
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PHOTOTRANSISTORS

Photo Current Collector
Package _ Acceptance Vce=5V Emittor
Type Package Outline Part Number Half Angle Ey=1000Ix Voltage Page
(mA) Vgeg (V)
T
3mm a I ) SFH309 1.0 35 342
Plastic
- BP103B-1 1.8-3.2
s == ) BP1038-2 16° 2.65.0 - 243
Plastic = = BP1038-3 4.0-80
BP10384 6.3-126
B8P103-1 .16-.32
Similar = .
Simitar o ,___=@ B8P103-2 - .250.5 5 aas
Plastic BP103-3 0.4-0.8
B8P1034 63-1.256
BPX38-1 0.408
18;18 BPX38-2 o .63-1.26 50 381
Glass Lens BPX38-3 0 1.0-2.0
BPX38-4 1.6-3.2
BPX43-1 1.6-3.2
BPX43-2 2.5-5.0
20°
TO-18 BPX43-3 4.0-8.0 8o 383
Round BPX43-4 6.3-12.5
Glass Lens
BPY62-1 1.25-2.5
BPY62-2 8° 2.0-4.0 32 355
BPY62-3 3.263
TO-18 | e em——
Fiat | e — SFH500 60° 0.7 15 357
Glass Lens | e ——
Similar to p— LPT100 >0.2
Round g LPT100A 30° 1.03.0
Epoxy Lens = LPT100B 1.3-26
30 347
Similar to = LPT110 >0.2
Far = LPT110A 50° 0618
Epoxy Lens LPT1108 0816
o 7\
!\Iﬂf;ln:tu re ' SFH305-2 16° 1.0-2.0 32 361
SFH305-3 1.6-3.2
BPX81-1 .63-1.25
Miniature BPX81-2 o 1.0-2.0
i 18
Plastic % ﬁ BPX81-3 1.6-3.2 32 35
BPX814 2.5-6.0
2 Diode Array BPX82
3 BPX83
4 BPX84
5 BPX85 18° 3210 32 359
6 BPX86 :
7 BPX87
8 BPX88
9 BPX89
10 BPX80
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A Siemens Company

SFH-309

T1 SILICON PHOTOTRANSISTOR
ADVANCED INFORMATION

FEATURES

¢ 3 mm (T1) Size Package

® .09 Inch (2.3 mm) Lead Spacing
® Low Cost
[ ]

Matches with SFH-409
Infrared Emitter

DESCRIPTION

The new silicon NPN phototransistor
SFH-309 is a low cost component in
the normal 3 mm plastic case.

This component was designed for
preferential use in simple IR light
barriers and for remote control
applications in entertainment
electronics and toy industry.

Package Dimensions in Inches (mm)

13

026 (3.3)
(:65) 3.1)
(:50) 12
.020

114 .;476
(22.9) | (3.7)
@2 [ ;(3.5)
06y | 138
18 (1) § 268
46 L. 6.8
.018 (6.4)
(0.45) K Yy .252
03) — ? A
.012 L
.59
(.1(')?2) (%)s) (1’6655
0. 6) (16.9)
(.Ogg) 575 (16.1)
| 634
026 i
(.65)_»“1_
(50) CATHODE
.02 .09
(2.3)
Characteristics (@25 °C)
Photo Current (Vcg =5 V; E, = 1000 Ix) lp 1mA
Collector-Emitter Leakage Current Iceo 5 (=100) nA

(Vge=30V; E=0)
Wavelength of the Maximum Sensitivity M max 850 nm
Switching Time t, t 5(=<10) us

Maximum Collector-Emitter Voltage Veceo 35V

Specifications subject to change without notice.
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A Siemens Company

BP 103B SERIES

PHOTOTRANSISTOR

FEATURES

o Silicon NPN Epitaxial Phototransistor
e Low Cost

e T 1% Package

e Clear Plastic Lens

e Narrow Acceptance Angle 16°

e Very High Gain, Up to 56 mA

DESCRIPTION

BP103B is an epitaxial NPN silicon photo-
transistor of high sensitivity. It is enclosed
in a tubular 5 mm all-plastic package.

The base terminal is not contacted, control
is performed by the incident light. The
collector is characterized by a flattening on
the package base.

The phototransistor is mainly intended for
standard applications and for use in auto-
matic electronic flashes. Due to the tubular
plastic shape, it can easily be mounted into
holes and performed plastic sleeves; e.g.
LED mounting assemblies.

Package Dimensions

Area not clear

026 (6.5)
020(0.5)

ra— 339 (8,6) —»{

0.1(2,54)
Frame
|
T

492 (125)
(476 121) ™

e G —

T )
(H= -

Radiant Sensitive Area

04704

026 (0,65)
1020 (05)

.535 (13,6}

Dimensions inside parenthesis are in mm cq,.,m: ;gi (g.g)
Dimensions outside parenthesis are in inches 224500
Maximum Ratings

Collector-emitter voltage Veeo 35 v
Emitter-Collector voltage Veso 7 v

Collector current Ic 100 mA
Collector peak current (¢ <10 ps) Icm 200 mA
Junction temperature T 125 °C

Storage temperature Tstor -55 to 80 °C

Max. permissible soldering temperature (t<5s) 7, 260 °C

Power dissipation (Tems = 25°C) Pt 210 mwW
Thermal resistance

Collector junction to air Rinsamb 350 K/W
Characteristics (7,m, = 25°C)

Collector-emitter leakage current

(Vee=30V;E=0) Iceo 5 (=100) nA

Range of spectral sensitivity

(S=0.1Smad 2 440101070 nm

W: gth of the max. itivity As max 850 nm
Collector base — Photodiode

(E, = 1000 Ix; Ve =5 V) foca 10.8 HA

(Eg = 0.5 mW/cm2; A = 950 nm; Vg =5 V) Ipcg 2.7 HA
Radiant sensitive area A 0.12 mm?

Rise time to 90% of the final value

Fall time to 10% of the initial value

(Ru=1kQ)" tt 5(=10) us
Capacitance

(Vee=0V:f=1MHz; £=0) Cee 1" pF
Acceptance half angle [4 16 degrees
Grouping is done at £,=1000 Ix.

Group BP103B-1 BP103B-2 BP1038-3 BP103B-4
Photocurrent Ir |1.6t03.2 |25t05.0 [4.0t08.0 Te3t0126 [mA
(Vee=5V; £,=1000 Ix)

Photocurrent  approx. /e (7to 14 11t022 1810 36 281056 mA
(Vee = 5V; £ = 20 mW/cm?)

Thei i refer to unfil d ofa lamp at a color tem-
p of 2856 K dard light Ain di with DIN 5033 and IEC 306-1). Irradi-

ance £, measured with HP radiant flux meter 8334A with option 013.

" measured with LED 2 = 950 nm

Specifications are subject to change without notice.
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A Siemens Company

BP-103 SERIES

SILICON PHOTOTRANSISTOR

FEATURES
@ Silicon NPN Epitaxial
Phototransistor

Modified TO-18 Package
Clear Plastic Lens

Wide Acceptance Angle, 60°
Four Sensitivity Ranges

DESCRIPTIONS

The BP-103 is an epitaxial NPN silicon
planar phototransistor, mounted on a
base plate similar to 18 A 3 DIN 41876
(TO-18) with glass-clear plastic
encapsulation. The plastic cover
provides a wide angle for the incident
light. This angle can also be reduced
by mounting a diaphragm. The emitter
terminal is marked by a small
projection on the case bottom. The
collector is electrically connected to
the metallic case parts. The
phototransistor is particularly suitable
for use in automatic electronic flashes
with base integrating circuit and self-
excited (high-frequency) breakdown
voltage generators (see circuit
diagram) and in high Q electronic
instructional toys used in filament
lamp light and daylight, as well as in
combination with GaAs infrared
emitting diodes in small light barriers.

Package Dimensions in inches (mm)

@.167

(24.25)

(04.15).
2.163

_RADIATION SENSITIVE AREA
016X.016 (0.4 0.4)

110
018
(20.45) (28)—

570 150
492 (?226)
Maximum Ratings
Collector-Emitter Voltage (Vego) « v vvvvvvvivvviiinennnn.
Emitter-Base Voltage (VEgQ) - -+ v vvvvvevviinneiiii ..
Collector Gurrent (Ig) . ... ..ovvviiii i
Collector Peak Voltage (Igy), t=<10 u$
Junction Temperature (ri) ..........
Storage Temperature (To,)

Maximum Permissible Soldering Temperature (Tg), t<56s ...... 260°C
Power Dissipation (Pyo;), Tamp=25°C .......coovviivnnnnn. 300 mwW
Thermal Resistance Collector Junction-To-Air (Rypyamp) -- .- 500 KIW

Collector Junction-To-Case (Rihjcase) - - 200 KIW

Characteristics (T, =25°C)
Collector-Emitter Leakage Current (Icgo)

(VEE=30V;E=0) ...niiiiiieeaeeaenn 5(=100) nA
Range of Spectral Photosensitivity (N(S =0.1 Sy,,) ... 440to 1070 nm
Wavelength of the Max. Sensitivity A\g max) - -« -+ v vvvvneen 850 nm
Typical Spectral Sensitivity of the Collector Base Photodiode (Ipcg)

Ey=1000 DG VEE=5V oottt 2.1,A

Ee=0.5mW/cmZ A =950 nm; Veg =5V ....veveieennns 0.55 uA
Radiant Sensitive Area (A) . .. . ......ooeeeinreniieeean. 0.12mm?

Rise Time to 90% of the Final Value
Fall Time to 10% of the Initial Value (1, t) (R =1 k(l)1 ... 5(=10)ps

Capacitance (Cce) Voe=0V; f=1MHZE=0 ............. 9 pF
(Cop), Vep=0V;f=1MHZ;E=0............ 13pF
(Ceg), VE=0V;f=1MHZE=0............ 21 pF
Half-Angle (@) . ... 60 Degrees
Group BP 103-1| BP 1032 | BP 103-3 | BP 1034
Photocurrent
(Vee=5V;
Ey =1000 Ix) Ip 160 to 320{250 to 500(400 to 800 630 to 1250|xA
Photocurrent
(Vee=5V,;

Ee=20 mwWicm?) lp 0.7t01.4|1.1t022|1.8t036 [28t056 |mA
Current Gain
(€,=10001x  lpce) (g, 280 450 710
Veg=5V) Ipcs
Collector-Emitter/
Saturation Voltage
(Ic=0.1 mA;
Ig=1puA; E=0) Vcgsat| 200 170 160 160 mv
(Ic=2.5mA;
Ig=25 pA; E=0) Vcgsat | 190 160 150 150 mvV
The illuminances refer to unfiltered radiation of a tungsten filament
lamp at a color temperature of 2856K. (Standard light A in accordance
with DIN 5033 and |EC 306-11). Irradiance Eg measured with HP radiant
flux meter 8334A with option 013.
1. Measured with LED A =950 nm. (1) lpcg = Photocurrent of transistors;
Ipcg = Photocurrent of Collector-Basis-Diode.

-

Specifications subject to change without notice.
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floshiube

IN 4148
0y

2200pF ==6, 0,2
f’ﬁ T

Breakdown voltage-generator
for measuring circuit

W1 : 4 turns 0.15 @ CuLS

W2 : 1 turns 0.25 @ Cul.

W3 : 140 turn 0.15 @ CulLS
Interior space of the coil

with SIFERRIT cylindrical core,
material M 25,

inner coil diameter: 11 mm

P,
<3
<>
“hov KAT05-02
quenchtube
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LPT-100/110 SERIES

PHOTOTRANSISTOR

FEATURES
® Collector Dark Current 0.25 nA Typ

® Responsivity
0.6uA/mW/cm2 Min (Tungsten)
1.8uA/mW/cm? Min (GaAs)

® Photo Current
0.2 mA Min (Tungsten)
0.6 mA Min (GaAs)

® Rise and Fall Time 2.8us Typ

APPLICATIONS

® Position Detector

® Intrusion Alarm Sensor
® Optical Tachometer

BENEFITS
® Flexible Circuit Design
Base Lead Availability
Large Range of Sensitivities
® Greater Power Dissipation — Ceramic
Case
® Reliable — Exceptionally Stable
Characteristics

Package Dimensions (in inches)

LPT100/LPT100A/LPT100B
200
DIA
LENS—_| _
4 75
105 TYP 035
it
i 4]” b
+003 D 100
050
BASE |
EMITTER

/Q COLLECTOR
.080 FLAT

NOTE: ALL LEADS ELECTRICALLY ISOLATED FROM CASE

LPT110/LPT110A/LPT1108

.200
DIA
113
+.013
1
guu
:H..EADS/U Un 400ij
019 -
+.003 O'A- »L\ l:wo
.050

Ly
/g .080 FLAT

NOTE 1: ALL LEADS ELECTRICALLY ISOLATED FROM CASE.
NOTE 2: FLATNESS VARIATION OF TOP OF CUP IS +.015.

COLLECTOR

NOTE 3: PHOTOSENSITIVE AREA IS WITHIN A .030 DIAMETER CIRCLE
WITH CENTER OF CIRCLE COINCIDENT WITH THE CENTER OF PACKAGE.

Specifications are subject to change without notice.
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MAXIMUM RATINGS

Maximum Temperatures/Humidity

Storage TeMPerature . . .. ... .uvuvee e eeneneeennneneneeenenn

Operating Junction Temperature

Relative Humidity at Temperature . . . ... .......cuvveunnnnnnnnnn.

Maximum Power Dissipation (Notes 1 and 2)
Total Dissipation at +25°C Case Temperature . . .. .

-55°C to +100°C
-65°C to +85°C
98% at +65°C

Total Dissi at +25°C Ambient Temperature
Maximum Voltages (Note 5)
BVcgo Collector to Base Voltage . ...... ... ..ot 50V
LVcgp Coll to Emitter S ining Voltage ... ... . 3o0v
Maximum Current
Ic Collector CUITENT . .. ..ottt it ittt et cn et 100 mA

OPTO-ELECTRICAL CHARACTERISTICS (25°)

LPT-100/A/B LPT-110/A/B )
Symbols Parameter Units Test Conditions
Min Typ Max Min Typ Max
lcao Collector Dark Current 0.256 25 0.25 25 nA Vg = 10V (Note 5)
Icgo (65°C)  Collector Dark Current 0.025 05 0.025 05 MA Vcg = 10V (Note 5)
Iceo Collector Dark Current 20 100 20 100 nA Vce =5.0V (Note 5)
Ree Responsivity (Tungsten) 06 1.6 0.6 1.0 MA/mW/cm?2 Vg = 10V
(Notes 3 and 8)
Rcs Responsivity (GaAs) 1.8 4.8 1.8 3.0 MA/mW/cm? Vgg = 10V
(Notes 4 and 8)
leew) Photo Current (Tungsten)
LPT-100 and LPT-110 0.2 1.4 0.2 0.88 mA Vce =5.0V
“A" Only 1.0 3.0 0.6 1.8 mA { H = 5.0 mW/cm?2
“B" Only 1.3 26 0.8 1.6 mA (Notes 3 and 7)
leew) Photo Current (GaAs) 0.6 42 0.6 2.7 mA Vce=5.0V
H = 5.0 mW/cm?
(Notes 4 and 7)
t,, t Light Current Rise Time 28 28 us (Note 6)
Vce(sat) Collector to Emitter 0.16 0.16 \% Ic = 500nA
Saturation Voltage H =20 mW/cm?
BVceo Collector to Base Break- 50 120 50 120 \% Ic = 100uA
down Voltage (Note 5)
LVeeo Collector to Emitter 30 50 30 50 \% Ic=1.0mA
Sustaining Voltage (Note 5)
BVeco Emitter to Collector 7.0 7.0 v lgc = 100pA
Breakdown (Note 5)
Note 1: These are steady state limits. The factory should be on pulsed or low duty cycle
operations.

Note 2: These ratings give a maximum junction temperature of +85°C and junction to case thermal resistance of +300°C/W
(derating factor of 3.33 mW/°C) and a junction to ambient thermal resistance of +600°C/W (derating factor of 1.67 mW/°C).
Note 3: Measured at noted irradiance as emitted from a tungsten filament lamp at a color temperature of 2854°K.
Note 4: These are values obtained at noted irradiance as emitted from a GaAs source at 0.9u.

Note 5: Measured with radiation flux intensity of less than 0.14W/cm2 over the spectrum from 100 to 1500 nm.
Note 6: Rise time is defined as the time required for ICE to rise from 10% to 90% of peak value. Fall time is defined as
the time required for ICE to decrease from 90% to 10% of peak value. Test conditions are: ICE =4.0 mA, Vg = 5.0V,
R =100 Ohms, GaAs Source.

Note 7: No electrical connection to base lead.
Note 8: No electrical connection to emitter lead.
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TYPICAL OPTO-ELECTRONIC CHARACTERISTICS
FIGURE 2. COLLECTOR
FIGURE 1. PHOTO CURRENT CURRENT VS COLLECTOR FIGURE 3. COLLECTOR
CHARACTERISTICS VOLTAGE BASE CHARACTERISTICS
= 10,000 FTrTTTTTTTTT g SrTTT 18 T T
% 1000 e gE oY : H 1t e /:', " 2. 200 fc = 10 mW/em?
¥ 100 Pt lonn NEES s %4 3 ZTTTTT
g 100 W 8| E e ‘-z":"'l"’;,’/ 4 -IB 12 V1180 tc = 7.5 mw/emz |
g w0 o Al ¢ e & 1 | I
5 Nl E it ‘7 w9 100 fc = 5 mW/cm? 1]
S 1 pf 110/A/8 RPN SRl &
& 4 NN g temuen W 3 6 I
54 P lcao, Ves = 10V 5 e | 7] = A1 50 fc = 2.5 mW/cm?
‘g 01 ; o | -|:A . IZ'S'IC g ! r_:‘&:mwllemf - g 3 . 25"6 e
g . H | [z 8 . Te -5
110 100 1,00 [} 10 20 3 4 S0 -075 -0250 10 20 30 40 50 80 70
ILLUMINATION FT. CANDLES COLLECTOR VOLTAGE — Vcc (V) COLLECTOR — BASE VOLTAGE — Vcg (V)
GRS REREREE
IRRADIANCE (mW/cm?2)
FIGURE 5. COLLECTOR
FIGURE 4. ANGULAR DARK CURRENT VS FIGURE 6. SPECTRAL
RESPONSE TEMPERATURE CHARACTERISTICS
[t T T , w
8 o VTN LLPT-110 %m0 % s / \\
& z
g ) } i - LPT-100 ’z_| 100 » g \
« 60 1T T z @ 60
“2' 50 H :‘ € 10 71 lceo. Vee =5V 4—f Yy 50
g © N s L A R n,
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10 ' w 10 \
° - ~ 0 [ I
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FIGURE 7. RISE AND FALL FIGURE 8. TURN-OFF FIGURE 9. TURN-ON
TIME VS COLLECTOR DELAY TIMES FOR DELAY TIMES FOR
CURRENT (SHOWN IN CURRENT (SHOWN IN CIRCUIT (SHOWN IN
FIGURE 10) FIGURE 11) FIGURE 11)
21 \Y 30 _ ¢
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% e A R
3 s \ ¥ 0 A LA
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TYPICAL OPTO-ELECTRONIC CHARACTERISTICS (CONT.)

FIGURE 10. SWITCHING CIRCUIT FIGURE 11. CIRCUIT FOR TURN-ON
FOR RISE AND FALL TIMES AND TURN-OFF DATA
Vee
—_—

H
— Vour
Wl
. out DTL 1/6—937
FORIc =2mA TTL 1/6-9016

R1 -

SOURCE GaAs
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litronix BPX 38 SERIES

A Siemens Company PHOTOTRANSISTOR

Package Dimensions
= 110 (2,8) ECB
& g% —— p— i i
S
- |
g g3 s
s —————— 5 1% s
e Ele | L
|
1 f o 2
571 (145) 2368 | 5,5
492 (1251 197 (5) 68
Radiant Sensitive Area .034 (0,86) x .034 (0,86)
Dimensions inside parenthesis are in mm
Dimensions outside parenthesis are in inches
Maximum Ratings
Collector-emitter voltage Vceo 50 v
Emitter-base voltage Veso 7 \
Collector current Ic 50 mA
Junction temperature Tj 175 °C
Storage temperature Tstor -55t0 +125 °C
Power d:ssmat-on (Tamb = 25°C) Prot 330 mwW
Max. ible soldering p e (t<5s) Ts 260 °C
Thermal resistance
Collector junction to air Rthgamb | S 450 K/wW
Collector junction to case Rithycase | < 150 K/wW
Characteristics (T, = 25°C)
Range of spectral sensitivity
(S = 0.1Smax) i 450101080 | nm
Wi gth of the max. itivity Asmax | 870 nm
Collector-base — photodiode
FEATURES (E, = 1000 Ix; Vg = 5'V) fce | 48 uA
(E,= 0.6 mW/cm2; X = 950 nm; Ve =5 V) Ieca 1.2 uA
Radiant sensitive area A 0.65 mm2
. o . Capacitance
e Silicon NPN Epitaxial Planar Photo- (Vee = OV: = 1MHz; E = 0) Cee |23 oF
transistor Ces | 41 PF
(Veg =OV;f=1MHz E = 0) Ces 47 pF
e Premium Hi-Rel Device Acceptance half angle 14 40 degree
. . Grouping is done at E, = 1000 Ix.
e TO-18 Size Hermetic Package
e Flat Glass Lens Group BPX 38-1 BPX 38-2 BPX 38-3 | BPX 384
) ° Photocurrent Ip 1041008 [063t01.25 |1.0t02.0 [1.6t03.2 mA
o Wide Acceptance Angle, 40 (Ve = 5 V; E, = 1000 Ix)
Photocurrent approx. Ip |16t03.2 [25t05.0 45t09.0 |7.0t0140 |mA
® Moderate Gain, Up to 14 mA (Vee = 5V; Eg = 20mW/cm2)
. Rise time from 10% to 90%
e Four Sensitivity Ranges of the final value
Fall time from 90% to 10%
of the initial value
(Ic=1mA; Ve =5V;
DESCRIPTION R_=1kQ)!) tity |5 6 8 12 us
Collector-emitter
. o . . saturation voltage
The BPX 38 is a silicon NPN epitaxial (e = 2 mA: Ig = 50 uA:;
planar phototransistor in an 18 A 3 DIN E=0) Ioep2) CEst | 175 175 160 140 mv
: : Power gain P(CE) 100 160 250 400
41876 (TO 18) case with flat window and E 21000 1 Ver £ 5 v)
high radiant sensitivity for front irradiation. Collector-emitter
. . leakage current
The flat window has no influence on the (Veeo =25 V;E=0) Icgo |5(<200) |8(£200) |12(s500) |20(<500) |nA
light paths. It is, therefore, particularly The ill refer to unfi iation of a filament lamp at a color
suitable for industrial applications where of 2856 K. d light A in accordance with DIN 5033 and IEC 306-1).
’ lrradlanoe E, measured with HP radiant flux meter 8334A with option 013.
lens systems are used. The collector 1) messured with LED A = 950 nm
terminal is electrically connected to the 211 ce. = Photocurrent of the phototransistor
o ico, =
case.
Specifications are subject to change without notice.
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litronix BPX 43 SERIES

A Slemens Company PHOTOTRANSISTOR

Package Dimensions Radiant Sensitive Area
018 x 016
-0 X
o 018 (28) ECB
045
;—*.__1__——
571(14,5) e 236
492 (125) =

Dimensions inside parenthesis are in mm
Dimensions outside parenthesis are in inches

Maximum Ratings

Collector-emitter voltage Veeo 50 2
Emitter-base volitage Veso 7 \
Collector current Ic 100 mA
Junction temperature T; 175 'C
Storage temperature Tstor - 55to0+125 'C
Power dissipation (Tymp = 25 'C) Prot 330 mwW
Max. permissible soldering temperature (t* 5 s) Ts 260 ‘C
Thermal resistance

Collector junction to air Rihyamb | = 450 Kw
Collector junction to case Rihg case | = 150 Kw

Characteristics (7,,, = 25°C)

Range of spectral sensitivity

(S = 0.1 Smax) A 450 to 1080 nm
Wavelength of the max. sensitivity Asmex | 870 nm
Collector base — photodiode
FEATURES (E, = 1000 Ix; Ve =5 V) frcs 25 LA
(Eq= 0.5 mW/cm?; X = 950 nm; Ve =5 V) e 71 KA
Radiant sensitive area A 0.65 mm?
. . . Capacitance
o Silicon NPN Epitaxial Planar Photo- (Veg = OV; f = 1MHz; E = 0) Cee 23 pF
. (Vep = OV: f=1MHz; E = 0) Ces 41 PF
transistor (Veg = OV; f=1MHz; E = 0) Ces a7 pF
e Premium Hi-Rel Device Acceptance Half Angle ¢ 0 Degrees

Grouping is done at E, = 1000 Ix.

e TO-18 Size Hermetic Package

Group BPX 43-1 BPX 43-2 BPX 43-3 BPX 43-4
¢ Rounded Glass Lens Photocurrent I» |16t032 |251060 |40t080 |6.3t0125 |mA
o Narrow Acceptance Angle, 20° (P‘ﬁ::t:cir\:e;riv ) 1002;:;:0» Ip [9t018 141028 |22t045 |35t070 |mA
e Very High Gain, Up to 70 mA Rt ime from10%1000%.
o Four Sensitivity Ranges Bl e from B0% 1010%

of the initial value
(lc=1mA; Ve =5V;

DESCRIPTION R =1kQ") tite |6 6 8 12 us
Collector-emitter
saturation voltage
The BPX 43 is a silicon NPN epitaxial lEIc =o)2mA:1a=50uA: y - 15 160 140 v
. . = CEsat m
planar phototransnstor‘m an 18 A3 Dll\f Power gain ;P ce2) . 135 215 a5
41876 (TO 18) case with lens-shaped win- (E, = 1000 1x; Ve = S¥)
dow for front irradiation. The special Collector-emitter
. . . ) R leakage current
transistor system in connection with the (Vo =26V:E=0)  Iceo |5($200) |8(s200) |12(s500) {20(s500) [nA
lens shaped window provides the transistor The illumi refer to unfi iation of a filament lamp at a color
ith icularly i L . P of 2856 K. light A in dance with DIN 5033 and IEC 306-1).
with a particularly high spectral sensitivity. Irradiance E, measured with HP radiant flux meter 8334A with option 013.
It is therefore suitable for industrial appli- 1) measured with LEDA = 950 nm

2) J; ce, = Photocurrent of the phototransistor
I = of the collector.b

cations at low illuminances. The collector
terminal is electrically connected to the
case.

Specifications are subject to change without notice.
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Relative spectral sensitivity
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BPY 62 SERIES

PHOTOTRANSISTOR

litronix

A Siemens Company

Package Dimensions Radiant Sensitive Arsa
016 016
- (.no’ W X
018 2,8 ECB
o(0,45) { /
e — ] sE J 5
— "'e < ;g:
571(145) 238 an
492 (125) bl ) (55)
Dimensions inside parenthesis are in mm
Dimensions outside parenthesis are in inches
Maximum Ratings
Collector-emitter voltage Veeo 32 v
Emitter-base voltage Veso 5 v
Collector current Ic 100 mA
Junction temperature T; 128 °C
Storage temperature Tstor -55to +125 °C
Power dissipation (Tymp = 75°C) Prot 300 mwW
Thermal resistance
Collector junction to air Rihjamp | 500 KW
Collector junction to case Rithicase | 200 KW
Characteristics (7, = 25°
FEATURES 8 (Tams = 25°C)
Collector-emitter leakage current
(Ve =25V;E=0) Iceo § (s 100) nA
. ) ) Collector-emitter saturation voltage
e Silicon NPN Epitaxial Planar Photo- (Ic = 1mA; E, = 1000 Ix) Vet | 03 v
. Range of spectral sensitivity
transistor (5> 0.1 Smax) L 430101060 | nm
o ;. " Wi gth of the max. AS max 800 nm
o Premium Hi-Rel Device Collector-base — photodiode .
A H (E,= 1000 Ix; Ucg =5 V) PCB 17 HA
L] - v
TO-18 Size Hermetic Package (£, - 0.5 mWiem® .= 950 nm; Veg = 5 V) e 25 A
o Rounded Glass Lens Rise time from 10% up to 90% of /p
Fall time from 90% up to 10% of Ip
e Very Narrow Acceptance Angle, 8° (RL=1kQ)") ity 5 us
. . Radiant sensitive area A 0.12 mm?2
e High Gain, Up to 28 mA Capacitance
(Veg = 0V; f=1MHz E = 0) Cee 6 pF
(Vg =O0V:f=1MHz;E = 0) Ces 10 pF
(Ves =OV;f=1MHz E = 0) Ces 12 oF
Acceptance half angle "4 8 degrees
DESCRIPTION Grouping is done at E, = 1000 Ix.
. - B G BPY 62-1 BPY 622 8PY 623
The BPY 62 is a silicon NPN epitaxial P:""" TRy
N . otocurrent (Vce = 3
phototransistor in an 18 A 3 DIN 41876 E, = 1000 Ix;)") Ip | 1.261025 | 20t04.0 32163 mA
. . . (Vee=5V;
(TO 18) case with a light window for front E, = 20 mW/cm?2 approx./p | 5010100 | 9.0t0180 | 14.0t028.0 [mA
irradiation. The base connection is brought Power gain ;:4(%!
out and the emitter is marked by a small (E, = 1000 Ix; Vce = 6 V) 355 560 900
projection on the case bottom. The col- The illumi refer to ation of a " Jamp at a color
lector is electrically connected to the case. of 2856 K. light A in with DIN 5033 and IEC 306-1).

The phototransistor BPY 62 is suitable for
versatile applications in connection with
filament lamp light mainly where particu-
larly sensitive photoelectric detectors are
required.

Irradiance E, measured with HP radiant flux meter 8334A with option 013.

1) measured with LEDA = 950 am
24, ce, = Photocurrent of the phototransistor

Iocor =

Specifications are subject to change without notice.
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litronix

A Siemens Company

SFH 500

PHOTO TRANSISTOR

FEATURES

® TO-18 Package
® Flat Glass Lens
® Fast Speed, 2 MHz

DESCRIPTION

SFH 500 is a fast NPN silicon planar
photodetector with a frequency to 2 MHz
and a wide range of modulation from 102
to 104 LUX. The 1 X 1 mm chip is
mounted in a TO-18 package with flat
glass lens window. The photodetector is
especially suitable for light wave conduc-
tor application through the small cap
body (up to 2 Mbits/s). Also suitable for
industrial electronics and in camera
applications where a wider sensitivity
range is necessary. The case is electrically
connected to the collector.

Package Dimensions

2 10028
< 0.10 (26
2 — —
? t ECB
; .185 .181 -3
[} — (a1 @6 o'g:
<
T .209 (5.5)
571(14,5) 150 (3,8) 217 (6.3)
492 (125) 138EE
Radiant Sensitive Area
Dimensions inside parenthesis are in mm
Dimensions outside parenthesis are in inches
Maximum Ratings
Collector-emitter voltage Veeo 15 \2
Emitter-base voltage Veso 7 v
Collector current Ic 20 mA
Junction temperature A 100 T
Storage temperature Ts -55...+100 c
Max. soldering temperature (t <5s) T 260 c
Power dissipation (Tymp = 25°C) Peor 100 mwW
Thermal resistance
Collector junction to air Rihsjamp 600 K/W
Collector junction to case thicase 250 K/W
(Tame = 25°C)
Photocurrent
(Vee=5 V; £, = 1000 Ix)! 1, 700 (>450)  wA
(Vee =5 V; £, = 0.5 mW/cm?2)2 I, 185 uA
Wavel of the max. itivity As max 825 nm
Quantum yield Electrons
(Electrons per photon)(\ = 850 nm) n 0.84 Photon
Spectral sensitivity (A = 850 nm) Sa 0.56 A/W
Collector-emitter leakage current
(Ve =30V; E=0) Iceo 1(<10) nA
Collector-emitter saturation voltage
(Ic =500 uA; Ig = 25 uA; E=0) Veesat 0.8(<1.2) \
Range of spectral sensitivity
(§=0.1Smax) A 420...1100 nm
Typ. spectral sensitivity of
the collector base photodiode S 1.17 nA/lIx
Radiant sensitive area A 0.14 mm?2
Rise and fall time of the photocurrent
Rise time to 90% of the final value
Fall time to 10% of the initial value
(RL=1kQ) tty 0.25 us
Capacitance
(Vce=5V:f=1MHz E=0) Cee 27 oF
(Veg =5V; f=1MHz; £=0) Ces 5.6 oF
Cut-off frequency
(RL=50Q;V=12V;I=5mA) fy 2 MHz
Current gain (Vcg =5 V; Ic = 0.1 mA) B 600 -

Tmessured with LED A = 950 nm)

21, (ce) = Photocurrent of the phototransistor

Ip (ce) = of the collector-b

Specifications are subject to change without notice.
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Relative spectral emission
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BPX 81 SERIES

PHOTOTRANSISTOR
SINGLE AND ARRAYS

litronix

A Siemens Company

FEATURES

Silicon NPN Planar Phototransistor
Low Cost

Miniature Size

Available As Single Unit, BPX 81 and Arrays—
Two Chip, X 82

Three Chip, BPX 83

Four Chip, BPX 84

Five Chip, BPX 85

Six Chip, BPX 86

Seven Chip, BPX 87

Eight Chip, BPX 88

Nine Chip, BPX 89

Ten Chip, BPX 80

* Narrow Acceptance Angle, 18°

® High Gain, Up to 5 mA

DESCRIPTION

The types BPX 80 to BPX 89 are plastic encap-
sulated phototransistor arrays consisting of an
arrangement of max. 10 silicon NPN epitaxial
planar phototransistors. The individual photo-
electric detectors are spaced apart according to
the standard lead spacing of 2.54 mm (1/10").

A small angle of the lens-shaped light window
avoids optical ‘‘cross modulation’’ from the
adjacent system. The collector terminals are
marked by small projections arranged at the
sides of the solder pins. The phototransistor is
suitable for versatile applications in conjunction
with filament lamps and infrared light. The

BPX 81 can be mounted on PC boards and is also
provided for use as detector of the light emitting
diode LD 261 (same type as BPX 81) in miniature
light barriers.

Package Dimensions

a4 Single Unit Jaem Arrays
N — i —
2 | < X
AN o M238 A A A A
Cathods 07501.9) “08g 12832 = -
%6701, i25) z _E [ 1 i l

138 (35)
21803)

f— |

058
085 (1.0 i) ) -
038 (1) ez |08 ] oo 21908 o | "% 254 -
LT - 015 (04) 05 (1)
u"m'u”f , Fme .1 (250 Enaiaad 1 V)
)4

e Dimaensions inside parenthesis are in mm

Redart Sensthe Are 316 (9431 x 916 {0.40) Dimensions outside parenthesis are in inches

Maximum Ratings

Coliector-emitter voltage Vee 32 v
Junction temperature T 90 °C
Collector current Ic 50 mA
Storage temperature Tstor -40to+ 80 °C
Power dissipation Prot 100 mwW
Soldering temperature in a 2 mm distance
from the case bottom (t < 3's) Ts 230 °C
Thermal resistance
Collector junction to air Rihgamp | 750 K/w
Collector junction to solder pin R 650 K/w
Characteristics (7,mp = 25°C)
Collector-base — photodiode
(E, = 1000 Ix; Vcg = 5 VO Ircs 7.1 HA
(Eq= 0.5 mW/em2; A = 950 nm; Vce =5 V) Irce 15 HA
(Vee =5V)
Collector-emitter leakage current
(Veg =25V;E=0) Iceo 25 (< 200) nA
Collector emitter saturation voltage
(Ic = 0.25 mA; E, = 1000 Ix) Vegsat | 0.2 v
Range of spectral sensitivity
(S 2 0.1 Smax) A 440 to 1070 nm
Wavelength of the max. itivity As max 850 nm
Rise time from 10% up to 90% of the final value
Fall time from 90% up to 10%
of the initial value (R = 1kQ)") te ts 5(<10) Hs
Radiant sensitive area A 0.17 mm?2
Capacitance
(Vce =0V; f=1MHz; E = 0) Cece 6 pF
Acceptance half angle 7] 18 deqree

Grouping is done at £, = 1000 Ix.

Group BPX 81-1 |BPX81-2|BPX81-3 [BPX 814 |BPX 82to80

Photocurrent
(Vee =5 V; E, = 1000 Ix)
Photocurrent ' approx. /p | .16 to .32 |.25 to .50| .40 to .80 | .63 to 1.25( .25to0 1.25 |mA

»|0.631t01.25(1.0t02.0|1.6t03.2 |{25t05.0 |.63t05.0 mA

(Vce=5V; £, =.5 mW/cm?)| 20 mW/em?
Colour code brown red orange yellow
Upon request these groups are available. E, = 1000 Ix E, = 0.5 mW/cm?
BPX 82A thru BPX 80A 13 1251025 3210 .63
BPX 82B thru BPX 808 I 1.6 t03.2 .40 t0 .80
BPX 82C thru BPX 80C & 20 t04.0 .50 to 1.00
The i i refer to d of a filament lamp at a colour

P of 2856 K. light A in with DIN 5033 and IEC 306-1).
Irradiance E, measured with HP radiant flux meter 8334A with option 013.

Specifications are subject to change without notice.
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litronix

A Siemens Company

SFH 305 SERIES

PHOTOTRANSISTOR

FEATURES

® Miniature Plastic Package
® 2.5mm (1/10") Lead Spacing

® Detector for SFH 405
Infrared Emitter

©® Designed for Maximum Spacing of
10 mm Between Emitter & Detector

DESCRIPTION

The SFH 305 is a NPN silicon planar
photo transistor in clear plastic encapsula-
tion with solder PIN terminals. The
connectors ih the form of solder tabls are
spaced 2.54 mm (1/10 inch). The photo
transistors are grouped according to photo
sensitivity. The SFH 305 is suitable for
use as detector for the infrared diode
SFH 405 to effect miniature light barriers
with close spacing between sender and
receiver up to 10 mm maximum. Also,
the SFH 305 is suitable for application
with glow-lamp light, i.e. daylight. The
collector is marked with a colored dot.

Package Dimensions in Inches (mm)

112
(2.84)
(2.28) —y
088

Maximum Ratings

Collector-emitter voltage Vceo 32 v
Junction temperature T 90 c
Collector current Ic 50 mA
Storage temperature Ts -40...+80 c
Power dissipation (Tymp = 25°C) Pror 75 mw
Max. soldering temperature (t <5 s) T 230 c
Thermal resistance

Collector junction to air Rinsamb 950 K/W

Collector junction to case ReuniL 350 K/W

Characteristics (7amn=25%)
Collector-emitter leakage current

(Vce =30V E=0) Iceo 3(<20) nA
Collector-emitter saturation voltage

(Ic =500 uA; Iy = 25 uA; £ = 0) Veesar 0.2 v
Range of spectral sensitivity

(S=0.1Smax) x 440...1070 nm
Wavelength of the max. sensitivity As max 850 nm

Radiant sensitive area
Rise time to 90% of the final value
Fall time to 10% of the initial value

(RL=1kQ)? tite 5(<10) Ms
Radiant sensitive area A 0.17 mm?2
Capacitance

(Vece =0V; f=1MHz; £=0) Cece 8 pF
Half Angle " 16 Degrees

'mnturld with LED A =950 nm

Group 12) |SFH 305-2|SFH 306-3 |IV2)

Photocurrent | 10t020 | 16t03.2 mA
(Vcg=5 V; E,=1000 Ix)

Photocurrent?) lp 0.251t 0.5| 0.4t0 0.8 mA
(Veg=5 V; E= 0.6 mW/cm?)

The illuminances refer to unfiltered radiation of a tungsten filament lamp
at a color temperature of 2856 K. (Standard light A in accordance with
DIN 5033 and IEC 306-1).

Irradiance £, measured with HP radiant flux meter 8334A with option 013.

1) Measured with LED A=950 nm¢
2) in preparation.

Specifications are subject to change without notice.
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PHOTOVOLTAIC CELLS

Sensitivity Dark Current

Package s (nA/Ix) VR=IV; E=0

Type Package Outline Part Number Half Angle Typical IR (LA) Page
Chip —_— BPY47P 60° 1400 25 365
with Leads
Chip = TP60 60° 1000 25
with Leads
Encapsulated

367
———TTTTT
Chip TP61 60° 1000 25
with Leads —
Chip —— BPY48P 60° 500 10 369
with Leads
Chip —— BPY64P 60° 250 4 37
with Leads |
Chip BPX79 60° 135 0.3(<50) | 373
with Leads
BP100P 25 3(<10) 375
Chip —————fl ] BPY11P-4 60° 47-63
with Leads BPY11P-6 56-75 377
1(<10)
BPY11P-6 >71
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BPY 47P

PHOTOVOLTAIC CELL

~
; Package Dimensions in Inches (mm)
a
)
8 | Radiant Sensitive Area
§ .787 .780
g (20) (19,8)
3 —_
N oxY
~ é;— fg
S §§ la————2.95 (75) min ——»
=1 g .098
5 | Se=1) 2.5 ™
g
L
e - b Red anode  gtrand @ 0,3
(0,8) ™

.287 .
1)contact surface 1.3 min

FEATURES Maximum Ratings
Reverse voltage Ve 1 v
Temperature range Tamb ~55to +100 °C

o Silicon Photovoltaic Cell
e Medium Radiation Sensitive Surface

‘e Very High Sensitivity, .9 uA Characteristics (Tymp = 25°C)

Spectral sensitivity 1
(Short circuit current /) S 14 (>09) pA/Ix
gth of the max. itivity As max 850 nm
DESCRIPTION Quantum yield Electrons
(Electrons per photon) (4 = 850 nm) n 0.80 Photon
. . . Spectral sensitivity (4 = 850 nm) S 0.55 AW
The photovoltaic cell BPY 47P is suitable Open circuit voltage
faati : : (E, =10000 Ix) 1 A 2 450 mv
for general applications in control and drive Open circuit voltage
circuits. It can be used as detector for (E, =1000 Ix) 1 v 410z 280) mv
. R Open circuit voltage
filament lamps or daylight. (E, =1001x) 1 Vi 300 (2 150) mv
Short circuit current
For mounting instructions see photovoltaic (E,=100001x) Ix 13 mA
L Radiant sensitive area A 18 cm2
cell application note. Temperature coefficient of Vi TC -26 mv/K
(see diagram)
Temperature coefficient of /¢ TC 0.2 %/K
(see diagram)
Capacitance (Vg =0 V;E=0) Co 16 nF
Dark current (Vg =1V; E = 0) Ip 25 A
Dark current (Vg = 1V; Tymp = 50°C; E = 0) Ip 70 pA

1) The illuminance indicated rgfers to unfiltered radiation of a tungsten
filament lamp at a color temperature of 2866 K (standard light A in

accordance with DIN 5033 and IEC publ. 306-1).

Specifications are subject to change without notice.
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TP 60, TP 61

SILICON PHOTOVOLTAIC CELLS

FEATURES

o Silicon Photovoltaic Cell

e Stud Package, TP 60

e Wide Temperature Range, -55° to
+100°, TP 61

® Very High Sensitivity, .7 uA/Ix Min

DESCRIPTION

The silicon photovoltaic cells TP 60 and
TP 61 are suitable for use in drive and con-
trol circuits. Featuring the same electrical
characteristics, they differ only in design.
The anode (positive pole of the cell) is
marked by a red lead.

For mounting instructions see photovoltaic
cell application note.

Package Dimensions

TP 60
Strand ¢ .020 M12x1
/ 05 Radiant Sensitive Area
Red anode ,
L

|

?

,

|

+
$10(155)
606 (15.4)

_

236 )
@ TP 61
1.57 (40) min ——] }g; h—
e 472 (12) = Radiant Sensitive Area .018 (0,45)

4am
an Strand 020 (0,5)

Red anoce

571 (145)
055 (14)

oo
N /
ke 236 60min “

Dimensions inside parenthesis are in mm
Dimensions outside parenthesis are in inches

068 (1,5) max

Maximum Ratings
| TP6O | TP61 |

-25to+75 | ~55t0+100 | °C
1.0 1.0 v

Operating and storage temperature range Tamb
Reverse voltage 1 VR

Characteristics (T, = 25°C)

Spectral sensitivity )

(Short circuit-current /) S 1(20.7) pA/IX
Wi gth of the max. itivity Asmex | 850 nm
Quantum yield 0.80 Electrons
(Electrons per photon) (A = 850 nm) n : Photon
Spectral sensitivity (A = 850 nm) s 0.55 AW
Open circuit voltage (E, = 10000 Ix) ¥ i 2 440 mvV
(Ey =1000 Ix) W A 410(2 270) mV
(E,=1001Ix) " VL 300 (2 140) mV
Short circuit current (E, = 10000 Ix) } I 27 mA
(E, = 1000 Ix) V Ik 207 mA
Infrared response limit Ag 1100 nm
Radiant sensitive area A 15 cm2
Tolerance of the

radiant sensitive area Atol + 0.1 cm2
Temperature coefficient of V| TC -26 mV/K
(see diagram)

Temperature coefficient of /x TC 0.12 %/K
(see diagram)

Capacitance (Vg = OV; E = 0) Co 16 nF
Dark current (Vg = 1V; E = 0) Ip 25 A
Dark current (Vg = 1V; Tgmp = 50°C; E = 0) Ig 65 pA

1) The illuminance indicated refers to unfiltered radiation of a tungsten filament lamp at a color temperature of
2856 K (standard light Ain accordance with DIN 5033 and IEC publ. 308-1).

Specifications are subject to change without notice.
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BPY 48P

PHOTOVOLTAIC CELL

FEATURES

e Silicon Photovoltaic Cell
e Large Radiation Sensitive Surface
o High Sensitivity, .3 uA Min

DESCRIPTION

The photovoltaic cell BPY 48P is suitable
for general applications in control and drive
circuits. It can be used as detector for
filament lamps or daylight.

For mounting instructions see photovoltaic
cell application note.

SN

& o

.252

2.95
G ("N

©

; Package Dimensions in Inches (mm)

o

)

3

2 ¥ -

[ 504 [1RADIATION SENSITIVE AREA
g (128)

(7]

.020
012 = 1)y o) A
iqt?g) MAX —_—
RED (ANODE)  LEAD ©.012 (20.3)
020 pax
1) CONTACT SURFACE  (0.5)
2138 (3.5) MIN

Maximum Ratings
Reverse voltage VR 1 v
Temperature range Tamb - 55 to + 100 °C
Characteristics (7 omp = 25°C)
Spectral sensitivity 1
(Short circuit current Ix) S 0.5 (>0.35) pA/Ix

gth of the max. itivity As max 850 nm
Quantum yield 0.80 Electrons
(Electrons per photon) (A = 860 nm) " . Photon
Spectral sensitivity (1 = 850 nm) S 0.55 AW
Open circuit voltage (E, = 10000 Ix) V Vi 2 450 mv
(E, = 1000 ix) ® i 410 (z 280) mvV
{E, =1001x) " i 300 (z 150) mv
Short circuit current (E, = 10 000 Ix) 1 Ik 43 mA
Radiant sensitive area A 0.67 cm?
Temperature coefficient of V| TC -26 mV/K
(see diagram)
Temperature coefficient of Ik TC 0.2 %/K
(see diagram)
Capacitance (Vg = OV; E = 0) Co 6 nF
Dark current (Vg =1V; E = 0) Ip 10 pA
Dark current (VR = 1V; Tamp = 50°C; E = 0) In 25 A

1) The illuminance indicated refers to unfiltered radiation of a tungsten
filament lamp at a color temperature of 2856 K (standard light A in
accordance with DIN 5033 and IEC publ. 306-1).

Specifications are subject to change without notice.
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A Siemens Company PHOTOVOLTAIC CELL

§ Package Dimensions in Inches (mm)
a
o
B R Radiant Sensitive Area
2 sa
2 58
3 L.
I3 b 1 295 .
» EE ~iinka g mn
82 ] {298 max
£ -
RE —_——
o Strand ¢
.021 (0,3
! womms Red anode 03
1) CONTACT SURFACE
.138 (3.5) MIN.
Maximum Ratings
Reverse voltage VR 1 v
Temperature range Tamb - 55 to + 100 °C
FEATURES Characteristics (T,m, = 25°C)
Spectral sensitivity 1
HH H (Short circuit current I) s 0.25 (=>0.18) pA/Ix
o Silicon Photovoltaic Cell gth of the may. sensitivity Ao | 850 e
H H iati Tt Quantum yield Electrons
L[] clectrons
Medium Size Radiation Sensitive Surface Elactrons por bhoton (1 = 850 m) n 0.80 o
° H Ttivi .16 Mi Spectral sensitivity (A= 850 nm) S 0.55
High Sensitivity, HA Min Open curcult voltage (E, = 10000 ) ¥ Vi 2 450 mv
(Ey= x) A 410 (2 280) mv
(€, = 100 ) Vi 300 (2 150) mv
Radiant sensitive area A approx. 0.32 cm2
Temperature coefficient of Vi TC -26 mvV/K
DESCRIPTION (see diagram)
Temperature coefficient of /x TC 0.2 %/K
) . . ) (see diagram)
The BPY 64P is suitable for versatile applica- Capacitance (Va = OV; E = 0) Co 3 nF
Lo L Dark current (Vg = 1V; E = 0) 1 4 A
tions in control and drive circuits. It can be Dork et Vi e =0) n 10 "
used, like all silicon photovoltaic cells, as
. . 1) The illuminance indicated refers to unimomd rldvnloﬂ of a tunqswn filament lamp at a colour temperature of
detector for light of filament lamps or day- 2856 K (standard light Ai - 308-1).
light.
For mounting instructions see photovoltaic
cell application note.
Specifications are subject to change without notice.
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BPX 79

PHOTOVOLTAIC CELL

FEATURES

e Silicon Planar Photovoltaic Cell
e Medium Size Radiation Sensitive Surface
o High Sensitivity, 1 uA/lIx

DESCRIPTION

The BPX 79 is a silicon planar photovoltaic
cell. The increased sensitivity with shorter
wavelengths makes it particularly suitable
for applications with light sources having a
high share of value. The planar method
ensures a low reverse current level and low
noise. The photovoltaic cell is nitride-
passivated and has an anti-reflection coating
for a wavelength of A = 450 nm.

Package Dimensions

;. i A7
Radiant Sensitive Ares {85 * {85

7, 7

0.20 .189
(5.2) (48)

3 O
Sg e (75)?_:—01
s

aEH 013
_23 eg @ ™
83 BS ~ 1)} |
L Bl
= T
(53]
'T—f 1 Red anode
Dinr i inside par is are in mm
Dir i outside p. hesis are in inches
Maximum Ratings
Reverse voltage Va
Storage and ing Tamb

Characteristics (T, = 256°C)

Spectral sensitivity ¥

Open circuit voltage (E, = 100 Ix)
Open circuit voitage (E, = 1000 Ix) »
Wavelt h of the max. itivi
Quantum yield

(Electrons per photon) (4 = 800 nm)
Spectral sensitivity (A = 800 nm)
Rise and fall time of the photocurrent
from 10% to 90% and from

90% to 10% of the final value
(RL=1kQ; Vg = 1V; A= 950 nm)
(RL=1%Q; Va = 0V; A=950nm)
Capacitances

(Va=0V)

(Va=1V)

Radiant sensitive area

Dark current (VR =1V; E = 0)
Temperature coefficient of V|
Temperature coefficient of /x

1) The illuminance indicated refers 10 unfiltered radiation of a tungsten filament lamp at a colour temperature
of 28586 K (standard light A in accordance with DIN 5033 and IEC publ. 306-1).

Specifications are subject to change without notice.

ity
ity

Co
G
A

Ig
TC
7C

St 32

1 v
- 55to + 100 °C

135 (2 100) nA/Ix
320(2220) | mV
410(2 310) mV
800 nm
Electrons
0.73 Photon
0.47 AW
6 us
10 us
2500 pF
1800 pF
20 mm2
0.3(s 50 uA
-26 mV/K
0.2 %/K
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BP-100P

SILICON PHOTOVOLTAIC CELL

FEATURES
® Miniature Size, Uncased

® May Be Tightly Stacked for
Efficient Scanning

DESCRIPTION

The silicon planar photovoltaic cell
BP-100P is suitable for use in control
and drive circuits. Its rapid response,
small dimensions and high
permissible operating temperature
make versatile application feasible.
Since this cell is not encased, the
assembly of highly efficient scanning
systems could be realized. For this
purpose the cells may be cemented
closely together on suitable mounting
assemblies. The photo-insensitive side
of the element is marked by a yellow
dot.

Package Dimensions in Inches (mm)

087
2.2
7
{7 RADIATION SENSITIVE AREA
oy ] e
@yt 04 (1) MAX 120
K 61
\ (30)
067 (1.7) MAX = 1) 1.18
' COLORED DOT (CATHODE)
020
(05)
058 wax (33) 1) CONTACT SURFACE .106(2.7) MIN

0
(15
012 APPROX. WEIGHT 0.2 ¢

Maximum Ratings

Ambient Temperature (Tymp) -55to0 +100°C
Reverse Voltage (VR) . .......c.ovuviniiiiiiiiiiianens 1V

Characteristics (T np = 25°C)

Photo Spectral Sensitivity (S) ................ ... ... 25 (=19) nAllx
(Short Circuit Current)

Wavelength of the Max. Sensitivity \g may) -« <+ - v ovevvnenen 850 nm

Quantum Yield (y), i =850 nm

(Electrons per Photon) .............. ..o .
Spectral Photosensitivity (SN), A
Open Circuit Current (V) )

Ey=1001X ..ot 170 (=120) mV

Ey=10001X ... ..o 300 (=200) mV
Short Circuit Current (lk)

Ey=10001x ... 25 A
Rise Time for60% of I (t) .. ... 4,us
Temperature Coefficient (Ty)

For Open Circuit Current ..................cooaune. -26 mVIK
Temperature Coefficient (Ty)

For Short CircuitCurrent ..................cooivin.. 0.12 %/K

Capacitance

(Col VR=O0ViE=0... ...,
Radiant Sensitive Area (A)
Dark Current (Ig)

T e

VR=1V; Tamp=50°C; E=0) . eviiiiiiiiaanaeaannaannn. 7 uA

Specifications subject to change without notice.
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BPY 11 P SERIES

SILICON PHOTOVOLTAIC CELL

FEATURES

o Small Package

o May Be Stacked Tightly Together
o Choice of 3 Sensitivity Groups

o Fast Response Time

DESCRIPTION

BPY 11 P is a photovoltaic cell, fabricated
with planar technology.

The silicon protovoltaic cell is suitable for
use in control and drive circuits, for light
pulse scanning, and for quantitative light
measurements. Its rapid response, small
dimensions, and high permissible operating
temperature - make universal application
feasible.

Since this cell is not encased, the assembly
of high efficient scanning systems can be
realized. For this purpose the cells may be
cemented closely together on suitable
mounting assemblies. The photo-insensitive
side of the element is marked by colored
dots.

Package Dimensions in inches (mm)

.087
(2.2)
2)
.079 RADIATION SENSITIVE AREA
— ¥ ©.008
189 (20.2)
(4.8) 04 (1) MAX 102

0.5
MAX (53) 1) CONTACT SURFACE .106(2.7) MIN
012 APPROX. WEIGHT 0.2 g

Maximum Ratings

Ambient temperature Tamb -55t0100 °C
Reverse voltage (positive pole to cathode) Va 1 v

Characteristics (7., =25°C)

Spectral sensitivity" S 50 (=28) nA/Ix
Wavelength of the max. itivity 5 max 850 nm
Quantum yield Electrons
(Electrons per photon) (2 = 850 nm) n 0.80 Photon
Spectral sensitivity (. = 850 nm) S 0.55 A/W
Open circuit voltage (£, = 100 Ix)" v 310(=180) mv
Open circuit voltage (£, =1000 ix)" Vi 410 (=260) mV
Short circuit current (£, = 1000 Ix)" Ix 50 A
Rise time (for 60% of /x) t 4 us
Cut-off frequency (load resistance A, = 1kQ) fy 55 kHz
Temperature coefficient of V. (see diagram) c -2.6 mV/K
Temperature coefficient of /« (see diagram) Tc 0.12 %/K
Capacitance (Va=0V; £=0) G 0.8 nF
Radiant sensitive area A 7 mm?
Dark current (Va=1V; £=0) Ir 1(=10) uA
Dark current (Ve =1V; Toms = 50°C; £=0) Ir 25 uA

Spectral Sensitivity Groups

Type Short circuit Color code
current
Ix (uA)
| £=100X"
BPY 11P-4 | 4.7t06.3 yellow
BPY 11P-6 | 56t07.5 green
BPY 11P6 | 27.1 blue

" The illuminance indicated refers to unfiltered radiation of a tungsten filament laimp at a colour temperature of
2856 K (standard light A in accordance with DIN 5033 and IEC publ. 306-1).

Specifications subject to change without notice.
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LED’'S & PHOTOMETRY
by George Smith

The observed spectrum of electromagnetic radiations,
extends from a few Hz, to beyond 10%* Hz, covering
some 80 octaves. The narrow channel from 430 THz
to 750 THz would be entirely negligible, except for
the fact that more information is communicated to
human beings, in this channel, than is obtained from
the rest of the spectrum. This radiation has a
wavelength ranging from 400nm to 700nm, and is
detectable by the sensory mechanisms of the human
eye. Radiation observable by the human eye is
commonly called light.

Measurements of the physical properties of light and
light sources, can be described in the same terms as
any other form of electromagnetic energy. Such
measurements are commonly called Radiometric
Measurements.

Measurements of the psychophysical attributes of the
electromagnetic radiation we call light, are made in
terms of units, other than these radiometric units.
Those attributes which relate to the luminosity
(sometimes called visibility) of light and light sources,
are called photometric quantities, and the measure-
ment of these aspects is the subject of Photometry.

The electronics engineer who is starting to apply light
emitting diodes and other opto-electronic devices to
perform useful tasks, will find the subject of photom-
etry to be a confused mass of strange units, confusing
names for photometric quantities, and general dis-
agreement as to what the important requirements are
for his application.

The photometric quantities are related to the corre-
sponding radiometric quantities by the C.I.E. Stand-
ard Luminosity Function (Fig. 1), which we may
colloquially refer to as the standard eyeball. We can
think of the luminosity function, as the transfer
function of a filter which approximates the behavior
of the average human eye under good lighting con-
ditions.

C.|.E. Standard
Luminosity Function
Filter

s Photometric

Radiometric __y,] P
uantity

Quantity

P r

Figure 1. Relati

p ic units and photo-
metric units.

Appnote 1

The eye responds to the rate at which radiant energy
falls on the retina, i.e., on the radiant flux density
expressed as Watts/m2, The corresponding photom-
etric quantity is Lumens/m2, The standard lumi-
nosity function is then, a plot of Lumens/Watt as a
function of wavelength.

The function has a maximum value of 680 Lumens/
Watt at 555nm and the % power points occur at
510nm and 610nm (Fig. 2).
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Figure 2. CIE standard photopic luminosity f

The LUMEN is the unit of LUMINOUS FLUX and
corresponds to the watt as the unit of radiant flux.

Thus the total luminous flux emitted by a light
source in all directions is measured in lumens, and can
be traced back to the power consumed by the source
to obtain an efficiency number.

Since it is generally not practical to collect all the
flux from a light source, and direct it in some desired
direction, it is desirable to know how the flux is
distributed spatially about the source. If we treat the
source as a point (far field measurement), we can
divide the space around the source into elements of
solid angle:(dw), and inquire as to ‘the luminous flux
(dF) contained in each element of solid angle (fif).
The resulting quantity is Lumens/Steradian and is
called LUMINOUS INTENSITY (1), (Fig. 3). The unit
of Luminous intensity is called the CANDELA, some-
times loosely called the candle, or candle power.
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Figure 3. Solid angles and luminous intensity.

Since the space surrounding a point contains 4 7
steradians, it is apparent that an isotropic radiator of
one candela intensity, emits a total luminous flux of
4 7 Lumens.

No real light source is isotropic, so it is quite common
to show a plot of Luminous intensity versus angle off
the axis (Fig. 4). If the source has no axis of
symmetry, a more complex diagram is required.

15°

30°

45°

60°

75°

90°

Figure 4. Spatial distribution pattern.

For an extended radiating surface, (such as an LED
chip), each element of area contributes to the lumi-
nous intensity of the source, in any given direction.
The luminous intensity contribution in the given
direction, divided by the projected area of the surface
element in that direction, is called the LUMINANCE
(B) of the source (in that direction), (Fig. 5). The
quantity is sometimes called photometric brightness,
or simply brightness. The use of the term brightness
on its own, should be discouraged, as this involves
various subjective properties such as texture, color,
sparkle, apparent size, etc. that have psychological
implications.

dA Cos 6§
(Projected Area)

Bg= —dl_
dA Cos 6

Figure 5. Definition of luminance.

The fundamental quantitative standard of the pho-
tometric system of units is the standard of luminance.

The luminance of a black body radiator at the
temperature of freezing platinum (2043.8°K). is 60
candela per square centimeter. [A blackbody radiator
is a perfect absorber of all electromagnetic energy
incident on it. In thermal equilibrium at a given
temperature, it emits radiation, spectrally distributed
according to Plancks Formula

¢\

=)
exp () -1

W

The units of Luminance in present use are an engi-
neering nightmare.

1 candela/cm? is called a Stilb

1/m candela/cm? is called a Lambert

1 candela/m? is called a Nit

1/m candela/m? is called an Apostilb

1/m candela/ft? is called a foot-Lambert

The foot Lambert is the most commonly used unit in
this country.

Of particular interest is a source whose angular
distribution pattern is a circle (Fig. 6). For such a
source we have g = lg Cos 6, the luminance of such a
source in a given direction @, is then given by

_ _dl,Cosf_dl,

“dAcosd dACosf dA

Bg
The luminance is seen to be the same in all directions.
Such a source is called a LAMBERTIAN SOURCE. It
can be shown that a perfectly diffusing surface
behaves in this fashion. The formula governing a
diffusing surface |9 = lg Cos @ is called Lambert’s
Cosine Law.

It can be shown that a flat LED chip is a very good
approximation to a Lambertian Source.
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lg =1lo Cos 9

Figure 6. Lambertian radiation pattern.

If we now take a surface element (dA) and determine
the intensity contribution in each direction we can
determine the total flux (dF) emitted by the surface
element. The resultant ratio (g—:) Lumens/m? is
called the LUMINOUS EMITTANCE (L). For a flat
surface we may calculate L from

m/2
L=2n[B(g)Sin 0 Cos6 d@
o

The corresponding radiant emittance in watts/m? is of
considerable interest for GaAs infrared LED’s where
total output power is an important parameter.

The total luminous flux emitted by a light source can
then be calculated from Fy, = f LdA.

These photometric quantities are sufficient to des-
cribe the properties of light sources such as light
emitting diodes.

When light falls on a receiving surface, it is either
partially reflected in the case of a purely passive
surface, or partly converted into some other form of
energy by what we may describe as an active surface
(such as a phototransistor or photomultiplier cath-
ode). In either case we are interested in how much
flux falls on each element of the surface; Lumens/m2
in the case of a passive surface which we wish to
illuminate, or the eye; and Watts/m?2 in the case of
other active surfaces. The quantity Lumens/m? in this
case is called the ILLUMINANCE sometimes loosely
referred to as the illumination. The unit of illuminance
is the LUX also referred to as the metercandle.
Another commonly used unit of illuminance, in this
country is the FOOT CANDLE, equal to one lumen
per square foot. One lumen per square cm is called a
PHOT.

Many of these photometric quantities and units are in
common use in the field of illumination engineering,
with the English units being most common in this
country. It should be apparent to the reader that a
mixed system of units is involved in common usage.

APPLICATION TO LIGHT EMITTING DIODES

The above description of photometric quantities
should indicate to the reader that there are many
ways in which the photometric properties of LED’s
can be stated. There is no general agreement among
LED makers and users, as to the best way to specify
LED performance, and this has lead to much con-
fusion and misunderstanding.

Many factors must be taken into account when
evaluating LED specifications for a particular applica-
tion, and electronic engineers will need to develop a
knowledge of these factors to put LED’s to effective
use in new designs.

Presently available light emitting diodes are made
from the so-called I11-V compound semiconductors,
with Gallium Arsenide Phosphide and Gallium Phos-
phide being the major materials. Gallium Aluminum
Arsenide is also used but is less common. Gallium
Arsenide is commonly included in this group, but it
should be remembered that GaAs emits only infra-red
radiation around 900nm, which is not visible to the
eye, and is thus not properly called light. All specifi-
cations of GaAs emitters must be in radiametric units.

GaP emits green light between 520 and 570nm
peaking 550nm very close to the peak eye sensitivity.
It also can emit red light between 630 and 790nm
peaking at 690nm.

GaAs(1.x) Px emits light over a broad orange red
range depending on the percentage of GaP in the
material (x). For x in the 0.4 region, red light
between 640 and 700nm peaking at 660nm, is ob-
tained. For x =0.5, amber light peaking around
610nm is obtained.

Ga(1.x) AlxAs as presently available, emits red light
between 650 and 700nm peaking at 670nm.

The efficiency of these materials is very dependent on
the emitted wavelength, with drastic fall off in effi-
ciency as the wavelength gets shorter. Fortunately the
standard eyeball filter, favors the shorter wavelength
(down to 555nm) and gives some measure of compen-
sation. Some typical efficiencies reported by device
makers, and the resulting overall luminous efficiency
(Lumens/electrical watt) are as follows:

GaP.red .72% @ 20Lum/Watt =
.14 Lum/Watt overall (Opcoa)
GaAs gP 4red .3% @ 50Lum/Watt =
.15 Lum/Watt overall (Litronix)

GaAlAs red .06% @ 40Lum/Watt =
.024 Lum/Watt overall (Mitsubishi)
GaP green .006% @ 675Lum/Watt =

.04 Lum/Watt overall (Monsanto)
GaAs 5P samber .0044% @ 340Lum/Watt -
.015 Lum/Watt overall (Monsanto)
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For simple status indicator applications, front panel
lamps and similar applications, several factors must be
taken into account:

(1) Color. Generally the designer has Henry Ford's
color choice; various similar shades of red. Amber
and green are available in small quantity, because
of availability of suitable raw material.

(2) Apparent source size. Various combinations of
chip size and optical systems are available so that
apparent source sizes from about 5 mils to about
300 mils diameter are available as standard prod-
ucts. Other things being equal, a larger source size
is more visible.

(3) Angular distribution. GaAsP diode chips are
nearly Lambertian, but GaP are nearly isotropic.
With suitable optical design, the angular distribu-
tion pattern can be changed from very broad to
quite narrow. By placing the chip at the focus of
the lens system a narrow high intensity beam is
obtained. The off axis visibility is drastically
reduced. By using diffusing lens materials, a large
area source with good off axis visibility is ob-
tained. In this case the luminance is reduced.

(4) Luminous intensity. This will govern the visibility
under optimum background contrast conditions,
when viewed at normal distances. 1 millicandela is
typical for red lamps of either GaAsP or GaP at
normal operating conditions.

(5) Luminance. When it is not possible to provide a
dark contrasting background, or when the source
is viewed at very close distances, the luminance
becomes important. Values from 100 ft-L to 5000
ft-L are typical.

These factors are all related to the design of the
device and the user should understand the trade offs.
High luminance values in excess of 10,000 ft-L are
easily obtained by running very high current densities
in the LED chip, but this can lead to shortened life if
carried too far.

For a given drive current the luminous intensity of
two different chips will be similar, while the lumin-
ance will be inversely proportional to the active area
of the chip.

If the designer can use filter screens or circularly
polarizing filters in front of the light source, excellent
protection from background illumination can be

obtained. In this case a diffusive lens giving a large
apparent source with lower luminance, is more visible
than a high luminance point source.

When a LED is used with an optical system to
activate a remote sensor such as a cadmium sulphide
or cadmium selenide cell (red light), or a GaAs IR
emitter is used with a silicon photo detector, the
performance requirements are somewhat different. It
can be shown that for a given optical arrangement the
irradiance of the detector determines the detected
signal and this is proportional to the radiance of the
source, which is comparable to the luminance (bright-
ness) of the source. The intensity of the source will
not be a factor unless the detector active area is larger
than the incident beam.

When average power consumption must be minimized
but good visibility is required, or detection at a
considerable distance is required, pulsed operation
can be used. With GaAs and GaAsP emitters using low
duty cycle short pulses, very high peak intensity
levels can be reached permitting communication over
considerable distances. This technique is not useful
with GaP diodes since they do not exhibit a linear
relationship between optical output and instantane-
ous forward current, becoming saturated at moderate
current levels. GaP also has a 50% higher rate of
fall off in light output with temperature increase,
than GaAsP which further inhibits high power appli-
cations.

The use of LED’s to give a ““Heads Up’’ projected
display, such as for an automobile speedometer read-
out, or aircraft cockpit application, places severe
requirements on the display luminance. For easy
visibility, the projected image must be sufficiently
contrasted with the ambient illumination. This re-
quires very high luminance values for the LED's
together with the use of photochromic windshields
and probably polarizing screens.

The foregoing is a necessarily simplified, description
of a very complex subject. The reader should avail
himself of the standard textbook literature on these
subjects.
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Appnote 2

APPLICATIONS OF OPTO-ISOLATORS

by George Smith

The Litronix Iso-Lit 1 is the first in a family of
Opto-isolators. These products are also called photon
coupled isolators, photo-couplers, photo-coupled pairs
and optically coupled pairs. All of the characteristics
of the Iso-Lit 1 are electrical: it has no external opti-
cal properties. Hence opto-isolators are not OPTO-
ELECTRONIC DEVICES; they are in fact one of the
simplest of all ELECTRO-OPTICAL SYSTEMS.

The Iso-Lit 1 consists of a Gallium Arsenide infrared
emitting diode, and a silicon phototransistor mounted
together in a DIP package.

When forward current (lg) is passed through the
Gallium Arsenide diode, it emits infrared radiation
peaking at about 900nm wavelength. This radiant
energy is transmitted through an optical coupling
medium and falls on the surface of the NPN photo-
transistor.

Photo-transistors are designed to have large base
areas; and hence a large base-collector junction area;
and asmall emitter area. Some fraction of the photons
that strike the base area cause the formation of elec-
tron-hole pairs in the base region. This fraction is
called the QUANTUM EFFICIENCY of the photo-
detector.

If we ground the base and emitter, and apply a posi-
tive voltage to the collector of the photo-transistor,
the device operates as a photo diode.

The high field across the collector base junction
quickly draws the electrons across into the colliector
region. The holes drift towards the base terminal
attracting electrons from the terminal.

CARRIER
GENERATION
—_—
INCIDENT Vour

—_—
ENERGY
—

Thus a current flows from collector to base, causing a
voltage drop across the load resistance (R ).

The high junction capacitance, C.,, results in an
output circuit time constant R, C.,, with a corres-
ponding output voltage rise time.

The output current in this configuration is quite small
and hence this connection is not normally used.

The commonest circuit configuration is to leave the
base connection open. With this connection, the holes
generated in the base region cause the base potential
to rise, forward biasing the base-emitter junction.
Electrons are then injected into the base from the
emitter, to try to neutralize the excess holes. Because
of the close proximity of the collector junction, the
probability of an electron recombining with a hole is
small and most of the injected electrons are immedi-
ately swept into the collector region. As a result, the
total collector current is much higher than the photo-
generated current, and is in fact 8 times as great.

—_—
S 4 Vour

—_—

—_—

[

The total collector current is then several hundred
times greater than for the previous connection.

This gain comes with a penalty of much slower opera-
tion. Any drop in collector voltage is coupled to the
base via the collector-base capacitance tending to turn
off the injected current. The only current available
to charge this junction capacitance is the original
photo-current. Thus, the rate of change of the output
voltage is the same for both the diode and transistor
connections. In the latter case, the voltage swing is §
times as great, so the total rise time is 8 times as
great as for the diode connection. Thus the effective
output time constant is § R Cgp.

For the Iso-Lit 1 this results in a typical 2 us rise
time for 10082 load.
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The ratio of the output current from the photo-
transistor (ic or lg), to the input current in the
Gallium Arsenide diode, is called the Current Transfer
Ratio (CTR). For the Iso-Lit 1 CTR is specified at
20% minimum with 35% being typical at Iz = 10 mA.*
Thus for 10 mA input current the minimum output
current is 2 mA. Other important parameters are Vg
'typically 1.3V at 100 mA Ig.

*NOTE: CTR values of 50% and higher are available from
the factory.

DIGITAL INTERFACES
Output Sensing Circuits

The output of the photo-transistor can directly drive
the input of standard logic circuits such as the 930
DTL and 7400 TTL families. The worst case input
current for the 74 series gate is 1.6 mA for V,y =
0.4 Volts. This can be easily supplied by the Iso-Lit 1,
with 10 mA input to the infrared diode.

DTL or TTL Active Level Low (930 or 7400)

E
Note: Use smaller pull up resistor
for higher speed.

RTL Active Level Low (914)

Z
Note: Use 10 KS2 pull up for
milliwatt RTL.

Ll

RTL Active Level High (1914)
g

It is more difficult to operate into DTL and TTL
gates in the active level high configuration. Some
possible methods are as follows;

s

Note: Best method if negative Q 2 ma
supply is availeble.

s

Note: Requires 10 mA from
transistor and sacrifices
noise margin. =

Veo

Vee

=]

Note: High sensitivity but
sacrifices noise margin.
Needs extra parts. =

Note: Extra parts cost but =
high sensitivity.

Obviously, several Iso-Lit output transistors can be
connected to perform logical functions.

Note: Logical OR connection, =

w7
N LN

Note: Logical AND connection. =

Input Driving Circuits

The input side of the Iso-Lit 1 has a diode character-
istic as shown.

g

Ie (mA)

In (A)
wn - o8 888

8 6 4 2 0 04081216
Vi (Volts) Ve (Volts)

The forward current must be controlled to provide
the desired operating condition.




The input can be conveniently driven by integrated
circuit logic elements in a number of different ways.

DTL Active Level High (930 Series)

Vee

i

Note: Provides 10 mA I to infrared diode.
Use 380 for high power DTL.
(2 K2 collector 10ad).

DTL Active Level Low (930 Series)

Vee

Kl

Note: Opposite logic to above.
Consumes less average pawer.

TTL Active Level High (7400 Series)

Vee

]

Note: Can omit resistor for about
15 mA into diode.

TTL Active Level Low (7400 Series)

Veo

¥

Note: More parts required than above.

Vee

1]

Note: Not as good as above circuit.
ded.

There are obviously many other ways to drive the
device with logic signals, but the commonest needs
can be met with the above circuits. All provide 10 mA
into the LED giving 2 mA minimum out of the photo-
transistor. The 1 Volt diode knee and its high capaci-
tance (typically 100 pF), provides good noise immun-
ity. The rise time and propagation delay can be
reduced by biasing the diode on to perhaps 1 mA
forward current, but the noise performance will be
worse. :

\AII previous configurations show medium speed digital
interfaces. These circuits have various advantages over
other ways of doing the task.

(1) They can replace relays and reed relays, giving
much faster switching speeds, no contact bounce,
better reliability, and usually better electrical
isolation except for special configurations. How-
ever relays have high current capability, higher
output voltage, lower on resistance and offset
voltage and higher off resistance.

(2) They can replace pulse transformers in many
floating applications. Opto-isolators can transmit
DC signal components and low frequency AC,
whereas pulse transformers couple only the high
frequency components, and a latch is required to
restore the DC information. Pulse transformers
have faster rise time than photo-transistor opto-
isolators.

(3) Integrated circuit line drivers and receivers are
used to transmit digital information over long
lines in the presence of common mode noise.
The maximum common mode noise voltage per-
missible is usually in the 30 Volt range. There are
many practical situations where common mode
noise voltages of several hundred Volts can be
be induced in long lines. For these applications
opto-isolators provide protection against several
thousand Volts.

LINEAR APPLICATIONS

The curve of input current versus output current for
the Iso-Lit 1 is somewhat non-linear, because of the
variation of 8 with current for the photo-transistor,
and the variation of infrared radiation out versus for-
ward current in the GaAs diode. The useful range of
input current is about 1 mA to 100 mA, but higher
currents may be used for short duty cycles.

For linear applications the LED must be forward
biased to some suitable current (usually 5 mA to
20 mA). Modulating signals can then be impressed on
this DC bias. A differential amplifier is a good way
to accomplish this.

Sensing in linear applications can be done in several
ways depending on the requirements. For high fre-
quency performance, the photo-transistor should be
operated into a low impedance input current ampli-
fier. The simplest such scheme is a grounded base
amplifier.

OuTPUT

ouTPUT
E
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The circuit will work equally well either way, with a
phase inversion between the two. Obviously a PNP
transistor would work as well.

A feedback amplifier could also be used to get a low
impedance input.

Vee

ouTPUT

R
The current gain is (1 + 7.(’
A2

The input impedance is approximately

R
Vee - 2Vege
L7

For example if Ry = 90082, R, = 10082, V¢ = 5V;
we would have a current gain of 10 and an input

impedance of about 6.3§2. This would give a con-
siderable speed improvement over a 1002 load.

A high speed operational amplifier could be used to
give excellent performance.

Note that in all cases the output can be taken from
either the collector, or the emitter of the photo-
transistor depending on the polarity desired. The
operating speed is the same in either case.

CONCLUSION

This appnote covers the most commonly used ways of
applying photo-transistor opto-isolators. The design
engineer will see many ways to expand on these cir-
cuits to achieve his end goals. The devices are ex-
tremely versatile, and can provide better solutions to
many systems problems than other competing com-
ponents. Special designs are possible to optimize
certain parameters such as coupling capacitance, or
transfer ratio, and the engineer can expect to see a
variety of these products in the future.

SUMMARY OF PROPERTIES OF
SIGNAL COUPLING DEVICES

Device Advantages

Disadvantages

Ecoriomical.
Solid state reliability.

Opto-Isolator

transmission.

High voltage isolation.

No contact bounce
Low power operation.

Medium to high speed signal
DC & low frequency transmission.

High isolation impedance.
Small size DIP Package.

Finite ON Resistance

Finite OFF Resistance.

Limited ON state current.

Limited OFF state voltage.

Low transmission efficiency.
(Low CTR)

Relays High power capability.
Low ON resistance.
DC transmission.

High voltage isolation.

High cost.

High power consumption.
Unreliable.

Very slow operation.
Physically large.

Pulse Transformers
Moderate size.

High speed signal transmission.

Good transmission efficiency.

No DC or low frequency transmission.
Expensive for high isolation
impedance or voltage.

Differential line
Drivers and
Receivers

Solid state reliability.

DC transmission.
Low cost.

Smalt size DIP package.
High speed transmission.

Very low breakdown Volitage.
Low isolation impedance.
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MULTIPLEXING LED DISPLAYS
by George Smith

In digital displays, such as would be used ina D.V.M.
or counter of conventional design, all digits are
operated in parallel, with a separate decoder-driver
for each digit operated from data generally stored in
a quad latch.

In many cases, a reduction in cost can be effected by
operating the display in a time division multiplexed
mode. The question of cost effectiveness depends on
the particular application. As a general rule, the
greater the number of digits in the display, the more
advantageous the multiplex system becomes from the
cost standpoint. Because of the great variety of situa-
tions possible, it is difficult to say at what number of
digits the change should be made. In some circum-
stances, non-multiplexed operation of less than 8
digits is more economical. On the other hand, there
are circumstances under which multiplexing is used
for three and four digit displays at a cost saving. This
application note attempts to show some of the many
ways of multiplexing digits, and it is left to the
designer to decide whether his own system applica-
tion would be lower in cost if he used a multiplex
scheme.

The properties of light emitting diodes (LED) make

Appnote 3

them particularly suitable for multiplexed operation,
and hence it is the preferred method to use, if a
scheme can be designed which is cost competitive
with non-multiplexed operation.

Throughout this paper, it will be generally assumed
that we are talking of a system using TTL type logic
families, with MSI functions being used where applic-
able. In most production situations this will be the
most economical approach. There will be some cases
where discrete gates and flip-flops may yield a lower
cost. There are also cases where a single MOS chip
contains all the necessary logic functions, and only
interface driver circuits are required.

The seven segment numeric displays with a common
anode connection made by Litronix provide com-
patibility with the most widely available decoder-
drivers, which are active level low outputs. The
commonest devices are SN7447, 8T04, 9317 and
similar. Any of these is suitable for driving the
Litronix DL-707 type display. For common cathode
displays such as the Litronix DL-34M, SN7448,
8T06 and 9307 decoders can be used, and anode
drivers become cathode drivers.

DIGIT
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DRIVER
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0IGIT 1 DIGIT 7

8704
SN7447

8CD

DATA
INPUT

9317

o b b 1

o |n |m Jo fo [= |»

P
S S

Figure 1
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In a multiplex system, the corresponding cathodes of
each digit are bussed together, and driven from one
seven segment decoder-driver, via the usual current
limiting resistors. The display data is presented serially
by digit, to the decoder-driver, together with an
enable signal to the appropriate digit anode Fig-
ure 1.

Each digit anode is driven by a switch, capable of
passing the full current of all segments. The simplest
switch would be a PNP high current switch or ampli-
fier transistor, such as a core driver type.

In operation, the anode switches are activated one at
a time, in the desired sequence, while the appropriate
digital data is presented at the input to the decoder-
driver. The amount of circuitry required in Figure 1

most of the packages are lower cost than the seven
segment decoder. The scheme shown is a 20% cost
reduction over non-multiplexed operation, based on
O.E.M. prices for the components. For less than
eight digits, it would be difficult to compete with
non-multiplexed operation using this scheme.

CASE 2:

Multiplexing becomes more attractive, when'the data
is stored in a shift register, rather than in latches. In
this case the data is circulated around the register, at
some suitable rate, and is sequentially presented at
the input of the seven-segment decoder-driver. The
anode drive can be obtained from a counter and
decoder as in Figure 2, or from a parallel output shift
register — Figure 3.

A3

.I;_l

CLOCK O———{  SN7493 A; SN7442

17Ty

Ao

0 - Nw s

SN74151

I T T

ANODE

I DIGITO ] l

DIGIT 1 l

l oisiT7 J

SN74151

SN7447 V

SN74151

I 1

SN74151

Figure 2

is much less than that used in the non-multiplexed
scheme. The question of overall economy is depen-
dent on the amount of circuitry required to sequence
the anodes and present the data at the decoder input.
Let us consider some typical situations.

CASE 1:

An 8-digit counter-timer display, with the data stored
in multiple latch circuits. This is the most common
situation present in a counter-timer of conventional
design. A quad latch (SN7475) is used to store each
digit, and this data is periodically updated. To scan
this data, a 4 pole 8 position switch is required
(SN74151). To select the appropriate digit, an octal
counter (SN7493) and a 1 of 8 decoder (SN7442) are
required. The complete circuit is as in Figure 2.

The total package count is about the same for this
arrangement, as for non-multiplexed operation, but

This circuit, which can be expanded to any number
of digits, circulates a single zero, and thus can directly
drive the PNP anode switches. Systems using recir-
culating memories generally requirg this digit timing
circuitry for other reasons, so it is generally available
in the system already.

CLOCK O

T 1
MSHCN
K
—4
-
‘TO ANODE DRIVERS
Figure 3
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For displays of 8 digits; a very common number in
counter-timer instruments, the 9328 dual 8 bit shift
register makes a very good circulating shift register.
Two packages are required to store and circulate 8
digits — Figure 4.

The scheme can be extended to more digits by adding
a4 bit parallel shift register such as the 9300, for each
extra digit; the extra shift bits are inserted at the
points marked X in Figure 4. The same circuit can
be used for less than 8 digits, if a 12-1/2% duty cycle
is satisfactory. For less than 8 digits, where maximum
available duty cycle must be maintained, the scheme
shown in Figure 5 can be used.

The preceding schemes demonstrate that systems con-
taining recirculating data are very effectively coupled
to multiplexed LED displays. Many multi-digit sys-
tems such as calculating machines use L.S.l. MOS
circuits to provide their logic, and these naturally
lend themselves to recirculating data. It is now practi-
cal to use custom L.S.I. to provide the logic functions
of a D.V.M. or a counter-timer type of instrument,
employing muitiplexed LED displays, at a significant

cost savings over conventional instrument designs.

Apart from the strictly logical problems involved in
a multiplexed display, the designer must choose
suitable operating conditions for the LED’s. Peak
forward current, current pulse width, duty cycle and
repetition rate, are all factors which the designer
must determine.

The luminous intensity, or the luminance of GaAsP
LED's, is essentially proportional to forward current
over a wide range, but certain phenomena modify this
condition. At low currents, the presence of non-
radiative recombination processes, results in less light
output than the linear relationship would predict.
This effect is noticeable in the region below about
5 mA per segment (for 1/4 inch characters). The
result is that noticeable difference in luminance from
segment to segment can occur at low currents. At high
currents, the power dissipation in the chip causes
substantial temperature rise, and this reduces the
efficiency of the chip. As a result the light output
versus forward current curve falls below the straight
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line, at high currents (Figure 6). It should be empha-
sized that this latter effect is entirely due to self heat-
ing. If the power dissipation is limited, by running
short pulses at low duty cycle, the output follows
the straight line up to very high current densities.
Whereas 100 A/cm? may be used in DC operation,
as much as 10% A/cm? can be used under pulsed con-
ditions, with a proportionate increase in peak inten-
sity. (If this did not occur, GaAsP lasers could not be
built.) Gallium Phosphide, however, has an inher-
ent saturation mechanism that causes a drastic reduc-
tion in efficiency at high current densities even if the
junction temperature remains constant. This effect is
due to competing non-radiative recombination mech-
anisms at high current density.

As a first approximation the brightness of a pulsed
LED will be similar to that when operated at a DC
forward current equal to the average pulsed current.
For example, for 40 mA peak current at 25% duty
cycle, the brightness will be similar to DC operation
at 10 mA. The actual brightness comparison will
depend on the actual pulsing conditions. Under most
legitimate conditions the brightness will be greater
for pulsed operation.

Figure 6 shows how the actual light output at 5 mA
DC is substantially less than expected from the ideal
curve, because of the “foot” on the curve at low
currents. Operation at 50 mA peak current and 10%
duty cycle yields a high peak output as shown, and an
integrated average output that is much closer to the
ideal value. It should be obvious that variations in the
“foot” from segment to segment cause a significant

variation in light output at a low DC current, but a
much smaller variation in the average output when
operated in a pulsed mode. As well as an increase in
luminance, or luminous intensity due to pulsing, there
is an increase in brightness because of the behavior
of the eye. The eye does not behave as an integrating
photometer, but as a partially integrating and partially
peak reading photometer. As a result, the eye per-
ceives a brightness that is somewhere between the
peak and the average brightness.

The net result is that a low duty cycle high intensity
pulse of light looks brighter than a DC signal equal to
the average of the pulsed signal. The practical benefit
of multiplexed operation then, is an improvement in
display visibility for a given average power consump-
tion besides the lower cost. The brightness variation
from segment to segment and digit to digit is also
reduced by time-sharing. The gain in brightness over
DC operation can be as much as a factor of 5 at low
duty cycles of 1 or 2 percent, and peak currents of
50 to 100 mA.

A number of factors must be taken into account when
deciding on the design of a multiplexed display.
Besides the optical output, thermal considerations are
very important.

Most 1/4" size LED numerics are rated at 30 mA DC
max per segment. Under pulsed operation, higher
currents can be used provided several thermal con-
siderations are taken into account.

(1) Theaverage power dissipation must not exceed
the maximum rated power.

(2) The power pulse width must be short enough
to prevent the junction from overheating dur-
ing the pulse. This implies that the puise
width must get shorter as the amplitude in-
creases.

Present experience indicates that for pulses of 10 us,
the amplitude should be limited to 100 mA max.
Shorter pulses of higher amplitude may be used but
the circuit problems become severe if the pulse width
is very short. As more information on thermal param-
eters of the devices becomes available, more specific
design rules can be given to assist the designer.
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DRIVING HIGH-LEVEL LOADS

WITH ISO-LIT™ OPTO-ISOLATORS

by David M. Barton

Frequently a load to be driven by an Iso-Lit requires
more current, voltage, or both, than an Iso-Lit can
provide at its output.

Available Iso-Lit output current, of course, is found
by multiplying input (LED section) current by the
“CTR"” or current - transfer-ratio. For worst-case
design, the minimum specified value would be used.
The minimum CTR of the Litronix Iso-Lit 1, 12
and 16 are 0.2, 0.02 and 0.06 respectively. Tempera-
ture derating is not usually necessary over the O to
+60 degree Celcius range because the LED light output
and transistor beta have approximately compensating
coefficients.

Multiplying the minimum CTR by 0.9 would ensure
a safe design over this temperature range. Over a wide
range, more margin would be required.

The LED source current is limited by its rated power
dissipation. Table | shows maximum allowable Ig vs
maximum ambient temperature.

Values for Table | are based on a 1.33 mW/°C derate
from the 100 mW at 25°C power rating.

Table |

MAXIMUM TEMPERATURE | Ig MAXIMUM
40°C 65 mA
60°C 48 mA
80°C 25 mA

Obviously, one can increase the available output cur-
rent then by either choosing a higher CTR-rated
Iso-Lit, by providing more current, or both. Table i

Table 11
ISO-LIT Ice(MIN) mA
1 8.6
12 0.86
16 25

Appnote 4

shows the minimum available output current of each
device assuming 60°C derating (from Table 1) and a
10 percent margin for temperature effects.

If the Iso-Lit is being operated from logic with 5 volt
Ve, and 0.2 volt Vg saturation is assumed for the
driving transistor, a 75 ohm R ¢ resistor will provide
the 48 mA. The forward voltage of the IR-emitting
LED is about 1.2 volts. Figures 1A and 1B show two
such drive circuits.

I——O
1SO-LIT Qo

R
1.2K
L 2N3568
INPUT

Figure 1A. NPN Driver

Vee
5 12K g
IN:U"I-' ‘ 2N3638
Rie

L

L

Figure 1B. PNP Driver




A “buffer-gate,”” such as the SN7440 or Signetics
8855, provides a very good alternative to discrete
transistor drivers. Figure 2 shows how this is done.
Note that the gate is used in the “‘current-sinking’’
rather than the ‘“‘current-sourcing’” mode. In other
words, conventional current flows into the buffer-
gate to turn on the LED. This makes use of the fact
that a T2L gate will sink more current than it will
source. The SN7440 is specified to drive thirty 1.6 mA
loads or 48 mA. Changing R\ from 75 to 68 ohms
adjusts for the higher saturation voltage of the mono-
lithic device.

K|

1/2 SN7440

Figure 2. Buffer-Gate Drive

MORE CURRENT

For load currents greater than 8.6 mA, a current
amplifier is required. Figures 3A and 3B show two
simple one-transistor current amplifier circuits.

TIER G

Figure 3A. NPN Current Booster

Since the transistor in the Iso-Lit is treated as a two-
terminal device, no operational difference exists be-
tween the NPN and the PNP circuits. Ry, provides a
return path for Icgo of the output transistor. Its
value is: R, = 400 mV/lcgo(T) where lcgo(T) is
found for the highest junction temperature expected.

Assume that leakage currents double every ten de-
grees. Use the maximum dissipated power, the speci-
fied maximum junction-to-ambient thermal resistance,

Ry

Figure 3B. PNP Current Booster

and the maximum design ambient temperature in
conjunction with the specified maximum 25 degree
lcgo to calculate Iggo(T).

As an example, suppose a 2N3568 is used to provide
a 100 mA load current. Also assume a maximum
steady-state transistor power dissipation of 100 mW
and a 60°C maximum ambient. The transistor junc-
tion-to-ambient thermal resistance is 333°C/watt, so
a maximum junction temperature of 60 + 33 or 93°C
is expected. This is about 7 decades above 25°C.
Therefore, Icgo(T) = lcgo(max) x 27 =50 nA x 128 =
6.5 uA. A safe value for Ry is 400 mV/6.5 uA =
62 kilohms.

Working backwards, maximum base current under
load will be lg/hgg(min) = 100 mA/100 = 1 mA. Cur-
rent in Ry is Vge/R, = 600 mV/60k = 10 A, which
is negligible. Table Il shows that an Iso-Lit 16 could
provide more than enough base current for the
transistor but an Iso-Lit 12 could not. Less than the
maximum allowable drive could be provided to the
Iso-Lit 16, since only 1 mA is required. A 20 mA
drive provided by a 180 ohm resistor would suffice.
An Iso-Lit 1 with 9 mA drive would also work.

If the load requires more current than can be obtained
with the highest beta transistor available, then more
than one transistor must be used in cascade. For ex-
ample, suppose 3 amperes load current and 10 watt
dissipation are needed. A Motorola MJE3055 might
be used for the output transistor, driven by a MJE205
as shown in Figure 4. Using a 5°/watt heat sink and
the rated MJE3055 junction-to-case thermal resistance
of 1.4°/watt, we find that junction temperature rise
is 6.4 x 10, or 64°. Therefore maximum junction
temperature is 124°C. This is 10 decades above 25°C
making Icgo(T) = 2'%lcgol(max) = 10%Icgolmax).

lcso(max) at 30 volts or less is not given, but lcgg is.
Using (for safety) a value of 20 for the minimum low-
current hge of the device, Icgo could be as large as
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lceo/20 = 35 uA. Then lcpo(T) is 35 mA and Ry, =
400 mV/35 mA = 11 ohms. For I, use l,/hgg(min @
4A) = 3A/20 = 150 mA. lgpy = 600 mV/10 ohms =
60 mA, 50 lgqq) = 210 mA.

Maximum Power in Q; will be about 1/14 the power
in Q, since its current is lower by that ratio and the
two collector-to-emitter voltages are nearly the same.
This means Q; must dissipate 700 mW.

Assuming a small “flag” heat sink having 50°/watt
thermal resistance, we find the junction at about
95°C. The 150°C case temperature lcgo rating for
this device is 2 mA, so one can work backwards and
assume about 1/30 of this value, or 70 uA. On the
other hand, the 25° rated lcgo is 100 uA. Choosing
the larger of these contradictory specifications, Ry =
400 mV/0.1 mA = 4k =~ 3.9k. Q, base current is
leq@1y/hre@iming = 210 mA/50* = 4.2 mA. Total
current is l,q) + lgp1 = 4.2+ 0.24=4.5mA. Table I
shows that an Iso-Lit 1 could be used here.

MORE LOAD VOLTAGES

All of the current-gain circuits shown so far have one
common feature: load voltage is limited by the 30
volt rating of the Iso-Lit, not by the voltage or power
rating of the transistor(s). Figure 5A shows a method
of overcoming this limitation. This circuit will stand
off BVceo of Q. The voltage rating of the photo-
transistor is irrelevant since its maximum collector-
emitter voltage is the base-emitter voltage of Q,
(about 0.7 volts).

Unlike the “Darlington” configurations shown pre-
viously, this circuit operates ‘‘normally-ON.”” When

*Minimum hgg is obtained using the specification at ICg =
2A and the “Normalized DC Current Gain’’ graph given in
the Motorola ‘‘Semiconductor Data Book,” 5th Edition,
pp. 7 — 232, 3.

no current flows in the LED the phototransistor,
being OFF, allows R, current to flow into the base
of Q,, turning Q; ON. When the Iso-Lit is energized,
its phototransistor “‘shorts out” the R, current turn-
ing Q; OFF.

v
> LOAD
SR
<>
1SO-LIT K
v-

Figure 5A. NPN HV Booster

1SO-LIT

Figure 5B. PNP HV Booster

The value of R, depends only on the load-supply
voltage V* — V7, and the maximum required Q, base
current. This is derived from the minimum beta of Q,
at minimum temperature and the load current. The
required current-drive capability is the same as Ig,,
since Ig, changes negligibly when the circuit goes
between its “ON’* and "“OFF" states.

In some applications either more current gain will
be required than one transistor can provide or the
power dissipated in R, will be objectionable. In these
cases, simply use the Darlington high-voltage booster
shown in Figure 6A.
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Figure 6B. PNP Darlington HV Booster

If more than one load is being driven and their nega-
tive terminals must be in common, use the PNP cir-
cuit, Figure 6B. Otherwise, the NPN is better because

the transistors cost less. Of course performance char-
acteristics of the NPN and PNP versions are identical
if the device parameters are also the same.

APPLICATIONS

Iso-Lit isolated circuits are useful wherever ground
loop problems exist in systems, or where dc voltage
level translations are needed. In many systems so-
called interpose relays are used between a logic circuit
section (which may be a mini-computer) and the
devices being controlled. Sometimes two flevels of
interpose relays are used in cascade either because of
the load power level or because of extreme diffi-
culties with EMI. Iso-Lits, aided bv booster circuits
such as those described, can replace many of the
relays in these systems.

The reed relays, typically used as the first level of
interpose and mounted on the interface logic cards
in the electronic part of the system, are almost always
replaceable by Iso-Lits since their load is just the coil
of a larger relay. This relay may have a coil power of
1/2 to 5 watts and operate on 12, 24 or 48 volts dc.

Assuming worst-case design techniques are carefully
followed, system reliability should improve in pro-
portion to the number of relays replaced.
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MORE SPEED FROM ISO-LIT™

OPTICAL ISOLATORS

by David M. Barton

Figure 1 shows a typical circuit employing an Iso-Lit
to transmit logic signals between electrically isolated
parts of a system. In the circuit shown, the Iso-Lit
must ‘“‘sink”’ the current from one T2L load plus a
pull-up resistor. This load is roughly equivalent to a
4 kS resistor to Vcc. The resistor in series with the
LED half of the Iso-Lit must supply the worst-case
load current divided by the ‘““current transfer ratio”
or CTR of the Iso-Lit. If an Iso-Lit 1 is used, having
a min CTR of 0.2, and 30 percent variation in the
load is allowed, 8.1 mA is required. This is supplied
by the 43082 resistor.

The maximum repetition rate at which this circuit
will operate is only about 3 kHz. The severe speed
limitation is due entirely to the characteristics of the
photo-transistor half of the Iso-Lit. This device has
a large base-collector junction area and a very thick
base region in order to make it sensitive to light.
Cob is typically 25 pF. This capacitance is, in the
circuit of Figure 1, effectively multiplied by a large
factor due to the ““Miller effect.”” Also, because the
base region volume is large, so is base storage time.

Veez

>—- TIL DEVICE

Veer

Veer 53]

4300

o = com,
T2
DEVICE

= com,

Figure 1

A very simple method of reducing both of these
effects is to add a resistor between the base and
emitter as shown in Figure 2. This resistor helps by
reducing the time constant due to C,, and by remov-
ing stored charge from the base region faster than
recombination can. When a base-emitter resistor is
used, of course, the required LED drive is increased
since much of the photo-current generated in the
base-collector junction is now deliberately ‘“dumped.”’

Appnote 5

Using this method does not usually result in a large
power supply current drain since average repetition
rate is low in most applications.

Veer

T
DEVICE

Figure 2

As drive is increased and Rgg reduced, turn-on time
and turn-off time both decrease. The total amount of
charge stored can also be reduced by decreasing the
LED drive pulse duration. Also, as higher drive levels
are used, the load resistance, R can be reduced to
further enhance the speed of the circuit. These param-
eters are related to each other such that all should
be changed together for best results.

One important generalization can be made concerning
their interdependence. The LED drive pulse duration,
Tin, output fall time, t;, output rise time, t, and
propagation delay, t,, should occur in a 1.56:1:1:1
ratio, approximately. If this relationship does not
occur, the circuit will not operate at as high a
repetition rate as it could at the same drive level.
Tout €quals T;, at low currents but stretches out at
high currents.

Figure 3 is a graph relating the important parameters
for a typical Iso-Lit 1 whose CTR is 0.25. The
optimum values of T;,, Rgg and R_ are shown versus
LED pulse current as are the resultant output pulse
width and maximum full-swing frequency. Rise, fall
and propagation time can be read as 2/3 of Tj,.
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Figure 3 shows that increasing drive to 200 mA and
using optimum Rgg and R_ will increase the maxi-
mum repetition rate from 3 kHz to 500 kHz, a 167:1
improvement.

Lower grade isolators will behave similarly if the LED
drive level is scaled appropriately to allow for a
lower CTR.
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Figure 3. Parameters vs LED Pulse Current

Another method of increasing speed is to operate the
photo-transistor as a photo-diode. In this method, bias
voltage is supplied between the collector and base
terminal, the emitter being unused. Operation to at
least 10 MHz is possible this way, but the price is the
need for external amplification. Figure 4 is a graph

PEAK OUTPUT CURRENT (4A]

0
1020 50100 5001 2 &
LED DRIVE PULSE DURATION

Figure 4. Diode Mode Output Current vs
Drive Pulse Duration

showing peak output current versus drive pulse dura-
tion for 200 mA peak drive current.

Since output current is small, some type of wide-
bandwidth amplifier must be employed in order to
drive T2L loads.

One simple solution for intermediate speed operation
is the use of a low-power T2L inverter (1/6 74L04).
The collector of the photo-transistor is connected to
its input along with a 100K pullup resistor. The base
is connected to system output-side common. This
inverter will in turn drive one 7400 series device.

Another device which will provide a good interface is
an integrated comparator amplifier. The photo-transis-
tor collector goes to V. Its base has a 200S2 load
resistor to ground and goes to one input of the com-
parator. Also, a resistor coes from this node to the
minus supply. This resistor is chosen to supply 50 uA.
The other comparator input is grounded. The voltage
at the comparator input will switch from =10 mV to
+10 mV or more when the diode turns on and the
output will drive the T2L loads.

Of course discrete-component amplifiers could be
used and may be best in some applications.
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Figure 5

CONCLUSIONS

For operation to 500 kHz, the addition of a base-
emitter resistor and a high-current driver is probably
the best method of increasing Iso-Lit speed. Above
500 kHz one must revert to photodiode mode and use
ar; external amplifier to drive most loads, particularly
T-L.
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OPERATING LED'S ON AC POWER

by David M. Barton

Introduction

Frequently it is desirable to operate LEDs on AC
power rather than DC. Typically, the power source
is 120 VRMS 60 Hz. The most obvious method is to
rectify this power with a series diode and use a
resistor to limit LED current as shown in Figure 1.

R RECTIFIER LED

AC

o—

FIGURE 1. The Power Resistor Method

This method, though sound, results in very high power
dissipation in the resistor since the LED operates on
only 1.6 volts.

The Method

Figure 2 shows a better method. Here a capacitor is
used to control LED current and a shunt silicon diode
provides rectification.

Rs ¢
DIODE
AC IN4148 LED
(e,
FIGURE 2.

Since, for current in either direction, voltage drop
across the LED or rectifier is a negligible part of the
supply voltage, current in the capacitor is almost
exactly equal to the AC supply voltage divided by the
reactance of the capacitor. Average capacitor current
is then

1. Ic (AV) =.9 X VRMS/X¢
and average half-cycle LED or rectifier current is

2. l ep (av) = 1/21p (AV) = .45 VRMS/X¢
or, for 120 VRMS, 60 Hz operation,
3. ILED (AV) = 20 mA X C#F
|
or CuF = LED (AV)
20 mA

Figure 3 shows the value of the series capacitor
needed for a range of average LED currents assuming
60 Hz, 120 volt power.

20

C(uF)

2 10 20 30

ILep verace) (MA)

FIGURE 3. Series Capacitor Value vs Average LED Current
for 120 VRMS 60 Hz.

50

A resistor is necessary in series with the capacitor to
limit turn-on transient currents. A value of 100 ohms
will be adequate in most cases.

The current in the LED, of course, flows almost
exactly in quadrature with the line voltage. For this
reason, power dissipation is low, being limited to the
expected LED and rectifier power loss, the loss in
series resistor and to losses in the capacitor. The
latter term will be extremely low if high quality
capacitors are used. Although power consumption of
a circuit may not be of much significance in terms of
the cost of the power, it certainly can be important to
reduce heat generation within an enclosure.

If more than one LED is to be operated from the
same source, simply put the LEDs in series in the
same circuit, as shown in Figure 4. For small numbers
of LEDs the current will be, for practical purposes,
the same as for one.

FIGURE 4.

Conclusion

Cost of the series capacitor (mylar) will be similar to
the cost of a series power resistor. The shunt diode,
a IN4148 or similar, will cost about two cents; much
less than a series rectifier which must have a several
hundred volt PIV rating.

So, the capacitor method is both lower in cost and
lower in heat generation and power consumption than
the resistor method.
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APPLYING THE DL-1416
Intelligent Display™

by Dave Takagishi

This application note is intended to serve as design
and application guide for users of the DL-1416 Al-
phanumeric Display. The information presented cov-
ers: device electrical description and operation, con-
siderations for general circuit designs, multi-digit
display systems and interfacing to the 6800, Z80,
and 8080 microprocessors.

The DL-1416 was designed to provide an easy-to-use
alphanumeric display for the 64 character ASCII
systems. Only twelve interconnect pins plus power
and ground are needed to drive a single four digit
display. The overall package is designed to allow end
stacking of the DL-1416 to form any desired charac-
ter length display.

ELECTRICAL DESCRIPTION

The on-board electronics of the DL-1416 eliminates
all the traditional difficulties of using displays—seg-
ment decoding, driving, and multiplexing. The DL-
1416 has gone further and provided internal memory
for the four digits. This approach allows the user to
address one of four digits, load the desired data
asynchronously to the multiplex rate and continue.

Figure 1 is a block diagram of the circuitry in the
DL-1416. The unit consists of a display and a single
integrated circuit chip. The display is four 16-seg-
ment alphanumeric monolithic LED die magnified
to a height of 160 mils. The IC chip contains the
16 segment drivers, 4 digit drivers, 64-character
ROM, four-word 7-bit RAM, internal oscillator for
multiplexing, multiplex counter/decoder, cursor
RAM, write address decoder, and level shifters for
the inputs.

H
i il L

<

32 Lnes

osc/ NM M N M

OIspLAY

Y

=

YYY

OIGIT DAIVERS.

%A | osthe
H

INTERNAL SCHEMATIC
FIGURE 1

Appnote 9A

The inputs to the DL-1416 are:

CE CHIP ENABLE (active low)

This determines which device in an array will
actually execute the loading of data. When
the chip enable is in the high state, all in-
puts are inhibited.

DIGIT ADDRESS

The address to the DL-1416 determines the
digit in which the data will be written.
Address order is right-to-left for positive-
true address.

DATA LINES

The seven data input lines are designed to
accept the 64 ASCII code set. See Table 1
for character set.
WRITE (active low)
Data to be written into the DL-1416 must
be present before the leading edge of write.
The data and address must be stable until
after the trailing edge.
Cu CURSOR (active low)
When the CU is held low, the DL-1416
enables the user to write or remove a cursor
in any digit position. The cursor function
lights all 16 segments in the selected digits
without erasing the data. After the cursor
is removed, the digit will again display the
previously written character.
v+ POSITIVE SUPPLY
TTL compatible + 5 volts

Do -Dg

=

V- NEGATIVE SUPPLY
Ground
CHARACTER SET
DO L H L H L H L H
D1 L L H H L L H H
02| L L L s [ n W [
0605 04 03
LiH[L|H < ) % ..L - /
J a C
NS BB
L B B A A Rl BN 7
R rr I - | r-
e gl A B0 D EF
N [ /7 |1 NN
rloLlu NIy L
I I T e | - T i1 /7 (01
O IR IR _CJ AR R A
HiLHIH X Y ¢_7 { \\ _-0' N |
Note: All undefined codes will display a blank.
TABLE 1




OPERATION

Loading data into the DL-1416 is similar to writing
into a RAM. The data and address must be present
before the leading edge of the write signal (W) and
must be present until after the trailing edge. The
waveforms of Figure 2 demonstrate the relationship
of the signals required _to generate a write cycle
utilizing chip enable (CE) and write (W) (Check
data sheet for minimum values). _ _

As can be seen from the waveforms, CE and W are
interchangeable. The true internal “‘write’” function is
formed by the “and-of-the-nots”.

WRITE CYCLE WAVEFORMS UTILIZING CHIP ENABLE (CE)

ndron X X
) T |

Chip Enable * { .
|t P [+ "HorLo
—— 3 TUP
|—tserue o) —
Data in X X

WRITE CYCLE WAVEFORMS UTILIZING WRITE (W)

[ —X
b= teror i =1
Chip Enable
R T == thouo
bean X » &

ADDRESS TABLE
FIGURE 2

Multiplexed display systems sequentially read and dis-
play data from a memory device. In synchronous
systems, control circuitry must compare the loca-
tion of data to be read and displayed to the location
of new data to be stored, i.e. synchronize, before a
write can be done. This can be slow if there are many
memory locations. It can also be cumbersome.

Data entry of the DL-1416 is asynchronous and data
may be stored in random order. Each digit will con-
tinue to display the character last “‘written’” until
replaced by another.

The cursor function causes all 16 segments of a digit
to light. The cursor can indicate the position in the
display of the next character to be entered. The
cursor /s not a character but overrides display of the
stored character. Upon removal of the cursor, the dis-
play will again show the character stored in memory.

The cursor can be written into any digit position by
enabling chip enable (CE), cursor (CU), the posi-
tional data, and a write (W) signal. The position of
the cursor will be dependent on which of the first
four data lines (Dg, D4, Dy, D3) are held high. A
high on data line Dy will place a cursor display in
the right-most digit and respectively a high on data

line D3 will place a cursor display in the left-most
digit. The cursor can be loaded into, or erased from
more than one position simultaneously by simply
holding more than one data line high during the cur-
sor write cycle.
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The_cursor will_remain displayed after the cursor
(CU) and write (W) signals have been removed. The
wave forms in Figure 3 show a cursor being placed
in Digit 0 and erased from Digit 1, Digit 2, and
Digit 3 simultaneously.

Hardwiring the cursor (CU) line high is not recom-
mended. This internal cursor memory will be randomly
loaded on power-up and all positions must be cleared
before a cursor-free display is ensured.

GENERAL CIRCUIT DESIGN CONSIDERATIONS

Using positive-true address logic, address order is
from right to left. For left to right address order, use
the ‘‘ones-complement’’ or simple inversion of the
addresses.

For systems with only a 6 bit ASCIl code format,
data line Dg cannot be left open. Data Dg must be
the complement of data line Dg. If an illegal code is
loaded into the DL-1416, it will display a blank in
the digit accessed.

A “display test”” function can be realized by simply
storing a cursor in all digits simultaneously. This is
done by holding Dg, D4, D3 and D3 high and CU low
during a cursor write cycle. The same operation, with
the data lines low will end “‘display test”’.

Because of the random state of the cursor RAM after
power up, it is necessary to clear it initially to assure
that all the cursors are off.

When using DL-1416's on a separate display board
having more than two feet of cable length, it may be
necessary to buffer all DL-1416 inputs. This is most
easily achieved with hex-non-inverting buffers such
as 74365 IC's. The object is to prevent transient
current in the DL-1416 protection diodes. The
buffers should be located on the display board near
the DL-1416's. Local power supply bypass capacitors
are also needed in many cases. These should be 6 or
10 volt tantalum type having 10uF or greater capaci-
tance. Low internal resistance is important to elimi-
nate voltage transients due to the current steps which
result from the internal multiplexing of the DL-1416.




If small wire cables are used, it is good engineering
practice to calculate the wire resistance of the ground
plus the +5 volt wires. More than 0.1 volt drop (at
25mA per digit worst case) should be avoided,
since this loss is in addition to any inaccuracies or
load regulation limitations of the power supply.
limitations of the power supply.

GENERAL INTERFACE

The most general and straight-forward interface
approach would be to use the parallel 1/0 device of a
microprocessor. This interface scheme can be com-
pletely software dependent. One eight bit output port
can handle the seven input data bits and the cursor.
Another eight bit output port can contain the address
and chip enable information with one bit reserved for
the write signal.

An 8080 system shown in Figure 4 illustrates a 16
character display using a 8255 programmable periph-
eral interface 1/0 device with a 7442 one-of-ten de-
coder added for ease of programming. The following
program will display a simple 16 character message
using the parallel 1/0 interface.

INIT: MVI A, 80H; control data mode 0
OUT CONTROL; load control register
CUSR: MVI A, 00H; clear cursor data
OUT PORTA; load data port
MVI B, OFH; set counter
CUSR1: MOV A, B
CALL DSPWT; write subroutine
DCR B; decrement counter
JINZ CUSR1; 16 characters
DISP: LXI H, TABLE; set table
DISP1: MOV A, M
OUT PORTA; load data output
MOV A, B
CALL DSPWT; load address & write
INX H; increment table address
INR B: increment counter
MVI A, 10H; set # of digits
CmP B
JNZ DISP1; 16 characters
HLT; end of program
DSPWT: ORI 80H; set write bit off
OUT PORTB; toad address
AN! 7FH; set write bit on
OUT PORTB; load write
ORI 80H; set write bit off
OUT PORTB:; load write
RET
TABLE: DB oc3H
[o]:] OCSH
D8 OD4H
o8B OD3H
DB OC1H
[o]:] OD4H
DB OCEH
DB OC1H
DB OCéH
[o]: OAOH
[3]:] OD3H
[o]:] OD4H
[o]:] ocsH
DB OC7H
[o]:] OC9H
[s]:] OCCH
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1/0 OR MEMORY MAPPED ADDRESSING

Some designers may wish to avoid the additional cost
of a parallel 1/O device in their system. Structuring
the addressing architecture for the DL-1416 to look
like a set of output devices (I/O mapped) or RAM's,
ROM’s (memory mapped) is ideal. However, the set-
up and hold times of the DL-1416 are too slow for
some present uP’'s running at maximum speed.

To operate at maximum clock rates, the processor
must be made to pause for the required display write
cycle interval.

DL 1416/8080 INTERFACE

Microprocessors like the 8080 and Z80 have the
ability to generate “‘wait states’’ for use with rela-
tively slow memories. Figure 5 shows a circuit which
utilizes “‘wait states’”” to interface the DL-1416 dis-
play to an 8080 system with a T cycle = 500 nS.
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The signal MEMW e DISPLAY SELECT defines a
DL-1416 display write cycle and initiates the RDYIN
signal. MEMW alone would generate wait states for
all write cycles and would slow down total computa-
tion. The shift register, 74164, is useful for generating
a DL-1416 write signal which meets the setup times
for different processor clock rates. The timing dia-
gram, Figure 6, illustrates the relationship between
write, wait, and DL-1416 write.

*Note: System controller 8238 required for an early
MEMMW signal.
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DL-1416/280 INTERFACE

The organization of the Z80 is very similar to the
8080 processor. Both-processors utilize wait states for
slow memory and, as can be seen in Figure 7, the
interface can be identical to the 8080 System. For
T cycle = 500 nS, only signal names are different.
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DL-1416/6800 Interface

For processors such as the 6800 that do not have
wait state capability, clock pulse stretching techniques
can be used. Microprocessor clocks such as the
Motorola MC6871B have the ability to hold either @1
or @2. Figure 8 uses the same interface techniques as
for the 8080 and Z80. The signal H2 extends the
02 clock. All address and data lines will remain valid
until H2 is released. H2 was taken from the output
of the first stage of the shift register in this case to
synchronize with @2; otherwise a narrow @1 may
result.
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CONCLUSION

The interface schemes shown demonstrate the general
simplicity of DL-1416 use with microprocessors. The
differences among the examples are in providing
proper write signals. Because of the setup and hold
times of the DL-1416, many microprocessor systems
will require some type of interface circuitry for
compatibility. The techniques used in these examples
were chosen for their versatility in accepting a wide
range of clock rates. The user will undoubtedly
invent other schemes to optimize his particular
system to its requirements.

This application note Is not intended to Imply specific
endorsement or warranty of other manufacturer’s products
by Litronix.
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