marketing Group 
Tulsa (918) 665-7700 Austin (512) 834-9957 
Kierulff Electronics Dallas (214) 235-9953 
Tulsa (918) 252-7537 Houston (713) 879-9953 
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International Stocking Distributors and Technical Representatives 

EUROPE 
AUSTRIA Selfco ITALY 
Omnl Ray GesmbH 31 Rue du Fosse des treize Idac Elettronica s.p.a. 
Vertriebsbuero Wien 67000 Strasbourg Via Verona 8 
Prinz Eugen-Strasse 36 Tel. 88/22.08.88 35010 Busa di Vigonza (PO) 
1040 Wien TELEX - 890.706 Tel. 049/725 699 
Tel. 0222/65.64.31 TELEX - 430353 
TELEX - 132712 GERMANY Kontron s.p.a. 

Inde~GmbH Via G. Fantoli 16/15 
BELGIUM-LUXEMBOURG Emil ommerlingstrasse 5 20138 Milano 
N.V. Telerex Postfach 1563 Tel. 02/50721 
Bisschoppenhoflaan 255 6780 Pirmasens TELEX - 312288 
2100 Antwerpen Tel. 06331/94065 

Lasi Elettronlca s.p.a. Tel. 03/325.69.50 TELEX - 452269 
"- TELEX - 33511 A Neye-Enatechnik GmbH Viale Fulvia Testi 126 

0\'; 20092 Cinisello Balsamo (Milano) 
DENMARK 

2085 Quickborn-Hamburg Tel. 02/244.00.12 Schillerstrasse 14 TELEX - 331612 Nordlsk Elektronik AS Postfach 1240 
Transformervej 17 Tel. 04106/612-0 Silvers tar Ltd. 
2730 Herlev TELEX - 213590 20 Via dei Gracchi 
Tel. 02/842000 Semitron GmbH 20146 Milano 
TELEX - 35200 Tel. 02/4996 

1m Gut 1 TELEX - 332189 
FINLAND 7891 Kuessaberg 
Oy Flntronlc AB Tel. 07742/7011 NETHERLANDS 
Melkonkatu 24A TELEX - 7921472 Techmation Electronics B.V. 
00210 Helsinki 21 Servitronic GmbH PO. Box 9 
Tel. 0-692 6022 Berliner Strasse 140 4175 ZG Haaften 
TELEX - 124224 1000 Berlin 31 Bernhardstraat 11 

Tel. 030/87 04 06 4175 Ed Haaften 
FRANCE TELEX - 183557 Tel. 04189/2222 
Direct ~oerle Electronic KG TELEX - 50423 
151/153 Rue de Constantine ax Planckstrasse 1-3 76201 Rauen Postfach 1021 40 NORWAY 
Tel. 35/98.40.48 6072 Oreieich/Frankfurt Nordisk Elektronik AlS 
TELEX - 770842 Tel. 06103/304304 Smedsvingen 4 
Groupement Electronlque TELEX - 417903 PO. Box 130 
de Distribution 1364 Hvalstad 
352 Avenue Georges Clemenceau GREECE Tel. 02/846210 
92000 Nanterre General Electronics Ltd. TELEX - 77546 
Tel. 01/4204.04.04 209 Thivon Street SOUTH AFRICA TELEX - 615051 GR-184 54 Nikaia 
R.T.F. Piraeus Electrolink Ltd. 

Tel. 1/4922068 PO. Box 1020 
9 Rue d~rcueil Martin Hammerschlag Way 
94250 Gentilly TELEX - 212949 Cape Town 8000 
Tel. 01/4664.11.01 IRELAND Tel. 21/5350/1/2 
TELEX - 201069 

Bloomer Electronics Ltd. TELEX - 527320 
S.C.T. 9-10 Cam Industrial Estate 
37 Avenue Emile Oewoitine Portadown-Co. Armagh BT63 5RH SPAIN 
31200 Toulouse Northern Ireland Kontron Electronica 
Tel: 61/22.04.22 Tel. 0762/339818 Salvatierra, 4 
TELEX - 530219 TELEX - 748054 28034 Madrid 
Sclentech Tel. 729 11 55 
11 Avenue Ferdinand Buisson ISRAEL TELEX - 23382 
75016 Paris A. Schneider Ltd. Sutelco 
Tel. 01/4609.91.36 44 Petach Tikva Road Pilar de Zaragoza 23 
TELEX - 260042 Po. Box 18055 Madrid 2 

Tel Aviv 61180 Tel. 1/245.86.03 
Tel. 3/372089 TEL!=)( - 43852 
TELEX - 33613 
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SWEDEN JAPAN SOUTHEAST ASIA 
Nordisk Elektronlk AlB 
Box 1409 Dainichl Electronics Inc. AUSTRALIA 
Huvudstagatan 1 
171 27 Solna 

Koraku Bldg. 
1-1-8, Koraku 

Allied Capacitors Pty. Ltd. 
214 Harbord Road 

Tel. 8/734.97.70 Bunkyo-Ku, Tokyo 112 P.O. Box 198 
TELEX - 10547 Tel. (03) 815-4711 Brookvale 2100 NSW 

Japan Electronics Tel. 02/938-2422 
SWITZERLAND Research cor~. TELEX - 790-25400 
OmniRayAG Omori Mitsubis i Bldg. Rifa PtX. Ltd. Industriestrasse 31 2-3-10 Sanno 202 Be I Street 8305 Dietlikon Ohta-Ku, Tokyo 143 Preston, Victoria Tel. 01/835.21.11 Tel. (03) 777-4111 3072, Australia 
TELEX - 53239 

Kokuel Tsusho Co., Ltd. Tel. 1&) 480-1211 
TEL - AA31001 TURKEY Hiyoshi Building 

·'1. Turkelek Elektronik Ltd. 2-4-3 lidabashi 
HONG KONG Hatay Sok. 8 Chiyodaku, Tokyo, 102 Astec Agencies Ltd. Ankara Tel. (03) 230-0191 
RM 706-710, Austin Tower 

Tel.~) 25.21.09/18.94.83 NagO~a Dengensha 22-26A, Austin Avenue TEL - 42120 9-27 uruwatari-Cho Tsimshatsui, Kowloon 
Naka-Ku, Nagoya 460 Tel. 3/7210346-9 UNITED KINGDOM Tel. (052) 322-3511 TELEX - 37528 ASAG HX B.A. Electronics Ltd. New Metals and FAX: 3/690393 Hitchin Road Chemicals Co. Ltd. Arlesey . 
Shin Daiichi Bldg. INDIA 

Bedfordshire SE15 6SU 3-4-13 Nihonbashi A.T.E. Pvt. Ltd. Tel. 0462/834744 Chuo-Ku, Tokyo 103 :l£i, SOF-2, SEEPZ 
TELEX - 826257 Tel. (03) 201-6585 I\ndlmri (F), Bombay· 400 096 
Polar Electronics Ltd. Takachiho Kohekl Co., Ltd. Tel. 604 9032/6300195 
Europa House, West Street Nakamura Bldg. TELEX - 1171513 DIP IN 
Leighton Buzzard 1-2-8 Yotsuya Zenith Electro Systems Pvt. 
Beds. LU7 7ND Shinjuku-Ku, Tokyo 160 Ltd. 
Tel. 0525/377093 Tel. (03) 355-1111 106, Mittal Chambers 
TELEX - 825238 Nariman Point 
Semtor Electronics Ltd. SOUTH AMERICA Bombay-400021 
Brooklyn House Tel. 2027887 
22 The Green BRAZIL TELEX - 011-3152 ZENTRONICS 
West Drayton Middlesex UB7 7PQ Hitech KOREA Tel. 08954/45832 
TELEX - 8814938 Comercial E Industrial Ltda Won IL Commercial Corp. 

Av. Egj. Luiz Carlos Berrini, 402, Won IL Building STC Electronic Services 801.111/121 San 1451-1, Seocho-Dong Edinbur~h Way 04571 - Sao Paulo - SP Kangnam-Ku, Seoul Harlow ssex CM20 2DE Tel. (55-11) 533-9566 Tel. 2/5834321-3 Tel. 0279/26777 TELEX - (391) 11-53288 TELEX - K27860 WONIL TELEX - 81525 FAX - (55-11) 61-3770 
Semiconductor 

CHILE NEW ZEALAND 
Specialists (U.K.) Ltd. Channel Master (NZ) Ltd. 
Carroll House Victronics Ltda. 51, Felix St., Penrose 
159 High Street, Yiewsley Casilla 283-\/, Correo 21 Auckland, New Zealand 
West Drayton Santiago 01, Chile P.O. Box 12-373 
Middlesex UB7 7XB Tel. 36440 or 30237 Auckland, New Zealand 
Tel. 08954/46415 TELEX - 3520001 Tel. 599-003 
TELEX - 21958 TELEX - NZ21033 

YUGOSLAVIA THAILAND 
Belram S.A. Choakchai Elect. Ltd. 
83 Avenue des Mimosas 128/22 Thanon Atsadang 
1150 Brussels/Belgium Ban~kok, 10200 Thailand 
Tel. 02/734.33.32 Tel. 21-0432,221-5384 
TELEX - 21790 TELEX - 84809 CESLP TH 
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