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PHOTOTRANSISTORS 
Photo Curnnt Collector 

Package Acceptanca VCE-5V Emittor 
Type Package OutUna Part Number Half Angl. EV-l0G0lx Voltage Page 

(mAl VCEo(VI 

n 

V 3mm SFH309 1.0 35 342 
Plastic I 

BP103B-l 1.6-3.2 
n% ~.~ 8Pl038-2 2.5-5.0 5mm 16° 35 343 
Plastic 8Pl038-3 4.0-S.0 

BP1038-4 6.3-12.6 

8Pl03-1 .16-.32 
Similar 

~ 8Pl03-2 .25-0.5 
to TO-1S : 60° 50 345 
Plastic 8Pl03-3 0.4-O.S 

8Pl03-4 .63-1.25 

8PX38-1 0.4-O.S 

TO-1S : ~ 
8PX3S-2 .63-1.25 

Flat 40° 50 351 
Glass Lens SPX3S-3 1.0-2.0 

SPX3S-4 1.6-3.2 

BPX43-1 1.6-3.2 

BPX43-2 
20° 

2.5-5.0 

~ 
4.0-S.0 

50 353 
TO-1S ; 8PX43-3 
Round BPX43-4 6.3-12.5 
Glass Lens 

1.25-2.5 8PY62-1 

BPY62-2 SO 2.0-4.0 32 355 
8PY62-3 3.2-6.3 

TO-18 

: b Flat SFH500 60° 0.7 15 357 
Glass Lens 

Similar to 

~{D 
LPT100 >0.2 

TO-18 LPnOOA 30° 1.0-3.0 Round 
Epoxy Lens LPT1008 1.3-2.6 

30 347 

Similar to 

~~ 
LPnl0 >0.2 

TO-18 
LPTll0A 50° 0.6-1.8 Flat 

Epoxy Lens LPnl08 0.B-l.6 

Miniature ~ A SFH305-2 
16° 1.0-2.0 32 361 lmm 

SFH305-3 1.6-3.2 

I 
~ A 

8PXS,., .63-1.25 
Miniature 8PXSl-2 18° 

1.0-2.0 
Plastic 32 359 

BPX81-3 1.6-3.2 
BPX81-4 2.5-5.0 

2 Diode Array BPX82 

3 BPX83 

4 

~ 
BPX84 

5 BPX85 
18° .32-1.0 32 359 

6 BPXB6 

7 8PX87 

8 BPX88 

9 BPX89 

10 8PX80 
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FEATURES 

• 3 mm (1'1) Size Package 

• .09 Inch (2.3 mm) Lead Spacing 

• Low Coat 

• Matches with SFH·409 
Infrared Emitter 

DESCRIPTION 

The new silicon NPN phototranslstor 
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. 

SFH·309 
T1 SILICON PHOTOTRANSISTOR 

ADVANCED INFORMATION 

Package Dimensions In Inches (mm) 

.13 
.026 (3.3) 
(.65) (31) 

(~ 

.114 t -~ 146 
(029) (37) 
(02.7) Cfs) 

.106 .138 

.268 
(6.8) 

.018 ([4) 
(0.45) fiTl---i--+ .252 
(0.3) ---*I 
.012 

I 
o 26 ~'. ---'--->.,,---'-

(65) III CATHODE 
(50)-.j~ 
.02 .09 

(2.3) 

Characteristics (@25 ·e) 
Photo Current (Vee = 5 V; E, = 1000 Ix) Ip 

Collector-Emitter Leakage Current Iceo 
(Vce =30Y; E=O) 

Wavelength of the Maximum Sensitivity ~max 

Switching Time t,. tf 

Maximum Collector-Emitter Voltage VCEO 

1 mA 

5 (s 100) nA 

850 nm 

5(s10)"s 

35 V 

Specifications subject to change without notice. 
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A Siemens Company 

FEATURES 

• Silicon NPN Epitaxial Phototransistor 

• Low Cost 

• T 1'l4 Package 

• Clear Plastic Lens 

• Narrow Acceptance Angle 16° 

• 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. 

BP 1038 SERIES 
PHOTOTRANSISTOR 

Package Dimensions 

Dimensions Inside parenthesis are In mm 
Dimensions outside parenthesis are in inches 

Maximum Ratings 

Collector-emitter yoltage Va. 35 V 
Emitter-Collector voltage VE80 7 V 
Collector current Ie 100 rnA 
Collector peak current It:5i 10 liS) fe. 200 mA 
Junction temperature T; 125 'c 
Storage temperature T$tor -55 to 80 'C 
Max. permissible soldering temperature (t:5i 5 s) ,. 260 'C 
Power dissipation (T.mb = 25°C) p.. 210 mW 
Thermal resistance 
Collector junction to air RttlJlmb 350 K/W 

Characteristics (T.mb = 25°C) 
Collector-emitter leakage current 
(V" =·30V; E= 01 Iceo 5($1001 nA 
Range of spectral sensitivity 
(5=0.1 Sm •• 440 to 1070 nm 
Wavelength of the max. sensitivity A~ mo. 850 nm 
Collector base - Photodiode 
(E, = 1000 Ix; VeE - 5 VI !,ocB 10.8 p.A 

(E. '" 0.5 mW/cm2 ; A = 950 nm; VeE = 6 VI fPCB 2.7 p.A 
Radiant sensitive area A 0.12 mm' 
Rise time to 90% of the final value 
Fall time to 10% of the initial value 
(RL=1kQ)I) t.;t! 5 ( .. 101 ~s 

Capacitance 
(V",=OV;f=1 MHz;E=Ol C'" 11 pF 
Acceptance half angle op 16 degrees 

Grouping is done at E" = 1000 Ix. 

Group 8P1038·' BP103B·2 8P1038-3 8P1038·4 

Photocurrent f, 1.6 to 3.2 2.5 to 5.0 4.0 to 8.0 6.3 to 12.6 mA 
iVCE=5V;Ev"" 1000 he) 
Photocurrent approx./, 7 to 14 11 t022 181036 28 to 56 mA 
(Vee = 5V;E.=20mW/cm2) 

The illuminances refer to unfiltered radiation of a tungsten filament lamp at a color tem­
perature of 2856 K (standard light A in accordance with DIN 5033 and lEe 306-11.lrradi­
Bncs Ee measured with HP radiant flux meter 8334A with option 013. 

II measured with LEO l = 950 nm 

Specifications are sublect to change without notice. 
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Photocurrent I. e functIon of 
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litronix 
A Siemens Company 

FEATURES 
• Silicon NPN Epitaxial 

Phototranslstor 

• Modified T()'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 
phototranslstor 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. 

Bp·103SERIES 
SILICON PHOTOTRANSISTOR 

Package Dimensions in Inches (mm) 

018 .110 _ IIIM~I (°145) (28)-1 cJI~4i~~1 ~CB 
= ~.RADIATION SENSITIVE AREA.{.... i 1Jl4 

~BOI6)x.OI6(0.4xo.41 ' I. I 

L .570 150 .216 
~-@!) ~ 
Ill9~1 1~2~ 15irrl 

Maximum Ratings 
Collector-Emitter Voltage (VCEO) . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 V 
Emiller-Base Voltage (VEeo) ................................. 7 V 
Collector Current (lei. . .. . . . . .. . . .. . . .. .. . .. . . . .. . .. . .. .. 100 mA 
Collector Peak Voltage (ICM). t,,10,.s .. " .. '" ............. 200 mA 
Junction Temperature (Ti) ................................. 125'C 
Storage Temperature (T.tor) ........................ -55 to +80'C 
Maximum Permissible Soldering Temperature (T.). t,,5 s ...... 260'C 
Power Dissipation (Ptot). T 8mb = 25'C . . . . . . . . . . . . . . . . . . . .. 300 mW 
Thermal Resistance Collector Junctlon-To-Alr (RthJamb) .. " 500 KIW 

Collector Junctlon·To-Case (RthJCa •• ) .. 200 KIW 

Characteristics (T amb = 25 ·C) 
Collector-Em Iller Leakage Current (ICEO) 
(VCE=30V;E=0) .................................. 5(,,100)nA 

Range of Spectral Photosensitivity (,)'(S=O.l Smax) ... 440 to 1070 nm 
Wavelength of the Max. Sensitivity ('5 max) . . . . . . . . . . . . . . . .. 650 nm 
Typical Spectral Sensitivity of the Collector Base Photodiode (Ipce) 

Ev = 1000 Ix; VCE =5 V ................................... 2.1 p.A 
E.=0.5mWlcm2;,=950nm;VCE=5V .................... 0.55p.A 

Radiant Sensitive Area (A) .. . .. . . .. . .. . . . .. . . . . . . . . . . . .. 0.12 mm2 

Rise Time to 90% of the Final Value 
Fall Time to 10% of the Initial Value (t,. ttl (RL = 1 kO)1 ... 5 (,,10) ~s 
CapaCitance (Cce>. VCE = 0 V; f = 1 MHz; E = 0 ............. 9 pF 

(Cce). Vce=OV; f= 1 MHz; E=O ............ 13 pF 
(CEe). VEe =0 V; f = 1 MHz; E=O ............ 21 pF 

Half-Angle (,,) ....................................... 60 Degrees 

Group BP 103·1 BP 103·2 BP 103-3 BP 103-4 
Photocurrent 
(VCE=5 V; 
Ev=1000 Ix) Ip 160 to 320 250 to 500 400 to 600 ~30 to 1250 p.A 

Photocurrent 
(VCE=5 V; 
E. = 20 mWlcm2) Ip 

Current Gain 
0.7 to 1.4 1.1 to 2.2 1.6 to 3.6 2.8 to 5.6 

(Ev = 1000 Ix; 
VcE =5 V) 

Collector-Emillerl 
Saturation Voltage 
(lc=O.l mA; 

IpCE(1) 160 
Ipca 

le=l p.A; E=O) VCE,at 200 
(lc=2.5 mA; 
le=25 ~A; E=O) VCE• at 190 

260 

170 

160 

450 710 

160 160 

150 150 

mA 

mV 

mV 

The illuminances refer to unfiltered radiation of a tungsten filament 
lamp at a color temperature of 2656K. (Standard light A in accordance 
with D)N 5033 and IEC 306-11).lrradiance E. measured with HP radiant 
flux meter 6334A with option 013. 
1. Measured with LED ,= 950 nm. (1) IPCE = Photocurrent of transistors; 

Ipca= Photocurrent of Collector-Bas is-Diode. 
Specifications subject to change without notice. 
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Emltter·Base Capacitance 
CES =I(VES) 

pf 

14 

IIII 
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Photocurrent as a Function of 
Ev or E,,; Ip = f(Ev) 
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Coliector·Emltter Capacitance 
CeE = f(VeE) 
~ 

'\ 
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Directional Characteristic Ip = 1(1') 
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Collector· Base Capacitance 
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pf 

14 
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J, 
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i , 
\ I 
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I 

I 

Application Example 

Vs 
-o----f R3 

Breakdown voltage-generator 
for measuring circuit 
W, : 4 turns 0.15 0 CuLS 
W2: 1 turns 0.25 0 CuL 
W3: 140 turn 0.15 0 CuLS 

Interior space of the coil 
with SrFERRIT cylindrical core, 
material M 25, 
inner coil diameter: 11 mrn 
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FEATURES 

• Collector Dark Current 0.25 nA Typ 

• Responsivity 
0.6p.A/mW/cm2 Min (Tungsten) 
1.8p.A/mW/cm2 Min (GaAs) 

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

• Rise and Fall Time 2.8p.s 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 

LPT-100/110 SERIES 

PHOTOTRANSISTOR 

Package Dimensions (in inches) 

LPT100/LPT100A/LPT100B 

BASE~ 
EMITTER 

~ 45°Y 
~.OBO FLAT COLLECTOR 

NOTE: ALL LEADS ELECTRICALLY ISOLATED FROM CASE 

LPT110/LPT110A/LPT110B 

.200 lilA 
.113 

~j 
3LEADS JI 0 oJ 
.019 OIA /U I b400 MIN. 

±.003 . -I ,100 

.050 

BASE~ EMITTER 

~ 4°Y 
\. ~ .OBO FLAT COLLECTOR 

NOTE 1: ALL LEADS ELECTRICALLY ISOLATED FROM CASE. 

NOTE 2: FLATNESS VARIATION OF TOP OF CUP IS ±.015. 

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 . . . . . . . . . . . . . . . . . . . . . . . . ................... -55° C to + 1 ao°c 
Operating Junction Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -5SoC to +8SoC 
Relative Humidity at Temperature ..... ............................. .. 98% at +6SoC 

Maximum Power Dissipation (Notes 1 and 2) 
Total Dissipation at +2SoC Case Temperature ..... " .......................... 200 mW 
Total Dissipation at +2SoC Ambient Temperature ............................ . 100 mW 

Maximum Voltages (Note 51 
BVCBO Collector to Base Voltage ...... ...................................... SOV 

LV CEO Collector to Emitter Sustaining Voltage .......................... . 30V 
Maximum Current 

Ic Collector Current .................................................. 100 rnA 

OPTO-ELECTRICAL CHARACTERISTICS (25°) 

Symbol. 

leBo 

leBo (65°C) 

ICEO 

ReB 

ReB 

ICECL) 

'CECL) 

tr, tf 

VCE(SAT) 

BVcBo 

LVCEO 

BVEco 

LPT-l00/AlB LPT-ll0/A/B 
Parameter Units Test Conditions 

Min Typ Max Min Typ Ma. 

Col1ector Dark Current 0.25 25 0.25 25 nA V eB = 10V (Note 5) 

Collector Dark Current 0.025 0.5 0.025 0.5 p.A VeB = 10V (Note 5) 

Collector Dark Current 2.0 100 2.0 100 nA VeE = 5.0V (Note 5) 

Responsivity (Tungsten) 0.6 1.6 0.6 1.0 p.A/mW/em2 VeB = lOV 
(Notes 3 and 8) 

Responsivity (GaAs) 1.8 4.8 1.8 3.0 p.A/mW/em2 VeB = 10V 
(Notes 4 and 8) 

Photo Current (Tungsten) 

LPT-IOO and LPT-ll0 0.2 1.4 0.2 0.88 rnA {VeE = 5.0V 
"A" Only 1.0 3.0 0.6 1.8 rnA H = 5.0 mW/em2 

"S" Only 1.3 2.6 0.8 1.6 rnA (Notes 3 and 7) 

Photo Current (GaAs) 0.6 4.2 0.6 2.7 rnA VeE ·= 5.0V 
H = 5.0 mW/em2 

(Notes 4 and 7) 

Light Current Rise Time 2.8 2.8 p.s (Note6) 

Collector to Emitter 0.16 0.16 V Ie = 500p.A 
Saturation Voltage H = 20 mW/cm2 

Collector to Base Break- 50 120 50 120 V Ie = loop.A 
down Voltage (Note 5) 

Collector to Emitter 30 50 30 50 V Ie = LOrnA 
Sustaining Voltage (Note 5) 

Emitter to Collector 7.0 7.0 V lEe = 100p.A 
Breakdown (Note 5) 

Note 1: These are steady state limits. The factory should be conSUlted on applications involving 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 mWrC) anda junction to ambient thermal resistance of +600°CIW (derating factor of 1.67 mWfC). 

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 O.9~. 
Note 5: Measured with radiation flux intensity of less than 0.1~WJcm2 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 rnA, VCE = 5.0V, 
R L = 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 • 18 
ICEO. VeE - S.OV ~ < T,,'U"C I I- ~ fe" 10 mW/':', 3 

1.000 ! 
T~·I~~~ < Ji 100/A/~ ?,'0/~~8 Ji 4 3 I. 

I 
100 I ~1 J 

ffi ~ ILUt 
I- ?~1 12 I- 150 Ie. 7.5 mW/cm2 
ffi 3 ''i.IP"WICIf' I 

a: 10 a: ~.'l""""I~..,t 
I-
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I- .1 ICilflVp', ~I~oy I- 6.2mWltm1 I- ~It 50 fc • 2.5 mW/cm2 

~ ~ 1 % 

.01 Til. = 25DC 3.9mWlcml '" 3 TAo -.2S°C -' 1IIIITe '28M'K " 
lem. :; 

0 0 Tc • 2864"K 
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FIGURE 5. COLLECTOR 
FIGURE 4. ANGULAR DARK CURRENT VS FIGURE 6. SPECTRAL 
RESPONSE TEMPERATURE CHARACTERISTICS 
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TYPICAL OPTO-ELECTRONIC CHARACTERISTICS (CONT.) 

FIGURE 10. SWITCHING CIRCUIT 
FOR RISE AND FALL TIMES 

-­H -
OUT 

SOURCE GaAs 
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FIGURE 11. CIRCUIT FOR TURN-ON 
AND TURN·OFF DATA 

H-z.. VOUT 
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FEATURES 

• Silicon NPN Epitaxial Planar Photo-
transistor 

• Premium Hi-Rei Device 

• TO-18 Size Hermetic Package 

• Flat Glass Lens 

• Wide Acceptance Angle, 40° 

• Moderate Gain, Up to 14 mA 

• Four Sensitivity Ranges 

DESCRIPTION 

The BPX 38 is a silicon NPN epitaxial 
planar phototransistor in an 18 A 3 DIN 
41876 (TO 18) case with flat window and 
high radiant sensitivity for front irradiation. 
The flat window has no influence on the 
light paths. It is, therefore, particularly 
suitable for industrial applications, where 
lens systems are used. The collector 
terminal is electrically connected to the 
case. 

BPX 38 SERIES 
PHOTOTRANSISTOR 

Package Dimensions 

AadianISensitiwArea.034lO,86) x.034 (0,86) 

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

Maximum Ratings 
Collector-emitter voltage 
Emitter-base voltage 
Collector current 
Junction temperature 
Storage temperature 
Power dissipation (Tamb "" 25°C) 
Max. permissible soldering temperature It;;; 5 5) 
Thermal resistance 
Collector junction to air 
Collector junction to case 

Characteristics (T.mb = 25°C) 
Range of spectral sensitivity 
(S = 0.1 Smax) 
Wavelength of the max. sensitivity 
Collector· base - photodiode 
(Ev "" 1000 Ix; VCE == 5'V) 
(Ee"" 0.5 mW/cm 2 ; A = 950 nm; VCE == 5 V) 
Radiant sensitive area 
Capacitance 
(VCE = 0 V; f = 1 MHz; E = O) 
(VCB == 0 V; f = 1 MHz; E = 0) 
(VEB = 0 V; f = 1 MHz; E = O) 
Acceptance half angle 
Grouping is done at E" '" 1 000 Ix. 

Group 

VCEO 

VEBO 

Ie 
TJ 

Tstor 
Ptot 
T, 

RthJamb 

RthJcaSa 

'\'Smilx 

JpCB 

IPCB 

A 

CeE 
CeB 
CEB 
~ 

BPX 38-2 

50 V 
7 V 
50 mA 
175 'c 
-55to+125 "C 
330 mW 
260 'C 

~ 450 K(W 
~ 150 K(W 

450to 1080 
870 

4.8 "A 
1.2 "A 
0.65 mm' 

23 pF 
41 pF 
47 pF 
40 degree 

BPX 38-3 BPX 38-4 

Photocurrent Ip 0.4 to 0.8 0.63 to 1.25 1.0 to 2.0 1.6 to 3.2 mA 
(VCE = 5 V; Ev = 1000 Ix) 
Photocurrent approx. Ip 1.6 to 3.2 
(VCE == 5V;Ee'" 20mW/cm2) 
Rise time from 10% to 90% 
of the fmal value 
Fall time from 90% to 10% 
of the initial value 
(Ic = 1 mA; VCE = 5 V; 
RL = 1 kG)l) tr: tf 5 
Collector-emitter 
saturation voltage 
(Ic = 2 mA; Is = 50I-lA; 
E = 0) ~ VCEsat 

Power gain [PICE) 

(Ev = 1000 Ix; VCE = 5 V) 
Collector-emitter 
leakage current 

175 

100 

2.5 to 5.0 

175 

160 

(VCEO = 25 V; E = O) ICEO 5 (:;; 200) 8 (:;; 200) 

4.5 to 9.0 

8 

160 

250 

7.0 to 14.0 rnA 

12 

140 

400 

mV 

12 (:;; 500) 20 (:;; 500) nA 

The illuminances refer to unfiltered radiation of a tungsten filament lamp at a colo r 
temperature of 2856 K. (standard light A in accordance with DIN 5033 and IEC 306-1). 
Irradiance Ea measured with HP radiant flux meter 8334A with option 013. 

1, measu.edw<thLEOi.. = 950nm 

=Photocurrentofthephotot.ans,stor 
= Photocurrentof the cOllector-base photod'ode 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

FEATURES 

• Silicon NPN Epitaxial Planar Photo-
transistor 

• Premium Hi-Rei Device 

• T()'18 Size Hermetic Package 

• Rounded Glass Lens 

• Narrow Acceptance Angle, 20° 

• Very High Gain, Up to 70 mA 

• Four Sensitivity Ranges 

DESCRIPTION 

The BPX 43 is a silicon NPN epitaxial 
planar phototransistor in an 18 A 3 DIN 
41876 (TO 18) case with lens-shaped win­
dow for front irradiation_ The special 
transistor system in connection with the 
lens shaped window provides the transistor 
with a particularly high spectral sensitivity. 
It is therefore suitable for industrial appli­
cations at low illuminances. The collector 
terminal is electrically connected to the 
case. 

BPX 43 SERIES 
PHOTOTRANSISTOR 

Package Dimensions Rlllion.SlnlilhlA,. 
.01' x .016 
(.4) (.0) 

~~::I t J1ttE 
C 8 

~!i ... da 
.571 (14.51 .217 
.482 (12.&1 (5,51 

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

Maximum Ratings 
Collector-emitter voltage 
Emitter-base voltage 
Collector current 
Junction temperature 
Storage temperature 
Power dissipation (T~mb = 26 'C) 
Max. permissibie soldering temperature (t· 5 s) 
Thermal resistance 

VCEO 
VEBO 
Ie 
Tj 
rstor 
Ptot 
T, 

50 V 
7 V 
100 mA 
175 'C 
- 55 to + 125 'C 
330 mW 
260 'C 

Collectoi' junction to air RlhJamb ',450 K/W 
Collector junction to case 

Characteristics (Tamb = 25°C) 
Range of spectral sensitMty 
(5=0.15"'8X) 
Wavelength of the max. sensitivity 
Collector base - photodiode 
(E. - 1000 Ix; VeE - 5 VI 
(E. '" 0.5 mW/cm2 ; A. = 950 nm; VeE = 5 V) 
Radient sensitive area 
Capacitance 
(VeE = OV;I= 1 MHz;E- 01 
(Ve. = OV; I-I MHz;E- 01 
(VE. - OV;I= 1 MHz;E- 01 
Acceptance Half Angle 

Grouping is done at E = 1000 Ix . 
Group 

Photocurrent I. 
(VCE = 5 V; Ev = 1000 Ix) 
Photocurrent approx./p 
(VCE:= 5V;E.= 20mW/cm21 
Rise time from 10% to 90% 
of the final value 
Fall time from jlO% to 10% 
of the initial value 
I/c:= 1 rnA; VCE "" 5V; 
RL=lkUl) tr;tf 
Collector-emitter 
saturation vottage 
11e=2rnA;I.-50.A; 
E-OI VeEsat 

Power gain Ip!CEI2) 
Iplca) 

IE. -1000Ix; VeE - 5 VI 
Collector-emitter 
leakage current 
IVcEO= 25V;E- 01 lceo 

BPX 43-1 

1,6'03.2 

9t018 

5 

175 

85 

5 (~2ool 

RthJease ',150 K/W 

A 45010 lOBO 
.t5ma• 870 nm 

fpca 25 p,A 
fpCB 7.1 "A 
A 0.65 mrn' 

CeE 23 pf 
CeB 41 pF 
CEB 47 pF 

~ 20 Degrees 

BPX 43-2 BPX 43-3 BPX 43-4 

2.5'05.0 4.0'08.0 6,310 12.5 

1410 28 22'045 35'070 

6 8 12 

175 160 \40 

135 215 345 

8 (~2001 121SSoo1 20 I~ 5001 

rnA 

mA 

.s 
mV 

nA 

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 lEe 306-1). 
Irradiance E. measured with HP radiant flux meter 8334A with option 013. 

1) musuredwith LEDA = 950nm 

21/~ (CE, = PhotoC\lrrent ottha phototranliltor 
ID .ce," Photocurrent ofthecollector-base photodioda 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

FEATURES 

• Silicon NPN Epitaxial Planar Photo-
transistor 

• Premium Hi· Rei Device 

• TO·18 Size Hermetic Package 

• Rounded Glass Lens 

• Very Narrow Acceptance Angle, 8" 
• High Gain, Up to 28 mA 

DESCRIPTION 

The BPY 62 is a silicon NPN epitaxial 
phototransistor in an 18 A 3 DIN 41876 
(TO 18) case with a light window for front 
irradiation. The base connection is brought 
out and the emitter is marked by a small 
projection on the case bottom. The col· 
lector is electrically connected to the case. 

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

SPY 62 SERIES 
PHOTOTRANSISTOR 

Package Dimensions Radiant Sensitive Area 
.016 x .016 
1.4\ 1.4\ 

q>(~l:1 t / EeB 

~~~~i.J~~~ 
:milUI~~ J~ 

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

Maximum Ratings 
Collector·emitter voltage VCEO 32 V 
Emitter-base voltage VEBO 5 V 
Collector current Ie 100 rnA 
Junction temperature Tj 125 'C 
Storage temperature T"", -5510 +125 ·C 
Power dissipation (Tlmb = 75°C) Ptot 300 mW 
Thermal resistance 
Collector junction to air RthJlmb 500 K/W 
CoUector junction to case RthJcase 200 K/W 

Characteristics (Tomb = 250 C) 
Collector-emitter leakage current 
(Vee = 25 V; E= 01 ICEO 5(~ 1001 nA 
Collector-emitter saturation voltage 
(Ie = 1 rnA; Ey "" 1000 Ix) Vee .. t 0.3 V 
Range of spectral sensitivity 
(5) 0.1 Smell) 43010 1060 nm 
Wavelength of the max. sensitivity Asm.x 800 nm 
Collector-·base - photodiode 

:~:: ~~~;e~~~ ; ~ ~~ nm; VeE' 5 VI 
[PCB 17 JJA 
[PCB 3.5 JJA 

Rise time from 10% up to 90% of /p 
Fall time from 90% up to 10%0f /p 
(RL= lkOl'l 1,;1, .s 
Radiant sensitive area A 0.12 mm2 

Capacitance 
(VeE = OV;/= lMHz;E= 01 CeE 6 pF 
(Ve. = OV; /= 1 MHz;E = 01 Ce. 10 pF 
(VEB = OV;f=l MHz;E= 0) CE. 12 pF 
Acceptance half angle '" 8 degrees 

Grouping is done at Ev = 1000 Ix. 

Group Spy 62·1 SPY 62·2 BPY 62-3 

Photocurrent (Va: - 5 V; 
E, = 1000 Ix;I'1 I, 1.25102.5 2.0104.0 3.2106.3 
(VeE = 5V; 
E. = 20 mW/cm2 approx./p 5.01010.0 9.0 to 18.0 14.0 to 28.0 

Power gain /PICEI2) 
/PICB) 

(E, : 1000 Ix; Vee = 5 VI 355 560 900 

rnA 

rnA 

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

')mNl1lredwith LED}.." 950nm 

2)/p (C!, ., Photocurrent oltto. photot ... n,;'tor 
I. IC') .. PhotOCUmlnt of the collector-bae photodiod. 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

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 1Q4 LUX. The 1 X 1 mm chip is 
mounted in a TO-1S 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. 

SFH 500 
PHOTO TRANSISTOR 

Package Dimansion. 

.11012.8) 
~.1012.61-.. 

$ 1 E C B 

~+t ~~ii .. ~f§ll~~::~)\ ~~~ 
L t J~ .571114,5), _ 150 13,8) I--- .21715.3) 

.492112,5) .13B 13,5) 

Radiant Sensitive Area 

Dimensions inside parenth •• ls are In mm 
Dimensions outside parenthesis are in inch •• 

Maximum Ratings 
Collector-emitter voltage VCEO 
Emitter·base voltage VEBO 
Collector current Ie 
Junction temperature 7j 
Storage temperature To 
Max. soldering temperature (t" 5 s) Te 
Power dissipation (T.mb • 25~) Ptot 
Thermal resistance 

Collector junction to air RthJlmb 
Collector junction to case RthJc ... 

I T,.,b = 25'c) 
Photocurrent 

lVe.·· 5 V; E. = l00c IX)1 I. 
IVe • = 5 V; E. - 0.5 mW/cm')' I. 

Wavelength of the max. sensitivity As mix 
Quantum yield 
(Electrons per photon)(~ - 850 nm) 
Spectral sensitivity (:\ = 850 nm) SA 
Collector-emitter leakage current 

lVe. = 30 V; E- 0) ICEO 
Collector·emitter saturation voltage 

lIe - 5OO~A; I.· 25~A; E= 0) VCE .. t 
Range of spectral sensitivity 

IS=O.IS., .. ) 
Typ. spectral sensitivity of 
the collector base photodiode S 
Radiant sensitive area A 
Rise and fall time of the photocurrent 

Rise time to 90% of the final value 
Fall time to 10% of the initial value 
IRe = 1 kl1l' t,:tf 

Capacitance 
lVe. - 5V; '-1 MHz; E-O) Ce• 
lVe. = 5 V; '-I MHz; E= 0) Ce. 

Cut·off frequency 
IRe - 501l; V= 12V;I=5mA) '. Current gain (VCE = 5 V: Ie = 0.1 rnA) B 

1m ...... m with LED A" 960 Am) 
2Ip leEI .. PhotocLl,rlnt of the phOtotran,lttor 

Ip leal" PhotocLlrrent of thl collector·ba .. photodlode 

15 
7 
20 
100 
-55 ... +100 
260 
100 

600 
250 

700 I .. 450) 
165 
825 

0.84 

0.56 

11<: 10) 

0.81<: 1.2) 

420 ... 1100 

1.17 
0.14 

0.25 

2.7 
5.6 

2 
600 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

FEATURES 

• Silicon NPN Planar Phototransistor 
Low Cost 

• Miniature Size 
• Available As Single Unit, BPX 81 and A"ays­

Two Chip, BPX 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 rnA 

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 I ight em itti ng 
diode LD 261 (same type as BPX 81) in miniature 
light barriers. 

BPX 81 SERIES 
PHOTOTRANSISTOR 

SINGLE AND ARRAYS 

Package Dimensions 

.055(1,41 
,039(1) 

.02810,1) 
02410,6} 

I12OIO,5} 
.Q1610,41 

.... "." Single Unit 

.01312·'r 
.11212,141 
.ONI2,24} 

Arrays 

~: 
RldilnlSlftlltivl Ar .. ,016 jll,431 • .o16 111,431 

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

Maximum Ratings 
Collector-emitter voltage VeE 32 V 
Junction temperature Tj 90 'C 
Collector current Ie 50 rnA 
Storage temperature Tstor -40to+80 'c 
Power dissipation Ptot 100 mW 
Soldering temperature in a 2 mm distance 
from the case bottom (t ~ 3 s) T, 230 'C 
Thermal resistance 
Collector junction to air RtllJamb 750 K/W 
Collector junction to solder pin RtllJL 650 K/W 

Characteristics (Tamb = 250 C) 
Collector-base - photodiode 
(Ey :: 1000 Ix; VeE'" 5 VO JpCB 7.1 #A 
(E. = 0.5 mW/cm2 ; ~ = 950 nm; Vee = 5 V) [PCB 1.5 #A 
(VeE = 5 V) 
Collector-emitter leakage current 
(VeE = 25V;E= 01 ICEO 25 « 200) nA 
Collector emitter saturation voltage 
(Ie :: 0.25 mA; Ey = 1000 Ix) VCEsat 0.2 V 
Range of spectral sensitivity 
(S ~ 0.1 Smax) 440101070 nm 
Wavelength of the max. sensitivity As ma~ 850 
Rise time from 10% up to 90% of the final value 
Fall time from 900,-b up to l00,-b 
of the initial value (RL =, kQJ1) tr;tf 5 (~10) "" Radiant sensitive area A 0.17 mm' 
Capacitance 
(VeE = 0 V; f = 1 MHz; E = 0) CeE 6 pF 
Acceptance half angle ~ 18 deQree 

Grouping is done at Ey <:::: 1000 Ix. 

Group BPX 81-1 BPX 81-2 8PX 81-3 BPX 81-4 BPX 82toSO 
Photocurrent Ip 0.63 to 1.25 1.0 to 2.0 1.6 to 3.2 2.5 to 5.0 .63 to 5.0 rnA 
(VeE:: 5 V; Ev '" 1000 Ix) 
Photocurrent ' approx./p .16 to .32 .25 to .50 .40 to.80 .63 to 1.25 ,25 to 1.25 mA 
(Vce= 5 V; E."',5 mW/cm2 ) 20 mW/cm' 
Colour code brown 

Upon request these groups are available. 

8PX 82A thru BPX 80A Ip 
BPX 82B thru BPX 80B Ip 
BPX 82C thru BPX 80C Ip 

olange 

Ey = 1000 Ix 
1.25 to 2.5 
1.6 to 3.2 
2.0 to 4.0 

yellow 

E. '" 0.5 mW/cm2 
.32 to .63 
.40 to .80 
.50 to 1.00 

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

FEATURES 

• Miniature Plastic Package 

• 2.5 mm (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. 

SFH 305 SERIES 
PHOTOTRANSISTOR 

Package Dimensions In Inches (mm) 

.045 
(1.15) 

~([9)r-­
.035 
I----
r---

-~ 

Maximum Ratings 
Collector-emitter voltage 
Junction temperature 
Collector current 
Storage temperature 
Power dissipation (T 8mb '" 25't:l 
Max. soldering temperature It OS;;; 5 51 
Thermal resistance 

Collector junction to air 
Collector junction to case 

Characteristics (T.mb = 25"c) 
Collector-emitter leakage current 
(VCE • 30 V; E • 0) 
CoUector-emitter saturation voltage 
(Ic • 500pA; Ie = 25pA; E=O) 
Range of spectral sensitivity 
(S=O.l.s;,.p) 
Wavelength of the max. sensitivity 
Radiant sensitive area 

Rise time to 90% of the final value 
Fall time to 10% of the initial value 
(RL = 1 kn)' 

Radiant sensitive area 
Capacitance 

(VCE = 0 V; f = 1 MHz; E = 0) 

Half Angle 

'm.a.urad with LEO" '" 950"m 

Group 

Photocurrent Ip 
(VCE=5 V; Ev=1000 Ix) 

Photocurrent1) Ip 
(VCE=5 V; Ea= 0.5 mW/cm2 ) 

.112 
(2.84) 

~
(2'24)~ 
.088 

VCEO 

1j 
Ic 
Ts 
Ptot 

TL 

32 
90 
50 
-40 ... +80 
75 
230 

RthJamb 950 
R thJL 850 

I CEO 3 (';20) 

VCESIt 0.2 

A 440 ... 1070 
~malC 850 

tr;tf 5(';10) 
A 0.17 

CCE 
op 16 

SFH 305-2 SFH 306-3 IV2) 

1.0102.0 1.6103.2 

0.25100.5 0.4100.8 

V 
"c 
mA 
"c 
rrNJ 
"c 

K/W 
K/W 

nA 

V 

nm 

p. 
mm2 

pf 

Degrees 

mA 

mA 

The illuminances refer to unfiltered radiation of a tungsten filallll!nt lamp 
at a color temperature of 2856.K . .lStandard light A in accordance with 
DIN 5033 and lEe 306·1). 

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

1) Measured with LED X""950 nm~ 
2) In preparation. 

Specifications are subject to change without notice. 
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PHOTOYOL TAlC CELLS 
Sensitivity Dark Current 

Package s (nAllx) VR-IV; E=O 
Tvpe Package Outline Part Number Half Angle Tvpical IR(IlA) Page 

Chip -{] BPY47P 60· 1400 25 365 
with Leads 

Q) Chip TP60 60· 1000 25 
with Leads 
Encapsulated 

367 

Chip ===e TP61 60· 1000 25 
with Leads 

Chip ~-{] BPY4BP 60· 500 10 369 
with Leads 

Chip D BPY64P 60· 250 4 371 
with Leads 

Chip ===tJ BPX79 60· 135 0.3«50) 373 
with Leads 

, 

BP100P 25 3«10) 375 

Chip ====!LJ BPYllP-4 60· 47-63 
with Leads BPYllP·5 56·75 377 

BPYllp·6 
1«10) 

>71 I 
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litronix 
A Siemens Company 

FEATURES 

• Silicon Photovoltaic Cell 

• Medium Radiation Sensitive Surface 

• Very High Sensitivity, .9 p.A 

DESCRIPTION 

The photovoltaic cell SPY 47P 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. 

BPY 47P 
PHOTOVOLTAIC CELL 

Package Dimensions In Inches (mm) 

t _ I-- Radiant Sensitive Area 

.787 .780 
(20)(19,8) :J 
Nk- ~;-
C; e __ ~ Q 1---2.95 (75) min ",- ~=- 098 

~ t £l.~ J 1_) ~ El2,5) max c 

~ Lit t , ~",,~;:::::, 
~ =- Red anode Strand ~ 0,3 

.031 max 
(0,8) 

IIcentect surfece l~~J) min 

Maximum Ratings 

Reverse voltage 
Temperature range i:mb I ~55tO+'OO I ~c 

Characteristics (Tamb = 25°C) 

Spectral sensitivity 1) 

(Short circuit current I K) '.4 (;;'0.9) IlA/lx 
Wavelength of the max. sensitivity .tS max 850 nm 
Quantum yield 0.80 Electrons 
(Electrons per photon) (A. = 850 nm) Photon 
Spectral sensitivity (), = 850 nm) S 0.55 A/W 
Open circuit voltage 
(E" = 10000 Ix) 11 Vl ;::; 450 mV 
Open circuit voltage 
(Ey = 1000 Ix) 1) Vl 4'0('280) mV 
Open circuit voltage 
IE" "" 100 Ix) 11 Vl 300(' '50) mV 
Short circuit current 
(E" = 10000 Ixl 1) I, ,3 mA 
Radiant sensitive area A '.8 em' 
Temperature coefficient of Vl TC - 2.6 mV/K 
(see diagram) 
Temperature coefficient of I K TC 0.2 %/K 
(see diagram) 
Capacitance (VR = 0 V; E = 0) Co ,6 nF 
Dark current (VR = 1 V; E = 0) IR 25 .A 
Dark current (VR = 1 V; Tamb = 50"C; E = 0) IR 70 .A 

1) The illuminance indicated r~fers to "nfiltered radiation of a tungsten 
fi)ament )amp at a co)or temperature of 2856 K (standard light A in 
accordance with DIN 5033 and I EC publ. 306-t). 

Specifications are subject to change without notice. 

365 

I 



Relative spectral sensitivity 
% S .. , =f(l) 

100 

60 

50 

40 

30 

20 

10 

/ 
/ 

/ r\ 
J \ 

II 

/ 
II 

\ 
400 500 600 700 BOO 900 1000 1100 nm 

-~ 

Directional characteristic IK =/(",) 

10° 0° 10° 

ZOo 
ZO° 

30° 

.0° 

50° 

60° 

70° 
80' 80° 
90° 90· 

Photovoltaic Cell 
(Plane Receiver) 

Open circuit voltage VL = flEv) 
mV Short circuit voltage I K = flEv) 

600 

U
f 

500 

400 

300 

200 

100 

of 
40 

c 

I 30 

20 

10 

366 

V ~ 

V 

~ r-- - --

/ 
/~. ", 

~ V 

o 

--t--

vL 

f- -

--t-- / 
V IK 

1--V" V 
V ,/ 

.'" 
j ...... 

~ 
- - --

500 
-E, 

Capacitance C = fIVR); E = 0 

-I 

t-. ---t -- -..... ...... 

o 0,5 
-VR 

V 

~ 

t--

1000 
900 

o 
1000 Ix 

1--

1,0 V 



litronix 
A Siemens Company 

FEATURES 

• Silicon Photovoltaic Cell 

• Stud Package, TP 60 

• Wide Temperature Range, _55° to 
+100°, TP 61 

• Very High Sensitivity, .7 /.I.A/lx 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. 

TP 60, TP 61 
SILICON PHOTOVOL TAlC CELLS 

Package Dimensions 

TP 60 

Ml2xl 

.---~-
TP61 

.197 

(~!72 (12) -l Radiant SenlilM A, ... 018 (0,45) 

.433(11) ~ 

~
""d<l>'02010'51 "l-

Aedanolle _ 

~ - ~~ .,a 

I ~-14----2.36(BO)min~ 

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

Maximum Ratings 

Operating and storage temperature range 
Reverse voltage 1) 

Characteristics (Tamb = 25°C) 

Spectral sensitivity 1) 

(Short circuit current I K) 
Wavelength of the max. sensitivity 
Quantum yield 
(Electrons per photon) (). = 850 nm) 
Spectral sensitivity (A. = 860 nm) 
Open circuit yoltage IE ... = 10000 Ix) 1) 

(E ... .;; 1000 Ix) H 
IE ... = 100 Ix) 11 
Short circuit current (Ev = 10000 Ix) '1 
(Ev "" 1000 Ix) 1J 
Infrared response limit 
Radiant sensitive area 
Tolerance of the 
radiant sensitive area 
Temperature coefficient of Vl 

(see diagram) 
Temperature coefficient of IK 
(see diagram) 
Capacitance (VR = 0 V; E = 0) 
Dark current (VR = 1 V; E = 0) 
Dark current (VR = 1 V; Tamb = 50"C; E::: 0) 

11mb 

V, 

S 
A. 5ma/( 

" S 
VL 
VL 
VL 
f, 
f, 
I,. 
A 

Atol 
TC 

TC 

Co 
f, 
f, 

, I" 0.71 
B50 

O.BO 

0.55 

" 440 
410 I" 2701 
3001< 1401 
< 7 
~ 0.7 
1.100 
1.5 

± 0.1 
-2.6 

0.12 

16 
25 
65 

.059 (1,51 tllllI 

IJ.A/lx 
nm 

'C 
V 

Electrons 
Photon 
A/W 
mV 
mV 
mV 
mA 
mA 
nm 
em' 

em' 
mV/K 

%/K 

nF 
.A 
.A 

II The Iliuminanee indicated refers 10 unfiltered radiatton of a tungsten filament lamp at a color temperature of 
2856 I( (standard light A In accordaneewith DIN 5033 and lEe pUbl. 306-1). 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

FEATURES 

• Silicon Photovoltaic Cell 

• Large Radiation Sensitive Surface 

• High Sensitivity •. 3 /lA Min 

DESCRIPTION 

The photovoltaic cell Spy 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. 

BPY 48P 
PHOTOVOL TAlC CELL 

Package Dimensions in Inches (mm) 

RADIATION SENSITIVE AREA 

2:J 
(751 

252 
020 (6.4) 

iQ2! W6 
(0.3) .098 MAX 

85~)MAX I 012J
11 C251 

" 

" I I ~ r:: REO (ANODE) 

1) CONTACT SURFACE (%2~)MAX 
LEAD 0.012 (00.3) 

138 (3.51 MIN 

Maximum Ratings 

Reverse voltage 
Temperature range 

Characteristics (Tomb = 25°C) 

Spectral sensitivity 1) 

(Short circuit current lK) 
Wavelength of the max. sensitivity 
Quantum yield 
(Electrons per photon) (A = 850 nm) 
Spectral sensitivity (A = 850 nm) 
Open circuit voltage lEv = 10000 Ix) 1) 

(E .... = 1000 Ix) 1) 

(E .... = 100 Ix) 1) 

Short circuit current lEv = 10000 Ix) 1) 

Radiant sensitive area 
Temperature coefficient of VL 

(see diagram) 
Temperature coefficient of IK 
(see diagram) 
Capacitance (VR = 0 V; E = 0) 
Dark current (VR = 1 V; E = 0) 
Dark current (VR = 1 V; Tamb = 50°C; E ::: 0) 

S 

VR 
Tamb 

AS max 

S 
VL 
VL 
VL 
I, 
A 
TC 

TC 

Co 
IR 
IR 

0.5 (> 0.35) "A/Ix 
850 om 

0.80 Electrons 
Photon 

0.55 A/W 
.450 mV 
410 « 2801 mV 
300 (0150) mV 
4.3 rnA 
0.67 em' 
-2.6 mV/K 

0.2 %/K 

of 
10 "A 
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 lEe publ. 306·1). 

Specifications are subject to change without notice. 
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litronix 
A Siemens Company 

FEATURES 

• Silicon Photovoltaic Cell 

• Medium Size Radiation Sensitive Surface 

• High Sensitivity, .16J.1A Min 

DESCRIPTION 

The Spy 64P is suitable for versatile applica­
tions in control and drive circuits. It can be 
used, like all silicon photovoltaic cells, as 
detector for light of filament lamps or day­
light. 

For mounting instructions see photovoltaic 
cell application note. 

BPY 64P 
PHOTOVOL TAlC CELL 

Package Dimensions in Inches (mm) 

Radiant Sensitive Area 

-I.24DI6.1I 
.232 (5,9) ~j~~mjn 

1 J[ir~mU , 
.D31ID.8) mu Red anode 

1) CONTACT SURFACE 
. t38 (3.5) MIN. 

Maximum Ratings 

Reverse voltage 'II 
Temperature range 

Characteristics (T.mb = 2SoC) 

Spectral sensitivity 11 

(Short circuit current I K) 
Wavelength of the max. sensitivity 
Quantum yield 
(Electrons per photon) fA'" 850 nm) 
Spectral sensitivity (A.:= 850 nm) 
Open circuit voltage (Ev = 10000 Ix) 11 
lEv = 1000 Ix) 1J 
(Ev "" 100 Ix) 11 
Radiant sensitive area 
Temperature coefficient of VL 
(see diagram) 
Temperature coefficient of I K 
(see diagram) 
Capacitance (VR = 0 V; E "" 0) 
Dark current (VR "" 1 V; E = 0) 
Dark current (VR = 1 V; Tamb "" 50°C; E "" 0) 

A.Smax 

S 
VL 
VL 
VL 
A 
TC 

TC 

Co 
IR 
I, 

, 
Strand cP.D21ID.') 

I ~ 55 to + 100 I ~c 

0.25 (;;. 0.18) IlNlx 
850 nm 

0.80 Electrons 
Photon 

0.55 A/W 
;;: 450 mV 
410 (.280) mV 
300 (.150) mV 
approx. 0.32 em' 
- 2.6 mV/K 

0.2 %/K 

3 nF 
4 "A 
10 "A 

1} The illuminance indicated refers 10 unfiltered radiation of a tungsten filament lamp at a colour temperature of 
2856 K (standard light A in accordance with DIN 5033 and lEe pub!. 306-1) 

Specifications are subject to change without notice. 
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FEATURES 

• Silicon Planar Photovoltaic Cell 

• Medium Size Radiation Sensitive Surface 

• High Sensitivity, 1 pA/lx 

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 X = 450 nm. 

BPX79 
PHOTOVOL TAlC CELL 

Package Dimensions 

Dimenllonl Inllde p.renthe.il ar. In mm 
Dlmenllons outside parenth .. ls ar. In Inch .. 

Maximum Ratings 

Reverse voltage V.. II I v 
Storage temperatura and operating temperature 1.mb - 55 to + 100 °C 

Characteristics (Tomb'" 250 C) 

Spectrlilinsitivily 11 S 1361~ lOO} nAllx 
Open circuit voltage (E., .. 100 Ix) 1) VL 3201~ 2201 mV 
Open circuit voltegolE, = 1000 Ixlll VL 4101~ 3101 mV 
Wavelength oftha mix. _ivily As .... 800 nm 
Quantum yield 

" 0.73 = IElectron. per photonllA' 800 nml 
Spectr.I .... itivily IA • 800 nml S 0.47 AtW 
Rile end fall time of tho ph_t 
from 10% to 90% and from 
90% to 10% 01 thl final VI .... 
IRL ·11<0: V. -IV: A- 950nml ~:~ 8 ~. 

IRL ·Ikll: V.' OV: A- 960nm} Ir:" 10 ~. 

Capacilon_ 
ev.·OV} Co 2500 pF 
ev.-IVI C, 1800 pF 
Radiant sensitive area A 20 mm2 
Dark cu ...... t ev •• I V: E - 01 I. 0.31s 50} ~A 
TomparIIuN coofficiont of VL TC -2.8 mV/K 
Temperature coeffictent of I K TC 0.2 WI< 

Specifications are lubject to change without notice. 
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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. 

--~---------.---. --~-~ 

Bp·100P 
SILICON PHOTOVOLTAIC CELL 

Package Dimensions In Inches (mm) 

.087 
(2.2) 

.W9 RADIATION SENSITIVE AREA 

~ to.008 
189 - I f (00.2) 

(48). . ~MAX 1.22 
(4.4)---+i ~- ~ (31) 
.173 (30) 

.067(1.7) MAX 1.18 
J. COLORED DOT (CATHODE) 

r'~~='= 

Maximum Ratings 

1) CONTACT SURFACE.106(2.7) MIN 

APPROX. WEIGHT 0.2 9 

Ambient Temperature {Tambl ...................... -55 to +100'C 
Reverse Voltage (VA) ....................................... 1 V 

Characteristics (T amb = 25 ·C) 
Photo Spectral Sensitivity (S) ....................... 25 (>: 19) nAil x 
(Short Circuit Current) 

Wavelength of the Max. Sensitivity (AS max) . . . . . . . . . . . . . . . .. 850 nm 
Quantum Yield (~), I = 850 nm 
(Electrons per Photon) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .080 

Spectral Photosensitivity (SA), A = 850 nm . . . . . . . . . . . . . . . .. 0.55 AIW 
Open Circuit Current (VL) 

Ev = 100 Ix ...................................... 170 (>: 120) mV 
Ev=1000 Ix ..................................... 300 (>:200) mV 

Short Circuit Current (IK) 
Ev= 1000 Ix ............................................ 25 ~A 

Rise Time for 80% of IK (t,) .................................. 4 ~ 
Temperature Coefficient (T t<l 

For Open Circuit Current ............................ -2.6 mVIK 
Temperature Coefficient (T t<l 

For Short Circuit Current .............................. 0.12 %IK 
Capacitance 
(Co), VA=OV; E=O .................................... 1000 pF 

Radiant Sensitive Area (A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 mm2 

Dark Current (IA) 
VA=1V;E=0 ..................................... 3("10)~ 
VA= 1 V; Tamb= 5O'C; E=O) ............................... 7 ~ 

Specifications subject to change without notice. 
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FEATURES 

• Small Package 
• May Be Stacked Tightly Together 
• Choice of 3 Sensitivity Groups 
• 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. 

Spy 11 P SERIES 
SILICON PHOTOVOL TAlC CELL 

Package Dimensions in Inches (mm) 

087 
(2.2) 

W9 RADIATION SENSITIVE AREA 

~ -.i:OJ.008 .189 == (00.2) 
(~) ~ MAX~ 122 
(44)-.1 (31) 
.173 (31i) 

.067 (1.7) MAX ~ 1)11--:-. 118 
LJ I V COLORED DOT (CATHODE) 

r l020 
(0.5) 

.059 MAX (0:3) 
(1.5) .012 

1) CONTACT SURFACE.106(2.7) MIN 

APPROX. WEIGHT 0 2 9 

Maximum Ratings 
Ambient temperature 
Reverse voltage (positive pole to cathode) 

Characteristics (T~mb:: 25°C) 

Spectral sensitivity') 
Wavelength of the max. sensitivity 
Quantum yield 
(Electrons per photon) p. = 850 nm) 
Spectral sensitivity (i. "" 850 nm) 
Open circuit voltage lEv = 100 IX)11 
Open circuit voltage lEv"" 1000 IX)11 
Short circuit current (Ev :: 1000 Ix)1) 
Rise time (for 60% of / K) 
Cut-off frequency (load resistance Rl = 1 kQ) 
Temperature coefficient of VL (see diagram) 
Temperature coefficient of I K (see diagram) 
Capacitance (VA"'" OV; E= 0) 
Radiant sensitive area 
Dark current (VR = 1 V; E = 0) 
Dark current (VR "'" 1 V; Tomb = 50°C; E= 0) 

Spectral Sensitivity Groups 
Type 

8PY llP·4 
8PY IIp·5 
BPY IIp·6 

I 
Short circuit 
current 
hl.A) 
Ev= 1001x1) 

1

4.7 to 6.3 
5.6107.5 
"7.1 

Color code 

yellow 
green 
blue 

T8mb -5510100 
V, 1 

S 501"28) 
).Smu 850 

, 0.80 
S 0.55 
V, 3101"180) 
V, 4101"260) 
h 50 
t. 4 
(, 55 
TC -2.6 
TC 0.12 
Q, 0.8 
A 7 
I, 11"10) 
I, 2.5 

Ii 

nNlx 
nm 
Electrons 
Photon 
A/W 
mV 
mV 
~A .s 
kHz 
mV/K 
%/K 
nF 
mm' 
.A 
.A 

11 The Illuminance indicated refers to unfiltered radiation of a tungsten filament lamp at a colour temperature of 
2856 K (standard light A III accordance with OIN 5033 and lEe pubt 306-11. 

Specifications subject to change without notice. 
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LED'S 8& PHOTOMETRY 
by George Smith 

The observed spectrum of electromagnetic radiations, 
extends from a few Hz, to beyond 1024 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. Rad iation observable by the human eye is 
commonly called light. 

Measu rements 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 I 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. 11, 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. 

Radiometric 
Quantity 

C.I.E. Standard 
Luminosity Function 

Filter 

Photometric 
Quantity 

Figure 1. Relationship between radiometric units and photo­
metric units. 
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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 Lumensl 
Watt at 555nm and the % power points occur at 
510nm and 610nm (Fig. 21. 

700 
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Figure 2_ CIE standard photopic luminosity function. 

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 measurementl, we can 
divide the space around the source into elements of 
solid anglel(dwl, and inquire as to 'the luminous flux 
(dFI contained in each element of solid angle (£1. 
The resulting quantity is Lurriens/Steradian and is 
called LUMINOUS INTENSITY m, (Fig. 31. The unit 
of Luminous intensity is called the CANDELA, some­
times loosely called the candle, or candle power. 



dw=dA 
r2 

,.~! /; , 

/j/\(dW 
Figure 3. Solid angles and luminous intensity. 

Since the space surrounding a point contains 4 11 
steradians, it is apparen~ that an isotropic radiator of 
one candela intensity, emits a total luminous flux of 
411 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. 

0° 15° 

30° 

dA CosO 
(Projected Area) 

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.SoK) 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 

Cl X-5 
(WX = --C-2- )] 

exp (A"")-1 

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

1 candela/cm2 is called a Stitb 
45° 1 hr candela/cm2 is called a Lambert 

1 candela/m2 is called a Nit 
1 hr candela/m2 is called an Apostitb 

60° 1hr candela/ft2 is called a foot·Lambert 

75° The foot Lambert is the most commonly used unit in 
this country. 

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 caJled 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 
implicatiofls. 
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Of particular interest is a source whose angular 
distribution pattern is a circle (Fig. 6). For such a 
source we have 111 = 10 Cos 11, the luminance of such a 
source in a given direction 11, is then given by 

B - d 111 _ d 10 Cosl1 d 10 
l1-dAcosl1-dACosl1 CiA 

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 111 = 10 Cos 11 is called Lambert's 
Cosine Law. 

It can be shown that a flat LED chip is a very good 
approximation to a Lambertian Source. 



10 

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 (~~) Lumens/m2 is 
called the LUMINOUS EMITTANCE (L). For a flat 
surface we may calculate L from 

11/2 
L = 211 f B(o) SIN 0 CosO dO 

o 
The corresponding radiant emittance in watts/m2 is of 
considerable interest for GaAs infrared LED's where 
total output power is an im portant parameter. 

The total luminous flux emitted by a light source can 
then be calculated from F total = 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/m2 in the case of 
other active surfaces. The quantity Lumens/m2 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 
PHOTo 

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. 
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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 particu lar 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 III-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(l_x) p. 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) AI.As 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.S P. 4 red .3% @ 50Lum/Watt = 
.15 Lum/Watt overall (Litronix) 

GaAIAs red .06% @ 40Lum/Watt = 
.024 Lum/Watt overall (Mitsubishi) 

GaP green .006% @ 675Lum/Watt = 
.04 Lum/Watt overall (Monsanto) 

GaAs. 5 P. 5 amber .0044% @ 340Lum/Watt-
.015 Lum/Watt overall (Monsanto) 

I 



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 sourc~ 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 optimurn background contrast conditions, 
when viewed at normal distances. 1 millicandelais 
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 impottant,'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 aveiage 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 pu Ises, 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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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 01 P package. 

When forward current (IF) 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 ju nction area; 
and a small 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 collector 
region. The holes drift towards the base terminal 
attracting electrons from the terminal. 

VOUT 

Thus a current flows from collector to base, causing a 
voltage drop across the load resistance (R L). 
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The high junction capacitance, CCb, results in an 
output circuit time constant RLCcb, 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 neutrali·ze 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 {3 times as great. 

Vollr 

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 {3 
times as great, so the total rise time is {3 times as 
great as for the diode connection. Thus the effective 
output time constant is {3 R L Ccb. 

For the Iso-Lit 1 this results in a typical 2 jJS rise 
time for 100n load. 
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The ratio of the output current from the photo­
transistor (Ie or Ie!. 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 IF = 10 mAo * 
Thus for 10 mA input current the minimum output 
current is 2 mAo Other important parameters are V F 
typically 1.3V at 100 mA IF. 

'NOTE: eTR 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 V1N = 
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 74001 

~ 
Note: Usesmalierpllliuprotmtor ':" 

for highe. speed 

RTL Active Level Low (/l9141 

~ 
Note: Use 10 K!'l pull up for ':" 

milliwat{RTL 

RTL Active Level High (/l9141 

It is more di.fficult to operate into DTL and TTL 
gates in the active level high configuration. Some 
possible methods are as follows; 
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Note: E~tra partscoSi but 
hi9hse~it;vitv 

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

Note: Logical OR connox:tion 

Note: LogIcal AND connectIon 

Input Driving Circuits 

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

'=. ~ 60 

40 

20 

o 

~ 1 , 
3 

8 6 4 2 0 0.4 0,81.2 1.6 

V F (Volts) 

The forward cu rrent 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. 

OTl Acti.e Le.el High (930 Series' 

OTl Acti.e le.el low (930 Series' 

TTL Acti.e Level High (7400 Series' 

TTL Acti.e le.el Low (7400 Serie.' 

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 P F), 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. 

All 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. 
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(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 ~ 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 mAl. 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. 
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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. 

The current gain is ~ + ~:) . 

The input impedance is approximately 

( Vee ~~VBE) 
1 + .026 

For example if R, : gOOn, R2 : lOon, Vee: 5V; 
we would have a current gain of 10 and an input 

impedance of about 6.3n. This would give a con· 
siderable speed improvement over a lOOn 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 

Opto·lsolator 

Relays 

Pulse Transformers 

Differential line 
Drivers and 
Receivers 

Advantages 

Economical. 
Solid state reliability. 
Medium to high speed signal 

transmission. 
DC & low frequency transmission. 
High voltage isolation. 
High isolation impedance. 
Small size DIP Package. 

No contact bounce 
Low power operation. 

High power capability. 
Low ON resistance. 
DC transmission. 
High voltage isolation. 

High speed signal transmission. 
Moderate size. 
Good transmission efficiency. 

Solid state reliability. 
Small size DIP package. 
High speed transmission. 
DC transmission. 
Low cost. 
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Disadvantages 

Finite ON Resistance 
Finite OFF Resistance. 
Limited ON state current. 
Limited OFF state voltage. 
Low transmission efficiency. 

(LowCTR) 

High cost. 
High power consumption. 
Unreliable. 
Very slow operation. 
Physically large. 

No DC or low frequency transmission. 
Expensive for high isolation 

impedance or voltage. 

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

In digital displays, such as would be used in a 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 
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tnem particularly suitable for multiplexed operation, 
and hence it is the preferred method to use, if a 
scheme can be designed wh ich 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, ST04, 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. 

--
ANODE I --Y 

ANODE I DRIVER DRIVER 

--
I 

u 

I _J u 

I u U 
DIGIT , 010lT7 

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, wh ile the appropriate 
digital data is presented at the input to the decoder­
driver. The amount of circuitry required in Figure 1 

CLOCK 

A, 

A. 

'DATA{~_~--, 
'DATA { 

SN1441 

• DATA {~-----' 

BDATA { 

Figure 2 

is much less than that used in the non-multiplexed 
scheme. The question o,f overall economy is depen­
dent on the amount of circuitry requ ired 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 aboutVthe same for this 
arrangement, as for non-multiplexed operation, but 
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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. 

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 requir& this digit timing 
circuitry for other reasons, so it is generally available 
in the system already. 

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 
a 4 bit parallel shift register such as the 9300, for each 
extra digit; the extra shift bits are inserted at the 
points marked J( 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.I. 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 multiplexed LED displays, at a significant 
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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 
LEO'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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Figure 6 

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/cm2 may be used in DC operation, 
as much as 104 A/cm2 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 
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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 somew~ere 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 pu Ised 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) The average 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 pulse 
width must get shorter as the amplitude in· 
creases. 

Present experience indicates that for pulses of 10 MS, 
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-LlTTM 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 0 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 th is temperature range. Over a wide 
range, more margin would be required. 

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

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

Table I 

MAXIMUM TEMPERATURE I,MAXIMUM 

40°C 65mA 

60°C 4BmA 

BO°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" 

Table II 

ISO-LIT ICE(MIN) rnA 

1 B.6 

12 0.B6 

16 2.5 
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shows the minimum available output current of each 
device assuming 60°C derating (from Table I) and a 
10 percent margin for temperature effects. 

If the Iso-Lit is being operated from logic with 5 volt 
V cc, and 0.2 volt V CE saturation is assumed for the 
driving transistor, a 75 ohm RIF resistor will provide 
the 48 mAo The forward voltage of the I R-emitting 
LED is about 1.2 volts. Figures lA and lB show two 
such drive circuits. 

Vee 

ISO UT 

1.2K 
T'L 

INPUT --'\Nv---l-'£ 

Figure lA. NPN Driver 

Figure lB. PNP Driver 
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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 mAo Changing RtF from 75 to 68 ohms 
adjusts for the higher saturation voltage of the mono­
lithic device. 

vee 

ISO-LIT 

R" 

Figure 2. Buffer-Gate Drive 

MORE CURRENT 

For load currents greater than 8.6 mA, a current 
amplifier is required. Figures 3A and 38 show two 
simple one-transistor current amplifier circuits. 

ISO-LIT 

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. Rb provides a 
return path for ICBO of the output transistor. Its 
value is: Rb = 400 mV/ICBO(T) where ICBO(T) is 
found for the highestiunction 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, 

R, 

ISO·LIT 

Figure 3B. PNP Current Booster 

and the maximum design ambient temperature in 
conjunction with the specified maximum 25 degree 
ICBo to calculate IcBo(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, IcBo(T) = IcBo(max) x 27 = 50 nA x '1-28 = 
6.5 IlA. A safe value for Rb is 400 mV/6.5 IlA = 
62 kilohms. 

Working backwards, maximum base current under 
load will be lo/hFE(min) = 100 mA/l00 = 1 mAo Cur­
rent in Rb is VBE/Rb = 600 mV/60k = 10llA, which 
is negligible. Table II 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. U sing 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 ICBO(T) = 2,olcBo(max) = l03lcBO(max). 

ICBo(max) at 30 volts or less is not given, but ICEO is. 
Using (for safety) a value of 20 for the minimum low­
current hFE of the device, ICBO could be as large as 
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IcEo /20 : 35 p.A. Then ICBO(T) is 35 rnA and Rb2 : 
400 mV /35 rnA : 11 ohms. For Ib use lo/hFE(min @ 
4A) : 3A/20: 150 rnA. IAb2 : 600 mV/l0 ohms: 
60 rnA, so 1.(0') : 210 rnA. 

Maximum Power in 0, will be about 1/14thepower 
in O2 since its current is lower by that ratio and the 
two collector-to·emitter voltages are nearly the same. 
ThJs means 0, 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 ICBO rating for 
this device is 2 rnA, so one can work backwards and 
assume about 1/30 of this value, or 70 p.A. On the 
other hand, the 25° rated ICBO is 100 p.A. Choosing 
the larger of these contradictory specifications, Rb, : 
400 mV/O.l rnA : 4k "'" 3_9k. 0, base current is 
IE(o,/hFE(O'-min) : 210 rnA/50' : 4.2 rnA. Total 
current is Ib(o,) + lAb': 4.2 + 0.24: 4.5 rnA. Table" 
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 BV CEO of 0,. The voltage rating of the photo­
transistor is irrelevant since its maximum collector­
emitter voltage is the base-emitter voltage of 0, 
(about 0.7 volts). 

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

*Minimum hFE is obtained using the specification at ICE = 
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 R2 current to flow into the base 
of 0" turning 0, ON. When the Iso·Lit is energized, 
its phototransistor "shorts out" the R2 current turn· 
ing 0, OFF. 

v' 

R, 

ISO"LlT 

v-

Figure 5A. NPN HV Booster 

V' 

ISO"LlT 

R, 

v-

Figure 5B. PNP HV Booster 

The value of R, depends only on the load·supply 
voltage V+ - V-, and the maximum required 0, base 
current. This is derived from the minimum beta of 0, 
at minimum temperature and the load current. Thf 
required current·drive capability is the same as IA" 
since IA, 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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LOAD 

R, 

ISO·UT 

Figure 6A. NPN Darlington HV Booster 

V· 

R, 

LOAD 

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 68. 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 levels of 
interpose relays are used in cascade either because of 
the load power level or because of extreme diffi­
culties with EM!. Iso-Lits, aided by 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-LlTTM 
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 equ ivalent to a 
4 k.12 resistor to Vee. 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 430.12 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 I:>y a large 
factor due to the "Miller effect." Also, because the 
base region volume is large, so is base storage time. 

,'c 
DEVICE 

Figure 1 

Veo 

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 Cob 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." 
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Appnote 5 

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

,'c 
DEVICE 

Figure 2 

As drive is increased and RBE 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 L 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, tf, output rise time, t, and 
propagation delay, t p , should occur in a 1.5:1:1:1 
ratio, approx imately. I f this relationsh ip does not 
occur, the circuit will not operate at as high a 
repetition rate as it could at the same drive level. 
Tout equals Tin 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 Tin, RBE and RL 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 Tin' 
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Figure 3 shows that increasing drive to 200 mA and 
using optimum RSE and RL 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. I n 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 

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. 
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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 lOOK 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 Vee. Its base has a 200n load 
resistor to ground and goes to one input of the com­
parator. Also, a resistor ~oes from this node to the 
minus supply. This resistor is chosen to supply 50 pA. 
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. 

'" DEVICE 

CONCLUSIONS 

Figure 5 

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 
an external amplifier to drive most loads, particularly 
T2 L. 
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Appnote 6 

OPERATING LED'S ON AC POWER 
by David M. Barton 

Introduction 

Frequently it is desirable to operate LEOs 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 

,,~ 
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. 

AC 

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. Ie (AV) =.9 X VRMS/Xe 
and average half-cycle LED or rectifier current is 

2. ILEO (AV) = 1/2 10 (AV) = .45 VRMS/Xe 

or, for 120 VRMS, 60 Hz operation, 

3. ILEO (AV) = 20 mA X CMF 

I LEO (AV) 
orCMF = ----

20mA 

Figure 3 shows the value of the series capacitor 
needed for a range of average LED currents assuming 
60 Hz, 120 volt power. 
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FIGURE 3. Seri .. Capacitor Value vs Average LED Current 
for 120 VRMS 60 Hz. 

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 LEOs in series in the 
same circuit, as shown in Figure 4. For small numbers 
of LEOs the current will be, for practical purposes, 
the same as for one. 

AC 

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 consu mption than 
the resistor method. 

I 
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APPLYING THE DL-1416 The inputs to the DL-1416 are: 

Intelligent Display 
,. 

CE CHIP ENABLE (active low) 
This determines which device in an array will 

by Dave Takagishi actually execute the loading of data. When 
the chip enable is in the high state, all in-

This application note is intended to serve as design puts are inhibited. 
and application guide for users of the DL-1416 AI- Ao, A, DIGIT ADDRESS 
phanumeric Display. The information presented cov- The address to the DL·1416 determines the 
ers: device electrical description and operation, con- digit in which the data will be written. 
siderations for general circuit designs, multi-digit Address order is right-to-Ieft for positive' 
display systems and interfacing to the 6800, Z80, true address. 
and B080 microprocessors. 

The DL-1416 was designed to provide an easy-to-use Do-Ds DATA LINES 

alphanumeric display for the 64 character ASCII The seven data input lines are designed to 
systems. Only twelve interconnect pins plus power accept the 64 ASCII code set. See Table 1 
and ground are needed to drive a single four digit for character set. 
display. The overall package is designed to allow end W WRITE (active low) 
stacking of the DL-1416 to form any desired charac- Data to be written into the DL-1416 must 
ter length display. be present before the leading edge of write. 

ELECTRICAL DESCRIPTION The data and address must be stable until 
after the trailing edge. 

The on·board electronics of the DL·1416 eliminates CU CURSOR (active low) 
all the traditional difficulties of using displays-seg- When the CU is held low, the DL-1416 
ment decoding, driving, and multiplexing. The DL- enables the user to write or remove a cursor 
1416 has gone further and provided internal memory in any digit position. The cursor function 
for the four digits. This approach allows the user to lights all 16 segments in the selected digits 
address one of four digits, load the desired data without erasing the data. After the cursor 
asynchronously to the multiplex rate and continue. is removed, the digit will again display the 
Figure 1 is a block diagram of the circuitry in the previously written character. 

D L-1416. The unit consists of a <!isplay and a single V+ POSITIVE SUPPLY 

integrated circuit chip. The display is four 16-seg- TTL compatible + 5 volts 

ment alphanumeric monolithic LED die magnified V- NEGATIVE SUPPLY 

to a height of 160 mils. The IC chip contains the Ground 

16 segment drivers, 4 digit drivers, 64-character 
ROM, four-word 7-bit RAM, internal oscillator for CHARACTER SET 

multiplexing, multiplex counter/decoder, cursor DD l H l H l H l H 

" Dl L L H H L l H H 
RAM, write address decoder, and level shifters for D2 L L L L H H H H 

the inputs. D6D5 D4 03 

l H L L ~ [" ±l 0: % ~y / 
h-r--h-r- - -'-' 
I I I , I 

* + I . " · ~" · I 1 l H L H \ I I I -- / !i SELleT/ENIUILE .. -" , , , . I 
rr 2 :r c 6 -, r1- r1 nnnn l H H L I u 

I-U',""~I([!J~ I II '-' , I -' I J I 

8 0 - - -J I ~=.. ;.~ ~~~~ L H H H I -- \ 
J - I L -- -~ I 

DIS'LAl 

I 
I I 

H L l L 
-1 ,--, I -0 ,-- -11 [ C- ,--... Cu r-r I _0 L_ -'-' I lJ 
, , IIJ 1-( I 1\11 '" n 

~=~ 
OIGI'IDIIIYtIlS H L L H ,--, '-- I I '" LJ WRITf. 

ADPJlESS 
()£CODER 

:iilll H l H l t==' 
;1 F? C- -,- , I 1/ I I 
LY _J I LJ V V\I 

I 
lTLTOe1lO1 
LlI'IlSH,'TtIlS 
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~ AI el! W fD D6D')"IXIOlIDI DO 

H l H H /\ , '-- L \ _I /\ --
INTERNAL SCHEMATIC Note: All undefined codes will displav a blank. 

FIGURE 1 TABLE 1 
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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 Ware 
interchangeable. The true internal "write" function is 
formed by the "and-of-the-nots". 

WRITE CYCLE WAVEFORMS UTILIZING CHIP ENABLE leE) 

Add, .. =::::J x'--____ _ 
!='sETUP IAJ1 _""1 _____ _ 

Chip En,bi. ~ J r.".c. 
-;--- -::ltSETtJP ~ ~-----
WrIte '\ 

I--t UTuP 101-+1 

Dataln ===:x X -----

WRITE CYCLE WAVEFORMS UTILIZING WRITE (WI 

Add .... =::::x X'_ ____ _ 
-- j;: I",""" --..; . f.-----
Chip Enable t. 

-tSETUI'II!IIt::~ _____ _ 

W"1e \,--+_""Y I 
___ ~_ t SETUP 101 f.- ---I t:: tHOI.D 

o,"i. X'_ _____ ~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 0 L-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 is 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 /Wi signal. The position of 
the cursor will be dependent on which of the first 
four data lines (Do, 0" O2 , 0 3) are held high. A 
high on data line Do will place a cursor display in 
the right-most digit and respectively a high on data 
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line 0 3 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. 

CE 

Vi 

CO 

0 0 

0 , 

02 

0 3 

\ 
\ / 

\ 
/ 

CURSOR WRITE CYCLE 
FIGURE 3 

/ 

/ 
\ 

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 ASCII code format, 
data line 06 cannot be left open. Data 06 must be 
the complement of data line 05. 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 Do, 0" 02 and 03 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 10pF 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.ofthe 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 I/O device of a 
microprocessor. This interface scheme can be com· 
pletely software dependent. One eight bit oUjtput port 
can handle the seven input data bits and the cursor. 
Another eight bit output port can contain the address 
and chtp 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 I/O 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 I/O interface. 

MVI A.SOH; control data mode 0 

OUT CONTROL; load control register 

MVI A.DOH; clear cursor data 
OUT PORTA; load data port 

MVI B. OFH; set coun~er 
CUSR1: MOV A. B 

CALL DSPWT; write subroutine 

OCR B; decrement counter 
JNZ CUSR'; 16 characters 

DISP: LXI H, TABLE; set table 
DISP1: MQVA,M 

OUT PORTA, load data output 

MOV A, B 
CALL DSPWT; load address &I write 

INX H; increment table address 

INR B; increment counter 

MVI A,10H; set # of digits 

CMPB 
JNZ DISP1; , 6 characters 

HLT; end of program 

OAt BOH; set write bit off 
OUT PORTB; load address 

ANI7FH; set write bit on 
OUT PORTS; load write 

ORt BOH; set write bit off 

OUT PORTS; load write 

RET 

TABLE: DB OC3H 

DB OC9H 

DB OD4H 

DB OD3H 

DB OC1H 

DB OD4H 

DB OCEH 
DB OC1H 

DB OC6H 
DB OAQH 

DB 003H 

DB 004H 

DB OC8H 

DB OC1H 

DB OC9H 

DB OCCH 
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FIGURE 4 

I/O OR MEMORY MAPPED ADDRESSING 

Some designers may wish to avoid the additional cost 
of a parallel I/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 liP'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. 

DO-OJ 

VIII 

8216 

OliN 8238 
HOLA 

FIGURE 5 
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The signal MEMW • DISPLAY SELECT defines a 
DL-1416 display write cycle and initiates the RDYIN 
signal. M EMW 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 
MEMW signal. 

" , , , 
A0D!iliX I : x::= 
OA1~1 :x::= 
Mf~~7:7:----_---------~r:---

" , 
o~~~-:':'---------~==========t'r--~ sma _ I I 

'''~~+: +: ---------
".~'-'--: ---;===========-:=!..-o---~:'~I ~--+---

, , , , , 
I*---- 'SElUP :0' ---------*l 

FIGURE 6 

DL-1416/Z80 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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FIGURE 7 

402 

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 MC6871 B have the ability to hold either 01 
or 02. 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 02; otherwise a narrow 01 may 
result. -
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FIGURE 8 

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 D L-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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