
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































@ RECTANGULAR
OPTOELECTRONICS SOLID STATE LAMPS

_"°rbGTTED LiNES | [/ 120% | T
< INDICATE —— E
T oo NDIcAT ELLOW C ’/ 100% YELLOW
u 80[OPERATION 7 '/ 2 HI EFF. /\HI EFF.
= >, i GREEN RED
g =7 - 80%
Z 5 HIGH™ /4 z ‘
5 EFFICIENCY/ // &
O 50 RED /’/I £ > 60%
2 ¢ ol LAY
T 40
77 w
< / = 40%
2 3 / HIGH - =
e f// erFiciEncy <
x 20 GREEN | o 500
3 10 /A & ) \
o
I 0 / / \ \ N
0 1 2 3 4 520 540 560 580 600 620 640 660 680
FOWARD VOLTAGE VF (VOLTS) WAVELENGTH (A) - nm
C1831C W C1064C
Fig. 1. Forward Current vs. Forward Voltage Fig. 2. Spectral Distribution
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10 20 40 DC 0 2 40 60 80
STANTANEOUS FORWARD
DUTY CYCLE — % CURRENT (s(mA)
IF 10 mA AVERAGE C1194B C652A
Fig. 3. Luminous Intensity vs. Fig. 4. Luminous Intensity vs.
Duty Cycle Forward Current
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Fig. 5. Output vs. Temperature
1. The leads of the device immersed in molten solder, heated to a temperature of 260°C, to a point 1/16 inch (1.6 mm) from the body
of the device per MIL-S-750, with dwell time of 5 seconds.
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OPTOELECTAONICS

RECTANGULAR
SOLID STATE LAMPS

HIGH EFFICIENCY RED HLMP-0300/1
YELLOW HLMP-0400/1
HIGH EFFICIENCY GREEN HLMP-0503/4

_PACKAGE DIMENSIONS

!

315 (8.00)
290 (7.37)

l

1.00 (25.4)
MIN.

04

~—— CATHODE

ANODE ——»

t

|

SQ 018 (0.45) l
NOMINAI

100 (2.54)
1090 (2.29)

e i
I

295 (7.49)
—-— —
275 (6.99)

i
1100 (2.54) NOMINAL

OTES:
1. ALL DIMENSIONS ARE IN INCHES (mm)

2. TOLERANCES ARE +010" INCH UNLESS

SPECIFIED

3. AN EPOXY MENISCUS MAY EXTEND ABOUT
040" (1mm) DOWN THE LEADS. THE BASE

OF THE PACKAGE IS NOT FLAT

.050 (1.27) NOMINAL

C1730

The HLMP-0X0X Series of rectangular lamps are direct

replacements for Hewlett-Packard’s series with the same
part numbering. The series is similar to MV5X123 except
for the larger lens size. Like the MV5X123, the
HLMP-0X0X is stackable. The lamps are tinted diffused
and intended for direct view.

m 3 High Efficiency colors
® Rectangular light area
m Inexpensive panel indicators

SOURCE LENS NS Iy MIN. AT
DEVICE COLOR COLOR EFFECT 20 mA
HLMP-0300 High Efficiency Red Red Diffused Very Wide Beam 1.0
HLMP-0301 High Efficiency Red Red Diffused Very Wide Beam 25
HLMP-0400 Yellow Yellow Diffused Very Wide Beam 15
HLMP-0401 Yellow Yellow Diffused Very Wide Beam 3.0
HLMP-0503 High Efficiency Green Green Diffused Very Wide Beam 1.5
HLMP-0504 High Efficiency Green Green Diffused Very Wide Beam 3.0
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@ RECTANGULAR
OPTOELECTRONICS SOLID STATE LAMPS

HLMP-
HI. EFF. RED YELLOW HI. EFF. GREEN
PARAMETER SYMBOL 0300 0301 0400 0401 0503 0504  UNITS TEST CONDITIONS
Luminous Intensity min. Iy 1.0 25 1.5 3.0 1.5 25 mcd =20 mA
typ. 25 5.0 25 5.0 3.0 5.0 med 1=20 mA
Forward voltage max. Ve 3.0 3.0 3.0 3.0 3.0 3.0 \' 1-.=20 mA
typ. 2.1 21 22 22 23 23 % =20 mA
Peak wavelength typ. A, 635 635 585 585 565 565 nm I-=20 mA
Spectral line typ. AA2 45 45 35 35 35 35 nm =20 mA
half width
Capacitance typ. C 45 45 45 45 20 20 pF V=0, f=1 MHz
Reverse breakdown
voltage min. BV, 5 5 5 5 5 5 v ;=100 uA
Total viewing angle
between half Luminous
Intensity points typ. 20,, 100 100 100 100 100 100 degrees

Power dissipation at 25°C ambient (HLMP-040X=85 mA) . e e e . 135 mW

Derate linearly from 25°C . ... ... i e e 1.6 mW/°C
Storage and operating temMPeratures ... ............uoeriueer it i, R .... —55°Cto +100°C
Lead soldering time at 260°C (See NOte 1) ... ... it i i s 5 sec.
Continuous forward current at 25°C (HLMP-040X=20MA) ..........coovvurenn.. N .... 30mA
Peak forward current (1 usec pulse, 0.3% DC) (HLMP-040X=60 mA) ...... [ e 90 mA
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RECTANGULAR

DPTOELECTRONICS SOLID STATE LAMPS

Ta=25°C
50 . 20
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I~ z
= HLMP-0400/1 3L
=) 2=
g /1 1] 2% 10
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0.0
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C1063C C1676
Fig. 1. Forward Current vs. Fig. 2. Luminous Intensity vs.
Forward Voltage Forward Current
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120 \ 120% T
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Fig. 3. Relative Luminous Intensity Fig. 4. Spectral Distribution

vs. Temperature
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Fig. 5. Spatial Distribution

1. The leads of the device immersed in molten solder, at 260°C, to a point 1/16 inch (1.6 mm) from the body of the device per
MIL-S-750, with dwell time of 5 seconds.
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OPTOELECTRONICS

RECTANGULAR
SOLID STATE LAMPS

YELLOW MV53124A
HIGH EFFICIENCY GREEN MV54124A
HIGH EFFICIENCY RED MV57124A

HIGH EFFICIENCY GREEN/AIGaAs RED MV49124A

- \\LIGHTED
M AREA

145
(3.68) NOM
280 ﬂ
(711) 060
{1.52) NOM
015
/ SR BN
REFERENCE f
MARK MAY
CONTAIN A 800 MIN

NUMBER E] (20.32)

4$_HJ_

T ===

CATHODE .050 (1.27)

.

020SQ TYP
NOMINAL
10 NOTES
(254) 1. ALL TOLERANCES ARE
008 INCH (0.20)
2. ALL DIMENSIONS IN
INCHES (mm)
C12458
GREEN

R ¥

RED ST4017
FOR MV49124A

The MV5X124A Series of rectangular high performance
LED lamps with reflector cap has been engineered for
much improved light uniformity which is especially
important in direct view and legend backlighting.
Includes a Green/Red version—MV49124A. The Green
chip is the same as is used in MV54124A, while the Red
chip is AlGaAs at 660 nm to achieve a bright Dark Red
color in the non-tinted diffused epoxy.

Uniform illumination

Increased typical brightness

Tighter mechanical tolerances for base of design
Stackable in X or Y direction without crosstalk
.220" x .125" lighted area for direct view or legend
backlighting

Use Black MP65 two piece grommet for panel
mounting

m Superior quality

m Legend backlighting
m Panel indicator
m High quality bargraphs

co| ECT
MV53124A Yellow Yellow Diffused
MV53124A High Eff. Green Green Diffused
MV57124A High Eff. Red Red Diffused
MV49124A High Eff. Green/AlGaAs Red White Diffused
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@ RECTANGULAR
OPTOELECTRONICS SOLID STATE LAMPS

MV MV MV MV TEST
PARAMETER SYMBOL 53124A 54124A 57124A  49124A  UNITS COND. NOTES
Luminous min. Iy 1.0 1.0 1.0 1.0 mcd =20 mA
Intensity typ. 6.0 6.0 6.0 6.0 med =20 mA
Forward voltage typ. Ve 2.0 2.2 2.0 2.2 \ =20 mA
max. 3.0 3.0 3.0 3.0 A =20 mA
Peak wavelength Ap 585 562 635 562/660 nm =20 mA
Spectral line
half width 45 30 45 30/45 nm l.=20 mA
Reverse voltage min. Ve 5 5 5 \" 1;=100 pA
Reverse current max. la 100 100 100 nA Vg=5.0V
Capacitance C 45 20 45 20/30 pF V=0, f=1 MHz
Viewing angle
(total) 20% 100 100 100 100 degrees
PARAMETER ALLDEVICES  UNITS NOTES
Power dissipation ........... e e e e e 120 mwW 1
Continuous forward CUITENt . . .. .. ..ottt 30 mA
Peak forward current (1us, 0.3% DF) .. ... .orit i e 90 mA
Lead solderingtime at260°C ..................... 5 seconds 2
Operating and storage temperatures ...............ovueiiiiienreneenennenneanns —55°C to +100°C

1. Derate linearity from 25°C at 1.6 mW/°C.
2. From a point minimum 1/16 inch (1.6 mm) from the bottom of the lamp.
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@ RECTANGULAR
OPTOELECTRONICS SOLID STATE LAMPS
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° MV5X124
OPTOELECTRONICS PANEL MOUNTING GROMMET

MP65

| .370" |

| (9.40 mm) | The MP65 mounting grommet is intended for panel
x mounting the MV5X124 Series of rectangular lamps.
o= = The grommets are made of Black plastic and provide the
=== == 1 user with an easy-to-mount, professional appearance
0 iﬁ r—‘| when viewed on a front panel.
270"
(6.86 mm) { : The MP65 can be used on any panel thickness up to
& .125-inch (3.18 mm).
. L-, N ( )
[ —— MATTE FINISH
TOP VIEW OF GROMMET
123" (3.12 075" (1.9 )
1207 (3:05 mm) ] I‘_ (T 8s |<—
[ T ] C ]
* |
| |
- -
300" T —T — —
(7.62 mm) T — —]
320" : E 3
{8.13 mm) 1 - 1
' T 3 - —
: i = =
T T
‘ \l /
SIDE VIEW OF GROMMET END VIEW

OF GROMMET

’-—<9.'3§32;,)—»| PANEL HOLE PUNCHING

Punches can be ordered from one of the following
sources:

e dos- W.A. WHITNEY COMPANY

(6.86 mm) (5.16 mm) 650 Race Street

Rockford, IL 61105

(815) 964-6771

(Request a 28xx series punch with
dimensions of %¢” X 7%:2")

ROTEX PUNCH COMPANY, INC.
2350 Alvarado Street
San Leandro, CA 94577
(415) 357-3600

.200” (Request a 3506 series punch with
(6.08 mm) dimensions of %s" X %:2")

304"
(7.72 mm)

TOP VIEW OF RING

— ke

L

SIDE VIEW OF RING

MATERIAL: POLYPROPYLENE BLACK

C1455
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T-1% PANEL MOUNTING GROMMETS
OPTOELECTRONICS

MP22 MP52

The MP Series of mounting grommets is intended for
panel mounting of any standard T-1% Quality
Technologies light emitting diode indicators. The
grommets are made of plastic and are available in Black

only.
The MP65 Series will easily mount the applicable lamps
280" NOTES: TOLERANCE £ 010" (.254mm) on any panel thickness up to .125-inch (3.18 mm).
(7.19mm) DIA. MATERIAL: POLYPRO OR EQUIVALENT

FOR MOUNTING DRILL A 26" {6.35mm} HOLE

265"
(6. 73mm]
Y (4 19mm)

250"
(6 35mm) DIA.

TAPERED TO
MATE WITH
APPLICABLE
LAMPS
L— 310" —»—] 025"
(7.87mm) DIA.  (.635mm) ‘7 ‘sfgg‘o{ D'A
LAMP HOLDER (9.14mm) DIA.
600 COLLAR €600

MP22 TWO-PIECE POP-INS FOR MV5X2XA TYPICAL MOUNTING TECHNIQUE

FOR EITHER TYPE

|~ 280"
{7.11 mmj} DIA.

NOTES: TOLERANCE £.010"” (.254mm)
MATERIAL: POLYPRO OR EQUIVALENT

2507 FOR MOUNTING DRILL A .25" (6.36mm) HOLE
{6.35mm) Dlﬂ

| 285" 1 7 PANEL MAX 125"
(6.73mm) g A (3.18mm) C602
_* L | g (4.19mm)

| I —
|——— 310" ——D—I .025" L‘— 282" —J

{7.87mm) DIA, (.6356mm} (7.16mm) DIA.

le—— 360"
ce21A (9.14mm) DIA. ce2in
LAMP HOLDER COLLAR

MP52 TWO-PIECE POP-INS FOR MV6X5X AND MV5X5X

6-169




6-170



OPTOELECTRONICS

TAPE & REEL

CONFIGURATIONS:

13/4

)

RECTANGULAR
TAPE
FEED
DIRECTION
ANODE FIRST

254mm 5.08mm 254mm
QrY QTY PER
FAMILY CONFIGURATIONS | PER AMMO-

AVAILABLE REEL PACK
T-1 3/4* A/B 1200 1200
T-1** C/D 2000 2000
RECT. (MV5X123) E/F 2000 2000
RECT. (MV5X124A) E/F 1500 | 1200
RECT. (HLMP-0XO0X) E/F 2000 1500

MV3X50

** - MV5X6XX, HLMP-1XXX

*  MV5X5X, MV5X15X, MV6X53X, FLVXXX, HLMP-3XXX,

5.08mm 2.54mm ! 5.08mm
C3018

m Automatic PCB assembly of most T-1-3/4, T-1, and
rectangular leds with radial insertion machines.

® Meets ANSI/EIA standard RS 468

® Standard 2.54mm (0.100") lead spacing or preformed
to 5.08mm (0.200")

® Choice of a variety of “H” dimensions.

® One luminous intensity category per reel or ammopack

1. Tape & Reel is not available for MV5X (T-3/4) MV5X9XA or MV5X7X lamp families
2. Anode leaves Reel first.
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OPTOELECTRONICS

TAPE & REEL

PACKAGE DIMENSIONS & TOLERANCES:
TAPE
! : E F o
S C D IRECTION
: /‘\ ANODE FIRST
' . — >
t ---:--_J..:-Ln---f--_._ ——eloofn -ome - _.-__.‘\_-Jl-L\ ....... "
L ' . ! N . — v + o
/ : ' v v N ' v (:)4 w
G | I | RS N | YO | IO WO | | Ao WO | SN | RV WU | RO | O, Aon) DY | U | A B IR 00 000
A o N
— e i
* Po <—P—’ Vo [N wi w2
—P i F
C3019
A B c D E F P = 12703 H, = =0.5mm
1] 165 | — | 165 | — | 165 | —
s e —T o —T e t—1 Po = 635=10 W = 18.0+1.0/-05
a[1es | — [ 185 | — [ 185 | — | d = 40202 W, = 15.0:0.3
H 4 [T205 | 205 | 205 | 205 | 205 | 205
5 [225 | 225 | 225 | 226 | 225 | 228 | £ = 20ma W1 = 9.0+0.75/-05
6 | 2a5 | 245 | 245 | 2a5 | 245 | 245 H = +imm W2 = </=05
Ho — | 16 — | 18 — | 16
254 | 508 | 254 | 508 | 254 | 508
F T08/-01 ALL DIMENSIONS IN MILLIMETERS (mm)

To order LED lamps packaged on Tape & Reel/Ammopack, include appropriate standard lamp
part number and suffix code to specify configuration and optional features.

EXAMPLES: MV5753. A 2 R 0
MV5753.A2R0 - This specifies MV5753 lamps with A L
configuration (“A”) - with H2 height dimension (“2”) on 4 A
Tape & Reel (“R”) - with no category selection (“0”).
MV5753.B4A2 - This specifies MV5753 lamps - with B
configuration (“B”) - with H4 height dimension (*4”) on Cat selection=-0, 1, or 2
tape in ammopack (“A”) - with two highest yield
categories (“2”), Note: but only one category per Specifies Reel (“R”) or Ammopack (“A”)
ammopack.
“H” dimension=1, 2, 3, 4, 5, or 6
v
Lead Spacing Form=A, B, C, D, E, or F
v
Lamp Part Number
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W 1 TAPE AND REEL SPECIFICATIONS
OPTOELECTRONICS FOR SURFACE MOUNT OPTIONS

DIMENSIONS PER ANSI/EIA
12mm Tape and Reel STANDARD RS-481.

ALL DIMENSIONS ARE IN

MILLIMETERS (INCHES).
A
EnD TAPE c 13.0 (0.512) DIA. TYP.
D
D.

178.0 = 2.0 (7.0 + 0.08) DIA.
= START
1.55 (0.061 * 0.002) DIA
[ o $ J[o [0 ¢
 Of . | _20.2 (0.795) DIA. MIN.

el I\ 1.75 + 0.1 (0.069
.JL?JL_J%}%%L.»JLJ oo
*

3.05 = 0.1 (0.120) TYP.

50.0 (1.970) MIN.

4.0 (0.157) TYP.

4.0(0.157) TYP.

2.0 (0.079 + 0.002) TYP.

0.3 (0.012) TYP.

18.4 (0.72) MAX.

W | 12.0 + 0.3 (0.472 = 0.012)
THICKNESS OF TOP COVER TAPE
0.10 (0.004) MAX.

*Ko=1.7 0.1 (0.067)
typ. for QTLP282-X

zf'nm

5.50 (0.127 = 0.002)
NO

TS TS

3

=-|™iv|v|lv
b

USER DIRECTION
OF FEED

TRAILER LEADER
500mm (19.7 in.) MIN 500mm (19.7 in.) MIN

QT906C

LABEL
THIS SIDE
OF REEL

REEL

QT906C

TOLERANCES (UNLESS OTHERWISE SPECIFIED):
X£0.1; XX20.05(.XXX=0.004)

¢ . ]
’ |

OPERATOR ===
/ QI PARY NGWBER \ } i
C

T — QUALITY

EESVALOE TECHNOLOGIES

CPTOELECTRONICS

OPERATOR

QT PART NUMBER

PAPING DATE
IN

QT906C ELECVALE — — ‘

TOLERANCE

QUANTITY
CUSTOMER PART NUMBER ____ T

QUANTIY
CUSTOMER PART NUMBER

To order MV6X00 subminiature lamps on tape and reel include appropriate standard lamp part number and suffix code to specify

configuration and optional features.

EXAMPLES:
MV6000.GR—This specifies MV6000 lamp in Gull Wing Lead Mveo00 G R
configuration on tape and reel.

MV6000.GB—This specifies MV6000 lamp in Gull Wing Lead
configuration in bulk packaging

Suffix options:
GB = Gull Wing Lead, Bulk Packaging Tape and Reel
GR = Gull Wing Lead, Tape and Reel Gull Wing Lead Configuration
YB = Yoke Lead, Bulk Packaging
YR = Yoke Lead, Tape and Reel Lamp Part Number
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@ TAPE AND REEL SPECIFICATIONS
OPTOELECTRONICS FOR SURFACE MOUNT OPTIONS

Wave soldering temperature ............. P i iieaie i ae ... 260° for 3 seconds
(1.6 mm (0.063") from body)
Surface Mount Reflow
Soldering:
CONVECHVE IR ..o s e ...... 235°C for 90 seconds
B2 o To T o] - T e 215°C for 3 minutes

The absolute maximum ratings and electrical/optical specifications are identical to the basic catalogue device,
except for the vapor phase soldering rating as specified above.

TAPING OPTIONS
Tolerances (Unless otherwise Specified): .X+0.0; .XX+0.05; .XXX+0.004.

12 mm Tape & Reel, Z-Bend Lead, Option ZR

CATHODE LEAD o
—={ D jo— l —.1 Py te—— 1 —0“‘—1
E
N1 AN A
P i .
2 ral ral R ;
N Prrl TOP TAPE
i HIN
A
reatyy reas w
N T T+ 1 +11 |- -
Llapad ) Ltmpdd |
0 e
[ |'.
P P
ved Lty | | ]
e
I FEED DIREGTION > | |
Z-BENO LEAD
SUBMINIATURE  LAMP

ST1742
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TAPE AND REEL SPECIFICATIONS
OPTOELECTRONICS FOR SURFACE MOUNT OPTIONS

12mm Tape & Reel, Yoke Lead, Option YR

CATHODE LEAD —\

— Ko
A ran
1r|n|' Fyi) TOP TAPE
vyt [ERl \
L 4 L
r2ies riaesn
i ’,:l{' T
1 R I
]
Lol Ll
Cony [
b it
Ly Ly

( FEED DIRECTION

"YOKE" LEAD
SUBMINIATURE LAMP

ST1713

12mm Tape and Reel, Gull Wing Lead, Option GR

T [

-D1 TOP TAPE —\

-

NOTES:

1. EMPTY COMPONENT POCKETS ARE SEALED
WITH TOP COVER TAPE.

2. 7" REEL Z-BEND AND GULL WING; 1500
PIECES PER REEL. YOKE LEAD; 1200 PIECES
PER REEL. FLAT PACKAGE; 2000 PIECES
PER REEL.

3. MINIMUM LEADER LENGTH AT EITHER END
OF THE TAPE IS 500 MM.

4. THE MAXIMUM NUMBER OF MISSING LAMPS
IS TWO.

5. THE CATHODE OF ORIENTED TOWARDS

sT1722 THE TAPE SPROKET HOLE IN ACCORDANCE
WITH ANSI/EIA RS-481 SPECIFICATIONS.
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OPTOELECTRONICS

THE PHOTOMETRY OF LED’S
A PRIMER IN PHOTOMETRY

ANGO1

Any short discourse on the subject of photometry
requires a brief review of geometric principles utilized.

RADIAN

In plane geometry the angle whose arc is equal to the
radius generating it is called a radian. Therefore, if
C=2%R (Circumference of a circle) 2rR=360°.
Radian=180°/w=57.27° (approx.).

TWO DIMENSIONAL FIGURE
Fig. 1.

STERADIAN

In solid geometry one steradian is the solid angle
subtended at the center of a sphere by a portion of the
surface area equal to the square of the radius of the
sphere. Therefore, if AREA/R?=1=1 steradian and the
area on the surface of a sphere equals 4wR?, then
47R?/R? or 4 steradians of solid angle «» about the
center of a sphere. The steradian is usually abbreviated
as STER.

R?  R?

THREE DIMENSIONAL FIGURE
Fig. 2.

Other abbreviations of immediate concern are:

Ae=Area of emitting (or reflecting) surface.

Ap=Apparent area of an emitting source whose
image is projected in space and viewed at some
angle, 6.

Ad=Detection area. Whether a physical target or
merely a defined spatial area, it is the area of
interest.

FLUX (Symbol F)

Any radiation, whether visible or otherwise, can be
expressed by a number of FLUX LINES about the source,
the number being proportional to the intensity of that
source. This LUMINOUS flux is expressed in LUMENS for
visible radiation.

LUMINOUS EMITTANCE (Symbol L)

A source measurement parameter. It is defined as the
ratio of the luminous flux emitted from a source to the
area of that source, or L=F/Ae. Typically expressed in
units of:

lumens/cm? or one PHOT,

lumens/m?2 or one LUX (for one METER CANDLE),

lumens/ft2 or one FOOT CANDLE.

The foot candle is the more common term used in this

country.

FLUX LINES

=

Fig. 3.
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ILLUMINANCE (Symbol E)

This is a target or detector area measurement parameter.
It is the ratio of flux lines incident on a surface to the area
of that surface or E=L/Ad. Typical measurement units are
the same for LUMINOUS EMITTANCE (above) i.e. lumen/
cm2=one phot, lumen/m2=one lux, and lumen/ftt=one ft.
candle.

(LI TTTTITTTITTITTITTTT)

TARGET OR
DETECTOR AREA

Fig. 4.

LUMINOUS INTENSITY (Symbol 1)

A spatial flux density concept. It is the ratio of luminous
flux of a source to the solid angle subtended by the
detected area and that source. The LUMINOUS
INTENSITY of a source assumes that source to be point
rather than an area dimension. The LUMINOUS
INTENSITY (or CANDLE POWER) of a source is
measured in LUMENS/STERADIAN which is equal to one
CANDELA (or loosely, one CANDLE).

FLUX LINES

Ap

POINT SOURCE

Fig. 5.

LUMINANCE (Symbol B)

Sometimes called photometric brightness (although the
term brightness should not be used alone as it
encompasses other physiological factors such as color,
sparkle, texture, etc.) it is applied to sources of
appreciable area size. Mathematically, if the area of an
emitter (circular for example) has a diameter or diagonal
dimension greater than 0.1 the distance to the detector,
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it can be considered as an area source. If less than this
10% figure, the source can be treated as point in nature.
This one to ten ratio of source diameter to distance is
offered as it MATHEMATICALLY very closely
approximates results obtained when comparing an area
source to its point equivalent. LUMINANCE presents itself
as an extremely useful parameter as it applies a figure of
merit to:

1. Apparent or protected area of the source (Ap).

2. Amount of luminous flux contained within the
projected area of the source (Ap).
3. Solid angle the projected area generates with
respect to the center of the source.
NOTE: The projected area Ap varies directly as the

cosine of 0 i.e. max. at 0° or normal to the surface and
minimum at 90°

Ap=Ae cos 0

LUMINANCE is defined as the ratio of LUMINOUS
INTENSITY to the projected area of the source Ap.

LUMENS
LUMINOUS
INTENSITY STERADIAN _ CANDELAS
Ap - Ae cos 0 ~ (Sq. Unit)

And depending on the units used for area:
1 CANDELA/cm2 = 1 STILB

1 CANDELA/m? = 1NIT

1 CANDELA/in? =) . .

1 CANDELA/f2 -) no designator available.
Also:

1/w candela/cm? = LAMBERT

1/w candela/m? = APOSTILB (or BLONDEL)

1/w candela/in? = no designator available

1/m candela/ft? = FOOT LAMBERT
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CIE CURVE

Following is the standard observer curve or “standard eyeball” established by the Commission Internationale de
I'Eclair (commonly called the CIE curve). Whereas one watt of radiated energy at any frequency corresponds to one
watt of radiated energy at any other frequency, this relationship fails to hold true for photometric measurement. The
CIE curve is essential therefore, not only in determining the eye’s efficiency at any particular wavelength, but also the
corresponding lumens per watt conversion of that particular wavelength.

For example, the MV5020A which emits 180 uW of radiant energy at 6600A (typical) or 41.4 lumens per watt has

180 x 10 watts x gertT:ens =7.45 mLumens
wa

of flux emitted from it.
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Similarly, a green emitter such as the MV5453 operating at an identical input power as the red will emit 10 uwatts of
radiant energy or

=6.49 mLumens

10x 108 watts x 849 lumens
watt

of flux emitted from it. In short although there exists at least an order of magnitude difference in radiant power the eyes’
compensating effect “magnifies” the green to appear equally bright.
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LUMINOUS INTENSITY versus LUMINANCE

The successful application of either measurement parameter as a yardstick to duplicate mathematically the visual
stimulation experienced by an observer is a controversy which will probably rage for some time. As the entire
electromagnetic spectrum is bounded only by the capabilities of a detector to discern it, so for within the visual
spectrum the eye is the limiting factor. SUBJECTIVELY speaking, the eye can discern finer increments of arc
(computed from target to eye) than a 1 to 10 relationship, or approximately 5° 43 min. In fact, it can be shown that for
view angles of much less than 2 minutes, the eye translates the source into a point and thus the photometric
measurement of LUMINOUS INTENSITY (in candelas) most directly correlates with subjective brightness. For view
angles of much greater than approximately 2 minutes, the eye sees the source as an area source, and thus the
photometric measurement of LUMINANCE most directly correlates with subjective brightness. A two minute view angle
computes to a 1/1666 ratio of source diameter to distance ratio. For the MV5025A this computes to approximately 22
feet (1666 x .16” diameter, approximately 22 feet) well within the expected normal viewing distance of an observer.

1 e=5%a3"
10

Dimensional criteria for
Photometric approximation

+

611 o-a-

B

Fig. 7.

Considering that the usage of the discrete MV5025A LED is as an indicator and as such is utilized arms length or
approximately 30" away, it can be seen that the LUMINANCE parameter and its basic unit, the FOOT LAMBERT, most

closely correlates with subjective brightness.

RADIOMETRY

While photometric units are concerned with only the visible spectrum of wavelength, all frequencies of emission,
including the visible are expressable in RADIOMETRIC terms. Radiometric terms and their photometric equivalents are

as follows:
RADIOMETRIC
Radian flux (Symbol P) expressed in watts
Irradiance (Symbol H) expressed in watts/sg. unit
Radiant Emittance (Symbol W) expressed in
watts/sq. unit
Radiant Intensity (Symbol J) expressed in
watts/steradian
Radiance (Symbol N) expressed in watts/ster/sq. unit
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PHOTOMETRIC

Luminous flux (F) expressed in lumens

llluminance (E) expressed in lumens/sq. unit

Luminous Emittance (L) expressed in lumens/sq. unit

Luminous Intensity (Symbol I) expressed in
lumens/steradian

Luminance (B) expressed in lumens/ster/sq. unit
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IMPROPER TESTING
METHODS FOR LED DEVICES

AN603

In any manufacturing operation it is essential that the
materials used in the fabrication process meet the
minimum quality specifications of the device under
production. To that end, prudent manufacturers establish
specifications of the device under production. To that
end, prudent manufacturers establish some sort of
incoming quality assurance system to make sure that
defective materials are culled at the door. It is equally
important, however, that the screening system used in
the Q.A. inspection does not reject materials which are
acceptable, and that the testing procedures utilized in the
system do not inadvertently damage materials which are
otherwise acceptable. Unfortunately, this latter aspect of
quality assurance procedures is often neglected, and
whenever a device is rejected because of inappropriate
testing methods, both the manufacturer and the vendor
are subject to a great deal of unnecessary expense and
inconvenience. Because many manufacturers who buy
LED components are relatively inexperienced with the
features and limitations of -V devices, problems
involving improper testing methods and unnecessary
materials rejection are of particular concern to LED
vendors. This note is intended to familiarize the user with
the basic electrical and opto-electrical properties of LED
devices and to clear up some of the problems involved in
testing them.

THE MATERIAL

Historically, silicon and germanium were the first semi-
conductor materials to have been used for p-n junction
devices such as transistors, diodes, and solar cells.
However, following closely upon the invention of the
germanium transistor in 1948, work was begun on
predicting the semiconductivity of a material from its
chemical compound. Based on energy band-gap
experimentation, it was discovered that lll-V materials
have semiconductor properties.

Gallium semiconducting materials, Gallium Arsenide
(GaAs), Gallium Arsenide Phosphide (GaAsP), and
Gallium Phosphide (GaP) are the materials from which
LED’s are fabricated. These materials have the ability to
emit a narrow band of monochromatic light in either the
visible or infrared spectrum, depending on the
constituent and ratio of ingredients. The mechanism for
this emission of radiant energy is best described in terms
of semiconductor Energy-Band Theory. When an
external, forward-biasing voltage is applied to a p-n
junction, the conduction mechanism is such that

'E.G. Bylander, Materials for Semiconductor Functions (New
York, 1971), p. 17.

electrons are excited by the electric field, gaining enough
energy to cross the energy gap from the valence band to
the conduction band, and then to relax back from the
conduction band into the valence band. During the
transition from the valence band to the conduction band,
the electrons take energy from the field. As they pass
back into the valence band, the electrons release this
energy in the form of light photons. The amount of
energy released is determined by the width of the energy
gap. (The wavelength, or color, or the light is a function of
the energy gap.) The light is emitted directly from the
electrons within the depletion region formed between the
two sides of the junction.

The electrical characteristics of LED’s are also related to
the energy gap. For example, the conduction threshold,
or “knee” point on the |,/V, curve in the forward-biased
direction occurs as approximately 1.0 volts for infrared
LED’s, at approximately 1.3 volts for visible red LED’s,
and from 1.8 to 2 volts for yellow and greed LED’s. The
brightness of the light is directly proportional to the
operating current flowing in the forward direction.

GALLIUM VS. SILICON

As a semiconductor, lll-V compounds using Gallium have
several advantages over silicon and germanium—reverse
leakage current is several orders of magnitude lower;
forward current is lower below the “knee” point; inherent
thermal noise is lower; and carrier mobility is high.
Perhaps the greatest advantage, certainly where LED’s
are concerned, is the ability to produce light directly from
electron flow.

Figure 1 shows a comparison between the forward
conduction characteristics of diodes formed from Ill-V
materials and silicon. Notice that the “knee” of the
conduction curve for the Gallium diodes occurs at higher
voltages, and is harder than the “knee” of silicon diodes.
Notice also that as the wavelength progresses from the
infrared toward the blue end of the spectrum, the GaAsP
“knee” points get progressively higher and the slope of
the I/V; curve tends to decrease. Excluding exotic
devices such as Schottky or Esaki diodes, silicon diode
devices normally show little difference in the forward
conduction curve.

The reverse characteristics of Ill-V materials are similar to
those of silicon except that silicon’s thermal leakage
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VvV 2mA/DIV
H:05v/DIV

5 10 1§ 20 25 30 cass
FORWARD VOLTAGE (V,) VOLTS

Fig. 1. Typical I/V; Curves of Silicon, GaAs, and GaAsR, GaP
(Silicon-IN914, IR-ME7024, Red-MV5053,
Yellow-MV5353, Green-MV5253)

The reverse characteristics of IlI-V materials are similar to
those of silicon except that silicon’s thermal leakage
current is higher at very low reverse voltages. The reverse
breakdown voltages of silicon are typically higher, and
the characteristics of silicon devices are usually
controlled for reverse breakdown at particular voltages.
The reverse breakdown characteristics of diodes used in
LED devices are not particulary controlled, since the
quality of light emission is the first priority. The MANX and
MANXX series displays use LED’s which have a typical
reverse-mode breakdown voltage range of from 5 to 20
volts. However for guard-band purposes, the reverse
voltage is specified on the data sheets at 5 volts
minimum.

If a silicon device is subject to junction damage, it will
often continue to perform adequately because of silicon’s
inherent annealing capability. When damage occurs to
the junction of an LED device, however, the result is
usually a softening of the “knee” or a flattening of the I/V;
curve. Although the device may continue to operate,
performance will be less than satisfactory, and early
failure may result.

DAMAGE MECHANISMS

The discussion which follows will treat, in some detail, the
most common errors in LED test set-ups and will suggest
either alternative testing methods or means by which
improper testing methods can be corrected to produce
more reliably accurate results.
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Fig. 3. Typical LED Curve
Brightness vs. Temperature
for Constant Current

Testing for Fabrication Defects

Thermal Shock—is a passive mode test involving a rapid
refrigerate/heat cycle in which no current is applied to the
device. This test is a good method for detecting weak
bonds and, therefore, locating defective devices, but it
should be used cautiously, especially with LED’s. In
LED’s a 1-mil gold wire is bonded from the top of the die
over to the side contact, whether it is lead frame or
substrate. The wire is surrounded by the epoxy which
encloses the die and forms the package. When the heat
is applied, the epoxy, the gold, and the lead frame all
expand at different rates. Thus, when the device is heated
up too rapidly, the effects on the bond are similar to
giving the wire a hard jerk. This action constitutes thermal
shock and tends to weaken even good bonding and,
consequently, shorten life expectancy.

Burn-In—consists of operating the device at elevated
temperatures, thus accelerating the effects of
operationally imposed heating. This method is frequently
used in testing semiconductors, but its use is not
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Fig. 4. Effects of Improper Testing Procedure
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Fig. 5. Potentially Damaging Forward-Mode Test Setup

advised with LED’s, especially if the testing involves
operating with excess current or current which exceeds
the device ratings for several hours. LED’s exhibit a
gradual degradation of brightness as a function of
current, time, and temperature, and the higher the
current, the faster the degradation. The graphs in Figures
2 and 3 illustrate typical LED responses to férward
current and temperature. Exceeding the rated
parameters in test can result in rapid degradation beyond
an acceptable level. For the same reasons, burn-in is
particularly inadvisable with LED’s if the test set-up
involves slow on-off cycles of overcurrent (cyclic room
temperature to high temperature and then cooling).

Thermal Cycling—is an on-off cycling method which
simulates operational heating effects. The device is
allowed to heat up from room temperature with rated
current, and is then cooled down. Thermal cycling is an
excellent method for finding defective devices (poor
bonds, fractures in the metalization, voids in the die-
attach, etc.), and its use is recommended for testing
LED’s. Too often, such thermal cycling occurs in actual
use, and defects are detected too late. However, to
insure against exceeding the rated capabilities of a
particular device, a thermal cycling test program (or
operational program) should not be established without
factory guidance.
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Fig. 6. Responses of Two Detectors to the
Output of a Visible Red LED
Reverse Conduction Mode Problems

Reverse voltage testing can be hazardous since it may
involve a system capable of delivering voltages and
currents which considerably exceed the reverse voltage
and power ratings of the device under test. Too much
current at the avalanche voltage will dissipate excessive
power, resulting in heat which will degrade the junction
rapidly. The importance of adequate current limiting
cannot be over-emphasized. Without it, damage to the
junction can result from testing into the avalanche region
and/or from the sudden application of voltage which
exceeds the rated avalanche breakdown voltage of the
device. Damage in the avalanche region is usually the
result of an improperly set testing apparatus. As Figure 4
indicates, damage may not be immediately apparent, but
it could result in poor performance during other test
situations and possible rejection of the device due to
excessive voltage or current values.

Forward Conduction Mode Problems

Forward mode testing is used to check such
performance criteria as the forward V/I curve of the diode,
brightness, ROP, and luminescence. The potential danger
in examining the forward curve is damage to the diode
junction, since the test circuitry can sometimes deliver
very high energy bursts. For example, if a 50-volt
regulated power supply is set for 5 volts to supply the test
fixture, and if power is supplied through a switch as
shown in Figure 5, it is possible to deliver current pulses
of a high enough amplitude to result in junction damage.
This problem is easily avoided by supplying low voltage
power with current limiting to the test fixture. Another
acceptable method, and the one which is used by
General Instrument quality assurance engineers, is to

2Michael A. Zaha, “Shedding Some Needed Light on Optical
Measurements,” Electronics, November 6, 1972, pp. 94-96.
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use a power supply which is both full voltage regulated
and current limited.

Brightness Tests

Optical measurements are typically, and in most
instances, unavoidably, of very low accuracy. Optical
measurements with errors of less than 1% are rare, and
accuracy within 5% is difficult to obtain. With an
experienced technician using good equipment it is
possible to secure accuracy within 10% to 20% on a
routine basis, but even here a slight difference in
technique can result in errors in excess of 50%.

Detectors—A good detector approximates the CIE curve
area with 2%. However, it is important to note that even
when the detector is within 2% of perfect, it is still
possible to produce mismatches at specific wavelengths
which can cause the percentage of error to increase
considerably. Therefore, in order to determine the margin
of possible error, it is imperative that one know the
detector’s spectral response within the wavelength range
of the device to be measured. To illustrate the problem of
spectral mismatch, the reader is referred to Figure 6
where we show the responses of two detectors, a
radiometric detector and a photometric detector, to the
output of a visible red LED. The response of the
radiometric detector is about 3% high. Notice, however,
that the photometric detector, which provides a very
close match to the CIE curve, produces a +25% error.2

Additional factors which must be considered are detector
aging and filter deterioration, nonlinear detector
responses, circuitry which is not temperature-
compensated, and stray light. Periodic calibration is
essential if a reasonable degree of accuracy is to be
maintained.

Correlation Samples—Unless the testing apparatus is
reciprocally related to a vendor-supplied correlation
sample, test results may erroneously indicate that many
devices in a shipment do not meet the minimum
brightness that was specified on the order, and could
result in the rejection of devices which do meet minimum
standards. Correlation samples are also essential for the
correction of instrumentation drift.

Subjectivity Problems—In some instances a visual
comparison may be the best method for brightness
testing. However, the manner by which the human eye
“sees” is affected by various factors such as the nature of
the light source, viewing distance, color, texture, the
observer’s visual acuity, and even the viewer’s emotional
state. Therefore, because of these highly subjective
factors involved in human visual perception, such tests
alone are usually inadequate and should be
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used only as a supplement to or in correlation with
instrumentation. It has been our experience that
manufacturers who rely solely on visual testing return
many devices, a fair percentage of which can be
reshipped and accepted.

Testing to Parameters Other Than Those
Specified—This is a particularly important consideration
when a manufacturer specifies his own parameters
distinct from those normally specified. To avoid
unnecessary rejection of devices, it is imperative that a
device is always tested to the parameters under
which it will be expected to operate.

SUGGESTIONS FOR PROPER TESTING

That which follows is a quick check list of “do’s”” which
enable manufacturers to avoid many of the problems
associated with running incoming quality assurance tests
on LED’s.

e In cooperation with the vendor, establish specifications
which are economically feasible and ensure that
devices are screened at their point of origin.

Always obtain a correlation sample from the vendor
before setting up the test procedure.

Establish a reliable test procedure.

Measure relevant parameters at relevant points.
Make sure that the test circuitry will not erroneously
indicate defects and that it will not generate failures
later in the manufacturing cycle.

Work closely with the vendor in establishing the test
system.
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North American Technical Representatives

ALABAMA

R.O. Whitesell
Huntsville......... (205) 883-5110
FAX ... (205) 882-9626
ARIZONA

Compass Marketing

Phoenix .......... (602) 996-0635
FAX .............. (602) 996-0586
Tucson ........... (602) 577-0580
FAX ... (602) 577-0581
ARKANSAS

Technical Marketing, Inc.
Carrollton, TX ... .. (214) 387-3601
FAX ..o (214) 387-3605
CALIFORNIA

Ewing-Foley, Inc.
Auburn........... (916) 885-6591
FAX ..o (916) 885-6594
LosAltos ......... (415) 941-4525
FAX ..oooii.. (415) 941-5109
Harvey King Inc.

SanDiego ........ (619) 695-9300
FAX .. ..o (619) 695-9515

Varigon Inc.

Westlake Village . . . (818) 735-5494

(37 (818) 735-5499
CANADA
Dynasty Components Inc.
Calgary, Alb. ...... (403) 850-4350
FAX .. ..o (403) 686-2364
Burnaby, B.C. .. ... (604) 880-0301
FAX . . oo (604) 298-8318
Ottawa, Ont. ...... (613) 596-9800
FAX .............. (613) 596-9886
Vitel Electronics
Kanata, Ont. ...... (613) 592-0090
FAX . ....ooooie... (613) 592-0182
Lachine, Que. ... .. (514) 636-5951
FAX ..o (514) 636-1341
Mississauga, Ont.. . (905) 564-9720
FAX ... ........... (905) 564-5719

COLORADO

Compass Marketing
Greenwood Village. (303) 721-9663

FAX .............. (303) 721-0195
CONNECTICUT

Advanced Tech Sales
Wallingford ... .... (508) 664-0888
FAX .............. (508) 664-5503
DELAWARE

Beacon North
Colombia, MD...... (800) 877-3747
FAX . ... (410) 381-4752

FLORIDA

R.O. Whitesell

Huntsville, AL .. ... (205) 883-5110
FAX ...t (205) 882-9626
Longwood ... ...... (407) 682-6662
FAX . ............. (407) 682-7038
GEORGIA

R.O. Whitesell

Norcross ......... (404) 449-9190
FAX ...t (404) 449-9197
IDAHO

ES/Chase Company

Tigard, OR........ (503) 292-8840
FAX ..o (503) 292-8827

Compass Marketing
Salt Lake City, UT . . (801) 322-0391
FAX ... (801) 322-0392

ILLINOIS

Sumer, Inc.

Rolling Meadows . . (708) 991-8500

FAX ........... ... (708) 991-0474
Lorenz Sales

St. Louis, MO. .. ... (314) 997-4558
FAX .. ...t (314) 997-5829
INDIANA

R.O. Whitesell

FortWayne ....... (219) 489-0588
FAX .............. (219) 489-5733
Indianapolis. . . . ... (317) 876-9000
FAX.............. (317) 876-0434
Kokomo .......... (3817) 457-9127
FAX .......ooeunt (317) 456-1234
IOWA

Lorenz Sales

Cedar Rapids . .. .. {319) 377-4666
FAX.............. (319) 377-2273
KANSAS

Lorenz Sales
Overland Park.. . ... (913) 469-1312

FAX.............. (913) 469-1238
Wichita........... (316) 721-0500
FAX .. ...t (316) 721-0566
KENTUCKY

R.O. Whitesell
Lexington......... (606) 277-4904
FAX.............. (606) 277-5116
Cincinnati, OH. . . .. (513) 528-5644
FAX ..ot (513) 528-5662
LOUISIANA

Technical Marketing, Inc.
Carrollton, TX ..... (214) 387-3601
FAX ......oooiet. (214) 387-3605

Houston, TX....... (713) 783-4497
FAX ..o (713) 783-5307
MAINE '

Advanced Tech Sales
North Reading, MA. (508) 664-0888

FAX.............. (508) 664-5503
MARYLAND

Beacon North
Columbia......... (800) 877-3747
FAX .............. (410) 381-4752
MASSACHUSETTS

Advanced Tech Sales
North Reading. ... .. (508) 664-0888

FAX . ...t (508) 664-5503
MICHIGAN

R.O. Whitesell

GrandBlanc ...... (810) 695-0770
FAX.............. (810) 695-2732
Grand Rapids . . . .. (616) 942-5420
FAX .. ......... ... (616) 942-1173
St. Joseph........ (616) 983-7337
FAX .. ...t (616) 983-6506
Farmington Hills . . . (810) 473-5454
FAX . .......o.... (810) 473-1165
MINNESOTA

George Russell

Bloomington ... .. (612) 854-1166
FAX . ..o.oooint. (612) 854-6799
MISSISSIPPI

R.O. Whitesell

Huntsville, AL ... .. (205) 883-5110
FAX.............. (205) 882-9626
MISSOURI

Lorenz Sales

St. Louis.......... (314) 997-4558
[ GO (314) 997-5829
Overland Park, KS . (913) 469-1312
FAX . ...t (913) 469-1238
Wichita, KS ....... (316) 721-0500
FAX .. ...t (316) 721-0566
MONTANA

Compass Marketing

Salt Lake City, UT . . (801) 322-0391
FAX .............. (801) 322-0392
NEBRASKA

Lorenz Sales
Lincoln........... (402) 475-4660
FAX .............. (402) 474-7094
NEVADA

Compass Marketing

Phoenix, AZ....... (602) 996-0635
FAX . ...t (602) 996-0586
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NEVADA

Ewing-Foley

Auburn,CA ....... (916) 885-6591
FAX . ...t (916) 885-6594
NEW HAMPSHIRE

Advanced Tech Sales
North Reading, MA. (508) 664-0888

FAX.............. (508) 664-5503
NEW JERSEY

TAI Corp.

Moorestown. ... ... (609) 778-5353
FAX.............. (609) 778-7828
Trionic Associates

Great Neck, NY.. ... (516) 466-2300
FAX.............. (516) 466-2319
NEW MEXICO

Compass Marketing
Albuquerque...... (505) 344-9990
FAX.............. (505) 345-4848
NEW YORK

Bob Dean, Inc.
lthaca............ (607) 257-1111
FAX.............. (607) 257-3678
Wappingers Falls . . (914) 297-6406
FAX.............. (914) 297-5676
Trionic Associates

GreatNeck ....... (516) 466-2300
FAX.............. (516) 466-2319
NORTH CAROLINA

R.O. Whitesell

Durham .......... (919) 544-3380
FAX . ............. (919) 544-3709
NORTH DAKOTA

George Russell
Bloomington, MN . . (612) 854-1166

FAX . ............. (612) 854-6799
OHIO

R.O. Whitesell

Cleveland. ........ (216) 447-9020
FAX .............. (216) 447-0260
Dayton ........... (513) 298-9546
FAX .............. (513) 298-2586
Cincinnati. ........ (513) 528-5644
FAX.............. (513) 528-5662
Columbus ........ (614) 888-9396
FAX . .......o...t. (614) 888-8792
OKLAHOMA

Technical Marketing, Inc.
Carrollton, TX ..... (214) 387-3601
FAX.............. (214) 387-3605

OREGON

ES/Chase Co.
Tigard............ (503) 684-8500
FAX ..ol (503) 684-3400
PENNSYLVANIA

R.O. Whitesell

Pittsburgh ........ (412) 963-6161
FAX .............. (412) 963-0620
TAI Corp.

Moorestown, NJ . . . (609) 778-5353
FAX . ............. (609) 778-7828
PUERTO RICO

R.O. Whitesell

Longwood, FL..... (407) 682-6662
FAX .............. (407) 682-7038
RHODE ISLAND

Advanced Tech Sales
Wallingford, CT . ... (508) 664-0888
FAX.............. (508) 664-5503
SOUTH CAROLINA

R.O. Whitesell

Norcross, GA. ... ... (404) 449-9190
FAX......oocce0 (404) 449-9197
Durham,NC ...... (919) 544-3380
FAX oo (919) 544-3709
SOUTH DAKOTA

George Russell

Bloomington, MN . . (612) 854-1166
FAX .. ............ (612) 854-6799
TENNESSEE

R.O. Whitesell
Knoxville.......... (615) 694-9476
FAX......oooeee (615) 691-9693
TEXAS

Technical Marketing, Inc.
Austin............ (512) 343-6976
7 (512) 343-7986
Carroliton. ........ (214) 387-3601
FAX . .....ooent. (214) 387-3605
Houston.......... (713) 783-4497
FAX....oooeeen (713) 783-5307
R.O. Whitesell

Brownsville ....... (210) 542-1718
FAX ..o (210) 541-4732
ElPaso........... (915) 771-0522
FAX ....oooieint. (915) 771-0523

UTAH

Compass Marketing

Salt Lake City ... .. (801) 322-0391
FAX . ....ooiiitn (801) 322-0392
VERMONT

Advanced Tech Sales
North Reading, MA. (508) 664-0888
FAX.............. (508) 664-5503

VIRGINIA

Beacon North
Columbia, MD...... (800) 877-3747

FAX ...t (410) 381-4752
WASHINGTON

ES/Chase Co.

Kirkland .......... (206) 823-9535
FAX ..o (206) 821-7257
WEST VIRGINIA

R.O. Whitesell

Cincinnati, OH. ... .. (513) 528-5644
FAX.............. (513) 528-5662
WISCONSIN

Sumer, Inc.

Brookfield. ........ (414) 784-6641
FAX.............. (414) 784-1436

George Russell
Bloomington, MN . . (612) 854-1166
FAX ... (612) 854-6799

WYOMING

Compass Marketing
Salt Lake City, UT . . (801) 322-0391
FAX.............. (801) 322-0392

QT Optoelectronics
North American Sales
Headquarters

16775 Addison Rd.

Dallas, TX 75248

Tel: (214) 447-1300

FAX: (214) 447-0784



North American Authorized Distributors

Agoura Hills, CA. ..... .. (818) 865-7900 Richardson, TX......... (214) 231-7195
ALL AMERICAN Irving, CA............. (714) 727-4500 San Antonio, TX......... (210) 738-3330
. Los Angeles, CA. . ... .. (310) 826-2355 Salt Lake City, UT...... (801) 467-9696
Huntsvlle, AL ... g?i’; BT s Roseville, CA. ......... (916) 781-8070 Bothell, WA. . ........ (206) 4856616
OSSR San Diego, CA. ........ (619) 576-3290 Brookfield, WI. . ....... (414) 792-9778
San Dlego, CA......... (619) 658-0200 Sunnyvale, CA. ... ... (408) 734-8570
$a“ J°Se’g£ """"" (g?g) 3‘2‘;:8328 Denver, CO. .......... (303) 280-1115
WostmkaVilas. CA E81 8; 061775 Meriden, CT........... (203) 639-6000 F.A.l. - CANADA
Danbury, CT 98, MR- (203) 791-3818 Altamonte Springs, FL.. (407) 339-0078 Calgary, Alb............ (403) 291-5333
Ft. Lauderdale, FL. . ... . (305) 429-2800 Norcross, GA. ......... (404) 446-7167 Edmonton, Alb.......... (403) 438-5888
Lisle, IL o (708) 852-7707 Elk Grove Village, IL.. .. (708) 640-1910 Vancouver, BC......... (604) 654-1050
Bedford, MA. . ..., (617) 275-8888 Fort Wayne, IN. ... (219) 422-4300 Winnipeg, Man......... (204) 786-3075
Rockville, MD. . ... ... (301) 251-1205 Indianapolis, IN.......... (317) 875-8200 Mississauga, Ont... . ... (905) 612-9888
Eden Prairie, MN. ... ... (612) 944-2151 Andover, MA. ......... (508) 474-8880 Ottawa, Ont............ (613) 820-8244
West Berlin, NJ. ... (609) 768-6767 Columbig, MD....... ... (410) 290-5100 Montreal, Que.......... (514) 694-8157
Hauppauge, NY. . ..... (516) 434-9000 Fairfield, NJ........... (201) 227-6060 Quebec, Que.......... (418) 682-5775
ppauge, y.......... Mount Laurel, NJ. . .. ... (609) 439-8860
poaverton, OR. ... Eg?g; 3915333 Albuquerque,NM. ... (505) 292-2700
Houston, TX. .......... (713) 955-1993 Dayton, OH........... (513) 435-5922 FUTURE ELECTRONICS
Richardson, TX (214) 231-5300 Solon,OH............. (216) 498-2002 CORP.
LT Beaverton,OR......... (503) 644-3444 .
Salt Lake City, UT........ (801) 261-4210 Richardson, TX (214) 690-9096 Huntsville, AL. . ... ... (205) 830-2322
Midvale, UT........... (801) 561-9691 Phoenix, AZ............ (602) 968-7140
Tucson, AZ............ (602) 929-5600
ARROW/SCHWEBER e, W e aaeayy  Iine,CA (714) 250-4141
Huntsville, AL.......... (205) 837-6955 A ;os /E)tjgelesc, EA ....... gg: g; ggg-gggg
Tempe,AZ............ (602) 431-0030 an Diego, CA. ........ -
Calabasas, CA. .. ...... (818) 880-9686 ELECTRONICS MARKETING SanJosé, CA.......... (408) 434-1122
San Biogo, CA.. (619 5054500 Lomr Cheshire, OT......"" (208) 2500083
an Diego, CA......... - . . . ,CTo -
San José, CA. ......... (408) 441-9700 'é‘ﬁfr,':ft‘t‘f','\fc"“ e %%2 B Atamonte Springs,FL . (407) 767.8414
Englewood, CO............ (303) 799-0258 Columbus, OH. . ....... (614) 209-4161 Rrg0, Pl (819 Sa0 1222
Wallingford, CT..... ... (203) 265-7741 Highland Heights, OH. . (216) 442-3441 orcross, GA. ... (404) 441-
Deerfield Beach, FL.... (305) 429-8200 Hoffman E§tates, IL..... (708) 882-1255
Lake Mary, FL.......... (407) 333-9300 Indianapolis, IN. ....... (317) 469-0447
fasoa 1L (708 250,000 |t Columbia, D, 1. (410) 2000600
sca, IL.............. - ; g ,MD......... -
Indianapolis, IN. .. ... .. (317) 299-2071 F.',‘l‘g;sn‘:i'eAzAL ''''''''''''''''''' Egggg et Grand Rapids, Ml...... (616) 696.6300
Lenexa, KS............ (913) 541-9542 Agoura Hills, CA. ... ... (818) 879-1234 ponia M (313 261500
Wllmung'ton, MA........ (508) 658-0900 Iving, CA. . ..vvvonn.. (714) 753-4778 o (-I:'-n .ran"clec,) ....... (314) 469-6805
Columbig, MD. ........... (301) 596-7800  Rogeyille, CA. .. ... ©16) 7827882 o LOUS Q- B e oo
Plymouth, MI.......... (313) 455-0850 San Diego, CA. . ... (619) 623-2688 RolngoI: NG (919) 4559030
Eden Prairie, MN. . ... ... (612) 941-5280 San José, CA. ... (408) 434-0369 Ma :ﬁgn‘ NG 5609; 596:4080
St. Louis, MO. ... (314) 567-6888 Lakewood, CO. ... (303) 237-1400 Pa ton, NJ. o 609) 596 4080
Raleigh, NC........... (919) 876-3132 Cheshire, CT.......... (203) 250-1319 parsippany, bk« «---«- §51 6; B
Marlton, NJ............ (609) 596-8000 Altamonte Springs, FL. . (407) 865-9555 auppauge, NY........
Pine Brook, NJ. ........ (201) 227-7880 g Syracuse, NY.......... (315) 451-2371
Tallahassee, FL........ (904) 668-7772 Rochester. NY. (716) 387-9550
Hauppauge, NY. ... (516) 231-1000 Ft. Lauderdale, FL. . . ... (305) 428-9494 B o L o oo
Melville, NY (Int'l). ... ... (516) 843-5000 Largo, FL....... ... (813) 530-1665 Meavgrlgrze_, OH. .o (216) 4260090
Rochester, NY......... (716) 427-0300 Norcross, GA. . ... (408) 447-4767 Ba\yﬂert eIOgR s, OH. .. (503) 645:9454
Centerville, OH. ... (513) 435-5563 Boise, ID. . ............ (208) 376-8080 oo O s faceace
Solon, OH............. (216) 248-3990 Hoffman Estates, IL. . .. . (708) 843-0034 B X O
Tulsg, OK............. (918) 252-7537 indianapolis, IN. . .. .. .. (317) 469-0441 o §21 4; T
Beaverton, OR.......... (503) 629-8090 Overland Park, KS. . . . .. (913) 381-6800 5 Cit 2 ks o &) tor-asea
Monroeville, PA........... (412) 856-9490 Bolton, MA. . .......... (508) 779-3111 e A“V' """ o dooaas
Austin, TX. ............ (512) 835-4180 Columbia, MD. .- ... (410) 312-0833 othell, WA. ........... (206) 489-
Carrollton, TX. ......... (214) 380-6464 Livonia, ML, ... (313) 513-0015 Brookfield, WI.......... (414) 879-0244
Houston, TX. ... ... (713) 647-6868  Eqen Prarie, MN. ... (612) 9470909  FUTURE - CANADA
Salt Lake City, UT....... (801) 973-6913 St. Louis, MO. ... ....... (314) 542-9922
Bellevue, WA. ......... (206) 643-9992 Charlotte, NC. . .. ... (704) 548-9503 Calgary, Alb............ (403) 250-5550
Brookfield, WI. ........ (414) 792-0150 Raleigh, NC. .......... (919) 876-0088 sgrmrat‘?er: Q'% ........ §§3i§ 3393.:12?22
ARROW - CANADA Marlton, NJ. - - (809 9851500 Winnipeg, Man......... (204) 786-7711
ppany, NJ......... (201) 331-1133 nn
Burnaby, B.C........... (604) 421-2333 Hauppauge, NY. ....... (516) 348-3700 Mississauga, Ont....... (905) 612-9200
Mississauga, Ont..... ... (905) 670-7769 Rochester, NY......... (716) 387-9600 Ottawa, Ont............ (613) 820-8313
Neapean, Ont (613) 226-6903 Syracuse, NY.......... (315) 451-4405 Montreal, Que.......... (514) 694-0090
Dorval, Que............ (514) 421-7411 Beavercreek, OH. .. ... (513) 427-6090 Quebec, Que.......... (418) 877-6666
Mayfield Heights, OH. .. (216) 446-0061
Tulsa, OK............. (918) 492-1500
BELL INDUSTRIES, INC. Portland, OR. ... ...... (503) 297-5020 GERBER ELECTRONICS
Huntsville, AL. ......... (205) 430-3150 Austin, TX.....oveennn (512) 346-6426 Norwood, MA.......... (617) 769-6000
Scottsdale, AZ......... (602) 905-2355 Houston, TX........... (713) 952-7088
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North American Authorized Distributors, cont’d

MOUSER ELECTRONICS

Gilroy, CA. ............ (800) 346-6873
Santee, CA............ (800) 346-6873
Mansfield, TX. ......... (800) 346-6873
Randolph, NJ. ......... (800) 346-6873
NEWARK ELECTRONICS

Birmingham, AL. . ...... (205) 979-7003
Huntsville, AL. . ........ (205) 837-9091
Mobile,AL............ (205) 471-6500
Little Rock, AR......... (501) 225-8130
Tempe,AZ............ (602) 966-6340
Chula Vista, CA. ........ (619) 691-0141
Garden Grove, CA. ... .. (714) 893-4909
Palo Alto, CA.......... (415) 812-6300
Riverside, CA.......... (909) 784-1101
Sacramento, CA....... (916) 565-1760
San Diego,CA. ........ (619) 453-8211
Santa Clara, CA. ....... (408) 988-7300

Santa Fe Springs, CA. .. (310) 929-9722
Thousand Oaks, CA. ... (805) 449-1480

Denver,CO........... (303) 373-4540
Bloomfield, CT......... (203) 243-1731
Ft. Lauderdale, FL. .. ... (305) 486-1151
Jacksonville, FL........ (904) 399-5041
Orlando, FL........... (407) 896-8350
Tampa, FL............. (813) 287-1578
Norcross, GA. ......... (404) 448-1300
Bettendorf, IA. ......... (819) 359-3711
Cedar Rapids, IA. ...... (319) 393-3800
West Des Moines, IA. . .. (515) 222-0700
Boise,ID.............. (208) 342-4311
Addison, IL............ (708) 495-7740
Rockford, IL........... (815) 229-0225
Schaumburg, IL........ (708) 310-8980
Springfield, IL............ (217) 787-9972
Willowbrook, IL. . ... ... (708) 789-4780
Ft. Wayne, IN.......... (219) 484-0766
Indianapolis, IN........ (317) 259-0085
Indianapolis, IN. .. .. ... (317) 844-0047
Overland Park, KS. . . ... (913) 677-0727
Louisville, KY. ......... (502) 423-0280
Metarie, LA............ (504) 838-9771
Marlborough, MA. .. ... (508) 229-2200
Woburn, MA........... (617) 935-8350
Hanover, MD.......... (410) 712-6922
Grand Rapids, MI. .. . .. (616) 954-6700
Oak Park, MI.......... (810) 967-0600
Oak Park, MI. ......... (810) 968-2950
Saginaw, ML .......... (517) 799-0480
Minneapolis, MN. . ... .. (612) 331-6350
St. Paul, MN........... (612) 631-2683
St. Louis, MO. ......... (314) 453-9400
Ridgeland, MS. ........ (601) 956-3834
Helena, MT............ (406) 443-6192
Charlotte, NC.......... (704) 535-5650
Greensboro, NC........ (910) 294-2142
Raleigh,NC........... (919) 781-7677
Omaha,NE............ (402) 592-2423
Nashua, NH. .......... (603) 888-5790

East Brunswick, NJ. . . .. (908) 937-6600
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Union,NJ............. (908) 851-2290
Albuquerque, NM. .. ... (505) 828-1878
Reno,NV............. (702) 322-6090
Bohemia, NY.......... (516) 567-4200
Latham, NY............ (518) 783-0983
Liverpool, NY.......... (315) 457-4873
Pittsford, NY........... (716) 381-4244
Wappingers Falls, NY. .. (914) 298-2810
Williamsville, NY. ...... (716) 631-2311
Cincinnati, OH. ........ (513) 772-8181
Cleveland, OH......... (216) 391-9330
Columbus, OH. ........ (614) 326-0352
Dayton, OH........... (513) 294-8980
Toledo,OH. ........... (419) 866-0404
Youngstown, OH. ... ... (216) 793-6134
Oklahoma City, OK. .. .. (405) 843-3301
Tulsa, OK............. (918) 252-5070
Portland, OR.......... (503) 297-1984
Allentown, PA. ......... (610) 434-7171
Fort Washington, PA. ... (215) 654-1434
Pittsburgh, PA......... (412) 788-4790
Greenville, SC......... (803) 288-9610
Brentwood, TN. . ...... (615) 371-1341
Knoxville, TN.......... (615) 588-6493
Memphis, TN.......... (901) 396-7970
Austin, TX............. (512) 338-0287
Corpus Christi, TX. ... .. (512) 857-5621
ElPaso, TX............ (915) 772-6367
Houston, TX........... (713) 894-9334
San Antonio, TX........ (210) 734-7960
Salt Lake City, UT...... (801) 261-5660
Herndon,VA........... (703) 797-9010
Richmond, VA......... (804) 282-5671
Roanoake, VA. ........ (703) 772-6821
Bellevue, WA. ......... (206) 641-9800
Spokane, WA.......... (509) 327-1935
Madison, Wl .......... (608) 221-4738
Milwaukee, WI. . ....... (414) 453-9100
Charleston, WV. ....... (304) 345-3086
NEWARK - CANADA
London,Ont........... (519) 685-4280
Mississauga, Ont. ... ... (905) 670-2888
Mount Royal, Que. . .. .. (514) 738-4488
PIONEER - STANDARD
Tempe,AZ............ (602) 350-9335
Agoura Hills, CA. ... ... (818) 865-5800
Irving, CA............. (714) 753-5090
San Diego, CA......... (619) 514-7700
Shelton, CT........... (203) 929-5600
Addison, IL. .. ......... (708) 495-9680
Indianapolis, IN. . ...... (317) 573-0880
Fort Wayne, IN......... (219) 489-0283
Lexington, MA. ........ (617) 861-9200
Grand Rapids, ML.... ... (616) 534-3145
Plymouth,MI.......... (313) 416-2157
Eden Prairie, MN. ... ... (612) 944-3355
St. Louis, MO. ......... (314) 542-3077
Fairfield, NJ........... (201) 575-3510
Binghamton, NY. ... ... (607) 722-9300
Fairport, NY........... (716) 381-7070
Woodbury, NY......... (516) 921-8700
Cleveland, OH......... (216) 498-6305
Dayton, OH........... (513) 236-9900
Worthington, OH. ... .. (614) 848-4854

Tulsa, OK............. (918) 665-7840
Pittsburgh, PA......... (412) 782-2300
Austin, TX............. (512) 835-4000
Dallas, TX............. (214) 386-7300
Houston, TX........... (713) 495-4700
San Antonio, TX........ (210) 377-3440
Brookfield, WI......... (414) 780-3600
PIONEER-STD./ZENTRONICS -
CANADA

Calgary, Alb........... (403) 291-1988
Edmonton, Alb. ........ (403) 482-3038
London,Ont........... (519) 672-4666
Mississauga, Ont....... (905) 405-8300
Nepean, Ont........... (613) 226-8840
Richmond, B.C......... (604) 273-5575
Ste-Foy, Que........... (418) 654-1077
Ville St. Laurent, Que.. . . (514) 737-9700
Winnipeg, Man. ....... (204) 989-1957
PIONEER TECHNOLOGIES
Huntsville, AL. ......... (205) 837-9300
SanJosé, CA.......... (408) 954-9100
Englewood, CO........ (303) 773-8090

Altamonte Springs, FL.. (407) 834-9090
Deerfield Beach, FL. ... (305) 428-8877

Duluth, GA............ (404) 623-1003
Gaithersburg, MD. ... .. (301) 921-0660
Morrisville, NC......... (919) 460-1530
Beaverton, OR......... (508) 626-7300
Horsham, PA.......... (215) 674-4000
Bellevue, WA. . ........ (206) 644-7500
SCOTT ELECTRONICS

Lincoln, NE............ (402) 466-8221
Omaha,NE............ (402) 734-6750
SEYMOUR ELECTRONICS
Altamonte Springs, FL.. (407) 767-6974
Norcross, GA. ......... (404) 441-7878
Columbia, MD......... (410) 992-7474
Mt. Laurel, NJ. ......... (609) 235-7474
Woodbury, NY. ........ (516) 496-7474
SUMMIT DISTRIBUTORS,
INC.

Buffalo, NY............ (716) 887-2800
Rochester, NY......... (716) 334-8110

TAITRON COMPONENTS INC.
Santa Clarita, CA. .. .... (800) 247-2232

QT Optoelectronics
North American Sales
Headquarters

16775 Addison Rd.

Dallas, TX 75248

Tel: (214) 447-1300

Fax: (214) 447-0784



European Authorized Distributors

AUSTRIA

Spoerle Electronic
Heiligenstaedter Strasse 52
A-1190 Wien

Tel. 0222/3187 2700

FAX - 0222/3692273

BELGIUM

Diode

A company of Spoerle Electronic
Keilberg Il

Minervastraat 14/B2

B-1930 Zaventem

Tel. 02/725.46.60

FAX - 02/725.45.11

Eurodis Texim Electronics,
S.A./N.V.

Oorlogskruisenlaan, 116

B-1120 Brussels

Tel. 02/247.49.51

FAX - 02/215.58.95

DENMARK

Avnet Nortec A/S
Transformervej 17
DK-2730 Herlev

Tel. 44/880 800

FAX - 44/880 888

FINLAND

Avnet Nortec OY
Italahdenkatu 18
FIN-00210 Helsinki
Tel. 0/613181

FAX - 0-6922326

FRANCE

Avnet Composants
79 Rue Pierre Sémard
BP 90

F-92320 Chatillon

Tel. 1/49.65.25.00

FAX - 1/49.65.27.69

C.C.l. Electronique
12, Allée de la Vierge
SILIC 577

F-94 653 Rungis Cedex
Tel. 1/41.80.70.00

FAX - 1/46.75.32.07

Dimacel Composants
63, Rue Jean Jaures

BP 116

F-95874 Bezons

Tel. 1/34.23.70.00

FAX -1/30.76.31.97
Future Electronics

LP 854 Les Ulis

3, Avenue du Canada

Bat. Théta 2

F-91974 Courtaboeuf Cedex
Tel. 01/69.82.11.11

FAX - 01/69.82.11.00

GERMANY

Eurodis Enatechnik
Pascalkehre, 1

Postfach 1240

D-25443 Quickborn-Hamburg
Tel. 04106/701-0

FAX - 04106/701268

Indeg Industrie-Elektronik
GmbH
Emil-Kommerlingstrasse 5
Postfach 1563

D-66924 Pirmasens

Tel. 06331/94065

FAX - 06331/94064

Setron Schiffer-Elektronik
GmbH & Co. KG
Friedrich-Seele-Strasse 3A
Postfach 4263

D-38032 Braunschweig

Tel. 0531 8098 0

FAX - 0531 8098 789

Spoerle Electronic KG
Max-Planck-Strasse 1-3
Postfach 10 21 40

D-63267 Dreieich/Frankfurt
Tel. 06103/3048

FAX - 06103/304201

Future Electronics
Deutschland GmbH
Munchner Strape, 18
Postfach 1152

D-85765 Unterfohring
Tel. 08995/719 50

FAX - 08995/957 8838

GREECE

Smart Electronics Lid.
39 Ag. Konstantinov Str.
GR-10437 Athens

Tel. 01/5230 453

FAX - 01/5245 474

ISRAEL

Alexander Schneider Lid.
16 Haim Hazaz Street

1L-69407 Tel-Aviv 61180

Tel. 3/6473331

FAX - 3/6474114

ITALY

Felice Colombi
(SALES AGENT)

Via A. Moro, 12A
25060 Cellatica (BS)
Tel. 030/252 3004
FAX - 030/375 4273

Eurelettronica SpA
Via Enrico Fermi, 8
1-20094 Assago (M)
Tel. 02/457841

FAX - 02/4880275

Idac Camel SRL

Via Savelli 3

1-35129 Padova

Tel. 049/8075616

FAX - 049/8075626

Lasi Elettronica s.p.a.
Divisione della Silverstar Ltd.
Viale Fulvio Testi 280
|-20126 Milano

Tel. 02/661431

FAX - 02/66101385
Silverstar Ltd.

Viale Fulvio Testi 280
1-20126 Milano

Tel. 02/661251

FAX - 02/66101359

NETHERLANDS

Diode
A Company of Spoerle Electronic
Coltbaan 17

NL-3439 NG Nieuwegein
Tel. 03402 91234

FAX - 03402 35924

Eurodis Texim Electronics
B.V.

Nijverheidsstraat, 16

NL-7482 GZ Haaksbergen

Tel. 5427-33 333

FAX - 5427-33 888

NORWAY

Avnet Nortec A/S
PO. Box 123
Smedsvingen 4B
N-1364 Hvalstad

Tel. 66/84 3210

FAX - 66/84 6545

PORTUGAL

Amitron-Arrow Electronica
LDA

Quinta Grande, Lote 20
Alfragide

P-2700 Amadora

Tel. 1/471 4806

FAX - 1/471 0802




European Authorized Distributors

SOUTH AFRICA

Allied Electronics
Components

10 Skietlood Street
Isando Ext. 3

PO. Box 69

Isando 1600

Tel. 011/392.3804
FAX - 011/974.9683

SPAIN

Amitron-Arrow
Albasanz 75
E-28037 Madrid
Tel. 1/304 3040
FAX -1/327 2472

Sutelco

Pilar de Zaragoza 23
E-28034 Madrid

Tel. 1/355.8603

FAX - 1/355.81.20

Avnet Nortec AB
Box 1830
Englundavégen, 7
§-17 127 Solna

Tel. 8/629 1400

FAX - 8/627 0280

SWITZERLAND

Elatex AG

Sales Office Electronic
Components

Hardstrasse 72

CH-5430 Wettingen

Tel. 056/275 111

FAX - 056/275 454
Fabrimex

Ein Unternehmen der Spoerle
Electronic

Cherstrasse, 4

CH-8152 Opfikon-Glattbrugg
Tel. 01/874 6262

FAX - 01/874 6200

TURKEY

Turkelek

Hatay Sokak 8
TK-Ankarra

Tel. 312/425-2109
FAX - 312/417-5529

UNITED KINGDOM

Gothic Crellon, Ltd.
3 The Business Centre
Molly Millars Lane
Wokingham

Berkshire RG11 2EY
Tel. 01734/788878

FAX - 01734/776095

Polar Electronics, Ltd.
Cherrycourt Way

Leighton Buzzard

Beds. LU7 8YY

Tel. 01525/377093

FAX - 01525/378369

Farnell Electronic Services
Ltd.

Edinburgh Way

Harlow

Essex CM20-2DF

Tel. 01279/626777

FAX - 01279/441687

Future Electronics LTD
Future House

Poyle Road

Colnbrook

Berkshire SL3 OEZ

Tel. 01753 687 000

FAX - 01753 689 100

Semiconductor Specialists
(UK) LTD

Unit 6, Crown Business Centre
Crown Way, West Drayton
Middlesex UB7 8HZ

Tel. 01895/445 522

FAX - 01895/422 044

YUGOSLAVIA

DCD Electronics

12 Rue des Chardonnerets
B-1390 Grez-Doiceau
Belgium

Tel. 010/680 280

FAX - 010/680 282




Asian Authorized Reps and Distributors

AUSTRALIA

KC Electronics
1/38, South Street,
Rydalmere NSW,
Australia 2116,
Australia

Tel. (3) 467 4666
FAX - (3) 467 7183

HONG KONG

Tekcomp Electronics LTD.,
(REP)

913-4, Bank Centre,

636, Nathan Road,

Kowloon,

Hong Kong

Tel. (2) 710 8121

FAX - (2) 780 5871

Che Fong Hong Electronics
LTD.

5th FI, Tower 1,

Enterprise Square,

No. 9, Sheung Yuen Rd.,
Kowloon Bay, Kowloon

Hong Kong

Tel. (2) 796 6880

FAX - (2) 305 2560

Electrocon Product Ltd.,
8/F, Block B,

Prosperity Centre,

77 Container Port Road,
Kwai Chung,

N.T. Hong Kong

Tel. (2) 481-6022

FAX - (2) 480-3967
Inchcape Industrial
10/F, Tower 2,
Metroplaza,

223 Hing Fong Rd.,

Kwi Fong Road,

N.T. Hong Kong

Tel. (2) 410 6262

FAX - (2) 4012497

INDIA

Kilachand & Devchand Co.
LTD. (REP)

7, Jamshedji Tata Road,
Bombay 400 020,

India

Tel. (022) 22 0048

FAX - (022) 873 5918

JAPAN

New Metals & Chemicals
Corp. Lid.,

Shin Dai-Ichi Building,

No: 4-13, Sanchome, Nihonbashi
Chuo-Ku, 103 TOKYO,

Japan

Tel. 033 201 6585

FAX - 033 271 5860

KOREA

Wonil Digital Technologies
Corp. (REP)

Taekun Building,

Room 303, 1009-1,
Bangbae-Dong,

Seocho-Ku, Seoul,

Korea

Tel. (2) 523 5473

FAX - (2) 523 5476

NEW ZEALAND

Philips Components
2, Wagener Place,

Mt. Albert

Aukland,

New Zealand

Tel. 649 849 4160

FAX - 649 849 781

SINGAPORE

Compotech Electronics Pte.
Ltd. (REP)

35, Kallang Pudding Road

Hex 07-12

Block A, Tong Lee Building
Singapore 1334

Tel. 743 7491

FAX - 743 6848

B.B.S. Electronics Pte. LTD.,
1, Genting Link,

Hex 05-03

Perfect Industrial Building
Singapore 1334

Tel. 748 8400

FAX - 748 8466

Device Electronics Pte. LTD.
605 Macpherson Road,

Hex 04-12, Citimac

Industrial Complex

Singapore 1336

Tel. 288 6455

FAX - 287 9197

TAIWAN

Fullteque Int’l Corp., (REP)
5F-1 No. 178, Sec. 2,

Nanking East Road,

Taipei 10409

Taiwan R.O.C.

Tel. (2) 506 6735

FAX - (2) 507 1574

Galaxy Far East Corp.
8F-6, 390, Sec 1

Fu Hsing South Road,
Taipei,

Taiwan R.O.C

Tel. (02) 705 7266

FAX - (02) 708 7901

Unit-Teque Corporation
3 FL-2, No. 153,

Tun-Hwa North Rd.,

Taipei,

Taiwan R.O.C.

Tel. (2) 719 9577

FAX - (2) 719 9684

THAILAND

Siam Well International Co.
LTD (REP)

33/28 Kingkaow Road,

Bangplee Yai,

Banglee, Samutprakarn,
Thailand

Tel. 662-337-3136/7

FAX - 662-337-3136

ASIAN HEADQUARTERS
QUALITY TECHNOLOGIES
Asia Pacific

B613, 6th Floor

East Wing, Wisma Tractors

Jalan SS 16/1, Subang Jaya
47500 Petaling Jaya

Selangor Darul Ehsan, MALAYSIA
Tel: 03-7352417/8

Fax: 03-7363382
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Qr

OPTOELECTRONICS

Over 25 Years of Excellence in Optoelectronics

RPORAT ALES OFFILEES

NORTH AMERICA

Corporate Headquarters
QT Optoelectronics

610 North Mary Ave .
Sunnyvale, CA 94086
Tel: 408 720-1440

FAX: 408 720 0848

North American
Sales Headquarters
QT Optoelectronics
16775 Addison Rd
Suite 200

Dallas, TX 75248
Tel: 214 447-1300
FAX: 214 447-0784

Western Region
QT Optoelectronics
16775 Addison Rd
Suite 200

Dallas, TX 75248
Tel: 214 447-1300
FAX: 214 447-0784

Central and
Southeastern Region
QT Optoelectronics
16775 Addison Rd
Suite 200

Dallas, TX 75248
Tel: 214 447-1300
FAX: 214 447-0784

Northeastern Region
QT Optoelectronics
396 Whitehorse Ave
Trenton, NJ 08610
Tel: 609 581-0444
FAX: 609 581-2266

DB95

EUROPE

Southern European
Headquarters
Quality Technologies
France S.A.

Immeuble La Pyramide

80 Avenue du General de Gaulle
94009 Creteil Cedex, France

Tel: 33 01/43.99.25.12
FAX: 33 01/43.99.17.41

Central European
Headquarters

Quality Technologies GmbH

Max-Huber-Strasse 8
D-85737 Ismanig, Germany
Tel: 49 089/96.30.51

FAX: 49 089/96.54.74

Northern European
Headquarters

Quality Technologies (U.K.) Ltd.
10, Prebendal Court, Oxford Rd

Aylesbury, Buckinghamshire
HP19-3EY United Kingdom
Tel: 44 0 1296/39.44.99
FAX: 44 0 1296/39.24.32

AsIA

Asian Headquarters
Quality Technologies

Asia Pacific

B613, 6th Floor

East Wing, Wisma Tractors
Jalan SS16/1, Subang Jaya
47500 Petaling Jaya

Selangor Darul Ehsan, Malaysia

Tel: 603-7352417/8
FAX: 603-7363382



