


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MV53173 MV54173 MV57173

PEAK Ig — mA

FORWARD CURRENT — IF (mA}

1000 T T 2
800 | J
500
\ FREQ. = 200 pps
z 7173
200 N MV53173 —— =
N wmvs7173 2 R
@ 2
0 AN Z S
80 s S
50 AN 5 c
g MV53173 g
AN z \‘\;‘ g
20 ~N q
N
10 1 k
1 3 5 10 20 50 100 10 20 40 oc
DUTY CYCLE — % C1193 PERCENT DUTY — % C1194A
DUTY CYCLE — %
If per seg. 10 mA AVERAGE
Fig. 4. Max Peak Current vs.
Duty Cycle Fig. 5. Luminous Intensity vs.

Duty Cycle

100 7 4.0
/ >
% 7 E NORMALIZED AT If = 10 mA
80 a z
/ w30
70 / |
/I MV54173 =
60 @
7 2 /
50 L 2 20
/ z < /
40 / s
7 =} MV54173
30 ! o
/ Yoo
20 (DOTTED LINE £
INDICATES <
10 PULSED OPERATION — ]
0 SEE FIGS. 3, 5) <
1.0 20 30 4.0 0 5 10 15 20 25 30
FORWARD VOLTAGE — VF (VOLTS) DC FORWARD CURRENT — If (mA)
C1697 C1702
Fig 6. Forward Current vs. Fig. 7. Relative Luminous Intensity vs.
Forward Voltage DC Forward Current
(Both LED chips on)
1000
_ 800
<
z 600 i
L~ 400
4
£ 200
S N
2 100 N
< 80 5&4
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% 40 o q
2
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s
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10 100 1000 10,000
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Fig. 8. Maximum Peak
Current vs. Pulse Duration
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MV53173 MV54173 MV57173
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130 4.0
NORMALIZED I T ! ‘ ”[
AT 25°C
g 120 N ~9 Fiave) = 20 mA = 5\\
r \ 93 8o 5 mA
E o110 we 2.5 mA N
12} N
zZ Q¢ K
w Ty
g 100 £5 40 MV5\417
¢ 2% A T
;:: 90 3*‘5 TL\* \L\
o \ Ls 10 NN
G N E=2 NI
N
70 00
-55 =25 0 25 50 75 100 20 50 10 20 50 DC
TEMPERATURE — Ta (°C) % DUTY CYCLE
C1700 c1701
Fig. 9. Relative Luminous Fig. 10. Relative Efficiency
Intensity vs. Temperature vs. Duty Cycle
PIN CONNECTIONS
6 5 4
PIN ELECTRICAL
NO. CONNECTIONS
1 Cathode 1
2 No Pin
3 Anode 2
4 Cathode 2 1 3
5 NC
6 Anode 1 SCHEMATIC
FILTER RECOMMENDATIONS
For optimum on and off contrast, one of the following filters or equivalents may be used over the lamp
MV53173 MV54173 MV57173
Panelgraphic Yellow 25 or Amber 23 Panelgraphic Green 48 Panelgraphic Red 60
Homalite 190 — 1720 or 100 — 1726 Homalite 100 — 1440 Green Homalite 100 — 1605
In situations of high ambient light, a neutral density filter can be used to achieve greater contrast
Panelgraphic Grey 10 Panelgraphic Grey 10

Homalite 100 — 1266 Grey

1. The average Luminous Intensity is obtained by summing the Luminous Intensity of each segment and dividing by
the total number of segments. The standard of measurement is the Photo Research Corp. “Spectra” Microcandela
Meter (Model 1V-D) corrected for wavelength. Intensity will not vary more than +33.3% between all segments
within a unit.

. The curve in Figure 3 is normalized to the brightness at 25°C to indicate the relative efficiency over the

operating temperature range.

Leads immersed to 1/16” (1.6mm) from the body of the device. Maximum unit surface temperature is 140°C.

. All units are categorized for luminous intensity. The invensity category is marked on each part as a suffix letter

to the part number.

. For flux removal, Freon TF, Freon TE, isoproponal or water may be used up to their boiling points.
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BAR GRAPH DISPLAY

GENERAL

INSTRUMENT

yELLow MV53164
HIGH EFFICIENCY GREEN MV54164
HIGH EFFIcIENCY RED MV57164

PACKAGE DIMENSIONS DESCRIPTION
. - The MV5X164 Series is a 10 segment bar graph display
ui%?ng.) —f | |a— (21;4,,,2., with separate anodes and cathodes for each light
t.oozl +.010 segment. The packages are end stackable.
}
200" 400" MAX
E_[O0000000] e
1 FEATURES
ol 028m) w Large segments, closely spaced
CHAM TO +003" = End stackable
INDICATE | 100" MAX ___| stacka
PIN #1 (25.27mm) DATE CODE w Fast switching, excellent for multiplexing
PART NO. LIGHT INTENSITY = Low power consumption
Y /_ CATEGORY » Directly compatible with IC's
SEE NOTE 4 . . .
N . = Wide viewing angle
A oo ! = Standard .3" DIP lead spacing
4 e o 2 i 010" = Categorized for [luminous intensity (see note 4)
160" j_ II T _’ II ‘°':2050?T)
e M RN DU '
015 020" TYF
(0.51mm) 100" (7%3?“';“)
2.4mm) 010"
NOTE: TOLERANCES +.010” UNLESS SPECIFIED C1468A

ABSOLUTE MAXIMUM RATINGS

MV53164 MV54164 MV57164
Power dissipation @ 25°C ambient . . . ........ 750 mW 750 mW 750 mW
Derate linearly from50°C ... ............. -14.3 mW/°C -14.3 mW/°§2 -14.3 mW/°C
Storage and operating temperature . . . .. ...... -40°C to 85°C -40°Cto85C -40°C to 85°C
Continuous forward current
Total ....vviiii e 200 mA 300 mA 300 mA
Persegment .. ....... ..ot 25 mA 30mA 30 mA
Reverse voltage
Persegment . . ........o0vienneernnnn 6.0V 6.0V 6.0V
Solder time @ 260°C (See Notes3and5.). ... .. 5 sec. 5 sec. 5 sec.
TYPICAL THERMAL CHARACTERISTICS
MV53164 MV54164 MV57164
Thermal resistance junction to free air ® j, . . . .. 160°C/W 160°C/W 160°C/W
Wavelength temperature coefficient (case temp) . . 1.0A/°C 1.0A/°C 1.0A/°C
Forward voltage temperature coefficient. . .. ... -1.5mV/°C 14mV/°C -2.0mV/°C
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MV53164 MV54164 MV57164

ELECTRO-OPTICAL CHARACTERISTICS (25°C Free Air Temperature Unless Otherwise Specified)

TEST
| MIN. TYP. MAX. UNITS CONDITIONS
Forward Voltage MV53164, MV57164/MV54164 2.0/2.2. 2.5/3.0 \% Ig =10 mA
Luminous intensity (unit avg.) (see Note 1) 510 1800 ucd Ig=10mA
Pulsed luminous intensity (MV54164) 710 2500 ucd Ig =60 mA
peak; 1:6 DF
Peak emission wavelength
MV53164 585 nm
MV54164 562 nm
MV57164 630 nm
Spectral line half width MV53164, MV57164/MV54 164 40/30 nm
Dynamic resistance
Segment MV53164, MV57164/MV54 164 26/12 Q Ig =20 mA
Capacitance MV53164, MV57164/MV54 164 35/40 pF V=0, f=1MHz
Switching Time 500 ns Ig=10mA
Reverse Voltage 6.0 Ir = 100 uA
TYPICAL DRIVE CIRCUIT "
R LA Ve B RVS: REFERENCE VOLTAGE SOURCE
IN MS/S: gSEFEE%ELECT AMPLIFIER
i 12 i(}fg Rg: LED BRIGHTNESS CONTROL
13 1A 8
oor N
14 M 7
Rs :: N
L 5l
T INT
= 6 A B
IN
BAR OR 17 1A 4
! EIENDGLE I\li
CONTROL B LA 3
IN
Ve — 1 A 2
N
20 14 1
smlmA_L__ — i<t
ILED
Rio| 4
L
ol* v
LM3914 c1471
PIN CONNECTIONS
PIN | ELECTRICAL PIN | ELECTRICAL PIN | ELECTRICAL PIN | ELECTRICAL
NO. | CONNECTIONS NO. | CONNECTIONS NO. | CONNECTIONS NO. | CONNECTIONS
1 | Bar 1 Anode 6 |Bar 6 Anode 11 | Bar 10 Cathode 16 | Bar 5 Cathode
2 | Bar 2 Anode 7 |Bar 7 Anode 12 | Bar 9 Cathode 17 | Bar 4 Cathode
3 | Bar 3 Anode 8 |Bar 8 Anode 13 | Bar 8 Cathode 18 | Bar 3 Cathode
4 | Bar 4 Anode 9 |Bar 9 Anode 14 | Bar 7 Cathode 19 [Bar 2 Cathode
5 |[Bar 5 Anode 10 | Bar 10 Anode 15 | Bar 6 Cathode 20 | Bar 1 Cathode
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MV53164 MV54164 MV57164

TYPICAL CURVES MV53164 MV57164 (PER SEGMENT) (25°C Free Air Temperature)
100 / 3000
90
2500
£ 80 f / g
| |
z 70 > 2000
= | [ mvssies =
= 2
i / &
< s0 £ 1500 MV53164
3 Mvs7164/ / z e ioa
© 40 2
g £ 1000
< =
g% ] =
a
S 20 -
e // 500
10
0 4 8 12 16 20 24 28 32 36 40 0 5 10 15 20 26 2
FORWARD VOLTAGE (Vg) — VOLTS  C1080A ¥ (PER SEGMENT) —mA  C1090A
Fig. 1. Forward Current vs. Fig. 2. Luminous Intensity vs.
Forward Voltage Forward Current
170 1000
160 800
AN 500
1% N FREQ. = 200 pps
| 140
2 N\ MV57164 \\
g 130 N < 200
E 120 € N mvsses
T \ | Vvsnm
:_C’ 110 & 100 ~
© B3 N
o 100 —MV53164 — < 80
> [ — [
£ 90 50 N
< AN
4 80
3 N
70 20
60
50 10
-50 -25 0 25 50 70 1 3 5 10 20 50 100
AMBIENT TEMPERATURE —°C  C1244A DUTY CYCLE —% c1193
Fig. 3. Luminous Intensity vs. Fig. 4. Max Peak Current vs.
Temperature (See Note 2) Duty Cycle
2
z \ MV57164
&
2 N\
] 2
. N\ :
g 15
E II.
ht MV53164 NN 2
& N &
AN
N
\N
N
1
10 20 40 DC
DUTY CYCLE — % C1194A
I per seg. 10 mA AVERAGE
Fig. 5. Luminous Intensity vs.
Duty Cycle
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MV53164 MV54164 MV57164

TYPICAL CURVES MV54164 (PER SEGMENT) (25°C Free Air Temperature)

100 14 4.0
~ ! z
< 90 = NORMALIZED AT IF = 10 mA
= —+ 4
& ,
|l MVB4164 l/ i
g ¢ 7 8 wsqies g
£ z 20 V4
O 40 7 g
2 a0 ! m
< / g 10
2 20 (DOTTED LINE [
& INDICATES <
L 10 PULSED OPERATION——- w
0 FIGS. 3, 5) ©
1.0 20 3.0 4.0 0 5 10 15 20 25 30
FORWARD VOLTAGE — VF (VOLTS) DC FORWARD CURRENT — IF (mA)
C1697 C1702
Fig. 6. Forward Current Fig. 7. Relative Luminous Intensity
vs. Forward Voltage vs. DC Forward Current
1000 130 T T
_. 800 NORMALIZED
‘é 600 120 AT 25°C
- ) N
£ 400 2
w 1y54164 t 110
£ 200 WY 3
) N 4
o 100 EE j E 100 Mv54164
E 80 §9‘_— ~of5_’ ) z
a 60 % TN T "24 0
% 40 '2 \
s o
2 A,
2 2 ® 8 \
=
10 o
10 100 1000 10,000 -55 -25 0 25 50 75 100
PULSE DURATION (us) TEMPERATURE — Ta (°C)
C1699 C1700
Fig. 8. Maximum Peak Fig. 9. Relative Luminous
Current vs. Pulse Duration Intensity vs. Temperature
T
> 6 |F(AVG) 20 mA 7\\
15} [=] | mA 1 N
2« 3.0 5 mA 1
we 2.5 mA Q‘K
Og K
=
w® 20 ~
£3 l g \‘\h
=2 N N
E 5 7 \~"ib PN
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g s 10 |
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\\\Nw
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0.0
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MV53164 MV54164 MV57164

FILTER RECOMMENDATIONS

For optimum on and off contrast, one of the following filters or equivalents may be used over the lamp

MV53164 MV54164 MV57164
Panelgraphic Yellow 25 or Amber 23 Panelgraphic Green 48 Panelgraphic Red 60
Homalite 190 — 1720 or 100 — 1726 Homalite 100 — 1440 Green Homalite 100 — 1605
In situations of high ambient light, a neutral density filter can be used to achieve greater contrast
Panelgraphic Grey 10 Panelgraphic Grey 10

Homalite 100 — 1266 Grey

1. The average Luminous Intensity is obtained by summing the Luminous Intensity of each segment and dividing by
the total number of segments. The standard of measurement is the Photo Research Corp. “Spectra” Microcandela
Meter (Model 1V-D) corrected for wavelength. Intensity will not vary more than +33.3% between all segments
within a unit,

2. The curve in Figure 3 is normalized to the brightness at 25°C to indicate the relative efficiency over the
operating temperature range.

3. Leads immersed to 1/16” (1.6mm) from the body of the device. Maximum unit surface temperature is 140°C.

4. All units are categorized for lJuminous intensity. The invensity category is marked on each part as a suffix letter
to the part number.

5. For flux removal, Freon TF, Freon TE, isoproponal or water may be used up to their boiling points.
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GENERAL

INSTRUMENT

T-% SOLID STATE LAMPS

vyeLLow MVU53
HIGH EFFICIENCY RED MV57
HIGH EFFICIENCY GREEN MV64

PACKAGE DIMENSIONS

o—J4—o

250 MIN.
f~2rLcs.

GREEN MARK

INDICATES \T\

CATHODE L_B
-

NOTES:
1. ALL DIMENSIONS IN
NCHES

2. TOLERANCES +.010”
UNLESS SPECIFIED

583

DESCRIPTION

The MV64 Gallium Arsenide Phosphide Hi. Eff. diode
mounted in a two lead green epoxy package. The
MV53 is a Gallium Arsenide Phosphide diode
mounted in a two lead yellow epoxy package, while
MV57 is a Hi. Eff. Red LED in a red non-diffused
package.

FEATURES

These miniature LED lamps are intended for high
volume indicator light applications where high
reliability and top performance are required. Major
usage is in applications such as diagnostic lights on
printed circuit boards and panel lights. The units can
?e used to displace subminiature lamps as small as T-
% size.

= Multicolored versions of the popular MV50
package

Low cost

3 bright colors

Compatible with integrated circuits

Long life, rugged

Small size—T-%

Color tinted, non-diffused

ELECTRO-OPTICAL CHARACTERISTICS (Ta =25°C Unless Otherwise Specified)

CHARACTERISTICS

Luminous intensity (note 1)
Peak wavelength, MV64
Peak wavelength, MV53
Peak wavelength, MV57
Spectral line halfwidth
Forward voltage MV64

MV53, MV57
Reverse breakdown voltage
Forward voltage temp. coefficient
Viewing angle

MINIMUM

1.0

TYPICAL

2.0
565
589
635
35

2.2
2.1

-3.0
80

TEST
MAXIMUM UNITS CONDITIONS
med IF =20 mA
nm IF =20 mA
nm IF =20 mA
nm IF =20 mA
nm IF =20 mA
3.0 \ IF =20 mA
3.0 ") IF =20 mA
v IR =100 uA
mV/°C IF =20 mA
degrees between 50%
points
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MV53 MV57 MV64

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Specified)

Lo 30T e LT T o (o A
Derate linearly from 25°C ... .. ittt i i e i e i e
Storage and operating temMPErature .............uiiuuiiiiiet ittt iiteiieeeieeenrioiaeeineesiseenss senannns

Lead solder time at 230°C (see note 2) ...
Continuous forward current .
REVEISE VOIAGE ...t i i i e e e e i e

TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES

- 24
_'°rooTTED Lines 777 -
< 90} INDICATE —— Ly
& “"IPULSED ELLOW ~/ 20 100%
& 80IOPERATION 7 H
E IV T 0%
z 0 7/ Ve = 16 z 0 e
£ 60 HiIGH [/ z 2 so% £
z EFFICIENCY/ /7 / % & w
0 50 RED ALf g 2 = 500 &
a 117 E / o 0% b
2 2 117 z S 2
< 77 2 E 600 &
2 a0 A " HigH 3 < oo s
T EFFICIENCY E v < 0 ©
X GREEN B A ®
% 7] i 5 . L ”
I o S B T i i s
0 Fow/;RD VOLT2A 3 4 0 10 20 3 4 50 60 50% 40% 30% 20% 10% O
GE VF (VOLTCS1)831C FORWARD CURRENT (Ig)-mA  C585 SPATIAL DISTRIBUTION (NOTE 2} 586
Fig. 1. Forward Current vs. Fig. 2. Luminous Intensity vs. Fig. 3 Spatial Distribution (Note 2)
Forward Voltage Forward Current
120%
| T T
MVe4 I MV53 MV57
1005 L(HIEFE | (YELLOW) (HI EFF.
GREEN) RED)7]

@
Q
B

/AL
AT
/ \
VAVAV.NNAN

520 540 560 580 600 620 640 660 680
WAVELENGTH () — nm C1356

RELATIVE QUTPUT — %
s e
g B

S
R

Spectral Response

NOTES

1. As measured with a Photo Research Corp. ““SPECTRA’ Microcandela Meter (Model I1V-D).
2. The axis of spatial distribution are typically within a 10° cone with reference to the central axis of the device.

3. The leads of the device were immersed in a molten solder at 230°C to a point 1/16 inch (1.6mm) from the body of
the device per MIL-S-750 with a dwell time of 5 seconds.
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T-% SOLID STATE LAMPS

STANDARD RED MV50
STANDARD RED MV54

PACKAGE DIMENSIONS DESCRIPTION
The MV50 and MV54 are diffused Gallium Arsenide
O_K_O Phosphide diodes mounted in a two lead epoxy pack-
age; the MV50 has a clear lens; the MV54 is red
CREsuNaRK 250N diffused. On forward bias they emit a spectrally narrow
CATHODE 2PLCs. band of visible light which peaks at 660 nm. (Also see
= \N\ MV55A.)
L ! _ ANODE
. (+)
i I o FEATURES
.020
o The MV50 and MV54 are intended for high volume
110 090 indicator light applications where low cost, high relia-
090 080 bility, and top performance are required. Major usage is
oo 8o in applications such as diagnostic lights on printed circuit
R ° —o? boards and panel lights. They can be used to displace
0] .10 subminiature lamps as small as T3/4 size.
L L T
015 S 010« . :
7 o0 00 | €576 s | ow cost
=18 » Bright

NO' w Compatible with integrated circuits

TES:
1. ALL DIMENSIONS IN
INCHES

Lamps

s Long life, rugged
2. TOLERANCES +.010"
UNLESS SPECIFIED a Small size - T3/4

» Easily assembled in arrays

TYPICAL THERMAL CHARACTERISTICS

Wavelength temperature coefficient (case temperature) . ... .. ... ... ittt ittt nennns 0.3 nm/°C
Forward voltage temperature coefficient . .. ... ... ... .ttt inne s enerenenennnnns -2.0mv/°C

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Specified)

POWer dissiPation . . . . . . . e e e e e 80 mwW
Deratelinearly from25°C . . . . . .. .. .. 1.6 mW/°C
Storage and operating temperture . . . . . . . .t e e e e e e e e -55°C to 100°C
Peak forward current (1usec pulse width, 0.3% duty CYCIB) . . . . v v v vt ittt e e e e e e e e 1.0A
Lead solder time @ 230°C (NOT@ 1) . . . . v v i vttt i it e e et e e e e e e 5 sec.
Continuous forward CUITNt . . . . . . . oot e e 40 mA
Reversevoltage . . . . .. ... e 50V
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MV50 MV54

ELECTRO-OPTICAL CHARACTERISTICS (Ta =25°C Unless Otherwise Specified)

CHARACTERISTICS MINIMUM TYPICAL MAXIMUM UNITS CON:‘;IE'?I.I-ONS
MV50 MV54 MV50 MV54 MV50/54
Luminous Intensity (note 2) 0.5 0.4 1.4 1.0 mced Ig =20 mA
Peak emission wavelength 660 660 nm Ig =20 mA
Spectral line halfwidth 20 20 nm Ig =20 mA
Forward voltage 1.65 1.65 2.0 \% Ig =20 mA
Capacitance 80 80 pF V=0,f=1MHz
Rise and fall time 50 50 ns 5082 system,
IF =20 mA
Reverse current 100 kA Vg=5.0V
Reverse breakdown voltage 5 15 15 \ Ir =100 A
View angle 80 80 degrees  between 50%
points

TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES (Ta = 25°C Unless Otherwise Specified)

0 10° 20"

4.0 250 T 1 ]
CONSTANT
25 1uSEC ]
10 MV54 30° | - 2251~ BUTY CYCLE = 0.3% ) b
] £ 200
00 Es.o - Lo /
7] wo /
08 4 2 H A Asec
E <] 1.50 7 Ou
220 5 25 /A
0.7 50° > g // 5uSEC
3 3 100
06 60° [} £ 504SEC
o s1. . 1
70 2 0 z s 1004SEC
o < T
80 - « 2004SEC
S I s 0 “7 ’ |
05 04 03 02 01 0 20 40 60 80 S5z oi os 08 0 2
591 INSTANTANEOUS FORWARD PEAK FORWARD CURRENT — AMPS  C579A
CURRENT Ir(mA) C652A
Fig. 1. Spatial Distribution Fig. 2. Luminous Intensity vs. Fig. 3. Peak Power Output vs.
(Note 3) Forward Current Pulsed Forward Current
£ 100 20° 100 [ 170
z 160
; 1.0 30° 2 90 / ;50 \ BR|GF|TNESSJ’VS, TELMPERA URE
IF =20 mA
Eos % g0 / 10} R
H =70 / 130
g0 40 G 60 £120
: / :
Zo7 s0° < 50 / wlio
g o, Z100
5 | q 40 /
Sos 60 Z 0 g %o
z , 3 / = 80
g 7 & 20 7
< 80° E 0 /
H / 60
< 90°
4 T 1 1 1
0 1 2 25 o°C 5 780 /5 FI00
880 FORWARD VOLTAGE V¢ (VOLTS) AMBIENT TEMPERATURE  cs82
c1832
Fig. 4. Spatial Distribution Fig. 5. Forward Current vs. Fig. 6. Relative Power vs.
(Note 3) Forward Voltage Temperature

NOTES

1. The leads of the device were immersed in molten solder at 230°C to a point 1/16 (1.6mm) inch from the body
of the device per MIL-S-750, with a dwell time of 5 seconds.

2. As measured with a Photo Research Corp. “SPECTRA’ Microcandela Meter (Model 1V-D).
3: The axis of spatial distribution are typically within a 10° cone with reference to the central axis of the device.
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GENERAL

INSTRUMENT

T-% SOLID STATE LAMPS

HIGH EFFICIENGY RED MV55A

PACKAGE DIMENSIONS

BLACK MARK

INDICATES ANODE

CATHODE
(=)

[‘,250 -250
MIN. MIN.

038R

NOTE: TOLERANCE £.010"
UNLESS SPECIFIED C593

DESCRIPTION

The MV55A is a Hi. Eff. red gallium arsenide
phosphide device useful for low current drive

(5 mA) applications, such as diagnostic functions
or indicators. See also 2 mA lamp families.

FEATURES

MVBBA is intended as a low cost, high reliability
indicator lamp.

= Low cost

= Compatible with integrated circuits.
s Small size

= High on axis intensity.

= 2 Gate Load Bright Light

s MOS compatible

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Specified)

PoWer disSiPation . . . . e e e e e e e e e e e e e e e e e 105 mW
Derate linearly from 25°C . . . . . o i i i e e 1.3 mwW/°C
Storage and operating temperature . . . . . . . . it e e e e e e e e e e -55°C to 100°C
Lead solder time @ 230°C (SEENOIE 1) . . . v v v v v vt et e e e e e e e e e 5 sec.
Continuous forward CUITEBNt . . . . . o o it et e e e e e e e e e e e e e e e 35 mA
Reverse VOAgE . . . . . o i e e e e e e e e e e 50V
Peak forward current (1usec pulse, 0.1% dUty CYCIE) . . . .« v v v it it ittt et e e ettt et 400 mA
ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C Unless Otherwise Specified) ST
CHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS
Luminous Intensity (Note 3) 0.2 0.5 mcd I =5.0 mA
2.0 mcd Ig =20 mA
Peak emission wave length 635 nm
Spectral line half-width 45 nm
Forward voltage 1.6 2.0 \ I =5.0 mA
2.2 \% Ig =20 mA
Reverse current 100 MA VR=5.0V
Light turn-on and turn-off 1 ns Z = 1Q) system
Capacitance 20 pF V=0
Reverse breakdown voltage 5 \ Ir =100 A
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MV55A

TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES

(Ta = 25°C Unless Otherwise Specified)

100 20 350
A o
90 pd o ¥ . 300
& y 3 9 s
/] I 250 7
zn 7 § . 40° z
Vi z 3
60 2 200
pd £ ) g
50 y 7 2. 59 2 150 A
40 g | 3 4
RCENT OF RADIATED POWER z 6 60 £ 100
30 INTO CONE OF HALF ANGLE @ ] . 2
2 5 70 E /
g 80° 4
A T S —— oo 0
10° 20° 30° 40° 50° 60° 70° 80° 90° 54 3 2 0 0 1.0 2.0 3.0 4.0 5.0
CONE OF HALF ANGLE © c594 SPATIAL DISTRIBUTION €595 FORWARD CURRENT (Ig)-mA  C596A
Figure 1 Fig. 2. (Note 2) Fig. 3 Luminous Intensity vs.
Forward Current
+Vpp Y
COS/MOS R
100 / (OTHER
~ 90 GATES)
z /
E 80 /
i -V,
E 70 I 'ss
g 60
% 50 // +Vop
g 40 / COS/MOS
4
; 30 / (OTHER
z GATES)
c 2 / R
w
" 7
0 1 2
FORWARD VOLTAGE VF (VOLTS) -Vss e 508
C1832
Fig. 4. Forward Current vs. Fig. 5 MV55A Interfaced with COS/MOS
Forward Voltage
NOTES

1. The leads of the device were immersed in molten solder, heated to a temperature of 230°C, to a point 1/16 inch
(1.6mm) from the body of the device per MIL-S-750, with dwell time of § sec.

2. The axis of spatial distribution are typically within a 1 0° cone with reference to the central axis of the device.
3. As measured with a Photo Research Corp. ““SPECTRA’ Microcandela Meter (Model | V-D).
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GENERAL
INSTRUMENT

T-1% PANEL MOUNTING GROMMETS

MP22 MP52

PACKAGE DIMENSIONS

280" NOTES TOLERANCE ¢ 010 ( 254mm)
(7 11mm) DIA MATERIAL POLYPRO OR EQUIVALENT
FOR MOUNTING DRILL A 25" (6 35mm) HOLE
T 3 m

! re 73mmr
TAPERED TO ‘65
MATE WITH (4 19mm)
APPLICABLE
LAWPS

|—<— I
310" 025

@ azmm)mA (635mm) (7“5f“'“’D'A
€600 (9 14mm) DIA 600
LAMP HOLDER COLLAR

MP22 TWO-PIECE POP-INS FOR MV5X2X

280" NOTES TOLERANCE : 010" { 254mm)
{711 mm) DIA MATERIAL POLYPRO OR EQUIVALENT
250" FOR MOUNTING DRILL A 25" (6.35mm) HOLE
{6. 35mm) DIA
|
(6 73mm)
STRAIGHT (4 19mm)
10
‘ J
310° 025
(7 87mm) DIA (.635mm) 17 Wﬁmmf DA
c621 ) |4mm) DIA c621
LAMP HOLDER COLLAR

MP52 TWO-PIECE POP-INS FOR MV6X5X AND MV5X5X

DESCRIPTION

The MP Series of mounting grommets is intended
for panel mounting of any standard T-1% General
Instrument light emitting diode indicators. The
grommets are made of plastic and are available in
black only.

The MP Series will easily mount the applicable
lamps on any panel thickness up to .125 inch (3.18
mm).

TYPICAL MOUNTING TECHNIQUE
FOR EITHER TYPE

PANEL MAX 125"
(3.18mm) C602
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MV5X124 PANEL GROMMET

GENERAL

INSTRUMENT

MPG5

PACKAGE DIMENSIONS DESCRIPTION

The MP65 mounting grommet is intended for
30" panel mounting the MV5X124 series of
(9.40 mm) rectangular lamps. The grommets are made
of black plastic and provide the user with an

easy-to-mount, professional appearance
when viewed on a front panel.
m i
270 The MP65 can be used on any panel
6,68 nen} Lin thickness up to .125-inch (3.18 mm).
MATTE FINISH
TOP VIEW OF GROMMET
| ] L
300" = H =
(7.62 mm) 3 = H
320" — —
(8.13 mm) — H
H =
SIDE VIEW OF GROMMET END VIEW
OF GROMMET
370"
(9.40 mm)
o I PANEL HOLE PUNCHING:
(6.86 mm) (5.16 mm} Punches can be ordered from one of the follow-
ing sources:

W. A. WHITNEY COMPANY
L‘u‘%ﬁm)—’l 650 Race Street

Ton|.Ew OF RING Rockford, “_ 61 105
(815) 964-6771
(Request a 28xx series punch with
dimensions of 5/16"' x 7/32")

200"
(508 mm) ROTEX PUNCH COMPANY, INC.
2350 Alvarado Street
San Leandro, CA 94577
(415) 357-3600
(Request a 3506 series punch with
dimensions of 5/16" x 7/32"}

SIDE VIEW OF RING

MATERIAL: POLYPROPYLENE BLACK

C1455
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PANEL MOUNTING GROMMET
FOR .5-INCH RECTANGULAR INDICATOR

GENERAL
INSTRUMENT

MP73

PACKAGE DIMENSIONS:

68
{17.27 mm)

DESCRIPTION:

The MP73 mounting grommet is
intended for panel mounting the
MV57173 rectangular lamp. The
grommets are made of black
plastic and provide the user with

e Me an easy-to-mount, professional
appearance when viewed on a

l front panel.

Ezﬁ"fm»
1

3
{1092 mm)

T

MATTE FINISH,
BEZEL ONLY

025
(64 mm) >

30° TYP.

SCALE. 20/1
DETAIL A

The MP73 can be used on any
panel thickness up to .125-inch
(3.18 mm).

016 (13 PLCS) TOL.
NON ACCUI

(.41 mm)

TYP. ALL AROUND

FULL RADIUS (4 PLCS}

020
r (51 mm)

T—

1

068
(1.73 mm).
.289
{7.34 mm)

.336
853 mm) 024
{61 mm)

(14

N

(.89 mm}
030
(.76 mm) [

6:

_.I | 02 17
(.51 mm)
556 035 301
10 mm) ' (889 mm) (7,67 mm)
20
1

T

(4.32 mm)

030

(16.75 mm)

032 “
(81 mm) B
€ (10 92 mm) ——1

fe— 00—

366
(9 30 mmj

.68
(17 27 mm)

61
(16,65 mm)

PROTRUSIOI

/,m

370
(.76 mm) (9.40 mm)

MATERIAL. POLYPROPYLENE ~ BLACK

20
(508 mm)

N\

NS

TO BE SCORE
LINES IN MOLD

(2SIDES ON

MATERIAL. POLYPROPYLENE — BLACK

LyY)

C 1481

™, SEE
) DETAILA

60° (4 PLCS)

4

.10
{2.54 mm)

C 1480

PANEL HOLE
PUNCHING:

Punches may be ordered from one
of the following sources:

W. A. WHITNEY COMPANY
650 Race Street

Rockford, IL 61105

(815) 964-6771

ROTEX PUNCH COMPANY, INC.

2350 Alvarado Street
San Leandro, CA 94577
(415) 357-3600
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GENERAL
INSTRUMENT

LOW PROFILE T—13% PANEL MOUNTING GROMMET

FLS-010

PACKAGE DIMENSIONS

N
.030 (0. 762)->| [

205 (5.207)
- .085 (2.159)
I

Typical Mounting Technique

MOUNTING HOLE

DIA. .265 +.003 ——\L]

LED PUSH FIT
INTO HOLE

PANEL THICKNESS
.060 - .250

C1895

DESCRIPTION

The FLS010 is a black single-piece panel mount
grommet exclusively designed for the .285" high
low-profile FLV lamps.

FEATURES

m Single-piece grommet
= For.060" to .250" panels
= Lamp oriented to grommet-flat for polarity check

MOUNTING INSTRUCTIONS

1. The panel hole for the mounting clip should be
0.265-inch (+.002), and the hole edges should be
deburred (this permits a 17/64-inch or H-sized
drill to be used).

2. Insert the LED, lens first, with the flat flush
against the tab, into the tab end of the clip. Press
firmly until the tab snaps over the flat and locks
the unit into the clip.

3. Insert the mounting clip and LED assembly into
the panel hole, pins first, from the front side of
the panel. Use a hollowed cylinder with an
internal diameter greater than .200-inch and less
than .24-inch (i.e., either a piece of 3/8-inch poly-
flo tubing of 3/16-inch nut driver) to “press fit” the
clip into the panel until the flange is seated
snugly on the panel.




493



494



LIGHT EMITTING DIODE CHIPS

GENERAL

INSTRUMENT

YELLow Y-32
orance 0-32

DESCRIPTION

The Y, O-32 Series is a light emitting diode currently available. The dice are shipped in
fabricating from state-of-the-art Nitrogen vials or expanded vinyl membranes for ease
doped GaAs,P . epitaxially grown on a GaP in handling and for maintenance of die
substrate. The device is a planar emitter adjacency which provides the user the best
whose luminous performance has been possible die-to-die hue and luminous
optimized by using the current best epitaxial intensity matching.

growth and die fabrication procedures

ELECTRICAL/OPTICAL CHARACTERIZATION (See Notes)
PARAMETER PRODUCT MIN MAX

w w
NN

Forward Voltage @ If = 20mA

Reverse Voltage @ | = 100uA

NN

700 -
700 =

Luminous Intensity at I+ = 20mA (unlensed)

wW W
NN

5750 5950
6250 6400

Center Wavelength at I+ = 10mA

o< 10X 0 OI
w W

wWw
NN

PHYSICAL CHARACTERISTICS

Viewed from the top, the nominal 32 Series die is square measuring 0.0140 SILICON _geg
inches. The nominal thickness of the die is 0.007 inches. In practice, the NITRIDE
die dimensions do not deviate by more than 20% from the nominal values.
The bottom of each die is metallized with a gold alloy which can be 0.007"
attached to conventional gold or silver plated substrates or lead frames by ©47)
using a conductive epoxy.

The top of each die is selectively metallized and the bonding pad material
is compatible with conventional gold thermocompression and aluminum
wire bonding techniques.

LED Chips

SILICON

PACKAGING AND LABELING NITRIDE TR

32 Series wafers are mounted on 5.75" x 5.75'" expanded vinyl mem-
branes and covered with a thin protective overlay. Each wafer is clearly
labeled identifying the die type, lot number, control date, brightness
minimum and the number of die which meet the specifications. BOSJE[I)NG— N

0.014"
(0.35)

Notes:

1. Electrical and optical characteristics are determined by die attaching and wire
bonding the LED chip to a TO-18, Au plated, Kovar header. No encapsulation is
used.

2. Luminous intensity is measured with a Photo-Research Spectra microcandela
meter, Model IV-D, fitted with a 4° probe. The center wavelength is determined Ci714
with a 0.5 meter Jarrell-Ash grating monochromator and is defined as the
average of the spectrum half power points.

3. Package code suffix: W = shipped in unscribed wafer form
M = scribed and mounted on expanded vinyl membrane
V = loose chips packed with cotton in a glass vial
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MONOLITHIC LIGHT EMITTING DIODE CHIPS

GENERAL
INSTRUMENT

rRe MMH SERIES

DESCRIPTION

Thg MMH Series prgyides a7 segment, digit'and dot These chips are available in probed wafer form or
chip. They are specifically designed for hybrid mounted on expandable vinyl membranes for ease of
assembly operations with automatic die attach and handling and maintenance of dice adjacency, giving
wire bonding operations in mind. optimum digit-to-digit luminous intensity matching.

ELECTRICAL/OPTICAL CHARACTERISTICS

DESCRIPTION SYMBOL MIN. TYP. MAX. UNITS TEST COND NOTES
Forward Voltage/Seg. VE 155 - 1.80 Volts Ig=10mADC A
Reverse Voltage/Seg. A 5.0 - - Volts 1R=100ADC A
Luminous Intensity/Seg. L. 67 - — ucd |g=5mADC A,B,F
Luminous Intensity/Seg. L.l 160* — - ued IF=1 OmADC AB,F
Luminous Intensity Ratio Ry -1 - - 15 - Ig=10mADC A,B,C,F
(Segment to Segment)

Luminous Intensity Ratio R -2 — - 15 - Ig=10mADC A,B,D,F,G
(Adjacent Dice)

Luminous Intensity Ratio Ry -3 - - 18 - Ig=10mADC A.B,E,F.G
(Five Adjacent Dice)

Peak Wave Length Ap - 655 - nm IF=10mADC

*MMH322 = 250 ucd min.

MECHANICAL CHARACTERISTICS

(]

Q.

DIE SIZE CHARACTER CHARACTER EMITTER NOMINAL BONDING £

DIE TYPE FONT {INCHES) SIZE (INCHES) SLANT WIDTH (IN) PAD SIZE (IN) o

MMHB2M,W 7seg. | 0.048x0.036 0.042x0.022 12° 0.002 0.004x0.004 Y
MMH321/2W,V | Dot 0.014x0.014 0.010x0.010 - - 0.003 (DIA)

NOTE: See packaging note 3.

MIN. TYP. MAX. UNITS NOTES

Cathode Metallization _ _
Au Alloy/Au — Thickness 3000 A
Anode Metallization
Aluminum — Thickness 8000 - - A
Anode Bond Strength 3 - - Grams H
Die Thickness — (Monolithic Digit) - 0.007 - Inches

(Colon Dot) - 0.0055 - Inches
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MMH SERIES

MECHANICAL CRITERIA — (Origin of X-Y coordinate system is located at the geometric center of
the chip with the coordinate axes parallel to the edges of the chip.)

i

MMH62 DIESIZE 0.048" X 0.036"

CHARACTER SIZE 0.040", Seg. A-Seg. D, ¢-
0.01956", Seg. B-Seg. F, G-G

CHARACTER SLANT 12°

EMITTER WIDTH 0.002"

NOMINAL BONDING PAD SIZE  0.004” X 0.004"

BONDING PAD LOCATIONS

- Ya = 00145"
= Yg = 0012"
Yc =-0.008"
Yp =-0.0145"
YE =-0012"
Y = 0.008”
Yg, = 0.0055”
Ygj =-0.0055"
Yp2, = 0.015"
Yoy = -0.015"

MMH32

DIE SIZE
CHARACTER SIZE
BONDING PAD S1ZE

C€1262

0.014” X 0.014"
0.010” X 0.010"
0.003" (DIA)

6. Bonding pad defects

in any emitting area detectable by the
unaided eye under light-up @ |g=10mADC.

No defect prohibiting normally satisfactory
wire bonding.

VISUAL CHARACTERISTICS LIMIT NOTE
1. Chips None in active area. I, J
2. Cracks None in active area. K
3. Missing, extraneous, or Not detectable to the unaided eye under A

- occluded emitting area light-up @ Ig=10mADC,
4. Emitter isolation No emitters electrically shorted.
5. P-contact metallization defects No defect producing visual non-uniformity A

NOTE: Supplemental visual characteristic drawings on request.

RECOMMENDED SEQUENCE FOR \

REMOVING DICE FROM EXPANDED

MEMBRANE START p ‘Tj TN

In order to optimize digit to digit luminous (rol . [o]e]7]es]. N@—r
intensity match, remove dice from expanded _’/ ;; ;: ;: '.' ” ;Z ;Z '2: ;Z N

vinyl membrane in the sequence relative to
wafer orientation on the membrane as shown

in the drawing at right.
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Expandable Vinyl Membrane
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GENERAL
INSTRUMENT Optoelectronics
Die Type
Lot # _
c.o.

—)
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MMH SERIES

NOTES:

A. The device under test must be die attached and wire bonded to the display substrate of intended
use or on an 8-Pin, TO-5, Au-plated, Kovar header.

B. Luminous intensity will be measured with a Photo-Research Spectra microcandela meter, Model
1VD fitted with a 4° probe.

C. R |—1 is the ratio of brightest emitter divided by dimmest emitter within a die.

D. Ry -2 is the ratio of brightest emitter divided by dimmest emitter between packaged horizontally
adjacent dice.

E. R[ -3 is the ratio of brightest emitter divided by the dimmest emitter between five packaged
horizontally adjacent dice.

F. All correlation and reject verification must be done by electro-optic means such as monitoring the
photo current from a silicon photodetector (C.1.E. corrected) or photomultiplier positioned such
that the normal axis of the L.E.D. chip and the photodetector are coincident and that they be
separated by at least two inches. The test must be conducted in a zero ambient light environment
with device under test configuration as specified in Note A, above.

G. In order to optimize digit to digit luminous intensity matching die should be removed from the
vinyl film as shown in figure 1.

H. The pull test shall be performed on a gold ball bond formed from 0.001 inch wire.

1. A chip is defined to be any missing material around the edges of the die when viewed from the
emitter side of the die.

J. The active area consists of the areas defined by the emitters and p-contact metallization.

K. A crack is defined to be any mechanical discontinuity of the surface other than etched steps.

PACKAGING/LABELING/SHIPPING CHARACTERISTICS

1) Monolithic Numerics and Colons
Wafers are mounted on 5.75" x 5.75" expandable vinyl membranes. Each wafer is covered by a 0.001" thick mylar
overlay and separated from adjacent wafers by anti-static, non-adhesive spacers. Each mounted wafer is marked with
the following information:

Die Type

Lot Number

Number of Good Dice

Average Luminous Intensity

Controf Date N
Mounted wafers are packed in secondary cartons which ensure their integrity during shipment. Each secondary carton
is marked with the following information:

Device Type/Part Number Number of Good Dice

Lot Number Date Code
2) Watch Set Colons
Standard packaging for discrete colons is a vial marked with the following information:

Die Type

Lot Number

Number of Good Dice

Luminous Intensity Category

Control Date
Colon dice are not visually sorted. The number of good dice supplied in a shipment corresponds to the ratio required for
use with the monolithic digits. Colon dice are luminous intensity categorized for optimum match to the monolithic
digits and are supplied in two standard categories to be used as follows:

3) Package Code Suffix

W = shipped in unscribed wafer form
M = scribed and mounted on expandable vinyl membrane
V = scribed and packaged in vials

LED Chips
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AN301
discrete LED selecting made easier

Light Emitting Diodes, LED’s, have come into wide-
spread use on the electronics scene. This application
note is intended to aid the designer in selecting a par-
ticular device from the many LED’s offered today.
The more important parameters as well as some little-
known pitfalls are discussed.

THEORY

Although light emission from a semiconductor junction
had long been speculated, the first commercial devices
did not become available until about 1963. This light
emission phenomenon can be explained in terms of
Semiconductor Energy-Band Theory. An external
voltage applied to forward-bias a PN junction excites the
majority carriers (electrons), causing them to move from
the N-side Conduction Band to the P-side Valence Band.
In making this transition the electrons cross the Energy
Gap, E,4, that separates the two Bands, and so have to
give up energy in the form of heat (phonons) and light
(photons).

Each semiconductor material type has an E4 character-
istic, and the wavelength (A\) of emitted light depends
upon the magnitude of Ey, (see Figure 1). For example,
Gallium Arsenide material, GaAs, has an Eg = 1.35 eV
and a Apeak = 9000 A. The wavelength (i.e., color)
emitted by some other materials made from Gallium
compounds are listed in Table 1.

Material Wavelength Color
GaAs:Zn 9000A infrared
GaAsP 4 6600A red
GaAsP 5 6100A amber
GaAsP gg:N 59004 yellow
GaP:N 56004 green

Table 1. Some Wavelentghs and Colors
Emitted by Gallium Compounds

L T‘

12380
Wavelength of Emission (Apeak) = . (in Angstrom units)
g

[Equation 1]

Fig. 1. Relationship Between Band-Gap
Energy and Wavelength

ELECTRICAL CONSIDERATIONS

Most incandescents are rated in terms of voltage; LED’s,
on the other hand, are current-dependent devices since
they are basically diodes. When operating from con-
stant-voltage sources, protection should be provided by
incorporating a current-limiting resistor with each LED.

Basic DC Circuit. For the simple circuit shown in
Figure 2 the resistor value can be calculated from

+Vee
-V
e ‘ RL B =Yoo= Ve
VF [Equation 2]
- ci147

Figure 2.

where Vg and Ig are taken from an LED Data Sheet.
The power rating required for the resistor should also be
kept in mind.

Design Example #1: Suppose that a MV50 is to be
used with Figure 2's circuit and a V¢c of +5 volts.
Figure 3a shows the MV50’s Brightness versus | curve,
and Figure 3b shows Iz vs. VE. (Note that Brightness
varies directly with |g). Further suppose that a Bright-
ness of 800 foot-Lamberts is decided upon. From Figure
3a we see that I must be set at 13 mA, from Figure 3b
we see that Vg will be 1.5 volts when Ig is 13 mA.
Substituting these values in Equation 2, we obtain

- Vccl__ﬁ R\ = 269 ohm.
F

5-15
RL -RL=To13”
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From the expression, Power = (Ig)2 R, we see that
RL's power rating can be 1/8 watt.

~
S

7

=

=

~

BRIGHTNESS (FT-L) X 160
S
1~
~N

/

o~ & @ @

0 5 1015 20 25 30 35 40 .
FORWARD CURRENT (mA) C1148

Figure 3a.

>
o

z [
5 |
# 30 [
9
=
o
=]
s 20
2
8
o /,
02 04 06 08 1.0 1.2 1.4 1.6 1.8
FORWARD BIAS (VOLTS) c1149

Figure 3b.

Active-Low Drive Circuit, Figure 4 shows a single-
transistor drive circuit that lights the LED when the
transistor is “low,” i.e., conducting. The value for R
can be calculated from
RL = Vee = Ve =-VeE(sat)
[

[Equation 3]
Active-High Drive Circuit. Figure 5 shows a single-
transistor drive circuit that lights the LED when the
transistor is “high,” i.e., not conducting. Equation 2 can
be used for calculating the value of R . The transistor

should have a Vcg of approximately 0.4 volts when
conducting.

+Vee

) VeE(sat)

= €1150

Figure 4.

Figure 6 shows a circuit that has an MOS IC output
driving both an LED and a TTL logic input.

Design Example #2: Suppose that a given MOS ROM,
operated with Vgg =+12 volts, Vgg =-12 volts, and
Vpp =ground, is to drive an LED and a TTL logic
input. Further suppose that the LED’s brightness is to
be adequate for use as a trouble-shooting indicator lamp.

From the data sheet for a MV55 we see that this low-
cost, low-current LED typically delivers a usable 125
foot-Lamberts when Ig is 1 mA, and has an |g maximum
rating of 3 mA. A value of 6.8 Kohm should be used
for Ry.

Vss
+Vee
MV-55
LED
e A w2~
L MOS
RAM or to TTL
ROM =
SR
)Vce ) Ve
- - Voo Vee c1151
Figure 5. Figure 6.

AC Operation. LED’s should be operated in the
forward direction only. Therefore, the LED circuit must
provide reverse-voltage protection if applied voltage is
expected to exceed the Vg maximum rating of the LED.
Figure 7a shows a circuit having an ordinary silicon
diode (e.g., TN914) placed ‘‘back-to-back’” with the
LED. Figure 7b shows an alternate and more novel
approach that utilizes two LED’s in parallel. If no
current flows, neither LED lights. But as long as current
does flow (in either direction), one of the LED’s lights
and one does not (because one LED will be conducting

-

A LED
IN
Ry
o——¢ +——AN—0
»
1
1N914 c1152
Fig. 7a. Bipolar Operation
P
“IN
RL
O——q [ Sy
Nl
Vi LED

11863

Fig. 7b. Bipolar Operation



and the other not conducting.) An extension of this back-
to-back thinking led to the development of the bipolar
devices, i.e., the MV5094 (Red/Red) and the MV5491
(Red/Green). These are actually two diodes in each
package allowing either AC/DC or tri-state status
indication.

If reverse operation (below breakdown) is expected for
any length of time, then the designer should be aware of
the fact that reverse leakage over temperature of LED
materials (GaAs, GaAsP, etc.) is significantly less than
that of silicon diode materials.

Pulsed Operation. Significantly higher peak LED light
output can be obtained from ampere-level drive current
pulses (of narrow width and at low duty cycle) than
from steady-state driving. For example, total radiated
power (expressed in milliwatts) from a ME7021, infra-
red-emitting LED, operated steady-state (typically with
Ig = 100 mA) is 2 mW. But this output increases to
50 mW when driven by a 6 amp, one microsecond-wide
pulse at 0.1% Duty Cycle. It should be pointed out
that this factor of 25 increase comes at the expense of
a somewhat lower internal (quantum) efficiency.

Besides the increase in average power just described,
pulsed operation of visible-emitting LED's also gives rise
to a human perception phenomenon commonly known
as Light Enhancement. This phenomenon is due in part
to the eye's retention of high brightness levels (such as
those produced by camera flash bulbs). A numerical
Light Enhancement Factor (always greater than 1) can
be defined by the following ratio:

Light Enhancement Factor =

IpC (steady-state operation) t0 produce Brightness ‘B

laverage (pulsed operation) t0 produce Brightness "B

{Equation 6]

This Light Enhancement phenomenon is available only
from GaAsP because this LED material will not saturate
under high-current conditions.

When the human eye is the detector of visible energy,
lower average power is consumed by pulsed operation
than by steady-state operation. This advantage of pulsed
operation is especially important for battery-powered
applications and for applications in which large LED
arrays are being driven.

MOUNTING CONSIDERATIONS

Panel Mounting. In the ““Pop-In” panel mounting
method, (see Figure 8a), a black plastic mounting
grommet is placed over the top of the lens and the LED
is inserted—leads first—into the panel mounting hole
until the grommet’s flange butts against the panel. Next
a grooved ring is placed against the inside-panel end of
the grommet, and the ring is pushed on until the LED is
securely held in place. The grommet’s black color
provides contrast improvement. This mounting method
allows mounting of the MV5020-Series (T 1% size)lamps
in % in. diameter holes on panels having thicknesses
from 0.62 in. to 0.125 in.

A method for mounting LED types without using
mounting hardware is to drill the panel holes and either
epoxy the LED’s into place or solder them to a
back-panel printed circuit board, (see Figure 8b).

Printed Circuit Board Mounting. The most common
techniques for mounting LED’s on P.C. Boards are
illustrated in Figure 9. The lead bending can be per-

==l
| w 1
¥ i B

1 |

L—— 21001A —.J 025

MOUNTING GROMMET GROOVED RING

C1154

MOUNTING
GROMMET GROOVED RING

(installed)

C1555

Figure 8a.

formed by the user, or arrangements can be made to
have it done prior to shipment from the Factory.

OPTICAL CONSIDERATIONS

Lens Effects. Lenses of the earliest LED’s were de-
signed to pass maximum light in the forward direction,
i.e., perpendicular to the mounting surface, (see Figure
10). Later LED’s produced more light and their lenses
were designed to spread light over a wider area, thus
permitting broader observer viewing angles. Still later, as
higher light output LED’s became available, a variety of
red-colored, epoxy lenses came into use. These lenses act
to diffuse light into a broader apparent emitting area.
LED lenses that produce a broad, evenly-diffused light

EPOXY
LED
P.CB.
PANEL LEAD WIRES
EPOXIED P.C.B. -BACKED
c1156

Fig. 8b. LED’s Mounted Without Hardware
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(a) LED’s mounted
without leads being bent

J

(b) LED mounted
with leads bent c1157

Fig. 9. Techniques for Mounting LED’s on P.C. Boards

HIGHLY-COLLIMATED
SOURCE (FOR
HIGH-INTENSITY,
ON-AXIS VIEWING)

APPROXIMATE PATTERN
/ FOR MOST LED'S

180° FOR WIDE-ANGLE
VIEWING REQUIREMENT

Fig. 10. Different Lens Effects (Used on the Same LED)
are generally assumed to be more pleasing to the eye
than lenses that produce a highly-intense point of light.

Figure 11 illustrates the effects of adding varying
amounts of red diffusants to the epoxy lens material.

(a) Clear Lens (b) Partially Diffused (c) Fully Flooded
(Point Source) (Area Source)

Fig. 11, Epoxy Lenses With Varying Amounts of Diffusants
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Light Measurement. The manner by which the human
eye “‘sees’’ is highly subjective and is affected by various
factors such as ’nature’’ of the light source (i.e., “point”’
or “area’ source), viewing distance, color, and the
observer’s visual acuity. For example, it has been found
that a ““standard’’ observer with 20/20 vision can discern
objects having dimensions that transcribe angles as small
as two minutes. To such an observer a source having a
0.16-inch diameter and positioned farther away than 22
feet seems more “‘point’’ than ““area’’ in nature.

Two photometric parameters which designers find useful
for evaluating LED light output are Luminous Intensity,
1, and Luminance (Brightness), B, (see Table 2). While an
infinitely-small light source exists in theory only, the
following expression can provide a means for deter-
mining the distance at which the eye loses its ability to
discern an "‘area’” and begins to see a “‘point.””

THRESHOLD DISTANCE = D'amet;'A"’: Light Source
(At which sources 02 '
“lose’’ their area) [Equation 7]

From this determination the designer can decide
whether to use the | or B parameter for his evaluation of
LED light output. The “diameter of the light source” in
Equation 7 is the apparent emitting area of the LED.
For a “clear’” lens LED, (Figure 11a), multiply diode
emitting area by the lens magnifying factor. (Unless
stated otherwise, most clear lenses magnify by about
2X.) For a “flooded” lens LED, (Figure 11c), use the
outside package diameter. For a partially-diffused lens
LED, (Figure 11b), a good rule of thumb is one-half the
outside package diameter.



Nature of|Photometric|

Measurement of
Source | Parameter

Symbol| Units

Point |Luminous i candela |Luminous Flux/steradian

Intensity
Area Luminance B [foot- Luminous Flux/steradian
(Brightness) Lambert (m)(Area of source in 7?)

stilb Luminous Flux/steradian

. 2
Area of source in cm

Table 2. | and B Photometric Parameters

Contrast Ratio. The degree by which an observer
distinguishes an object or source is a function both of
time spent looking and of Contrast Ratio. Contrast
Ratio is defined as “‘the difference in Luminance
between an object and its background,” or

Lo~ Ly

CONTRAST RATIO = T
b

where  “’L¢" is a Source Luminance and

“Ly"" is Background Luminance

[Equation 8]

After an observer has focused on an object for longer
than about one second, the time factor becomes
negligible and Contrast Ratio remains as the important
factor.

Human Factors Studies have shown that a Contrast
Ratio of 10 is the minimum design value. Knowing this,
and knowing the background Luminance of some

common materials under normal illumination levels, we
can easily determine the minimum acceptable Lumi-
nance levels required from our LED light sources.

Design Example #3: Suppose that the illumination
level produced by normal laboratory lighting is ap-
proximately 25 foot-candles, and that the reflection
from a light-gray panel under this lighting produces a
Background Luminance, Ly, of approximatley 10 foot-
Lamberts. What is the minimum acceptable Luminance
which must be produced by an LED mounted on this
panel?

Substituting the above values into Equation 8, we have

0,or Ls=110.

Therefore, for an LED installed on a light-gray panel and
used in this lighting environment, we see that the
minimum acceptable level of Luminance is 110 foot-
Lamberts.

Colors. LED's are now available in various colors. In
some applications the designer may be called upon to
develop circuits in which LED's of different colors are to
produce equal Brightness. Since light output from an
LED is basically a function of current flow through the
PN junction, equal Brightness can be achieved by
adjustments of current flow.

Design Example #4: Suppose that three LED’s, one
each of red, yellow, and green, are to each produce a
luminous intensity of 2 mcd when installed in the circuit
shown in Figure 12. Further suppose that V¢ is set at
+5 volts and the LED types chosen are MV5053 (red),
MV53563 (yellow), and MV5253 (green).

Vee
(0]

3 | "3 | *3
T <

Ve Vg Ve
- MV5053 T  MV5353 — MV5253
(RED) (YELLOW) (GREEN)

e
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First the values of | needed to produce 2 mcd in each
LED must be determined. From the data sheets we are
given that the MV5053 typically produces 1.6 mcd when
Ig is 20 mA; the MV5253 produces 1.5 mcd when I is
20 mA; and MV5353 produces 6.0 mcd when Ig is
20 mA. The brightness—Ig relationship for LED’s can
be assumed to be linear for I values within the maximum
ratings. Therefore, knowing these points and that the
luminous intensity is zero when I is zero, we can plot
the straight-line relationship for each LED type (see
Figure 13). From these plots we see that the MV5053
produces 2.0 mcd when Iz is 256 mA; the MV5253
when I is 26 mA; and the MV5353 when Ig is 7 mA.

Now the resistor values for R, Ry,' and Ry can be
calculated using Equation 2.

_ Vec —Vk

R
L e
with Vg taken as the “typical” values given on the data
sheets. We then have:

R -5-165  _5-21  _5-22

.025 Y .007 9 026

R, =134 ohms R, =414 ohms Ry = 108 ohms

It should be noted that the foregoing analysis holds true
only as long as spatial distribution (beam pattern) and
apparent image size are very nearly the same for all
LED's, regardless of color.

Infrared LED Sources. Visible-emitting LED’s, the vital
link in the man-machine interface, are characterized in
terms of Photometric quantities. On the other hand,
infrared-emitting LED's (whose invisible light is of
wavelengths longer than 750 nanometers) are charac-
terized in terms of Radiometric quantities. Also, applica-
tions requirements for infrared LED sources are
different from those for visible-emitting LED’s. Whereas
for visible-emitting LED’'s a wide viewing angle is
normally important, for infrared sources a narrow beam
width and high on-axis intensity are normally important.
Light output produced by infrared sources is defined by
one or more of the following Radiometric parameters
(see Table 3):

Radiated Output Power (P) or (ROP)—Total output
of the device in all directions (measured in
Watts).

Radiant Intensity (J)—Radiant flux per unit solid
angle in a given direction (measured in Watts/
steradian).

Irradiance (H)—The density of radiant flux incident
on a surface (measured in Watts/area).

Irradiance is a particularly useful parameter because it
describes how much output power is available at a given

/
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Table 3.

Parameter and Symbol Definition Units Abbrev.
Radiant Energy Qe erg
joule J
calorie cal
kilowatt-hour kWh
Radiant Flux P P= d%e erg per second erg s
o watt w
E . . dP )
] Radiant Emittance wW| W “iA watt per sg. cm, Wem
-2
g (see Note 2) watt per sq. m, etc. Wm
a Irradiance H H= 91 watt per sq. cm, W em™2
< dA -2
4 watt per sq. m, etc. Wm
. . dP . -1
Radiant Intensity J J=— watt per steradian W sr
dw
(see Note 1)
d2P 1 2
Radiance N N=——F— watt per steradian and Wsr™ em™
dw(dA cos ©)
(see Note 1) sq. cm
N = - watt per steradian and Wsr !t m™2
(dA cos ©)
sg. m
Luminou.s Efficacy K K= _\'l:\l— lumen per watt imw?
. - K
Luminous Efficiency | V Ve —o——
Kmaximum
760
Luminous Energy Qy| Qy =] K(\)QeghdA lumen-hour Imh
(quantity of light) 380 lumen-second (talbot) Ims
Luminous Flux F = d—c%-" lumen Im
Q . . dF -2
T Luminous Emittance | L L “3A lumen per sq. ft Im ft
= (see Note 2)
s footcandle (lumen per sq. ft.) | fc
e dF
o Illumination E E=—o lux (lumen per sg. m) Ix
= o dA
g (illuminance) phot (lumen per sq. cm) ph
. dF
Luminous Intensity ! {= % candela (lumen per steradian) cd
(candlepower) ©
d?F 2
Luminance B B= ———— candela per unit area cd in™<, etc.
. dw(dA cos ©) A
(brightness) stilb (candela per sg. cm) sb
B = dl nit (candela per sq. m) nt
(dA cos ©) foot-Lambert (cd per mit2) ft-L
apostilb (cd per 1rm2) asb
Lambert (cd per nem?) L
NOTES: 1. w is asolid angle through which flux 2. Wand L refer to ‘‘emitted from' and H and E
from point source is radiated refer to “incident on'’

@ is angle between line of sight and normal
to surface considered

A is wavelength
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distance away from the LED. Designers often make use large active areas, good long-term stability, and near-
of this parameter when choosing their infrared detectors. perfect match in spectral response compared with
Silicon “‘solar cell” or “‘photovoltaic cell” detectors are infrared LED sources, (see Figure 14).

the best detector choices because they generally have

700 — EYEBALL (DETECTOR)
680 L/W CIE CURVE \ GaAs EMITTER — 100%
600 |— -~ ,/\
z o7 \
S SILICON DETECTOR w
@ 500 —{75
g yd CELL 2
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& 00— a
3 e
£ —{s0 ¥
g w0 \ =
oy bt
E w
£ 200f \ *
2 g N
100 — 3
$ AN
0 : |
300 60 | 700 800 900 1000 1100 1200
| | !
| 1
P i
! GaAsP :
LED EMITTER ; ansra Gahs:zn
MATERIAL TYPES GaAsPgy:N
52 PEAK
e ol NOTE:
WAVELENGTH-A—~NANOMETERS—nm SPECTRAL HALF-WIDTH
Cc1162

Fig. 14. Relationship Between LED and Detector Spectrums
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the photometry of LED’s
a primer in photometry

REVIEW OF GEOMETRIC PRINCIPLES Other abbreviations of immediate concern are:

Any short discourse on the subject of photometry requires Ae = Area of emitting (or reflecting) surface.

a brief review of geometric principles utilized. Ap = Apparent area of an emitting source whose image

RADIAN is projected in space and viewed at some angle, ©.
Ad = Detection area. Whether a physical target or

In plane geometry the angle whose arc is equal to the radius merely a defined spatial area, it is the area of

generating it is called a radian. Therefore, if C = 27R (Cir- interest.

cumference of a circle) 27R = 360°. Radian = 180°/1 =
57.27° (approx.)
PHOTOMETRIC TERMINOLOGY

R FLUX (Symbol F)

Any radiation, whether visible or otherwise, can be ex-
pressed 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
TWO DIMENSIONAL FIGURE that source, or L = F/Ae. Typically expressed in units

FIGURE 1 of:
lumens/cm? or one PHOT,
STERADIAN lumens/m? or one LUX (or one METER CANDLE),
lumens/ft> or one FOOT CANDLE.
The foot candle is the more common term used in this
country.

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 4mR?, then 47R?/R? or 4 steradians of solid
angle w about the center of a sphere. The steradian is FLUX LINES
usually abbreviated as STER.
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THREE DIMENSIONAL FIGURE
FIGURE 2




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/cm? = one phot, lumen/m? = one lux, and lumen/ft?
= one ft. candle.

WL LT T T T I T TI T
\ 3
1\ 7 TARGET OR
A 2/ DETECTOR AREA
FLUX
LINES

=

FIGURE 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 IN-
TENSITY 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

~—.

POINT SOURCE "~

FIGURE §

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

512

0.1 the distance to the detector, it can be considered as an
area source. |f 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 pro-
jected 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 Goi.e. max. at 0° or normal to the surface and minimum
at 90

Ap = Ae cos ©

LUMINANCE is defined as the ratio of LUMINOUS IN-
TENSITY to the projected area of the source Ap.

FIGURE 6
LUMENS
LUMINOUS INTENSITY _ STERADIAN _ CANDELAS
Ap -~ Aecos® (Sq. Unit)

And depending on the units used for area:
1 CANDELA/cm? = 1 STILB
1 CANDELA/m?> =1NIT
1 CANDELA/in? )
1 CANDELA/ft? )

no designator available.

Also:
1/m candela/cm?
1/m candela/m?
1/m candela/in?
1/m candela/ft?

LAMBERT

APOSTILB (or BLONDEL)
no designator available
FOOT LAMBERT



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 MV5020 which emits 180 uW of radiant energy at 6600A (typical) or 41.4 lumens per watt has

180 x 107 watts x 41.4 lumens _ 7.45 mLumens

. . watt
of flux emitted from it.
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Similarly, a green emitter such as the MV5253 operating at an identical input power as the red will emit 10 uwatts of radiant
energy or
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10 x 107 watts xmrls-= 6.49 mLumens

of flux emitted from it. In short although there exists at least an order of magnitude difference in radiant power the eyes’ com-
pensating 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 relation-
ship, 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 corre-
lates 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 MV5025 this computes to
approximately 22 feet (1666 x .16'' diameter, approximately 22 feet) well within the expected normal viewing distance of
an observer.

Dimensional criteria for
Photometric approximation

4
1666 T

FIGURE 7

Considering that the usage of the discrete MV5025 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.

Below are the products, their respective chip dimension, either diameter or diagonal, apparent size due to optical magnification
and luminance/luminous intensity crossover distance. It should be stressed that this distance is not finite but represents a
gradual threshold distance at which either parameter might be definitive.

Crossover
Active Optical Apparent Distance
Product Chip Area Lens Factor Size Feet
Mv10B .015" x1.9 .028" 3.96
MV50 .017" diag. x1.75 .030” 3.0
MV5020 .017" diag. x1.5 .025" 2.5
MV5025 (.160")* (x15.2) .160" 22.2

*Entire lens is considered the apparent emitting area.

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 PHOTOMETRIC
Radiant flux (Symbol P) expressed in watts Luminous flux (F) expressed in lumens
Irradiance (Symbol H) expressed in watts/sq. unit Iluminance (E) expressed in lumens/sq. unit
Radiant Emittance (Symbol W) expressed in watts/sq. unit Luminous Emittance (L) expressed in lumens/sq. unit
Radiant Intensity (Symbol J) expressed in watts/steradian Luminous Intensity (Symbol |) expressed in lumens/steradian
Radiance (Symbol N) expressed in watts/ster/sq. unit Luminance (B) expressed in lumens/ster/sq. unit



AN603
improper testing methods for LED devices

In any manufacturing operation it is essential that the
materials used in the fabrication process meet the min-
imum quality specifications of the device urider produc-
tion. 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 manufac-
turers who buy LED components are relatively inexper-
ienced with the features and limitations of I11-V devices,
problems involving improper testing methods and unnec-
essary materials rejection are of particular concern to
LED vendors. This note is intended to familiarize the
user with the basic electrical and opto-electrical proper-
ties 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. How-
ever, following closely upon the invention of the ger-
manium transistor in 1948, work was begun on predict-
ing the semiconductivity of a material from its chemical
compound. Based on energy band-gap experimentation,
it was discovered that 111-V materials have semiconduc-
tor properties.’

Gallium semiconducting materials, Gallium Arsenide
(GaAs), Gallium Arsenide Phosphide (GaAsP), and Gal-
lium 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 constit-
uent and ratio of ingredients. The mechanism for this
emission of radiant energy is best described in terms of

1E.G. Bylander, Materials for Semiconductor Functions (New
York, 1971), p. 17.

semiconductor Energy-Band Theory. When an external,
forward-biasing voltage is applied to a p-n junction, the
conduction mechanism is such that 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 deter-
mined 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 I¢/Vs curve in the forward-biased
direction occurs at 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 green 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, 111-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 di-
rectly from electron flow.

Figure 1 shows a comparison between the forward con-
duction characteristics of diodes formed from Ili-V
materials and silicon. Notice that the "’knee’’ of the con-
duction 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 l¢/Vs curve tends to decrease. Excluding exotic
devices such as Schottky or Esaki diodes, silicon diode de-
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V: 2 mA/DIV
H: 0.5V/DIV

5 1.0 15 2.0 25 3.0 C448
FORWARD VOLTAGE (V) —VOLTS

Fig. 1. Typical I§/Vf Curves of Silicon, GaAs, and GaAsP, GaP
(Silicon-IN914, |R-ME7024, Red-M V5053,
Yellow-MV5353, Green-MV/5253)

vices normally show little difference in the forward con-
duction curve.

The reverse characteristics of 111-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 con-
trolled for reverse breakdown at particular voltages. The
reverse breakdown characteristics of diodes used in LED
devices are not particularly controlled, since the quality
of light emission is the first priority. The MANX and
MANXX series displays use LED’s which have a typ-
ical reverse-mode breakdown voltage range of from 5
to 20 volts. However for guard-band purposes, the re-
verse 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 sil-
icon’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
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Fig. 2. Typical LED Curve
Luminous Intensity vs. Forward
Current for Constant Temperature

150 T
Ig =20 mA

130
b"’z ’\
E 110
<] I
& o0 N
g \
S
S 70
frr
o«
®

50

R 0 25 50 75 100

AMBIENT TEMPERATURE (°C) 450

Fig. 3. Typical LED Curve
Brightness vs. Temperature
for Constant Current

suggest either alternative testing methods or means by
which improper testing methods can be corrected to
produce more reliably accurate results.

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 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 expec-
tancy.

Burn-In—consists of operating the device at elevated
temperatures, thus accelerating the effects of opera-
tionally imposed heating. This method is frequently used
in testing semiconductors, but its use is not 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 degra-
dation of brightness as a function of current, time, and



NOTES:

A) NORMAL FORWARD Ip/Vg CURVE

B) DAMAGE OCCURRING TO JUNCTION
WHILE REVERSE BIASED

C) PARTIALLY DAMAGED JUNCTION

D) DEFECTIVE OR HEAVILY DAMAGED
JUNCTION
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Fig. 4. Effects of Improper Testing Procedure
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Fig. 5. Potentially Damaging Forward-Mode Test Setup

temperature, and the higher the current, the faster the
degradation. The graphs in Figures 2 and 3 illustrate
typical LED responses to forward current and temper-
ature. 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 temper-
ature 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.

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 examin-
ing 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 Instru-
ment quality assurance engineers, is to use a power
supply which is both full voltage regulated and current
limited.
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Brightness Tests

Optical measurements are typically, and in most instan-
ces, unavoidably, of very low accuracy. Optical measure-
ments 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 detec-
tor 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 bright-
ness that was specified on the order, and could result in
the rejection of devices which do meet minimum stan-

2Michael A. Zaha, “Shedding Some Needed Light on Optical
Measurements,”” Electronics, November 6, 1972, pp. 94-96.

dards. Correlation samples are also essential for the
correction of instrumentation drift.

Subjectivity Problems—In some instances a visual com-
parison 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 used only as a supple-
ment 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 manu-
facturer 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.

® |In cooperation with the vendor, establish specifica-
tions 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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Optoisolator input drive circuits
MCT270 SERIES

An optoisolator is a combination of a light source and a
photo-sensitive detector. In the optoisolator, or photon
coupled pair, the coupling is achieved by light being
generated on one side of a transparent insulating gap and
being detected on the other side of the gap without an
electrical connection between the two sides (except for a
minor amount of coupling capacitance). In the General
Instrument optoisolators, the light is generated by an
infrared light emitting diode, and the photo-detector is a
silicon diode, transistor, or SCR. The sensitivity of the
silicon material peaks at the wavelength emitted by the
LED, giving maximum signal coupling.

Since the input to all the optoisolators is an LED, the
input characteristics will be the same, independent of
the type of detector employed. The LED diode charac-
teristics are shown in Figure 1. The forward bias current
threshold is shown at approximately 1 volt, and the cur-
rent increases exponentially, the useful range of Ig
between 1 mA and 100 mA being delivered at a Vg
between 1.2 and 1.3 volts. The dynamic values of the
forward bias impedance are current dependent and are
shown on the insert graph for Rpg and AR as defined in
the figure. Reverse leakage is in the nanoampere range
before avalanche breakdown.

The LED equivalent circuit is represented in Figure 2,
along with typical values of the components. The diode
equations are provided if needed for computer modeling
and the constants of the equations are given for the IR
LED’s. Note that the junction capacitance is large and
increases with applied forward voltage. An actual plot of
this capacitance variation with applied voltage is shown
on the graph of Figure 3. It is this large capacitance
controlled by the driver impedance which influences the
pulse response of the LED. The capacitance must be
charged before there is junction current to create light
emission. This effect causes an inherent delay of 10-20
nanoseconds or more between applied current and light
emission in fast pulse conditions.

The LED is used in the forward biased mode. Since the
current increases very rapidly above threshold, the
device should always be driven in a current mode, not
voltage driven. The simplest method of achieving the
current drive is to provide a series current-limiting
resistor, as shown in Figure 4, such that the difference
between Vg and Vapp is dropped across the resistor at

the desired Ig, determined from other criteria. A silicon
diode is shown installed inversely parallel to the LED.
This diode is used to protect the reverse breakdown of
the LED and is the simplest method of achieving this
protection. The LED must be protected from excessive
power dissipation in the reverse avalanche region. A
small amount of reverse current will not harm the LED,
but it must be guarded against unexpected current
surges.

The forward voltage of the LED has a negative temper-
ature coefficient of 1.05 mW/°C and the variation is
shown in Figure 5.

The brightness of the IR LED slowly decreases in an
exponential fashion as a function of forward current
(lg) and time. The amount of light degradation is
graphed in Figure 6 which is based on experimental data
out to 20,000 hours. A 50% degradation is considered to
be the failure point. This degradation must be consid-
ered in the initial design of optoisolator circuits to allow
for the decrease and still remain within design specifica-
tions on current-transfer-ratio (CTR) over the design life-
time of the equipment. Also, a limitation on Ig drive is
shown to extend useful lifetime of the device.

In some circumstances it is desirable to have a definite
threshold for the LED above the nominal 1.1 volts of
the diode VE. This threshold adjustment can be ob-
tained by shunting the LED by a resistor, the value of
which is determined by a ratio between the applied
voltage, the series resistor, and the desired threshold.
The circuit of Figure 7 shows the relationship between
these values. The calculations will determine the resistor
values required for a given IgT and Vp. It is also quite
proper to connect several LED’s in series to share the
same Ig. The Vg of the series is the sum of the individ-
ual VEg's. Zener diodes may also be used in series.

Where the input applied voltage is reversible or alterna-
ting and it is desired to detect the phase or polarity of
the input, the bipolar input circuit of Figure 8 can be
employed. The individual optoisolators could control
different functions or be paralleled to become polarity
independent. Note that in this connection, the LED’s
protect each other in reverse bias.
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Fig. 9. High Threshold Bipolar Input

1.F

R3

EXTERNAL
SWITCH
DEVICE
120V >
RMS "RzI SR,
60 Hz 1
o

- MCS
MCT
MCA
- MCcL

i

c110

Fig. 10. AC Input to LED Drive Circuit

Another method of obtaining a high threshold for high
level noise immunity is shown in Figure 9, where the
LED's are in inverse series with inverse parallel diodes to
conduct the opposite polarity currents. In this circuit
the Vg is the total forward drop of the LED and silicon
diode in series. The resistors serve their normal threshold
and current limiting functions. The silicon diodes could
be replaced by LED’s from other optoisolators or visible
signal indicators.

In some situations it may be necessary to drive the LED
from a 120 VRMS, 60 Hz or 400 Hz source. Since the
LED responds in nanoseconds, it will follow the AC
excursions faithfully, turning on and off at each zero-

crossing of the input. If a constant output is desired
from the optoisolator detector, as in AC to logic coup-
ling, it is necessary to rectify and filter the input to the
LED. The circuit of Figure 10 illustrates a simple filter-
ing scheme to deliver a DC current to the LED. In some
cases the filter could be designed into the detector side
of the optoisolator, allowing the LED to pulse at line
frequency. In the circuit of Figure 10, the value of Cq is
selected to reduce the variations in the I between half
cycles below the current that is detectable by the
detector portion. This condition usually means that the
detector is functioning in saturation, so that minor varia-
tions of Ig will not be sensed. The values of Rq, Ro
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and R3 are adjusted to optimize the filtering function,
R3Cq time constant, etc. Speed of turn-off may be a
determining factor. More complicated transistor filtering
may be required, such as that shown in Figure 11, where
a definite time delay, rise time and fall time can be
designed in. In this circuit, Cq and R3 serve the same
basic function as in Figure 10. The transistor provides a
high impedance load to the R4C5 filter network, which,
once reaching the Vg value, suddenly turns on the LED
and pulls the transistor quickly into saturation. The turn-
off transient consists of the discharge of C¢ through R3
and the LED.

In logic-to-logic coupling using the opto-isolator, a
simple transistor drive circuit can be used as shown in
Figure 12. In the normally-off situation, the LED is
energized only when the transistor is in saturation. The
design equations are given for calculating the value of
the series current limiting resistor. With the transistor
off, only minor collector leakage current will flow
through the LED. If this small leakage is detectable in

DC
INPUT
FROM C
BRIDGE

Fig. 11. R-C-Transistor Filter Circuit

_ Vec—Ve-Vee-Veesaneate  Veo
e w——— o

R, -

Vg(a,) = 06V
VCE(SAT)(Gy) =04V

Fig. 13. Logic to LED Series Booster

the optoisolator detector, the leakage can be bypassed
around the LED by the addition of another resistor in
parallel with the LED shown as Rq. The value of Rq can
be large, calculated so that the leakage current develops
less than threshold Vg (~0.8 volt) from Figure 5. The
drive transistor can be the normal output current sink
of a TTL or DTL integrated circuit, which will sink
16 mA at 0.2 volt nominal and up to 50 mA in saturation.

If the logic is not capable of sinking the necessary Ig, an
auxiliary drive transistor can be employed to boost cur-
rent capability. The circuit of Figure 13 shows how a
PNP transistor is connected as an emitter follower, or
common collector, to obtain current gain. When the out-
put of the gate (G) is low, Qq is turned on and current
flows through the LED. The calculation of Ry must now
include the base-emitter forward biased voltage drop,
VgEg, as shown in the figure.

In the normally on situation of Figure 14, the transistor
is required to shunt the Ig around the LED, with a
Vgat of less than threshold Vg. Typical switching

Voo =5V
I =20mA
Veat =0.4V
Ve =12V
R _Vec—Ve-Vsar
(3
_5-12-04 _34
20 2
R =170Q
c112

Fig. 12. Transistor Drive, Normally Off



transistors have saturation voltages less than 0.4 volts at
Ic=20 mA or less. The value of the series resistor is
determined to provide the required Iz with the tran-
sistor off.

Again, if the logic cannot-sink the Ig, a booster transis-
tor can be employed as shown in Figure 15. With the
output of the gate low the transistor Q¢ will be on, and
the sum of Vgg (SAT) of Gy and Vgg of Q¢ will be less
than the threshold Vg of the LED. With the gate high,
Qq is not conducting and the LED is. The value of Ry is
calculated normally, but shunt current will be greater
than Ig. The normally-on or normally-off conditions are
selected depending on the required function of the
detector portion of the optoisolator and fail-safe opera-
tion of the circuits.

In many applications it is found necessary to pulse drive
the LED to values beyond the DC ratings of the device.
In these situations a “pulse’” is defined as an on-off
transient occurring and ending before thermal equilib-
rium is established between the LED, the lead frame,
and the ambient. This equilibrium will normally occur
within one millisecond. For a pulse width in the micro-
second range, the Ig can be driven above the DC ratings,
if the duty cycle is low. The chart of Figure 16 shows

= C114

Fig. 14. Transistor Drive, Normally On

the relationship between the amount of overdrive, duty
cycle, and pulse width. The overdrive is normalized to
the Ipc value listed as maximum on the device data
sheet. Average power dissipation is the limiting param-
eter at high duty cycles and short pulse widths. For
longer pulse widths, the equilibrium temperature occurs
at lower duty cycle values, and peak power is the
limiting parameter.

For duty cycles of 1% or less the pulse becomes similar
to a non-recurrent surge allowing additional ratings such
as the 12t used in rectifier diodes. Average current is
used for lifetime calculation. The pulse response of the
detector must be considered in choosing drive
conditions.

There are situations where it is not desirable to pass all
of the input current through the LED. One method to
achieve this is to provide a bypass resistor as suggested in
Figure 7 for threshold adjustment. This method is
satisfactory where the input current is switched on and
off completely, but, if the information on the current is
only a small variation riding on a constant DC level, the
bypass resistor also bypasses a large portion of the de-
sired signal around the LED. Two methods can be used
to retrieve the signal with little attenuation. If the signal

_Vee- Ve Vee Vee

OuUTPUT

=N

I

C115

Fig. 15. Logic to LED Shunt Booster
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has a rapid variation (e.g., the audio signal on a tele-
phone line), the DC component can be cancelled in the
detector by feedback circuits. If the variation is slow, a
dynamic shunt can be used instead of the fixed resistor.
If a constant-current device or circuit is used in parallel
with the LED, as shown in Figure 17, the adjusted com-
ponent of the DC will flow through the dynamic imped-
ance, and any current variations will result in a change of
terminal voltage. Therefore, the total current change will
flow through the paralleled LED circuit. The graph of

"L
3.4v ‘I; =10mA
1

2.7K
AWV
'
'
(MCA2)
1.7V |
2200
5>10K
o r M~ wmem ™~
$>200 5V | |
I LED |
MCT2) o300 [N R SN |
b3
< ‘ |
1
i
L

cnr

Fig. 17. Constant-Current Shunt Impedance

Figure 18 shows the performance of this particular cir-
cuit adjusted to center on I, = 120 mA and a circuit
node voltage of 3.4 volts. In the circuit shown the
detector portions of the MCT276 and MCT274 were
employed for convenience. Note that in Figure 18 most
of the current variation occurs as Ir. The ratio between
the DC resistance (Rp) and dynamic impedance (Rd) for
the shunt is 50, which represents the signal transfer gain
achieved over a fixed resistor.
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Fig. 18. Shunt Impedance Performance
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Low current input circuit ideas
6N139 (MCC671) SERIES

Introduction

Advancements in opto-coupling and LED technology
have given us the MCC671 which also meets the specifi-
cations of JEDEC Registration 6N139. This unique
optoisolator, having an input LED current specification
at 500 microamperes, has opened some interesting design
doors. Besides the obvious and much written about
ability to be directly driven by CMOS circuits, the
MCC671 can be considered for signal detection, transient
detection, matrices and non-loading line receiving.
Following are but a few circuit ideas to stimulate the
designer’s interest.

Signal Detection
The detection of noise, spikes or oscillations can easily

this way, the LED is not causing conduction in its output
circuitry but is prepared to conduct very quickly. Any
noise or oscillation on the “D.C. power source’ is
coupled through ““C” which develops a signal across the
LED. Even small unwanted signals can cause a large
change in the LED forward current. Once the LED's
forward current equals or exceeds 500 microamperes,
the output circuitry will conduct indicating the presence
of the unwanted signal.

Transient Detection

The detection of the presence or absence of waveforms
can easily be detected by the circuit in Figure 2.

MCC671

and directly be detected by the input of the MCC671 as Rs 5|CR SO
shown in the circuit of Figure 1.
| Lc Input - Zb
Ll MCC671 f c LED
+ 0= M o
R v c
D.C. C1460
power source 1»
LED Figure 2. Pulse or Waveform Detection Circuit
-©o For the detection of the presence of a desired signal,
""""""""" pulse or waveform use:
C1459

. . »
Figure 1. MCC671 Input Circuit For Signal Detection RL = (Positive Vpk. °f input) - 2.5 volts S
1 milliampere =
For the detection of undesirable signals on a D.C. power Crmin = Pulse interval of 1/ %
source use: min = ———p——— a
L <

R = Power supply voltage - 1.5 volts  Pulse width or 1/4F

50 microamperes Rgmax = — s

C = To effect 500 microamperes into LED

X = Latching or non-latching output
circuitry to follow

LED = Input diode of MCC671

The LED is provided with a 50 microampere forward
current to charge the LED capacity to the Vg level. In

CR = Silicon diode

X = Non-latching output
circuitry to follow

LED = Input diode of MCC671

Examples:
A desired pulse train to be present is shown in Figure 3.
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The resulting LED forward current that will keep the
output circuitry conducting is shown as the result of
proper design.

N
Input
(Volts)
10
LED
(ma) 08
o
5
Output
(Voits)
04

A desired sine wave to be present is shown in Figure 4.
The resulting LED forward current that will keep the
output circuitry conducting is shown as the result of
proper design.

Figure 3. Pulse Train Waveforms

.

inout

wors 0T 720
1.0

ED 4

(mA)

Output
(Volts)

c1462

Figure 4. Sine Wave Waveforms

Matrices Opto-Coupling

With the low input LED current advantage of the
MCC671, the ability to drive matrices with but one TTL

+5V. —_——— =

} l T
5.6K —mS all " are input diodes of
p: 4 MCCE71

resistors.

e be b

16X 16
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output is now possible as shown in figure 5.

Non-Loading Line Receiver

For virtual non-loading, the MCC671 is compatible with
the differential amplifier circuit of Figure 6.

s MCCs71

T ...................
~ e T

10K9
in >—A/W—K as example 1mA

o
@
3
>

C1464
Figure 6. Differential Amplifier Drive

For a virtual no-load optosiolator circuit use:
X = Non-latching output
circuitry to follow
LED = Input diode of MCC671

Current requirement at ““in’’ will be less than 20 micro-
amperes.

Example:

If “REF” is made to be +1.4 volts and the resistor
common to the emitters is 1.2KS2, the circuit will respond
nicely to TTL 0" and "*1"" levels. That is, a “‘0" at ““In"
will cause LED current resulting in the conduction of
the output circuitry. Conversely, a 1" at “In" will
result in no LED current. Notice that depending upon
which collector the LED is in series with it will give the
option of LED current flowing with a “0"” or a ‘1"
at “In".

MCC671 Output Circuitries

The following are two examples of MCC671 output
circuitry. One latching (Figure 7); the other non-latching
(Figure 8), but both capable of driving a TTL gate
directly.

(5V.)
V.

MCCo71
................................... a7Ka
. A

47K

v 47K S
N Output
_K_‘ 0TTL
47K
/ Ground
“Norially OPEN momentary push button
or

= For Reset*

TTL output with open collector
c1465

Figure 7. Latching Output Circuit For MCC671

Referring to Figure 7 and assuming that the “RESET"
has been actuated by a momentary ground and no input
signal is being received, all transistors shown are non-
conducting (Output high, “1"’). The arrival of an input
signal will cause all transistors to turn on. (Qutput low,
0”'). The PNP transistor, being turned on by the output



transistor, will in turn latch that same output transistor
or until the “RESET" is again initiated.

{6V}
V.

1 MCC871
4.7K$)

> 4§ 4.7M0

—K_ Output to TTL

qp—f

C1466

Figure 8. Non-Latching Output Circuit For MCC671

In Figure 8, where no signal is being received, the input
transistor is not conducting. The output transistor is
very slightly conducting. The 4.7MS2 resistor causing this
slight conduction will not bring the "Output’ to a 0"
level. The purpose of this slight conduction is to reduce
the turn-on delay time. When a signal is received, both
input and output transistors are turned on causing the
"Qutput” to a logic "0 state. The 4.7M{ resistor will
now tend to reduce the output transistor’s turn-off time.

If you have not looked over the MCC671 specification
sheet, you may not be totally aware of the current
capabilities of Monsanto’s optoisolators.
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AN1075
MID400 Power Line Monitor

INTRODUCTION

The MID400 is an optically isolated AC line-to-logic
interface device for monitoring ON or OFF status of an
AC power line. The logic circuitry operates from a
standard 5V supply. The MID400 is packaged in a com-
pact 8-pin plastic MINI-DIP. The optical isolation pro-
vided by the MID400 makes it suitable for power-to-
logic interface applications such as industrial control
medical equipment computers and other fail-safe type
monitor systems in which status information about the
AC line is essential.

INTERNAL COMPONENTS

During assembly two infrared GaAs LED diodes are
mounted on an input lead frame, and a photodetector/
ampilifier chip is mounted on an output frame. Use of
two separate lead frames insures high electrical isolation
between input and output terminals after trimming of
the lead frame edges. Light emitted by the input LED's
is optically coupled through solid transparent material
to the surface of the photodetector. The LED’s are
connected back-to-back, and power line status is moni-

tored by the LED's in series with an external current
limiting resistor. When the high gain photodetector and
amplifier senses light output from the two LED’s, it
drives an output NPN transistor to the ON state.

The photodetector amplifier circuit is shown in Figure
1. The Photodiode D3 is coupled into a high gain 3 stage
emitter follower current amplifier (Q,Q3Q5) driving
into an output transistor Qg. The emitter follower
loads are comprised of constant current circuits formed
by Q,, Ry, Q4, R3, Qg, and R4. Constant current level
in these devices is established by the constant voltage
source formed by the base emitter voltage of Q; and Rs.

The common point of the output photodiode/amplifier
is brought out to pin 7 to allow connection of an ex-
ternal integrator capacitor or other circuits. Because
the amplifier has a high current gain factor of 10,000
to 100,000, its input impedance (at pin 7) is extremely
high.

Switching time of the amplifier is intentionally designed
to be slow, so that the MID400 only responds to an
absence of input signal over a few milliseconds, and not
during the short zero-crossing period of the AC input
voltage waveform.

(Lo » 9
AC D3
INPUT .-,,:Z—,,
q

(3)0-

* OV (8
%10“’2

[Wle;

GND (5)

C1436A

Fig. 1. Circuit Schematic of MID400 AC Line Monitor
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BASIC CIRCUIT OPERATION

Consider the test circuit shown in Figure 2. Back-to-
back input diodes D, and D, each conduct on every
half cycle of the AC input waveform, producing 120Hz
light pulses. The light output causes the photodiode to
conduct, raising the potential of the input to the ampli-
fier, and in turn driving the output NPN transistor ON.
When input current is removed, light from the two
LED'’s ceases, charge established by the photodiode cur-
rent on the input amplifier leaks away, and the NPN
transistor turns OFF. There are basically three operation
modes: Saturated, unsaturated, and the “OFF'' STATE
mode.

SATURATED MODE

When input AC is above the recommended 4mA RMS
minimum input current, the 120Hz photodiode pulses

are sufficient to saturate the amplifier, so that the
MID400 output is low at pin 6 as long as AC input sig-
nal is present, (see Figure 3).

UNSATURATED MODE

If input current is dropped below the recommended
4mA RMS, the amplifier drops out of saturation during
the zero-crossing periods of the input AC waveform and
120Hz pulses appear on MID400 output pin 6, (see
Figure 4). Under these conditions the device makes an
attractive, simple 120Hz clock generator that is free
from most of the normal power line transients for many
digital applications.

OFF-STATE MODE

When the input RMS AC input current is below 0.15mA
the MID400 output will be in the high state as per
specifications.

C1512A

Fig. 2. Test Circuit

Qutput
{Pin 6}

il Photo
Diode
{Pin 7}

input
60Hz AC Waveform

Horiz. = BmS/cm
Vert. = Uncalibrated

Fig. 3. Saturated Operation

NOTE: Normal specified 4mA RMS input I current.
Output saturated (latched). The 120Hz pulses from the
photodiode D3 are above the threshold of the amplifier;
therefore, the MID400 output is low anytime the AC
current is present.

Qutput
(Pin 6)

Photo
Diode
{Pin 7)

fnput
B80Hz AC Waveform

Horiz. = 5mS/cm
Vert. = Uncalibrated

Fig. 4. Unsaturated Operation

NOTE: Below normal specified 4mA RMS input g
current. The level of 120Hz pulses from the photodiode
are now below the input threshold of the amplifier and
the pulses appear on the output. The output pulse width
depends on the AC input drive level.



+5V
Vee

’ (a)
N i S=Caux(78)

C1513A

Fig. 5. Circuit With Addition of Capacitor at Pin 7

OPERATION WITH AN EXTERNAL
CAPACITOR

Figure 5 shows a basic delay circuit obtained by addi-
tion of an integrating capacitor Cx to the photodiode/
amplifier input point pin 7. Delay at POWER ON is
short, as the photodiode, when conducting, has a low

CAPACITO
- AUX TO GN

S

o
=

CAPACITANCE (uf)
8

By

.0006
.0004

.0002

.0001
1 2 4610 100 1000

T(ony, MS
fon) Cc1510

Fig. 7. Plot of Capacitance Versus Turn-on Time

MID400 INTERFACE CIRCUITS
USING A 555 TIMER

Addition of a 555 Timer at the MID400 output, as

MiD400
Qutput
(Pin 6)
Photo
" Diode
{Pin 7)
Input
10ms/em Caux =005 uF
Horiz. = 10mS/cm
Vert. = Uncalibrated
Fig. 6. Wavef with Capacitor Added at Pin 7

impedance providing a fast charge to the capacitor. The
delay when AC is removed is long, because the capacitor
discharges through various leakages of the amplifier
and the photodiode. The waveforms in Figure 6 shows
the capacitance on both TURN-ON and TURN-OFF
delays. Figures 7 and 8 show plots of capacitance versus
turn-on and turn-off time.

10

=)
=

.001

.0006
.0004

CAPACITANCE (uf)

.0002

'00011 2 4610 100 1000

T4, MS
(off) c1511

Fig. 8. Plot of Capacitance Versus Turn-off Time

shown in Figure 9, produces an interface circuit with
improved drive capability and output switching times,
and better noise immunity. Figure 10 illustrates these
switching time improvements.
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+5V
Vee

W/
—_——
8 1K
7
6l ruresi VCC  pys —>
555" s
TRIG OUTPUT HIGH
ouTpPO>
RESET GRD (C) WITH MID 400
4? 1 INPUT CURRENT
e
C1513

Fig. 9. Circuit with 555 Timer Added

The 555 Timer is basically being used as a SCHMITT
trigger circuit with well defined input thresholds. The
input HIGH state is 2/3 Ve, (+5 volts in this case),
and its LOW state is 1/3 Vcc.

The output may be taken from either 5655 pin 3 or from
pin 7 discharge point with a pullup resistor. Both these

Horiz. = 0.2mS/cm
Vert. = Uncalibrated

pins are high when AC current is applied to the MI1D400.
The 555 output is capable of supplying both sink and
source currents up to 200mA. One advantage of using
the 555 discharge output pin is that it can be tied to
another similar unit to provide the “AND" function.
That is both AC inputs to both units must be present
before the 555 outputs can be high.

MID400
Output

Horiz. = 50uS/ecm

Fig. 10. Qutput Waveforms for Tony TOFF. Pin 7 Auxiliary Input
Open Using the 555 Circuit (Fig. 9)



Figure 11 shows a circuit which includes a 555 Timer
for shaping of waveforms. This circuit can provide an
adjustable delay either at power on or power off. Delay
is adjusted by the time constant of Ry and Cy. Insertion
of diode D, across Ry provides either a fast charge and
slow discharge of Cy, or a slow charge and fast discharge
when diode polarity is reversed. See waveforms in

+6V

|
|
|

118V ac)
INEUT|

22K

N %u(

7
rHresnVCC gl —>
g [

TRIG o>
ReseT GRD__ ! ©)
T

OUTPUT HIGH
WITH MID 400
INPUT CURRENT

3

|
|
|
|
|

c1514

Fig. 11. Adjustable Delay Turn Off/On Circuit

With D,
Turn on delay

Horiz. = 20mS/cm
Vert. = Uncalibrated

Ry = 200K
Cx = 0.3MF

Fig. 13. Delayed Turn On. Diode Dy Connected
Opposite to Shown in Circuit Schematic

Figures 12 through 14. Because charge on capacitor
is established by the output of MID400, the delay will
vary according to whether MID400 is operated in
saturated mode or unsaturated mode. In the unsatu-
rated mode delay will depend upon the ratio of the
pulse ON to OFF time (Duty Factor).

Without D,
Turn on and off Delay

—

555
C) § Output
555
(B) Input
AC
Input
Horiz. = 20mS/ecm
Vert. = Uncalibrated
Rx = 200K
Cx = 0.3uF
Fig. 12. Output Without Dy Diode
With D,
Turn off delay
g 555
()} ! Output
555
(B} Input
AC
Input

Horiz. = 20mS/cm
Vert. = Uncalibrated

Ry = 200K
Cx = 0.3uF

Fig. 14. Delayed Turn Off. Diode Dy Connected
As Shown in Circuit Schematic
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Vee
: ~200KQ
47K 9. s Y
V
© THRESH cc out P>
5
l 5 555
’ T TRIG DISC.
¢ j: 01 RESET _ GRD
(B8) Z 4 Tvee
> (C)
s / jf .1uF OR LARGER B
i -~
a AN =z
2N5143
PNP
C1515

Fig. 15. Precision Delay Circuit

Figure 15 shows a precision delay circuit. Here delay is
provided by using the 555 Timer as a missing pulse de-
tector or one-shot. The time out is independent of
whether the MID400 is operated in saturated or unsat-
urated mode. In unsaturated mode the Timer is continu-
ously being reset by the 120Hz pulses from the MID400
and output of the 555 is high. When an AC line fails,
there are no 120 Hz pulses, the 555 times out and the
output then goes low. Refer to waveforms in Figure 16.

555
Output

555
Threshold

MID400
Output

20mS/em

Fig. 16. Unsaturated Mode —Detects Missing AC Input
Cycles (when more than one cycle is missing)

534

A larger capacitor at Cx will increase the time-out
period of the 555 causing it not to detect the missing
input cycles as shown in Figure 17.

With the MID400 operated in the saturated mode, out-
put of MID400 is low, which turns on the PNP transistor
Q,, stopping Cx from charging, and the 555 output
is high.

555
Qutput

555
 Threshold

MiID400
Output

20mS/cm {Cx = .4uF)

Fig. 17. Unsaturated Mode—Does NOT Detect Missing
AC Input Cycles



555
Threshold

MID400
Output

20mS/em (Cx = 0.2uF)
Fig. 18. Saturated Mode — Detects Missing
AC Input Cycles
——————————————

MID400

555
Output

555
Threshold

MiD400
Output

20mS/em (Cx = 4uF)

Fig. 19. Saturated Mode—Does NOT Detect
Missing AC Input Cycles

AC LINE —l
POWER SUPPLY INTERNAL
| IMPEDANCE OR OTHER
CIRCUITS WHEN MONITORING
POWER | SYSTEW IS “OFF".

SUPPLY
MINICOMPUTER
INPUT

anp|

C1516

Fig. 20. Example For Fail-Safe Considerations

On AC line failure the MID400 goes high, causing Q, to
turn off and allowing Cx to charge, so that after the re-
quired time the 555 is allowed to go LOW. Refer to the
waveform in Figure 18.

By the choice of the time constant RxCyx the circuit in
either a saturated or unsaturated mode can be made to
either respond or not respond to one or more AC input
cycles as shown in Figures 16 through 19.

OTHER SPECIAL DESIGN
CONSIDERATIONS

Special mention must be made about effects on MID400
operation caused by leakage at pin 7. To avoid problems
keep impedance at 10 megohm or greater. If a capaci-
tor is connected to pin 7, make sure it is a high quality
type (such as Mylar) that exhibits very low leakage.
(Even current leakage between printed circuit traces can
have noticeable effects on circuit operation if the board
material has poor dielectric insulation characteristics.)

DESIGNS FOR FAIL-SAFE OPERATION

In those industrial, military, computer, and medical
system applications where fail-safe operation is impor-
tant, circuit response must also be considered when AC
input or the Vg supply, (or even both), switch off.

Table | lists the MID400 output response under these
conditions. This “Truth Table” shows that the MID400
output NPN transistor can be ON (conducting) only
when AC current is flowing through MID400 input LED
diodes and the 5V V¢ to the MID40O0 is present (ON).

Table 1. FAIL-SAFE TRUTH TABLE

AC Line +5 Ve MID400 Output
Input Supply Condition
ON ON ON (conducting)
ON OFF OPEN (non-
conducting)
OFF ON OPEN (non-
. conducting)
OFF OFF OPEN (non-

conducting)

This truth table reflects a MID400 being operated from
a +5 volt supply which has a high impedance when not
““ON.” However, other external factors can influence
the apparent state of the MID400 output. For example,
Figure 20 shows an application where the MID400 is
monitoring the AC voltage of a device. The MID400 is
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-
| MID400 |
I J8 Vee
14 ) DIODE i I
| | Px |
| > ' < +5V
'  INTERNAL %> SUPPLY
| IMPEDANCE
3 OROTHER |
CIRCUITS |
|
|
e
1
___________________ L
7
c1517
Fig. 21, Diode Dy Added to Stop Reverse Current
When MID400 +5v V¢ Line is Off
115V SWITCHING CIRCUITS
AC AND REGULATOR |SOLATED >
REGULATED

POWER OUTPUT TO
COMPUTER, uP, MEMORY ETC.

I

5__ _ MID400

'

+5V

/"

- —» QUTPUT
POWER FAILURE DETECT

GOES HIGH ON POWER FAILURE

C1518

Fig. 22. Circuit for Switching Power Supply

supplied by a separate 5V supply in the “MONITOR
UNIT” fed from a separate AC line. The output of
MID400 is fed to a remote minicomputer with a TTL
type input circuit.

In this system it is quite feasible to get an erroneous
apparent output from the MID400 if R is 1000 ohms,
or less, and the 5V power supply in the monitor system
presents a low impedance when QFF, The TTL input
to the minicomputer might appear low due to current
being forced through R, and the low impedance of the
OFF 5V power supply. This can be eliminated by the
addition of a diode Dy as shown in Figure 21.

In some applications additional circuitry may have to
be added to insure fail-safe operation. One such example
is the monitor circuit shown later, Figure 24. There
both voltage and current are monitored.

Another interesting condition to consider is operation
of the MID400 if its LED input diodes are ““blown
out” by excessive current. In this case the MID400
output will be in the high state, still indicating an error
condition.

APPLICATION CIRCUITS

Figure 22 shows a circuit for a switching power supply
to give advanced warning of power failure to computer,
microprocessor, memory etc., so that an orderly power
down sequence can be initiated. Such a circuit is useful
because a switching power supply inherently provides
power storage for a limited period of time after removal
of AC input power.



o te
+5V ' +v
SUPPLY
3.3K
Ig = 13.5mA RELAY

| MID400

L

C1519

Fig. 23. Relay Interface Circuit

POWER DIODES

TO LOAD
AC INPUT
110V 60Hz

NOR
GATE

7402
74L802
ETC.

{VOLTAGE MONITOR)

| miDaoo

1520

Fig. 24. AC Power Line Voltage and Current Monitor

Figure 23 shows a circuit that allows a relay or solenoid
of almost any voltage and current rating to be controlled
by the MID400. NPN transistor Q; must have adequate
beta and voltage/current ratings for the application.
Relay is energized when no AC current is flowing in
the MID400 input diodes.

Figure 24 shows a circuit that uses two MID400s to
monitor both voltage and current. When both voltage
and current are being supplied to the load, the output of
“NOR" gate is high. If load current drops due to either
open circuit or failure, the output of “NOR’’ gate is low.

OUTPUT

115V AC '—cmcun"'h
BREAKER
LiNe 1 BReAKen

FUSE

MONITOR
| outeut

L —

OUTPUT NORMALLY HIGH.
‘QUTPUT LOW WHEN FUSE OR CIRCUIT BREAKER OPENS. =
c1521

Fig. 25, Fuse or Circuit Breaker Monitor

If both voltage and current are not present the output
is low. Care must be taken in overall systems design to
insure fail-safe operation is achieved for all possible con-
ditions. This topic was discussed previously in this Note.

Figure 25 shows a circuit to monitor a fuse or a circuit
breaker. With this circuit consideration must be given to
Fail-Safe operation. Note that if load is a very high im-
pedance there might not be sufficient current to operate
the MID400. In other words, the output of MID400 is
low on open fuse or breaker. If Vqc to MID400 is off
and fuse opens, no MID400 indication will result.
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1] -
! %_
110V
NEUTRAL *

POWER

W
-

> TO
SYSTEM

NOTE: Circuit detects failure of either but not both phases

Fig. 26. Monitor Circuit for Two Phase Power Line

Ll

110V POWER

NEUTRAL To
SYSTEM

110v

02

VWA~

—AAA

1523

NOTE: Circuit detects failure of either or both phases

Fig. 27. Alternate Monitor Circuit for Two Phase Power Line

ADDITIONAL APPLICATION IDEAS

The following circuits are included for their intrinsic
value, but may need further refining for use in a specific
application.

Figure 26 shows a circuit to detect failure of either but
not both phases on a two phase AC power line. The
MID400 output goes LOW when a phase fails. Figure
27 shows a more complicated circuit that will detect
failure of either or both phases on a two phase line.
The NOR gate output stays HIGH so long as both phases
are present, but switches to LOW if either or both
phases fail.

Figure 28 shows a circuit to monitor a three phase line.
This circuit detects a failure on a single phase, as well
as all phases failing simultaneously. The output from

+5V Voo
OUTPUT
C1522
(M L]
POWER
o, % TO
SYSTEM
%
+5Vee

“NOR"
GATE
74

ouTPUT

GRD

c1524

Fig. 28. Monitor Circuit for Three Phase Power Line

the NOR gate is normally high when all phases are pres-
ent.

The input current limiting resistor R, is chosen so the
MID400s operate in saturated mode. If a phase fails,
for example phase 01 goes open circuit, this effectively
places MID400’s #A and #B in series, causing them
now to operate in non-saturated mode and produce
120Hz pulses. Therefore the output “NOR’’ gate out-
puts pulses to indicate phase failure. The output NOR
gate is low when there is no power on any phase.

In some applications, for example when monitoring the
power to a three phase motor, if a phase opens when
the motor is running, it might run “single phase.” The
motor might then generate sufficient back EMF on the
open phase to keep input current to MID400, and under
such a condition this MID400 monitoring system is not
effective.



+6V

OUTPUT

{ woao_ L T

C1525

Fig. 29. AC Voltage Deviation Monitor

Figure 29 illustrates the basic circuit concept for an AC
voltage deviation monitor. Here the zener diode and
bridge rectifier establish a given AC voltage, irrespective
of AC input voltage, over a given range. This is com-
pared with the voltage developed by Ry and Rz. De-
pending upon choice of zener voltage and ratio of R,
and Rj the circuit can operate in a number of modes:

1. Voltage Deviation Monitor to give a low output
when AC voltage deviates from set standard. The
voltage at junction of R, and R3 is made equal to
zener voltage for given AC input voltage. A devia-
tion from standard causes current flow through
MiD400 diodes.

2. Over Voltage Monitor (over given range). For
normal AC input voltage R, and R3 are chosen
for a current flow through the MID400; when
AC input voltage goes too high the current ceases
through MID400 input diodes.

3. Under Voltage Monitor (over given range). Simi-
lar to above, except Ry and R3 are chosen so cur-
rent through MID400 input diodes ceases if AC
with low input voltage is too low.

It should be noted that in this circuit the magnitude of
current through the MID400 input diodes is governed
by choice of Ry, Ry, and Ry resistor values.

MID400 BENEFITS

This small size device connects through an external re-
sistor directly to AC power lines and offers both input-
to-output noise immunity as well as electrical surge iso-
lation, up to 2500 VRMS (or 3550 VDC). Its output is
compatible with TTL logic. Also the MID400 is UL
recognized (File #E50151), has low power consump-
tion, and operates from a single V¢ supply up to 7
volts. Besides inputs from power lines, the MID400 can
also be connected to AC sources of other frequencies
and even to DC sources (for detection of power). Out-
put current is 16mA when a minimum 4mA RMS input
current is applied to the input LEDs. When the inex-
pensive and readily available 555 Timer is connected to
the MID400 output, circuits can be built having high
sink and source current drive capabilities. These simple
circuits can also be designed for a wide range of adjust-
able delay, and with rise and fall times compatible with
TTL computer circuits.

CONCLUSION

This Application Note has summarized internal opera-
tion of the MID400 and described several classes of
application circuits. Refer to the MID400 Data Sheet
for a listing of Absolute Maximum Ratings and specifi-
cations for its Electrical Characteristics.
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Cross Reference Index

Competitive General Competitive General Competitive General Competitive General
Part Instrument Part Instrument Part Instrument Part Instrument
Number Part Number Number Part Number Number Part Number Number Part Number
1351G MAN3410A 4N33 4N33 5082-7731 MAN71A CMDS5021 MV5021
1352G MAN3420A 4N35 4N35 5082-7740 MAN78A CMD5022 MV5022
1353G MAN3430A 4N36 4N36 521-9175 MV64530 CMD5023 MV5023
1354G MAN3440A 4N37 4N37 521-9176 MV5353 CMD5024 MV5024
1361E MAN3610A 6N137 B6N137 521-9179 MV5056 CMD5025 MV5025
1362E MAN3620A 6N138 6N138 521-9185 MV50 CMD5026 MV5026
1363E MAN3630A B6N139 6N139 521-9186 MV54 CMD5050 MV6050
1364E MAN3640A 4300F-1 MV5075C 521-9189 MV5075C CMD5051 MV6051
1371R MAN71A 430081 MV57640 521-9200 MV57154 CMD5052 MVE052
1372R MAN72A 4301H1/5 MV5491 521-9206 MV5474C CMD5053 MV6053
1373R MANT73A 4303F1 MV5774C 521-9207 MV5374C CMD5054A-1 MV6054A-1
1374R MAN74A 4303F5 MV5474C 521-9210 MV54643 CMD5054A-2 MV6054A-2
1381Y MAN3810A 4303F7 MV5474C 521-9211 MV53641 CMDS5054A-3 MVB054A-3
1382Y MAN3820A 4304H1 MV5374C 521-9212 MV5054-1 CMD5055 MV6055
1383Y MAN3830A 4304H5 MV6753 521-9216 MV5075C CMD5056 MV6056
1384Y MAN3840A 4304H-7 MV64530 521-9217 MV6053 CMD5074-C MC5074C
1451G MAN4410A 430451 MV57152 521-9224 MV64530 CMDs5075-C MV5075C
1454G MAN4440A 430455 MV54152 521-9225 MV6353 CMD5077-C MV5077C
1455G MAN4405A 430457 MV53152 521-9240 MVE053 CMD5094 MV5094
1461E MAN4610A 4305H1 MV6752 521-9242 MV5491 CD5152 MV6152
1464E MAN4640A 4305H5 MV64520 521-9246 MVE753 CMD5153 MV6153
1465E MAN4605A 4305H7 MV6352 521-9247 MV6752 CMD5154 MV6154A
1471R MAN4710A 5082-4100 MV54 521-9248 MV6353 CMD51640 MV51640
1474R MAN4740A 5082-4101 MV54 521-9249 MVE753 CMD51641 MV51641
1475R MAN4705A 5082-4150 MV53 521-9250 MV64530 CMD51642 MV51642
1481Y MAN4810A 5082-4160 MV55A 521-9251 MV64520 CMD5174-C MV5174C
1484Y MAN4840A 5082-4190 Mveé4 521-9253 MV54152 CMD5177-C MV5177C
1485Y MAN4805A 5082-4403 MV5054-1 521-9254 MV53152 CMD52 Mve4
1704R MAN2A 5082-4415 MV5054-1 521-9256 MV6753 CMD52124 MV54124
1737R MAN71A/72A 5082-4440 MV5054-1 521-9257 MV6752 CMD52152 MV54152
1738R MANT74A 5082-4444 MV5054-1 521-9258 MV6353 CMD52154 MV54154
1787R MANG6760 5082-4484 MV5075C 521-9259 MV6352 CMD52164 MV54164
1788R MANG6780 5082-4487 MV5077C 521-9260 MV64530 CMDS5254 MV6454A
208G MV5474C 5082-4488 MV5077C 521-9261 MV6352 CMD52640 MV54643
209R MV5075C 5082-4494 MV5075C 745-0005 MAN2A CMD52641 MV54643
211G MV5474C 5082-4550 MV6353 745-0014 MAN71A CMD52642 MV54643
212y MV5374C 5082-4555 MV6353 745-0014 MAN72A CMD52643 MV54643
216R MV5774C 5082-4557 MV6352 745-0016 MANT74A CMD52644 MV54644
221RC MV6053 5082-4558 MV6352 7610R MANB3620A CMD5274-C MV5474C
222G MV6050 5082-4584 MV5374C 7611R MANS3810A CMD5277-C MV5477C
224Y MV6454A 5082-4590 MV53154 7620Y MAN3820A CMD53 MV53

228R MVE353 5082-4592 MV53154 7621Y MAN3810A CMDS53124 MV53124
229G MV6753 5082-4595 MV53152 7630G MAN3420A CMD53152 MV53152
229R MV6454A 5082-4597 MV53152 7631G MAN3410A CMD53154 MV53154
229Y MV6754A 5082-4650 MV6753 7730R MAN72A CMD53164 MV53164
233G MVE6354A 5082-4655 MV6753 7731R MAN71A CMD53173 MV53173
233R MV54643 5082-4657 MVE752 BPW13A MTH360 CMD5352 MV6352
233Y MV57640 5082-4658 MVE6752 BPW13B MTH360 CMD5353 MV6353
234G MV53640 5082-4684 MV5774C BPW13C MTH360 CMD5354 © MVB354A
235R MV64530 5082-4690 MV57154 BPW14A MTH320 CMD53640 MV53640
236R MV6053 5082-4692 MV57154 BPW14B MTH320 CMD53641 MV53641
236RC MV6050 5082-4693 MV57154 BPW14C MTH320 CMD53642 MV53642
237R MV57640 5082-4694 MV57152 BPW40 MTK380 CMD5374-C MV5374C
2661E MAN6610 5082-4695 MV57152 BPX38-1 MTH360 CMD5377-C MV5377C
2663E MAN6630 5082-4790 MV50154 BPX38-2 MTH360 CMD54 MV54
2664E MANG6640 5082-4791 MV50154 BPX38-3 MTH360 CMD5491 MV5491
2665E MAN6650 5082-4850 MV5054-1 BPX38-4 MTH360 CMD55-A MV55A
2666E MANG6660 5082-4855 MV5054-1 BPX43-1 MTH320 CMD57124 MV57124
2668E MAN6680 5082-4880 MV5054-1 BPX43-2 MTH320 CMD57154 MV57154
2671R MAN6710 5082-4881 MV5054-1 BPX43-3 MTH320 CMD57164 MV57164
2673R MANG6730 5082-4882 MV5054-2 BPX43-4 MTH320 CMD57173 MV57173
2674R MANG6740 5082-4950 MV64530 BPX99 MAH120 CMD5752 MVE752
2675R MANG6750 5082-4957 MV6454A BPY62-1 MTH320 CMD5753 MV6753
2687R MAN6760 5082-5958 MV6454A BPY62-2 MTH320 CMD5754 MV6454A
2678R MAN6780 5082-5990 MV54154 BPY62-3 MTH320 CMD57640 MV57640
3N243 MCT4 5082-7610 MAN3920A BP103-1 MTH360 CMD57641 MV57641
3N243R MCT4R 5082-7611 MAN3910A BP103-2 MTH360 CMD57642 MV57642
4N25 4N25 5082-7613 MAN3980A BP103-3 MTH360 CMD5774-C MV5774C
4N26 4N26 5082-7620 MAN3820A BP103-4 MTH360 CMD5777-C MV5777C X
4N27 4N27 5082-7621 MAN3810A CL13 4N37 CMD64520 MV64520 g
4N28 4N28 5082-7623 MAN3880A CL1510 4N37 CMD64530 MV64530 3_
4N29 4N29 5082-7630 MAN3420A CL1511 4N37 CMD64531 MV64531 o
4N30 4N30 5082-7631 MAN3410A CMD50 MV50 CMD9150-1 MK9150-1 <
4N31 4N31 5082-7633 MAN3480A CMD50152 MV50152 CMD9150-2 MK9150-2
4N32 4N32 5082-7730 MAN72A CMD50154 MV50154 CMD9350-1 MK9350-1
*Selected
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Competitive General Competitive General Competitive General Competitive General
Part Instrument Part Instrument Part Instrument Part Instrument
Number Part Number Number Part Number Number Part Number Number Part Number
CMD9350-2 MK9350-2 FND330 FND330 HCPL2601 MCL2601 HLMP-1400 MV58640
CNX35 CNX35 FND337 FND337 HCPL2630 HCPL2630 HLMP-1401 HLMP-1401
CNX36 CNX36 FND338 FND338 HCPL2630 MCL2630 HLMP-1401 MV58641
CNY17-1 CNY17-1 FND350 FND350 HCPL2631 MCL2630 HLMP-1402 HLMP-1402
CNY17-2 CNY17-2 FND357 FND357 HD1131G MANB460 HLMP-1402 MV58642
CNY17-3 CNY17-3 FND358 FND358 HD1133G MANG6480 HLMP-1403 HLMP-1403
CNY17-4 CNY17-4 FND360 FND360 HD11310 MAN6960 HLMP-1420 HLMP-1420
CNY171 CNY17-1 FND367 FND367 HD11330 MANB980 HLMP-1420 MV5360
CNY171 CNY17-2 FND368 FND368 HD1131R MANG6760 HLMP-1421 HLMP-1421
CNY17111 CNY17-3 FND500 MANG6780 HD1133R MANG6780 HLMP-1440 HLMP-1440
CNY17IV CNY17-4 FND507 MAN6760 HD1131Y MANB860 HLMP-1500 MV54643
CNY28 CNY37 FND560 MANG6980 HD1133Y MANG6880 HLMP-1501 MV54643
CNY51 CNY17-3 FND5-7 MANG6960 HDSP-3401 MANB910 HLMP-1503 HLMP-1503
CNY75A CNY17-2 FND800 MAN8940 HDSP-3403 MANB940 HLMP-1503 MV55643
CNY75B CNY17-3 FND807 MANB8910 HDSP-3530 MAN3920A HLMP-1520 HLMP-1520
CNY75C CNY17-4 FND847 MAN8910 HDSP-3531 MANS3910A HLMP-1520 MV5460
cavit MV57642 FND850 MANB940 HDSP-3533 MAN3980A HLMP-1521 HLMP-1521
cQvis MV53641 FPT500 MT2* HDSP-3600 MAN3420A HLMP-1523 HLMP-1523
cQv13 MV53642 FSC825B MCT270 HDSP-3601 MAN3410A HLMP-1523 Mv54644
CQV15 MV54643 F5E1 MEH580 HDSP-3603 MAN3480A HLMP-1540 HLMP-1540
cQvis MV54643 FSE2 MEHS580 HDSP-3901 MAN8910 HLMP-1700 HLMP-1700
CcQV15-6 MV54644 F5E3 MEH580 HDSP-3903 MANB940 HLMP-1719 HLMP-1719
CQva20-3 MV6053 F5F1 MES760 HDSP-4030 MANS3810A HLMP-3000 MV5053
CQv20-4 MVE053 GBG1000 MV54164 HDSP-4031 MAN3810A HLMP-3001 MV5054A-1
cQvai MV6753 GE3009 MCP3009 HDSP-4033 MAN3880A HLMP-3200 MV50154
cQvas MV6353 GE3010 MCP3010 HDSP-4201 MAN8810 HLMP-3201 MV50154
CQv2s5-3 MV64530 GE3011 MCP3011/3011A HDSP-4203 MAN8840 HLMP-3300 HLMP-3300
CQvas-6 MV64531 GE3012 MCP3012 HDSP-4830 MV57164 HLMP-3301 HLMP-3301
CcQvs1 MV6752 GE3020 MCP3020 HDSP-4840 MV53164 HLMP-3315 HLMP-3315
CQV51-H MV6752 GE3021 MCP3021 HDSP-4850 MV54164 HLMP-3316 HLMP-3316
CQvs3 MV6352 GE3022 MCP3022/3022A HDSP-5301 MANG6760 HLMP-3350 MV57154
CcQvss MV64521 GE3023 MCP3023 HDSP-5303 MANG6780 HLMP-3351 MV57154
CQx13-1,2 MV54154 GFH6001 CNY17-2 HDSP-5321 MANB710 HLMP-3365 MV57152
CQx23-1,2 MV57154 GFH600!! CNY17-3 HDSP-5323 MANB740 HLMP-3366 MV57152
CQX33-2 MV53154 GFHB0011 CNY17-4 HDSP-5501 MAN6960 HLMP-3400 HLMP3400
cQy99 MEK760 GL4484 MV5474C HDSP-5503 MAN6980 HLMP-3401 HLMP3401
DL-10, A MAN10A GL4850 MV64530 HDSP-5521 MANB910 HLMP-3415 HLMP3415
DL-101, A MAN1001A GL4950 MV64530 HDSP-5523 MAN6940 HLMP-3416 HLMP3416
DL-500 MAN6680 GL56 MVe4 HDSP-5531 MAN6960 HLMP-3465 MV53152
DL-507 MAN6760 H11A1 H11A1 HDSP-5533 MAN6980 HLMP-3466 MV53152
DL-57 MAN2A H11A2 H11A2 HDSP-5601 MAN6460 HLMP-3502 HLMP3502
DL-524 MAN6750 H11A3 H11A3 HDSP-5603 MANG6480 HLMP-3507 HLMP3507
DL-527 MAN6710 H11A4 MCT2 HDSP-5621 MAN6410 HLMP-3517 HLMP3517
DL-528 MAN6740 H11A5 MCT2 HDSP-5623 MANG440 HLMP-3519 HLMP3519
DLO-524 MAN6950 H11A520 MCT2250 HDSP-5701 MANG6860 HLMP-3750 HLMP-3750
DLO-527 MANG6910 H11A550 MCT2201 HDSP-5703 MANG6880 HLMP-3850 HLMP-3850
DLO-528 MAN6940 H11A5100 MCT2201 HDSP-5721 MANG6810 HLMP-3950 HLMP-3950
DL-701 MAN73A H11B1 H11B1 HDSP-5723 MANG6840 HLMP-4600 HLMP4600
DL-704 MAN74A H11B2 H11B2 HDSP-5731 MANG6860 HLMP-4601 HLMP4601
DL-707 MAN72A H11B255 MCA255 HDSP-5733 MANG880 HLMP-4700 HLMP-4700
DL-707R MAN71A H11B3 H11B3 HDSP-5801 MANG6460 HLMP-4719 HLMP-4719
DL-727 MANG6710 H11C1 MCS21 HDSP-5803 MANG480 HLMP-6000 MV54
DL-728 MANG6740 H11C2 MCs21 HLMP-0101 MV5054-1 HLMP-6001 MV54
DL7651 MAN4610A H11C3 MCS2 HLMP-0102 MV5054-1 HLMP-6300 MV55A
DL7751-S MAN4710A H11C4 MCS2401 HLMP-0140 MV5054-1 HLMP-6400 MV53
FLV110 FLV110 H11C5 MCS2401 HLMP-0200 MV5054-1 HLMP-6500 Mve4
FLVI11 FLV111 H11Cé MCS2400 HLMP-0202 MV5054-2 L1 MCT2
FLV112 FLV112 H11D1 H11D1 HLMP-0222 MV6050 L1 MCT2E
FLV113 FLV113 H11D2 H11D2 HLMP-0222 MV6052 IL5 MCT270
FLV150 MV6053 H11D3 H11D3 HLMP-0242 MV6051 1L12 MCT2
FLV160 MV6053 H11D4 H11D4 HLMP-1002 MV5075C IL15 MCT26
FLV251 MV6752 H11G1 MCA11G1 HLMP-1200 MV5077C IL100 MCL2601*
FLV252 MV6752 H11G2 MCA11G2 HLMP-1201 MV5077C 1L101 MCL2601*
FLV310 FLV310 H11J1 MCP3011 HLMP-1300 HLMP-1300 1L201 MCT272
FLV340 MV54154 H11J2 MCP3010 HLMP-1300 MV57640 1L.202 MCT273
FLV350 MV64530 H11J3 MCP3011 HLMP-1301 HLMP-1301 1L203 MCT274
FLV360 MV64530 H11J4 MCP3010 HLMP-1301 MV57641 1L501 MCT2200
FLV410 FLV410 H11J5 MCP3009 HLMP-1302 HLMP-1302 IL505 MCT2201
FLV440 MV53154 H13A1 MST8/CNY37 HLMP-1302 MV57642 1L512 MCT2200
FLV450 MV64530 H13A2 MST81/CNY37 HLMP-1320 HLMP-1320 'IL5630 MCA2230
FLV460 MV64530 H13B1 MSAB8 HLMP-1320 MV5760 IL555 MCA2255
FLV510 FLV510 H13B2 MSA81 HLMP-1321 HLMP-1321 ILA30 MCA230
FLV540 MV57154 H20A1 MSA81 HLMP-1340 HLMP-1340 ILAS0 MCA255
FLV550 MV6753 H20A1 CNY36 HLMP-1321 MV57622 ILASS5 MCA255
FLV560 MVE753 H20A2 CNY36 HLMP-1400 HLMP-1400 ILA230 MCA230
*Selected
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ILA255 MCA255 LD56-A MV6353 NSL5086 MV5774C 0OPI12250 MCT2
ILCA2-30 MCA230 LD56-C MV6353 NSL5252 MV64520 OPI2251 MCT2
ILCA2-55 MCA255 LD56-CA MV6352 NSL5253 MV64530 OPI12252 MCT2
ILCT6 MCT6 LD56-1 MV6353 NSL5274 MV5377C OPI12253 MCT272
ILD-1 MCT6 LD56-2 MV6353 NSL5352 MV6352 OP12254 MCT5210
ILD74 MCT66 LD56-C MV6752 NSL5353 MV6353 OPI12555 MCT5210
IRL60 MEM740 L.D56-CA MV6352 NSN61L MANS610 OPI13009 MCP3004
K5200 MTH360 LD57-A MV64530 NSN64R MANB8640 OPI3010 MCP3010
K5201 MTH360 LD57-CA MV64521 NSN71L MANT72A OPI13011 MCP3011
K5202 MTH360 LD57-1 MV64530 NSN71R MAN71A OP13012 MCP3012
K5203 MTH361 LD57-2 MV64530 NSN74R MAN74A OP13020 MCP3020
K5210 MTH360 LD57-C MV6752 NSN583 MMN59320 OP13021 MCP3021
K5211 MTH361 LD57-CA MV64520 0OBG1000 MV57164 OPI13022 MCP3022
K5250 MTH320 LSL 3L-50 MV6055 OP130 MEH520 OPI3023 MCP3023
K5251 MTH320 LSL 6L MV6053 OP131 MEH520 OP13032 MCP3032
K5253 MTH320 LSL 6L-A MV6753 OoP132 MEH520 OPI13033 MCP3033
K5255 MTH320 LSL 6L-50 MV6053 0oP133 MEH520 OP13042 MCP3042
K5256 MTH320 LSL 8L MVE752 OP130W MEH580 OP13043 MCP3043
K5257 MTH321 LSL 16L MV64530 OP131W MEH580 OPI3150 MCA231
K5258 MTH321 LSL 18L MV64520 OP132W MEH580 OPI13151 MCA231
K5551 MTS461 LSL 26L MV6353 OP133W MEH580 OPI3152 MCA231
K5552 MTS461 LSL 28L MV6352 OP140SL MES760 OPI3153 MCA231*
K5553 MTS361 LSM 3L MVE055 OP140SLA MES760* OPI3250 MCA2231
K5554 MTS361 LSM 6L MV6053 OP140SLB MES760* OPI13251 MCA2231
K6300 MEHS560 LSM 6L-A MVE753 OP140SLC MES760 OP13252 MCA2231
K6301 MEH560 LSM 8L MV6752 OP140SLD MES760 OP13253 MCA2231*
K6302 MEH560 LSM 16L MV64530 OP161SL MEL760* OPI16100 H11D1
K6304 MEH560 LSM 18L MV64520 OP161SLA MEL760* OPL209A MV5075C
K6350 MEHS520 LSM 26L MV6353 OP161SLB MEL760* OPL212 MV5374C
K6351 MEH520 LSM 28L MV6352 OP161SLC MEL760 OPL260 MV5174C
K6352 MEH520 MLED71 MES760 OP161SLD MEL760 RLT-1 MV5075C
K6354 MEH520 MOC1005 MCT2200 oP211 MV5474C RL2 MV6056
K6500 MEK730 MOC1006 MCT2200 OP230W MEH560 RL20 MV6053
K6501 MEK730 MOC3002 MCS2400 OP231W MEHS560 RL20-02 MV6052
K6502 MEK730 MOC3003 MCS21 OP232W MEH560 RL20-03 MV6051
K8503 MEK730 MOC3009 MCP3009 OP233W MEH560 RL20-04 MV6050
K6504 MEK730 MOC3010 MCP3010 0OP240 MES560 RL20-04 MV5020
Ke505 MEK730 MOC3011 MCP3011 OP240SLA MES560 RL2000 MV5054-1
K6550 MES760 MOC3020 MCP3020 OP240SLB MES560 RL209 MV5075C
K6551 MES760 MOC3021 MCP3021 OP240SLC MES560 RL21 MV5024
K6552 MES760 MOC3022 MCP3022 OPS508F MTS360 RL21 MV5025
K6553 MES760 MOC3030 MCP3030 OP550 MTS360 RL21 MV5026
K6554 MES760 MOC3031 MCP3031 OP550SLA MTS461 RL4403 MV5054-1
K6555 MES760 MOC3040 MCP3040 OP550SLB MTS461 RL4415 MV5054-1
L14F1 MAH120 MOC3041 MCP3041 OP550SLC MTS461 RL4480 MV57640
L14F2 MAH120 MOCB8020 MCA11G2 OP550SLD MTS461 RL4480-1 MV57640
L14G1 MTH320 MOCB8050 MCA11G2 OP800 MTH320 RL4480-2 MV57641
L14G2 MTH320 MRD701 MTS360 OP801 "MTH320 RL4480-5 MV57640
L14G3 MTH320 MRD3050 MTH320 OP802 MTH320 RL4484 MV5074C
L14Q1 MTS360 MRD3051 MTH320 OP803 MTH320 RL4850 MV5054-1
LD271 MEK760 * MRD3054 MTH320 0OP804 MTH320 RL50 MV50
LD271H MEK760 * MRD3055 MTH320 OP805 MTH321 RL5053 MV6053
LD271A MEK760 MRD3056 MTH320 OP841 MTH320 RL5053-1 MV6053
LD30-A MV57640 NSB373 MAN74A OoP842 MTH320 RL5053-2 MV6053
LD30-1 MV50758 NSB374 MANT72A 0P845 MTH320 RL5053-3 MV6753
LD30-2 MV57642 NSB381 MAN74A OP80OW MTH360 RL5054-1 MV5054-1
LD30-3 MV57642 NSB382 MAN72A OP8O1W MTH360 RL5054-2 MV5054-2
LD32-1 MV57641 NSB3881 MMN39440 OP802W MTH460 RL54 MV54
LD32-2 MV57642 NSB3882 MMN398240 OP841W MTH360 RLS5 MVS5A
LD36-A MV53640 NSL5020 MV5020 OP842W MTH360 RL55-5 MV55A
LD36-1 MV53640 NSL5022 MV5022 OP843W MTH460 SD3440-1 MTH360
LD36-2 MV53641 NSL5023 MV5023 OP844W MTH460 SD3440-2 MTH360
LD36-C MV53642 NSL5024 MV5024 OP845W MTH460 8D3440-3 MTH460
LD37-A MV54643 NSL5026 MV5026 OPB711 MSA7 SD3440-4 MTH460
LD37-1 MV54643 NSL5027 MV6054A-2 OPB77 MSA7 SD3440-5 MTH460
LD37-2 MV54644 NSL5027 MV5024 OPB819S3 CNY37 SD3443-1 MTH360
LD41-A MV6053 NSL5050 MV5024 OPB819S10 CNY37 SD3443-2 MTH360
LD41-1 MV6053 NSL5052 MV6052 OPI-140 MCT4 SD3443-3 MTH361
LD50-A MV5054-1 NSL5053 MVB053 OP12100 MCT210 SD5443-1 MTH320 »
LD50-1 MV5054-2 NSL5056 MV6056 OPI2150 MCT26 SD5443-2 MTH320 E
LD50-2 MV6054-3 NSL5057 MV5054-1 OPI2151 MCT2 SD5443-3 MTH321 @
LDs2-C MV6752 NSL5058 MV6753 OPI2152 MCT2 SD5443-4 MTH321 &
LD52-CA MV6752 NSL5076 MV5177C OP12153 MCT272 SD8403-1 MTK380 <
LD52-1 MV6753 NSL5076A MV5074C OPI2154 MCT5210 SD8403-2 MTK381
LD52-2 MV6753 NSL5080 MV5074C OP|12155 MCT5210 SD8403-3 MTK381
*Selected
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SD8403-4 MTK480 TIL113 TIL113 TIL316 MAN3810A VTT1122 MTH320
SD8406-1 MTS360 TiL114 TIL114 TIL316 MAN3820A VTT1123 MTH320
SD8406-2 MTS361 TIL116 TIL116 TIL317 MAN3840A VTT1131 MTH320
SD8406-3 MTH460 TIL116 TILt16 TIL321 MAN6760 VTT1132 MTH320
SD8406-4 MTH461 TIL117 TIL117 TIL322 MANG6780 XC209 MV5075C
SE3470-1 MEH580" TIL118 TiL118 TIL325 MANG6860 XC209A MV5174C
SE3470-2 MEH580" TIL119 TiL119 TIL326 MANG6880 XC209G MV5474C
SE3470-3 MEH580" TIL120 MCT4 TIL392 MAN10A XC209Y MV5374C
SE3470-4 MEH580" TIL124 MCT276 TiL411 MTS360 XC209-02 MV5074C
SE5470-1 MEH520* TIL126 MCT271 TiL415 MTS360 XC446G-2 MVE454A
SE5470-2 MEHS520" TIL126 MCT272 TIL903-1 MEH520 XC446Y-2 MVEB354A
SE5470-3 MEH520" TiL143 MST8 TIL903-2 MEH520 XC554A-2 MV6154A
SE5470-4 MEHS520" TiL144 MST8 TIL904-1 MEH520 XC554G-2 MV6454A
SEP8503-1 MEK760 TIL145 MSA8 TIL904-2 MEH520 XC554Y-2 MVE354
SEP8503-2 MEK760 TIL146 MSA8 TIL905-1 MEH560 XC554-6 - MVE752
SEP8503-3 MEK760 TiL149 MSA7 TIL905-2 MEHS560 XC554A-6 MVE152
SEP8503-4 MEK760 TIL155 MCT270 TIL906-1 MEHS530 XC554G-6 MV64530
SEP8505-1 MEL760 TIL209A MV5075C TIL906-2 MEHS530 XC554Y-6 MV6352
SEP8505-2 MEL760 TiL21 MV5474C TLN101 MEHS520 XC554-9 MVE752
SEP8505-3 MEL760* TIL211 MV54643 TLN104 MEM740 XC556 MV5054-1
SEP8505-4 MEL760" TIL212-1 MV5174C TLN105A MEK760 XC556-2 MV5054-2
SEP8506-1 MES760 TiL212-1 MV5374C TLN107 MES760 XC556-3 MV5054-3
SEP8506-2 MES760 TIL212-2 MV5374C TLN108 MEHS520 XC556A-2 MVB154A
SEP8506-3 MES760 TiL213 MV53640 TLN109 MEL760 XC8oow MTH360
SEP8506-4 MES760 TIL216-1 MV5774C TLN110 MEK730 XC801W MTH360
SEP8703-1 MEK560 TiL216-2 MV5774C TLR303 MANT72A XC802W MTH460
SEP8703-2 MEKS560 TIL220 MV6054A-1 TPS604 MTH320 XC5025 MV5025
SEP8703-3 MEKS560* TiL221 MV6050 TPS606 MTM340 XC5053 MV6053
SEP8703-4 MEK560* TiL224 MV6354A TPS607 MTS360 XC5053A MV6153
SFH409 MEL760 TiL228 MV6754A VTT1010 MTH360 XC5053G MV64530
SFH600-0 CNY17-1 TIL231-1 MV6052 VTT1011 MTH360 XC5055 MV6055
SFH600-1 CNY17-2 TIL232 MV5474C VTT1012 MTH360 XL56 MV5064-3
SFHB00-2 CNY17-3 TIL234 MV6454A VTT1013 MTH460 XL56 MV5374C
SFH600-3 CNY17-4 TIL240 MVE353 VTT1020 MTH360 YBG1000 MV53164
SFH601-1 CNY17-1 TIL241 MV6753 VTT1021 MTH360 YL212 MV5374C
SFH601-2 CNY17-2 TIL242 MV64530 VTT1022 MTH360 YL56 MV53
SFH6E01-3 CNY17-3 TiL242-1 MV64530 VTT1023 MTH360 YL4484 MV53640
SFH601-4 CNY17-4 TiL242-2 MV64531 VTT1031 MTH360 YL4484 MV5374C
SPT1873 MCT8 TiL303 MAN10A VTT1032 MTH461 YL4550 MVE353
TIL38 MEK760 TIL304 MAN1001A VTT1033 MTH461 YL4850 MV6353
TIL40 MES760 TIL305 MAN2A VTT1110 MTH320

TIL81 MTH320 TIL312 MAN71A VTT1111 MTH320

TIL99 MTH360 TiL312 MANT2A VTT1112 MTH320

TiL111 TiL111 TIL314 MAN3410A VTT1120 MTH320

TIL112 TIL112 TIL314 MAN3420A VTT1121 MTH320
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North American Technical Representatives

ARKANSAS
Beacon Electronic Associates
Little Rock (501) 224-5449

ALABAMA
Beacon Electronic Associates
Huntsville (205) 881-5031

ARIZONA
Thom Luke Sales, Inc.
Scottsdale (602) 941-1901

CALIFORNIA
Ewing-Foley, Inc.

Los Altos (415) 941-4525
Landa/Minyard, Inc.

Los Angeles (213) 879-0770
Harvey King, Inc.

San Diego (619) 587-9300

COLORADO
D/Z Associates, Inc.
Denver (303) 443-4388

CONNECTICUT
Scientific Components, Inc.
Cheshire (203) 272-2963

DELAWARE
Beacon North, Inc.
(800) 336-3747

FLORIDA

Beacon Electronic Associates
Clearwater (813) 796-2378
Beacon Electronic Associates
Boca Raton (305) 392-3500
Beacon Electronic Associates
Maitland (305) 647-3498

Beacon Electronic Associates
Melbourne (305) 724-8010

GEORGIA
Beacon Electronic Associates
Atlanta (404) 256-9640

ILLINOIS
Sumer, Inc.
Rolling Meadows (312) 991-8500

INDIANA
Leslie M. Devoe Company
Indianapolis (317) 842-3245

IOWA
Lorenz Sales
Cedar Rapids (319) 377-4666

KANSAS
Lorenz Sales
Overland Park (913) 649-5556

LOUISIANA
Beacon Electronics Associates
Huntsville (205) 881-5031

MARYLAND
Beacon North, Inc.
Randallstown (800) 336-3747

MASSACHUSETTS
Kanan Associates
Needham Heights (617) 449-7400

MICHIGAN
Rathsburg Associates, Inc.
Detroit (313) 882-1717

MINNESOTA
Mel Foster Technical Sales, Inc.
Edina (612) 941-9790

MISSISSIPPI
Beacon Electronics Associates
Huntsville (205) 881-5031

MISSOURI
Lorenz Sales
Bridgeton (314) 298-8585

NEBRASKA
Lorenz Sales
Lincoln (402) 475-4660

NEW MEXICO
SynTech
Albuquerque (505) 266-7951

NEW YORK
Bob Dean, Inc.
Ithaca (607) 257-1111

Comtronic Associates
Melville (516) 249-0505

NORTH CAROLINA
Beacon Electronic Associates
Raleigh (919) 787-0330

OHIO
Midwest Marketing
Chagrin Falls (216) 247-6655

Midwest Marketing
Dayton (513) 433-2511

OKLAHOMA
Southern States Marketing, Inc.
Richardson (214) 238-7500

OREGON
Western Technical Sales
Hillsboro (503) 640-4621

PENNSYLVANIA
CMS Marketing
Glenside (215) 885-5106

Russell F. Clark Co., Inc.
Pittsburgh (412) 242-9500

PUERTO RICO
Beacon Electronics Associates
San Turce (809) 728-5040

SOUTH CAROLINA
Beacon Electronics Associates
Raleigh (919) 787-0330

TENNESSEE
Beacon Electronics Associates
Atlanta (404) 256-9640

TEXAS
Southern States Marketing, inc.
Austin (512) 452-9459

Southern States Marketing, Inc.
Houston (713) 558-4900

Southern States Marketing, Inc.
Richardson (214) 238-7500

UTAH
D/Z Associates, Inc.
Salt Lake City (801) 483-1025

VIRGINIA
Beacon North, Inc.
Fairfax (703) 591-1300

WASHINGTON
Western Technical Sales
Bellevue (206) 641-3900

Western Technical Sales
Spokane (509) 922-7600

WEST VIRGINIA
Beacon North, Inc.
(800) 336-3747

WISCONSIN
Sumer, Inc.
Brookfield (414) 784-6641

CANADA

DaveTek Marketing

Vancouver, B.C. (604) 430-3680
Vitel Electronics

Toronto, Ont. (416) 676-9720
Vitel Electronics

Ottawa, Ont. (613) 592-0090
Vitel Electronics

Montreal, Que. (514) 331-7393
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North American Franchised Distributors

ALABAMA
Arrow Electronics
Huntsville (205) 837-6955

Hamilton/Avnet
Huntsville (205) 837-7210

Kierulff Electronics
Huntsville (205) 883-6070

Schweber Electronics
Huntsville (205) 882-2200

ARIZONA
Arrow Electronics
Tempe (602) 968-4800

Hamilton/Avnet
Tempe (602) 231-5100

Kierulff Electronics
Phoenix (602) 243-4101

Wyle Laboratories
Electronics Marketing Group
Phoenix (602) 866-2888

CALIFORNIA

Arrow Electronics
Chatsworth (818) 701-7500
Hayward (415) 487-4600
Sunnyvale (408) 745-6600
San Diego (619) 565-4800
Tustin (714) 838-5422

Avnet Electronics
Costa Mesa (714) 754-6111
Chatsworth (818) 700-2600

Hamilton/Avnet

Ontario (714) 989-4602
Sacramento (916) 925-2216
San Diego (619) 571-7510
Sunnyvale (408) 743-3355

Hamilton Electro-Sales
Chatsworth (818) 700-6500
Costa Mesa (714) 641-4100
Culver City (213) 558-2121

Kierulff Electronics

Los Angeles (213) 725-2325
San Jose (408) 971-2600
San Diego (619) 278-2112
Tustin (714) 731-5711

Wyle Laboratories
Electronics Marketing Group
Calabassas (818) 880-9001

El Segundo (213) 322-8100
Irvine (714) 863-9953

San Diego (619) 565-9171
Santa Clara (408) 727-2500

COLORADO

Arrow Electronics

Denver (303) 696-1111
Hamilton/Avnet

Denver (303) 740-1000
Kierulff Electronics
Englewood (303) 790-4444
Wyle Laboratories
Electronics Marketing Group
Denver (303) 457-9953
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CONNECTICUT
Arrow Electronics
Wallingford (203) 265-7741

Hamilton/Avnet
Danbury (203) 797-2800

J.V. Electronics
East Haven (203) 469-2321

Kierulff Electronics
Wallingford (203) 265-1115

Schweber Electronics
Danbury (203) 748-7080

FLORIDA

Arrow Electronics

Ft. Lauderdale (305) 776-7790
Palm Bay (305) 725-1480

Hamilton/Avnet

Ft. Lauderdale (305) 971-2900
St. Petersburg (813) 576-3930
Orlando (305) 628-3888

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

Kierulff Electronics
Ft. Lauderdale (305) 486-4004
St. Petersburg (813) 576-1966

Schweber Electronics
Hollywood (305) 927-0511

GEORGIA
Arrow Electronics
Atlanta (404) 449-8252

Hamilton/Avnet
Atlanta (404) 447-7507
Kierulff Electronics
Atlanta (404) 447-5252

Schweber Electronics
Atlanta (404) 449-9170

ILLINOIS

Arrow Electronics
Schaumburg (312) 397-3440
Hamilton/Avnet

Chicago (312) 860-7780
Kierulff Electronics
ltasca (312) 250-0500
Newark Electronics
Chicago (312) 784-5100
Schweber Electronics
Elk Grove (312) 364-3750

INDIANA

Arrow Electronics
Indianapolis (317) 243-9353
Graham Electronics

Ft. Wayne (219) 423-3422
Indianapolis (317) 634-8202
Hamilton/Avnet
Indianapolis (317) 844-9333

IOWA

Arrow Electronics

Cedar Rapids (319) 395-7230
Schweber Electronics
Cedar Rapids (319) 373-1417

KANSAS
Hamilton/Avnet
Kansas City (913) 888-8900

MARYLAND
Arrow Electronics
Baltimore (301) 995-0003

Hamilton/Avnet
Baltimore (301) 995-3500

Kierulff Electronics
Baltimore (301) 636-5800

Schweber Electronics
Gaithersburg (301) 840-5900

MASSACHUSETTS
Arrow Electronics
Woburn (617) 933-8130

Hamilton/Avnet
Peabody (617) 532-3701

Kierulff Electronics
Billerica (617) 667-8331

Schweber Electronics
Bedford (617) 275-5100

MICHIGAN

Arrow Electronics

Detroit (313) 971-8220
Hamilton/Avnet

Detroit (313) 522-4700

Grand Rapids (616) 243-8805
Schweber Electronics
Livonia (313) 525-8100

MINNESOTA
Arrow Electronics
Edina (612) 830-1800

Hamilton/Avnet
Minneapolis (612) 932-0600
Kierulff Electronics

Edina (612) 941-7500

Schweber Electronics
Edina (612) 941-5280

MISSOURI
Arrow Electronics
St. Louis (314) 567-6888

Hamilton/Avnet
St. Louis (314) 344-1200

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
Hamilton/Avnet
Cherry Hill (609) 424-0100
Fairfield (201) 575-3490
Kierulff Electronics
Fairfield (201) 575-6750
Schweber Electronics
Fairfield (201) 227-7880



NEW MEXICO
Arrow Electronics
Albuquerque (505) 243-4566

Hamilton/Avnet
Albuquerque (505) 765-1500

NEW YORK

Arrow Electronics
Hauppauge (516) 231-1000
Rochester (716) 427-0300
Syracuse (315) 652-1000

Hamilton/Avnet
Hauppage (516) 231-9800
Rochester (716) 475-9130
Syracuse (315) 437-6602

Milgray Electronics, Inc.
Farmingdale (516) 420-9800

Schweber Electronics
Rochester (716) 424-2222
Westbury (516) 334-7474

Summit Distributors, Inc.
Buffalo (716) 884-3450

NORTH CAROLINA

Arrow Electronics

Raleigh (919) 876-3132
Winston-Salem (919) 725-8711

Hamilton/Avnet
Raleigh (919) 878-0819

Hammond Electronics, Inc.
Greensboro (919) 275-6391

Kierulff Electronics
Raleigh (919) 872-8410

Schweber Electronics
Raleigh (919) 876-0000

OHIO

Arrow Electronics
Cleveland (216) 248-3990
Dayton (513) 435-5563

CAM/RPC Electronics
Cleveland (216) 461-4700

Hamilton/Avnet
Cleveland (216) 831-3500
Columbus (614) 436-5851
Dayton (513) 433-0610
Kierulff Electronics
Cleveland (216) 587-6558

Schweber Electronics
Beachwood (216) 464-2970

OKLAHOMA

Arrow Electronics
Tulsa (918) 665-7700
Kierulff Electronics
Tulsa (918) 252-7537
Schweber Electronics
Tulsa (205) 882-2200

OREGON
Arrow Electronics
Portland (503) 684-1690

Hamilton/Avnet
Lake Oswego (503) 635-7850

Kierulff Electronics
Portland (503) 641-9150

Wyle Laboratories
Electronics Marketing Group
Portland (503) 640-6000

PENNSYLVANIA

Arrow Electronics
Philadelphia (215) 928-1800
Pittsburgh (412) 856-7000

CAM/RPC Electronics
Pittsburgh (412) 782-3770

Hamilton/Avnet
Pittsburgh (800) 258-3848

Schweber Electronics
Horsham (215) 441-0600
Pittsburgh (412) 782-1600

SOUTH CAROLINA
Hammond Electronics, Inc.
Greenville (803) 233-4121

TENNESSEE
Hammond Electronics
(800) 334-0267

TEXAS

Arrow Electronics
Austin (512) 835-4180
Dallas (214) 386-7500
Houston (713) 530-4700

Hamilton/Avnet

Austin (512) 837-8911
Dallas (214) 659-4111
Houston (713) 780-1771

Harrison Equip. Co., Inc.
Stafford (713) 879-2600

Kierulff Electronics
Austin (512) 835-2090
Dallas (214) 343-2400
Houston (713) 530-7030

Schweber Electronics
Austin (512) 458-8253
Dallas (214) 661-5010
Houston (713) 784-3600
Wyle Labratories
Austin (5612) 834-9957
Dallas (214) 235-9953
Houston (713) 879-9953

UTAH
Arrow Electronics
Salt Lake City (801) 972-0404

Hamilton/Avnet
Salt Lake City (801) 972-2800

Kierulff Electronics
Salt Lake City (801) 973-6913

Wyle Laboratories
Electronics Marketing Group
Salt Lake City (801) 974-9953

WASHINGTON
Arrow Electronics
Bellevue (206) 643-4800

Hamilton/Avnet
Seattle (206) 643-3950

Kierulff Electronics
Tukwila (206) 575-4420

Wyle Laboratories
Electronics Marketing Group
Seattle (206) 453-8300

WISCONSIN
Arrow Electronics
Brookfield (414) 792-0150

Hamilton/Avnet
New Berlin (414) 784-4510

Kierulff Electronics
Waukesha (414) 784-8160

Schweber Electronics
Brookfield (414) 784-9020

CANADA

Arrow Electronics
Calgary (403) 246-1980
Montreal (514) 735-5511
Ottawa (613) 226-6903
Quebec (418) 687-4231
Toronto (416) 661-0220

Cardinal Electronics
Edmonton (403) 483-6266

Future Electronics, Inc.
Calgary (403) 259-6408
Montreal (514) 694-7710
Ottawa (613) 820-9471
Toronto (416) 638-4771
Vancouver (604) 438-5545

Hamilton/Avnet
Calgary (403) 230-3586
Montreal (514) 331-6443
Ottawa (613) 226-1700
Toronto (416) 677-7432

R.A.E. Electronics
Vancouver (604) 291-8866
Edmonton (403) 451-4001
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International Stocking Distributors and Technical Representatives

EUROPE

AUSTRIA
Storchengasse 1/1/1
1150 Wien

Tel. 85.86.46

TELEX - 0135701

Omni Ray GesmbH
Vertriebsbuero Wien
Prinz Eugen-Strasse 36
1040 Wien

Tel. 0222/65.64.31
TELEX - 132712

BELGIUM-LUXEMBOURG
N.V. Telerex
Kouwenbergdreef 6

2230 Schilde

Tel. 03/383/33.50

TELEX - 33511

DENMARK

Nordisk Elektronik AS
Transformervej 17
2730 Herlev

Tel. 02/842000

TELEX - 35200

FINLAND

Oy Fintronic AB
Melkonkatu 24A
00210 Helsinki 21
Tel. 0-692 6022
TELEX - 124224

FRANCE

Direct

151/153 Rue de Constantine
76201 Rouen

Tel. 35/98.40.48

TELEX - 770842

Groupement Electronique

de Distribution

352 Avenue Georges Clemenceau
92000 Nanterre

Tel. 01/204.04.04

TELEX - 615051

Mercure C - Z.I. D'Aix en Provence
13763 Les Milles
Tel. 42/60 01 77
TELEX - 420683

1 Avenue de Danemark
37100 Tours

Tel. 47/41 76 46
TELEX - 750765

R.T.F

9 Rue d'Arcueil
94250 Gentilly
Tel. 664.11.01
TELEX - 201069

550

S.C.T

37 Avenue Emile Dewaoitine
31200 Toulouse

Tel. 61/81.51.57

TELEX - 520927

80/83 Quai de Queyries
33072 Bordeaux
Tel. 56/86.50.31
TELEX - 550988

Scientech

11 Avenue Ferdinand Buisson
75016 Paris

Tel. 609.91.36

TELEX - 260042

Selfco

31 Rue du Fosse des treize
67000 Strasbourg

Tel. 88/22.08.88

TELEX - 890.706

GERMANY

Indeg GmbH

Emil Kommerlingstrasse 5
Postfach 1563

6780 Pirmasens

Tel. 06331/94065

TELEX - 452269

A Neye-Enatechnik GmbH
2085 Quickborn-Hamburg
Schillerstrasse 14

Postfach 1240

Tel. 04106/6121

TELEX - 213590

Semitron GmbH
Im Gut 1

7891 Kuessaberg
Tel. 07742/7011
TELEX - 7921472

Servitronic GmbH
Berliner Strasse 140
1000 Berlin 31

Tel. 030/87 04 06
TELEX - 183557

Spoerle Electronic KG
Max Planckstrasse 1-3
Postfach 10 21 40

6072 Dreieich/Frankfurt
Tel. 06103/304304
TELEX - 417903

GREECE

General Electronics Ltd.
209 Thivon Street
GR-184 54 Nikaia
Piraeus

Tel. 1/4922068

TELEX - 212949

IRELAND

Bloomer Electronics Ltd.

9-10 Carn Industrial Estate
Portadown-Co. Armagh BT63 5RH
Northern Ireland

Tel. 0762/339818

TELEX - 748054

ISRAEL

A. Schneider Ltd.

44 Petach Tikva Road
P.O. Box 18055

Tel Aviv 61180

Tel. 3/372089

TELEX - 33613

ITALY

Idac Elettronica s.p.a.

Via Verona 8

35010 Busa di Vigonza (PD)
Tel. 049/725 699

TELEX - 430353

Kontron s.p.a.

Via G. Fantoli 16/15
20138 Milano

Tel. 02/50721
TELEX - 312288

Lasl Elettronica s.p.a.

Viale Lombardia 1

20092 Cinisello Balsamo (Milano)
Tel. 02/6120441/2-3-4-5

TELEX - 331612

Silverstar Ltd.

20 Via dei Gracchi
20146 Milano

Tel. 02/4996
TELEX - 332189

NETHERLANDS
Techmation Electronics B.V.
P.O.Box 9

4175 ZG Haaften
Bernhardstraat Il

4175 Ed Haaften

Tel. 04189/2222

TELEX - 50423

NORWAY

Nordisk Elektronik A/S
Smedsvingen 4

P.O. Box 130

1364 Hvalstad

Tel. 02/846210

TELEX - 77546

SOUTH AFRICA
Electrolink Ltd.

P.O. Box 1020

Martin Hammerschlag Way
Cape Town 8000

Tel. 21/5350/1/2

TELEX - 527320

SPAIN

Kontron Electronica
Salvatierra, 4

28034 Madrid

Tel. 729 11 55
TELEX - 23382

Sutelco

Pilar de Zaragoza 23
Madrid 2

Tel. 1/245.86.03
TELEX - 43852



SWEDEN

Nordisk Elektronik A/B
Box 1409
Huvudstagatan 1

171 27 Solna

Tel. 8/734.97.70

TELEX - 10547

SWITZERLAND
Omni Ray AG
Industriestrasse 31
8305 Dietlikon
Tel. 01/835.21.11
TELEX - 53239

TURKEY

Turkelek Elektronik Ltd.
Hatay Sok. 8

Ankara

Tel. (41) 25.21.09/18.94.83
TELEX - 42120

UNITED KINGDOM
B.A. Electronics Ltd.
Hitchin Road

Arlesey

Bedfordshire SE15 6SU
Tel. 0462/834744
TELEX - 826257

Polar Electronics Ltd.
Europa House, West Street
Leighton Buzzard

Beds. LU7 7ND

Tel. 0525/377093

TELEX - 825238

Semtor Electonics Ltd.

Brooklyn House

22 The Green

West Drayton Middlexsex UB7 7PQ
Tel. 08954/45832

TELEX - 8814938

STC Electronic Services
Edinburgh Way

Harlow Essex CM20 2DE
Tel. 0279/26777

TELEX - 81525

Semiconductor
Specialists (U.K.) Ltd.
Carroll House

159 High Street, Yiewsley
West Drayton

Middlesex UB7 7XB

Tel. 08954/46415

TELEX 21958

YUGOSLAVIA

Belram S.A.

83 Avenue des Mimosas
1150 Brussels/Belgium
Tel. 02/734.33.32
TELEX - 21790

JAPAN

Dainichi Electronics Inc.
Koraku Bldg.

1-1-8, Koraku
Bunkyo-Ku, Tokyo 112
Tel. (03) 815-4711

Japan Electronics
Research Corp.
Omori Mitsubishi Bldg.
2-3-10 Sanno
Ohta-Ku, Tokyo 143
Tel. (03) 777-4111

Kokuel Tsusho Co., Ltd.
Hoei Bldg.

3-10 Kanda-Jimbo-Cho
Chiyoda-Ku, Tokyo 101
Tel. (03) 230-0190

Nagoya Dengensha
9-27 Furuwatari-Cho
Naka-Ku, Nagoya 460
Tel. (052) 322-3511

New Metals and
Chemicals Co., Ltd.
Shin Daiichi Bldg.
3-4-13 Nihonbachi
Chuo-Ku, Tokyo 103
Tel. (03) 201-6585

Takachiho Koheki Co., Ltd.
Nakamura Bldg.

1-2-8 Yotsuya

Shinjuku-Ku, Tokyo 160

Tel. (03) 355-1111

SOUTH AMERICA

ARGENTINA

Reycom Electronica SRL
Uruguay 485 - 7th Floor C
1015 - Buenos Aires

Tel. 40-2199/45-8092
TELEX - 17591

BRAZIL
Cosele
Comercio e Servicos
Electornicos Ltda.
Rua da Consolacao, 867 Cj. 22-01301
Sao Paulo
Tel. (011) 255-1733
TELEX - (011) 30869 CSEL BR

CHILE

Victronics Ltda.
Casilla 283-V, Correo 21
Santiago 01, Chile

Tel. 36440 or 30237
TELEX - 3520001

MEXICO

Mexel

Mexicana de Elect Ind. S.S.
Tlacogquemecatl 139-401
Mexico 12 DF

Tel. 575-78-68

TELEX - 1771823 MXELME

SOUTHEAST ASIA

AUSTRALIA

Allied Capacitors Pty. Ltd.
214 Harbord Road

P.O. Box 198

Brookvale 2100 NSW

Tel. 02/938-2422

TELEX - 790-25400

Rifa Pty. Ltd.
202 Bell Street
Preston, Victoria
3072, Australia
Tel. (03) 480-1211
TELEX - AA31001

HONG KONG

Astec Agencies Ltd.

RM 706-710, Austin Tower
22-26A, Austin Avenue
Tsimshatsui, Kowloon

Tel. 3/7210346-9

TELEX - 37528 ASAG HX

INDIA

A.T.E. Pvt. Ltd.

36, SDF-2, SEEPZ

Andheri (E), Bombay-400 096
Tel. 604 9032/630 0195
TELEX - 011-71513 DIP IN

Zenith Electro Systems Pvt. Ltd.
106, Mittal Chambers

Nariman Point

Bombay-400021

Tel. 2027887

TELEX - 011-3152 ZENTRONICS

KOREA

Won IL Commercial Corp.
402, Won IL Building

San 127-1, Seocho-Dong
Kangnam-Ku, Seoul

Tel. 2/5834321-3

TELEX - K27860 WONIL

NEW ZEALAND
Channel Master
Roma Road

Mt. Roskill, Auckland
Tel. 599-003

TELEX - NZ21033

SINGAPORE

Astec Components Pte Ltd.
116 Lavender Street No. 04-02
Singapore 1233

Tel. 2920826

TELEX - RS 35709 ASTEC

THAILAND

Choakchai Elect. Ltd.
128/22 Thanon Atsadang,
Bangkok, 10200 Thailand
Tel. 221-0432, 221-5384
TELEX - 84809 CESLP TH
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International Sales Offices

EUROPE

GENERAL INSTRUMENT
Optoelectronics Division
Moutstraat 104/106

B 9000 Gent, Belgium

Tel. 091/22.57.91
TELEX—12 686
FAX—091/21.23.50

FRANCE

GENERAL INSTRUMENT
FRANCE

5-7 Rue Amiral Courbet
94160 Saint-Mande

Tel. 01/43.74.25.75
TELEX—213.073

GERMANY

GENERAL INSTRUMENT
DEUTSCHL AND GmbH
Optoelectronics Division
Freischuetzstr, 96

8000 Muenchen 81

Tel. 089/95.99.70
TELEX—05/24523
FAX—089/9570489

ITALY

GENERAL INSTRUMENT
EUROPE DIV.

C.P. Clare Elettronica SRL
Via Quintiliano 27

20138 Milano

Tel. 02/5062584 /504605
TELEX—314233
FAX—02/5063930

UNITED KINGDOM
GENERAL INSTRUMENT
U.K.LTD

Times House

Station Approach

Ruislip, Middlesex HA4 8LE
Tel. 08956/36522
TELEX—23272
FAX—08956.39304

SOUTH AMERICA
GENERAL INSTRUMENT
Optoelectronics Division
3400 Hillview Avenue

Palo Alto, CA 94304

Tel. (415) 493-0400

North American Direct Sales Offices

HEADQUARTERS
GENERAL INSTRUMENT
Optoelectronics Division
3400 Hillview Avenue

Palo Alto, CA 94304

(415) 493-0400

TWX/TLX: 470208

FAX: (415) 493-7055

NORTHWEST REGION
GENERAL INSTRUMENT
Optoelectronics Division
3400 Hillview Avenue

Palo Alto, CA 94304

(415) 493-0400

Address update
September 1985

Optoelectronics Division
3400 Hillview Avenue
Palo Alto, California 94304

SOUTHWEST REGION
GENERAL INSTRUMENT
Optoelectronics Division
25301 Cabot Road, Suite 204
Laguna Hills, CA 92653
(714) 581-5817

CENTRAL REGION
GENERAL INSTRUMENT
Optoelectronics Division
2355 S. Arlington Hts. Rd.
Suite 303

Arlington Heights, IL 60005
(312) 364-9410

SOUTHEAST ASIA
GENERAL INSTRUMENT
MALAYSIA

Optoelectronics Division
5Jalan SS 8/2

Sungei Way Free Trade Zone
Kuala Lumpur, Malaysia

Tel. 761211

TELEX—GIMAL 37517

HONG KONG

GENERAL INSTRUMENT
HONG KONG LTD.
Room 1104-1107, Tower B.
Mandarin Plaza

14, Science Museum Road
Tsimshatsui East, Kowloon
Hong Kong

Tel. (03) 7226577
TELEX—54608 GIHK HX

JAPAN

GENERAL INSTRUMENT
INTERNATIONAL CORP.
Fukido Bldg.

1-13 Toronomon 4-Chome
Minato-Ku, Tokyo 105

Tel. (03) 437-0281
TELEX—720-2423413

EASTERN REGION
GENERAL INSTRUMENT
Optoelectronics Division
758 Highway 18, Suite 104
East Brunswick, NJ 08816
(201) 254-1588

NORTHEAST REGION
GENERAL INSTRUMENT
Optoelectronics Division

36 Commerce Way
Woburn, MA 01801

(617) 938-1444

TAIWAN

GENERAL INSTRUMENT
S.E.A.LTD

Discrete Semiconductor &
Optoelectronics Division
233, Pao Chiao Road,

Hsin Tien, Taipei, Taiwan
R.O.C.

Tel. (02) 9114804
TELEX—34297 GITSEAMK

SOUTHEAST REGION
GENERAL INSTRUMENT
Optoelectronics Division
3030 Holcomb Bridge Road,
Suite F

Norcross, GA 30071

(404) 446-2939




