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GE/RCA OPTOELECTRONIC DEVICES 

Optoelectronics, based on semiconductor mass pro
duction technology, is strongly influencing the design 
of electronic control circuitry. Optoelectronic compo
nents sense the presence and intensity of light, the 
position of objects which break or reflect a light 
beam, and transmit electronic signals without electri
cal connections. This provides high speed and high 
reliability at low cost for a variety of useful functions, 
from automatic light level control in copy machines, 
or sensing the right instant to fire an automobile's 
spark plug, to allowing delicate computer circuitry to 
control high power machine tools by interfacing logic 
signals to the power line circuitry without allowing 
line voltages and noise to interfere with the logic. 

GE Solid State, a leader in both optoelectronics and 
semiconductor technology, has contributed signifi
cantly to optoelectronics starting from the invention of 
the light emitting diode and the first commercially 
successful light activated silicon controlled rectifier. 
Today GE Solid State can offer the broadest line of 
optoelectronic circuit components in the industry. 
This databook is written to provide the circuit 
designer with a knowledge of the operation, interfac
ing, and detailed application of these components so 
he may successfully design practical, cost effective, 
and reliable circuitry. It also provides the data sheets, 
selection guides and cross-reference information 
needed to choose the optimum device for a specific 
task. 

The data sheets provide definitive device ratings 
and characteristics data and show dimensional 
outlines for the various packages. (The 
dimensional outline for the newer surface
mounted 6-terminal dual-in-line plastic package is 
shown,on the inside back cover.) 
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Quick-Reference Product Guide _________________________ _ 

GE/RCA OPTOELECTRONIC Devices 
Index to Types 

Type No. Page 
No. Type No. Page 

No. Type No. Page 
No. Type No. Page 

No. 

IN6264 166 F5F1 176 H11F2 252 H22L2 322 
IN6265 166 F5G1 178 H11F3 252 H23A1 324 
IN6266 168 GE3009 378 H11G1 256 H23A2 324 
4N25 196 GE301 0 378 H11G2 256 H23B1 326 
4N25A 196 GE3011 378 H11G3 258 H23L1 328 
4N26 196 GE3012 378 H11G45 260 H24A1 332 
4N27 196 GE3020· 380 H11G46 260 H24A2 332 
4N28 196 GE3021 380 H11J1 262 H24B1 334 
4N29 198 GE3022 380 H11J2 262 H24B2 334 
4N29A 198 GE3023 380 H11J3 262 H74A1 .246 

4N30 198 GEPS2001 382 H11J4 262 H74C1 248 
4N31 198 GFH600 I 384 H11J5 262 H74C2 248 
4N32 198 GFH600 II 384 H11K1 ·266 L14C1 182 
4N32A 198 GFH600 III 384 H11K2 266 L14C2 182 
4N33 198 GFH601 I 388 H11L1 270 L14F1 184 
4N35 200 GFH601 II 388 H11L2 270 L14F2 184 
4N36 200 GFH601 III 388 H11L3 270 L14G1 186 
4N37 200 GFH6011V 388 H11M1 274 L14G2 186 
4N38 204 H11A1 210 H11M2 274 L14G3 186 
4N38A 204 H11A2 210 H11M3 278 L14N1 188 

4N39 206 H11A3 210 H11M4 278 L14N2 188 
4N4O 206 H11A4 210 H11N1 282 L14P1 190 
BPW36 336 H11A5 210 H11N2 282 L14P2 190 
BPW37 336 H11A10 214 H11N3 282 L1401 192 
BPW38 338 H11A520 218 H11V1 286 L14R1 194 
CNX35 344 H11A550 218 H11V2 286 LED55B 180 
CNX36 344 H11A5100 218 H11V3 286 LED55BF 180 
CNY17 I 346 H11AA1 222 H21A1 304 LED55C 180 
CNY17 II 346 H11AA2 222 H21A2 304 LED55CF 180 
CNY17 III 346 H11AA3 222 H21A3 304 LED56 180 

CNY17IV 346 H11AA4 222 H21A4 306 LED56F 180 
CNY28 350 H11AG1 226 H21A5 306 MCA230 392 
CNY29 352 H11AG2 226 H21A6 306 MCA231 392 
CNY30 354 H11AG3 226 H21B1 308 MCA255 392 
CNY31 358 H11AV1 230 H21B2 308 MCS2 394 
CNY32 360 H11AV1A 230 H21B3 308 MCS21 396 
CNY33 362 H11AV2 230 H21B4 310 MCS2400 394 
CNY34 354 H11AV2A 230 H21B5 310 MCS2401 396 
CNY35 364 H11AV3 230 H21B6 310 MCT2 398 
CNY36 368 H11AV3A 230 H21L1 312 MCT2E 398 

CNY47 370 H11B1 234 H21L2 312 MCT26 398 
CNY47A 370 H11B2 234 H22A1 314 MCT210 400 
CNY48 372 H11B3 324 H22A2 314 MOC3009 288 
CNY51 374 H11B255 236 H22A3 314 MOC301 0 288 
COX14 340 H11C1 238 H22A4 316 MOC3011 288 
COX15 340 H11C2 238 H22A5 316 MOC3012 288 
COX16 340 H11C3 238 H22A6 316 MOC3020 290 
COX17 340 H11C4 242 H22B1 318 MOC3021 290 
COY80 342 H11C5 242 H22B2 318 MOC3022 290 
F5D1 172 H11C6 242 H22B3 318 MOC3023 290 

F5D2 172 H11D1 250 H22B4 320 SL5500 292 
F5D3 172 H11D2 250 H22B5 320 SL5501 292 
F5E1 172 H11D3 250 H22B6 320 SL5504 296 
F5E2 172 H11D4 250 H22L1 322 SL5511 300 
F5E3 172 H11F1 252 
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------------------------- Quick-Reference Product Guide 

Selection Charts 

INFRARED EMITTERS 

fi. 
PAGE MIN. MAX. PEAK EMISSION RISE FALL MAX. MAX. IF 

GETYPE NO. Po@ VF@ WAVElENGTH TIME TIME Po CONT. PKG 
IF= lDDmA IF = lDDmA TYP. n METERS TYP./,SEC TYP./,SEC mW mA 

lN6264 166 6.0mW 1.7V 940 1.0 1.0 1300 100 54A 
lN6265 166 6.0mW 1.7V 940 1.0 1.0 1300 100 54 
lN6266 168 25mW/sr 1.7V 940 1.0 1.0 1300 100 54A 
COX14 340 5.4mW 1.7V 940 1.0 1.0 1300 100 54A .. 
COX15 340 5.4mW 1.7V 940 1.0 1.0 1300 100 54 
COX16 340 1.5mW I.7V 940 1.0 1.0 1300 100 54A 
COX17 340 1.5mW 1.7V 940 1.0 1.0 1300 100 54 

j: F5Dl 172 12mW 1.7V 880 1.5 1.5 1300 100 54A 
F5D2 172 9mW I.7V 880 1.5 1.5 1300 100 54A 
F5D3 172 1O.5mW I.7V 880 1.5 1.5 1300 100 54A 
F5El 172 12mW 1.7V 880 1.5 1.5 1300 100 54 
F5E2 172 9mW 1.7V 880 1.5 1.5 1300 100 54 
F5E3 172 1O.5mW 1.7V 880 1.5 1.5 1300 100 54 
F5Fl 176 .28mW/sr I.7V 940 1.0 1.0 100 60 56 
F5Gl 178 .6mW/sr 1.85V 880 1.5 1.5 100 50 56 

/. 
lED56C 180 5.4mW 1.7V 940 1.0 1.0 1300 100 54A 
lED55B 180 3.5mW 1.7V 940 1.0 1.0 1300 100 54A 
lED56 180 1.5mW 1.7V 940 1.0 1.0 1300 100 54A 
lED55CF 180 5.4mW 1.7V 940 1.0 1.0 1300 100 54 
lED55BF 180 3.5mW 1.7V 940 1.0 1.0 1300 100 54 
lED56F 180 1.5mW 1.7V 940 1.0 1.0 1300 100 54 

DETECTORS 
PHOTO TRANSISTORS 

J 
PAGE SENSITIVITY Ima/mw/cm'} 

BVCEO BVCBO IDlnA} SWITCHING TYP. TYP. GETYPE NO. MIN. MAX. (V) (V) MAX. !r("SEC} If (!,SEC) VCE(SAT} PKG 

BPW36 331 .6 - 45 45 100 5 5 .4 55 
BPW37 336 .3 - 45 45 100 5 5 .4 55 
l14Cl 182 .1 - 50 50 100 5 5 .2 57 
114C2 182 .05 - 50 50 100 5 5 .2 57 
114GI 186 .6 - 45 45 100 5 5 .4 55 

t 
ll4G2 186 .3 - 45 45 100 5 5 .4 55 
114G3 186 1.2 - 45 45 100 5 5 .4 55 
114NI 188 .6 - 30 40 100 10 14 .4 57 
l14N2 188 1.2 - 30 40 100 12 16 .4 57 
114Pl 190 4.0 - 30 40 100 10 14 .4 55 
l14P2 190 8.0 - 30 40 100 12 16 .4 55 
11401 192 .2 - 30 - 100 810n 5010ff .4 56A 

PHOTO DARLINGTONS 

I 
PAGE SENSITIVITY (ma/mw/cm2) 

BVCEO BVCBD ID(nA} SWITCHING TYP. TYP. GETYPE NO. MIN. MAX. IV} (V) MAX. Ir/"SEC} tf(/,SEC} VCE(SAT} PKG 

BPW38 338 15.0 - 25 25 100 75 50 .8 55 
114Fl 184 15.0 - 25 25 100 75 50 .8 55 
114F2 184 5.0 - 25 25 100 75 50 .8 55 
ll4RI 194 5.0 - 30 - 100 4510n 25010ff .9 56A 
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Selection Charts 
OPTOISOLATORS 

PHOTO TRANSISTOR OUTPUT 

PAGE ISOLATION CURRENT ICED (nA) BVCEO TYPICAL 
GE TYPE VOLTAGE RMS TRANSfER (VOLTS) jpSEC) VCE ASATI NO. MAX. M X. PKG. 

MIN. RATIO MIN. MIN. t If 

295 CNX35 344 4000V 40-160% 50 30 2 2 .4 296 
CNX36 344 4000V 80% 50 30 2 2 .4 296 

~ 
CNY17 I 346 4000V 40·80% 50 70 2 2 .3 296 
CNYI7 II 346 4000V 63-125% 50 70 2 2 .3 296 
CNYI7 III 346 4000V 100-200% 50 70 2 2 .3 296 
CNY17 IV 346 4000V 160-320% 50 70 2 2 .3 296 
CNY32 360 4000V 20% 100 30 3 3 .4 297 
CNY47 370 2500V 20-60% 100 30 2 2 .4 296 
CNY47A 370 2500V 40% 100 30 2 2 .4 296 
CNY51 374 4000V 100% 50 70 2 2 .4 296 
COYBO 342 4000V 60% 100 30 2 2 .4 296 
GEPS2001 382 2500V 30% 100 30 5 5 .3 296 
GfH600 I 384 4000V 63-125% 50 70 5 5 .3 296 
GfH600 II 384 4000V 100-200% 50 70 5 5 .3 296 
GfH600 III 384 4000V 160-320% 50 70 5 5 .3 296 
GfH601 I 388 4000V 40-80% 50 70 5 5 .4 296 
GfH601 II 388 4000V 63-125% 50 70 5 5 .4 296 
GfH601 III 388 4000V 100-200% 50 70 5 5 .4 296 
GfHBOl IV 388 4000V 160-320% 50 70 5 5 .4 296 
H11Al 210 2500V 50% 50 30 2 2 .4 296 

296 HllA2 210 2500V 20% 50 30 2 2 .4 296 

~ 
HllA3 210 2500V 20% 50 30 2 2 .4 296 
HllA4 210 2500V 10% 50 30 2 2 .4 296 
HllA5 210 2500V 30% 100 30 2 2 .4 296 
HllA52D 218 4000V 20% 50 30 2 2 .4 296 
HllA550 218 4000V 50% 50 30 2 2 .4 2% 
HllA5100 218 4000V 100% 50 30 2 2 .4 296 
HllAGl 226 4000V 300% 50 30 5 5 .4 296 
HllAG2 226 4000V 200% 50 30 5 5 .4 296 
HllAG3 226 2500V 100% 50 30 5 5 .4 296 
HllAVl 230 4000V 100% 50 70 5 5 .4 296 
H11AVIA 230 4000V 100% 50 70 5 5 .4 295 
HllAV2 230 4000V 50% 50 70 5 5 .4 2% 
HllAV2A 230 4000V 50% 50 70 5 5 .4 295 

297 H11AV3 230 4000V 20% 50 70 5 5 .4 296 
HllAV3A 230 4000V 20% 50 70 5 5 .4 295 

i 
H24Al 332 4242V 100% 100 30 3 3 .4 297 
H24A2 332 4242V 20% 100 30 3 3 .4 297 
4N25 196 2500V 20% 50 30 3 3 .5 296 
4N25A 196 2500V 20% 50 30 3 3 .5 296 
4N26 196 2500V 20% 50 30 3 3 .5 296 
4N27 196 2500V 10% 50 30 3 3 .5 296 
4N28 196 2500V 10% 50 30 3 3 .5 296 
4N35 200 2500V 100% 50 30 5 5 .3 296 
4N36 200 2500V 100% 50 30 5 5 .3 296 
4N37 200 2500V 100% 50 30 5 5 .3 296 
H74Al 246 2500V 100 15 296 
MCT2 398 2500V 20% 50 30 5 5 .4 296 
MCT2E 398 2500V 20% 50 30 5 5 .4 296 
MCT26 398 2500V 6% 50 30 5 5 .4 296 
MCT210 400 2500V 150% 50 30 5 5 .4 296 
SL5500 292 2500V 40-300% 50 30 20 50 .4 296 
SL5501 292 2500V 25-400% 50 30 20 50 .4 296 
SL5504 296 2500V 25-400% 50 80 50 150 .4 296 
SL5511 300 2500V 25% 50 30 20 50 .4 296 

HIGH VOLTAGE PHOTO TRANSISTOR OUTPUT 

PAGE ISOLATION CURRENT ICED (nA) BVCEO TYPICAL 
VeE ASAT) GE TYPE VOLTAGE TRANSfER MAX. IVOLTS) jpSEC) PKG. NO. Vio (RMS) RATIO MIN. MIN. M X. 

t If 
Hll01 250 4000V 20% 100 300 5 5 .4 296 
Hll02 250 2500V 20% 100 300 5 5 .4 296 
Hll03 250 2500V 20% 100 200 5 5 .4 296 
Hll04 250 2500V 10% 100 200 5 5 .4 296 
4N38 204 2500V 10% 50 80 5 5 1.0 296 
4N38A 204 2500V 10% 50 80 5 5 1.0 296 
CNY33 362 2500V 20% 100 300 5 5 .4 296 
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297 

i 

296 

~ 

OPTO ISOLATORS (Continued) 

PHOTO DARLINGTON OUTPUT 

PAGE ISOLATION CURRENT ICED (nA) 
GE TYPE NO. VOLTAGE RMS TRANSFER MAX. 

MIN. RATIO MIN. 

HIlBI 234 4000V 500% 100 
HIlB2 234 4000V 200% 100 
HIlB3 234 4000V 100% 100 
HllB255 236 2500V 100% 100 
H2481 334 4242V 10000/0 100 
H2482 334 4242V 400% 100 
4N29 198 2500V 100% 100 
4N29A 198 2SOOV 100% 100 
4N30 198 2500V 100% 100 
4N31 198 2500V SO% 100 
4N32 198 2500V 500% 100 
4N32A 198 2SOOV 500% 100 
4N33 198 2SOOV 500% 100 
CNY31 358 4242V 400% 100 
CNY48 372 2500V 600% 100 
MCA230 392 2SOOV 100% 100 
MCA231 392 2500V 200% 100 
MCA255 392 2SOOV 100% 100 

Selection Charts 

BVCED TYPICAL 
VCE lSAT) (VOLTS) ""EC) 

M X. PKG. 
MIN. ~ L 

25 125 100 1.0 2% 
25 125 100 1.0 296 
25 125 100 1.0 296 
55 125 100 1.0 2% 
30 125 100 1.4 297 
30 125 100 1.4 297 
30 5 40 1.0 296 
30 5 40 1.0 296 
30 5 40 1.0 296 
30 5 40 1.2 296 
30 5 100 1.0 296 
30 5 100 1.0 2% 
30 5 100 1.0 2% 
30 125 100 1.4 297 
30 125 100 1.0 296 
30 5 100 1.0 296 
30 5 100 1.0 2% 
55 5 100 1.0 2% 

HIGH VOLTAGE PHOTO DARLINGTON OUTPUT 

PAGE 
ISOLATION CURRENT 

ICED (nA) 
BVCEO TYPICAL 

VCE lilT) GE TYPE VOLTAGE TRANSFER (VOLTS) ""EC) PKG. NO. VIDMIN. RATIO MIN. MAX MIN. M X. 
t I, 

HIlGI 256 4000V 10000/0 100 100 5 100 1.0 296 
HIlG2 256 4000V 1000% 100 80 5 100 1.0 296 
HIlG3 258 2500V 200% 100 55 5 100 1.0 296 
HIlG45 260 4000V 2SO% 100 55 so 500 1.0 296 
HIlG46 260 4000V 500% 100 55 so 500 1.0 296 

TRIAC DRIVER OUTPUT 

ISOLATION BLOCKING LEAKAGE ON-STAGE 
GE TYPE 

PAGE 
VOLTAGE IF TRIGGER VOLTAGE CURRENT VOLTAGE TYPICAL dv/lll PKG. NO. 
VloIRMS) MAX MIN. MAX 1 ... =I00mA VI pSEC STATIC 

MAX. 

HIlJl 262 4000V lOrnA 2SOV lOOnA 3.0V 2.0 296 
HIlJ2 262 4000V ISrnA 2SOV lOOnA 3.0V 2.0 2% 
HIlJ3 262 2SOOV lOrnA 2S0V loonA 3.0V 2.0 2% 
HIlJ4 262 2SOOV ISmA 2S0V loonA 3.0V 2.0 296 
HIlJ5 262 2SOOV 2SrnA 2SOV loonA 3.0V 2.0 296 
GEm 378 4000V 30mA 2SOV lOOnA 3.0V 6.0 296 
GE3010 378 4000V ISmA 2SOV loonA 3.0V 6.0 2% 
GE301l 378 4000V IOmA 2S0V loonA 3.0V 6.0 296 
GE3012 378 4000V SmA 2SOV tOOnA 3.0V 6.0 2% 
GE3020 380 4000V 30mA 400V lOOnA 3.0V 6.0 2% 
GE3021 380 4000V 15mA 400V lOOnA 3.0V 6.0 2% 
GE3022 380 4000V lOrnA 400V loonA 3.0V 6.0 2% 
GE3023 380 4000V SmA 400V loonA 3.0V 6.0 296 
MOC3OOB 288 7500Vpk 30mA 250V loonA 3.0V 6.0 296 
MOC3010 288 7SooVpk ISrnA 2SOV lOOnA 3.0V 6.0 2% 
MOC301l 288 7SooVpk IOmA 2SOV ·IOOnA 3.0V 6.0 2% 
M0C3012 288 7SooVpk SmA 2SOV lOOnA 3.0V 6.0 2% 
MOC3020 290 7SooVpk 30rnA 400V loonA 3.0V 6.0 2% 
MIIC3IrlI 290 7SooVpk 15mA 400V lOOnA 3.0V 6.0 2% 
MOC3022 290 7500Vpk lOrnA 400V lOOnA 3.0V 6.0 29(j 
MOC3023 290 7500Vpk SmA 400V loonA 3.0V 6.0 296 
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Selection Charts 
OPTO ISOLATORS (Continued) 

PHOTO SCR OUTPUT 

PAGE ISOLATION IF TRIGGER I~IOOOC BLOCKING TYPICAL VOLTAGE VF IMAX.) PKG. GETYPE NO. VIOIRMB) IMAX. I AX.1uA VOLTAGE IMIN.) TON I/lSEC) 

HllCI 238 4000V 20mA so 200 I 1.5 296 
HllC2 238 2500V lOrnA SO 200 I 1.5 296 
HIIC3 238 2500V 30rnA SO 200 I 1.5 296 
HIIC4 242 4000V 20mA ISO 400 I 1.5 296 
HIIC5 242 2500V lOrnA ISO 400 I 1.5 296 
HIICB 242 2500V 30mA ISO 400 I 1.5 296 
HilMI 274 4000V 7rnA 100 800 I 1.5 296 
HIIM2 274 4000V 15mA 100 800 I 1.5 296 
HlfM3 278 4000V 7mA 100 600 I 1.5 296 
HIIM4 278 4000V 15mA 100 600 I 1.5 296 
4N39 206 2500V 14rnA SO 200 I 1.5 296 
4N4O 206 2500V 14mA ISO 400 I 1.5 296 
H74CI 248 2500V 200 296 
H74C2 248 2500V 400 296 
CNY30 354 2500V 20mA SO 200 I 1.5 296 
CNY34 354 2500V 20mA 150 400 I 1.5 296 
MCS2 394 4000V 14rnA SO 200 I 1.5 296 
MCS2400 394 4000V 14rnA 150 400 I 1.5 296 
MCS21 396 4000V 20mA 50 200 I 1.5 296 
MCS2401 396 4000V 20mA 100 400 I 1.5 296 

PROGRAMMABLE THRESHOLD ISOLATOR 

PAGE ISOLATION CURRENT 
IC(ll~) 

BVCEO TYPICAL 
VC~NT) BE TYPE NO. VOLTAGE TRANSFER (VOLTS) I/lSEC) PKG. 

VIO IRMS) RATIO MIN. MIN. ~ I L 
HI lAID 214 2500 10% SO 30 2 2 .4 296 

AC INPUT ISOLATOR 

PAGE ISOLATION CURRENT ICEO InA) 
BVCEO TYPICAL 

VC~NT) GE TYPE VOLTAGE TRANSFER (VOLTS) I/lSEC) PKG. NO. VIOIRMS) RATIO MIN. MAlt MIN. I, L 

HilMI 222 2500 20% 100 30 2 2 .4 296 
HllAA2 222 2500 10% 200 30 2 2 .4 296 

296 HIlAA3 222 2500 50% 100 30 2 2 .4 296 
HIIAM 222 2500 100% 100 30 2 2 .4 296 

~ 
CNY35 364 2500 10% 200 30 2 2 .4 296 

BILATERAL OUTPUT 
Analog FET 

ISOLATION ON-STATE OFF.sTATE TURN-ON TURN-OFF 
RETYPE PAGE VOLTAGE RESISTANCE RESISTANCE BREAKDOWN TIME TIME PKG. NO. VIOIRMS) MAX. OHMS MIN. OHMS VOLTAGE 1/lSEC) 1/lSEC) 

HIIFI 252 2500 200 300M 30 15 15 296 
H11F2 252 2500 330 300M 30 15 15 296 
HIIF3 252 2500 470 300M 15 15 15 296 

Darlington 

PAGE ISOLATION CURRENT 
ICEO InA) BVCEO TYPICAL 

VCENT) GETYPE NO. VOLTAGE TRANSFER (1I1ILTS) I/lSEC) PKG. 
VIOIRMS) RATIO MIN. MAlt MIN. M . 

~ I L 
HIIKI 266 2500V 1000% 200 250 20 40 2.5 296 
HIIK2 266 2500V SOO% 200 200 20 40 2.5 296 

SCHMITT TRIGGER OUTPUT 

PAGE ISOLATION TURN ON HYSTERESIS OUTPUT VOLTAGE MAXIMUM OPERATING 
GE TYPE NO. VOLTAGE CURRENT 1'W[f:8N VOL 110 ~ 17 mAl DATA VOLTAGE PKG. 

VloIRMB) 1m. MAX. RATE. NHZ 
MIN. MAX. MIN. MAX. 

HIILI 270 2500V 1.6mA 0.3 0.9 0.4V 1.0MHz 3V 16V 296 
HIIL2 270 2500V lOrnA 0.3 0.9 0.4V 1.0MHz 3V 16V 296 
HIIL3 270 2500V 5rnA 0.3 0.9 O.4V 1.0MHz 3V 16V 296 
HIINI 282 4000V 3.2rnA 0.65 0.95 O.5V 5.0MHz 4V 15V 296 
HIIN2 282 4000V 5rnA 0.65 0.95 0.5V 5.0MHz 4V 15V 296 
HIIN3 282 2500V lOrnA 0.65 0.95 O.5V 5.0MHz 4V 15V 296 
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Selection Charts 
OPTO ISOLATORS (Continued) 

VIDEO/WIDEBAND LINEAR ISOLATOR 
ISOLATION DC AC 

PAOE VOLTAGE OUTPUT OUTPUT 
GE TYPE NO. IRMS) VOLTAGE VOLTAGE 

MIN. @IF=3.5mA @1i=1 Ipk·pk) 

MIN. MAX. MIN. MAX. 

HlIVl 286 4000V 2.0 7.0 0.5 1.25 
HllV2 286 4OO0V 2.0 7.0 0.75 -
HllV3 286 4000V 2.0 7.0 0.33 -

.fidb 
BANDWIDTH 

TYPE. 

0·10 MHz 
0-10 MHz 
0-10 MHz 

PHOTON COUPLED INTERRUPTER MODULE 

PHOTO TRANSISTOR OUTPUT 

PAGE ICEO BVCEO 
TYPICAL 

GETYPE OUTPUT CURRENT NO. InA) IV) TONI/LSEC) !!I"SEC) 

OPERATING 
VOLTAGE PKG. 

MIN. MAX. 

5V 15V 296 
5V 15V 296 
5V 15V 296 

VCE~SAT) 
M X. PKG 

1t 
H21Al 304 IF = 20mA 1.0mA 100 30 8 50 .4 319 
H21A2 304 IF=20mA 2.0mA 100 :W 8 50 .4 319 
H21A3 304 IF=20mA 4.0mA 100 30 8 50 .4 319 
H21A4 306 IF=20mA l.OmA 100 55 8 50 .4 319 
H21A5 306 IF=20mA 2.0mA 100 55 8 50 .4 319 
H21AS 306 IF=20mA 4.0mA 100 55 8 50 .4 319 
H22Al 314 IF=20mA 1.0mA 100 30 8 50 .4 320 

320 H22A2 314 IF=20mA 2.0mA 100 30 8 50 .4 320 

" 
H22A3 314 IF=20mA 4.0mA 100 30 8 50 .4 320 
H22A4 316 IF=20mA 1.0rnA 100 55 8 50 .4 320 
H22A5 316 IF=20mA 2.0mA 100 55 8 50 .4 320 
H22A6 316 IF = 20mA 4.0mA 100 55 8 50 .4 320 
CNY2B 350 IF=20mA 200"A 100 30 5 5 .4 319 
CNY36 368 IF = 20mA 2oo!LA 100 30 5 5 .4 320 

PHOTO DARLINGTON OUTPUT 

322 H21Bl 308 IF=IOmA 7.5mA 100 30 45 250 1.0 319 

" 
H21B2 308 IF=lOmA 14mA 100 30 45 250 1.0 319 
H21B3 308 IF=lOmA 25mA 100 30 45 250 1.0 319 
H21B4 310 IF=lOmA 7.5mA 100 55 45 250 1.0 319 
H2185 310 IF=lOmA 14mA 100 55 45 250 1.0 319 
H2186 310 IF=lOmA 25mA 100 55 45 250 1.0 319 
H2281 318 IF=lOmA 7.5mA 100 30 45 250 1.0 320 
H22B2 318 IF=lOmA 14mA 100 30 45 250 1.0 320 
H2283 318 IF=lOmA 25mA 100 30 45 250 1.0 320 
H22B4 320 IF=lOmA 7.5mA 100 55 45 250 1.0 320 
H22B5 320 IF=lOmA 14mA 100 55 45 250 1.0 320 

323 H2286 320 IF=lOmA 25mA 100 55 45 250 1.0 320 

.". 
CNY29 352 IF = 20mA 2.5mA 100 25 150 150 1.2 319 

SCHMITT TRIGGER OUTPUT 

TURN ON HYSTERESIS OPERATING 
GETYPE PAGE CURRENT 10FF/lION) OUTPUT VOLTAGE 

VOLTAGE NO. I~ON). RATIO VOL PKG 
AX. MIN. MAX. MAX. MIN. MAX. 

H2Hl 312 30mA .5 .9 .4V 4V 15V 323 
H2H2 312 15mA .5 .9 .4V 4V 15V 323 
H22Ll 322 30mA .5 .9 .4V 4V 15V 322 
H22L2 322 15mA .5 .9 .4V 4V 15V 322 
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Selection Charts 
MATCHED EMITTER DETECTOR PAIRS 

PHOTO TRANSISTOR OUTPUT 

PAGE ICED BVCEO TYPICAL 
VCE':Il. BE TYPE OUTPUT CURRENT PKG. NO. Inal IVI TON fpSECI TI fpSECI 

321 H23AI 324 IF=30~1 I.SmA 100 30 8 SO .4 321 
H23A2 324 IF = 30rnA LOrnA 100 30 8 SO .4 321 

" 
PHOTO DARLINGTON OUTPUT 

H2381 300 1 IF= lOrnA I 7.SmA 100 30 4S 2S0 1.0 321 

SCHMITT TRIGGER OUTPUT 
, .. ",n IIfTtC'O. 

TURNON HYSTERESIS OPERATING 
GETYPE PAGE CURRENT IOFF/I(ONI OUTPUTVOLTAGE 

VOLTAGE NO. '~O.'. RATIO VOL PKG 

~ AX. MIN. I MAX. MAX. MIN. MAX. 

H23L1 328 20mA .S I .9 .4V 4V ISV 321 
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The suggested replacements represent what is believed to 
be equivalents for the products listed. GE Solid State 
assumes no responsibility and does not guarantee that the 
replacements are exact, but only that the replacements will 

NEAREST NEAREST 
COMPETITIVE GEIRCA COMPETITIVE GEIRCA 
TYPE PART TYPE PART 
NUMBER NUMBER NUMBER NUMBER 

lN6264 lN6264 CLI-840 H21Bl 
lN6265 lN6265 CLI-841 H21B4 
lN6266 lN6266 CLI-850 H21B2 
4N25 4N25 CLI-851 H21B5 
4N25A 4N25A CLI-860 H21B3 
4N26 4N26 CLI-661 H21B6 
4N27 4N27 CLI-870 H21Bl 
4N28 4N28 CLI-871 H21B4 
4N29 4N29 CLT2010 L14C2 
4N29A 4N29A CLT2020 L14Cl 

4N30 4N30 CLT2130 L14G2 
4N31 4N31 CLT2140 L14G2 
4N32 4N32 CLT2150 L14Gl 
4N32A 4N32A CLT2160 L14G3 
4N33 4N33 CNY171 CNY171 
4N35 4N35 CI\IY1711 CNY1711 
4N36 4N36 CiIlY17111 CNY17111 
4N37 4N37 CNY171V .CNY17IV 
4N38 4~J38 CNY28 CNY28 
4N38A 4N38A CNY29 CNY29 

4N39 4N39 CNY30 CNY30 
4N40 4N40 CNY31 CNY31 
BPW13A L14C2 CNY32 CNY32 
BPW13B L14C2 CNY33 CNY33 
BPW13C L14C2 CNY34 CNY34 
BPW36 BPW36 CNY35 CNY35 
BPW37 BPW37 CNY36 CNY36 
BPW38 BPW38 CNY37 CNY28 
BPX-38-1 L14Cl CNY47 CNY47 
CL-l00 LED56 CNY47A CNY47A 

CLI-2 HllA5 CNY48 CNY48 
CLI-3 4N37 CNY51 CNY51 
CLI-5 HllA3 CNY75A GFH601 II 
CLI-6 HllAl CNY75B GFH601III 
CLI-7 HllA3 CNY75C GFH601IV 
CLI-8 HllA3 CQX14 CQX14 
CLI-9 HllA3 CQX15 CQX15 
CLI-l0 HllBl CQX16 CQX16 
CLI-ll HllBl CQX17 CQX17 
CLI-12 HllB2 CQY60 CQY60 

CLI-13 HllG3 F5Dl F5Dl 
CLI-14 HllG3 F5D2 F5D2 
CLI-20 HllA2 F5D3 F5D3 
CLI-21 0 H22Al F5El F5El 
CLI-220 H22Bl F5E2 F5E2 
CLI-230 H22Bl F5E3 F5E3 
CLI-506 HllA3 F5Fl F5Fl 
CLI-506A HllA3 F5Gl F5Gl 
CLI-506B HllA3 FCD810 HllA3 
CLI-510 4N37 FCD810A HllA5 

CLI-511 4N37 FCD810B HllA3 
CLI-BOO H21Al FCD810C Hl1A520 
CLI-810 H21Al FCD810D HllA520 
CLI-811 H21A4 FCD820 HllA3 
CLI-820 H21A2 FCD820A HllA2 
CLI-821 H21A5 FCD820B HllA3 
CLI-830 H21A3 FCD820C HllA520 
CLI-831 H21A6 FCD820D HllA520 
CLI-835 H21Al FCD825 HllAl 
CLI-836 H21A4 FCD825A HllAl 

Industry Replacement Guide 
meet the terms of its applicable published product 
warranties. The pertinent product-specification sheets 
should always be used as the key tool for actual 
replacements. 

NEAREST NEAREST 
COMPETITIVE GEIRCA COMPETITIVE GEIRCA 
TYPE PART TYPE PART 
NUMBER NUMBER NUMBER NUMBER 

FCD825B HllAl HllB2 HllB2 
FCD825C HllA550 HllB3 HllB3 
FCD825D HllA550 HllB255 HllB255 
FCD830 HllAl HllCl HllCl 
FCD830A HllA2 Hl1C2 HllC2 
FCD830B HllA3 HllC3 Hl1C3 
FCD830C HllA520 HllC4 HllC4 
FCD830D HllA520 HllC5 HllC5 
FCD831 HllA3 HllC6 HllC6 
FCD831 A HllA3 HllDl HllDl 

FCD831B HllA3 HllD2 HllD2 
FCD831C HllA520 HllD3 HllD3 
FCD831D HllA520 HllD4 HllD4 
FCD836 HllA3 HllFl HllFl 
FCD836C HllA520 HllF2 HllF2 
FCD850 4N29 HllF3 HllF3 
FCD860 HllBl HllGl HllGl 
FCD885 HllBl HllG2 HllG2 
FPE500 LED56 Hl1G3 HllG3 
FPE510 LED58F HllG45 HllG45 

FPE520 LED56 HllG46 HllG46 
FPE530 LED58F HllJl HllJl 
GE3009 GE3009 HllJ2 HllJ2 
GE3010 GE301 0 HllJ3 Hl1J3 
GE3011 GE3011 Hl1J4 HllJ4 
GE3012 GE3012 Hl1J5 HllJ5 
GE3020 GE3020 HllLl HllLl 
GE3021 GE3021 HllL2 HllL2 
GE3022 GE3022 HllL3 HllL3 
GE3023 GE3023 HllNl Hl1Nl 

GFHBOOI GFH6001 HllN2 HllN2 
GFH60011 GFH60011 Hl1N3 HllN3 
GFH60111 GFH6001I1 H13Al H21Al 
GFH601 I GFH601 I Hl3A2 H21Al 
GFH601 II GFH601 II H13Bl H21Bl 
GFH601III GFH601III H13B2 H21Bl 
GFH601IV GFH601IV H15Al H24A2 
HllAl HllAl H15A2 H24A2 
HllA2 HllA2 H15Bl H24B2 
HllA3 HllA3 H15B2 H24B2 

HllA4 HllA4 H17Al H23Al 
HllA5 HllA5 H17Bl H23Bl 
HllAl0 HllAl0 H20Al H22Al 
HllA520 HllA520 H20A2 H22Al 
HllA550 HllA550 H20Bl H22Bl 
HllA5100 HllA5100 H20B2 H22Bl 
HllAAl HllAAl H21Al H21Al 
HllAA2 HllAA2 H21A2 H21A2 
HllAA3 HllAA3 H21A3 H21A3 
HllAA4 HllAA4 H21A4 H21A4 

HllAGl HllAGl H21A5 H21A5 
HllAG2 HllAG2 H21A6 H21A6 
HllAG3 HllAG3 H21Bl H21Bl 
HllAVl HllAVl H21B2 H21B2 
HllAV1A HllAV1A H21B3 H21B3 
HllAV2 HllAV2 H21B4 H21B4 
HllAV2A HllAV2A H21B5 H21B5 
HllAV3 HllAV3 H21B6 H21B6 
H11AV3A HllAV3A H21Ll H21Ll 
HllBl HllBl H21L2 H21L2 
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Industry Replacement Guide 
NEAREST NEAREST NEAREST NEAREST 

COMPETITIVE GE/RCA COMPETITIVE GEIRCA COMPETITIVE GE/RCA COMPETITIVE GEIRCA 
TYPE PART TYPE PART TYPE PART TYPE PART 
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER 

H22Al H22Al MCP3020 GE3020 MOC5010 . OP24OSLA F5Gl 
H22A2 H22A2 MCP3021 GE3021 MOC7811 H21Al OP240SLB F5Gl 
H22A3 H22A3 MCP3022 GE3022 MOC7812 H21A2 OP240SLC F5Gl 
H22A4 H22A4 MCS2 MCS2 MOC7813 H21A3 0P550 Ll4Ql 
H22A5 H22A5 MCS21 MCS21 MOC7821 H22Al OP550SLA L14Ql 
H22A6 H22A6 MCS2400 MCS2400 MOC7822 H22A2 OP550SLB L14Ql 
H22Bl H22Bl MCS2401 MCS2401 MOC7823 H22A3 OP550SLC L14Ql 
H22B2 H22B2 MCT2 MCT2 MOC6020 HllG2 OP550SLD L14Ql 
H22B3 H22B3 MCT2E MCT2E MOC8021 HllG2 OP560 L14Rl 
H22B4 H22B4 MCT8 H21Al MOC6030 HllG2 OP800 LI4G2 

H22B5 H22B5 MCT26 MCT26 MOC8050 HllG2 OPSOOW L14C2 
H22B6 H22B6 MCT81 H21Al MOC8100 HllAG3 OP801 L14G2 
H22Ll H22Ll MCT210 MCT210 MRD300 L14Gl 0P801W L14Cl 
H22L2 H22L2 MCT2200 HllA520 MRD310 L14G2 OP802 L14Cl 
H23Al H23Al MCT2201 HllA5100 MRD3050 L14G2 OP802W L14Gl 
H23A2 H23A2 MCT2202 HllA550 MRD3051 L14G2 OP803 Ll4G3 
H23Bl H23Bl MCT270 CNY1711 MRD3052 L14G2 OP804 L14Pl 
H23Ll H23Ll MCT271 CNY171 MRD3053 L14G2 0P805 L14Pl 
H24Al H24Al MCT272 CNY1711 MRD3054 L14G2 0P811 L14G2 
H24A2 H24A2 MCT273 CNY17111 MRD3055 L14G2 OP811W L14Cl 

H24Bl H24Bl MCT274 CNY17IV MRD3056 L14Gl OP812 L14Gl 
H24B2 H24B2 MCT275 CNY17111 MRD360 L14Fl 0P813 L14G3 
H74Al H74Al MCT277 HllAl MRD370 L14F2 OP814 Ll4G3 
H74Cl H74Cl MCT5200 HllAG3 MRD701 Ll4Ql . OP830 L14Fl 
H74C2 H74C2 MCT5201 HllAG3 MRD711 L14Rl 0P841 L14G2 
ILl HllA3 MCT521 0 HllAG3 MTl L14Cl 0P841W Ll4C2 
1L5 HllAl MCT5211 HllAG2 MT2 L14Gl 0P842 Ll4Gl 
IL12 HllA5 MCP3011A GE3011 MTH320 L14G3 OP842W L14Nl 
IL15 HllA5 MCP3012 GE3012 MTH321 L14P2 0P843 L14G3 
IL16 HllA5 MCP3022A GE3022 MTH360 L14Nl OP843W L14Nl 

IL74 HllA5 MCP3023 GE3023 MTH420 L14Pl OP844 L14Pl 
1L201 CNY1711 MEH520 F5D2 MTS360 L14Ql OP844W L14Nl 
IL202 CNY17111 MEH580 F5E2 MTS361 L14Ql OP845 L14Pl 
1L203 CNY171V MES560 F5Gl MTS460 L14Ql OP845W L14Nl 
IL250 HllAA3 MES760 F5Fl MTS461 L14Ql OPB12O H21Al 
ILA30 HllB3 MFOD202F GFOD1Al MSA8 H21Bl OPB242 H21Al 
IlASS HllB255 MFOD302F GFOD1Bl MSA81 H21Bl OPB243 H21Bl 
ILCA2-30 HllB3 MFOE102F GFOE1Al MST8 H21Al OPB800 H21Al 
ILCA2-55 HllB255 MLED71 F5Fl MST81 H21Al OPB800S H21Al 
L14Cl L14Cl MLED930 LED56 OPl30 LED56 OPB6003 H21Bl 

L14C2 Ll4C2 MOC1000 4N26 OPl30W LED56F OPB604 H22Al 
L14Fl L14Fl MOC100l 4N25 OP131 LED55B OPB606 H21Al 
L14F2 L14F2 MOC1002 4N27 OP131W LED55BF OP8813 H21Al 
L14Gl L14Gl MOC1003 4N28 OPl32 LED55C OP8814 H21A2 
L14G2 L14G2 MOC1005 HllA520 OPl32W LED55CF OP8815 H21A2 
L14G3 L14G3 MOC1006 HllA520 OPl33 LED55C OPB816 H21Al 
L14Nl L14Nl MOCl19 HllB2 OPl33W LED55CF OP8817 H21A2 
L14N2 L14N2 MOCl200 4N30 OPl35 LED55B OP12100 MCT21 0 
L14Pl L14Pl MOC3000 HllC6 OPl35W LED55BF OP12150 HllA4 
L14P2 L14P2 MOC3001 HllCS OPl36 LED55B OPI2151 HllA4 

L14Ql Ll4Ql MOC3002 HllC3 OPl36W LED55BF OPI2152 HllA2 
L14Rl L14Rl MOC3003 HllC2 OP137 LED55C OP12153 HllAl 
LED55B LED55B MOC3007 HllC3 OP137W LED55CF OP12154 HllAG3 
LED55BF LED55BF MOC3009 MOC3009 OP14O F5Fl ,OPI2155 HllAG3 
LED55C LED55C MOC3010 MOC3010 OPl40SL F5Fl OPI2250 HllA3 
LED55CF LED55CF MOC3011 MOC3011 OPl40SLA F5Fl OPI2251 HllA3 
LED56 LED56 MOC3012 MOC3012 OPl40SLB F5Fl OPI2252 HllA3 
LED56F LED56F MOC3020 MOC3020 OPl40SLC F5Fl OPI2253 HllAl 
MCAllGl HllGl MOC3021 MOC3021 OP14OSLD F5Fl OP12254 HllAG3 
MCAllG2 HllG2 MOC3022 MOC3022 0P230 F5F2 OPI2255 HllAG3 

MCA6 H21Bl MOC3023 MOC3023 OP230W F5E2 OPI2500 HllAA2 
MCA81 H21Bl MOC5003 HllL2 OP231 F5D2 OPI3009 GE3009 
MCA230 MCA230 MOC5004 HllL2 OP231W F5E2 OPI301 0 GE3010 
MCA231 MCA231 MOC5005 HllL2 OP232 F5D3 OPI3011 GE3011 
MCA255 MCA255 MOCSOO6 HllL2 0P232W F5E3 OPI3012 GE3012 
MCP3009 GE3009 MOC5007 HllLl OP233 F5Dl OPI3020 GE3020 
MCp3010 GE3010 MOC5008 HllL3 OP233W F5El OP13021 GE3021 
MCP3011 GE3011 MOC5009 HllL2 OP24O F5Gl 
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Industry Replacement Guide 
NEAREST NEAREST NEAREST NEAREST 

COMPETITIVE GEIRCA COMPETITIVE GEIRCA COMPETITIVE GEIRCA COMPETITIVE GE/RCA 
TYPE PART TYPE PART TYPE PART TYPE PART 
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER 

OPI3022 GE3022 S05440-3 L14G2 SG1009A LE055C TIL99 L14C2 
OPI3023 GE3023 S05440-4 L14G1 SPX2 HllA550 TILlll H11A4 
OP13150 H11B2 S05440-5 L14G1 SPX2E HllA550 TILl12 HllA5 
OPI3151 H11B2 
OPI3152 H11B3 
OP13153 H11B1 
OP13250 H11B1 

S05443-1 L14G2 
S05443-2 L14G3 
S05443-3 L14G3 
SE3450-1 LE056F 

SPX4 HllA550 
SPX5 Hl1A550 
SPX6 HllA5l00 
SPX26 HllA520 

TILl13 HllB2 
TILl14 Hl1A3 
TlLl15 Hl1A3 
TILl16 HllA3 .. 

OP13251 H11B1 SE3450-2 LE056F SPX28 HllA520 TILl17 HllAl 
OPI3252 H11B1 SE3450-3 LE056F SPX33 HllA520 TILl18 HllA5 
OPI3253 H11B1 SE3451-1 LED56F SPX35 HllA5l00 TIL119 HllB2 

SPX36 HllA5l00 
OPI4201 Hl1C1 SE3451-2 LED55BF TIL124 Hl1A520 
OPI4202 H11C3 SE3451-3 LE055CF SPX37 HllA5l00 TIL125 Hl1A520 
OPI4401 H11C4 SE3453-1 LE056F SPX53 HllA550 TIL126 HllA520 
OPI4402 H11C6 SE3453-2 LED56F SPX103 4N35 TIL138 H21Al 
OPI5000 H11A520 SE3453-3 LE055BF SPX1872-l H22Al TILl43 H21Al 
OPI5010 H11A520 SE3453-4 LE055CF SPX1872-2 H22Al TILl44 H21A1 
OPI6000 H11D1 SE3455-1 LE055BF SPX1872-3 H22Bl TILl45 H21B1 
OPI61 00 H11D3 SE3455-2 LED55CF SPX1872-4 H22Bl TILl46 H21Bl 
OP17002 H24A2 SE5450-1 LED56 SPX1873-l H21Al TIL147 H22A3 
OPI7010 H24A1 SE5450-2 LE056 SPX1873-2 H21Al TIL148 H22Al 

SPX1873-3 H21Bl 
OP17320 H24B2 SE5451-1 LE056 TIL153 Hl1A520 
OPI7340 H24B2 SE5451-2 LE055B SPX1873-4 H21B1 TILl54 Hl1A520 
OPS690 H23A2 SE5451-3 LED55B SPX1876-l H21Al TILl55 HllA520 
OPS691 H23A2 SE5453-1 LED56 SPX1876-2 H21Al TILl56 HllG2 
OPS692 H23A1 SE5453-2 LE055B SPX1876-3 H21Bl TIL157 HllG2 
OPS693 H23A1 SE5453-3 LE055B SPX2762-4 H22A2 TIL4ll L14Ql 
PC900 H11L3 SE5453-4 LE055B SPX7271 CNY171 TIL4l2 L14R1 
S22MD1 H11M3 SE5455-1 LE055B SPX7272 CNY1711 TIL903-l F502 
S22MD2 HHM3 SE5455-2 LED55C SPX7273 CNY17111 TIL903-2 F502 
SCS11C1 H11C1 SE5455-3 LE055C SPX7910 HllLl TIL904-1 F5E2 

SPX7911 HllL3 
SCS11C3 H11C3 SE5455-4 LED55C TIL904-2 F5E2 
SCS11C4 H11C4 SFH600-1 GFH6001 TIL31A LE055B XC88FA F5E2 
SCS11C6 H11C6 SFH600-2 GFH60011 TIL31B LE055B XC68FB F5E2 
SD3443-1 L14C1 SFH600-3 GFH6001I1 TIL33A LED55BF XC88FC F5E3 
SD5410-1 L14F1 SFH601-1 GFH60lI TIL33B LED55BF XC88FO F5El 
SD541 0-2 L14F1 SFH601-2 GFH601 II TIL34A LED56 XC88PA F502 
S05410-3 L14F1 SFH601-3 GFH60lIl1 TIL34B LE056 XC88PB F502 
SD5440-1 L14G2 SFH601-4 GFH60lIV TIL40 F5Fl XC88PC F5D3 
SD5440-2 L14G2 SG1009 LED55B TIL8l L14Gl XC88PO F50l 
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OPTOELECTRONICS THEORY 

OPTOELECTRONIC DEVICES 

This section describes the basic semiconductor devices utilized in opto-electronics, their 
principles of operation and their circuit functions to give the circuit designer an understanding of the 
device characteristics of interest in optoelectronic applications. 

Light Sources 

Many different light sources need to be considered, such as light emitting diodes, tungsten lamps 
(evacuated and gas filled), neon lamps, fluorescent lamps and Xenon tubes. Because most light emitters 
are designed to work as visible light sources, the information on the specification sheets is mainly 
concerned with the visible part of the spectrum. The information is given in photometric rather than 
radiometric terms. Many references contain excellent discussions of terms and definitions used in 
"light" measurement; a brief coverage of the quantitative aspects of light in optoelectronics is covered 
in a later section of this manual. Since the characteristics and operation of the conventional light sources 
(Le., lamps, flash tubes, sunlight) are familiar, the only light sources to be detailed are the 
semiconductor diode sources, laser diodes and light emitting diodes. 

Junction luminescence, or junction electroluminescence, occurs as a result of the application of 
direct current at a low voltage to a suitably doped crystal containing a pn junction. This is the basis of the 
Light Emitting Diode (he rafter referred to as LED), a pn junction diode that emits light when biased in a 
forward direction. The light emitted can be either invisible (infrared), or can be light in the visible 
spectrum. Semiconducting light sources can be made in a wide range of wavelengths, extending from 
the near-ultraviolet region of the electromagnetic spectrum to the far-infrared region, although practical 
production devices are presently limited to wavelengths longer than ... 500nm. LED's for electronic 
applications (due to the spectral response of silicon and efficiency considerations) are normally infrared 
emitting diodes (hereafter referred to as IRED). The IRED is an LED that emits invisible light in the 
near-infrared region. Forward bias current flow in the pn junction causes holes to be injected into the 
N-type material and electrons to be injected into the P-type material, Le., minority carrier injection. 
When these miniority carriers recombine, energy proportional to the band gap energy of the 
semiconductor material is released. Some of this energy is released as light, while the remainder is 
released as heat, with the proportions determined by the mixture of recombination processes taking 
place. The energy contained in a photon of light is proportional to its frequency (i.e., color) and the 
higher the band gap energy of the semiconductor material forming the LED, the higher the frequency of 
the light emitted. 

GE Solid State offers two types of IRED's, both using a relatively low band gap, silicon doped, 
liquid phase epitaxially grown material. Gallium Arsenide (GaAs) is used to make an efficient and 
extremely reliable IRED, with a peak wavelength (}..) ... 94Onm. A different process is used to increase 
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the frequency. It is done by replacing some of the gallium with aluminum. This increases the band gap 
energy, yielding an IRED which emits at A'" 880nm.Due to decreased absorption in the bulk material, 
this gallium aluminum arsenide (GaAIAs) emitter is much more efficient than the GaAs emitters. Also, 
the 880nm wavelength is better matched to the silicon detectors, increasing detector sensitivity. The 
combination of these factors leads to greatly increased overall system response. For the newer, faster 
couplers, such as the H II N and H II V, a GaAlAs emitter of 730nm wavelength is used. Although the 
GaAIAs wavelength can be widely varied by All Ga ratio, each change is a separate challenge in 
performance, cost and reliability. 

It is also possible to increase the wavelength by decreasing the band gap energy. This can be done 
by using an element such as indium instead of aluminum to change the band gap energy, yielding a 
wavelength longer than IOOOnm. Unfortunately, this process tends to be more challenging than 
GaAIAs. However, the long wavelength emitters are useful in fiber optic communications, where glass 
fibers may be optimized for low absorption loss and high bandwidth at these infrared wavelengths. 

The diode laser is a special form of LED or IRED with tightly controlled physical dimensions and 
optical properties in the junction-light producing region; This produces an optical resonant cavity at the 
wavelength of operation such that optical-electrical feedback assures highly efficient, directional and 
monochromatic light production. The small, intense, virtually monochromatic beam and high 
frequency of operation made possible with the diode laser can be of great advantage in applications such 
as fiber optics, interferometry, precise alignment systems and scanning systems. The precision optical 
cavity is difficult to manufacture and can build stress into the crystal structure of the laser that will cause 
rapid degradation of light output power. Although laser diodes offer high performance, they can be 
uneconomical and reliability must be assessed for each application. 

The electrical characteristics of the LED, laser diode and IRED are similar to other pn junction 
diodes in that they have a slightly higher forward voltage drop than silicon diodes because of the higher 
band gap energy, and a fairly low reverse breakdown voltage because of the doping levels required for 
efficient light production. 
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Fig. 1 - The forward biased light emitting diode pn junction. 
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Light Detecting Devices 

A light source energized by electricity is only part of the semiconductor optoelectronics picture. 
Light detectors, devices based on mass produced silicon semiconductor technology and which convert 
light signals into electrical signals, are another significant part of the modern semiconductor 
optoelectronics picture. 

a. Photodiode - Basic to understanding silicon photosensitive devices is the reverse biased pn 
junction, photodiode. When light of the proper wavelength is directed toward the junction, hole electron 
pairs are created and swept across the junction by the field developed across the depletion region. The 
result is a current flow, photocurrent, in the external circuit, proportional to the effective irradiance on 
the device. It behaves basically as constant current generator up to its avalanche voltage, shown in 
Figure 2. It has a low temperature coefficient and the response times are in the submicrosecond range. 
Spectral response and speed can be tailored by geometry and doping of the junction. Increasing the 
junction area increases the sensitivity (photocurrent per unit irradiance) of the photodiode by collecting 
more photons, but also increases junction capacitance, which can increase the response time. 
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Fig. 2 - Light sensitive reverse biased pn junction photodiode. 

The absorption coefficient of light in silicon decreases with increasing radiation wavelength. 
Therefore, as the radiation wavelength decreases, a larger percentage of the hole-electron pairs are 
created closer to the silicon surface. This results in the photodiode exhibiting a peak response point at 
some radiation wavelength. At this wavelength a maximum number of hole-electron pairs are created 
near the junction. The maximum of the spectral response curve of the Ll4G phototransistor is 
approximately 850nm. For wavelengths longer than this, more hole-electron pairs are created deeper in 
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the transistor beyond the photodiode (collector-base) junction. For shorter wavelengths, more of the 
incident radiation is absorbed closer to the device surface, and does not penetrate to the junction. In this 
manner, spectral response characteristics of the silicon photodiode are modified by the junction depth. 

All common silicon light detectors consist of a photodiode junction and an amplifier. The 
photodiodes are usually made on a single chip of silicon from the same doping processes that form the 
amplifier section. In most commercial devices, the photodiode current is in the submicroampere to tens 
of microamperes range, and an amplifier can be added to the chip at minimal cost. Total device response 
to bias, temperature and switching waveforms becomes a combination of photodiode and amplifier 
system response. 

All semiconductor junction diodes are photosensitive to some degree over some range of 
,wavelengths of light. The response of a diode to a particular wavelength depends on the semiconductor 
material used and the junction depth of the diode. In some cases, light emitting diodes can be used to 
detect their own wavelength of light. Whether or not a particular device is photosensitive to its emission 
wavelength depends upon how well the bulk material absorbs this wavelength to create hole electron 
pairs. GaA1As, which has high output efficiency due to decreased bulk absorption at 880nm, exhibits 
virtually no photosensitivity at 880nm for the same reason. The GaAs emitters, however, tend to be 
reasonable detectors oflight generated at the 940nm GaAs emission wavelength. This phenomenon can 
be very useful in some applications, such as half-duplex communication links. 

b. Avalanche Photodiode - One type of amplifier system in common use can be incorporated as 
part of the photodiode itself. An avalanche photodiode uses avalanche multiplication to amplify the 
photocurrent created by hole-electron pairs. This provides high sensitivity and speed. However, the 
balance between noise and gain is difficult, therefore costs are high. Also temperature stability is poor 
and a tightly controlled, high value of bias voltage (100-300V) is required. For these reasons, the APD 
is used in limited applications. 

c. Phototransistor - The light sensitive transistor is one of the simplest photodiode-amplifier 
combinations. By directing light toward the reverse biased pnjunction (collector-base), base current is 
generated and amplified by the current gain of the transistor. External biasing of the base is possible, if 
that contact is accessible, so that the formula for emitter current is: 

IE = (Ip ± IB)(hFE + 1) 

where Ip = Photon generated base current 
IE = Emitter current 
IB = Base current 
hpE = Transistor DC current gain 
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Fig. 3 - Light generated current in phototransistor. 

The formula shows that the sensitivity of this transistor can be influenced by different bias levels at 
the base. It also indicates that response of the phototransistor will vary as the hpE varies with current, 
bias voltage, and temperature. Speed of response is affected by a greater factor than the speed of the 
transistor. The switching time of the combination is usually governed by the RC time constant of the 
base circuit, i.e., the input time constant of the amplifier. This is due to the capacitance of the 
photodiode, combined with the low base currents and normally unterminated base contact causing high 
input impedance, and multiplied by the voltage gain (Av) of the amplifier. This fact leads to a 
generalization of photodetectors: "higher gain, slower response." This generalization does not of 
course, cover all cases, for example, where the voltage across the phototransistor is constant 
(AVCB=O), i.e., Av=O. 
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Fig. 4 - Phototransistor switching speed. 

The high value of hFE and large collector-base junction area required for high phototransistor 
sensitivity can also cause high dark current levels when the collector-base junction is reverse biased. 
The phototransistor dark current is given by 

ICEO(DARK) = hFE I CBO 

where I CBO is the collector-base junction leakage current. This leakage is proportional to junction area 
and periphery at the surface. Careful processing of the transistor chip is required to minimize the 
phototransistor dark current and maintain high light sensitivity. Typical phototransistor dark currents at 
10V reverse are on the order of 1 nA at room temperature and increase by a factor of two for every 100 C 
rise in temperature. Phototransistor specifications normally guarantee much higher dark current limits, 
i.e., 50 to 100 nA, due to the limitations of automated test equipment. 

Dark current effects may be minimized for low light level applications by keeping the base
collector junction from being reverse biased, i.e., having a V CEO ofless than a silicon diode forward bias 
voltage drop. This technique allows light currents in the nanoampere range to be detected. 

A circuit illustrating this mode of operation is shown in Figure 5. The band gap effect of the 
highly doped BE junction of Q1 dominates the open base potential, forcing V BE(QI) to e'lual one diode 
drop. Since VBE(QI) closely approximates V BE(Q2) (one diode drop each), V BC (Ql)"" O. This creates 
a minimum leakage current condition. 

12V DC o---t-------1~----, 

L14Ql 
QI 

22M 

47K 

91K 

Fig. 5 - Use of phototransistor at very low light levels. 

This circuit will turn the load on when illumination to Q, drops below approximately 0.5 
foot-candle. 
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d. Photodarlington - Basically, this is the same as the light sensitive transistor, except for its 
much higher gain from two stages of transistor amplification cascaded on a single chip. 

c 

c 

80--+--1 

E 

Fig. 6 - Photodarllngton amplifier illustrating the effects of photon current generation .. 

IBI = Ipi (hpBI + 1) 
1m = (1P2 + IBI)(hFB2 + 1) 
IB = [IP2 + Ipi (hFBI + 1)] (hFB2 + 1) 

Because lEI > > IP2 
1m "'; Ipi (hFBI)(hpm) 

where IE = Emitter Current 
Ip = Photon produced current 
HFB = DC current gain of transistors 1 and 2 
IB = Base current 

With different bias levels at the base: 

1m = [IP2 + (Ipi ± IB)(hpBI + 1)](hpE2 + 1) 

Since hFB > > 1, a close approximation to this equation is: 

1m .., (Ipi ± IB)(hFBI)(hFB2) 

c 

E 

To maximize sensitivity, Ipl should contain as large a portion of the photon produced current as possible. 
To accomplish this, an "expanded base" design is used, in which a large area photodiode is included in 
the first stage collector-base junction. This photodiode dominates the pellet topography in much the 
same way as shown in Figure 3 for the phototransistors. 
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The darlington connection is popular for applications where the light to be detected is low level, 
since the hFE product normally ranges from 10' to 10', assuring high electrical signal levels. As with 
phototransistors, speed of response suffers, since the voltage amplification can never be brought to 
zero due to internal parasitic impedances which cannot be eliminated from the pellet. Thus, 
photodarlington speed will always be less than the phototransistor. Dark current effects, as with 
phototransistors, are also amplified by the increased gain of the darlington connection, and can limit 
usefulness at high voltage, high temperature and/or high power. A base emitter resistor can minimize 
these effects. 

e. PhotoSCR (Silicon Controlled Rectifier) - The two transistor equivalent circuit of the 
silicon controlled rectifier illustrates the switching mechanism of this device. 

A 

c 

c 

A 

Go--+--~~--~;{ 

I 

~RGK , 
L ____________ _ 

c 

Fig. 7 - Photo SCR and two transistor equivalent circuits illustrating the effects of photon current 
generation and junction capacitance. 

Photon current generated in the reverse biased pn junction reaches the gate region to forward bias 
the npn transistor and initiate switching. Part of this cu'Tent, Ip, can be channeled around the gate
cathode terminal to decrease sensitivity. This is also expressed in the formula for anode current, lA' by 
the expression (Ip ± IG). 

IA = a2 { (Ip + IG) + ICBQ(J) + IcBom} 

1- al - a2 

when al + a2 = 1 then IA = 00 

IA = Anode Current 
Ip = Photon Current 
IG = Gate Current 

ICBO(I) & I CBO(2) - Leakage Currents 
a = Current Gain 
al - Varies with IA and Ip 
a2 - Varies with IA and Ip ± IG 
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In discrete device literature, photoSCR is often abbreviated LASCR, Light Activated SCR. Since the 
photodiode current is of a very low level, a LASCR must be constructed so that it can be triggered with a 
very low gate current. The high sensitivity of the LASCR causes it to be sensit;ve also to any effect that 
will produce an internal current. As a result, the LASCR has a high sensitivity to temperature, applied 
voltage, or rate of change of applied voltage, and has a longer tum-off time than normally expected 
ofa SCR. 

All other parameters of the LASCR are similar to an ordinary SCR, so that the LASCR can be 
triggered with a positive gate signal of conventional circuit current, as well as being compatible with the 
common techniques of suppressing unwanted sensitivity. All commercially available LASCR types of 
devices are of comparatively low current rating ( < 2A) and can thereby be desensitized to extraneous 
signals with small, low-cost, reactive components. 

Figure 8 shows that the LASCR contains a high voltage phototransistor pnp beetween the anode 
(A) and gate (G) terminals. Due to physical construction details, this' 'transistor" is of low gain and 
behaves as a symmetrical transistor, i.e., emitter and collector regions are interchangeable. Due to the 
low gain, photo response is quite stable in this configuration. In fact, this connection has been used with 
calibrated units for measurement of irradiance. 
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CATHODE OPEN) 

Fig. 8 - Typical pnp phototransistor action of LASCR. 

Because of its high voltage junction parameters, the LASCR has unique spectral and dark current 
characteristics compared to the devices mentioned previously. 

f. OtherPhotodetector Amplifiers - There are many other photodetector-amplifier 
combinations which are based on the previously discussed principles. The use of integrated circuit 
technology allows many combinations of photosensitive devices with active and passive devices on a 
single silicon chip. Specific examples of these are the photodarlington with integral base emitter 
resistor, the bilateral analog FET photodetector, the triac trigger devices and the optical input Schmitt 
trigger. These will be examined in detail as part of the optoisolator system. 

OPTOELECTRONIC COMPONENTS 

Detailing the basic device characteristics and operation provides an understanding of what can 
be expected from the semiconductor, but leaves undefined the actual component characteristics that 
will be affected by both device and package parameters. The basic optoelectronic devices can be 
packaged to provide: 
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• discrete detectors and emitters, which emit or detect light; 
• interrupter/reflector modules, which detect objects modifying the light path; 
• isolators/couplers, which transmit electrical signals without electrical connections. 

The following descriptions will provide an insight into the various package characteristics and how 
they modify the basic devices already described. 

Optoelectronic Detectors and Emitters 

These optoelectronic components require packaging that protects the chip, and allows light to pass 
through the package to the chip, i.e., a semiconductor package with a window. The window can be 
modified to provide lens action, which gives higher response on the optical axis of the lens, greater 
directional sensitivity and a large aperture with less resolution. In most commercial components, the 
lens is also an integral part of the package, for economic reasons, so the tight control of optical 
tolerances is compromised somewhat to optimize chip protection via the hermetic seal. This causes 
lensed components to exhibit wider variations, unit to unit, than simple window components, as the 
optical gain variations and the basic device response variations are multiplied. Due to these factors, 
when high gain, highly directional optical systems are required, it is normal procedure to recommend 
that components without integral lenses be used in conjunction with external optics of the required 
quality. 

The other major factor in detectorl emitter packaging is the choice of a plastic or hermetic package. 
These may be with or without lens, although the plastic devices have the optical axis perpendicular to 
the leads, while the hermetic package optical axis is parallel to the leads. The hermetic package will 
operate at higher power, over a wider temperature range and is more tolerant of severe environments, 
but it is also more expensive than the plastic package. Although some components are limited to a single 
package type, on most the user must weigh the application's technical and economical constraints in 
order to optimize both the device and package of the optoelectronic component used . 
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Fig. 9 - Discrete optoelectronic component package concepts. 
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Interrupter/Reflector Modules 

The use of interrupter or reflector modules eliminates most of the optical calculations and 
geometric and conversion problems in mechanical position sensing applications. These modules are 
specified electrically at the input and output simultaneously - Le., as a coupled pair - and have 
defined constraints on the mechanical input. All the designer need do is provide the input current and 
mechanical input (Le., pass an infrared-opaque object through the interrupter gap) and monitor the 
electrical output. Other than normal tolerance, resolution, and power constraints, the only new 
knowledge required is the ability of the sensed object to block or reflect infrared light and an estimate of 
the effects of ambient light conditions providing false signals. This is true of both "off the shelf" 
commercial modules and limited volume custom modules, as the mechanical and optical parameters of 
any given module are fixed. Once the module is characterized for minimum and maximum 
characteristics, it is a defined electrical and mechanical component and does not require optical design 
work for each new application. This puts these sensor modules in the same design category as 
mechanical precision limit switches, except that the activating mechanism blocks or reflects light 
instead of applying a force. Thus mechanical wear and deformation effects are eliminated. 

EMITTER DETECTOR 

Fig. fOa - Interrupter module. Fig. fOb - Ref/ector module built from H23. 

Most commercially available interrupter modules are built around plastic packaged emitters and 
detectors. Reflective modules and other custom modules are built around both plastic and hermetic 
parts, depending on the required cost/performance trade-offs. It should be noted that due to the longer, 
angle critical, and generally less efficient light transmission path in a reflector module, lensed devices 
are dominant in these applications. This also explains the lack of standard reflective modules, because 
tight spacing between the module and the mechanical actuator must be maintained to provide adequate 
optical coupling, which leads to different mechanical mounting requirements for each mechanical 
system which is sensed. 
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Fig. 11 a - Reflector module. Fig. 11 b - Interrupter module. 

Optocouplers 

Optocouplers, also known as optoisolators, are purely electronic components. The light path, IRED 
to photodetector, is totally enclosed in the component and cannot be modified externally. This provides 
one way transfer of electrical signals from the IRED to the photodetector, without electrical connection 
between the circuitry containing the devices. The degree of electrical isolation between the two devices 
is controlled by the materials in the light path and by the physical distance between the emitter and 
detector. (i.e., the greater the distance, the better the isolation.) Unfortunately, the current transfer ratio 
(eTR), which is defined as the ratio of detector current to emitter current (i.e., the effectiveness of 
electrical signal transfer) is inversely proportional to this separation and some type of compromise has 
to be made to achieve the most optimum effects. In the case of the dual in-line package, the use of optical 
glass has proven to be a most efficient dielectric. It allows maximum eTR and a minimum separation 
distance for a given isolation voltage withstand capability. Minimum (HllA5100) eTR's of 100% in 
combination with isolation voltages of 5000V in phototransistor couplers result. Also, because of the 
glass dielectric design, yields are much more predictable, due to positive alignment of IRED and 
detector combined with common side wire bonding, versus other methods of manufacture. 

The reflector design, illustrated in Figure 12d, represents a sixth generation optoisolator, designed 
utilizing the knowledge and experience of 20 years of optoelectronic manufacturing by GE Solid State, 
world leader in optoisolator technology and production. It represents the most advanced features in 
optoisolator des~gn, with reliable, stable glass dielectric, eutectic mountdown die attach, large gold bond 
wires, and flexible protective coating over the liquid epitaxial IRED die. The reflector design has the 
additional advantages of: 

-highly automated assembly for enhanced quality; 

-eliminates one wire bond for improved reliability; 

-reflects IRED side light for more efficient coupling; 

-has triple layer dielectric (silicone-glass-silicone) for better isolation (higher isolation voltage, 
lower isolation capacitance). 
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It is expected that the reflector design will prove a new standard for optoisolator performance, reliability 
and quality as production quality and reliability experience provides the necessary data base. Large scale, 
controlled, reliability testing has provided indications that lead to the premise of improved reliability. 
Parametric data comparing production devices built with different constructions proves the improved 
electrical performance. 
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Fig. 12 - Glass dielectric construction techniques for GE 6 pin DIP. 

An invaluable modification of the glass dielectric system is the HIlA V construction, which 
utilizes the glass as a long (> 2mm) light pipe. This allows a DIP package to meet VDE isolation 
requirements as well as providing ultimate isolation in the six pin DIP. Isolation capacitance of this 
design is under O.SpF. Note that a modification of this design, with different physical dimensions, is 
used to produce the AC input optoisolator with antiparallel IREDS. 

DETECTOR CHIP 

METAL LEADS 

BLACK 
ENCAPSULANT 

Fig. 13 - Cutaway view of General Electric H11AV: 6 pin DIP Optoisolator approved to VDE Safety 
Standard 088316.80, with testing to 073016.76 and 0860111.76. 
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Although the DIP package is the most common one used for couplers, other packages are 
commercially available to provide higher isolation voltage and other special requirements. For very 
high isolation voltage requirements (10 to 50kV) the H22 interrupter module can be modified by the user 

~.375 '" ij 
Fig. 14 - H24 optocoupler, 4000V isolation voltage. 

at very low cost by putting a suitable dielectric (glass, acrylic, silicone, etc.) in the air gap and insulating 
and encapsulating the lead wires. For higher isolation voltages the use of the H23 matched pair 
with glass dielectric or the GFOD/E pair and fiber optics can provide a low cost isolator. Both 
of these approaches utilize coupler systems already characterized and are easily handled from 
a design standpoint. 
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SYSTEMS DESIGN CONSIDERATIONS 

EMITTER AND DETECTOR SYSTEMS 

Light, [rradiance and Effectiveness 

When the word "light" is used in this discussion instead of "electromagnetic radiation," it does 
not refer to just the visible part of the spectrum, but to that part of the spectrum where silicon light 
sensitive devices respond to irradiance. "Ught" is a misnomer for the infrared component, but it has 
become accepted usage. 

The normalized response of silicon light sensitive devices and output sources is illustrated below. 
Peak spectral response is found at approximately 0.85 microns or 8500 Angstroms (~) (1 ~= 10-10 

meters) for the light activated transistors but shifts down toward 1.0 micron for the LASeR. Individual 
device spectral response curves are modified by photosensitive junction depth, minority carrier lifetime 
and surface waveplate and reflection effects. The response of the eye is shown for comparison, but it can 
be treated just as any other light sensitive device. When the silicon detector response and sources are 
compared, it is observed that the IRED GaAIAs and GaAs (Si) are capable of most efficient coupling. 
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Fig. 15 - Normalized spectral characteristics of light sensitive and light emitting diodes. 

Since the spectral characteristics of most sources and detectors do not match, a rigorous 
determination of the response of the photodetector to a given incident light level (lrradiance, H) would 
require: a) determining the irradiance and spectral content of the light, b) the spectral response and 
sensitivity of the detector, c) integrating the spectral response and spectral content to determine 
effectiveness, d) multiplying by the irradiance to determine the effective irradiance (HE) and e) multiply 
by the sensitivity to determine the response. If the irradiance is not easily measurable (the normal case), 
it is determined by: a) analyzing the power into the source (Pin), b) determining the conversion 
efficiency of the source in producing light ('1/) and c) defining the spacial distribution of the output and 
the transmissivity of the light path. 
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Fig. 17 - Spacial distribution of light sources. 

In practice, all these parameters vary. For feasibility studies, approximations are used, then, in the 
prototype stage, effective irradiance is measured using calibrated detectors and "worst case" (or a 
distribution of) sources to analyze worst case and tolerance effects. 

It is often difficult to obtain worst case samples for system evaluation purposes. In many cases, 
sufficient accuracy to evaluate detector irradiance levels can be obtained by using the collector base 
photodiode response of an unlensed phototransistor or photodarlington. The accuracy of this method 
rests on the conversion efficiency of silicon, a basic physical property, which peaks at about 0.6 A/W in 
the 800 to 900nm spectral region. For the L14C phototransistor which has an active area of 0.25mm 
square and peak response around 850nm, this corresponds to approximately IApA per mW/cm2 with 
the 880nm GaAIAs IRED, 1.2JLA per mW Icm2 for the 940nm GaAs (si) IRED and OAJLA per mW Icm2 

using 28700 K tungsten light. The L14N phototransistor, with Imm2 active area, will provide 4 times 
these output currents for unifonn irradiance. The inconsistency of integral lenses makes this method 
impractical for lensed detectors. 
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TABLE 1: APPROXIMATE EFFECTIVENESS OF VARIOUS SOURCES 

~ RADIATORS HUMAN EYE SILICON PHOTOTRANSISTORS 

Tungsten Lamp 20000 K .003 .16 
22000 K .007 .19 
24000 K .013 .22 
26000 K .021 .24 
28000 K .030 .27 
30000 K .044 .30 

Neon Lamp .35 .7 
GaAs IRED 940nm 0 .8 
GaAlAs IRED SSOnm 0 .9S 
Fluorescent Lamp .1 .4 
Xenon Flash .13 .5 
Sun .16 .5 

To illustrate a feasibility study using approximation, consider a lOW tungsten lamp source and a 
silicon phototransistor of ImA/mW /cm2 (HE)* sensitivity, 0.1 meter (4 inches) apart: 

Pout = 71 • Pin ~ .85(10) = 8.5W 

Conversion efficiency of tungsten lamps is 80% for gas filled and 90% for evacuated lamps. 

Assuming a spherical distribution of light from the lamp -

HT = Pout mW/cm' ~ 8500 = 6.8 mW/cm' 
4 . 11 • d' 12.56 (lW 

HE = 0.25 . HT mW/cm' = 1.7 mW/cm' 

Assuming that there are no transmission losses in the path, the phototransistor collector current is 
Ic = lmA/mW/cm' x 1.7mW/cm' = 1.7mA, 

where: Pin - Power input (mW) 
Pout - Power output (mW) 
d - Distance (cm) 
71 - Conversion efficiency of light source 
HT - Total irradiance (mW/cm') 
HE - Effective irradiance (mW/cm') 
Ie - Transistor collector current 

For the IRED, or any lensed device, the spacial distribution of energy is determined by the lens 
characteristics, and no simple relationship exists for general cases. For the case of the lensed TO-IS 
IRED's (LED55, F5D families), with a TO-IS detector on the optical axis, analysis of the beampattem 
in a piece-wise linear integration indicates: 

H 0= 2.6 Po/(d+I.l)2 for d;::: I cm, as illustrated in Fig. IS. 

Experimental data indicates this is a conservative model, although it should be noted that the lenses 
exhibit a wide variation in optical characteristics. 

*HE=HT x effectiveness (Table I), where HT is total irradiance. 
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A FSD series GaAIAs IRED will have efficiencies of S % to 10%, and on a steady-state basis is 
limited to about IS0mW power dissipation in a normal range of ambients. For the same IOcm spacing, 
using the IRED at IS0m Wand 8 % efficiency, the transistor collector current is: 

Ic =2.6 (IS0mW) (.08) (.98/.27) (lmA/mW/cm2)/(ll.1cm)2=.9SmA, 

where the .98 -;- .27 factor is the spectral response correction from Table 1. 

The transistor collector current is about S6 percent of the current the lamp generates, but with an 
input power of only 1.5% of the lamp power, the efficiency of the total system has increased 
approximately by a factor of 40 due to the lens and the effectiveness of the light. If the IRED is operated 
in a pulsed mode, Po can be raised to SO times the steady-state value for short times ("" l/-1sec) and low 
repetition rates (200pps), although efficiency suffers above the SOOmA ("" 1 W) bias point. The effects 
of lens misalignment, temperature, tolerances, and aging all must be evaluated before' 'worst case" or 
"Gaussian" expected performance can be determined, but these steps should follow initial breadboard 
verification of the assumptions made above. In critical applications, the LED output and transistor 
photodiode and gain characteristics must now be analyzed to determine response. 
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TABLE 2: CHECK LIST OF REQUIRED SOURCE/DETECTOR INFORMATION 

CHECK LIST SOURCE 

1. Relationship between the radiator's input electrical power and 
peak axial intensity of radiation Specification Sheet 

2. The radiator's relative radiation pattern Specification Sheet 

3. The radiator's relative output as a function of wavelength* Specification Sheet 

4. Distance between radiator and receiver Design Requirements 

5. Angular relationship between axis of radiator and receiver Design Requirements 

6. Relative acceptance pattern of receiver Specification Sheet 

7. Relative sensitivity of receiver as a function of wavelength * Specification Sheet 

8. Sensitivity of receiver Specification Sheet 

9. Light transmission efficiency Path Material Properties 

·Numbers 3 and 7 are not needed if the effectiveness is known. 

) 

The transmission of the light from source to detector is normally not a problem and can often be 
checked visually. Most organic materials, e.g., plastics, have strong attenuation of near infrared 
wavelengths such that (although they look transparent and will work with incandescent light) they may 
not work with IRED's. This problem is noted on transmission paths exceeding 1 foot. The strongest 
common attenuations are found around 890nm in organics and 950nm in materials containing the OH 
radical. This problem commonly occurs in fiber optics systems because of their long pa$iengths. Fiber 
optics systems are discussed in a later section. 
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Another criteria for selecting the proper light source is the speed at which the system must work. 
As can be seen in Figure 21, applying ac or unfiltered dc to light emitting devices may change their 
effective irradiance by as much as 30% for tungsten lamps, or as much as 100% for IRED's. Only 
filtered dc will yield constant effective irradiance for all light emitting devices. For high speed data 
transmission, the high efficiency GaAs and GaAIAs are capable of operation at frequencies greater than 
ImHz when optimized. Faster diodes are difficult to build with high efficiency and long life. 

In some applications it is advantageous to have an optoelectronic transceiver, a unit that can both 
transmit and receive via light. Although most LED's and IRED's are light sensitive, they usually are 
relatively insensitive at the wavelength they produce. This is true of the 880nm high efficiency GaAIAs 
IRED, but not as pronounced on the 940nm GaAs (Si) IRED. The 940nm units also will detect 940nm 
radiation. The sensitivity is less than that of a silicon photodiode: typically 0.15p.A per mW Icm2 on an 
unlensed device such as the LED55BF. Leakage current is typically under 10nA at 2V and 25°C, 
doubling with every 25°C temperature rise. This would provide a 20db noise margin at 15uw/cm2 and 
50°C in an all GaAs (Si), 940nm, transmission system without lenses on the detector. Lensed units 
improve sensitivity at the expense of resolution and alignment requirements. 

TRANSMISSION CHARACTERISTICS OF GLASS FIBER OPTICS AND PLASTIC FIBER OPTICS 
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Fig. 21: Time dependance of irradiance for various power supplies. 
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Lenses and Reflectors 

Simple converging lenses are commonly used to extend the range and improve the directionality of 
optical systems. Improved directionality minimizes pick up or "stray" ambient light, as well as 
defining the volume in which an object can be sensed. In emitter-detector systems (as opposed to light 
level sensing) range is increased by focusing the light from the emitter into a beam and/or by focusing 
the received light on the detector. Focusing reflectors may be used to perform the same functions and are 
nornially analyzed using the same techniques. Reflectors can offer better optical performance, and must 
be evaluated for cost, mechanical properties, and tolerances if considered. Optimum mechanical 
performance and optical efficiency is obtained when opto-electronic components without built-in lenses 
are used with component optics, as both range and directivity are improved over using integrally lensed 
devices. This is due to the better optical parameters of component lenses, compared to those integral to 
the semiconductor device package, which are not compromised by packaging requirements of the 
semiconductor material. 

LED55C 
INTEGRAL LENS 

LED 55CF 
NO LENSES 

Fig. 22 - Typical infrared Irradiation pattern of IRED on surface 5 cm. away (actual size). 

Lenses are normally specified by the f number, Le., focal length divided by effective diameter, 
and either the effective diameter or the focal length. 

Focal Length 
f#=-----'='--

Effective Diameter 
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Normally, the effect on irradiance (H), of adding a lens to the detector end of a system can be 
approximated by determining the ratio of the area oflens to the area illuminated in the plane ofthe base 
of the phototransistor and mUltiplying it by the irradiance incident on the lens. This approximation is 
only valid for irradiance that approximates a point source, i.e., the diameter of the light source is .Jess 
than 0.1 times its distance from the lens. The lens will reflect and attenuate the result by about 10 % . 

DIAMETER FOCAL 

fr=':--tc:Q~~ -----'\..r--+--- -JV-+::~J __ ~ ~ __ h;;: 

x ----.;-
LIGHT ~ LIGHT 

HDETECTOR ~ 0.9 HUNs-I-, 
O-DIF) 

"'09H -_1--. LEN5 0 _ l/f ... ), 

WHEN IMAGE FALLS ON 
DETECTOR ACTIVE AREA, 
Le. d J:::::I F. 

SOURCE LENS DETECTOR 

Fig. 23 - Detection with a converging lens. 

Although the use of lenses narrows the field of view of the detector and alleviates some ambient 
light problems, it can also widen the path of light that must be blocked to tum the detector off. 
Resolution is always less when focusing lens systems are used on the detector without light masking. 
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With an unlensed L14C phototransistordetector, the light sensitive area is about 0.5mm (0.02 in.) 
square. Diffraction, tolerance and edge effects will add approximately 0.3mm (0.012 in.) to the path 
width which must be blocked to darken the detector. When a converging lens is added in front of the 
detector, the field of view is lessened, and the light path is widened by the lens system's magnification. 
Adding a converging lens to the light source increases the irradiance on the detector but has insignificant 
effect on the light path width. Converging lenses on either device makes detector/source alignment 
more critical as the light path and view of the devices are now "beams." The combination of lenses and 
apertures can tailor field of view and resolution in many applications. For high resolution applications 
the consistency of the lenses becomes significant. Various masking and coding techniques are used to 
minimize these interactions, with sensitivity or transmission efficiency usually being the parameters 
traded off with alignment and cost of materials. 

Ambient Light 

The effect of ambient light on optoelectronics is generally difficult to estimate, since the ambient 
light varies in terms of level, direction, spectral content and modulation. If the detector is not highly 
directional, it will normally be found that all reflecting surfaces near the system must be coated with a 
non-reflecting material or shielded from both ambient light and reflections oflight from the light source. 
Note that back -lighting of the detector can cause trouble by reflecting off the object that normally blocks 
the light path. As a final solution, a pulse encoded and decoded light system can be used to give very 
high ambient light immunity, as well as greatly extend the distance over which the system will operate. 
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Fig. 26 - Effect of ambient light and shield finish on optoelectronic object detector. 

Pulsed Systems 

High levels of light output can be obtained by pulsing the IRED. High signal to noise ratios at the 
detector are obtained by AC signal processing and simple pulse decoding techniques. Such a system is 
illustrated in the section on Optoelectronic Circuits. 

Pulsed light systems can provide significant performance improvements in detector-emitter pair 
applications at the expense of more complex circuit design. The cost of a pulsed system may actually be 
lower than that of the high power light source and sensitive detector required to do a similar job, since 
low cost commodity components are easily designed into a pulsed system. Performance of the pulsed 
system will almost always be better than a steady-state system. 
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Fig. 27 - Typical pulsed reflective object sensor. 

Generally, low cost systems use unijunction transistor (UJT) derived current pulses of from 1 to 
10/Lsec at a 0.1 to 1 % duty cycle, into an IRED, since shorter times do not provide corresponding 
increases in light output and require more sophisticated (and costly) circuits to develop the pulse. The 
detector is normally a phototransistor cascode biased * by an ac amplifier of one to three transistors (low 
cost I. C. amplifiers are too slow). Synchronous rectification of the ac amplifier output (sychronized by 
the pulse generator), allows a significant increase in performance at low cost. Xenon flash tubes and 
laser light sources provide highest output but cost and complexity limit these to extremely high 
performance systems. Normal cost/performance progressions are: dc operations, no external optics; 
pulsed operation, no external optics; pulsed operations with external optics and exotic (laser, etc.) 
source systems. Occasionally, commodity plastic lenses may be found that will provide lower cost than 
the pulse electronics, but alignment and mechanical sytems cost must be compared against possible 
electronics savings. 

Precisio1'. Position Sensing 

Precision position sensing can be done using various techniques, depending on the application. 
Some techniques require multiple emitter detector pairs to provide the desired resolution and accuracy. 
Normal design practice in multiple path sensing applications is to design the light shield mechanism to 
provide a "gray code" output, i.e., each sequence is only one bit different from the preceding one. 
One advantage to such systems is that they are not affected by transients, power loss, etc. They also 
require one optical path per bit, with path coding hardware and initial alignment. These can prove 
economically impractical in many applications. 

However, the availability of powerful, low-cost logic iE a system requiring the position sensing 
fuDction allows cost optimization by using logic to minimize the number of scanning points. Clever 
mechanical design of the scanning area provides the key to optimization. 

To illustrate this, a rotary encoder (see Figure 28) requires only two sensors to scan the rotating 
disc to provide position, speed, and direction of rotation. This information is coded in the T triangle 
wave - the slope providing speed, the ratio of instantaneous amplitude to peak amplitude provides 
position within 15° increments and the phase relationshIp to the S-wave indicates direction of rotation. 
The S-wave output transitions are counted to provide the position to 15° increments. 

*Biased in this manner, the phototransistor can respond in less than a microsecond. LED current, pulse width and repetition rates can then be 
determined strictly from response time, distance covered. LED thenna! resistance and cost constraints. 
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Fig. 28 - Cost optimized shaft encoder. 

20 

Linear position information can also come from two sensors. Accuracy and high resolution result 
from the use of Moire fringes shown in Figure 29. The scale difference is obtained using two grating 
scales, as illustrated, or by using two identical scales held at an angle. The two sensors are placed within 
112 period of each other. 

As one scale is moved in relationship to the other fixed scale, each sensor output goes through a 
complete period for a motion of one gradient. The phase relationship between sensors outputs contains 
direction of motion, the slope of the waveform provides speed, and the ratio of instantaneous amplitude 
to peak amplitude provides distance within a grid. The number of cycles is counted for absolute 
position. 

Additional advantages of the Moire fringe technique are the use of large area sensor 
emitter-detector pairs and the non-critical initial placement of the pairs. Using the H21 module for the 
sensors requires that the individual masks of the grids be less than O.25mm wide, cover a height of over 
1.5mm, and the static period of the fringe pattern (dark area to dark area) be over 6mm for interrupters 
mounted side by side. Spacing the sensors between nand n + 112 periods apart eliminates the last 
criteria, at the expense of a more rigid, precise mechanical design. 
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For extremely fine gratings, note that the sensor light path can cover up to 15% of the static period 
with a loss of only about 10% in peak amplitude for40% transmission gratings. The static period of the 
gratings is the reciprocal of one minus the ratio of grids per unit length, in units of grid length. Example, 
with a scale factor difference of 1.5%, the static period is 1 + 0.015 =66.7 grids. This can be verified by 
counting grids in Figure 29. Note that both the space between the gratings and reflectivity of the 
gratings can affect the observed phase difference. 

Practical production units must be designed to account for those effects, as well as amplitude 
differences of signals in the two channels, ambient light and mechanical parameters. Fiber optics can 
often be used to advantage in position sensing applications. The small fiber can fit many places discrete 
devices would not, and the fiber is not sensitive to the electromagnetic fields found in many sensing 
environments. 
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OPTOCOUPLER SYSTEMS 

The optocoupler, also known as an optoisolator, consists of an IRED, a transparent dielectric 
material and a detector in a common package. It has been defined previously in terms of construction 
and the various semiconductors which can be used in it. To utilize these devices in a circuit, the 
characteristics of the combined component, as well as its parts must be known. Characteristics such as 
coupling efficiency (the effect of IRED current on the output device), speed of response, voltage drops, 
current capability and characteristic V -I curves, are defined by the devices used to build the coupler and 
the optical efficiency. The detailed coupler specification defines these parameters such that circuit 
desdgn can be done in the same manner as willi-other semiconductors with input, output, and- transfer 

-characteristics - except that the input is dielectrically isolated. This is the critical difference, the 
definition of the isolation parameters and what they mean to the design of a circuit. 

Isolation 

Three critical isolation parameters are isolation resistance, isolation capacitance, and dielectric 
withstand capability. Note that all three are specified with input terminals short circuited and output 
terminals short circuited. This prevents damage to the emitter and detector due to the capacitive 
charging currents that flow at the relatively high test voltages. 

a. Isolation Resistance is the dc resistance from the input to output of the coupler. All GE 
couplers are specified to have a minimum of 1011 ohms isolation resistance, which is higher than the 
resistance that can be expected to be maintained between the mounting pads on many of the printed 
circuit boards the coupler is to be mounted on. Note that at high dielectric stress voltages, with printed 
circuit board leakage added, currents in the tens of nanoamps may flow. This is the same magnitude as 
photodiode currents, generated at IRED currents of up to O.SmA in a typical dual in-line darlington 
coupler, and could be a problem in applications where low levels are critical. Normally, care in 
selection and processing of the. printed circuit board will minimize any isolation resistance problems. 

b. Isolation Capacitance is the parasitic capacitance, through the dielectric, from input to 
output. Typical values range between O.3pF and 2.SpF. This can lead to noticeable effects in circuits 
which have the dielectric stressed by transients exceeding SOOV per microsecond. This would occur in 
circuits sensitive to low level currents, biased to respond rapidly and subjected to the fast transients. 
Common circuitry that meets these criteria is found in machine tool automation, interfacing with long 
electrical or communication lines and in areas where large amounts of power are rapidly switched. The 
majority of capacitive isolation problems are solved through one or a combination of the following: 

• clean up circuit board layout - especially base (gate) lead positioning; 
• use base emitter shunt resistance and/or capacitance; 
• design for immunity to noise levels expected; 
• electrostatically shield highly sensitive circuit portions; 
• use snubber capacitors coupling the commons on both sides of the dielectric. 

This wiIllower the rate-of-rise of transient voltages and, lower currents into sensitive portions of the 
circuit. In applications where these techniques do not solve the noise problem a lower isolation 
capacitance is required. Several alternatives exist. In the standard six pin DIP package the HIlA V 
series (which contains a > 2mm glass light pipe dielectric) provides the lowest isolation capacitance 
(O.SpF max.) available in this package. Where base lead pickup is indicated, the H24 series 
optoisolators eliminate the base lead. The ultimate isolation is provided by a fiber optic link, obtainable 
with the low cost GFOD/E pairs. 
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c. Isolation Voltage is the maximum voltage which the dielectric can be expected to withstand. 
Table 3 illustrates the parameters that must be defined to qualify isolation voltage capability, which 
depends on time, dv/dt, and waveshape. The dependence is a function of the method by which the 
coupler is constructed. To illustrate the effect the voltage waveform can have on the isolation capability 
of a coupler, a series of tests were run to quantify these effects on both a glass dielectric and a competitive 
dual lead frame DIP coupler. 

The results of the tests were analyzed to determine the percent difference in surge isolation voltage 
capability that was exhibited by the couplers for the various waveforms applied, as compared to the 
specified test method. These percentages were then applied to a hypothetical device that just met a 
1000V peak specification. The results were tabulated to determine the "real" surge voltage capability 
of this device for each waveform. This was done to allow the circuit designer to determine a realistic 
surge voltage derating for each coupler type. Dual lead frame couplers with other dielectric materials 
and/or dielectric form factors may show different changes in capability with waveform. The glass 
dielectric is very consistent in both electrical properties and form factor and performed consistently 
from device to device. 

TABLE 3: SURGE ISOLATION VOLTAGE CAPABILITY OF HYPOTHETICAL 1000V COUPLER 

~ COUPLER ACZERO<I> 

G.E. Glass 707 V* 

Dual Lead Frame 540V 
'Specification sheet test method. 

Fig. 30 - Competitive construction, dua//ead frame. 

DC RAMP AC RAMP AC STEP DC STEP 

1025 V 650V 580V 919 V 

1000 V* 540 V 510V 780 V 

The tests performed were: 

1. AC - rms surge rating per GE definition 

*2. DC Ramp - Value at failure when potential 
gradually increased from zero - definition 
used on competitive device. 

*3. AC Ramp - rms value at failure of gradually 
increased potential. 

4. AC Step - rms value at failure of 
instantaneously applied voltage. Application of 
voltage synchronized to peak voltage. 

S. DC Step - Value at failure of instantaneously 
applied potential. 

'ramp slope IOOOV Isec 
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TABLE 4: GENERAL ELECTRIC OPTOCOUPLER ISOLATION VOLTAGE SPECIFICATION METHOD 

I. Surge Isolation Voltage 
a. Definition: 

This rating is used to protect against transient over-voltages generated from switching and 
lightning-induced surges. Device shall be capable of withstanding this stress a minimum of 
100 times during its useful life. Ratings shall apply over entire device operating temperature 
range. 

b. Specification Format: 
Specification, in terms of peak and/or rms, 60 Hz voltage, for a one minute duration. 

c. Test Conditions: 
Application of full rated 60 Hz sinusoidal voltage for one second, with initial application 
restricted to zero voltage (Le., zero phase), from a supply capable of sourcing 5 rnA at rated 
voltage. 

II. Steady-State Isolation Voltage 
a. Definition: 

This rating is used to protect against a steady-state voltage which will appear across the device 
isolation from an electrical power source during its useful life. Ratings shall apply over the 
entire device operating temperature range and shall be verified by a 1000 hour life test. 

b. Specification Format: 
Specified in terms of peak and/or rms 60Hz sinusoidal waveform. 

c. Test Conditions: 
Application of the full rated 60 Hz sinusoidal voltage, with initial application restricted to zero 
voltage (Le., zero phase), from a supply capable of sourcing 5 rnA at rated voltage, for the 
duration of the test. 

46 __________________________________________________________________ __ 



_________________________ Systems Design Considerations 

Steady-state isolation voltage ratings are usually less than surge ratings and must be verified by life 
test. The GE steady-state rating confirmation tests were performed on devices segmented by surge 
isolation voltage capabilities into groups of the lowest voltages that could be supplied to the 
specification tested. A destructive surge isolation voltage test was performed at a specified surge rating 
to confirm the selection process, and then the couplers were placed on rated 60 Hz steady-state isolation 
stress. No failures were observed on the 160 couplers tested for 1000 hours. This consisted of 32 units, 
H 11 A types, each group tested at a voltage ratio of 800/1060, 1500/2500, 1500/1770, 2200/2500 and 
250014000 (life test to surge test voltage ratio). Note that some ofthe tests are beyond the rated steady
state condition for a given test voltage, again confirming the inherent properties of glass dielectric. 

The failure mode of a coupler stressed beyond its dielectric capability is of interest in many 
applications. Ideally, the coupler would heal and still provide isolation, if not coupling, after breaking 
down. Unfortunately, no DIP coupler does this. The results of a dielectric breakdown can range from 
the resistive path, caused by the carbonized molding compound along the surface ofthe glass observed 
on glass dielectric couplers,to a metallic short, caused by molten lead wires bridging lead frame to lead 
frame, noted on some dual lead frame products. In critical designs, the effects of dielectric breakdown 
should be considered and, if catastrophic, protection of the circuit via current limiting, fusing, 
GE-MOV®II Varistor, spark gap, etc., is indicated. Some techniques for protection are illustrated 
below. Note that film resistors can fuse under fault currents, providing combined protection. Breakover 
protection, if feasible, is probably the best choice when a coupler with adequate breakover capability 
cannot be obtained. 

R, 

R2 

R,b'R2 LIMITS FAULT CURRENT FROM V, TO V2. 

Resistive Limiting 

Braakover Davice Protection 

Fl _--------.... 

[IJJ~c;[J 
F2 ,---------'" 

F, AND F2 LIMIT MAGNITUDE AND DURATION OF FAULT 
CURRENT FROM V, TO V2_ 

Fu. Limiting 

Fig. 31 - Methods of limiting or eliminating dielectric breakover problems. 

_______________________________________________________________ 47 

• 



Systems Design Considerations _______________________ _ 

Another phenomenon that has been observed in some photocouplers when subjected to dc 
dielectric stress is a rise in the leakage current of the detector device. This phenomenon is known as 
"dielectric channelling" or as "ionic drift." This rise in leakage is usually observed at high levels of 
dielectric voltage stress and elevated t~mperature, although field reports indicate the phenomena has 
been observed at dielectric stresses as low as 50V dc in some brands of couplers. The phenomenon seems 
independent of normal HTRB channelling, since it appears only under dielectric stress and not under 
detector blocking voltage stress. The cause is hypothesized to be mobile ions in the dielectric material 
that move to the detector surface under the influence of the voltage field generated by the dielectric 
stress. At the detector surface, the field produced by these ions would cause an inversion layer (similar 
to that formed in a MOS field effect transistor) to form in the collector or base region of the detector and 
carry the leakage current. The GE coupler glass dielectric has been designed to be as ion free as possible 
and the detector devices (which are optimized for minimum susceptability to the formation of inversion 
layers) have proven to provide a stable, reliable and highly reproducible coupler design. Tests 
performed on these devices at stresses up to 1500V and 100°C produced no significant change in 
detector leakage. 

Input, Output and Transfer Characteristics 

The complete optocoupler has the electrical characteristics of the IRED and the detector at the 
input and output, respectively. Since the individual devices and the dielectric characteristics are known, 
emphasis will be on the transfer characteristics of the coupler. Some specific device characteristics are 
also detailed to provide the information required for a complete analytical circuit design. 

a. Input The input characteristics of the coupler are the characteristics of an IRED - usually a 
single diode, although the H llAA has an anti-parallel connected, two IRED input. The forward voltage 
drop, V p, is slightly different than that of the discrete IRED previously discussed, due to differences in 
wiring and contact details. Figure 32 illustrates this for all GE coupler types. In pulsed operation 
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> 
0 2 
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" 
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--=---...-" .... ~aAs-
..: 
~ 100fLSEC- 1--1 fLSEC---to 
II:: 
0 0.5 ... P~6~EtPz ~~~~iW~ Rt:~~N -

~ 0.2 I 

10-3 10-2 10-1 10 
I - INPUT CURRENT - AMPERES 

Fig. 32 - Typical optocoupler input characteristics - VF VS. 'F at 25°C. 

significantly higher currents can be tolerated, but close control of pulse width and duty cycle are 
required to keep both chip and lead bond wire from bias conditions which will cause failure. The' 
temperature coefficient of forward voltage is related to the forward current and is of small magnitude as 
it changes V F by only about ± 10% over the temperature range. 
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Fig. 33 - IRED forward voltage temperature coefficient. 

The GaAlAs IRED of the new HIIAG is quite similar to the GaAs IRED used in previous 
introductions, in terms of input characteristics. It exhibits a slightly higher forward voltage drop 
(typically 0.1 V more from about I to 100 rnA bias) with a similar temperature coefficient of forward 
voltage. The input capacitance, speed and reverse characteristics are quite similar to GaAs types. The 
outstanding advantage of the GaAIAs IRED is the 3 or 4 to I improvement in transfer efficiency due to 
better radiation efficiency and detector responsivity. This improvement allows specification and 
application of the optoisolator down to input bias currents of 200/lA and simultaneously provides 
current transfer ratios exceeding 100% over the 0 to 70°C temperature range. 

The stability and predictability of the IRED forward voltage drop lends itself to various threshold 
(like HIIAIO) and time delay applications. Threshold operation is accomplished by shunting the IRED 
with a resistor such that V F isn't reached until the input current reaches the desired threshold value for 
tum-on. This type of application is documented in the specification of the HllAIO. 
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", 

Fig. 34 - Current threshold operation of optocoupler. 

OUTPUT 

5 

The HilL! Schmitt trigger output optoisolator gives a more precise current threshold than the 
HIIAIO, with fast rise and fall times on the output waveform. This is due to the low tum-on threshold 
current, the IRED current and voltage, and the hysterisis - all of which have 0° to 70°C specification 
minimum/maximum limits. Time delay tum-on can be accomplished by shunting the LED with a 
capacitor in applications where a slow tum-on and tum-off can be tolerated. In speed sensitive, time 
delay applications, the trade-off between time delay at the input with a Schmitt trigger output vs. 
incorporation of the time delay in a discrete Schmitt trigger circuit must be evaluated for cost 
and performance. 
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Fig. 35 - Time delay operation of optocoupler. 

The input capacitance of the optoisolator is IRED junction capacitance. It is a function of bias 
voltage and, although normally ignored, has an effect on the tum-on time ofthe IRED. As the IRED is 
forward biased, its capacitance rises. The charging of this increasing capacitance delays the availability 
of current to generate light and causes a slower response than expected. In the liquid epitaxial-processed 
gallium aluminum arsenide and silicon-doped gallium arsenide devices, this effect is noticeable only at 
low drive currents, while rise time effects due to minority carrier lifetime dominates tum-on time at 
currents over a few milliamperes. 
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Fig. 36 - IRED capacitance as a function of bias voltage. 

To minimize both effects when optimum rise time is required, the current waveform to the coupler input 
should have a leading edge spike, such as that provided by a capacitive discharge circuit. 

b. Signal Transfer Characteristics The heart of the transfer characteristics of an optocoupler is 
the photodiode response to the light generated by the input current. In all isolators, the output is the 
combination of the photodiode response and the gain characteristics of the detector amplifier. With the 
transistor and darlington couplers, the photodiode characteristics are available in the collector-base 
connection and can be measured and utilized. Note that to use the photo-darlington as a photodiode, the 
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emitter of the output section must be open-circuited and not shorted to the base as can be done with a 
single phototransistor in this mode. This is because the base of the output transistor is not electrically 
accessible, so when the darlington is connected with a base emitter short, it acts not as a photodiode, but 
as a photodiode in parallel with a low-current-transfer ratio (ratio of output current to input current) 
phototransistor. 
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Fig. 37 - Typical optocoupler transfer characteristics - photodiode response 
of phototransistor and photodarlington couplers. 

The photodiode response plot of Fig. 37 also illustrates the efficiency of various construction 
alternatives. The most efficient coupling is provided by utilizing the superior efficiency of the GaA lAs 
IRED combined with the improved optical path of the reflector package. The least efficient illustrates 
the relative disadvantage of the wide spacing of the light pipe construction using the proven GaAs 
IRED. It also illustrates the more efficient coupling provided by the reflector design, which takes 
advantage of the fact that about 3/4 of the energy emitted by the IRED pellet comes from the sides of the 
die, which reflects side light down through the dielectric onto the detector die. 
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Fig. 38 - Photodiode transfer characteristics temperature variation. 
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More complex output devices do not nonnally have the photodiode output available. The bilateral 
analog FET has photodiode action from either of the output tenninals to the substrate, but provides 
lower output current than the phototransistor. The photoSCR exhibits phototransistor action from anode 
to gate. The triac trigger devices have phototransistor action from substrate to either output tenninal. 
The Schmitt trigger detector has no external linear output due to photodiode action because the 
photodiode is part of a complex circuit. 

In the SCR coupler, the pnp portion of the device from anode to gate activated by the photodiode 
can be monitored and utilized in both forward and reverse directions as a symmetrical switch for low 
currents at voltages up to rated voltage. High power dissipation is possible in this configuration, so care 
must be exercised to avoid exceeding the dissipation ratings of the device. 
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~ 10-'1----+---, 
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IF"IOmA 
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(ANODE TO GATE REGION 
CATHODE OPEN) 

Fig. 39 - Characteristic curves - pnp phototransistor action of H11 C SCR optocoup/er. 

Using a unijunction transistor to pulse the IRED allows the SCR coupler biased in this mode to 
trigger triacs and anti-parallel SCR's without a bridge of rectifiers and its problems associated with 
commutating dv/dt. It is also useful for switching and sampling low level dc and ac signals since offset 
voltage (the prime cause of distortion) is practically zero. Temperature coefficients of both the 
photodiode response and the pnp response will be negative, as both primarily indicate the incident light 
and illustrate the decrease in IRED efficiency as temperature rises. 

c. Phototransistor The phototransistor response is the product of the photodiode current and the 
current gain (hFE; (j) of the npn transistor. The photodiode current is very slightly affected by 
temperature, voltage and current level, while the transistor gain is affected by all of these factors. In the 
case of temperature, the gain variation offsets the temperature effects on IRED efficiency, giving a low 
temperature coefficient of IRED-transistor current transfer ratio (CTR). Due to voltage and current 
effects, this temperature coefficient will vary with bias level as illustrated in Figure 40. As different 
manufacturers use different processes in IRED, phototransistor and coupler manufacturing, 
considerable variation in the CTR temperature coefficients is found from manufacturer to 
manufacturer. 
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Dynamic response of the phototransistor is dominated by the capacitance of the relatively large 
photodiode, the input resistance of the transistor base-emitter junction, and the voltage gain of the 
transistor in the bias circuit. Through Miller Effect, the R-C time constant of the phototransistor 
becomes: input resistance x capacitance x voltage gain. The penalty for a high gain photo-transistor is 
doubled. High gain raises both voltage gain and the input resistance by lowering the base currrent. The 
same dual penalty is extracted when a lower operating current and higher load resistor are chosen. These 
effects can trap an unwary circuit designer, since competitive pressures have driven specification sheet 
values of switching times to uncommon bias conditions. These uncommon bias conditions include very 
low values of load resistors with fractions of a volt signal level changes. While this provides an idea of 
ultimate capability, it also forces the designer to carefully evaluate each situation. 
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Fig. 41 - Typical phototransistor optocoupler transfer characteristics. 
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Fig. 42 - Bias effects on phototranslstor switching speed. 

Some applications will require speed-up techniques, such as base emitter shunt impedance, linear 
or cascode biasing of the phototransistor, capacitor discharge pulsing of the IRED, etc. Highest speed is 
obtained from the photodiode alone, biased from a stiff voltage source, with the IRED pulsed at as high a: 
current as practical. In this mode of operatiop, response is dominated by the IRED and photodiode 
intrinsic properties and can be under O.2psec. The newer IRED used in the HIIN and HIIV Series has 
response times ofless than 70 ns. Use of a load resistor in the photodiode requires charging the photodiodes 
capacitance (2SpF at OV, typically) with the associated R-C time constant. 

Leakage 'current of the phototransistor must also be considered (especially if the base is 
open-circuited) . when high temperature operation and/or- tow current operation is desired. The 
photodiode leakage current (typically 200pA at lOV, 25°C) will be about 200 times this at 100oC. In the 
open base bias mode, this current is multiplied by beta, which also increases with temperature. This 
combination of effects raises a typical 2nA ICBO at.lOV, 25°C to 4/LA (2000 times) at 10V, 100°C. 
Consider the effect on a circuit, which operates at a l00/LA phototransistor current, with a device having 
the specified maximum leakage limit, lOOnA at 25°C, when the ambient temperature rises. The use of a 
10 megohm base emitter resistor would allow the worst case unit to operate normally without 
appreciable effect on the CTR. Leakage and switching speed effects must be considered before opting 
for operating open base. Higher operating voltages andlor a time varying dielectric stress (which 
provides capacitive base current drive) are additional factors which can cause undesired leakage 
effects. 

The availability of the HllAG series phototransistor coupler with GaA1As emitter minimizes the 
problems encountered of low input currents and high temperatures. Due to the high efficiency of this 
series, photocurrents in the photodiode detector are increased by about 4 times. As leakage currents are 
not affected by the more efficient design, this directly translates to an improvement in capability. This 
improvement is illustrated by the specification guarantees of200/LA input current operation over the 0 to 
70°C temperature range. 

d. Photodarlington The photodarlington adds the effects of an additional stage of transistor gain 
to the phototransistor coupler. The changes in CTR, its temperature coefficient, leakage currents and 
switching speed are extended from the photodiode-phototransistor relationships, and will not be 
detailed. Instead, the two major application areas where the photodarlington optocoupler is attractive, 
low input currents or at very high output currents, will be examined for device characteristics and their 
interaction with application performance. 
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Fig. 43 - Typical photodar/ington optocoupler transfer characteristics. 

The high gain of the darlington pennits useful output currents with input currents down to O. 5mA. 
Both current gain and IRED efficiency drop very rapidly with increasing current, as illustrated in the 
emitter and detector systems section. These effects indicate that for very low input currents, i. e., below 
100 to 500p.A. better perfonnance in output current to leakage current ratio, can be obtained with the 
phototransistor coupler (although effort is required to get even fair performance at such low input' 
currents, regardless of the output device). This defines the low input current operation region as roughly 
between O.3mA and 3mA input current, and the high current output region at above 3mA input current, 
i.e., where the output current is in the tens and hundreds of rnA. 

Operation in the low input current region with a photodarlington output optocoupler provides 
minimum output currents in the O.lmA to lOrnA range at 25°C. High temperature leakage currents 
(leBO) can also be in this range and the rise in output current with temperature does not approach the rise 
in leakage current. This effect indicates the need for a base emitter resistor in circuits which must 
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operate at high temperature. The resistor can be external andlor integral to the darlington structure. 
With external resistors, the value selected for the resistor becomes a trade-off between minmizing the 
effect on output current, maximizing the effect on leakage current, and chooo;ng a commonly available 
resistor. Usually, the result of the trade-off is the use of a 22 megohm resistor with the circuit designer 
providing more drive for the IRED, an alternative preferable to using a non-standard or series 
combination of resistors. Observing the photodiode response, and noting that V BE can be 1. 3V, the 22 
megohm resistor eliminates response on a typical unit for input currents less than 1/4mA, which, in 
worst-case analysis, makes the reason for providing more input current obvious. It also illustrates 
another reason for using a transistor output coupler in some of the lowest input current applications. At 
low temperatures, these phenomena make the darlington more attractive: leakage current has 
decreased, making a base emitter resistor unnecessary; IRED efficiency has increased and darlington 
gain has dropped, producing an output which is more a function of the input than the output 
device characteristics. 

The integral base emitter resistor, as found in the H 11 G series, shunts the output stage base emitter 
of the photodarlington. It provides most of the advantages of an external resistor without the need for an 
additional component. Also, since the semiconductor design engineer can quantify maximum leakage 
levels, this resistor allows the photodarlington voltage and current capability to be simultaneously 
increased without danger of thermal runaway due to leakage currents. The HllG45 and HllG46 
specifications illustrate the improvement of low current performance provided by the internal base 
emitter resistor. These devices are specified for operation at 112 mA input current, and maintain both 
high current transfer ratio (2: 350%) and low leakage (s 100/-lA) over the 0 to 70°C temperature range. 
At higher current and voltage bias conditions, a comparison of the HIlGI with the HIlBI, a 
photodarlington without integral resistor, illustrates the advantage. The HIIGI has 50% more current 
capability (150mA) and four times the V CEO capability (lOOV). The integral resistor also provides an 
a!ltiparallel diode between collector to emitter. This can be used to advantage for ac current switching 
using two 'detectors in inverse polarity series connection. The diode is of relatively low current 
capability, and its power dissipation must not be exceeded when operating in this mode. 

Switching speeds in the low input current bias region are quite slow, and are decreased further by 
the large load resistors common for these biases. Some bias conditions have been reported where the 
photodarlington would not switch (full on to full off) at a 60Hz rate. The major point to note is that 
dynamic effects as illustrated in Figure 45, exist and must be allowed for in the early stages of circuit 
design and development. 
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Operation of the photodarlington optocoupler at high output currents from low supply voltages has 
few pitfalls. Leakage, temperature, and dynamic effects are less critical due to normal bias levels. 
Current levels can be sufficiently high such that power dissipation can become a concern when driving 
low impedance loads, such as solenoids and small lamps . Saturation resistance and offset voltage are the 
prime factors which govern the power dissipation in these applications. Typical values for saturation 
."esistance, up to Ie = lOOmA, are in the 4 to 8 ohm range. Typical offset voltage can be approximated 
by the lOrnA collector current saturation voltage, which ranges from O. 8V to 1. 1 V. Power dissipation in 
the saturated photodarlington can now be approximated by: 

Pd "" Ie (VOFFSET + Ie RSATURATION)' 

For steady-state loads this corresponds to a maximum collector current limited by the 150mW 
maximum rating. In pulse applications, the decrease in photodarlington gain with increasing current, 
limits usefulness at high collector current. Since saturation resistance and gain rise with temperature, 
while offset voltage decreases, the dominant effect will depend on the collector current, the input 
current magnitude, and the transistor junction temperature. In high current pulsed operation, 
self-heating effects (in the IRED by reducing its efficiency, and in the darlington by raising the 
saturation resistance) can cause the observed saturation voltage to rise throughout the duration of the 
pulse. In higher supply voltage applications, above 25V, power dissipation due to leakage currents must 
be analyzed for thermal runaway. 

e. PhotoSCR The photoSCR optocoupler differs from other SCR's due to the very low level gate 
drive available from the detector. This low level gate drives requires a very sensitive gate structure, 
while application constraints demand a SCR capable of operation on 120 and 240V ac lines, biased from 
a full wave rectifier bridge. These needs conflict and require the SCR chip design, processing and 
application to be carefully controlled. The success of the HllC series is a tribute to' GE's superior 
technology in SCR's, IRED's, and optocoupler assembly being successfully combined. The SCR 
optocoupler requires the circuit designer to consider the trade-off between optical sensitivity and 
sensitivity to dv/dt, temperature, and other undesirable effects. It also presents the circuit designer with 
a new effect, coupled dv/dt, where the rap;;l rise of voltage across the dielectric isolation capacitively 
supplies gate trigger current to the SCR. Dut; to the physical construction of the coupler, this could occur 
in either stress polarity, although highest sensitivity is with the IRED biased positive. These effects are 
not as formidable as might be anticipated, since the low currents at which the SCR is operated make the 
protection techniques identical in both method and typical values, to those required in most common 
low current SCR applications. Pulse current capability of the SCR is superb, making it ideal for 
capacitor discharge and triggering applications. Complete isolation of input and output enables 
anti-parallel and series connections without complicated additional circuitry. This facilitiates full wave 
ac control, high voltage SCR series string triggering, three-phase circuitry and isolated power supply 
design. The H74C series coupler is specified to drive 120/220Vac loads with input signals directly from 
TTL logic. 

A knowledge of the SCR tum-on parameters eases analytical circuit design. The current into the 
IRED (IFf) required to trigger (tum-on) the SCR, is the principle parameter and approximates the 
current required to increase detector current enough to provide a diode drop of voltage across the 
gate-to-cathode resistor (RoId. From this the relationship of IFf to RaK is inferred, Le., higher ROK, 
lower IFf. As ROK also shunts currents generated by leakage, rapidly rising voltages across the junction 
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or isolation capacitance and stored charge during turn-off, it becomes obvious that a trade-off exists 
between optical trigger sensitivity and suspectibility to undesired triggering and ability to turn off. 
Turn-off is related to the holding current, IH , the minimum anode current that will maintain the SCR in 
conduction. Because it is normally desirable to have the SCR turn-on with minimum IRED current, 
while being completely immune to dv/dt and other extraneous effects, and preserve dependable, rapid 
turnoff, the choice of a fixed value ofRoK becomes a compromise. Use of active devices in the place of, 
or in addition to, ROK can provide the best solution, but at the price of additional circuit complexity. 
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Fig. 47 - Typical effect of RG. on IFr, dv/dt, and IH 0; H11C SCR optocoupler. 

Circuit component cost could be decreased through the techniques shown in Figure 48 by using a less 
costly coupler and less elaborate drive and snubber circuitry. Three examples of this type of gate bias are 
illustrated. The gate capacitor is simplest, but only affects dynamic response and is of limited use on dc 
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Gate Capacitor Zero Voltage Switching Reverse Gate Bias 

Fig. 48 - Methods used to optimize Ro. effect. 

or full wave rectifieq power. The zero voltage switching is the most effective, since it places a virtual 
short circuit from gate-to-cathode when the anode voltage exceeds approximately 7 volts. At low 
voltages, the SCR is quite immune to most of the effects mentioned, and yet optical triggering 
sensitivity is relatively unaffected. This circuit is limited to applications where zero voltage switching is 
compatible with performance requirements, of course. The reverse gate bias method is generally 
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applicable to a wider range of circuit applications and provides somewhat better than a 2: 1 performance 
advantage over a simple resistor. It also improves tum-off time and is of particular advantage when the 
SCR is used on full wave rectified power sources. When gate-to-cathode resistors of over 10K are used, 
the high temperature operating capability of the SCR will be compromised without the use of some 
circuit which will perform similar to these. High junction temperatures are associated with either high 
ambient temperature or power dissipation caused by current flow, leading back to the compromise 
between input current magnitude and circuit simplicity. The ultimate in performance combines both 
techniques in one circuit-but also again limits application to zero voltage switching. 

If very low drive currents are available for the IRED, and precise phase control is not required, the 
input current can be stored in a capacitor which is then discharged through the IRED periodically. A 
programmable unijunction circuit, using a 0.2",F capacitor charged to 8V and discharged at lmsec. 
intervals draws less than 2mA average current and will tum-on a HllCl with a lK ohm RGK• Other 
methods of overcoming the sensitivity compromise will undoubtedly suggest themselves to the circuit 
designer, and may prove to be higher performance, less costly, or both. To aid in the analysis of 
dynamic effects, typical capacitance values of 25pf anode-to-gate and 350pf cathode-to-gate are noted 
on the HllC photocoupler and the typical gate-to-cathode diode voltage drop is approximately O.5V 
with a neg;ative temperature coefficient of approximately 2mv/oC. 

Use of the photoSCR coupler on dc circui~s presents no new problems. DC stability of the GE 
glassivated SCR pellet is excellent and has been proven in both the lab and field at voltages up to 400V. 
Commutation or other tum-off circuitry is identical to that detailed in the GE SCR Manual and a 
maximum tum-off time of 100",sec is used to calculate the commutation circuit values. Pulse current 
capability ofthe HllC photoSCR coupler output is rated at lOA for 100",sec. In conjunction with the 
50AI ",sec, dil dt capability (dil dt indicates the maximum rate of increase of current through the SCR to 
allow complete tum-on and, thus, avoid damaging the device due to current crowding effects) of the 
HllC, it is capable of excellent capacitor discharge service. 

For general pulse applications, the power dissipation may be calculated and used in conjunction 
with the pulse width, transient thermal resistance, and ambient temperature to determine maximum 
junction temperature, since the junction temperature is the ultimate limit on both pulse and steady-state 
current capability. A more complete explanation of this method of determining capability may be found 
in the GE SCR Manual and its reference material. 

f. Bilateral Analog FET Optoisolator The bilateral analog FET optocoupler consists of a 
symmetrical, bidirectional silicon detector chip, which provides the characteristics of a bidirectional 
FET when illuminated, closely coupled to an infrared emitting GaAs diode source. The resulting 
photocoupled isolator provides an output conductance that is linear at low signal levels. The value of 
conductance is electrically controlled by the magnitude of IRED current over a range of from a few 
nanomhos to a few millimhos (10'0 to 100). The stability of conductance is excellent, as expected from 
a silicon device. At higher bias voltages the output device current saturates at a value roughly 
proportional to the IRED current and remains relatively constant out to the breakdown voltage of about 
30V. As the shunt capacitance ofthe detector is low ("" lOpf) and the VI characteristics exhibit a very 
small offset voltage at zero current, the detector can be viewed as a remotely variable current controlled 
resistor for low level signals. 
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In circuits, the bilateral analog FET optocoupler can act as a nearly ideal analog switch or as the 
foundation for compression or expansion amplifiers with superb performance. The bilateral, low and 
high voltage characteristics are best understood by examining the detector V-I curves at appropriate 
voltage levels as a function ofIRED drive. These can then be related to curves that define the maximum 
signal level for which output conductance is linear and the effects of IRED current on both output 
conductance and output current at high bias voltage. Note that these plots are based on pulse 
'measurements, and the effects of IRED self heating due to power dissipation must be considered in 
steady-state operation. The region of linear output conductance can be illustrated in several ways, 
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although for circuit design, the most useful is defining maximum signal voltage or current and 
maximum Thevinen equivalent source voltage and resistance. Linear operation limits are determined 
utilizing a balanced bridge technique in which signal level is increased until detector nonlinearity 
unbalances the bridge and causes a proportionate output signal-usually 0.1 %. Offstate impedance of 
the detector is determined by junction leakage currents and capacitance. Leakage current is typically 
100pA at 15V and 25°C, or equivalent to 150gD, and rises an order of magnitude for each 22°C 
temperature rise. Junction capacitance is typically lOpf, at zero.volts, and decreases with increasing 
detector voltage bias. 
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The switching speed ofthe device is detennined by detector junction capacitance, the availability 
of photon generated charges, and the time constant of the output impedance with its shunt capacitance 
and the equivalent Miller effect gain. Non-saturated switching times plot exponential wavefonns that 
are better described by time constants, and in saturated switching the turn-on exponential is truncated by 
saturation. In most circuits, these effects combine to make turn-on appear faster than turn-off. The 
corresponding equations for nonsaturating switching show the ratio of voltage across the device during 
switching to its final value to be: 

for turn-on V/V", = I _ e-[TX 109;(5RL+ 15(0)] 

for turn-off V /V '" = I _ e-[TX l09;(6RL + 15(0)] 

for load resistor values over IOKIl. Both rise time and fall time approach 31-'sec with lower values of load 
resistors. The rise time wavefonn is truncated when the device current becomes circuit limited, while 
the turn-off wavefonn is relatively unaffected by saturation. Delay time at turn-on is governed by the 
IRED, varying from I to 1OI-'sec as IRED current is reduced from 50mA to 2mA. 

Offset voltage of the HI IF (i.e., the detector voltage at zero detector current) is small, but may 
have an effect in some circuits. Typically, it is less than O.5mV at all bias levels. The magnitude is 
affected by both IRED bias current and temperature, and is greatest at very low IRED currents. The 
magnitude of offset voltage of the H II F is comparable to that of most operational amplifiers it will be 
used with, so it can be ignored in many circuits. 

________________________________________________________________ 61 

.. 



Systems Design Considerations _______________________ _ 

g. Triac Driver Optoisolators The recognition that a large portion of the optoisolator 
applications functionally allow digital logic circuits to control ac line operated equipment led to the 
design of new detector device family. These detectors were not designed to act as ac load current 
switches, but to be pilot devices for triggering power triacs. These devices make possible significant 
reductions in components and circuit size when compared to circuits using phototransistor or photoSCR 
optoisolators . 

Triac driver detector design combines high voltage signal transistor processing techniques with 
nonisolated, small scale I.C. circuits, providing a relatively low cost detector pellet, with bilateral 
symmetrical V-I characteristics. This is accomplished with a combination of lateral pnp-vertical npn 
transistor structures and diffused base bypass resistors. The npn and pnp transistors are connected to 
form two antiparallel pnpn's on a silicon pellet. The npn structure is designed to be photosensitive. 
Planar passivation on the pellet surface is necessary in this type of design, which places an effective 
upper limit on breakdown voltage capability. The device structures are constrained such that slow 
turn-off and low dV Idt capability are inherent, and they combine to severely limit commutating dV Idt 
capability. Additionally, the lateral pnp structure insures a high on-state voltage drop. Due to these 
characteristics, the circuit designer using a triac driver will utilize different design details, when 
compared to the rugged, traditional power semiconductors, to ensure reliable, dependable operation. 

The planar construction allows pellet design flexibility that has not been available in traditional 
power semiconductors. Most impressive is the ability to form a gate resistor that can change value as a 
function of the device's voltage. This can be designed to improve static dV/dt capability, to increase 
light sensitivity, or to approximate the zero voltage switching function, again providing the opportunity 
for circuit simplification and the possibility of cost reductipn. The cutaway construction drawing of 
Figure 51 illustrates the simple construction. Note the n-type silicon substrate on these devices is 
connected to a package terminal. With ac bias on the detector, the substrate will be biased one diode 
drop below the most positive terminal. In ac applications, any connection to this terminal can cause 
circuit malfunction or device damage. 

PLANAR, 
PASSIVATED 
TOP SURFACE 

pnp 

npn AND 
PHOTODIODE 

MOUNT TO SUBSTRATE 
pnp 

CODE 

DnslLicoN 

~PSILICON 

m~~~ltCT 
__ CONNECTION 

CONSTRUCTION 
CUTAWAY VIEW 

ELECTRICAL ~I 
SCHEMATIC 

X 

Fig. 51 - Simple triac driver concept. 
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The application of the triac driver provides simple, flexible ac power control. The device 
characteristics demand some design effort to compensate for certain characteristics and to assure 
dependable, reliable, circuit operation. In general, more protection is required as peak power, line 
voltage and frequency increase. The triac drivers must be protected against voltage breakover. Planar 
devices are more susceptible to breakover damage than other power devices, and power line transient 
voltages commonly exceed lOOOV. 

False firing (detector tum-on without IRED tum-on) due to dV/dt can be prevented by using a 
snubber network. A proper snubber will eliminate false firing due to dV Idt associated with power line 
switch on, inductive loads, and high frequency' 'hash" on the line. The dV Idt withstand capability of 
the triac driver decreases rapidly with increased detector voltage and temperature. The dV Idt capability 
is appreciably lower than that of typical power triacs and will usually require use of more snubber 
capacitance than the power triac needs. In some cases, a two-stage RC filter is required to eliminate 
dV/dt problems, and can often be implemented by using the power triac snubber as the first stage. 
Breakover damage is easily prevented with a GE-MOV®II Varistor. Surge current protection is 
recommended for loads which can provide over 2A peak current, since this current can flow through the 
triac driver while the power triac is turning on. This protection is provided by use of a series resistor. 
These protection techniques are illustrated in Figure 52. 
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Fig. 52 - Elimination of triac driver malfunction and failure. 

For some low voltage, low current applications, the triac driver can be used as a power switch, i.e., 
without a power triac. The major factor governing these applications is the commutating dV Idt 
capability of the triac driver. This represents the susceptibility of the triac driver to dV Idt triggering in 
one polarity immediately after conduction in the opposite polarity. Self-heating due to power 
dissipation, the negative temperature and voltage coefficients of dV/dt(c) and the wiring and source 
inductance of the circuit limit the range of application. Prudent circuit design dictates 60Hz, 
noninductive loads, be limited to under O.5W. 
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h. Schmitt Trigger Output Optoisolator The HilL, optically isolated Schmitt trigger, has a 
medium speed, digital output integrated circuit detector. This unique detector provides the Schmitt 
trigger with functions of gain, fast switching and accurate threshold and hysteresis operating from an 
integral photo diode. As an optoisolator, it performs as a nearly ideal current input Schmitt trigger, 
furnishirig electrical isolation between input and output to prevent undesired feedback. The circuit 
design provides almost foolproof operation, free from latch-up, oscillation, and providing relatively 
stable tum-on and tum-off threshold currents over a wide range of operating temperatures and voltages. 
The open collector output transistor on the detector chip is specified to sink over 16mA at O.4Y 
from an input current threshold of 1.6mA. All static parameters are specified over a 0 to 70°C. 
temperature range. 

The equivalent circuit of the HIlL illustrates the design features. The photo diode dominates the 
chip topography and provides efficient light collection. The preamplifier has a low input impedance to 
preserve speed, and features a clamp to prevent IRED overdrive of the photodiode from increasing 
switching times or causing other undesirable effects. The amplifier output current is added to a 
reference current and both produce (across a resistor) the Schmitt trigger input signal. This method of 
reference allows compensation for voltage and temperature coefficients throughout the operating range. 
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Fig. 53 - HIt L equivalent circuit diagram. 
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The open collector output stage can sink up to 50mA, although saturation resistance and gain factors 
combine, such that up to 1.5V drop has been observed at 5V supply voltage. The base of the output 
transistor is driven resistively from an unregulated supply voltage, causing the saturation voltage to 
decrease at higher supply voltages. Saturation resistance of the output transistor is typically between 8 
and 16 Ohms. The internal voltage regulator assures power supply rejection in the amplifier section and 
threshold stability in the Schmitt trigger portion. 
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Application of this opto isolator is straightforward in most applications. The function is simple, 
and the specification provides detailed data for worst case design. Switching characteristics are the only 
parameters complex enough to require further explanation. The switching times of the HilL are 
governed by the IRED switching speed, the photodiode response times, R-C time constants through the 
amplifier circuit and the switching time of the Schmitt trigger stage. The Schmitt trigger switching time, 
which translates to output rise and fall time, is usually under lOOns. This is approximately 10% of the 
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total switching time. The limiting factor in a simple circuit (i.e., resistive IRED bias) is IRED turn-off 
and turn-on time, which can be shortened by injecting charge into the IRED at turn-on and removing the 
charge at turn-off. Normally accomplished with a speed-up capacitor shunting the IRED current 
limiting resistor, this will reduce propagation delay times by one-third. Although further reductions in 
turn-on or turn-off delay can be obtained by IRED bias, maximum toggle frequency will decrease. 
Investigation shows turn-on times decreasing with higher IRED drive, while turn-off times increase. 

At low repetition rates, fastest times will be obtained with resistive limiting of IRED current to 
slightly over turn-on threshold and capacitive .. charge injection-removal of about O. 8nC per rnA IRED 
current. At high repetition rates or for short pulses, the overdrive supplied at turn-on fills both emitter 
and detector with charge which must be removed at turn-off, since the pulse time is too short for it to 
dissipate. Because of this, fastest square wave and short pulse response is obtained with resistive 
limiting of IRED current to about twice turn-on threshold and capacitive charge injection-removal of 
about O.4nC per rnA. This approximates specification sheet test conditions, where most H 11 L I devices 
will operate at 500kHz (i.e., a IMHz NRZ data rate). 

Due to the higher threshold current and wider range of threshold currents found in the HIIL2, 
compared to the HI1L1, its maximum frequency capability, in a worst case bias circuit design, will be 
less. Switching time is also a funciton of detector supply voltage. Although turn-on time increases 
slightly with decreased supply voltage, turn-off time decreases more. Therefore, highest frequency 
operation will be obtained at a 3V supply voltage, using an HIIL1 with speed-up capacitor. 
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The isolated Schmitt triBger action, with well-defined input threshold limits, provides a nearly 
ideal link to input information to logic systems. It can be used to monitor ac power line voltage, 
telephone lines for ring voltage and/or line current, inter-system data lines, and other currents and/or 
voltages. The fast transition times and wide supply range are compatible with most Ie logic families. To 
minimize design time for these circuits, a bias resistor chart is provided in Figure 56. The input circuit 

lOGIC FAMilY Vcc R1 R2 +Vcc 

TTL -
-74, 74H, 74S SV 390 0 
-74l, 74lS, MSI, lSI SV 3.3K 0 

HNll lSV 1.8K 0 

CMOS -

ISOLfED (f :::'--71.-' 
INPUT \ 

... ----_ .. "" 
HIILI 

-3V Supply 3V 1.2K 0 
-12V Supply 12V S.6K 0 

12l SV 7.SK 27 

NMOS and PMOS Biases per Manufacturer's Instructions. 

BIAS CIRCUIT 
FOR TTL. HNIL, CMOS, 
I'L, NMOS AND PMOS 

Fig. 56 - H11 L input for logic circuits, suggested bias resistors. 

is designed to provide threshold current to the IRED from the specific monitor function. Fairly accurate 
( ± 20 %) current and voltage turn-on/turn-off limits can be set using the programmable current sensing 
circuit previously described (H II L specification), an advantage when line noise is of a significant amplitude 
compared to the signal level. 

Logic circuit drive requirements for the HilL are straightforward from logic circuits capable of 
providing the 1.6mA or lOrnA current to drive the IRED. Buffer circuits are required for lower output 
current capability devices. Logic drive of IRED's and buffer circuits are illustrated later in 
optoelectronics circuits. 

+ 1.32 

-3.2 

Fig. 57 - H11 L input for EeL logic. 
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QUALITY AND RELIABILITY OF 
OPTOELECTRONIC COMPONENTS 

QUALITY AND RELIABILITY COSTS 

The circuit designer must be aware of the expected reliabilty of the many different components 
used. This allows control of life cycle costs, such as warranty costs, repair costs and downtime costs, 
through proper application ()f these components. Aiso, component quality can' significantly affect a 
project's economic viability. Quality costs are those associated with the percentage of components 
received that fail to meet some portion of their specified performance levels. Reliability costs are those 
associated with the percentage of components that change so that a circuit malfunction occurs. 

Some reliability failures can result from inadequate circuit design allowances for parameter 
changes with temperature, bias, etc. In this discussion, these failures are considered unreliable design 
malfunctions and will not impact the component reliability considered here. 

The costs associated with mediocre quality and/or reliability may prove very significant. A 
convenient method of visualizing these costs is to calculate the added cost-above purchase price - that 
is required to have a working component in the field. Cost impact comes from the combination of repair 
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Fig. 58b - Subsystem complexity and rework rate. 

100 

cost, downtime cost, and failure rate and will rise to a major factor if any are high. 

Considerable emphasis is placed on the quality and reliability of GE Solid State optoelectronic 
devices, from design, manufacturing, specification, testing, and the support literature provided to 
users. Both outgoing quality level (the AQL or LTPD shipped to) and, more importantly, process defect 
average are closely monitored, recorded, and u~ed as tools to improve future performance. As an 
example of the effectiveness of this procedure, in 1981 GE Solid State phototransistor optoisolators 
were normally shipped to a 0.4 % AQL. During that year, the observed electrical parameter defect level 
was approximately 0.1 percent, 4 times better than required to consistently pass. 
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A more appropriate indicator of quality is reflected in the 1983 quarterly reliability summaries. These 
reports summarize, by product line, each month's outgoing process average - the estimated average 
defect level in the outgoing product based on the appropriate MIL-STD quality control sample plan data 
generated in normal quality control monitoring of outgoing product. For the year of 1983 the monthly 
OPA for optoelectronic product electrical parameters ranged from a low of 1. 7 parts per million (in 
March) to a high of 49 parts per million (in December). This impressive record includes all 
manufacturing sites and all optoelectronic devices, although it is dominated by optoisolators in sheer 
numbers. This record is the result of a recognition that quality and reliability are prime considerations in 
the selection of optoelectronics devices, due to the critical functions of sensing and isolation performed 
by them, and a commitment by all at GE Solid State involved in optoelectronics to provide the best 
devices possible - without sacrificing competitive prices. 

To meet the goals of higher quality, higher reliability in a competitive market requires an 
aggressive product improvement program. The most noticeable result of this program recently has been 
the introduction of the reflector construction technique in optoisolators. This construction technique 
provides higher performance, in coupling efficiency and isolation, follows more reliable design criteria 
(25 % fewer wire bonds, lower IRED thermal resistance for cooler operation, longer internal creep path 
for isolation) and is more consistent, due to the unique mechanical design and the high degree of 
automation this design allows, providing the basis for even higher quality. Although this world leading 
design has not yet built up the historical data base associated with the present champion, the sandwich 
construction present, testing to date indicates equivalence today, with the promise that the knowledge 
and data gained will assure new records in the future. Table 5 illustrates the assembly process flow of 
the reflector design DIP coupler. Note the eutectic die bonds on both die, the flexible IRED 
antireflection coating, the glass dielectric, the 100 % temperature cycle of ten cycles, and that the testing 
includes high temperature wire bond continuity on all devices in addition to parametric tests. 

TABLE 5: DIP OPTOISOLATOR FLOW DIAGRAM-REFLECTOR CONSTRUCTION 

• IN PROCESS AUDITS 

[!] QC INSPECTION GATE 

PRODUCT 
FINISHING 
TESTING. 
MARKING 

PACKING, ETC. ac & RELIABIL1TY 
BY DETECTOR 

TYPE INSTRUCT. 
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Optoelectronic components reliability is also monitored. A manufacturer assesses the 
performance of his components by performing accelerated test sequences on periodic samples of the 
manufacturing line output. Most of these tests are run at, or beyond, maximum ratings to allow an 
accelerated reliability assessment of the product. These tests can provide the information required by 
the circuit designer, but the severity of the test conditions compared to use conditions must be 
considered. The extrapolated results of these severe tests to normal use levels is still a challenge for the 
circuit designer, but the challenge is lessened by the availibility of information that provides estimates 
of acceleration factors, Le., the increase in rate-of-failure, caused by increasing stress levels, such as 
voltage, current and temperature. Application of these acceleration factors to the data can allow worse 
case circuit design techniques to be applied over the design life of electronic equipment. Several sources 
document estimates of these acceleration factors. One of the most widely used is MIL-HDBK-217 D 
although recent bibliographies and surveys iridicate a vast quantity of relevant data on plastic 
encapsulated semiconductor devices exists. Such information sources should be consulted when 
estimates of equipment reliability are attempted from these, or any other, summaries of reliability test 
data. 

SUMMARY OF TEST RESULTS 

Tables 6 through 9 summarize the periodic reports issued by GE - SPD Quality Control on the 
optoelectronic products. As new products, processes and test procedures evolve, the application of past 
data to reliability prediction changes. Thus, data presented here represents a "snapshot in time" of data 
believed applicable to the product made now and in the immediately anticipated future. A separate 
section will cover the decrease in light output of the IRED with time of operation, a phenomenon noted 
in all light emitting diodes, both from the viewpoint of summarizing the observed data and of predicting 
the response of the majority of devices to expected stress. 

Each stress condition monitors a different capability of the component. For the emitters and 
detectors, the operating life test stresses current, voltage and power activated mechanisms. The only 
tests which have been found to activate the output decrease of the IRED are tests in which current flows 
through the IRED. Storage life at elevated temperature tests stability and resistance to thermally 
activated mechanisms, such as corrosion caused by contamination. Humidity life tests the capability of 
the package to keep contaminants out, as well as the ability of the package to resist moisture acitvated 
corrosion, deterioration and surface leakage problems. Temperature cycle causes mechanical stress on 
components made of materials with different coefficients of expansion, and can break or thermally 
fatigue parts which are thermally mismatched. This is presently a problem with optoelectronic 
components packaged in clear epoxies when subjected to wide, repeated temperature changes, due to 
the large coefficient of expansion of the clear, unfilled epoxy. Since the object of the test program is to 
gain the most information in the shortest time, and since thermal fatigue has a very strong temperature 
acceleration, these tests are run to the limits defined by activation of non-valid failure mechanisms or 
beyond common test equipment capability, without regard for maximum ratings. All high efficiency 
IRED's have an anti-reflective coating that, unless carefully selected and controlled, can have a 
detrimental effect on extended temperature cycle performance. Illustrated here are temperature cycle 
results of the standard 100 cycle test and extended stress results to 200 and 500 cycles, without evidence 
of thermal fatigue. This is a tribute to the mechanical design of the GE hermetic IRED. Mechanical 
sequence stress was not performed on the hemetic IRED, since it contains only two, redundant 
lead bonds and should exhibit one quarter the failure rate of transistors requiring two independent 
lead bonds. 
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TABLE 6: RELIABILITY TEST SUMMARY - EMITTERS AND DETECTORS 

DEVICE TYPE STRESS CONDITION 
QUANTITY TOTAL 

TESTED DEVICE HOURS 

Hermetic IRE D Operating Life 267 267,000 
• LED55 Series IF = 100mA @ 25°C 
• LED56 Series Pulsed Life @ 38°C 
• 1N6264 • 1N6266' IF = IA for 200 600,000 

80ILsec @ 60Hz 

Storage Life* 
80 80,000 T = 200°C 

Temperature CycIe* 414 86,100'V -65°C to +200°C 

Hermetic Detectors Operating Life 
75 75,000 

• L 14F Series Pd = 300mW 
• L 14G Series Storage Life 

T = 200°C 75 75,000 

Temperature Cycle 
75 7,500'V -65°C to +200°C 

Mechanical Sequence 
1.5 KG Drop Shock 75 N.A. 20 KG Centrifuge 

20 G Vibration 

*Catastrophic failure rate to best estimate 50% upper confidence level. 
+ Combined catastrophic and degradation, to .6.POUT 2 50%, est. failure rate to 50% ueL. 
*Stress conditions exceed device specified maximum ratings. 

TABLE 7: RELIABILITY TEST SUMMARY - H23 PAIR FAMILY 

(ALL HOUSINGS COMBINED - ALL DETECTORS COMBINED) 

PAIRS TOTAL PAIR 
STRESS CONDITION TESTED DEVICE HOURS 

Operating Life @ 25°e 
625 496,000 

IF = 60mA, Ie = 20mA * 

1000 e Storage 450 329,300 

Humidity Stress @ 85°e, 85% R.H.* 450 329,300 

Temperature eycle 
831 223,100-- 65°e to + 1000 e 

tCatastrophic failure rate to best estimate 50% upper confidence limit. 
*Stress conditions exceed pairs specified maximum ratings in some or all housings. 

BEST ESTIMATE 
FAILURE RATE* 

0.26%/103 hrs. 
0.26%/103 hrs.+ 

0.12%/103 hrs. 
0.12%/103 hrs. + 

2.2%/103 hrs. 

0.42%/l00'V 

0.95%/103 hrs. 

0.95%/103 hrs. 

0.95%/100'V 

No Failures 

BEST ESTIMATE 
FAILURE RATEt 

0.14%/10' hrs. 

0.51 %/103 hrs. 

0.51 %/103 hrs. 

0.021 %/10-
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The basic H23 matched pairs of emitters and detectors are also used in the H21 and H22 interrupter 
modules, the H24 opto isolator, the GFOD/E fiber optic active devices and as discrete devices. A 
significant effort was expended in the design of these devices to ensure their reliability. The most 
evident to the eye are the recessed lens, which is thereby protected from mechanical damage during 
automatic handling, and the serpentine path the mountdown lead follows within the package, to provide 
a moisture proof path seal in the transfer-molded epoxy. Additional features include the long-lived 
GaAs IRED with its protection and contact system, the extra large diameter bond wires to withstand. 
extended temperature cycle and the conservative maximum ratings. Additionally, all units are 
submitted to temperature cycle and high temperature continuity testing prior to electrical parameter 
screening. No significant difference in reliability has been observed between the various housing 
alternatives, therefore the test data on all types has been lumped together by pairs, which conserves 
space and provides a larger, more statistically significant sample. The operating and humidity stresses 
are beyond specified maximum ratings, and 500 temperature cycles were tested on a portion of the 
samples. The observed change in IRED output with operation is the same low rate documented on all 
GE Solid State GaAs IRED's in the next section. 

The six pin DIP optoisolator differs from familiar solid state components in that it contains two 
chips and a light transmission medium, providing a higher potential for failure than simpler 
components. Due to these construction differences, it would be expected to have different domi
nant failure modes than either discrete or integrated circuit semiconductors. Each output device type 
also has some unique characteristics that require unique stress testing. Since the IRED is identical 
in each type of coupler, most IRED evaluation work is done on the transistor coupler due to the minimal 
variation of CTR with temperature and bias which provides an accurate monitor of IRED performance. 
Darlington test monitoring is done at extremely low IRED currents and, therefore, shows the highest 
rate of decrease when stressed at identical levels . (See next section for details.) The SCR output coupler 
is subject to the possibility of inversion layer formation (channelling) as are all high blocking 
voltage semiconductors. Stressing at high blocking voltage at high temperature (HTRB) will accelerate 
possible inversion layer formation. Test results of all detectors are combined for high temperature 
storage life, temperature cycle, humidity and saIt atmosphere stress, all of which are relatively free of 
effects dependent on the output device. The results of these tests illustrate the superiority of the GE 
patented glass dielectric isolation, silicon doped liquid phase epitaxially grown IRED chip and total 
electrical and mechanical design. This is a premium optoisolator from a reliability and a performance 
standpoint. From a manufacturing standpoint, it enjoys high yields and ease of assembly, providing this 
quality at competitive costs. 

In the evaluation reliability tables with the acceleration factors given in the next section, both 
the IRED heating from power dissipated in the output device and the standard readout bias must be 
known. This heating can require from 5.SmW/oC for the HilA to 11.5mW/oC for the HllAV 
construction. Standard CTR readout conditions for phototransistors are IF = 10mA, and for 
photodarlingtons at IF = ImA. 

For convenience, the reliability test summaries are separated into operating and non-operating 
stresses. All DIP package and detector types are combined in non-operating test results since no 
significant difference has been observed between types. Operating tests are separated by detector type 
into significant subgroups. Due to the combined effects of sample size and experience on best estimate 
failure rate, it is expected that the newer detector type failure rates are not representative. These failure 
rates are anticipated to decrease, as production increases, to approximate the level of the more mature 
types. The data base on combined phototransistor and photodarlington detectors is large enough to 
allow valid failure age analysis. This analysis indicates the failure rate decreases significantly with time 
on test, which signifies both long life capability and the possibility of reliability enhancement 
screening. A further analysis of lumped test data by date for failure age reinforces the decreasing failure 
rate and proves the consistent long-term reliability of the GE Solid State DIP optoisolator. 
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TABLE 8: RELIABILITY TEST SUMMARY - GE DIP OPTOISOLATOR 

(OPERATING STRESS TESTS) 

DETECTOR TYPE STRESS CONDITION 

Combined Phototransistor OpemtingLife, TA=25'C 
and Photodarlington I,=60mA, I.=2OmA, Vc.= 15V· 

Phototransistor 
Humidity Blocking Life, TA = 85'C 

RH=85%, Vc.=24Y, V •• =4Y, V,so= lOOV 

PhotoSCR 
DC Blocking Life, 

VAK =400Y,I,=O, TA=IOO'C 

Triac Driver 
AC Blocking Life, 

V .. = 141VRMS, IF=O, TA=IOO'C 

Photo Schmitt Trigger 
DC Blocking Life, 

V,,=V,,=20Y, 1,=0, TA = lOO'C 

* 50% upper confidence level best estimate failure rate. 
*Accelerated test. test bias conditions in excess of device ratings. 

TABLE 9: RELIABILITY TEST SUMMARY - GE DIP OPTOISOLATOR 

OUANTITY TOTAL BEST ESTIMATE 
TESTED DEVICE HOURS FAILURE RATE 

2499 1.8 x H)' 0.64%/10' hrs. 

120 6.0x 10' 1.2 %/10' hrs. 

579 3.lx10' 0.55%/10' hrs. 

180 1.2x 10' 2.2%/10' hrs. 

25 2.5xlO' 2.8%/10' hrs. 

(NON·OPERATING STRESS TESTS - ALL TYPES COMBINEOI 

QUANTITY TOTAL BEST ESTIMATE* 
STRESS CONDITIONS TESTED DEVICE HOURS FAILURE RATE 

150°C Storage 2956 1.5 x 10' 0.37%110' hrs. 

Humidity Storage, TA = 85°C, 
3283 1.6 x 10' 0.29%/10' hrs. R.H. = 85% 

Temperature Cycle 
5884 5.9 x 10'- 0.035%110--65°C to + 150°C 

Salt Atmosphere 
25 600 0.13%/hr. MIL-5-750/1041 , 35°C 

*50% upper confidence level best estimate failure rate. 

Both storage tests showed no significant change in failure rate over the years. Temperature cycle 
exhibits a significant improvement: pre-1976 - 0.15%; 1978-79 -0.04%; 1980 - 0.012% per 10 
cycles. This illustrates the effectiveness of process control steps and the lO-cycie temperature cycle 
followed by high temperature continuity screening of all GE Solid State DIP couplers done prior to 
electrical parameter testing. Although the following section deals with IRED change with operation, it 
should also be noted that CTR shift has been noted on DIP optoisolators through temperature cycle. This 
shift is attributed to mechanical stress caused by unequal coefficients of expansion of the various parts 
of the optoisolator. Considerable difference is noted from manufacturer to manufacturer, and the 
GE Solid State design proves stable, indicating the excellence of design. No statistically significant 
difference in reliability characteristics has been observed between the GE sandwich, reflector and bar 
construction optoisolators. It is assumed that a much larger data base is needed to show any difference. 
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Fig. 60 - 6 pin DIP optoisolator reliability temperature cycle (-56°e to +150o e, 10 cycles) effect on 
eTR 90 to 100 units each type, 196Q date codes. 

RELIABILITY PREDICTION OF CIRCUITS CONTAINING IRED's 

The IRED phenomenon of light output decrease as a function of the time current flows through it, 
has been mentioned previously. This phenomenon is observed in all diode light and infrared emitters. 34 

The liquid epitaxial processed, silicon doped IRED provides superior performance in this regard. Still, 
this presents a dilemma to the circuit designer. Adequate margins for bias values require predicting a 
minimum value oflight output from the IRED at the end of the design life of the equipment. Based on the 
results of tests performed at GE and at customer facilities (who were kind enough to furnish test data and 
summaries) the GE Application Engineering Center has developed design guidelines to allow the 
prediction of the approximate worst case, end of life, IRED performance. 
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TABLE 10: SUMMARY OF TESTS USED TO OBTAIN IRED DESIGN GUIDELINES 

I~ IFs 
25°C 40°C 55°C 70°C Sooc 100°C 

20 
3mA 1000 Hr. 

3mA 

20 
5mA 1000 Hr. 

1,5mA 

16 30 30 30 
10mA 1000 Hr. 1000 Hr. 1000 Hr. 1000 Hr. 

I,IOmA I,lOmA I,lOmA I,lOmA 

27 108 
20mA 500, 1000 Hr. 1000 Hr. 

1,5, 10, 20mA IOmA 

20 20 20 60 
25mA 1500 Hr. 1500 Hr. 1500 Hr. 1500 Hr. 

lOmA 10mA lOmA IOmA 

20 40 
50mA 1500 Hr. 1500 Hr. 

IOmA IOmA 

20 30 313 30 
60mA 1000 Hr. 1000 Hr. 1000, 3000, 5000 Hr. 1000 Hr. 

1,5, 10,20, 60mA I,lOmA I,IO,60mA 1, 10, 60mA 

20 
75mA 1500 Hr. 

IOmA 

79 30 30 120 
100mA lK, 15K, 30K Hr. 1000 Hr. 1000 Hr. 168, 1000, 1500 Hr. 

1,10,60, IOOmA I,lOmA 1, 10,60, lOOmA 1, 10,60, lOOma 

1A 200 

Pulsed 
3000 Hr. 

1, 10, lOOmA 

This chart represents about 2.9 million device hours of operation on 924 dual in-line optocouplers and 311 hennetic IRED's. 

FORMAT OF DATA PRESENTATION: 
SAMPLE 

TEST DURATION 
IFM CURRENT 
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The basis of the prediction is the observed behavior of the ratio of light output after operation to the 
initial value of light output. It is also based on the observation that all devices do not behave identically 
in this ratio as a function of time, but that a distribution with identifiable tenth, fiftieth (median) and 
ninetieth percentile points exists at any time the ratio is calculated. Use of this tenth percentile ratio 
(90 % of the devices are better than this) and the distribution of light output (or CTR for couplers) above 
the specified minimum value allows the product of specified minimum light output and tenth percentile 
ratio, predicted at end of life, to be used as a reasonable approximation of minimum end of life value. 
Although this does not represent the worst possible case, no correlation can be found between initial 
light output and rate of decrease in light output, so the percentage of devices expected to be less than the 
guideline derived number approaches zero. These guidelines as can be noted, are based on large sample 
sizes. To make the guideline development less obscure, the discussion will trace the steps followed in 
defining these design guidelines and, in the process, develop the guidelines. Although the majority of 
data is taken on GE Solid State GaAs IRED's, it is found that the same general model fits the GE Solid 
State GaAIAs IRED. 

Since the original GE Solid State model was published, based on data generated prior to 1976, 
considerable effort has been expended to define and minimize this decrease. Response of the light 
output of the IRED to operating time is considered to be comprised of two factors, stabilization and 
degradation. Further, two types of degradation are apparent, short-term and long-term degradation. 
Short-term degradation can be virtually eliminated, while long-term degradation can be minimized 
through process and material control. These factors can be visualized through plots ofthe ratio ofIRED 
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Fig. 61 - Factors affecting fRED operating output power. 
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output power, as it is operated, to its initial value (Le., normalized output power vs. operating time). 
Various items have been identified as affecting these factors - crystal structure, impurities, mechanical 
and thermal stress. Most of the published information is of such gross definition that it only identifies 
the worst offenders. Rapid methods of assessing IRED performance have likewise proven 
disappointing. As a consequence, the tedious life test is the measure of performance improvement. 

Analysis of life test results to characterize the change in power output is complicated by the 
difficulty in separating the magnitUde of effect of each factor and the fact that these magnitUdes can be 
functions of both stress conditions and monitoring conditions. 
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'20 

The problems with predicting response are the variety of test conditions at which both stress and 
measurement data have been taken, and the spread of data at the readout points. It was recognized that 
the decrease in light output was accelerated by either stressing the IRED harder, i.e., at a higher current 
(Ips) and/or temperature, or by monitoring the test results at lower current (IPM) levels. Precise 
acceleration factors have yet to be determined due to this variability. Fortunately, circuit design 
purposes can be served by a less precise model, which only attempts to serve the requirements of circuit 
design. For this approach, as mentioned before, attention is paid to the lower decile of the distribution 
of Po(t) and its change with operating time. The objective is to approximate the mid portion 
of the longterm degradation plot with a straight line by utilizing data points beyond the short-term 
factor effects. 

Significant progress has been made in improving the GE Solid State IRED degradation since the 
first model was published. This is illustrated by comparison of the data published at that time with 
present units tested at the same stress levels. Present units are much more consistent than early units. 
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Fig" 62 - Life test results - illustrating observed change in IRED output with operating time" 

This is evident in the smaller, tighter distribution with larger sample sizes. (See Figure 62.) Data taken 
at a greater variety of conditions, both more highly accelerated and simulated use conditions, and more 
precise readouts, indicates the original model was quite conservative for most applications. Recent data 
indicates the GaAs IRED, to a lower decile definition, degrades less than GaAIAs. The most precise 
data, with temperature and detector compensation, suggests that lower current operation (i.e;, lower 
Ips), at a given stress temperature and Ips/lpM ratio, has the higher degradation rates within the model. 
This conclusion is not consistent with all data, but implies that conservative circuit design should allow 
more margin for degradation at low (:5 3mA) IRED bias currents. 
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The IRED degradation model predicts the slope of long-term lower decile response of the 
distribution of the ratio of light output after operation to initial value. This response is plotted in a 
straight line against the logarithm of operating time. Extrapolation of this straight line towards zero time 
defines a virtual initial time, when it intersects the initial value. Observations indicate the virtual initial 
occurs at or before 50 hours. For purposes of circuit design, the assumption of 50 hours for virtual initial 
time will be utilized to assure conservative design. The slope of this lower decile line can be defined in 
percent drop in light output per decade time. Slope and virtual initial completely define the predicted 
IRED output with operating time. 

This model includes all GE DIP optoisolators, discrete IRED's, both hermetic and plastic, and all 
H23-based product families. Note that GaAs and GaA1As emitters differ in slope. 

The question naturally arises of the applicability of this descriptive model to time periods beyond 
the one and five thousand hour times where the majority of the tests stopped. Fortunately, tests have 
been completed on discrete IRED's for 30,000 hours. These units were manufactured prior to 1970, and 
illustrate the improvement in IRED technology over the last decade. The results of these tests indicate 
that nothing unexpected happens at extremely long times, as can be seen in Figure 63. 
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Fig. 63 - Long-term IRED life test results. 
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Fig. 64a - Effect of measurement 
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Fig. 64c - Effect of stress current on slope. 

When the response (best straight line) of various test conditions is plotted on a single graph, the 
acceleration due to raising stess current (IFs) is easily seen. Higher temperatures during stress cause the 
same effect, and can be accomplished by raising the ambient or by self-heating (in a optoisolator by 
dissipating power in the output device). Lowering the current at which the IRED light output is 
monitored, (IFM) also accelerate the phenomena, but analysis of many test results indicates that the ratio 
of IFs/IFM is the key factor-determining the slope dependence on bias. 
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. When the temperature effect is plotted as an acceleration vs. temperature, a fair straight line fit 
is found, as illustrated in Figure 65. This temperature acceleration factor represents the ratios of 
the slopes of the lower decile lines of various temperature stresses. The fit is not perfect, but is good 
enough to be useful. The model contains data on all current IRED package options and appears to 
fit all equally. 
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Fig. 65 - IRED output vs. time-slope prediction curves assuming a virtual initial time of 50 flours. 

Utilizing the highest observed slope at IFS = IFM , a conservative equation for output power can be 
derived for each emitter material. Since most applications provide a relatively constant bias current to 
the IRED whenever energized, these equations provide the means to determine bias current required at 
equipment end of life. Note that degradation occurs only when current flows in the IRED. The IRED 
power output (Po) at time tx can be predicted from: 

GaAs: PO(tx) = PO(to) [1 - 0.04(0.024 TA + 0.4) log (tx ..;- 50)]; 

GaAIAs; PO(tx) = PO(to) [1 - 0.06(0.024 TA + 0.4) log (tx ..;- 50)]; 

when constant current bias fortx hours, 25°C:s TA (ambient temperature, DC) :S Tj max., and tx ~ 168 
hours is assumed. 

High current pulse operation degradation has been studied at one point. 20Q each TO-I8 GaAs 
IRED's have been operated for 3000 hours with IA pulses, 80ll-sec wide, 60 pulses per second, at 38°C. 
Analysis of the degradation data indicates that only the time current flows through the IRED causes 
degradation (180 hours accumulated for these units) and that the degradation follows the model 
responses. The degradation rate appears to be slightly higher under this pulse condition, indicating a 
higher stress on the chip than the D.C. bias test. This is logical when the cyclic thermal and mechanical 
stress on the chip due to pulsing is considered. At this test condition, the GaAs slope was in the center of 
the GaAIAs area of Figure 65. Based on this data, it is concluded the equation for GaAs pulsed 
operation is: 

PO(IX) = PO(IO) [ 1 - 0.06(0.024 TA + 0.4) log (~~X)] 

where R is the duty cycle of operation. 
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Fig. 66 - GaAs IRED pulsed operation. 

The following example illustrates the use of this model for circuit design. A CNY 17 -III 
phototransistor output optoisolator is desired to provide an input to a logic circuit. To provide a logic 
zero the isolator must sink2.5mA at 0.3V. The CNY17-III specification assures this capability at IF = 
10mA initially. Equipment design life is 10 years (8.8 x 104 hours) and the worst case duty cycle of 
operation is 80% "on" time. Ambient temperature in the equipment is maintained below 65°C. 

Summary of example calculations 
Device - CNY17-III 
IRED material - GaAs 
Temperature - 65°C 
Time - 8.8 x 10" x 0.8 = 7 x 104 hours 

P o(tx/Po(to) = 1 - 0.04 [0.024 (65) + 0.4] log C ~ci°') 
= 0.75 

Therefore, the IRED bias must be 10/0.75 = 13.3mA, to assure end of life operation. Note that this 
example has not considered the effects of temperature, tolerances, or other components aging on IRED 
current requirements. 

The design guideline, unfortunately, is only valid for the GE Solid State IRED's and DIP couplers. Life 
tests of competitive units at both maximum rating and accelerated test conditions indicate a wide variation 
of performance exists in the industry. 
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Fig. 67 - IRED degradation, rate, competitive comparison accelerated life test results. 

Although some manufacturers have made improvements in their performance since the first 
edition of the GE Solid State Optoelectronics Manual, considerable room for improvement exists in 
the industry. In applications where IRED degradation can result in undesirable malfunctions, it is 
recommended that vendor evaluation and reliability enhancement screening procedures be performed. 
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RELIABILITY PREDICTION IN APPLICATION 

Predicting component reliability in applications requires a failure rate prediction model. Although 
MIL-STD-217D provides this type of model, it is based on industry performance and appears strongly 
biased towards hermetic packaged, JAN-screened devices. A wide variety of reliability assessment 
information has been published and can be utilized to make predictions based on test data of specific 
device types and the actual environment they are to be applied in. This method requires that acceleration 
factors on each stress be determined, and that the stress in applications and in accelerated tests be 
defined; then the failure rate in accelerated tests can be proportioned to use condition failure rate. The 
use condition failure rates, by stress, are summed to provide overall failure rate. Advantages of this 
method include the fact that it is specifically tailored to the component and application, and that 
potentially high failure rate details are identified to be dealt with in the most economical fashion. 
Disadvantages include the assignment of stress acceleration factors, a wide variety of which have been 
published, and the availability of applicable accelerated stress data. 

The preceding data provides an excellent base to assess the reliability of GE Solid State 
optoelectronics components. If the designer provides adequate margins for tolerances, IRED 
degradation, and has a viable worst case circuit design, appropriate acceleration factors will allow these 
data to predict component reliability. The specific stress acceleration factors required are: detector 
blocking voltage and temperature effects; humidity intrusion effects; and temperature variation (due to 
power and environment) effects. Note the IRED is not considered separately, because its mechanical defects 
are covered in temperature cycle stress and any efficiency degradation by IRED degradation guidelines. 

The sources of acceleration factors require engineering judgment to identify the most valid for the 
specific device. For the variety of DIP optoisolators GE produces, the author prefers the following 
acceleration factors based on experience and familiarity with available literature: 

TABLE 11: STRESS RESPONSE ACCELERATION FACTORS 

STRESS DEVICE ACCELERATION FACTOR-*A SOURCE 

Blocking PhotoSCR 0.65 (V2 - VI) - 4323 (-1- - ~) 
Vm T2 TI 

GE 6th Ed. SCR Manual, 
Fig 19.3 

Blocking/Power other discrete 
-3327 (~ -~) GE Pub. 300.1, Fig. 9 detection T2 TI 

Blocking/Power IC detectors to be determined 

~umidity Intrusion All 1 1 2 ' , 1987 <T; - :r,) - .424 (hI - h, ) Microelec. & Reliab., 
Vol. 20, pg. 219 

Temperature Cycle All 328C~\ - "'\) independently derived 

*The ratio of stress level! response to stress level 2 response is F .R. lIF .R. 2 = lOA. 

CODE: F.R. - failure rate 
V - blocking voltage 
T - junction temperature in Kelvin 
h - percent humidity -;- 100 
6. T - range junction temperature changes 
1 & 2 subscript - associates stress level 
m subscript - maximum rating 
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It should be noted that this is strictly accurate only for responses that show a constant failure rate in time 
or to calculate the times that an identical proportion of failures occur for a linear stress response. The 
GE DIP optoisolator has' a decreasing failure rate as a function of time, which will· make these 
estimates conservative. 

An example, using the same CNY17-III used to calculate the effect of IRED degradation, will 
illustrate the prediction process. The temperature cycle calculation will assume a 25°C to 65°C cycle 
per day for equipment power up, power down. Additionally assume tum-on - tum-off of the optoisolator 
every 30 seconds, which will cause an emitter junction temperature change of (l3.3mA x 1.2V) -;
l.33mW/oC == IZoC plus (2.5mA x 0.3V) -;- 5.5mW/oC, i.e., 12.2°C total. 

• Temperature Cycle: Daily - An = 328 (65 ~ 25 - 150 _1 ( _ 65») ; lOA = 4.7 X 106 

Switching - As = 328 (+. - 150 -\-65») ; lOA = 8.4 X 1024 

Failure Rates: 0.OOO035/cycle .;- 4.7 x 106 x 365 day x 10 yr. = 2.7 x 10-8 

0.OOO035/cycle .;- 8.4 x 1024 x 2 x 60 min. x 24 hr. x 365 x 10 
= 4.4 X 10'23 

Temperature Cycle Failure Rate = 2.7 x 10-8 

• Power Life: Accelerated test - T2 = 75°C (DIP at 300mW) + 25 + (60mA x 1.5V) 
.;- 5.5mW/oCt= 116°C = 389°K 

Application stress - Tl = O.4°C + (l3.2mA x 1.2V) .;- 5.5mW/oC + 65 
= 68.3°C = 341.3°K 

A = - 3327 (3~9 - 34~.3) ; lOA = 16 

Failure Rate = 0.0064 x 10-3 x 7 X 104 hrs .;- 16 = 2.8 x 10-2 

• Humidity Life (assume ambient humidity 15% at 65°C, 85% at 25°C) 

Power down - AL = 1987 (2~8 - 3~8) - 2.424 (0.852 - 0.852), lOA = 13 

Powerup-AH = 1987(3~8 - 3~8) - 2.424(0.152 - 0.852), lOA = 106 

Failure Rate = 0.0029 x 10-3 (7 X 104 .;- 106 + 1.8 x 104 .;- 13) = 5.9 X 10,3. 

tcoupled thennal impedance. emitter to detector. 
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The sum of these is the total failure rate of the CNY17-III optoisolator expected over the 10 year 
equipment life, i.e. 2.7 x 10-8 + 2.8 X 10.2 + 5.9 X 10-3 =3.4 percent. This is an average failure rate of 
385 x 10-9 per device hour for 8.8 x 104 hours. Note that the most significant items are the 
Power Life stress followed by the 85% humidity estimate at 25°C (equivalent to a moist tropical 
environment). The failure rate can be improved by submitting the standard CNY 17-111 to reliability 
enhancement screening procedures, of course. 

RELIABILITY ENHANCEMENT OF OPTOISOLATORS 

The optoisolator is unique in its application, construction, and the factors that affect its reliability. 
The major applications typically use the optoisoiator to carry information between electronic logic and 
some form of power system. These are typically in relatively high cost systems where downtime is 
costly and sometimes critical. This places a premium on the reliability of the optoisolator, which is 
a reasonably-priced component subject to normal marketplace competitive pressures. These pressures 
are significant since over 10 manufacturers supply the common six-pin plastic dual in-line 
package optoisolator. 

Each manufacturer utilizes unique semiconductor pellets for the light-electrical conversions. Each 
has unique methods and materials used to mount, connect, provide light path, and isolate ambient 
effects. Therefore, a wide variation of both reliability performance and consistency might be expected 
throughout the industry. Published studies confirm this and illustrate the variety of failure modes unique 
to the optoisolator, when compared to both discrete and integrated circuit semiconductors. 31 ,33,34 

The uniqueness of the optoisolator does not mean that accelerated semiconductor reliability 
assessment test procedures are inappropriate to identify failure modes or screen out potentially 
unreliable devices. It means that these test procedures must be evaluated to identify failure modes and 
cost effective ways to remove potential application failures. Where high sensitivity to failure and/or 
high stress levels are present extra screening for reliability enhancement may be desirable. The 
available information indicates several levels of increasingly effective screens are possible. 

Most optoisolator manufacturers can identify a cost effective reliability enhancement screen for 
their product. However, there may be conflicts between this action and other goals or priorities of the 
manufacturer. An optoisolator user can do the same for a given device, but is vulnerable to 
manufacturing process differences, both identified and unknown. The best compromise is a test 
sequence based on a broad sample of optoisolator data covering a number of manufacturers. This was 
impractical until recently. 

In 1981 several large sample phototransistor optoisolator reliability studies were published in 
various parts of the world. These data have been analyzed to identify optoisolator failure modes and 
effective screening procedures. These procedures have been modified, as required, for the various 
detectors used in optoisolators (Le., photodarlington, photoSCR, etc.). Such modifications are based 
on experience with the specific type of discrete semiconductor device. In these tests, the high stress 
levels are expected to accelerate failure response, when compared to application conditions. It is noted 
that the failure rates, per unit time, decrease as stress time increases (with the exception of storage life, 
which appears to show a wearout mechanism on specific designs). It is also apparent that different 
~pecific designs have different weak points. This reliability enhancement screening procedure will be 
designed to cost effectively address all these weak points. Table 12 shows the reliability test data for 
eleven manufacturers of optoisolators. 

______________________________________________________ ~-------85 

II 



Quality and Reliability of Optoelectronic Components _____ -----------

TABLE 12: RELIABILITY TEST DATA COMPILATION 

(DIP PHOTOTRANSISTOR OPTOCOUPLERSI 

t MANUFACTURER 
Stress Condltlons* R.O. 

Hrs. 1 2 3 4 5 6 7 8 9 10 11 

168 
0(0) 0(0) 10(1) 0(0) 0(0) 0(0) 0(0) 0(0) 

IRED FWd. Bias 
807020 70~~70 10 

1000 
0(1) 11(3) 10(4) 0(10) 0(0) 1 (0) 0(0) 0(0) 
807020 70~~70 10 

168 
0(0) 0(0) 0(1) 0(0) 0(0) 

High Temperature 1010 1010 10 
Reverse Detector Bias 

0(1) 0(0) 1(1) 0(0) 2(0) 
1000 1010 1010 10 

168 
0(0) 0(0) 1(0) 0(1) 1(0) 0(1) 0(0) 0(0) 0(0) 1(3) 0(0) 

Operating Stress 
27105652029352525352810 

1000 
1(4) 1(1) 3(0) 0(10) 1(4) 1(1) 0(0) 0(0) 0(0) 2(4) 0(0) 
27105652029352525352810 

168 
0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 

Storage Life 
2525 25252525 

1000 
0(0) 1(0) 0(0) 13(1) 0(0) 5(0) 
2525 25252525 

Temperature Cycle 254 19 3 3 0 1 36 
200 700 500 100 590 500 500 500 100 

168 
0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 

Humidity Life 453520 35252535 

1000 
0(0) 0(0) 3(0) 0(0) 0(0) 0(0) 0(0) 

453520 35252535 
Total units tested: 2594 1.269 x 106 device hours of stress 
*See Section 3.6 for data summary containing specific conditions. and sample sizes. 

Summation of Catastrophic Failures - ...!i!l. - Summation of Degradation Limit Failures 
25 - Summation of Samples Tested 

Manuf&etwers Tested: Fairchild, GE Solid State, General Instrument, Honeywell, Litronix, Motorola.. RTC, 

Sharp, Siemens. Texas Instruments, TRW 

0(0) 
10 
0(1) 

10 

The data shows 129 catastrophic failures and 42 parametric degradation failures on 2594 units. 
The catastrophic failures, opens and shorts, are mechanical integrity faults. These faults are normally 
screened out by temperature cycle testing. A comparison of temperature cycle failure-rate to 
catastrophic failure rates, by manufacturers, generally confirms the expected effectiveness. It is also 
noted that two manufacturers exhibited failure rates over 10% on this test. Screening procedures for 
degradation failure modes can be defined by identification of the failure modes. Table 13 compares 
degradation failure modes for five stress types. 
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TABLE 13: SUMMARY OF 11 MANUFACTURERS' RELIABILITY PERFORMANCE 
FOR DEGRADATION FAILURE MODES 

Failure Criteria # of Mfrs. 
Test 

Degradation 
Catas-

Duration 
Failing 

trophic Degradation 

10% of units fail 10% of 168 Hrs 0 
IRED Fwd. Bias CTR degradation units 1000 Hrs 2 

limit fail 

High Temp. 10 % of units fail 10% of 168 Hrs 1 
Reverse Detector leakage or CTR units 1000 Hrs 3 
Bias limits fail 

Operating 
10 % of units fail 10% of 168 Hrs 2 
leakage or CTR units 1000 Hrs 4 

Life 
limits fail 

Storage 
10% of units fail 10% of 168 Hrs 0 
leakage or CTR units 1000 Hrs 0 

Life 
limits fail 

10% of units fail 10% of 168 Hrs 0 
Humidity leakage or CTR units 1000 Hrs 1 

limits fail 

• All tests were at or beyond maximum ratings. 
• See Section 3.6 for data summary . 

# of Mfrs. 
Failing 

Catastrophically 

0 
1 

0 
2 

0 
0 

0 
2 

0 
0 

• From date code analyses all units were manufactured between early 1979 & early 1981. 

Based on these data, storage and humidity tests show no promise as screening tools. Three types 
of defects appear common in the summary ; 

Mechanical - This is related to package material compatibility & construction. 
Detector Pellet - Related to instability in hFE or leakage current. 
IRED Pellet: - Related to light output degradation. 

Analysis of failures, when available, tends to confirm the implications of the data. Defects noted 
as causes of failure were (in no particular order); 

• Mechanical, open 
- broken bond wire at dielectric interface 
- bond wire lifted off pellet bond pad 
- epoxy pellet mount lifted off lead frame 
- pellet bond pad lifted off pellet 
- bond wire break at wedge bond heel 
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• Mechanical, short 
- bond wire droop to lead frame 
- bond wire droop to pellet edge 

• IRED pellet degradation 
- light output degradation on forward bias 
- leakage increase due to pellet flaw 

• Detector pellet degradation 
- hFE, instability, 
- leakage increase due to visible pellet flaw 
- leakage increase 
- breakdown voltage drop due to leakage increase 

Note that the apparent wearout in 150°C storage was due to both epoxy pellet mount and bond wire 
failures. Gross lumped failure rates observed are 6.8%, which, when the cause could be identified, 
break down to: 

• Mechanical- 5.0% 
• Emitter Degradation - 0.7% 
• Detector Degradation - 0.1 % 
• Emitter and/or Detector Degradation - 1.0% 
• Specific tests showed degradation failure rates up to 5.9%, while one manufacturer exhibited 

failure rates up to 70% on IRED bias testing. 

THIS IMPLIES THAT A RELIABILITY ENHANCEMENT PROGRAM MUST ASSESS ALL 
PARTS OF THE OPTOCOUPLER DEVICE TO BE EFFECTIVE. There is no one-to-one correlation 
between reliability test failure rates and field failure rates in any given application. The tests illustrate 
weak areas that can cause field failures. A reliability enhancement program must ,(;!'1ck these weak 
areas to significantly reduce field failures. 

Cost of screening also enters into the design of cost effective reliability enhancement programs. A 
list of possible reliability enhancement tests, in order of increasing cost, illustrates this: 

Estimated 
100% Screening Procedure Relative Cost 

Tightened Parameter Limits Ix 
High Temperature Storage 3x 
Temperature Cycle & Continuity 4x 
High Temperature Blocking lOx 
Forward Bias Conduction 12x 
Operating Life, All Junctions Biased 16x 

Combining cost, failure mode, and time to failure information from the test summaries indicates: 

• Many of the mechanical failures can be removed using extended temperature cycling. Detailed 
analysis of the individual data sets indicates a decreasing failure rate to 100 cycles, -SSC to 
+ 150C, for all but two manufacturers, with several increasing in failure rate beyond 200 cycles. 
Analysis also indicates the need for high temperature continuity testing of all wire bonds, at low 
voltage and current, following the temperature cycle; 

• Pellet operating stress tests are required to identify IRED light output degradation, and detector 
hpE (gain) or leakage instability. Analysis of failure rate data, by manufacturer, indicates neither 
high temperature blocking stress nor conducting stress can in themselves ensure a significantly 
reduced failure rate in all applications. 
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The operating stress is most effective, and less costly than doing separate tests, in sequence, for 
each failure mode. In addition, study ofIRED degradation indicates a minimum test time of 160 hours is 
required to quantify this phenomenon. Increased IRED response is noted at higher forward stress 
current, within device ratings. Increased response is noted on the detector at higher power levels, 
(which raises temperature) and higher voltages. Since the detector response is generally more rapid than 
,he IRED, and dissipation should be at a maximum levels, the stress voltage is less critical and can be 
selected to provide best control of operating conditions. The limits on detector bias voltage are normally 
0.25 to 0.9 times maximum rated voltage. 

In some cases, the connections available to the optoisolator do not allow all biases to be optimized 
simultaneously. In such cases, power dissipation is controlled by utilizing a detector voltage supply and 
load resistor selected to dissipate maximum rated power when the detector bias current drops half of the 
supply voltage across the resistor. Feedback via the IRED can usually keep power dissipation within 
10 % of the desired value. In simpler cases, detector bias current and voltage are easily set by standard 
techniques. These cases are illustrated for simple detectors by the circuits shown in Figure 68. 

/ 
I 

+ \ 
VEE " 

CIRCUIT 1 (SIMPLE) CIRCUIT 2 

Fig. 68 - Burn-in circuit configurations. 

The recommended reliability enhance, nent program uses temperature cycles and operating stess to . 
identify potential field failures. The optimal stress levels deduced from this data, and six-pin DIP 
ratings, are: 

Temperature cycle: -55 to + 150°C, 10 cycles; 12 minute dwell at extremes, 3 minute dwell at 
25°C, followed by 100°C continuity check. 

Operating stress: Pd = 300mW, IF = 60mA if possible, t = 160 Hrs. 

For the GE Solid State optoisolator, the recommended biases and operating stress are: 

CIRCUIT 2 
Isolator CIRCUIT 1 Vee Re Voo RL DETECTOR BIAS 
Family 

Ie Vo 10 V () V () PIN4 PIN 5 PIN 6 

H11A,B,G 60mA lOV 15mA Minus Plus Ref. 
H11D 60mA 150V 2mA Minus Plus Ref. 
H11C 5V 51 200 lOOK Open Plus Minus 
H11F 5V 56 30 750 Minus Plus Minus 
H11J 10V l.1K 250 43K Minus Plus Minus 
H11L 5V 56 12 0 Open Minus Plus 

It is anticipated that this screening sequence will be ~ 90 % effective in removing potential failures 
in commercial/industrial applications over a large popUlation of optoisolators. 
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At lower unit cost, for comparison, temperature cycle alone would be expected to be 40 % to 60 % 
effective. A temperature cycle followed by a 16Hr., 125°C detector HTRB would be expected to be 
50% to 65 % effective for the same conditions. 

Data Summary 

The specific test data and sample sizes which form the basis for this reliability enhancement 
information are as follows: 

Test 
Sample 

Stress Conditions Duration 
Mfrs. Units 

IRED Forward Bias 6 240 TA = 25°C, IFs = 100mA 2000 Hrs 

6 120 TA = 70°C, IFs = SOmA 2000 Hrs 

6 60 TA = 70°C, IFS = Maximum Rating 1000 Hrs 

High Temperature 
Reverse Bias on 6 60 TA = 150°C, VeB = 24V, VEB = 4V 1000 Hrs 
Detector 

Operating Stress 6 150 TA = 25°C, VeB = 20V, IE = 15mA, IF = 
60mA 1000 Hrs 

6 60 TA = 25°C, Ie = 2.5mA (10% Duty Cycle), 1000 Hrs 
IF = Maximum Rated 

5 180 TA = 25°C, VeB = 20V, IE = 15mA, IF = 
60mA 1000 Hrs 

Storage Life 6 150 TA = 150°C 1500 Hrs 

Temperature 6 2700 25°C to 125°C, continuous continuity 5 cycles 
Cycle monitor 10 min. ramp up & down, 20 min., 

125°C dwell 

6 300 - 55°C to 25°C to 125°C to 25°C, 400 Cycles 
12 min. dwell at extremes, 3 min. 25°C dwell 

6 700 - 65°C to 25°C to 150°C, 12min. 100 Cycles 
dwell at extremes, 3 min. dwell at 25°C 

Humidity Life 6 60 TA = 40°C, R.H. = 93%, VISO = 500V 1000 Hrs 

6 150 TA = 85°C, R.H. = 85%, No Bias 1500 Hrs 
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MEASUREMENT OF OPTOELECTRONIC 
DEVICE PARAMETERS 
IRED PARAMETERS 

Measurement of IRED parameters is relatively straight forward, since the electrical parameters are 
those of a diode. They can be measured on test equipment used to measure diode parameters, from the 
bench set-up of two meters and a power supply to the most automated semiconductor tester. 

Light output measurements require the use of a spectrally calibrated photo cell or a calibrated 
thermo pile of at least 0.4 /I (1 cm) in diameter. This allows collection of· all the light power output of the 
IRED, matching the specification method and guaranteeing correlations of measurements. If pulse 
measurements are desired, a calibrated silicon photo cell is necessary because of its response time. It 
would be used in conjunction with a pulsed current source, and calibrated current probe to measure 
photocell output and an oscilloscope of sufficient speed and accuracy to provide the desired result. The 
photocell is the only device which is not a common electronics laboratory item, and such devices can be 
procured from sources such as Ealing Corp., E.G. & G. Electro Optics Div., United Detector 
Technology, and others. 

The photocell should be calibrated at the wavelength of interest, traceable to the Bureau of 
Standards. Slightly different mechanical couplings to the photocell are used for each package type. The 
H23 emitter is placed, touching the cell cover glass, with the lens over the cell center. The hermetic 
emitters are placed in an aluminum collar, as illustrated. This arrangement will correlate within 10% 
with total power outpilt readings taken using a calibrated integrating sphere. 

COLLAR 

r----t- 1omm 

L~/T 7.7mm -' 

r""'-_ 
45 

3mm--/ 

DETAILS 

fRED UNDER TEST 

OPERATION 

Fig. 69 - Aluminum collar measurements test fixture. 

Radiant intensity (I.,) can be read with the same photocell in a different mechanical arrangement. In 
this case, the photocell is centered behind a thin, flat black aperture plate. It is placed in the housing that 
holds the IRED centered on the photocell and aperture centerline and spaced such that the IRED 
reference plane is over 4cm from the aperture. The aperture and photocell are sized and placed such that 
all irradience that passes through the aperture falls on the photocell active area. IRED distance and 
aperture size determine the solid angle of measurement. The housing that holds the IRED, aperture and 
photocell must be designed to eliminate reflective path photocell illumination. 

Note that the power output drops with chip temperature and at power dissipation over a few m V the 
self-heating of the IRED chip will lower the power output. Normally, a 300ps test pulse is used for 
IRED power output measurements. 

92 ______________________________________________________________ _ 



___________________ Measurement of Optoelectronic Device Parameters 

CUTAWAY VIEW 

Fig. 70 - Radiant intensity test fixture. 

PHOTOOETECTOR PARAMETERS 

The measurement of electrical parameters of the photodetectors is identical to measurement of 
non-light sensitive devices, except for the light sensitive parameters. Such measurements are described 
in many common references and will not be detailed here. The most common problem parameter 
encountered is the leakage current measurement with the base open, as ICEO is rarely measured on normal 
transistors. Understanding the sensitivity to dynamic and ambient light effects will aid in solving this 
problem.3 Dynamic effects must be considered, because the open base has no path but junction leakage 
to charge the junction capacitance. If the common, high source impedance bias circuit, for leakage 
current is used, the gain of the transistor multiplies the junction capacitance (Miller effect) of the 
collector base photodiode ('" 25pF), and provides a long stabilization time constant. Note the "double 
barreled" effect of source impedance in that it is the resistance in the RC time constant and also is the 
load resistor that determines voltage gain (Av '" I1hie . RL . hfe). These effects indicate ICEO should be 
measured by appHcation of the bias voltage from a low impedance supply until junction capacitances are 
charged (now determined by the base emitter diode impedance), which can take up to lOOmsec, (with no 
external capacitances, switches, sockets, coaxial, etc. connected to the base) in a darlington. After 
junction capacitance is charged, the current measuring resistor is introduced to the circuit by removing 
the short across it. The charge balance at the base can be affected by the motion of conductive objects in 
the area, so best reproducibility will be obtained with an electrostatic shield. The electrostatic shield can 
also serve the purpose of shielding the detector from ambient light, the effects of which are obvious in 
leakage current measurement. 

Measurement of the light parameters of a phototransistor requires a light source of known intensity 
and special characteristics. Lamps with defined spectral characteristics, i.e., calibrated standards, are 
available and, in conjunction with a thermopile or calibrated photocell and a solid mechanical 
positioning system, can be the basis of an optomeasuring system. The lamp is placed far enough from 
the detector to approximate a point source. Some relatively simple systems based on the response of a 
silicon photocell are available, but the assumption that all silicon devices have identical spectral 
response is implicit in their use for optical measurements. As different devices will have slightly 
different response curves, the absolute accuracy of these devices is impared, although excellent 
comparative measurements can be made. Another method which has fair accuracy is the use of a 
calibrated detector, L14C or L14N photodiode response for the phototransistors, to adjust the light 
source to the desired level. This will eliminate spectral problems as the calibrated device has an identical 
spectral response to the devices being measured. Accuracy will then depend on detector calibration, 
basic equipment accuracies, ambient control and mechanical position reproducibility. 
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Spectral response measurements require use of precision filters or a precision monochromator and 
a calibrated photocell or therinopile. As in the case of the IRED, it is recommended that these 
measurements be done by a laboratory specializing in optical measurements. 

OPTOCOUPlER MEASUREMENTS 

Measuring individual devices in the optocoupler is identical to measuring a discrete diode and a 
discrete device of the type of detector being considered. The measurement of isolation and transfer 
characteristics are not as obvious, and will be illustrated. 

1. Isolation Parameters are always measured with the terminals of each device of the coupler 
shorted. This prevents the high capacitive charging currents, caused by the high dv/dt's applied during 
the measurement, from damaging either device. Safety precautions must be observed in these tests due 
t? the very high voltages present. 

a). Isolation voltage is measured as illustrated below. Normally the surge voltage capacity is 
measured, and, unless the high voltage power supply has a fast shutdown «O.5p.sec), the device under 
test will be destroyed if its isolation voltage capability is less than the high voltage supply setting. 
Crowbar techniques may be used in lab set-ups to provide rapid tum-off and forestall the test being 
described as "destructive." Steady-state isolation voltage is usually specified as a fixed percentage of 
the measured surge capability, although life tests are the proof of the rating. Application Engineering 
believes conservative design practices are required in the use of isolation voltage ratings, due to the 
transients normally observed when line voltages are monitored and the catastrophic effect, on the 
system, of a failure. 

HIGH
VOLTAGE 
SUPPLY 

+ 
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I 
I 
I 
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-, 
I 
I 
I 

-.J 
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E 

FOR VOLTAGES OVER 2600 Vrms, THE DIELECTRIC 
SHIELD IS RECOMMENDED TO ELIMINATE AIR GAP 
EFFECTS. 

Fig. 71 - Isolation voltage test. 

b). Isolation resistance is measured at voltages far below the surge isolation capability, and has 
less potential for damaging the device being tested. The test is illustrated schematically here, and 
requires the procedures normally used when measuring currents below a microampere. 
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A C 
D.U.T. 
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Fig. 72 - Measuring of isolation resistance. 

c). Isolation capacitance is a straightforward capacitance measurement. The capacitance of 
couplers utilizing the GE patented glass dielectric process is quite independent of applied voltage and 
frequency. Typical values are less than IpF, limiting the selection of measurement equipment. 
The H 11 A V wide glass dielectric has less than O. 5pF, which requires socket shielding to accur
ately measure. 
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Fig. 73 - Input to output capacitance test circuit. 

C 

E 

2. Transfer Characteristics are normally easily measured on standard measurement equipment 
as the IRED can be treated as the input terminal of a discrete device. 

a). Current Transfer Ratio (CTR) can be tested as hFE of a transistor, both the phototransisto): 
and photodiode response, and Input Current to Trigger (IFf) can be tested as gate trigger current of an 
SCR. Pinout and the connection of base-emitter or gate-cathode resistors normally require use of special 
test sockets. 
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I. eTR·le/I. Ie _ r------~--, _ 
~~r. ~~------~ 

I 
I 
I -'V-+ 

I I 
L ______ -.l 

D.U.T. 

Fig. 74a - CTR tested as transistor HFF> 

II D.U.T. IA -,-------, -
I r-~----~ 

I 
I 
I 

I 
L _____ -.J 

Fig. 74b - 1FT tested as SCR IGT. 

These sockets are illustrated above. Some commercial test equipment provides very poor 
resolution readings of CTR in the hFE mode due to the readout system being designed for readings 
greater than 10. This would correspond to a CTR of 1000 % , a reasonable value for a darlington, but not 
a transistor output coupler. Curve tracers are well suited for use' in this manner and some allow 
measurements to be made with the IRED pulsed at high current and low duty cycles. 

b). Switching times on simple detectors are measured using the technique illustrated below. 
Isolation of the input device from the output device allows a freedom of grounding which can simplify 
test set-up in some cases. The tum-on parameters are td - delay time and tr - rise time. These are 
measured in the same manner on the phototransistor, photodarlington, and photoSCR output couplers. 
The tum-off parameters for transistor and darlington outputs are t, - storage time and tf - fall time. 

td - delay time. This is the time from the 10% point of the final value of the input pulse to the 10% 
point of the final value of the output pulse. 

tr - rise time. The rise time is the time the leading edge of the output pulse increases from 10% of 
the final value to 90% of the final value. 

t. - storage time. The time from when the input pulse decreased to 90 % of its final value to the point 
where the output pulse decreased to 90 % of its final value. 

tr - fall time. The time where an output pulse decreases from the 90 % point of its final value to 
the 10% point of its final value. 

SCR tum-off times are circuit controlled, and the measurement technique is detailed in the GE SCR 
Manual. 
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Fig. 75 - Switching time testing. 

c). The parameters of the bilateral analog FET are of most interest at low level. Most of the 
parameters of interest can be read in the simple circuit in Figure 76, but some precautions are 
required to maintain accuracy. Kelvin contacts to the DUT are required and should insure the 
elimination of ground loop IR drop which can cause errors, dissimilar metal contacts or temperature 
gradients causing thermal voltage errors and electromagnetic pick up errors. The latter is especially 
important when 60Hz ac data is generated. Signal levels must be controlled to maintain bias within the 
linear region for accurate resistance measurements, since the maximum signal level for linear operation 
is a function of the DUT resistance. This effect is quantified by testing the H11F as an element of a 
resistive bridge and increasing the bridge signal level until distortion causes an output signal of specified 
amplitude. 

VARIABLE 
CURRENT 
SOURCE 
0-60mA 

VI READS V46 
V2 READS 14 (14' V2/R) 

Fig. 76 - H11F parameter testing. 

VARIABLE VOLTAGE 
SUPPLY, AC OR DC, 

0-30V 

d). Schmitt Trigger Parameter Measurement. The digital nature of the HllL transfer 
characteristics make it quite compatible with standard digital logic circuit test equipment in standard 
configurations. 

e). Triac Driver Testing. The triac driver family of devices is tested using the same techniques 
documented for discrete triac testing in the GE SCR Manual. The isolation between the IRED and switch 
allows convenient gate polarity selection. Two items require special attention: commutating dV /dt and 
zero voltage switch parameters. Most discrete triac test equipment for dV (c )/dt requires modification to 
lower the test current to the range of the triac driver. When testing zero voltage switch triac drivers, the 
blocking voltage effect on trigger sensitivity must be considered. 

__________________________________________________________________ 97 



98 ______________________________ ~-------------------------------



Safety 

Safety 
Reliability and Safety ............................................ 100 
Safety Standards Recognitiion ................................... 100 
Possible Hazards ................................................ 101 

II 

_____________________________________________________________ 99 



SAFETY 
RELIABILITY AND SAFETY 

Optoelectronics may be used in systems in which personal safety or other hazard may be involved. 
All components, including semiconductor devices, have the potential of failing or degrading in ways 
that could impair the proper operation of suclrsystems. Well-known circuit techniques are available to 
protect against and minimize the effects of such occurrences. Examples of these techniques include 
redundant design, self-checking systems and other fail-safe techniques. Fault analysis of systems 
relating to safety is recommended. Potential device reaction to various environmental factors is 
discussed in the reliability section of this manual. These and any other environmental factors should be 
analyzed in all circuit designs, particularly in safety-related applications. 

If the system analysis indicates the need for the highest degree of reliability in the component used, 
it is recommended that GE Solid State be contacted for a customized reliability program .. 

SAFETY STANDARDS RECOGNITION 
GE Solid State optoelectronic devices are tested and recognized by safety standards organizations 

around the world. These organizations are primarily interested in the potential electrical and fire hazards of 
optoisolators. This is reflected in standards existing only for these particular device types and in the 
requirements these standards place on the devices. As GE introduces new optoelectronic devices they are 
evaluated to determine if an applicable standard exists, and submitted for approval testing if such 
standards apply. 

Currently GE optoelectronic devices are recognized by Underwriters Laboratories Inc. (U. L.) and 
Verband Deutscher Elektrotechniker e.V. VDE Profstelle (VDE). The approvals, as of this date, are: 

TABLE 14: OPTOISOLATOR APPROVALS 

(ALL STANDARD GE OPTOISOLATORS ARE COVERED UNDER U.L. COMPONENT RECOGNITION 
PROGRAM FILE No. E51868) 

PART NUMBER VDE SPECIFICATIDN NUMBER CERTIFICATE NUMBER 

CNYI1 I 
CNY17 " 0883/6.80,0110/11. 72 22757 
CNY17 '" CNYI1 IV 
CNY51 0883/6.80,0110/11.72 22758 
GFH601 I 0883/6.80,0110/11.72 
GFH601 " 30415 
GFH601 '" 080411.83,080618.81 

GFH601 IV 
HllAl 

0883/6.80,0110/11.72 22755 H11A3 

HllA2 
HllA4 

0883/6.80,0110/11. 72 22756 

HllAVl 0883/6.80,0110/11. 72 
HllAV1A 0860/8.81,0806/8.81 
H11AV2 0804/1.83,0750TI/5.82 30440 
H11AV2A IEC601 TI,IEC380,IEC65 
HllAV3 
HllAV3A 
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ISOLATION VOLTAGE SAFETY STANDARDS OVERVIEW 
POSSIBLE HAZARDS 

Toxicity 

Although gallium arsenide and gallium aluminum arsenide are both arsenic compounds, under 
normal use conditions they should be considered relatively benign. Both materials are listed 
by the 1980 NIOH "Toxicology of Materials" with LDso values comparable to common table salt. . 
Accidental electrical or mechanical damage to the devices containing these IRED pellets should not 
affect the toxic hazard, so the units can be applied, handled, etc. as any other semiconductor device. 
Although the pellets are small, chemically stable and protected by the device package, conditions that 
can break these crystaline compounds down into elements or other compounds should be avoided. 

Near Infrared Theshold Limit Value 

The eye may be damaged from infrared light. The most applicable guideline to evaluate IRED's for 
this hazard is the 1979 •• American Conference of Governmental Industrial Hygenists Handbook. " On 
pages 90 and 91 recommended threshold limit values for pulse (item 1) and long term (item 3) infrared 
exposure are given. When operated within device maximum ratings, the maximum irradiance external 
to the IRED package doesn't approach these TVL's for any of the present GaAs or GaAIAs devices. 

To evaluate specific situations, the IRED pellet and its reflector represent a roughly Lambartian 
source of about Imm diameter in all current discrete IRED types. 
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OPTOELECTRONIC CIRCUITS 

LIGHT DETECTING CIRCUITS 

Light detecting circuits are those circuits that cause an action based on the level oflight received by 
the photo detector. 

OFF 

+1~c>ON~_---1r-_....,..-t------, 
HEADLIGHT 

SWITCH 22K 

22K 

22M 

R1 
22K 

r----:-, 
I N.O. I 

~~~~-71~ ~-+-----------, 

2~~ I 
I 
I 
I 

N.C. 

L ~ __ ..J 
RELAY HIGH 

BEAMS 

RELAY: 12V. 0.3A COIL: 20A. FORM C. CONTACTS OR SOLID·STATE SWITCHING OF 16A STEADY·STATE 160A COLD 
FILAMENT SURGE. RATING. 

LENS: MINIMUM 1" DIAMETER. POSITIONED FOR ABOUT 10° VIEW ANGLE. 

Fig. 77 - Headlight dimmer. 

Automatic Headlight Dimmer 

This circuit switches car headlights to the low beam state when it senses the lights of an on-coming 
car. The received light is very low level and highly directional, indicating the use of a lens with the 
detectQr. A relatively large amount of hysteresis is built into the circuit to prevent "flashing lights." 
Sensitivity is set by the 22Megohm resistor to about 0.5 ft. candle at the transistor (0.01 at the lens), 
while hysteresis is determined by the Rl,R2 resistor voltage divider, parallel to the D41K3 collector 
emitter, which drives the 22Megohm resistor; maximum switching rate is limited by the O.I/LF 
capacitor to "" IS/minute. 

Slave Photographic Xenon Flash Trigger 

This circuit is used for remote photographic flash units that will flash at the same time as the flash 
attached to the camera. This circuit is designed to the trigger cord or "hot shoe" connection of a 
commercial portable flash unit and triggers the unit from the light produced by the light of the flash unit 
attached to the camera. This provides remote operation without the need for wires or cables between the 
various units. The flash trigger qnit should be connected to the slave flash before turning the flash on (to 
prevent a dV /dt triggered ~sh on connection). 

The L14Cl phototransistorhas a wide, almost cosine viewing angle so alignment is not critical. If 
a very sensitive (long rang'e), more directional remote trigger unit is desired, the circuit may be modified 
using a L 14G2 lensed phOtotransistor as the sensor. The lens on this transistor provides a viewing angle 
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of approximately 10° and gives over a 10 to 1 improvement in light sensitivity (3 to 1 range 
improvement). Note that the phototransistor is connected in a self-biasing circuit which is relatively 
insensitive to slow changing ambient light, and yet discharges the 0.01 J.tF capacitor into the C 106D gate 
when illuminated by a photo flash. Forphysically smaller size, the C106D may be replaced by a C205D, 
if the duty cycle is reduced appropriately. 

HOT SHOE 
OR CORD 

CONNECTOR 

2.2M 

Fig. 78 - Sensitive, directional, slave photo lJash trigger. 

Automatic Night Light Switches 

0.01 

0.1 

These circuits are light level sensors that tum on a light when the visible light falls below a specific 
level. The most common of these circuits turns on street lamps and yard lights powered by 60 Hz lines. 

Line Voltage Operated Automatic Night Light 

An examr'le of this type of circuit is illustrated in Figure 79. It has stable threshold characteristics 
due to its dependence on the photo diode current in the L 14C 1 to generate a base emitter voltage drop 
across the sensitivity setting resistor. The double phase shift network supplying' voltage to the ST-4 
trigger insures triac triggering at line voltage phase angles small enough to minimize RFI problems with 
a lamp load. This eliminates the need for a large, expensive inductor, contains the dV/dt snubber 
network, and utilizes lower voltage capacitors than the snubber or RFI suppression network nor
mally used. 

The addition of a programmable unijunction timer can modify this circuit to tum the lamp on for a 
fixed time interval each time it gets dark. Only the additions to the previous circuit are shown in the 
interest of simplicity. When power is applied to the lamp, the 2N6028 timer starts. Upon completion of 
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INCANDESCENT 
LAMP 

SUGGESTED 
LAMP WATTAGE 

MAXIMUM 
TRIAC 

120V 2Z0V 
SC141D 400W 800W 
SC146D 550W llOOW 
SC151D 750W 1500W 
SC260D 1200W 2500W 
SC265D 2000W 4000W 

C I 0.1 f' F, 100V FOR 120V LINE 

~ 0.068f'F,200V FOR 220V LINE 

Fig. 79 - Line voltage operated automatic night light. 

the time interval, the H 11 C3 is triggered and turns off the lamp by preventing the ST -4 from triggering 
the triac. The SCR of the HIIC3 will stay on until the .L14Cl is illuminated and allows the 2N6076 to 
commutate it off. Due to capacitor leakage currents, temperature variations and component tolerances, 
the time delay may vary considerably from nominal values. 

Another common use for night light circuits is to turn on remote illumination, warning or marker 
lights which operate from battery power supplies. The simplest circuit is one that provides illumination 

EMITTER 

CONNECT 
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C PROVIDES ABOUT I MINUTE ON TIME If'F 
AND MUST BE LOW LEAKAGE 

Fig. 80 - Automatic turn-off for night light. 

CONNECT 
TO 

LAMP 

when darkness comes. By using the gain available in darlington transistors, this circuit is simplified to 
use just a photodarlington sensor, a darlington amplifier, and three resistors. The illumination level will 
be slightly lower than normal, and longer bulb life can be expected, since the D40K saturation voltage 
lowers the lamp operating voltage slightly. 

In warning and marker light applications a flashing light of high brightness and short duty cycle is 
often desired to provide maximum visibility and battery life. This necessitates using an output transistor 
which can supply the cold filament surge current of the lamp while maintaining a low saturation voltage. 
Oscillation period and flash duration are determined in the feedback loop, while the use of a 
phototransistor sensor minimizes sensitivity variations. 
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6.8K 
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OR 
... 1482 LAMP 

~--4-----~---------------o 

47K 

L14Cl 

10 

+6VDC 

... 4512 SPOT 
OR 
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Fig. Bl- Portable automatic night light. Fig. B2 - Automatic night flashing light. 

Another fonn of night light is line operated power outage lights, which provides emergency 
lighting during a power outage. The phototransistor should be positioned to maximize coupling of both 
neon light and ambient light into the pellet, without allowing self illumination from the 6 V lamp. Many 
circuits of this type also use line voltage to charge the battery. 

120V 
LINE 
MONITOR 

Sun Tracker 

51K 

6V 

NE2 • 

Fig. B3 - Line operated power outage light. 

In solar cell array applications and solar instrumentation, it is desired to monitor the approximate 
position of the sun to allow efficient automatic alignment. The LI4Gliens can provide about 15° of 
accuracy in a simple level sensing circuit, and a full hemisphere can be monitored with about 150 
phototransistors. 
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Fig. B4 - Sun tracking circuit. 
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The sun provides "'" 80 m W / cm2 to the L14G 1 when on the centerline. This will keep the output 
down to :s 0.5Vfor9:s7.5°. 

The sky provides ""'0.5 mW/cm2 to the L14G1 and will keep the output greater than 10V when 
viewed. White clouds viewed from above can lower this voltage to "'" 5V on some devices. 

This circuit can directly drive TTL logic by using the 5V supply and changing the load resistor to 
4300. Different bright objects can also be located with the same type of circuitry simply by adjusting the 
resistor values to provide the desired sensitivity. 

Flame Monitor 

Monitoring a flame and direct switching of a 120V load is easily accomplished using the L 14G 1 for 
"point sources" of light. See Figure 85. Forlight sources which subtend over 10° of arc, the L14C1 

120VAC 

.047 51K 750K 

LOAD 

! 22 39K 47K 

Fig. 85 - Flame out monitor switch. 

"The Al5Q may be replaced by IOOpF shunting a DHD800. 
Wire for minimum crosstalk, 120V to gate, using miniroum lead lengths. 
RA is selected from the following chart for light level threshold programming. 

RA SELECTION GUIDE FOR ILLUMINATION 

HOLD OFF LIGHT LEVEL 
"'" 20 "'" 40 "'" 80 "'" 200 ""'400 

FOOT 
IN FOOTCANDLES CANDLE 

RA , Incandescent Ught N.A. 1500 270 68 33 Kn 
RA , Flame Ught 220 75 30 12 6.2 Kn 
RA , Fluorescent Ught N.A. N.A. 2200 180 68 Kn 

should be used and the illumination levels raised by a factor of 5. This circuit provides zero voltage 
switching to eliminate phase controlling. 

Brightness Controls 

The illumination level of lighted displays should be lowered as the room ambient light drops to 
avoid undesirable or unpleasant visual effects. This circuit provides a very low cost method of 
controlling the light level. Circuit power is obtained from a relatively high source impedance 
transformer or motor windings, normally used to drive the low voltage lamps used in these functions. It 
should be noted that the bias resistors are optimized for the 20V, 30 0 source, and must be recalculated 
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LAMPS (2) 
#755 OR 159 

RI 
511 
lOW R3 
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R4 
10K 

DT230F 
(4) 

Fig. B6 - Ambient sensitive display illumination. 

for other sources. The L14Rl is placed to receive the same ambient illumination as the display and 
should be shielded from the light of the display lamps. 

Another form of automatic brightness control maintains a lamp at a constant brightness over a wide 
range of supply voltages. This circuit utilizes the consistency of photo diode response to control the 
phase angle of power line voltage applied to the lamp and can vary the power applied to the lamp 
between that available and"" 30% of available. This provides a candlepower range from 100% to less 
than 10% of nominal lamp output. The 100!,H choke, resistor and capacitors form a RLC filter network 
and is used to eliminate conducted RFI. 

Many other light sensitive circuits are feasible with these versatile devices, and those included 
here are chosen to illustrate a range of practical, cost-effective designs. 

2.2M 
250K~~~--~----~ 

DHD 
806 

DHD 
806 

lOOK 

47K 

C203B 

2N6027 

lOOK IK 

°The triac is matched to the lamp per chart in Figure 79. 

Fig. 87 - Constant brightness control. 
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DETECTING OBJECTS WITH LIGHT 

This section is devoted to circuits that use a light source and a light sensor, or arrays of either or 
both, to sense objects by affecting the light path between the source and detector. Nonnally, the light is 
blocked or reflected by the object to be sensed, although modulation of the transmission medium is also 
common. 

Paper Sheet Discriminator for Printing and Copying Machines 

A common problem with sheet paper conveying systems is the inadvertant transport of two sheets 
of paper, instead of one, due to mutual adherence by vacuum or static charges. The simple circuit 
depicted in Figure 88 outputs power to the drive motor when one or no sheets are being fed, but 
interrupts motor power when two or more superimposed sheets pass through the optodetector slot. The 
optodetector may be either an H21 B darlington interruptor module or an H23B matched emitter-detector 
pair. The output from the optodarlington is coupled to a Schmitt trigger, comprising transistors Q1 and 
Q2 for noise immunity and minor paper opacity variation immunity. When the Schmitt is "on," gate 
current is applied to the SC148D output device. The dc power supply for the detector and Schmitt is a 
simple R-C diode half-wave configuration chosen for its low cost (fewer diodes, no transfonners) and 
minimum bulk. While such a supply is directly coupled to the power triac, this is precluded by current 
drain considerations (SOmA dc for the gate drive alone). Note that direct coupling of the Schmitt to the 
output triacs is preferred as RFI is virtually eliminated with the quasi-DC gate drive. 

To further reduce dc drain on the power supply, the LED drive current is separately derived from a 
diode bridge and current limiting capacitor. In addition to minimum dissipation and zero loading on the 
dc supply, this connection also has the merit of maximizing LED current at each zero voltage crossover 
of the acsinewave, thus guaranteeing that drive to the Schmitt is solid (at least with no or one sheet of 
paPer) as the triacs commutate off and back on again. The fact that the Schmitt switches twice each 
cycle, in phase with the zero diode current points, is now an advantage since gate drain on the dc supply 
is completely eliminated during these "off" periods. Because the "off" periods coincide with 
maximum instantaneous ac supply voltage when the triac is always hard on (thanks to the phase-shifted 
LED current), the circuit is virtually immune to the load power factor variations associated with ac 
motors. 

lSV 

12 

R1 ADJUSTS FOR PAPER 
OPACITY1 MOTOR SHOULD 
RUN WITH 1 SHEET OF PAPER, 
STOP WITH 2 SHEETS OF PAPER. 

Fig. 88 - Paper sheet discriminator with zero 
voltage switching triac motor drive. 
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DT230F 

.----~----1r--...,_--,.--t--w--o+ 12 VDC 
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{ 
H21Al FOR TRANSMISSIVE SENSING 

PC·I AND R ;~~~I~~DG~~~~~~<J,.~6"~:F'cigJl~E I 
FOR FISER OPTIC PROSE 

Fig. 89 - Optical pickup tachometer. 
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Optical Pick Up Tachometer 

Remote, non-contact, measurement of the speed of rotating objects is the purpose of this simple 
circuit. Linearity and accuracy are extremely good and normally limited by the milliammeter used and 
the initial calibration. This circuit is configured to count the leading edge of light pulses and to ignore 
normal ambient light levels. It is designed for portable operation since accuracy is ribt sensitive to 
supply voltage within supply voltage tolerances. As illustrated in Figure 89, full scale at maximum 
sensitivity ofthe calibration resistance is read at about 300 light pulses per second. A digital volt meter 
may be used, on the 100 mV full scale range, in place ofthe milliammeter, by shunting its input with a 
lOOn resistor in parallel with a 100 p.F capacitor. This R-C network replaces the filtering supplied by 
the analog meter. 

Drop Detector 

The self-biasing configuration is useful any time small changes in light level must be detected, 
for example, when monitoring very low flow rates by counting drops of fluid. In this bias method, 
the photodarlington is DC bias stabilized by feedback from the collector, compensating for 
different photodarlington gains and light emitting diode outputs. The 10p.F capacitor integrates the 
collector voltage feedback, and the 10M resistor provides a high base source impedance to 
minimize effects on optical performance. The detector drop causes a momentary decrease in light 
reaching the chip, which causes collector voltage to momentarily rise, generating an output signal. 

75 

LED55C 

GROUND 

10K 
.005 

+------..,.....-i( OU.;'PUT 

220K 

10M 

220K 

-5V 

Electrical Schematic 

Fig. 90 - Low light level drop detector. 

$161~ 
LIGHT ~ DROP ~ SENSOR 

SOURCE ~ PATH ~ CIRCUIT 

Mechanical Schematic 

The initial light bias is smail due to output power constraints on the light emitting diode and mechanical 
spacing system constraints. The change in light level is a fraction ofthis initial bias due to stray light 
paths and drop translucence. The high sensitivity of the photodarlington allows acceptable output signal 
levels when biased in this manner. This compares with unacceptable signal levels and bias point 
stability when biased conventionally, i.e., base open and signal output across the collector bias resistor. 

Paper Tape Reader 

When computer peripheral equipment is interfaced, it is convenient to work with logic signal 
levels. With a nominal 4V at the output dropping to -0.6V on illumination, this circuit reflects the 
requirements of a high-speed, paper tape optical reader system. The circuit operates at rates of up to 
1000 bits per second. It will also operate at tape translucency such that 50% of the incident light is 
transmitted to the sensor, and provide a fixed threshold signal to the logic circuit, all at low cost. Several 
circuit tricks are required. Photodarlington speed is enhanced by cascode constant voltage biasing. The 
output threshold and tape translucency requirements are provided for by sensing the output voltage and 
providing negative feedback to adjust the cascode transistor bias point. Circuit tests confirmed 
operating to 2000 bits per second at ambient light levels equal to signal levels. 
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+5V LOGIC SUPPLY 

2K IK 
....-----0 OUTPUT 

.240 

F5Dl 

-15 VOC o---+--+---4_--4_-=c.:;::-'-'-l ____ --' 

Fig. 91 - High speed paper tape raader circuit. 

Motor Speed Control Circuits 

These controls may be of the open loop type, where light just provides a no-contact, non-wearing 
circuit input from a person or machine which monitors the output of the motor, or a closed loop type, 
where the light monitors motor speed as a tachometer and maintains a fixed, selected, speed over a range 
of load and line conditions. 

Closed loop, tachometer feedback control systems utilizing the H21Al and a chopper disc, 
provide superior speed regulation when the dynamic characteristics of the motor system and the 
feedback system are matched to provide stability. The tachometer feedback systems illustrated in 
Figure 92 were designed around specific motor/load combinations and may require modification to 
prevent hunting or oscillation with other combinations. This dc motor control utilizes the optachometer 
circuit previously shown to control a P.U.T. pulse generator which drives the D44El darlington 
transistor which powers the motor. 
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DC 
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Tachometer Section Adjust 80 Error Sensing Pu lsa Generator Section 

Fig. 92 - DC motor, tachometer feedback, PWM, speed control. 

The ac motor control in Figure 93 illustrates feedback speed regulation of a standard ac induction 
motor, a function difficult to accomplish otherwise:; than with a costly, generator type, precision 
tachometer. When the apertured disc attached to the motor shaft allows the light beam to cross the 

(411 N5060 IN5060 

112 Hl1C4 (4)IN5060 

RI 

SPEED 10K 
ADJUST 
GAIN 

o.II'F 
12V 

IK 10K 250K 

Fig. 93 - Closed loop ac motor speed control with optical tachometer. 
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interupter module, the programmable unijunction transistor, QI' dischargesc~pacitor, CI, into the 
much larger storage capacitor, C2. The voltage on C2 is a direct function of the rotational speed of the 
motor. Subsequently, this speed-related potential is compared against an adjustable reference voltage, 
VI' through the monolithic operational amplifier, AI' whose output, in turn, establishes a dc control 
input to the second P.U.T. (Q2)' This latter device is synchronized to the ac supply frequency and 
furnishes trigger pulses in conventional manner to the triac at a phase angle determined by the speed 
control, RI, and by the actual speed of the motor. 

Long Range Object Detector 

When long ranges must be worked with IRED light sources, and when high system reliability is 
required, pulsed mode operation of the IRED is required. Additional reliability of operation is attained 
by synchronously detecting the photodetector current, as this circuit does. PC.-l is an IRED and 
phototransistor pair which detect the presence of an object blocking the transmission of light from the 

4.5 TO 6.5VOC 
22 

I ff, 470 39K 

~IO"'F 

029E2 

1 
\ , 
~-

/ 

1/2 HIIA5 300 0.05 2N5249 

r , 
I ~ \ 
\ 1.3K 22 ~ J , / 

1/2 PC-I 1/2 PC·-I 

':' 

PC-1 SELECTION TRANSIIiIISSION RANGE REFLECTIVE RANGE 

H23A1 5" 1" 

LED56 and L 14Q1 12" 3" 

LED56 and L 14G 1 IS" 4'h" 

LED55Cand L 14G1 32" S" 

1N6266 and L 14G3 4S" 12" 

F5D1 andL14G3 SO" 20" 

F5D1 and L 14P2 200" 50' 

Fig. 94 - Long range object detector. 

IRED to the phototransistor. Relatively long distance transmission is obtaiaed by pulsing the IRED, 
with about lOJLsec pulses, at a 2msec period, to 350mA via the 2N6027 oscillator. The phototransistor 
current is amplified by the 2N5249 and 2N5356 amplifier to further increase distance and allows use of 
the HllA~, also pulsed by the 2N6027, as a synchronous detector, providing a failsafe, noise immune 
signal to the 2N5249 pair forming a Schmitt trigger output. 

This design was built for battery operation, with long battery life a primary consideration. lWte 
that another stage of amplification driving the IRED can boost the range by 5 to 10 times, limited by the 
IRED V p, and a higher supply voltage for the IRED can double this. 
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Transmitting Information With Light 

Transmission of electronic information over a light beam is the major use of optoelectronics today. 
These applications range from the use of optocouplers transmitting information between Ie logic 
circuits and power circuits, between power lines and signal circuits, between telephone lines and control 
circuitry, to the pulse modulated systems which transmit information through air or fiber optics over 
relatively great distances. 

Analog Information 

The circuits illustrated here are designed to transmit analog, i.e., linear signals, optoelectroni
cally. In this section the trade-offs between communication distance, fidelity, noise immunity and other 
design constraints are illustrated by example in an attempt to provide an understanding of this 
technology. Simple voice transmission systems can be made using infrared light through air as the signal 
path. Power dissipation in the IRED limits the ultimate capability of this type of system for distance and 
modulation frequency, due to the trade-off of power dissipation, pulse width and pulse frequency. In 
applications where transmission of information without electromagnetic interference is imperative, a 
relatively low cost system can be built around an IRED, a phototransistor, and low cost glass fiber 
optics, which can provide transmission over distances greater than lkm, or at rates over 100KHz using 
low cost driving circuitry. Higher frequency systems for long distance operation require pulse 
generators capable of generating short «200nsec), high current pulses with leading edge overshoot, 
adding considerably to system expense, and heat sinking of the IRED. Laser diode systems provide 
higher performance at higher cost, and telecommunications fiber optic transmission systems provide an 
example of the practical limits of this technology. Using the low cost G.E. IRED's and detectors, 
frequency modulation and pulse data transmission are compatible with moderate frequency systems. 
The GE Solid State GaAIAs and GaAs IREDs are very efficient and have excellent stability due to the 
liquid epitaxial processing, which also defines its switching parameters and speed of response. This 
response time varies from about 100 to 500nsec, depending on bias level, and indicates that, for a given 
IRED power dissipation, and frequency of oper.ation, there is an optimum input pulse width which will 
maximize pulse power output and, thereby, range of transmission. For the system illustrated in the next 
application, this was determined to be about 500nsec, although power output was within 10% of the 
maximized value for widths from 170nsec to over 1 J.tsec. This was determined by monitoring the power 
output with a photo cell connected phototransistor (the photo response with a low value load resistor is 
about an order of magnitude faster than the IRED) as the pulse width to the IRED is changed, 
maintaining other system parameters constant. Peak power input for the desired maximum power 
dissipation can be calculated for each pulse width and multiplied by the normalized peak power out and 
efficiency, at that pulse width and input power, respectively, to obtain a set of values of peak available 
power out, as a function of pulse width, at the frequency, wave shape and average power dissipation 
desired. Plotting the set of values produced the curve shown in Figure 95, which allowed analytical 
system optimization. It should be noted that peak light output occurred 50 to 100nsec after peak input 
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Fig. 95 - Peak light output expected (or P"", = .25W, ( = 80kHz operation. 

current was reached, and the IRED continued to emit light for l/Lsec after the input current pulse had 
decreased to negligible levels, which places a peak repetition rate and peak envelope power 
optimization constraint on designs over 500KHz. To minimize tum on and tum off times of these 
IRED's, about 1I2nC of charge, per rnA forward current, must be injected at tum on and removed at tum 
off. This, and the compatibility of the beam with focusing systems, is why most high frequency systems 
are designed around the expensive, relatively short lived, GaAs laser diode. 

A relatively simple FM (PRM) optical transmitter was designed around a programmable 
unijunction transistor (PUT) pulse generator using this information. The basic circuit can be operated at 
80KHz and is limited by the PUT -capacitor combination, as higher frequency demands smaller 
capacitance, which provides less peak output. As illustrated, 60KHz is the maximum modulation 
frequency. Pulse repetition rate is relatively insensitive to temperature and power supply voltage and is 
a linear function of YIN, the modulating voltage. Tested with the receiver illustrated below, useful 
information transfer was obtained in free air ranges of 12 feet ("'" 4m). Lenses or reflectors at the 
light emitter and detector increases range and minimizes stray light noise effects. Greater range can also 
be obtained by using a higher power output IRED such as the F5Dl in combination with the L14P2 
phototransistor. Average power consumption of the transmitter circuit is less than 3 watts. 
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Fig. 96 - 50kHz center frequency FM optical transmitter. 

For maximum range, the receiver must be designed in the same manner as a radio receiver front 
end, since the received signals will be similar in both frequency component and in amplitude of the· 
photodiode current. The major constraint on the receiver performance is signal to noise ratio, followed 
by e.m. shielding, stability, bias points, parts layout, etc. These become significant details in the final 
design. This receiver circuit consists of a L14G2 detector, two stages of gain, and a FM demodulator 
(which is the tachometer circuit, previously illustrated, modified to operate up to 100KHz). Note that 

15K 

4.7K 390pF 

lOOK 

IOOpF 

2N5249 

4.7K 

~-T-+----~------------~---+;_------~~--~----+--O-2aVDc 
AMPLIFIER DEMODULATOR 

Fig. 97 - Receiver for 50kHz FM optical transmitter. 

better sensitivity can be obtained using more stages of stabilized gain with AGe, which lower cost and 
sensitivity may be obtained by using an H23Al emitter-detector pair and/or by eliminating amplifier 
stages. For some applications, additional filtering of the output voltage may be desired. 

Fiber optics are extensively used for information transfer, especially at high frequency for wide 
band width. Often there is a requirement for a low frequency, low cost information transmission link 
where the isolation, noise immunity and safety features of fiber optics are advantageous. The GFOD/E 
series makes such links possible. 

Many information transfer systems require a two-way flow of information. Although a full duplex 
system can be implemented in fiber optics, it normally requires two fiber transmitter-receiver sets. 
Many system needs can be fulfilled by a half-duplex system, in which information can flow in both 
directions, but only one direction at any given time. The conventional method of building a half-duplex 
link requires a separate emitter and detector, connected with directional couplers, at each end of the 
fiber.'!'he GFOEIA series of infrared emitting diodes are highly efficient, long lived emitters, which 
are also sensitive to the 940nm infrared they produce. Biased as a photodiode they exhibit a sensitivity 
of about 30nA per u W irradiation at 940nm. In a suitable bias and switching logic network they form the 
basis of a half-duplex information link. A half-duplex link illustrating emitter-detector operation ofthe 
GFOEIAI is shown in Figure 91f. This schematic represents a full, general purpose system, 
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including: approximately 50db compliance range with I V RMS output; passive receive, transmit 
priority (voice-activated) switching logic; 100Hz to 50kHz frequency response; and does not require 
exotic (expensive) components or hardware. The system is simple, inexpensive, and can be upgraded to 
provide more capability through use of higher gain band-width amplifier stages. Conversely, 
performance and cost may be lowered simply by removing undesired features. 
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Fig. 98 - Half duplex information link. 
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Circuit operation IS easily understood by following the signal through the three portions of the 
circuit. hoth AGC (automatic gain control) circuits utilize the HIIF bilateral analog FET opfoisolator's 
variable resistance characteristic to attenuate the signal or modify the feedback path to provide AGC. In 
these circuits the peak value of the output signal is compared to the V BE(on) of a transistor-signal peaks 
which exceed V BE(on) tum the transistor on. Collector current of the transistor is capacitively filtered and 
supplies current to the IRED of the HIIF. This lowers the resistance ofthe analog FET detector, which 
controls the signal level. In the transmitter, the signal enters via a 47K-HIIF AGC attenuator network 
and passes through two stages of bipolar transistor amplification. The GFOEIAI bias current from the 
output ofthe transistor is about 50mA dc modulated by approximately 80inA peak-to-peak ac for input 
signals within the compliance of the AGC network (about 10m V RMS to over 2V RMS). IRED bias is 
normally off until an input signal to the transmitter reaches AGC levels through the VOX control logic 
which clamps the traJ:lsmitter output transistor off. The AGC si~,nallevel provides pulses of current to 
the VOX logic which are amplified, filtered and turns off both the clamp on the output transistor 
(activating the transmitter) and the switch that allows GFOEIAI photodiode current to flow into the 
receiver (disabling the receiver). The receiver consists of the VOX controlled HI IF bilateral analog 
FET switch, a transimpedance amplifier stage with AGC control of the gain and a voltage amplifier with 
a fixed gain of 30db. Note the forward dc bias on the GFOEIA provided by the trans impedance 
amplifier must be below V p, yet provide ac signal swings. This receiver gives a reasonable compromise 
between gain-bandwidth and complexity. It reqr :res 22 components (including op-amp and capacitors) 
to provide 2.5V p-p output signal for infrared outputs ranging from about l/LW to over 200/LW. 

Linear AC Analog Coupler All methods of transmitting D.C. analog information via optical 
isolation have challenging limitations. Analog A.C. signal isolation with high linearity is much easier. 
Although I.C. output couplers are advertised for this function, a very simple bias circuit allows the 

PARAMETER I.C. SPECIFICATION 4N35 DATA UNITS 

Supply Current 2';; Is';; 10 I';; Is';; 3 rnA 

Gain ;;. 100 ;;'200 mV/mA 

Voltage Swing 4 5 Volts 

Distortion 5 0.3 % 
Step Response J.. 6 f.lsec 
Bandwidth ;;. 100 120 KHz 
D.C. Output 0.2';;VO';;6 I';;VO ';;6 Volts 

Fig. 99 - Linear A. C. coupler. PERFORMANCE COMPARISON: I.C. COUPLER TO 4N35 

4N35 transistor output optocoupler to better the I.C. performance at much lower cost. The circuit is 
illustrated in Figure 99. Operation is as follows: with the coupler biased in the linear region by the 
lOrnA dc bias on the IRED and the voltage divider on the phototransistor base, photodiode current flows 
out of the base into the voltage divider, producing an ac voltage proportional to the ac current in the 
IRED. The transistpr is biased as an emitter follower and requires less than 10% of the photodiode 
current to produce the low impedance ac output across the emitter resistor. Note that the HIIAVI may 
be substituted for the 4N35 to provide VDE line voltage rated isolation of less than O.5pF. 

Linear PRM Analog Coupler -A minimum parts count version of this system also provides 
isolated, linear signal transfer useful at shorter distances or with an optocoupler for linear information 
transfer. Although the ohtput is low level and cannot be loaded significantly without harming accuracy, 
a single I. C. operational or instrumentation amplifier can supply both the linear gain and buffering for 
use with a variety ofloads. 
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Fig. 100 - Minimum parts count linear PRM isolation cIrcuit. 

DC Linear Coupler .,.... The accuracy of direct linear coupling of analog current signals via an 
optocoupler is determined by the coupler linearity and its temperature coefficient. Use of an additional 
coupler for feedback can provide linearity only if the two couplers are perfectly matched and identically 
biased. These are not practical constraints in most equipment designs and indicate the need for a 
different design approach. One of the most successful solutions to this problem can be illustrated by 
using an H23 ernitter-detector pair and an Ll4H4, as illustrated in Figure 101. The H23 detector and 
L14H are placed so both are illuminated by the H23 IRED emitter. Ideally, the circuit is mechanically 
designed such that the H23 emitter may be positioned to provide V OUT = 2. 8V when V IN = 0, thereby 

+svo-------.... --...., 1/2 

V'N 
(-SSV'NSS ) 

Input 

~~'2'_ 

Fig. 101 - Linear optical coupler circuit. 
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IK VOUT "2.B+0.3V'N 
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·Closely positioned to Illuminate L14Q1 end H23A1 Detector, such that VOUT E!!: 2.8V at VIN = O. 

insuring collector current matching in the detectors. Then all three devices are locked in position 
relative to each other. Otherwise, R may be adjusted to provide the proper null level, although 
temperature tracking should prove worse when R is adjusted. Note that the input bias is dependent on 
power supply voltage, although the output is relatively independent of supply variations. Testing 
indicated linearity was better than could be resolved, due to alignment motion caused by using plastic 
tape to lock positions. The concept of feedback control of IRED power output is useful for both 
information transmission and sensing circuitry. 
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Digital Information 

The circuits illustrated here are used to transmit information in the form of switch states, i.e., on 
and off (or zero and one states). Most of these circuits are designed to interface with commercial 
integrated circuit logic by receiving and/or providing signal for the logic circuit. Due to switching 
,peeds of both emitters and detectors, no optocoupler can provide true speed compatability with only the 
slowest logic families. For this reason, the logic compatibility ofthese circuits is level compatibility at 
worst case conditions, i.e., zeros and ones will meet the I.C. specified levels over the ranges of 
conditions specified. 

TTL - This is the most common logic family, has the most functions available, and is the basis 
for the IEEE digital interface standard for programmable instruments. There is also a wide variety of 
standard types of TTL (i.e. high speed, Schottky, LSI, etc.) each of which has different logic level or 
logic level conditions (primarily source and sink currents) each of which can place different 
requirements on an optocoupler required to interface with it. To simplify some problems of interfacing 
TTL logic with optocouplers, GE surveyed the specifications of SSI devices (single function devices, 
i. e., .. or" gates, flip-flops, etc.) and has specified a series of photo transistor and photoSCR couplers to 
be level compatible with the common 7400, 74HOO and 74S00 series TTL over the range of gate 
parameters, power supply and temperature variations specified. These couplers are designated the H74 
series and, are very cost effective. They are specified with specific values of 5 % tolerance bias resistors 
in a defined configuration. This eliminates any chance of misapplication or circuit malfunction. The 
circuits and logic truth table in Figures 102 and 103 illustrate application of this series of couplers. 
Noise margin considerations are minimized with these couplers since the slow switching speeds of the 
optocoupler do not allow reaction to the high speed hash that is provided for by noise margins. 

TEST CONDITIONS LIMITS 

PARAMETER Vee liN ISINK Min. Max. Units 
Min. Max. Min. Max. Min. Max. 

VOUT(I) 4.SV .Q.4mA 2.4 Volts 

VOUT (0) 4.SV 12.0mA 0.4 Volts 

VIN(I) S.SV 1.0mA 2.0 Volts - , 

VIN(O) S.5V -1.6mA 0.8 Volts 

Fig. 102 - Characteristics requirad of TTL gates which are to be interfaced by H74 series, 

VDC I: 5 ± .5V 
390t5% 

" ~ \ 
~ J 

/ 0.1 

56KQ NC 

J..OGIC TO POWER COUPLING H74 BIAS CIRCUIT LOGIC TO LOGIC COUPLERS H74A1 BIAS CIRCUIT 

Fig, 103 - H74 series TTL logic coupling. 

For higher speed applications, up to ImHz NRZ, the Schmitt trigger output HIlL series 
optoisolatorprovides many other attractive features. The 1.6mA drive current allows fan-in cirCuitry to 
drive the IRED, while the 5Volt, 2700 sink capability and 100nsec transition times of the output add to 
the logic coupling flexibility. 

_______________________________________ ~----~--------------121 

III 



Optoelectrqnic Circuits _-.-______________________ -.... __ 

Low power TTL, low power Schottky clamped TTL, MSI TTL and SI TTL circuits will not 
generally proyide1the current sinking capability indicated in the H74 bias chart. The H74 series 
optocoupler call, still provide the me!\ns of using a general purpose circuit that will interface with all 
these types and between all the types. A simple stage of transistor amplification as an output buffer 
allowst,pe low current ,sink capability (down to lOOItA) to drive the IRED. The logic sense is not 
cpanged. Logic zero out provides current to the IRED which activates the output of the optocoupler. 

+5V 

Fig. 104 - IRED drive from low power, MSI and LSI TTL. 

High threshold versions of TTL (HNIL, etc.) can normally be used without buffering by increasing the 
bias resistor v~lues to keep worst case currents within the TTL range at the higher supply voltages used 
with these logi~ circuits. 

CMOS --.,. Like all low power (bipolar and MOS) logic, CMOS inputs are easily driven by 
optocoupler outputs. Although some couplers are advertised by CMOS output compatible, careful 
examination reveals the CMOS gate must be capable of sinking/sourcing several hundred microamps to 
drive the light source. As standard CMOS logic operates down to 3V supply voltages and is specified as 
low as 30uA maximum current sinking/sourcing capability, it is again necessary to use a buffer 
transistor to provide the required current to the IRED if CMOS is to drive the optocoupler. As in the case 
of the low output TTL families, the H74A output can drive a multiplicity of CMOS gate inputs or a 
standard TTL input given the proper bias of the IRED. The optocoupler driving circuit is illustr!lted in 
Figure 105. When tlIe HllLl is used, a lower gain transistor such as the 2N4256 can be used with a lk 
ohm resistor. 

+~--~------------~ 
LOGIC 
POWER 
SUPPLY 

150 
5% 

Fig. 105 - General purpose CMOS IRED bias circuit. 
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Note the logic sense is changed, i.e., a one logic state drives the IRED on. This circuit will provide 
worst case drive criteria to the IRED for logic supply voltages from 3V to lOV, although lower power 
dissipation can be obtained by using higher value resistors for high supply voltages. If this is desired, 
remember the worst case drive must be supplied to the IRED with minimum supply voltage, minimum 
temperature and maximum resistor tolerances, gate saturation resistance and transistor saturation 
voltages applied. For the H74 devices, minimum IRED current at worst case conditions (zero logic state 
output of the driving gate) is 6.5mA, while the HIIL1 is 1.6mA. 

PMOS and NMOS - These logic families have current source and sink capabilities similar to the 
previously mentioned CMOS worst case. Normal logic supply voltages range from 6V to 30V at these 
drive levels and bias circuitry design must account for this. NMOS provides higher current sinking than 
sourcing capability, while PMOS is normally the opposite. As these logic families are found in a wide 
variety of custom and standard configurations (from calculators to micro' computers to music 
synthesizers, etc.), a generalized optocoupler bias circuit is impossible to define. The form ofthe circuit 
will be similar to the low output TTL circuit for NMOS and similar to the CMOS circuit for PMOS. 
Bias resistor constraints are as previously mentioned. 

Telecommunications Circuits 

The largest information transmitting system is the United States telephone system, many functions 
of which could benefit from application of optocouplers. This section will document a few of these 
applications, although it should be noted that very detailed knowledge of the particular telephone 
system and its interaction with the optocoupler circuit is required to ensure proper circuit operation and 
prevent damage to the phone system. 

Ring Detectors - These circuits are designed to detect the 20Hz, "" 86V rms ring signal on 
telephone lines and initiate action in an electrically isolated circuit. Typical applications would include 
automatic answering equipment, interconnect/interface and key systems. The circuits illustrated in 
Figures 106-108 are "bare bones" circuits designed to illustrate concepts. They may not eliminate the 

86VRMS 
20Hz 

HIIAAI 
.... , 

V~-'I------<> -- '"lmA 

~~I 
~~2~70""""" 

10M 

Fig. 106 - Simple ring detector circuit. 

ac/dc ring differentiation, 60Hz noise rejection, dial tap rejection and other effects that must be 
considered in field application. The first ring detector is the simplest and provides about a ImA signal 
for a 7mA line loading for l/lOsec after the start of the ring signal. The time delay capacitor provides a 
degree of dial tap and click suppression, as well as filtering out the zero crossing of the 20Hz wave. 

This circuit provides the basis for a simple example, a ring extender that operates lamps and 
buzzers from the 120V, 60Hz power line while maintaining positive isolation between the telephone 
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line and the power line. Use of the isolated tab triac simplifies heat sinking by removing the constraint of 
isolating the triac heat sink from the chassis. 

124 

0.68 

<>-----1 

TELEPHONE 
LINES 

3.6K 

HIIAAI 

2.2K 

SCI42B 

/ 270 
-~ 

10M 75 

033022 

+ 
5VOC 

Maximum Load: 500 W Lamp or SOD W Inductive or Resistive 

Fig. 107 - Remote ring extender switch. 

0.1 

~~~~~~--~ 

7151< 

Fig. 108 - Low line loading ring detector. 

47 

0.1 

120VAC 
POWER 

LINE 

Lower line current loading is required in many ring detector applications. This can be provided by 
using the HIIBXS22 photodarlington optocoupler, which is specified to provide a ImA output from a 
O.SmA input through the -2SoC to + SO°C temperature range. The following circuit allows ring 
detection down to a 40V RMS ring signal while providing 60Hz rejection to about 20V RMS. Zero 
crossing filtering may be accomplished either at the input bridge rectifier or at the output, similar to the 
method employed with the HIIAAI illustrated earlier. Dependable ring detection demands that the 
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TELEPHONE 
LINE 

_J 10K 
t---."lI----''VV'v--. 

O.lpF 

01230H 
(4PL.l 

Fig. 109 - Ring detector using HII L 1. 

circuit respond only to ring signals, rejecting spurious noise of similar amplitude, such as dialing 
transients. The configuration shown in Figure 109 relies on the fact that ring signals are composed of 
continuous frequency bursts, whereas dialing transients are much lower in repetition rate. The DC 
bridge-filtercombiiIation at the HIlL input has a time constant such that it cannot react to widely spaced 
dialing transients, but will detect the presence of relatively long duration bursts, causing the HIlL to 
activate the downstream interconnect circuits at a precisely defined threshold. 

Line Current Detection - Detection ofline current flow and indicating the flow to an electrically 
remote point is required in line status monitoring at a variety of points in the telephone system and 
auxiliary systems. The line should be minimally unbalanced or loaded by the monitor circuit, and 
relatively high levels of 60Hz induced voltages must be ignored. The HIIAAI allows line currents of 
either polarity to be sensed without discrimination and will ignore noise up to approximately 2.5mA. 

________________________________________________________________ 125 

.. 



Optoelectronic Circuits _________________________ _ 

I 
I 

LINE CURRENT -10mA 

! H i HIIAAI 

10M~,/ 
U-t t o.5mA 

Fig. 110 - Polarity insensitive line current detector. 

In applications where greater noise immunity or a polarity sensitive line current detection is 
required, the HllAIO threshold coupler may be used. This phototransistor coupler is specified to 
provide a minimum 10% current transfer ratio at a defined input current while having less than 50l'A 
leakage at half that input current - over the full-55°C to + 1000C temperature range. The input current 
range at which the coupler is "on" is programmable by a single resistor from 5mA to lOrnA. Figure 
111 illustrates a line current detector which indicates the polarity of line currents over lOrnA while 

/- ...... , " \ : ... I 
I 

150:1:5% -RENT LINE CUR 

1',-, 
HIIAIO: I 

I I ... \ 

2.7M 

/ 

I 
I 
I 
I 
I 

2.7M 

... 

• ~lmA 
I FOR POSITIVE 

LINE CURRENT 
OVER IOmA 

I 
I 
I 
iHllAIO 

I 
I 
I 
I 

I 

t~lmA 
FOR NEGATIVE 
LINE CURRENT 
OVER IOmA 

Fig. 111 - Polarity Indicating line current detector. 

ignoring line currents of less than 5mA. This circuit will maintain these margins over a -55°C to 
+ 1000C temperature range. At slightly more cost, the HI ILl may be used in this circuit to provide 
tighter threshold limits, hysterisis and digital output. 

Indicator Lamp Driver - A simple "solid state relay" circuit provides a simple method of 
driving the lOY ac telephone indicator lamps from logic circuitry while maintaining complete isolation 
between the lOY line and the logic circuit. 
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390 
+0--""'1<--, 

/ 
3V MIN I 
LOGIC \ 
SIGNAL , , 

DT230F 

HIIBI 

Fig. 112 - Isolated, logic controlled, indicator lamp switch. 

Dial Pulse Indicator - A dial pulse indicator senses the switching on and off of the 48V dc line 
voltage and transmits the pulses to logic circuitry. A HIIAlO threshold coupler, with capacitor 
filtering, gives a simple circuit which can provide dial pulse indication yet reject high levels of induced 
60Hz noise. The DH0805 provides reverse bias protection for the LED during transient over-voltage 
situations. The capacitive filtering removes less than lOmsec of the leading edge of a 40V dial pulse, 
while providing rejection of up to 25V RMS at 60 Hz. 

TEL! 
L 

3.31< DHO 
805 ,-

PHONE 
25,.F,,, 150 ~~ ( " IHE 

\ .... 

OUTPUT 
--------- +-

~eJ:J') 51~~ 
----- - - PULSE 

HIIAIO 

2.7M 

Fig. 113 - Dial pulse indicator. 

Digital Data Line Receiver - When digital data is transmitted over long lines (2: 1 meter) proper 
transfer is often disturbed by the parasitic effects of ground level shifts and ground loops, as well as by 
extraneous noise picked up along the way. An optocoupler such as the HIlL, combining galvanic 
isolation to minimize ground loop currents and their concomitant common mode voltages, with 
predictable switching levels to enhance noise immunity, can significantly reduce erratic behavior. 
Resistor Rs is programmed for the desired switching threshold, Cs is an (optional) speed-up capacitor, 
and CRt is an LED used as a simple diode to provide perfect line balance and a discharge path for Cs if the 
speed-up capacitor is used. 

CRI 
LII'f£ ~ 

F5F1 

Fig. 114 - Digital data line receiver. 
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OPTOISOLATOR SWITCHING CIRCUITS 

The bilateral analog FET optocoupler can also be utilized as an isolated control analog switch, and 
will be illustrated in the next few examples. A series-parallel combination of the optocouplers can be 
utilized as an analog commutator. A FET high input impedance op-amp connected as a unity-gain 
follower is normally used as a buffer between the signal source and the load. The switch circuit can be 
viewed as part of a combination of two series-connected variable resistors in parallel with the input 
signal source. The input to the op-amp forms an equivalent voltage-divider network. If Ron = 3KD and 
Roff = 300MD, the variation of the voltage dividing ratio is from 0.00001 to 0.99999 which implies the 
error due to the opto-bilateral switches is about 0.001 % . Because the switching speed of the optocoupler 
bilateral switch (0% and 100% signal levels) is less than 50,.,.sec, this analog commutator works 
accurately for repetition rates below 20KHz. For a 200m V dc input signal, the analog commutator has a 
rise time (0% to 99%) of about 5,.,.sec and a fall time (99% to 0%) of about 4,.,.sec. The rise time 
(acquisition time, TA) and fall time (recovery time, T0 ofthe commutator with a source impedance of 
3MD is also a function of input voltage. For a specific input voltage, the inverse of (TA + T0 will 
determine the upper limit of the operating frequency range of the commutator, and approaches 50KHz at 
high input voltages. This technique allows a four-channel analog multiplexer to be constructed by 
adding three more input and control channels. 

COMMUTATION 

CONfoL 

+5V 
HIIFI 

SL 

(a) Schematic. 

IIOUT 

O'--....":.INc:P..JUT~V-::'OL-:T"'A-::'GE::-..... e--'-- VOLT 

(b) Switching Time. 

H~lmIUl_-.....IIIVIIWVlII-----_4U\IVUlIIIH output 

control 

2v 200jlS 

Fig. 115 - Analog commutator circuit. 

The multiplexer allows selection of any of the four signal sources via the address selection and 
enable pulse. Switching transients have been observed during the transition of the control signal. These 
transients (about 500nSec) are much shorter than the acquisition time and recovery time (several 
micro-seconds), and do not affect the operation of the multiplexer. To illustrate the operation of the 
mUltiplexer, four different waveforms are fed into four input channels, then sequentially multiplexed. 
Different dc offset voltages are applied to each channel so that the signal associated with each channel 
can be clearly identified in the output waveform, as illustrated. The cross-talk between adjacent 
channels at various frequencies has been al\alyzed, and degrades about 20db per decade as frequency 
increases. With a 100kHz input signal, the adjacent channel rejection is about 62db, increasing to 100 
db at 1kHz. This figure can be further reduced with careful circuit layout. 
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100)lS 

Output Waveforms for 
Sequential Address. 

+'Y 

, n ENABLE PULSE 
COM. ('YI 

Fig. 116 - Four channel multiplexer. 

Optically coupled isolators can replace transformers in a zero-voltage detector for synchronizing 
the firing of a thyristor in three-phase control applications. The optoisolators eliminate the need for a 
low-pass filter, required in standard detectors for eliminating spurious zero-crossings caused by the 
thyristor's switching transients. They provide high-voltage isolation and much lower capacitive 
coupling to the circuit than a standard transformer, approximating the coupling of double-shielded 
types. 

The IRED's in the HIIAAI optoisolator are inserted in each of three legs of a delta network. 
During most of the cycle, all phototransistors are on. At times when the voltage between any two 
lines is within about 15V of zero, however, no current will flow through the IRED's connected across 
those lines. Therefore its corresponding phototransistor will be off, causing pin 2 of the 74LS221 
one-shot to change states and a phase-identification pulse (P) to be generated twice every cycle. 

12OV/208Y 
60Hz 

'Y 

IOKA 

OPTOISOLATORS: HIIAAI 

Fig. 117 - Three phase line synchronizer. 

Z 360Hz ZERO 
_ VOLTAGE 
Z PULSES 

P PHASE 
J5 IDENTIFICATION 

In the case illustrated, the phototransistors are wired so that a pulse will be generated at the output 
each time the input voltage, as measured across <P. and <Ph' passes through zero. Note that the one-shot 
should be adjusted so that the trailing edge of the output pulse corresponds to the actual zero-crossing 
point. 
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Identification pulses are also generated for all three phases collectively and these can be accessed, 
if required, at the zero-voltage pulse output (Z). These pulses occur three times as often as P. 

Because at least one IRED is conducting at anyone time, no transient will normally be generated, 
so no low-pass filter is needed. Fjlrthermore, the phototransistor's response of a few microseconds acts 
to suppress any transients that might occur near the zero-voltage points, thereby increasing the circuit's 
noise immunity. 

POWER CONTRO~ CIRCUITS 

The evolution of the optoelectronic coupler has made it practical to design a completely solid state 
relay. A solid statt: relay can perform not only the same functions as the original electro-mechanical 
relay, but can also provide solid state reliability, zero voltage switching and, most importantly, a direct 
interface between integ,ated clrcuit lo~ic and power line. 

Solid State Relays (AC Output Modules) 

A zero voltage switching design for ac solid state relays meets all the above criteria and is a 
combination offourindividual functions. It consists first of an input circuit. The input terminals ofthis 
part of the relay are analogous to the coil of an EMR (t:lectromechanical relay). It is effectively a 
resistive network and can be designed to accept a large range of input values. Circuits are designed to 
accept either digital or analog signals and to limit input current' requirements to enable direct interfacing 
to logic circuits. The second part of a solid state relay consists of an isolation function performed by an 
optocoupler. A coupler provides , by means of a dielectric medium, an isolation path to transfer the input 
signal information to a third functiOli'; which is the zero voltage switching network. The ZVS network 
monitors the line voltage and controls the fourth (power) function, selecting the "on" or "off" state. 

UT INP 
TERM INALS 

ISOLATION 

INPUT t~< 
ZERO 

POWER VOLTAGE 
SWITCH OUTPUT 

OUTP UT 
NALS TERMI 

1-1.---- "COIL" ------<·+I·o---------OOCONTACTs OO -----..j·1 
Fig. 118 - Solid state relaY,block diagram. 

A reliable solid state relay design incorporates the correct choice of components and a careful 
consideration of the system to be interfaced. There are a variety of circuit configurations that are 
possible, each with its own adv~ntages and disadvantages. 

Input (Coil) Circuits - The first design consideration is the relay input (or coil) characteristics. It 
can be a simple current limiting resistor (== 3300 for TTL) in series with a light emitting diode, or it can 
be as complex as a Schmitt trigger circuit exhibiting hysteresis characteristics. 

The input circuit ~hould be designed around the available input signal. When working with logic 
signals, consider the complete capabilities of the gate output. A logic gate can operate in both the 
sinking or sourcing mode. Some MOS (or CMOS) circuits supply only about 20!-,a, while TTL gates can 
offer up to 50ma in the sink mode and -1. 6ma in the source mode. These are the input currents available 
to drive the solid state relay. In most circuits, the relays IRED will require 0.5mA to 20 rnA of drive 
current at a minimum voltage of 1.5V (the drop across the diode) in order to achieve workable output 
currents in the detector device. The low level MOS logic signals normally indicate the need to use 
transistor buffer (or signal amplification) stages in the input circuit. 
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CMOS PMOS OPEN COLLECTOR 
TTL OR DTL 

Vee 

Fig. 119 - Connection of transistor buffers to logic circuits. 

Generally, direct TTL connection to the optocoupler using SSI gates of the 54174, 54H174H and 
54S174S logic families, which guarantee Vo (0) (maximum) ofO.4V sinking ~ 12mA, is made with the 
IRED "on" for a logic zero. For CMOS circuits the logic" I" output is the best means of operation, 
using an NPN transistor buffer. The buffer circuit in Figure 120 illustrates the advantage of the low 
saturation voltage, high gain, GE transistor D38S. 

+5V 

330 
OPTO 
COUPLER 

Fig. 1208 - Direct connection 

of TTL '0'" 7mA. 

+5 TO 20V 

330 
OPTO 
COUPLER 

2N5249 

Fig. 120b - NPN buffered CMOS 
connection '0'" 7mA. 

In the case where analog signals are being used as the logic control, hysteresis, via a Schmitt 
trigger input, similar to the one in Figure 121, can be used to prevent "chatter" or half wave, power 
output. Circuit operation is as follows: at low input voltages Q, is biased in the off state. Q2 conducts and 
biases Q3 and, thereby, the IRED off. When the base ofQ, reaches the biasing voltage ofO.6V-plus the 
drop across RD, Q, turns on. Q3 is then supplied base drive, and the solid state relay input will be 
activated. The combination of Q3 and Q4 acts as a constant current source to the IRED. In order to 
trim-off Q3 base drive must be reduced to pull it out of saturation. Because Q2 is in the off-state as sig
nal is reduced, Q, will now stay "on" to a base bias voltage lower by the change in the drop across RD' 
With these values, highest tum-off voltage is I.OV, while tum "on" will be at less than 4.IV supplied 
to the circuit. 
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Fig. 121 - Hysteresis input circuit. 

For ac or bi-polar input signals there are several possible connections. If only positive signals are 
to activate the relay, a diode (such as the A14) can be connected in parallel to protect the IRED from 
reverse voltage damage, since, its specified peak reverse voltage capability is approximately 3 volts. If 
ac signals are being used, or activation is to be polarity insensitive, a HIIAA coupler which contains 
two LED's in antiparaUel connection can be used. 

I: /--------G:--' . 6 
2 ! t *~ : 5 

30---+ I 4 
,"'---- _____ /1 

Fig. 122 - H11AA1 ac Input photon coupled isolator. 

F~r high~r input voltage designs, or for any easy means of converting a dc input relay to ac, a full 
wave dIode bndge can be used to bias the IRED. 

Isolation and Zero Voltage Switching Logic - Figure 123 presents two simple circuits providing 
zero voltage switching. These circuits can be used with full wave bridges or in antiparallel to provide 
full wave control and are normally used to trigger power thyristors. If an input signal is present during 
the time the ac voltage is between 0 to 7V, the SCR will tum-on. But, if the ac voltage has risen above 
this range and the input signal is then applied, the transistor, QI' will be biased to the "on" state and will 
hold the SCR and, consequently, the relay "off" until the next zero crossing. 

USING A TRANSISTOR OPTOCOUPLER 
27K 

r--""""---f"-o+V 
22 

330pF 

+V USING A SCR COUPLER 

68pF 

Fig. 123 - Normally open, two terminal, zero voltage switching half wave contact circuits. 
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The transistor circuit has excellent common mode noise rejection due to use of the HilA VI, which 
has under O.5pf isolation capacitance. The SCR coupler circuit can be modified to provide higher 
sensitivity to input signals as illustrated below. This allows the lower cost 4N39 (HllC3) to be used 
with the ~ 7mA drive currents supplied by the illustrated input circuits. 

+~~-----------~~ v 
1M 

1M 

82K 

INPUT 
22 -

~~l: 
DHD800 

Fig. 124 - High sensitivity, normally open, two terminal, zero 
voltage switching, half wave contact circuit. 

A normally closed contact circuit that provides zero voltage switching can also be designed around 
the 4N39 SCR optocoupler. The following circuit illustrates the method of modifying the normally open 
contact circuit by using the photoSCR to hold off the trigger SCR. 

+~~-..----, 
v CI038 

1M 39K 
INPUT 

DT230B 

lOOK 
22 

Fig. 125 - Normally closed, half wave ZVS 
contact circuit. 
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Integrated Solid State Relay Designs - A complete zero-voltage switch solid state relay contains 
an input circuit, an output circuit, and the power thyristor. The choice of specific circuits will depend on 
the designer's immediate needs. The circuit in Figure 126 can incorporate any of the previously 
described input and output circuits. It illustrates a triac power thyristor with snubber circuit and 
GE-MOV®II Varistor transient over-voltage protection. The 220 resistor shunts di/dt currents, passing 
through the bridge diode capacitances, from the triac gate, while the 1000 resistor limits surge and gate 
currents to safe levels. Although the circuits illustrated are for 120Vrms operation, relays that operate 
on 220V require higher voltage ratings on the MOV, rectifier diodes, triac and pilot SCR. The voltage 
divider that senses zero crossing must also be selected to minimize power dissipation in the transistor 
optoisolator circuit for 220V operation. 

+ 
". 

OPTO 
COUPLER 

INPUT ( ~ 
CIRCUIT \ --"V-+ 

INPUT 
TERMINALS 

" 

DT230H 

TRIAC TYPE MATCHED TO LOAD CURRENT REQUIREMENTS. SEE TABLE 17 AND 18. 

Fig. 126 - Zero voltage switching solid state relay. 

120V RMS 
100 AC VOLTAGE 

AND LOAD 
TERMINALS 

VI30LA20B 

Higher line voltage may be used if the diode, varistor, ZVS and power thyristor ratings are at 
eompatible levels. For applications beyond triac current ratings, anti parallel SCR' s may be triggered by 
the ZVS network, as illustrated below. 

DT230l' 

OPTO 

+ COUPLER ------ + 
". " INPUT I --"V-+ \ ZVS 

CIRCUIT \, --"V-+ J OUTPUT 

" 
I CIRCUIT 

------

R1. C1 AND SCR TYI'ES MATCHED TO LOAD REQUIREMENTS. 

Fig. 127 - Zero voltage switching, solid state relay with antiparallel SCR output. 

R1 

SCR2 120V RMS 
AC 

VOLTAGE 
AND 

LOAD 

Other solid state ZVS circuits are available. Figure 128 is effective for lamp and heater loads. 
Some circuits driving reactive loads require integral cycle, zero voltage switching, i.e., an identical 
number of positive and negative half cycles of voltage are applied to the load during a power period. The 
circuit in Figure 129, although not strictly a relay due to the three terminal power connection, performs 
the integral cycle ZVS function when interfaced with the previous coil circuits. 
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USING A SCR COUPLER 

lOOK 
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Fig. 128 - Normally closed contact ZVS relay circuit. 
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Fig. 129 - Normally closed integral cycle, zero voltage 
switching, contact circuit. 

________________________________________________________________ 135 

III 



Optoelectronic Circulls _________________ ....;.....,.... _______ _ 

As an aid in detennining the applicability of triacs to various jobs and in selection of the proper 
triac, a chart has been prepared giving the characteristics of common incandescent lamp and motor 
loads. These loads have high surge currents associated with them, which could complicate triac 
selection without this chart. 

TABLE 15: TYPICAL INCANDESCENT IN-RUSH CURRENT RATINGS 

THEORETICAL 
RATED AMPS. HOT/COLD PEAK IN·RUSH RATED 

WATTAGE VOLTS TYPE STEADY RESIST. (170Vpk) ILUMENS 
STATE RATIO /WATT) (Amps) 

25 120 Vacuum 0.21 13.5 4.05 10.6 
60 120 Gas Filled 0.50 13.0 9.70 14.0 

100 120 Gas Filled 0.83 14.3 17.3 17.5 
l00(proj) 120 Gas Filled 0.87 15.5 19.4 19.5 
200 120 Gas FiiIed 1.67 16.0 40.5 18.4 
300 120 Gas Filled 2.50 15.8 55.0 19.2 
500 120 Gas Filled 4.17 16.4 97.0 21.0 

1000 120 Gas Filled 8.3 16.9 198.0 23.3 
l000(proj) 120 Gas Fllied 8.7 18.0 221.0 28.0 

For240 volt lamps, wattage may be doubled. 

TABLE 16: FULL-LOAD MOTOR-RUNNING AND LOCKED ROTOR CURRENTS 
IN AMPERES CORRESPONDING TO VARIOUS AC HORSEPOWER RATINGS 

HEATING LIFE GENERAL TIME TO RATED ELECTRIC 90% HOURS TRIAC LUMENS 
(Sec.) AVERG. SELECTION 

.10 1000 SC141 

.10 1000 SC1411240 

.13 750 SC1411240 

.16 50 SC1411240 

.22 750 SCI46/245 

.27 1000 SC146/245 

.38 1000 SC250/260 

.67 1000 SC250/260 

.85 50 SC250/260 

110 - 120 VOLTS 220 - 240 VOLTS MTR. LOCK·RTR~ CURRENT AMPS. G.E. TRIAC· SELECTION 
HORSE-
POWER Single- Two- Three- Singl.· Two- Three· Single-Phase Two or Thre. Ph ... 120V Ph ... Phase Ph.se Ph.se Ph ... Ph ... 110-120 220-240 110-120 220-240 

1/10 3.0 - - 1.5 - - 18.0 9.0 - - SC141/240 
1/8 3.8 - - 1.9 - - 22.8 11.4 - - SC146/245 
1/6 4.4 - - 2.2 - - 26.4 13.2 - - SC146/245 

1/4 5.8 - - 2.9 - - 31.8 17.4 - - SC250 
1/3 7.2 - - 3.6 - - 43.2 21.6 - - SC260 
1/2 9.8 4.0 4.0 4.9 2.0 2.0 58.8 29.4 24 12 SC265 

* Assumes over-current protection has been built in to limit the duration of an locked-rotor condition. 
Source: Information for these charts was taken from National Electric Code, 1971 Edition. 

240V 

SC141/240 
SC141/240 
SCI41/240 

SC141/240 
SC146/245 
SC260 
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Other AC Relay Designs - The "contact" circuitry can be simplified when zero voltage 
switching is not required. Several methods of providing this function are illustrated in Figures 130 and 
131. Note that an SCR coupler in a bridge, using a high value of gate resistance connected directly 
across the ac line, can give commutating dv/dt and dv/dt triggering problems, which are not present in 
the ZVS circuits or at low voltages, and that not all these circuits are TTL drive compatible at the input. 

The lowest parts count version of a solid state relay is an optoisolator, the triac driver HIlI. 
Unfortunately, the ability of the HIlI to drive a load on a 60Hz line is severely limited by its power 
dissipation and the dynamic characteristics of the detector. These limit applications to 30-50mA 
resistive loads on 120Vac, and slightly higher values at lower voltages. 

HIIJI " .. -: (: t ~ -\ L..--.-.....J! 
,....... I ~~~~!~ 

/ + ____ 1..._~:""---4--------o 

Fig. 130 - Simple "solid state ae relay." 

This is compatible with neon lamp drive, pilot and indicator incandescent bulbs, low voltage 
control circuits, such as furnace and bell circuits (if dv/dt sufficient) - but less benign loads require a 
discrete triac. 

+5V 

270 100 

, 
~) 

100 

0.05 
200V 

SCI51B 

Fig. 131 - Minimum parts count isolated logic triggered triac. 

1 
120VAC 

1 

The HIIJ1 triac trigger optocoupler potentially allows a simple power switching circuit utilizing 
only the triac, a resistor and the optocoupler. This configuration will be sensitive to high values of dv I dt 
and noise on normal power line voltages, leading to the need for the configuration shown in Figure 131, 
where the triac snubber acts as a filter for line voltage to the optocoupler. As the snubber is not usually 
used for resistive loads, the cost effectiveness of the circuit is compromised somewhat. Even with this 
disadvantage, the labor, board space, and inventory of parts savings of this circuit often prove it cost 
optimized for isolated logic control of power line switching. In applications where transient voltages on 
the power line are prevalent, provisions should be made to protect the HllIl from break
over triggering. 
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Ifload current requirements are relatively low (Le., maximum forward RMScurrent :s500mA), 
an ac solid state relay can be constructed quite simply by the connection oftwo RIIC optically coupled 
SCR's in a back-to-back configuration as illustrated in Figure 132. 

CONTROL 
INPUT 

+~' __ H.!,I£I __ " 
I ......rv- \ 
\ ---rv- I 

' ..... ---- - .... , 
~-9----' 

R., 

LOAD 

HIICI 

Fig. 132 - Using two photon couplers to provide a simple ac relay. 

Where analog signals are being used as the logic control, hysteresis, via a Schmitt trigger input 
(illustrated in Figure 121) can be used to prevent "chatter" or half wave power output. Circuit 
operation is straightforward, and will not be described. This basic circuit can be easily modified to 
provide the latching relay function as illustrated below. Latching is obtained by the storage of gate 
trigger energy from the preceding half cycle in the capacitors. Power must be interrupted for more than 
one full cycle of the line to insure tum-off. Resistors R and capacitors C are chosen to minimize 
dissipation while assuring triggering of the respective SCRs each cycle. 

c 

20mA 

~ " -----
( ~ 
\ 

... ----

27K 

DT 
230F 

DT 
230f 

2.2K 

V270LAIOA 

c 

Fig. 133 - Latching ae solid state relay. 

240V 
60Hz 
LINE 
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A pulse of current, over lOmsec duration, into the HIIC4 IRED, assures triggering the latching 
relay into conduction. 

In microprocessor control of multiple loads, the minimum cost per load is critical. A typical 
application example is a large display involving driving arrays of incandescent lamps. This circuit 
provides minimal component cost per stage and optocoupler triggering of triac power switches from 
logic outputs. The minimal component cost is attained by using more complex software in the logic. A 
darlington output optocoupler provides gate current pulses to the triac, with cost advantages gained 
from eliminating the current limiting resistor and from the low cost coupler. The trigger current source 
is a dipped tantalum capacitor, charged from the line via a series resistor with coarse voltage regulation 
being provided by the darlington signal transistor. The resistor and capacitor are shared by all the 
darlington-triac pairs and are small in size and cost due to the low duty cycle of pulsing. Coupler IRED 
current pulses are supplied for the duration of one logic clock pulse (2-1OJ.!sec), at 0.4 to Imsec 
intervals, from a LED driver I.C. 

120VAC 

+5V 
LOGIC SUPPLY 

27Kn 

Q-I,Q·2,Q-n= SCI4Z8 
OC-I,OC-2,OC-n= H IIG2 

RI 
1.51< 
sw 

IC-I. IC-2.IC-n= LED DRIVER 

OUTPUTS CLOCK PULSED 
EACH TRIAC ON O.5mS. PRR 
WHEN n .. 36 FOR R1. 
C1 VALUES SHOWN. 

Fig. 134 - Microprocessor triac array driver. 

The pulse timing is derived from the clock waveform when the logic system requires triac 
conduction. A current limiting resistor is not used, which prevents Miller effect slowdown of the 
HIIG2 switching speed to the extent the triac is supplied insufficient current to trigger. Optodarlington 
power dissipation is controlled by the low duty cycle and the capacitor supply characteristics. 
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High Voltage AC Switching - A basic circuit to trigger an SCR is shown in Figure 135. This 
circuit has the disadvantage that blocking voltage of the photon coupler output device determines the 
circuit blocking voltage, irrespective of higher main SCR capability. 

~
+ ;,IIC 

r ----
CONTROL I _ 

SIGNAL L _-: 
G 

RGK 

A RI 

INPUT 
SCRI VOLTAGE 

Fig. 135 - Circuit to trigger an SCR. 

Adding a capacitor (C1) to the circuit, as shown in Figure 136 will reduce the dvjdt seen by the 
photon coupler output device. The energy stored in C l , when discharged into the gate of SCR I , will 
improve the di/dt capability of the main SCR. 

A R2 
CRI 

RI LOAO + 

OONTROL i - _...- - , 
I 

CI SCRI 
SIGNAL I - I INPUT 
~"" 

L ___ 
.J VOLTAGE 

C 

G RG~ 

Fig 136 - Deriving the energy to trigger an SCR from 
its anode supply with an energy storing feature. 

Using a separate power supply for the coupler gives added flexibility to the trigger circuit; it 
removes the limitation of the blocking voltage capability of the photon coupler output device. The 
flexibility adds cost. Aiso, more than one power supply may be necessary for "multiple SCR's if no 
common reference points are available. 

A RI LOAD + I C ~ 

~
IIAOIIB 

LOAD 

CONTROL i - -..: - - 1 
SIGNAL I - I L _____ J 

8 '---o;.--+--" 

Photon Coupl.r With SCR - Output Photon Coupler With Transistor Output 

Fig. 137 - Photon coupler triggering main SCR, using separate power supply. 

r 
CONTROL I 

SIGNAL I 
L 

RGK 
Photon Coupler With SCR - Output 

seRI INPUT 
VOLTAGE 

r ___ ~x ~ 
CONTROL I _ I 

SIGNAL I - I L ____ .J 

c>-----' ByE 

Photon Coupler With Transistor Output 
(connect in place of SCR coupler) 

Fig. 138 - Normally closed configurations. 
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VOLTAGE 
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LOAO 

R.I 
HIIC A R3 

INPUT 
r ., VOLTAGE 

CI 

RGK 

Fig. 139 - Triggering SCR with photon coupler and supply voltage divider. 

In Figure 138, Rl can be connected to Point A, which will remove the voltage from the coupler 
after SCRI is triggered, or to Point B so that the coupler output will always be biased by input voltage. 
The former is preferred since it decreases the power dissipation in R I . A more practical form of SCR 
triggering is shown in Figure 140. Trigger energy is obtained from the anode supply and stored in C1 • 

Coupler voltage is limited by the zener voltage. This approach permits switching of higher voltages than 
the blocking voltage capability of the output device ofthe photon coupler. To reduce the power losses in 
R, and to obtain shorter time constants for charging C I , the zener diode is used instead of a resistor. 

A guide for selecting the component values would consist of the following steps: 

1) Choose C I in a range of 0.05 to 1 microfarad. The maximum value may be limited by the 
recharging time constant (RL + RI ) CI while the minimum value will be set by the minimum 
pulse width required to ensure SCR latching. 

2) R2 is determined from peak gate current limits (if applicable) and minimum pulse width 
requirements. 

HIIC R2 

TRI~GGEi - ;--
INPUT , L __ 

LOAD 

RI 

CI 

INPUT 
VOLTAGE 

Fig. 140 - Triggering SCR with photon coupler with low voltage reference. 
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3) Select a zener diode. A 25 volt zener is a practical value since this will meet the usual gate 
requirement of20 volts and 20 ohms. This will also eliminate spurious triggering due to voltage 
transients. 

4) Photon coupler triggering is ideal for SCR's driving inductive loads. By ensuring that the 
LASCR latches on, it can supply gate current to SCR1 until it stays on. The following table lists 
values for Rl and R2 along with their power dissipation when the SCR is off for different values 
of lOT and applied ac voltage. 

5) Component values for dc voltage are easily computed from the following formulae: 

Where: 

EIN - Vz 

IG 

V Z = zener voltage 
P(RJ) = IG • (EIN - Vz) 
p(zener) = IG • V Z 

TABLE 17: COMPONENT VALUES AND POWER DISSIPATION ASSUMING 25V ZENER DIODE, 
50/60 HZ AC LINE VOLTAGES 

EIN(RMS) lOT R1 P(R1) R2 P(R2) 

380 50 3500 17.4 560 .5 
100 2000 34.8 330 1.0 
150 1200 52.2 220 1.5 
200 1000 69.6 150 2.0 
300 600 105.0 100 3.0 

440 50 4250 20.5 560 .5 
100 2100 41.0 330 1.0 
150 1500 62.0 220 1.5 
200 1000 82.0 150 2.1 
300 750 125.0 100 3.1 

600 50 5800 29.0 560 1.1 
100 3000 58.0 270 1.6 
150 2000 86.0 200 2.1 
200 1500 115.0 150 2.7 
300 1000 175.0 100 3.2 

p(zener) 

1.1 
2.2 
3.4 
4.5 
6.7 

1.1 
2.2 
3.4 
4.5 
6.7 

1.1 
2.2 
3.4 
4.5 
6.7 
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The following circuit utilizes the principle for triggering SCR's connected in series. A snubber 
circuit R2C2 as shown may be necessary since Rl and Clare tailored to obtain optimized triggering and 
not for dv/dt protection. The GFOD/E pairs with fiber optics can be used with discrete SCRs to switch 
thousands of volts. 

TRIGGER 
INPUT 

r 
I 
I 
L 

RI 

A R2 
HIIC 

Fig. 141 . High voltage switch. 

LOAD 

R2 

C2 
CI 

LOAD 
VOLTAGE 

R2 

CI 
C2 

A photon coupler with a transistor output will limit the trigger pulse amplitude and rise time due to 
CTR and saturation effects. Using the H 11 C 1, the rise time of the input pulse to the photon coupler is not 
critical, and it~ amplitude is limited only by the H 11 C 1 tum-on sensitivity. 

All the applications shown so far have the load connected to the anode, but the load can be 
connected to the cathode, illustrated in Figure 142. 

Itl 
Hlle R2 

LOAD 
CI VOLTAGE 

Fig. 142· Connection of load to cathode of main SCR. 

Three Phase Circuits - Everything mentioned about single phase relays or single phase 
switching or triggering with photon couplers applies also to three phase systems. 

I'---+.-r---\-,f---t-f--t-. TIME 

Fig_ 143· Voltage waveform in three phase systems. 
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a. TRIAC CONTROL b. SCR CONTROL 

Fig. 144 - Y-OR t:.- connected resistive or inductive load. 

Figures 143 and 144 illustrate voltage waveforms in a three phase system which would appear on 
the triac MT -2 terminal before triggering and at the MT -I termiool after triggering. The use of the H II C 
to isolate the trigger circuitry from the power semiconductor will simplify the trigger circuitry 
significantly. In some cases the GE3020 series triac driver will allow further circuit simplification, if 
dynamic and transient effects are compatible. 

Following are three phase switches for low voltage. Higher currents can be obtained by using 
inverse parallel SCR' s which would be triggered as shown. For higher voltages and higher currents, the 
circuits of the previous page can be useful in three phase circuits. 

To simplify the following schematics and facilitate easy understanding of the principles involved, 
the following schematic substitution is used (Note the triac driver is oflimited use at 3cp voltage levels): 

IN THE TWO CIRCUITS FOLLOWING: 

)

ICI ~tf 
HIIC 

-'V-+ 
-'V-+ . 

PHASE I II I!I 

PC-l PC-2 PC- 3 

+ R2 RI + R2 RI R2 RI 

r r r 
I - I - I :: I - 1 - 1 
L CI 

CONTROL 
L L CI 

INPUT 

Fig. 145 - Three phase switch for inductive load. 
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PHASE J: ][ lIr 

R. R. R' 

PC-I 

r r 
I I 

• I 
L L 

CONTROL 
INPUT 

R2 R2 R2 

Fig. 146 - Three phase switch with inverse parallel SCR's for inductive load and Y or I> connections. 

Many other ac power control circuits are practical and cost effective. The intent of this section was 
to stimulate the circuit designer by presenting a variety of circuits featuring opto control. 

DC Solid State Relay Circuits 

The dc relay built around an optocoupler is neither a relay nor strictly dc. This section will describe 
relay function circuits that did not fit the ac solid state relay 60Hz power line switching function, as well 
as strictly dc switching. 

DC Latching Relay - The HllC readily supplies the dc latching relay function and reverse 
polarity blocking, for currents up to 300mA (depending on ambient temperature). For dc use, the gate 
cathode resistor may be supplemented by a capacitor to minimize transient and dv/dt sensitivity. For 
pulsating dc operation, the capacitor value must be designated to either retrigger the SCR at the 
application of the next pulse or prevent retriggering at the next power pulse. If not, random or undesired 

+]R~.-__ 1.N~L_ 
COIL { ~ 

\ 
'- ------ CONTACT 

--l* 
....... 

I 

*SEE TEXT 

Fig. 147 - DC latching relay circuit. 

operation may occur. For higher current contacts, the HIIC may be used to trigger an SCRcapable of 
handling the current, as illustrated in Figure 148. 
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+ 

+ R, 

LINE VOLTAGE 12 24 48 

C122 PART U F A 

R2VALUE 200 470 lK 

120 

B 

2.2K 

"CONTACT" 

CI22 

DC 
LINE 

L--_---o----------o 

V 

D 
n 

NO HEAT SINK RATINGS AT TA';;; 50° 

FOR HEAT SINK RATINGS 
SEE CI22 SPECIFICATION 
SHEET NUMBER 150.3& AND 
APPLICATION NOTE NUMBER 
200.55 

I CONTACT, MAX. PULSE WIDTH DUTY CYCLE 

0.67 A D.C. 100% 
4.0 A 160 msec. 12% 
8.0 A 160 msec. 3% 
12 A 160 msec. 1% 
15 A 160 msec. 0.3% 

Fig. 148 - High current dc latching relay. 

Heat sinking on this, and all high current designs, must be designed for the load current and 
temperature environment. 

The phototransistor and photodarlington couplers act as dc relays in saturated switching, at 
currents up to 5mA and 50mA, respectively. This is illustrated by the HIIA5 application as a high speed 
synchronous relay in the long range object detector shown in Figure 87. When higher currents 
or higher voltage capabilities are required, additional devices. are required to buffer or amplify the 
photocoupler output. The addition of hysteresis to provide fast switching and stable pick up and drop out 
points can also be easily implemented simultaneously. Illustrated below are normally open and 

+ + 
47K 

330 33K 

]~-- CONTACTS 

CONTACTS + 33K 
\ ~ , 

.... ---
D44VH2 

D44VH2 

IK 

Normally Open Normally Closed 

Fig. 149 - 10A, 25Vdc solid state relays. 

normally closed dc solid state relays. These circuits provide several approaches to implement the dc 
relay function and are intended to stimulate the creativity of other circuit designers, and serve as 
practical, cost effective examples. 
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330 +]/;, __ ~I~l __ _ 
, -"'I.r-+ 
\ -"'I.r-+ , 

...... _-----

330 

+ 

2.2M 

+ 

2N4256 

CONTACTS CONTACTS 

360K 
1 ~ \ t..J'\.,,- , 

lOOK D44TB 

, .... ---- ---'" 

+]v ;' __ ~!~ __ ... 

~2~~M~--~---+----~ 
15ml\l 

Normally Opan Normally Closed 

Fig. 150 - 0.25A, 300Vdc solid state relay. 

Other Power Control Circuits 

Many forms of power control circuitry using optoelectronics do not fit the definition of a relay, 
although optoelectronics is beneficial to their operation. 

Electric Vehicle Battery Saver - The battery life, and therefore operating cost, of an electric 
vehicle is severely affected by overdischarge of the battery. This circuit provides both warning and 
shutdown. An electronic switch is placed in series with the propulsion motor contactor coil. Three 
modes of operation are possible: 

1) When the propulsion power pack voltage is above the 63V trip point the electronic switch has no 
effect on operation; 

2) When the propulsion power pack no load voltage is below 63V, power will not be supplied to the 
propUlsion motor since the electronic switch will prevent contactor operation; 

3) When the propulsion power pack loaded voltage drops below 63V the contactor will close and 
open due to the electronic switch. This "bucking" operation indicates to the operator need to 
charge the batteries. 

+ 0---.------.---_--...,. TO CONTACTOR 

I~K 
IW 
~% 

KELVIN 
CONTACT 
T072V 
POWER IK 
PACK 
BATTERY 

a MOTOR 

r--~---~~-o+ 

4~ 
7 

MOTOR 
CONTACTOR 
COIL 
~A 

~--~~~~~.-o-

ALL RESISTORS 1/2W, 5% UNLESS OTHERWISE NOTED. 

Fig. 151 - Elec/ric vehicle battery saver. 
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20 kHz Arc Welding Inverter (Full Power Modulation and No-Load Shutdown) - The Class A 
series resonant inverter portrayed in Figure 152 is well-known and respected for its high efficiency, 
low cost, and small size, provided that operating frequency is greater than about 3kHz. The 
disadvantages are (at least in high power versions) the difficulty in effecting smooth RFI-less output 
voltage modulation without significant added complexity, and a natural tendency to "run away" under 
no-load (high Q) conditions. The 20kHz control circuit depicted in Figure 153 overcomes these 
shortcomings by feeding back into the asymmetrical thyristor trigger pulse generators (Figure 154 
signals that simultaneously shut the inverter down, when its output voltage exceeds a preset threshold, 
and time-ratio modulates the output. This feedback is accomplished with full galvanic isolation between 
input and output thanks to an H II L opto Schmitt coupler. The fundamental 20kHz gate firing pulses are 
generated by a PUT relaxation oscillator Q I. The pulses are then amplified by transistors Q2 and Q3. The 
20 kHz sinusoidal load current flowing in the primary of the output transformer is then detected by a 
current transformer CTi, with operational amplifier Ai converting the sine wave into a square wave 
whose transitions coincide with the load current zero points. Consequently, each time the output current 
changes, phase Ai also changes state and, via transistor Q4' either connects the thyristor gate to a minus 
8Vdc supply (for minimum "gate assisted" turn-off time and highest reapplied dV/dt capability) or 
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disables this supply to prepare the thyristor for subsequent firing. 

Because firing always occurs at a fixed time interval (determined by the PIJT time constant 
RI x Cl) after each load current zero point, the circuit operating frequency always coincides with the 
natural resonant frequency, the fixed time interval being chosen to equal thyristor turn-off time , tq• Note 
that reliable PUT oscillation is guaranteed by turning it off solidly via Qs each time Q4 reapplies negative 
bias to the thyristor gate. The H 11 L opto Schmitt is connected in parallel with Qs. If the load is removed 
(termination of a weld), causing the inverter ' output voltage to rise precipitously, the V56MA varistor 
will conduct to energize the HIlL input diode, and the HIlL output stage will likewise clamp off the 
PUT. Oscillation then ceases until the output voltage falls once again below the off threshold voltage of 
the HIlL. 

Modulation intelligence is coupled into this same HIlL through two additional PUT's, Q6 and Q7 
Q6 oscillates at a fixed 1.25kHz, which establishes the modulation frequency. Duty cycle is determined 
by a second oscillator, Q7' whose conduction state (on or off) establishes or removes current from the 
H 11 L diode. With a 20kHz fundamental inverter frequency and a modulation frequency of 1. 25kHz, the 
resultant time ratio controlled power output is given by 

POUT = (PM x +) 
where PM = 100% continuous output power. Minimum power is one cycle of 20kHz (50ILS) in the 
1.25kHz modulation frame (800ILS), that is, 6.25 % PM' 

220VAC 
50Hz 

220VAC 
TO 6.3VAC (X2) 

di/dt CHOKE 

T1 (2 PLACES) 
A139E CA358N ASYMMETRIC 
(4PLACES) SCR PLUS A1 77N DIODE 

H ..... -~~ 

ARC 
-~+ 

Fig, 152 - Class "A" - 3kW welding inverter. 
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Fig. 153 - Power modulator (with on-off switch & open circuit protection) 
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47K(MODULE ... ,ONLYI 
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T1 SEE FIG. 153 
C2-0.047pF/1kV 
D1-A114M 

Fig. 154 - 20kHz inverter gate drive module. 

Glow Plug Driver -Model airplanes, boats, and cars use glow plug ignitions for their miniature 
(O.8cc - 15cc) internal combustion engines. Such engines dispense with the heavy on-board batteries, 
H. T. coil, and" condenser" required for conventional spark ignition, while simultaneously developing 
much higher RPM (hence power) than the compression ignition (diesel) motors. The heart of a glow 
plug is a platinum alloy coil heated to incandescence for engine starting by an external battery, either 1.5 
Volts or 2 Volts. Supplementing this battery, a second 12 Volt power supply is frequently required for 
the engine starter, together with a third 6 Volt type for the electrical fuel pump. 
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Rather than being burdened by all these multiple energy sources, the model builder would prefer to 
carry (and buy) a single 12 Volt battery, deriving the lower voltages from this by use of suitable 
electronic stejJ-down transformers (choppers). The glow driver illustrated in Figure ISS does this and 
offers the additional benefit of (through negative feedback) maintaining constant plug termperature 
independent of engine flooding, or battery voltage while the starter is cranking. 

In this circuit, the PUT relaxation oscillator Q! turns on the output chopper transistot Q2 at a fixed 
repetition rate determined by RI and Cl. Current then flows through the glow plug and the parallel 
combination of the current sense resistor R2 and the LED associated with the HIlL Schmitt trigger. 
With the plug cold (low resistance), current is high, the HilL is biased "on," and Q3 conducts to 
sustain base drive to Q2' Once the plug has attained optimum operating temperature, which can be 
monitored by its ohmic resistance, the HilL is programmed (via Rp) to switch off, removing base drive 
from Q3 and Q2' 

However, since the HilL senses glow plug current, not resistance, this is only valid if supply 
voltage is constant, which is not always the case. Transistor Q4 provides suitable compensation in this 
case; if battery voltage falls (during cold cranking, for instance), the collector current of Q4 rises, 
causing additional current to flow through the LED, thus delaying the switch-off point for a given plug 
current. The circuit holds plug temperature relatively constant, with the plug either completely dry or 
thoroughly "wet," over an input voltage range of 8 to 16 Volts. A similar configuration can be 
employed to maintain constant temperature for a full size truck diesel glow plug (28 Volts supply, 12 
Volts glow plug); in this case, since plug temperature excursions are not so great, a hysteresis expansion 
resistor RH may be required. 
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Switching Power Supply with Optocoupler Isolated Constant Voltage Feedback - By virtue of its 
PNPN structure, which is that of a thyristor, the output stage of an HIIC photo thyristor coupler may 
also be connected as a bilateral (symmetrical) PNP or as a unilateral (conventional) PNP transistor. 
Some suggested uses of the device in the former mode are outlined in the opening chapters of this 
Manual. Often overlooked, however, is the fact that ordinary PNP transistor optocouplers are rate and 
that concomitantly the HIlC photo thyristor coupler can fill this function in sockets demanding PNP 
logic. Such a situation is illustrated in Figure 156, a low voltage high current output, switching dc 
power supply is running off the 220 Volt ac input. In this circuit, an ST2 diac relaxation oscillator (Q3' 
Cl, and the diac) initiates conduction of the output switching transistor Q!, the on-time of which is 
maintained constant by a separate timing/commutation network consisting of Q2, C2, the SUS and SCR 
1. Output voltage, consequently, is dependent on duty cycle. To compensate for unwanted variations of 
output voltage due to input voltage or load resistance fluctuations, an HIlC wired as a linear-mode 
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unilateral PNP transistor in a stable differential amplifier configuration is cont'cted into the 
galvanically isolated negative feedback loop that determines duty cycle, hence output voltage. Of 
further interest, in this circuit, is the use of several low current, high voltage (400 Volt V DRM) thyristors 
(Q2, Q3) also used as PNP remote base transistors. Short-circuit protection is assured by coupling Q\ 
collector current feedback into the tum-off circuitry via Rss. 

Low Power (PoUT ;:: 50 Watts from 220 Volts AC Input) Zero Voltage Switch Temperature 
Controller-The "zero voltage switching" technique is widely used to modulate heating and 
similar types of ac loads where the time constant associated with the load (tens of seconds to minutes) is 
sufficiently long to allow smooth proportional modulation by time ratio control, using one complete 
cycle of the ac input voltage as the minimum switching movement. This method of control, illustrated in 
Figure 157, reduces Radio Frequency Interference (inherent in competing phase-control systems) 
significantly. Despite its attractions, the traditional triac-based ZVS is virtually unusable for the con,trol 
of very low power loads, especially from 220 Volt ac inputs due to the triac's reluctance to latch-on into 
the near-zero instantaneous currents that flow through it and the load near the ac voltage zero ,:rossover 
points. The circuit of Figure 158 side-steps the latching problem by employing a pair of very sensitive 
low current reverse blocking thyristors (C 1 06) connected in antiparallel; these are triggered by a simple 
thermistor modulated differential amplifer (Q\, Q2), with zero voltage logic furnished by an H 11 AA 1 ac 
input optocoupler. With the NTC thermistor TH calling for heat, transistor Q\ is cut off and Q2 is on, 
which would normally provide continuous base drive to Q3, with consequent triggering of either SCR, 
or of SCR 2 via SCR 1, depending on phasing of the ac input. 

Note that when the ac input voltage is positive with respect to SCR 2, SCR 1 is reverse biased and, 
in the presence of "gate" current from 93, behaves as a remote base transistor, whose output provides 
via blocking diode CR 1, positive gate trigger current for SCR 2. When the ac input polarity is reversed 
(SCR 1 's anode positive), SCR 1 behaves as a direct fired conventional thyristor. "Trigger" current to 
SCR 1, however, is not continuous, even when TH is calling for heat and Q2 is delivering base current to 
Q3' In this situation, Q3 is inhibited from conduction by the clamping action of PC1, an HllAA 

152 ________________________________________________________________ _ 



____________________________ Optoelectronic Circuits 

50K 
TEMP. 
SET 

10K 33K 

220VAC 

IK 

Fig. 157 - Low power (>50W) ZVS proportional tamperature control/er. 

photocoupler, except during those brief instants when the ac input voltage is near zero and the coupler 
input diodes are deprived of current. 

Through these-means, triggering of either SCR can occur only at ac voltage crossing points, and 
RFI-less operation results. The proportional control feature is injected via the positive feedback action 
of capacitor CM' which converts the differential amplifier QI' Q2 into a simple multivibrator, whose duty 
cycle varies from one to 99 percent according to the resistance ofTH. Zener diode Zl is optional, being 
preferred when maximum immunity from ac voltage induced temperature drift is desired. 
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Fig. 158 - Principle of zero voltage switching. 
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GLOSSARY OF SYMBOLS AND TERMS 
Optoelectronics spans the disciplines of electronics, photometry, radiometry and optics with 

dashes of physics and statistical analysis. The same word or symbol can have two different meanings, 
depending on the discipline involved. To simplify use of this glossary, words and symbols are 
separately listed, alphabetically; following each is the common discipline of usage and then the 
definition, as used in this Handbook. 

OPTOELECTRONIC SYMBOLS 
A 
A 
A 

B. 

C.T. 

CTR 

DIP 

di/dt 

dv/dt 

E 

E. 
J/# 
F 
F 

GaAs 

GaAIAs 

- electronic 
- optic 
- reliability 

- radiometric 

- gain of an amplifier. 
- area. 
- acceleration factor, describes change in a predicted basic 

phenomena response due to secondary conditions denoted by 
subscript. 

- Angstrom, a unit of wavelength equal to 1 O·lOmeters. Archaic. 
- photometric - luminous intensity of an area light source, usually expressed 

in candela/unit area. 
- radiometric - radiant intensity of an area source, Radiance, usually 

expressed in Watts/unit area. 
- electronic - Beta, current gain of a transistor. See hFE • 

- electronic - inter-element capacitance, primarily junction capacitance, of 
a component. Terminals indicated by subscripts. 

- photometric - Color Temperature. The temperature of a black body, when 
its color best approximates the designated source. Normally 
used for lamps, and determined at .45 and .65 microns. 

- electronic - Current Transfer Ratio. The ratio of output current to input 
current, at a specified bias, of an optocoupler; Usually in 
percent. 

- electronic - Dual In-Line Package. Standard integrated circuit and 
optocoupler flat package with two rows of terminals on 
opposite sides. May be plastic or ceramic bodied. 

- electronic - Critical rate-of-rise of current rating of a thyristor. Higher 
rates may cause current crowding and device damage. 

- electronic - Critical rate-of-rise of voltage parameter of a thyristor. Higher 
rates may cause device tum-on via junction capacitance 
charging currents providing gate signal. 

- photometric - Illumination. Luminous flux density incident on a receiver, 
usually in lumens per unit of surface. 

- radiometric - Irradiance. See H. 
- optic - Lens parameter. The ratio of focal length to lens diameter. 
- optic - Focal length of a lens or lens system. 
- photometric - Illumination. Total luminous flux incidents on a receiver, 

normally in lumens. F = IE· dA. 
- electronic - Gallium Arsenide. The crystalline compound which forms 

IRED's when suitably doped. 

- electronic - Gallium Aluminum Arsenide. Another crystalline compound 
used to form both IRED's and LED's. 
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H 

HE 

hFE 

HTRB 
IA 

IB 
Ie 

leD(on) 

IR 

IRED 

L 

LASCR 
LED 
X 

m 
m 

MSCP 

n.a. 

OPA 

- radiometric 

- radiometric 

- electronic 

- reliability 
- electronic 

- electronic 
- electronic 

- electronic 

- Irradiance. Radiant flux density incident on a receiver, 
usually in Watts per unit area. Ee also used. 

- Effective irradiance. The irradiance perceived by a given 
receiver, usually' in effective Watts per unit area. 

- Current gain of a transistor biased common emitter. The ratio 
of collector current to base current at specified bias 
conditions. 

- High temperature reverse bias operating life test. 
- Thyristor or diode anode current; ITM is preferred terminology 

for thyristors. 
- Transistor base current. 
- Transistor collector current. 

- Utilized for phototransistors and photodarlingtons to denote 
photodiode current in the illuminated condition. This provides 
differentiation from both photodiode plus amplifier illumina
ted current and offstate leakage current. 

- electronic - Dark current. The leakage current of an unilluminated 
photodetector. 

- electronic - Transistor emitter current. 
- electronic - Forward bias current, usually of IRED. Additional subscript 

denotes measurement of stress bias condition, if required. 
- electronic - Light current. The current through an illuminated photodetec-

tor at specified bias conditions. 
- photometric - Luminous intensity of a point source of light, normally in 

candela. 
- radiometric - Infrared. Radiation of too great a wavelength to be normally 

perceived by the eye. Radiation between 0.78 and 100 
microns wavelength. 

- electronic - Infrared emitting diode. A diode which emits infrared 
radiation when forward bias current flows through it. 

- photometric - Luminance of an area source of light, usually in lumens per 
unit area. 

- electronic - Light activated silicon control rectifier. Also photo SCR. 
- electronic - Light emitting diode. 
- electronic 

- radiometric 
- optics 
- physics 

- Predicted failure rate of an electronic component subjected to 
specific stress and confidence limit. 

- Wavelength of radiation. 
- Magnification of a lens. Ratio of image size to source size. 
- Meter, international standard unit of length. 

- photometric - Mean spherical candle power. Average luminous power 
output, of a source, per sterradian. 

- optics - Numerical aperture of a lens. n.a. = 2f!#. 
- radiometric - Conversion efficiency of an electrically powered source. The 

- quality 

ratio of radiant power output to electrical power input. 

- Outgoing process average of portion defects shipped, usually 
expressed in parts per million. It is derived from the sampling 
data and the lot acceptance rates. 
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P 
PD 
PPM 

PPS 
PRM 

PUT 

Si 

SCR 

TA 
Tc 

TJ 

t 

UeL 

UJT 

V 

w 

- radiometric - Power, total flux in Watts. 
- electronic 
- quality 

- electronic 
- electronic 

- electronic 

- electronic 

- electronic 

- electronic 
- electronic 

- electronic 

- electronic 

- reliability 

- Power dissipated as heat. 
- Fraction of defectives observed expressed in parts per million. 

Equal to number defective times one million divided by 
number inspected. For zero defects a statistically derived 
factor is used to estimate the defect density. 

- Repetition rate in pulses per second. 
- Pulse rate modulation, coding an analog signal on a train of 

pulses by varying the time between pulses. 
- Programmable Unijunction Transistor. A thyristor specified 

to provide the unijunction transistor function. 
- Silicon. The semiconductor material which is selectively 

doped to make photodiodes, phototransistors, photo
darlington and photoSCR detectors. 

- Silicon Controlled Rectifier. A thryistor, reverse blocking, 
which can block or conduct in forward bias, conduction 
between anode and cathode being initiated by forward bias of 
the gate-cathode junction. 

- Ambient temperature. 
- Case temperature, the temperature of a specified point on a 

component. 
- Junction temperature, the temperature of the chip of a 

semiconductor device. This is the factor which determines 
maximum power dissipation. 

- Time. Subscripts indicate switching times (d-delay, f-fall, 
r-rise and s-storage), intervals in reliability prediction 
(o-operating, x-equivalent operating), etc. 

- Upper confidence level. A statistical determination of the 
confidence of a prediction of the highest level of an 
occurrence based on the apercent of occurre-nces in a quantity 
from a homogeneous population. 

- electronic - Unijunction transistor. A three-terminal, voltage threshold 
semiconductor device commonly used for oscillators and time 
delays. 

- electronic - Voltage. Subscripts indicate the terminals which the voltage is 
measured across, the first subscript commonly denoting the 
positive terminal. 

- radiometric - Radiant emittance. The flux density, in Watts/unit area, 
emitted by the surface source. 

OPTOELECTRONIC TERMS 

Acceleration 
Factor 

Angstrom Unit 

Anode 

- reliability - a factor which describes the change in a predicted phenomena 
caused by a secondary effect. 

- radiometric - 10-10 meters, obsolete term used to describe wavelength of 
radiation. 

- electronic - the main terminal, of a device, which is normally biased 
positive. See cathode. 
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Bandgap 

Base 

Beta 

Bias 
Black Body 

Candela 

Cathode 

Chatter 

Collector 

Color 
Temperature 

Commutating 
dv/dt 

Coupled dv/dt 

Coupler 
Critical Angle 

Current Transfer 
Ratio 

Dark Current 

Darlington 

Detector 

Diffraction 

Diode 

Doping 

Duty Cycle 
Efficiency 

- electronic - the potential difference between the atomic valence and 
conduction bands. This determines the forward voltage drop 
and frequency of light output of a diode. 

- electronic - the control terminal of a transistor. 
- electronic - common emitter current gain of a transistor. Collector current 

divided by base current. 

- electronic - the electrical conditions of component operation or test. 
- radiometric - a body which reflects no radiation. Its radiation spectrum is a 

simple function of its temperature. 
- photometric - unit ofluminous intensity, defined by 1/60 cm' of a black body 

at 2042°K. 

- electronic 

- electronic 

- the main terminal, of a device, which is normally biased 
negative. See anode. 

- a rapid, normally undesired, oscillation of relay contacts 
between the open and closed state. 

- electronic - the main terminal of a transistor in which cllrrent flow is 
normally relatively independent of voltage bias. 

- photometric - the temperature of a black body when its color best 
approximates the designated source. Normally used for lamps 
and determined at .45 and .65 microns. 

- electronic 

- electronic 

- electronic 

- optics 

- electronic 

- electronic 

- electronic 

- radiometric 

- optics 

- electronic 

- electronic 

- electronic 
- electronic 

- a measure of the ability of a triac to block a rapidly rising 
voltage immediately after cO'1duction of the opposite polarity. 

- a measure of the ability of an opto thyristor coupler to block 
when the coupler is subjected to rapidly changing isolation 
voltage. 

- abbreviation for optocoupler. 
- the largest angle of incidence of light, on the interface of two 

transmission mediums, that light will be transmitted between 
the mediums. Light at greater angles of incidence will be 
reflected. 

- the ratio of output current to input current, at a specified bias, 
of an optocoupler. 

- Leakage current, usually ICEQ' of a photodetector with no 
incident light. 

- A composite transistor containing two transistors connected to 
multiply current gain. 

- A device which changes light energy (radiation) to electrical 
energy. 

- The phenomena of light bending at the edge of an obstacle. 
Demonstrates wave properties of light. 

- A device that normally permits only one direction of current 
flow. A P-N junction diode will generate electricity when the 
junction is illuminated. 

- The addition of carrier supplying impurities to semiconductor 
crystals. 

- The ratio of on time to period of a pulse train. 
- In this handbook, refers to the ratio of output power of a 

source to electrical input power. 
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Effective 
Irradiance 

Emittance 
Emitter 

Emitter 
Epitaxial 

f/number 
Fiber Optics 

- electronic - Irradiance as perceived by a detector. 

- radiometric - Power radiated per unit area from a surface. 
- electronic - Main terminal of a transistor which bias voltage normally has 

a major effect on current. 
- radiometric - A source of radiation. 
- electronic - Material added to a crystalline structure which has and 

- optics 
- optics 

maintains the original crystals' structure. 
- Ratio of focal length to lens diameter. 
- Transparent fiber which transmits light along the fiber's axis 

due to the critical angle at the fiber's circumference. 
Foot Candle - photometric - Illumination level of one lumen per square foot. 
Foot Lambert - photometric - Brightness of source of one lumen per square foot. 
Gallium Arsenide - electronic - A crystalline compound which is doped to form IRED's. 

Gallium - electronic - Another crystalline compound which is doped to form IRED's 
Aluminum Arsenide and LED's. 

Gate 
Hash 
Illumination 
Infrared 

Interrupter 
Module 

Irradiance 

- electronic - Control terminal of an SCR or, a logic function component. 
- electronic - Random, high frequency noise on a signal or logic line. 
- photometric - Light level on a unit area. 
- photometric - Radiation of longer wavelength than normally perceived by 

- electronic 

the eye, i.e., .78 to 100 microns wavelength. 
- Optoelectronic device which detects objects which break the 

light beam from an emitter to a detector. 
- radiometric - Radiated power per unit area incident on a surface, broadband 

analogy to illumination. 
Isolation Voltage - electronic - The dielectric withstanding voltage capability of an optocou

pIer under defined conditions and time. 
Light 

Light Current 

Lumen 

Micron 
Modulation 

Monochrometer 

Monochromatic 
Nanometer 
Normalized 

Optocoupler 

Optoisolator 

- photometric - Radiation normally perceived by the eye, i.e., .38 to .78 
microns wavelength. 

- electronic - Current through a photodetector when illuminated under 
specified bias conditions. 

- photometric - Unit of radiant flux. through one steradian from a one-candela 
source. 

- radiometric - 10" meters. 
- electronic - The transmission of information by modifying a carrier 

signal-usually its amplitude or frequency. 
- photometric - An instrument which is a source of any specific wavelength of 

radiation over a specified band. 
- photometric - Of a single color, wavelength. 
- radiometric 
- electronic 

- electronic 

- electronic 

- 10" meters. 
- Presentation of the change in a parameter, due to a test 

condition change, made by dividing the final value by the 
initial value. 

- A single component which transmits electrical information, 
without electrical connection, between a light source and a 
light detector. 

- Optocoupler. 
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Peak Spectral - radiometric - Wavelength of highest intensity of a source. 
Emission 

Photoconductor - electronic 
Photocoupler - electronic 
Photodarlington - electronic 

Photo detector -- electronic 

Photodiode - electronic 
Photon - electronic 
PhotoSCR - electronic 
Phototransistor - electronic 
Photovoltaic Cell - electronic 

Point Source - radiometric 

Reflector Module - electronic 

Silicon - electronic 

Silicon Controlled - electronic 
Rectifier 

Source - radiometric 
Spectral - radiometric 

Distribution 
Spectral - radiometric 

Sensitivity 
Steradian - radiometric 
Synchroneous - electronic 

Detection 
Thermopile - radiometric 
Transistor - electronic 

Triac - electronic 

Triac driver - electronic 

Tungsten - radiometric 
Unijunction - electronic 

Transistor 
Wavelength - radiometric 

Watt - electronic 
Watt - photometric 

- A material with resistivity that varies with illumination level. 
- Optocoupler. 
- Light sensitive, darlington connected, transistor pair photo-

detector. 

- A device which provides an electrical signal when irradiated 
by infrared, visible, andlor ultraviolet light. 

- p-n junction semiconductor diode photodetector. 
- Quantum of light from wave theory. 

- LASCR. 

- A transistor photodetector. 

- A photodiode connected to supply electricity when illumi-
nated. 

- A source with maximum dimension less than 1/10 the distance 
between source and detector. 

- Component containing a source and detector which detects 
objects which complete the light path by reflecting the light. 

- CrystaJline element which is doped to make photodiode, 
phototransistor, photodarlington, photoSCR, etc. detectors. 

- A reverse blocking thyristor which can block or conduct in 
forward bias, conduction between the anode and cathode 
being initiated by forward bias of the gate cathode junction. 

- A device which provides radiant energy. 
- A plot, usuaJly normalized, of source intensity vs. wavelength 

observed. 
- A plot of detector sensitivy vs. wavelength detected. 

- Unit of solid angle. A sphere contains 47r steradians. 

- A technique which detects low level pulses by detecting only 
signal changes which occur at the same time as the pulse. 

- A very broadband, heat sensing, radiation detector. 

- Three-terminal semiconductor device which behaves as a 
current controJled current source. 

- A thyristor which can block or conduct in either polarity. 
Conduction is initiated by forward bias of a gate-MTI 
junction. 

- A low current thyristor used to control power thyristors. 
UsuaJly a photodetector in an optoisolator. 

- The element normaJly used for incandescent lamp filaments. 
- A three-terminal voltage threshold semiconductor device 

normally used for oscillators and time delays. 
- The speed of light divided by the frequency of the 

electromagnetic radiation-wave theory of light. 

- Unit of power, a volt ampere. 
- Unit of power, 685 lumens at 0.555 microns wavelength. 
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OPTO ELECTRONIC DEVICES 

SCHEMATIC SYMBOLS USED IN THIS MANUAL 

DISCRETE DEVICES OPTOISOLATORS 

Light or Infrared Emitting 
Diode 

e~ A. K 
n=:!)= 

Photodiode Output 

Photodiode 

A "'8 K 
=O::c9= 

Phototransistor Output 

PhotoDariington 

B~ 
E 

Phototransistor 

~ 
B~ 

E 

PhotoDarlington Output 

=O::~ 

fhfB-
Bilateral Photo 

Darlington Output 

PhotoSCR Output 

=il::Q= 
Bilateral Analog PET 

n::t+ Output 

Photo SCR or LASCR A 

$ U::·U 
Triac Driver Output 

K 

Photo Schmitt Trigger 

~ =D::~ 
Schmitt Trigger Output 

~~e 
Analog Video Output 
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OptoelectronIc SpeclflcatiQns ________________________ _ 

.Infrared Emitter 
IN6264,lN6265 
Gallium Arsenide Infrared - Emitting Diode 
The GE Solid State IN6264 and IN6265 Series are gallium arsenide, light 
emitting diodes which emit non-coherent, infrared energy. They are ideally 
suited for use with silicon detectors:The I N6264 has a lens which provides a 
narrow beam angle while the IN6265 has a flat window for a wide beam 
angle which is useful with external lensing. 

absolute maximum ratings: (25°C unless otherwise specified) 

Voltages 
t Reverse Voltage VR 3 volts 

Currents 
t Forward Current (continuous) IF 100 mA 
t Forward Current (pw I fJS, 200 Hz) IF 10 A 

Oi ssipation 
t Power DiSsipation (T A = 25° C)* PT 170 mW 

Power DiSsipation (Tc = 25°C)** PT 1.3 W 
Temperatures 

t Junction Temperature TJ ·65 to +150 °c 
t Storage Temperature Tstg ·65 to +150 °c 
t Lead Soldering Time (1/16" [1.6mm) TL 260 °c 

from case for 10 sec.) 
'Derate 1.36 mW/'C above 2S'C ambient. 

"Derate 10.4 mW/'C above 2S'C case. 

electrical characteristics: (2SoC unless otherwise specified) 

SYM. 

t Reverse Leakage Current 
·"(VR = 3V) IR 

t Forward Voltage 
(IF = 100mA) VF 

t Total Power Output (note 1) 
(IF = 100mA) Po 

t Peak Emission Wavelength 
(IF = 100mA) ~p 

Spectral Shift with Temperature 
t Spectral Bandwidth - 50% f:,A 

t Half Intensity Beam Angle 
IN6264 IIHI 
IN6265 IIHI 

Rise Time - 0·90% of Output tr 
Fall Time - 100·10% of Output tr 

Note 1: 

MIN. TYP. 

6 

935 

1.4 

945 
.28 

1.0 
1.0 

MAX. 

10 

1.7 

955 

60 

20 
80 

UNITS 

fJA 

Volts 

mW 

nm 
nmtC 
nm 

deg 
deg 
IJ,S 
IJ,S 

Total power output, Po, is the total power radiated by the device into a solid angle 
of 2 " steradians. 

t Indicates JEDEC registered values. 

SV-. 

• ,. 
10 
10, 
• 
~ 

• I 
• L 

• 

...... 
• .. 
--lDo 
• 
t, 

• .) 

• 
L 

• 

lN6264 

MI~~~AX. MILU ETERS 
MIN. MAX. 

1. 2
5& 

a., 
.011 .021 ,407 .... 
. 201 .2)0 5031 .... 
,IIC .187 4.5' '.71 

.IOONOM. 2.54NCIM. 
.OIONOM. 1.27NOM. 

I··ao 1.78 .OSI .044 .19 1.11 
.031 .048 .. '2 1.16 
I,OP 25,4 ... '11" 

lN6265 

MI'IHC\",~ MWMETERS .. .. MAX. 

JIS' AD'i !:! .0" ,021 
.209 .... ~II 5.8-4 
,,180 .187 4.5T 4.77 

.IOONDM. 2.54NOM. 
05ONOII. I.ITHO .. I ~.o . I ,.18 .031 .044 .7' 1.11 

.on .. 041 .12 1.16 
1.00 2a •• .. , OS' 

~J. 
AN~THODE 
(CONNECTED 
TO CASEI 

NOTES 

• • 
.1 

• 

NDTtS 

2 
2 

I 

• 

1. Measured from maximum diameter 
of device. 

2. Leads having max. diameter .021" 
(.533mm) measured in gaging plane 
.054" + .001" - .000 (137 + 025 -
OOOmm) below the reference plane of 
the device shall be within .007" 
(.778mm) their true position relative 
to a maximum width tab. 

3. From centerline tab. 
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100 

50 

20 

10 

1.0 

0.' 

0.1 

TYPICAL CHARACTERISTICS 

~ 

L..- CONTINUOUS 
ORWARQ 

CURRENT 

NORMAL IZED 
1,-100111. 
TA-215-C 

PULSED. 
PW 80~S I 
FORWARD 
CURRENT 

o 
W 
N 

1.4 

1.1 

::l 0. I 

i 
I 

"" "- ............ 

~ 

"" " ............. i'--. 
i'--i".. 

0.1 
4 NORMALIZED TO ....... I,-'OOM. 

oP O. 

0.05 

O·02I--+-+.!9+tft!--t-tt-tttttl--+-++t-tHftt--t-H-ttttH 
O'~6,';;0;-, -:.OO~I"-"'.OO5~~.OI:;--:.02=-"""'~.05,.u.J.Jo.~I:--:OC;;.I,-'--"'O;!,.';WJ"',~.O-~-"--'"+L.LJ",:!1O 

IF-FO"WARQ CURRENT-AMPERES 

10 
8.0 
1.0 

4.0 

'" 2.0 

~ 
~ I. 0 
I 0.8 

~ 0.' I 04 

o i 0.2 

I e o. 
I. .08 

H .08 

.04 

.01 

I .0 0 

1. POWER OUTPurvs, INPUT CURRENT 

_I-" -~ ..... V 

I 

/ 

!5 ~ 7 v,- FORWARD VOL.TAGE -VOLTS 

3. FORWARD VOLTAGE VS. FORWARD CURRENT 

100 

00 

~ 
~ 00 
0 

~ 
il 
~ 40 

~ .. 
20 

050 

/ \ 
\ 

r 
) \ 

403020100102030 
'-ANGULAR EHSPLACEMENT FROM DIITICAL AXIS-DEGREES 

40 

5. 1N6264 - TYPICAL RADIATION PATTERN 

10 

so 

o. I 

0 

100 

80 

00 

0 

• 
• 

I 

I 

TA- 25·C 

-50 -10 o 25 50 75 100 12. 
TA-AM8'ENT TEMPERATURE--C 

2, POWER OUTPUT VS. TEMPERATURE 

./ V' 
./ ./ L 

/ / / 
I;'"o~e ;o.e /-o .. e 

I 
I 
I I II 

/ / 
V / / J .. I 1,0 1.1 1.2 .1 1.4 

Y, .. FORWARD VOLTAaI .. VOLTS 

4. FORWARD VOLTAGE VS. FORWARD CURRENT 

100 

/ "\ 
/ \ 

/ \ 
80 

I r \ 
0 

/ \ 
V 
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0 

20 

80 604020 020 4080 10 
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Optoelectronic Specifications 

Infrared Emitter 
IN6266 

Gallium Arsenide Infrared - Emitting Diode 

INCHES 
The GE Solid State IN6266 is a gallium-arsenide, infrared emitting diode 
which emits non-{;oherent, infrared energy with a peak wavelength of 940 
nanometers. This device is characterized to precisely define the infrared 
beam along the mechanical axis of the device. 

SVlollOl. MIN·lMAX. ::~!T~:. NOTES 

• 
" .Olt 021 ,407 .533 
j. .201 .130 ~.31 "4 
jO, .180 .187 4.57 4.77 

absolute maximum ratings: (TA =2SoC unless otherwise specified) 

12 
•• JU7 

· . IOOHOM. 2.54NON . 

~ ......... I. 21 NOM . ,.oao ,.7. 
Voltages 

*Reverse Voltage 

Currents 
*Forward Current (Continuous) 
'"Forward Current (pw I j.(sec 200Hz) 

Dissipation 
*Power Dissipation (TA = 25°C) ~t+ 
Power Dissipation (Tc = 25°C) I 

Temperatures 
*Junction Temperature 
'"Storage Temperature 
*Lead Soldering Time (1/16", 1.6mm, 

from case for 10 sec.) 
tDerate 1.36mWrC above 25°C ambient. 

ttDerate 1O.4mWrC above 25°C case. 
'Indicates JEDEC registered values. 

VR 

IF 
IF 

PT 
PT 

TJ 
TSTG 
h 

3 Volts 

100 rnA 
10 A 

170 mWatts 
1.3 Watts 

·65 to +150 °c 
·65 to +150 °c 

+260 °c 

MAXI MUM RATING CURVES 

10 
8 

6 

I
Z 

~ I. 
~ O. 
u O. 
I-
:0 

~ O. 

.!' o. 

O. 

2 

0 
8 

6 

4 

2 

I 

....... " I'.. 

1'\ 

ISO 

"'" ~.s-", 
]'I. 

~ "'+ 
+ .. 

5'\ ---
0 1\ 
5 

"'".s-
'0. -
... .s- 0 

6° 1"\ '00 ~d' 
~",Nl 5 

[ m\ 0 

I-

1\ 

t--r-

• 
I 
• 
L · 

.031 .044 .70 1.11 

.011 .046 .9' 1.16 
1.00 ~~.4 .,. 4'" 

~ 
AN~~THOOE 
(CONNECTED 
TO CASEI 

1. Measured from maximum diameter 
of device. 

2. Leads having max. diameter .021" 
(.533mml measured in gaging plane 
.054" + .001" - .000 (137 + 025 -
OOOmml below the reference plane of 
the device shall be within .007" 
(.778mm) their true position relative 
to a maximum width tab. 

3. From centerline tab. 

- 1" r--... 

f'\ ]'I.~ 

l1 
\ 

, 10% D.C. l3kDC. 
1\100% DUTY 

CYCLE 

" 
1 \ 

• • 
I 

3 

10 100 1000 10,000 100,000 .01 .02 .04 .06 0.1 .2 .4.6 .81.0 4 6 810 
f - FREQUENCY - HERTZ IF - INPUT CURRENT - AMPERES 

MAXIMUM PULSE CAPABILITY MAXIMUM TEMPERATURE VS. INPUT CURRENT 
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1N6266 _____________________ Optoelectronic Specifications 

electrical characteristics: (TA = 2SOC unless otherwise specified) 

Static Characteristics SYMBOL MIN. TYP. MAX. UNITS 

*Reverse Leakage Current IR 
(VR = 3V) 

*Forward Voltage VF 
(IF = lOOmA) 

*Radiant Intensity Ie 
(IF = 100mA, w = om Sr) 

*Peak Emission Wavelength Ap 
(IF = 100mA) 

Spectral Shift with Temperature 

·Spectral Bandwidth - 50% 6.A 
*Half Intensity Beam Angle 8H1 

Rise Time tr 
Fall Time tf 

'Indicates JEDEC registered values. 

Ie 

0.9 

25 

935 

.28 

1.0 
1.0 

10 p.A 

1.7 Volts 

955 

60 
20 

mW/sr 

nm 

nmrC 

!lm 
Jcg. 

p.s 

p.s 

INFRARED EMITTING DIODE RADIANT INTENSITY 

The design of an Infrared Emitting Diode (IRED)-photo
detector system normally requires the designer to determine 
the minimum amount of infrared irradiance received by the 
photodetector, which then allows definition of the photo
detector current. Prior to the introduction of the IN6266, 
the best method of estimating the photo detector received 
infrared was to geometrically proportion the piecewise inte
gration of the typical beam pattern with the specified mini
mum total power output of the IRED. However, due to 
the inconsistencies of the IRED integral lenses and the beam 
lobes, this procedure will not provide a valid estimation. 

The GE Solid State IN6266 now provides the designer 
specifications which precisely define the infrared beam along 
the device's mechanical axis. The IN6266 is a premium device 
selected to give a minimum radiant intensity of 25 m W / stera
dian into the 0.0 I steradians referenced by the device's mechan
ical axis and seating plane. Radiant intensity is the IRED beam 
power output, within a specified solid angle, per unit solid 
angle. 

A quick review of geometry indicates that a steradian 
is a unit of solid angle, referenced to the center of a sphere, 
defined by 41T times the ratio of the area projected by the 
solid angle to the area of the sphere. The solid angle is 
equal to the. projected area divided by the squared radius. 

Steradians = 41T A/41TR2 = AlR2 = W. 

As the projected area has a circular periphery, a geometric 
in tegration will solve to show the relationship of the Car
tesian angle (Ot) of the cone, (from the center of the sphere) 
to the projected area. 

w = 21T (l-COS 1-). 

Radiant intensity provides an easy, accurate tool to 
calculate the infrared power received by a photodetector 
located on the IRED axis. As the devices are selected for 
beam characteristics, the calculated results are valid for 
worst case analysis. For many applications a simple approxi
mation for photodetector irradiance is: 

H ~ Ie/d2, in mw/cm2 
where d is the distance from the IRED to the detector 
in cm. 

IRED power output, and therefore Ie' depends on IRED 
current. This variation (Me 1M) is documented in Figure I, 
and completes the approximation: H = Ie/d2 (lIIe/M). This 
normally gives a conservative value of irradiance. For more 
accurate results, the effect of precise angle viewed by the 
detector must be considered. This is documented in Figure 
2 (Me/llw) giving: 

H = Ie/d' (Me/llI) in mw/cm2. 

For worst case designs, temperature coefficients and toler
ances must also be considered. 

The minimum output current of the detector (IL) can 
be determined for a given distance (d) of the detector 
from the IRED. 

IL = (S)H ~ (S)IeW 

or 

IL = (S)H = (S) (Ie/d') (lIIe/llw) (lIIe/M) 

where S is the sensitivity of the detector in terms of out
put current per unit irradiance from a GaAs source. 
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___________________ 1N6266 

IRED RADIANT INTENSITY SPECIFICATION CONCEPT 

IRED SEATING PLANE 

MATCHING A PHOTOTRANSISTOR WITH 1N6266 

Assume a system requiring a lOrnA IL at an IRED to 
detector spacing of 2cm (seating plane to seating 
plane), with bias conditions at specification points. 

AREA "Au 

Given: d l =2 cm; IL, = lOrnA min.; Ie = 25 mW/Steradian 

Then: HI ~ Ie/DI 2 = 25/(2)2 = 6.25 mW/cm2 • 

SPHERE 
Cantered On 
IRED Axis 
ell And 

Seating Plane 

Staradians 

Detector Evaluation: 

Il MIN. @ H (Tungsten) ~ H(GaAs) S(GaAs) 

TYPE mA mw/cm' mw/cm' mA/mw/cm' 

Ll4G1 
Ll4G2 

6 
3 

Calculated IL = d l is: 

Ll4Gl (S) HI 

Ll4G2 (S) HI 

10 
10 

3 
3 

= (2) 6.25 = 12.5 rnA 
= (1) 6.25 = 6.25 rnA 

2 

Since the system requires an IL of 10 rnA minimum the 

correct device to use is the Ll4G 1. 

TYPICAL CHARACTERISTICS 

,. 
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.0 
8 
6 
4 

2 

I 
8 
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4 

2 
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1. RADIANT INTENSITY VS. INPUT CURRENT 
b. le/b.1 

-V 

I 

I 

I • .0 .0 4 6 
VF - FORWARD VOLTAGE - VOLTS 

3. FORWARD VOLTAGE VS. 
FORWARD CURRENT 

1.0 
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~ ........... 
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1.0 
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TYPICAL CHARACTERISTICS 
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7. OUTPUT VS. TEMPERATURE IRED/PHOTOTRANSISTOR PAIR 

25 rIiI 
S.IL VS. DISTANCE IRED/PHOTOTRANSISTOR PAIR 11:1 

4.5 TO 6.5VDC 

D29E2 Iff 
, / --1/2 HIIA5 

-J"\.r-+ 
__ IN6266 

I 
I 
I 

470 

300 

1.3K 

12 TYPICAL APPLICATION 

39K 
~ IO}!' 

0.05 2N5249 

--""""-
2 2 --""""

DETECTOR __ 

DETECTOR SELECTION TRANSMISSION RANGE 

L14Q1 12" 

L14G3 4S" 

REFLECTIVE RANGE 

3" 

12" 

OBJECT DETECTOR FEATURING LOW POWER CONSUMPTION AND LONG·RANGE CAPABILITY. 

--------_____________________________________________________ 171 



Optoelectronic Specifications ________________________ _ 

Infrared Emitter 
F5Dl,F5D2,F5D3,F5El,F5E2,F5E3 
Gallium Aluminum Arsenide Infrared - Emitting Diode 

The GE Solid State F5D and F5E Series are infrared emitting diodes. They exhibit 
high power output and a typical peak wavelength of 880 nanometers and provide a 
significant increase in system efficiency, when used with silicon detectors, com
pru:ed to GaAs infrared emitting diodes. The F5D Series has a lens which provides 
a narrow beam angle while the F5E Series has a flat window for a wide beam angle 
which is useful with external lensing. 

absolute maximum ratings: (25°C, unless otherwise specified) 

Voltage SYMBOL UNITS 

Reverse Voltage VR 3 V 

Current 
Forward Current (continuous) IF 100 mA 
Forward Current (pw, 1 j.lS; 200 Hz) IF 10 A 
Forward Current (pw, 10j.lS;100Hz) IF 3 A 

Dissipation 
Power Dissipation (TA = 2S 0 C)* PT 170 mW 
Power Dissipation (Tc = 25°C)** PT 1.3 W 

Temperatures 
Junction Temperature TJ -65 to +150 °c 
Storage Temperature Tstg -65 to +150 °c 
Lead Soldering Time (1/16" TL +260 °c 

[1.6mm] from case for 10 sec.) 

'Derate 1.36mWrC above 25°C ambient. 
""Derate lO.4mWrC above 25°C case. 

electrical characteristics: (25°C, unless otherwise specified) 

SYMBOL MIN. 
Reverse Leakage Current 

(VR = 3V) IR 
Forward Voltage 

(IF = 100mA) VF 
(IF = lA) VF 

optical characteristics: (25°C, unless otherwise specified) 

SYMBOL MIN. 
Total Power Output 

(IF = 100mA)(Note 1) - F5Dl, F5El Po 12 
- F5D2, F5E2 9 

Peak Emission Wavelength - F5D3, F5E3 10.5 

(IF = 100mA) Xp 

F5D1. F5D2. F5D3 F5E1. F5E2. F5E3 

TYP. MAX. 

10 

1.7 
3.5 

TYP. MAX. 

880 

UNITS 

j.lA 

Volts 
Volts 

UNITS 

mW 
mW 
mW 

nm 
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optical characteristics (continued): (25°C, unless otherwise specified) 

SYMBOL MIN. TYP. MAX. UNITS 

Spectral Shift with Temperature 

Spectral Bandwidth - 50% 

Halflntensity Beam Angle 

Rise Time 

IS'!.. 

F5Dl, F5D2, FSD3 liHl 
FSEl,F5E2,F5E3 

0-90% of Output (Note 2) tr 

Fall Time 
100-10% of Output (Note 2) t f 

NOTES: 

.3 nmtC 
80 nm 

20 Deg. 
80 Deg. 

1.5 IJ.S 

1.5 IJ.S 

1. Total power output, Po' is the total power radiated by the device into a solid angle of 2" steradians. 
2. At IF = IOOmA, tr .. IOns input current pulse. 

F5D1 - F5D2 - F5D3 

~ 
AN~THODE 
{CONNECTED 

SYMBO 
INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A - .255 - 6.47 

¢b .016 .021 .407 .533 

</>D .209 .230 5.31 5.84 

</>0, .180 .187 4.57 4.71 

• .100 NOM 2.54 NOM 2 ., .050 NOM 1.27 NOM 2 

h - .030 - .76 

j .031 .044 .79 1.11 

k .036 .046 .92 1.16 1 

L 1.00 - 25.4 -
•. 0< 45· 45· 45· 45· 3 

NOTES: 

1. Measured from maximum diameter of device. 
2. Leads having maximum diameter .021" (.533 mm) 

measured in gauging plane .054" + .001" - .000 (137 
+ 025 - OOOmm) below the reference plane of the 
device shall be within .007" (.778mm) their true posi
tion relative to 8 maximum width tab. 

3. From centerline tab. 

TO CASEI 

F5E1 - F5E2 - F5E3 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A - .155 - 3.93 

</>b .016 .021 .407 .533 

</>0 .209 .230 5.31 5.84 

</>D, .180 .187 4.57 4.77 

e .100 NOM 2.54 NOM 2 

e, .050 NOM 1.27 NOM 2 

h - .030 - .76 

j .031 .044 .79 1.11 

k .036 .046 .92 1.16 1 

L 1.00 - 25.4 -

" 45· 45· 45· 46· 3 

NOTES: 

1. Measured from maximum diameter of device. 
2. Leads having maximum diameter .021/1 (.533mm) 

measured in gauging plane .054" + .001" - .000 (137 
+ 025 - OOOmm) below the reference plane of the 
device shall be within .007" (.718mm) their true posi
tion relative to a maximum width tab. 

3. From centerline tab. 

_______________________________________________________________ 173 



Optoelectronic Specifications ___________________ F5D1-3, F5E1-3 

I

" 

10 

~ 1.0 

II: 

'" I~ 
iil o. 
N 
:::; 

I 

~ uo I 
o'? 

I 

20 

10 
I- 8 
it 6 
l-

TYPICAL CHARACTERISTICS 

./ 
/ 

L 
/" 

/" 

./ NORMALIZED TO 

Y' 
IF'lOOmA r--
TA' 25'C F=r= PULSED INPUTS 1-1-
Pw =80fe,sec r-f-
RR -30Hz 

10 100 1000 
IF-INPUT CURRENT-mA 

1. POWER OUTPUT VS. INPUT CURRENT 

- ~'IA -
--- ~ i! 4 

II: 

~ 2 

I 
e 
N 
;j! 0.8 
:II 0.6 
0: 

- IF'lOOmA 

-I --NORMALIZED TO -.............. 
IF'IOOmA. TA'25'C 

~ 0.4 

a? 
0.2 _ PW'80I'"ec, ,. 30Hz 

I J I 
o 25 eo 75 100 125 150 <1'25 

TA-AMBIENT TEMPERATURE··C 

2. POWER OUTPUT VS. TEMPERATURE 

4 
Pw=80I-'SlC 

F'30Hz 
i--

IF'IA 

--
I-- O.M 

2 --f- IOOmA 

- lOrnA -
:--

I 
-25 o 25 50 75 100 125 150 

TA'AMBIENT TEMPERATURE·'C 

3. FORWARD VOLTAGE VS. TEMPERATURE 

174 __________________________________ _ 



F5D1-3, F5E1-E ___________________ Optoelectronic Specifications 

100 

1-80 

S 
~ 
~ 60 .. 
I-

5 
~ 40 

~ 
~ 20 

o 

100 

/ 

-
-

TYPICAL CHARACTERISTICS 

/~ fl\ r"'k 
/ \ \ 

I F5D 1'r,F5E 

\ 

I 
II \ 

,.-- I'-" ~I'\ 

~ -~ \.. ,.... >-.. "-
50 0 4 0 

8-DISPLACEMENT FROM OPTICAL AXIS-DEGREES 

4. TYPICAL RADIATION PATTERN 

Ll4G 5V -~ I 0= 1 E!j 
~ 
lI!<J!!i 

1.0 

- F501 

,/ V 
/' V IN6264 

I-" /' I l 
~ a ,/ ./ TYPICAL OUTPUTS 

~T C~ DIV~~J'tD OF = 
/' INPUTS, P.W." 80,... = 

/ RR :;r30Hz 

I I 
100 1000 

0.0 ,0 

120 

I- 100 
z 
"' ~ 
~ 80 
,!. 

~ 6 60 

~ 
;::: 
:3 40 

"' If 
Q..°20 

IF-INPUT CURRENT -mA 

5. OUTPUT VS. INPUT WITH L 14G DETECTOR 

-- -r- -7 r"\- ... -- / \ ... 
'-- TYPICAL SPECTRAL , 

RESPONSE OF SILICON 1/ , 
PHOTOSENSORS , 

~g~, TYPICAL 

~ IN62641-

L \ IN6265 

/ \ f 
t--- IF"OOmA II \ \ 

TA =25°C J \ 
/ / \. \ 

'/ "'- 1"-

o 

700 800 900 1000 
'A-WAVE lENGTH~nm 

6. OUTPUT VS. WAVELENGTH 

----_____________________________________________ 175 

II 
Ij 
!~ 



Optoelectronic Specifications ________________________ _ 

Infrared Emitter 
F5F1 

Gallium Arsenide Infrared - Emitting Diode 

The GE Solid State F5FI is a Gallium-Arsenide, infrared emitting diode which 
emits non-coherent, infrared energy with a peak wavelength of 940 nanometers. It 
is packaged in a clear, side looking, epoxy encapsulant. 

absolute maximum ratings: (25°C) (unless otherwise specified) 
VOLTAGES SYMBOL UNITS 

Reverse Voltage V R 6 V 

CURRENT 
Forward Current (continuous) IF 60 
Forward Current 

(Peak, pw = II'S, PRR s 300pps) IF 3 

DISSIPATION 
Power Dissipation* PT 100 

TEMPERATURES 
Junction Temperature TJ -55to +100 
Storage Temperature TSTG -55to +100 
Lead Soldering Thmperature TL 260 

(5 seconds maximum, 1.6mm from case) 

'Derate 1.33mW/OC above 25°C ambient 

electrical characteristics: (25°C) 
SYMBOL 

Reverse Breakdown Voltage, IR = 10l'A 

Forward Voltage, IF = 60mA 

Reverse Leakage Current, V R = 5V 

Capacitance, V = 0, f = lMHz 

optical characteristics: 
Radiant Intensity, IF = 20mA, w = 0.061Srt 
Peak Emission Wavelength, IF = 60mA 
Spectral Bandwidth - 50% 
Half Intensity Beam Angle 

rnA 

A 

mW 

°C 
°C 
°C 

MIN. 

6 

0.28 
935 

NOTES: 

In---, t : 

l : 
, I , , 
: I 

I .. - _..J 

..1.i... Color b, J.... 
ET '. COd •• :]3, ~

I 0 Black 

-I G •• SECT;;;::'-X 

rl~'i. LE1A~, PROFILE 

T PLANE 1 4~ l 
4:~ I J 

SYM 

A 

B 

." 

bl 

0 

E, 

~ilKi INCHES 

MIN MAX MIN MAX 

5.59 6.80 ,220 ,225 

1.78 NOM. ,010 OM 
,80 ,7' .024 .030 

,51 NOM. .020 NOM 
4.45 4.70 .175 .186 

2.41 2.67 ,OSS .105 

,58 ,58 ,023 ,027 
2.41 2.67 ,OS, .106 

1.98 NOM. .078 NOM 

12.7 - .500 -

NOTES 

I 

3 

I., 1.40 1.65 ,055 .065 

.83 .94 .033 .037 3 

1. Two leads. Lud crOiS taction dimensions uncon
trolled within 1.27 MM f.OSO", of seating plane. 

2. Centerline of actill, ,Iement located within .25 MM 
1.01 Q"} of true position. 

3. As measured at the selting plane. 
4. Inch dimensiqns derived from millimeters. 

TYP. 

1.5 

30 

30 

MAX. 

1.7 

100 

955 
60 

UNITS 

V 

V 

nA 

pF 

mW/sr 
nm 
nm 

deg. 

tIe measured with a 0 .45cm aperture placed 1.6cm from the tip of the lens, on the lens center line perpendicular to the plane 
of the leads. 
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Infrared Emitter 

F5G1 
Gallium Aluminum Arsenide Infrared - Emitting Diode 

The GE Solid State FSG I is a Gallium-Aluminum-Arsenide, infrared emitting 
diode which emits non-coherent, infrared energy with a peak wavelength of ggO 
nanometers. This device will provide a significant increase in system efficiency, 
when used with silicon detectors, compared to GaAs infrared emitting diodes. 
It is encapsulated in a clear side looking, epoxy package with an integral 
recessed lens. 

absolute maximum ratings: (25 0 C) unless otherwise specified 

VOLTAGES SYMBOL UNITS 

Reverse Voltage VR 6 V 

CURRENT 
Forward Current (continuous) IF 50 mA 
Forward Current 

(Peak, pw z I I-'s, PRR:S 300 pps) IF 2 A 

DISSIPATION 
Power Dissipation· PT \00 mW 

TEMPERATURES 
Junction Temperature TJ ·55 to +\00 °C 
Storage Temperature Ts"['(; ·55 to + 100 °C 
Lead Soldering Temperature TL 260 °C 

(5 seconds maximum, 1.6mm from case) 

electrical characteristics: (25 0 C) 
SYMBOL MIN. 

Reverse Breakdown Voltage (IR z 10 I-'A) V(llR)R 6 
Forward Voltage, IF z 60mA (pulsed) VF -

IF z 20m A VF -
Reverse Leakage Current, V R = 5 V IR -
Capacitance, V z 0, f z IMHz Cj -

optical characteristics: 
Radiant Intensity, IF = 20mA, w = O.06sr"l' Ie 0.6 
Peak Emission Wavelength, IF = 20m A AI' 
Spectral Bandwidth - 509f· AA 
Half Intensity Beam Angle IIHI 

NOTES: 

"n 
r~ --1 

f-MITTrR 1 : . , , , 
! : i .... - - ~ 

.ttl· Green 1~lb 
ET • Color JZJjI 
r--l • Code •• KCT;;::"" 

CffL if 
fWaor III tit 1. 

I • 

SVM :'fi~ INCHES NOTES 

MIN MAX MIN MAX 

A ~ .. '.80 .220 .228 

• 1.78 NOM • .• 70 NOM .. ... .7' .• 24 .030 

b, .51 NOM . .• 20 NOM 

0 4.45 4.70 .175 ,185 

2 .• ' 2.87 .... . 10& 

E, . sa ... .023 .027 
2.41 2.67 .DB • . 105 

G 1.98 NOM . . 078 NOM. 

12.1 .50. 

L, 1.40 1.65 ,05S .06' 
S .83 ... .033 .037 

,. Two leeds. Lead ero" '!Ktio" dimension. uncon· 
tfolled withl" 1.27 MM 1.050") ot seelint plane. 

2. c.n,arline of active elMtent located within .25 MM 
1.010"1 of tfue polilion. 

3. As meuured at the seating plene. 
4. Lnch d""-nsionsde,ived froM Millimeter •. 

TYP. MAX. UNITS 

- - V 
15 185 V 
- 1.7 V 
- JOO nA 
30 - pF 

- - mWjsr 
880 nm 
50 IlITI 

35 deg. 

!'Ie measured with a 0.45cm aperture placed 1.6cm from the tip of the lens, on the lens center line perpendicular to the plane of 
the leads. 
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Infrared Emitter 
LED55B, LED55C,LED56, LED55BF, LED55CF, LED56F 
Gallium Arsenide Infrared-Emitting Diode 
The GE Solid State LED55B-LED55C-LED56 Series are gallium arsenide, light 
emitting diodes which emit non-coherent, infrared energy with a peak wave length of 
940 nanometers. They are ideally suited for use with silicon detectors. The LED55B, 
LEDS5C and LED56 devices have a lens which provides a narrow beam angle while 
the "F" versions have a flat window for a wide beam angle which is useful with 
external lensing. 

absolute maximum ratings: (2S0C unless otherwise specified) 

Voltage: 
Reverse Voltage 

Currents: 
Forward Current Continuous 
Forward Current (pw I /lsec 200 Hz) 

Dissipations: 
Power Dissipation (TA = 2So C)* 
Power Dissipation (Tc = 2S°C)** 

Temperatures: 
Junction Temperature 
Storage Temperature 
Lead Soldering Time 

*Derate 1.36 mW/oC above 25°C ambient. 
**Derate 10.4 mW/oC above 25°C case. 

VR 3 volts 

IF 100 mA 
IF 10 A 

PT 170 mW 
PT 1.3 W 

TJ ·65°C to +150°C 
TSTG ·65°C to +150°C 

JO seconds at 260°C 

electrical characteristics: (25°C unless otherwise specified) 

MIN. TYP. MAX. UNITS 

Reverse Leakage Current 
(VR = 3V) 

Forward Voltage 
10 fLA 

(IF = JOOmA) 1.4 1.7 V 

optical characteristics: (25°C unless otherwise specified) 

Total Power Outp.ut (note I) 
(IF = JOOmA) 

LED55B·LED55BF 
LED55C·LED55CF 
LED56 ·LED56F 

Po 3.5 

Peak Emission Wavelength 
(IF = 100mA) 

Spectral Shift with Temperature 

Spectral Bandwidth 50% 

Rise Time 0·90% of Output 

Fall Time 100·10% of Output 

5.4 
1.5 

940 

.28 

60 

1.0 
1.0 

Note 1: Total power output, PO, i. the total power radiated by the device into 
a solid angle of 2 7r steradian •. 

mW 
mW 
mW 

nm 
nmtC 

nm 

Ilsec 

Ilsec 

LED55B, LED55C, LED56 

....... M,~~iEJAX . :rt.'jE,=. NOTES 

• J'" I &,7 ,. .011 021 ,407 !i33 ,. . 201 .230 5.31 ea .. ,., ,180 .187 4.57 4.77 · .IOONO". 2.54NOM. ? 

~ .0I0NOM. I. 27 NOM. • • I ,oao I ,7. I .031 .044 .79 1.11 

• .D .048 .92 1.16 , 
L 1.00 .... · . ,. ... • 

LED55BF, LED55CF, LED56F 

........ .. ,. 
10 ,.. 
· '0 • 
I 
• 
L · 

_. 
:Il:'-'iE~ MIN. -J'" A07 i~: .018 .021 

.209 .210 ~31 5,84 
.180 .187 oU7 4.77 

.IOONOM. 1.5"_ 

.O$ONOM. 1.2TNOM 

I·oao I ,.71 .031 .044 .79 1.11 
.OM .0'" .n 1.16 

'.00 1.11.4 
4&" ... 
~ 
'N~THOOE 
(CONNECTED 
TO CASE) 

NOTES 

• • 
, 
• 

1. Measured from maximum diameter 
of device. 

2. Leads having max. diameter .021" 
('533mm) measured in gaging plane 
.054" + .001" - .000 (137 + 025 -
OOOmm) below the reference plane of 
the device shall be within .007" 
(,778mm) their true position relative 
to a maximum width tab. 

3. From centerline tab. 
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Light Detector Planar Silicon Photo Transistor 

L14C1, L14C2 
The GE Solid State L14CI and L14C2 are NPN Silicon Phototransistors in a TO-18 style 
hermetically sealed package. The device has a top-looking flat lens which is thus ideally suited to 
optoelectronic sensing applications where external optics are being used. Generally only the 
collector and emitter leads are used; a base lead is provided, however, to control sensitivity and 
gain of the device. 

absolute maximum ratings: (25°C) unless otherwise specified 

Voltages - Dark Characteristics L14C1 L14C2 
Collector to Emitter Voltage VCEO 50 50 volts 
Collector to Base Voltage VCEO 50 50 volts 
Emitter to Base Voltage VEBO 7 7 volts 

Currents 
Light Current IL 50 rnA 

Dissipations 
Power Dissipation (TA = 25°C)* PT 300 mW 
Power Dissipation (Tc = 25°C)** PT 600 mW 

Temperatures 
Junction Temperature TJ -65 to ISO °C 
Storage Temperature TSTG -65to 150 °C 
Lead Soldering Time TL 10 Seconds at 260°C 

'Derate 2.4 mW/oC above 25°C ambient "Derate 4.8 mW/oC above 25°C case 

electrical characteristics: (25°C) unless otherwise specified 

L 14C1 L 14C2 
STATIC CHARACTERISTICS MIN. MAX. MIN. MAX. 

Light Current 
(VCE = 5Y, Ee = lOmW/cm') 
(VeE = 5Y, Ee = 20mW/cm') 

Dark Current 
(VCE = 20Y, Ee "" 0) 

Emitter-Base Breakdown Voltage 
(IE = loolLA,Ic = 0, Be"" 0) 

Collector-Base Breakdown Voltage 
(Ic = loolLA, IE = 0, Be"" 0) 

Collector-Emitter Breakdown Voltage 
(Ie = lOrnA, Ee "" 0 
Pulse Width s 3OOlLsec, 
Duty Cycle s 1 %) 

. Saturation Voltage 
(Ie = 10.4mA, Ee = 20mW/cm') 

SWITCHING CHARACTERlnlCS 

Switching Speeds 
(Vcc = lOY, IL = 7mA, RL = 1000) 

Turn-On Time 

Turn-Off Time 

IL 1.0 0.5 
1.0 

10 100 100 

V(BR)EBO 7 7 

V(BR)CBO 50 50 

V(BR)CEO 50 50 

VCE(SA'b 0.2 0.2 

TYP. 

tone = 'd + Ir) 5 

1off( = Is + 'f) 5 

E. = Radiation Flux Density. Radiation source is an unfiltered tungsten filamenl bulb al 2870 0 K color temperature. 
Note: A G.As source of3.0mW/cm' is approxiamately equivalent to a tungsten source, ... t 2870oK, of lOmW/cm'. 

rnA 
rnA 

nA 

V 

V 

V 

V 

ILsec 

ILsec 

(COLLECTOR 
CONNECTED 
TO CASE) 

~'31 
8(21~ 

Em 

NOTES. 
1. Measured from maximum diometer of device. 
2. Leads having maximum diometer·.021" 

(.533mm1 measured in gouging plone.054" 
+.001" -.000(137 +.025-.o00mmlbelow 
the reference plone of the device sholl be 
within .007"L778mm) their true position 
re:lative tomaKimum width tab. 

3. From centerline tab. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ _ 

light Detector Planar Silicon Photo-Darlington Amplifier 

L14Fl, L14F2 
The GE Solid State L14FI and L14F2 are supersensitive NPN Planar Silicon 
Photodarlington Amplifiers. For many applications, only the collector and emit
ter leads are used; however, a base lead is provided to control sensitivity and,the 
gain of the device. The L14FI and L14F2 are mounted in a TO-I 8 Style hermeti
cally sealed package with lens cap and are designed to be used in optoelectronic 
sensing applications requiring very high sensitivity. 

absolute maximum ratings: (25 0 C) (unless otherwise specified) 
-COLLECTOR 

VOLTAGES - DARK CHARACTERISTICS 

Collector to Emitter Voltage 
Collector to Base Voltage 
Emitter to Base Voltage 

CURRENTS 

light Current 

DISSIPATIONS 

Power Dissipation (TA = 25°C)* 
Power Dissipation (Tc = 25°C)** 

TEMPERATURES 

Junction Temperature 
Storage Temperature 
Lead Soldering Time 

·Derate 2.4 mW/oC above 25~C ambient. 
"Derate 4.8 mW/oC above 25 C case. 

VCEO 
VCBO 
VEBO 

IL 

PT 
PT 

25 volts 
25 volts 
12 volts 

200 mA 

300 mW 
600 mW 

-55 to 150°C 
-65 to 150 °c 

10 Seconds at 260°C 

electrical characteristiCs: (25 0 C) (unless otherwise specified) 

L14F1 
STATIC CHARACTERISTICS MIN. MAX. MIN. 
LIGHT CURRENT 

(Vee = 5V, Eet = O.2mW/crn2) IL 3 
DARK CURRENT 

(VCE = 12V, IB = 0) In 100 
EMITTER·BASE BREAKDOWN VOLTAGE 

(IE = 100 IlA) V(BR)EBO 12 12 
COLLECTOR·BASE BREAKDOWN VOLTAGE 

(Ic = 100 IlA) V(BR)CBO 25 25 
COLLECTOR·EMITTER BREAKDOWN VOLTAGE 

(Ic = IOmA) V(BR)CEO 25 25 

SWITCHING CHARACTERISTICS (see Switching Circuit) 
SWITCHING SPEEDS 

(VCC = lOY, h = 10 mA, RL = 1000) 
DELAY TIME td 50 
RISE TIME tr 300 
STORAGE TIME ts 10 
FALL TIME tf 250 

CON."4ECTE.D 
TO CASE 

~" ,. 
IE 

L14F2 
MAX. 

100 

50 
300 

10 
250 

mA 

nA 

V 

V 

V 

Ilsec 
Ilsec 
Ilsec 
Ilsec 

NOTES 
1. Measured from mo)(,imum diameter of device. 
2. L earls having maximum diameter. 021" 

(53:'mm' measured in gauging plane.054" 
+.001" --000(137 +.025-.00Qmm) below 
the reference plane of the device sholl be 
within .007 '( 778'TlmJ their true position 
relative tomoxlmlJm width tob. 

3. From centerline tob. 

tEe = Radiation Flux Density. Radiation source is an unfIltered tungsten fIlament bulb at 28700 K color temperature. 

NOTE: The 28700 K radiation is 25% effective on lbe photodarlington; i.e., a GaAs source of 0.0. mW/cm2 is equivalent to this 
0.2 mW/cm2 tungsten source. 
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L 14F1-L 14F2 ____________________ OptoE!lectronlc Specifications 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ _ 

Light Detector Planar Silicon Photo Transistor 

L14Gl,L14G2, L14G3 
The GE Solid State Ll4G I thru Ll4G3 are highly sensitive NPN Planar Silicon Phototransistors. 
They are housed in a TO-18 style hermetically sealed package with lens cap. The Ll4G series is ideal 
for use in optoelectronic sensing applications where both high sensitivity and fast switching speeds 
are important parameters. Generally only the collector and emitter leads are used; a base lead is 
provided, however, to control sensitivity and gain of tJ)e device. 

absolute maximum ratings: (250 C.unJess otherwise specified) 

Voltages - Dark Characteristics 
Collector to Emitter Voltage VCEO 45 volts 
Collector to Base Voltage VCBO 45 volts 
Emitter to Base Voltage VEBO 5 volts 

Currents 
Light Current IL 50 rnA 

Dissipations 
Power Dissipation (TA = 25OC)* PT 300 mW 
Power Dissipation (Tc = 25°C)** PT 600 mW 

Temperatures 
Junction Temperature TJ -55 to 150 °C 
Storage Temperature TSTG - 65 to 150 °c 

Lead Soldering Time TL 10 Seconds at 260°C 
·Derate 2.4 mW!"C above 25°C ambient 

··Derate 4.8 mW/oC above 25°C case 

electrical characteristics: (25°C unless otherwise specified) 

COLLE.CTOR 
COMN£CTED 

TO~ 
a(z\ ~ 

0(1\ 

NOTES: 
45· 

1. Measured from maximum diameter of device. 
2. Leads hoving maximum diamefer . 021" 

(.533mm\ meosuf~d in gouging plone.054" 
+.001" -.000(137+ .o25-.QOOmm) below 
the reference plane of the device sholl be 
within .007"Cr7Smm) fheir true position 
relative tomOKimum Iyidth tab. 

3. From centerline tob. 

L 14G1 L 14G2 L 14G3 
STATIC CHARACTERISTICS 

Light Current 
(VeE = 5V, Eet = IOmW/cm2) 

Dark Current 
(VeE = IOV, Ee = 0) 

Emitter-Base Breakdown Voltage 
(IE = lOOpA, Ie = 0, Ee = 0) 

Collector-Base Breakdown Voltage 
(Ie = 100pA, IE = 0, Ee = 0). 

Collector-Emitter Breakdown Voltage 
(Ie = lOrnA, Ee = 0) 

Saturation Voltage 
(Ie = lOrnA, Ie = ImA) 

DYNAMIC CHARACTERISTICS 
Turn-On Time (VeE = IOV, Ie = 2mA, 

Turn-Off Time (RL = 1000) 

Ie 

10 

VIBRIEBO 

VIBRICBO 

V1BRICEO 

VCElSATl 

ton 

totl 

tEe = Radiation Flux Density. Radiation source is an unfiltered 
tungsten fIlament bulb at 2870° K color temperature. 

MIN. MAX. MIN. MAX. MIN. MAX. 

6 

5 

45 

45 

100 

5 

45 

45 

0.4 

TYP. 
8 

7 

3 

100 

45 

45 

0.4 

TYP. 
8 

7 

12 rnA 

100nA 

V 

V 

V 

0.4 

TYP. 
8psec 

7psec 

NOTE: A GaAs source of 3.0 mW/em' is approximately equivalent 
to a tungsten source, at 2870° K, of 10 m W / em' 
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L 14G1-L 14G2-L 14G3 ________________ Optoelectronic Specifications 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Optoelectronic Specifications 

Light Detector High Sensitivity Phototranslstor 

L14N1, L14N2 

The GE Solid State L14NI and L14N2 are NPN Silicon Phototransistors in a 1"0-18 style hermetically 
sealed package. The device has a top-looking flat lens cap and is ideally suited for applications requiring 
high sensitivity in the industrial control and alarm/ detection markets. For phototransistor applications, 
the collector and emitter leads are used. The base lead is provided to control phototransistor sensitivity. 
For application flexibility, the device can also be used as a photodiode by using the collector and base 
leads. 

absolute maximum ratings: (250 C) unless otherwise specified 

Voltages - Dark Characteristics 
Collector to Emitter Voltage VCEO 30 volts 
Collector to Base Voltage VCBO 40 volts 
Emitter to Base Voltage VEBO 5 volts 

Currents 
Collector Current Ie 50 rnA 
Emitter Current IE 50 rnA 

(COLLECTOR 
CONNECTED 
TO CASEI 

Dlsslpallons 
Power Dissipation (TA = 25°C)· PT 300 mW 
Power Dissipation (Tc = 25°C)·· PT 600 mW 

..0\'" 
8(2'~ 

Ell) 

Temperatures 
Junction Temperature TJ ·55 to 150 ·C 
Storage Temperature TSTG ·65 to 150 ·C 
Lead Soldering Temperature TL 260 ·C 

(1/16" from case for 10 sec.) 
-Derate 2.4 mW;oC above 25°C ambient "Derate 4.8 roW rC above 25°C ambient 

electrical characteristics: (250 C) unless otherwise specified 

L14N1 L14N2 
STATIC CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. 
Photo Currant 

(VCE = 5V, E" = 5mW lem2) Phototransistor IL 3.0 6.0 6.0 10.0 rnA 
(VCB = 5V, E. = 5mW lem2) Pnotodiode IL 5.0 5.0 ",A 

Dark Current 
(VCE = 10V, E" == 0) IeEO 6.0 100 10 100 nA 
(VCB = 25V, E" == 0) ICBO 0.1 25 0.1 25 nA 

Emlttar-Base Breakdown Voltage 
(IE = lOOILA,1e = 0, E" == 0) V(BR,EBO 10 10 V 

Collector-Base Breakdown Voltage 
(Ic = lOOILA, IE = 0, E" == 0) V(BR,CEO 40 65 40 50 V 

Collector-Emitter Breakdown Voltage 
(Ie = I mA,E,,==O V(BR,CEO 30 55 30 45 V 
Pulse Width :5 300",sec, 
Duty Cycle:5 1%) 

BaamAngie 
Beam Angle at 50% Amplitude 8 35 35 degrees 

Saturation Voltage 
(Ie = 0.8 rnA, E" = IOmW/em2) VCE(SAT) 0.30 0.40 V 
(Ic = 1.6 mA, E" = IOmW/em2) VCE(SAT, 0.25 0.40 V 

SWITCHING CHARACTERISTICS 
Switching Spaeds (Phototranslstor) 

(Vcc = 5V,Ie = 10 rnA, RL = 1000) 
Rise Time t, 10 14 ",sec 
Fall Time tf 12 16 ",sec 

Be =: Radiation Flux Density. Radiation source is an unfiltered. tungsten ,filament bulb at 28700 K color temperature. 
Note: A GaAs source of 3.0 mW /cm2 is approximately equivalent to a tungsten source, at 2870oK, of 10 mW jcm2, 

L .00 -• 4 
NOTES: 
1. Measured from maximum dIQm~.r of devila. 
2. Leads having maximum diamete~. 021" 

('533mm' ",.asured In aauai", plan •• 054" 
+.001- -.OOO( 137 + .025-000mml below 
the reference plane of the device shall be 
within .OO7"t778mml. fh&ir trlJeposition 
relative to maximum width tab. 

3. From centerline tab. 
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L14N1, L14N2 --------___________ Optoelectronic Specifications 

TYPICAL ELECTRICAL CHARACTERISTICS 
(Normalized to Specification Bias Points) 
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Optoelectronic Specifications 

Light Detector High Sensitivity Phototransistor 

L14P1,L14P2 
The GE Solid State L14PI and L14P2 are NPN Silicon Phototransistors in a 1"0-18 style hermetically 
sealed package. The device has a top-looking lens cap and is ideally suited for applications requiring high 
sensitivity in the industrial control and alarm! detection markets. For phototransistor applications, the 
collector and emitter leads are used. The base lead is provided to control phototransistor sensitivity. For 
application flexibility, the device can also be used as a photodiode by using the collector and base leads. 

absolute maximum ratings: (250 C) unless otherwise specified 

Voltages - Dark Characteristics 
Collector to Emitter Voltage VCEO 30 volts 
Collector to Base Voltage VCBO 40 volts 

Emitter to Base Voltage VE80 5 volts 

Currents 
Collector Current Ic 50 rnA 
Emitter Current IE 50 rnA 

Dissipations 
Power Dissipation (TA = 25°C)· PT 300 mW 
Power Dissipation (Tc = 25°C)·· PT 600 mW 

Temparatures 
Junction Temperature TJ ·55 to 150 'c 
Storage Temperature TSTG ·6510 150 'C 
Lead Soldering Temperature TL 260 'C 

(1/16" from case for 10 sec.) 
-Derate 2.4 mW;oC above 25°C ambient ··Derate 4.8 mW;oC above 2SoC ambient 

electrical characteristics: (250 C) unless otherwise specified 

L14P1 L14P2 
STATIC CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. 

Photo Current 
(VCE = 5V, Ee = ImW Icm') Pholotransislor IL 4.0 8.0 8.0 11.0 rnA 
(Vcs = 5V, Ee = ImW Icm') Pholodiode IL 6.0 6.0 I'A 

Dark Current 
(VCE = IOV, Ee ~ 0) ICEO 6.0 100 10.0 100 nA 
(VCB = 25V, E, ~ 0) Icoo 0.1 25 0.1 25 nA 

Emiller-Base Breakdown Voltage 
(IE = lool'A, Ic = 0, Ee ~ 0) V,BRlEBO 10 10 V 

Collector-Base Breakdown Voltage 
(Ic = lOOI'A, IE = 0, Be = 0) V,BRlCBO 40 65 40 50 V 

Collector-Emitter Breakdown Voltage 
(lc = 1 rnA, Ee ~ 0 VcBRlCEO 30 55 30 45 V 

Beam Angla 
Beam Angle at 50% Amplitude 12 12 degrees 

Saturation Voltage 
(Ic = 0.8 rnA, Ee = 2mW Icm') VCE(SATl 0.30 0.40 V 
(lc = 1.6 rnA, Ee = 2mW Icm') VCE(SATl 0.25 0.40 V 

SWITCHING CHARACTERISTICS 
Switching Speeds (Phototranalstor) 

(Vcc = 5V, Ie = 10 rnA, RL = lOOn) 
Rise Time I, 10 14 I'sec 
Pan Time If 12 16 JJsec 

Ee = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 28700K color temperature. 
Note: A GaAs source of 3.0 mW /cm2 is approximately equivalent to a rungsten source, at 28700K, of 10 mW /cm2• 

COL.LlCTOIt 
CO~NICTt:O 

TO~ 
l(al \J¥. 

1('\ 

NOTES. 
1. Measured from maximum diamet.r of device. 

2. t;;~S~:~i~~:s~~=~~ :!~~i~~e~i~~~~054" 
+.001" -.000 (137 + .025 -,OOOmm) below 
the reference plane of the device shall be 
within ,007"t778mm) their true position 
relative 10 mall,imum'width tab. 

3, From centerline tab. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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Light Detector Planar Silicon Photo-Transistor 

L14Q1 

The GE Solid State Ll4Q 1 Light Detector is an NPN planar silicon phototransis
tor. It is packaged in a side-looking clear epoxy encapsulant. 

absolute maximum ratings: (2S0C) (unless otherwise specified) 

VOLTAGES - Dark Characteristics 
Collector to Emitter Voltage VCEO 
Emitter to Collector Voltage Voco 

CURRENT 
Light Current (continuous) IL 

DISSIPATION 
Power Dissipation (TA = 2S°C)* PT 

TEMPERATURES 
Junction Temperature TJ 

Storage Thmperature T STG 

Lead Soldering Temperature T L 
(S seconds maximum, l.6mm from case) 

·Demte 2.OmW/OC above 25°C ambient 

30 
6 

100 

ISO 

-SSto + 100 
-SS to + 100 

260 

electrical characteristics: (2S0C) 
DETECTOR ONLY 
Light Current 

(VCE = SV, Eet = SmW/cm' @ 2870 0 K) 
Dark Current 

(VCE = 2SV, Ee = 0) 
Beam Angle at l:Ialf Power Point 

(Half angle) 
Saturation Voltage 

(Ie = O.SrnA, Ee = 2mW/cm'@28700 K) 
Collector-Emitter Breakdown Voltage 

(Ic = lrnA) 
Emitter-Collector Breakdown Voltage 

(Is = 100ltA) 
Collector-Emitter Capacitance 

(V CE = SY, f = IMHz) 

coupled characteristics 
Light Current 

(V CE = SY, IF = 20mA) 
Turn 01) Time 

(V cc = SV, IF = 30mA, RL = 2.S1d1) 
Turn Off Time 

(Vcc ";SY, IF = 3QrnA, RL = 2.SKO) 

SYMBOL 

IL 

ID 

OR 

VCE(sat) 

V(BR)CEO 

V(BR)ECO 

C ceo 

ton 

V 
V 

rnA 

mW 

MIN. 

1.0 

30 

6 

i.-~-l ' , I 
I I 

'" I ~, I 
I , 

r ! L __ -l 

• 

TYP. 

4 

30 

0.2 

3.3 

4 

8 

SO 

RED 
COLOR liVco 0 E ., 

ET ' ~b... ,--I" •. .JZJ-i-
SECTION 1(-)( 

c;, ~ ~ LE1'~' P""lFiLE 
T PLANE 

lJ~( J , . 
:l·~i:m INCHES NOTES 

MIN MAX 

6,59 5,80 .220 .228 
1.78 NOM • . 070 OM , .. .eo ," ,'24 ,03' , 

b, .51 NOM. ,'20 NOM , 
4.45 4.70 .175 .185 

2,4' 2.67 ,09S ,OS 

E, 58 .. 
2.41 2.67 ,09S .,os 3 .... NOM . . 078 NOM, 

12.7 - ,500 -
L, ... , 1.66 05' .06S 

S ,83 .94 .033 .037 3 

Two I,~ds. Lead erosslecllon dimenSIon. uncon
trolled wlth,n 1.27 MM L050"j of stlltong plan,. 

Cent ... lin. of .Ctive alement loclltild within .25 MM 
L010"1of tru,positoon. 

Alm-...rildatth,leatingpkln,. 

Inch dlm.nsions d ... lved from mollimaters. 

MAX. UNITS 

rnA 

100 nA 

Deg. 

0.4 V 

V 

V 

S pF 

rnA 

its 

itS 

N()"fE: Coupled electrical characteristics are measured using an F5Fl GaAs IRED at a separation distance of 4.0mm (.155 in.) with 
the'lenses of the emitter and detector on a common axis within O.lmm and paralleIwithin 5°. 
Ee = Radiation flux density. Radiation source is an unfiltered tungsten f!lament bulb at 2870° K color temperature. 
The F5F940nrn radiation is approximately 3 times more efficient than the 2870° K tungsten irradiance on this device. This means 
l.5m W / em2 from the F5'F is equivalent to the 5m WI em2 at 2870° K. 
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Light De~ector Planar Silicon Photo·Darlington Amplifier 

L14R1 

The GE Solid State L14RI Light Detector is a planar silicon Darlington-connected 
Photo-transistor. It is mounted in a side-looking clear epoxy encapsulated packa:ge. 

absolute maximum ratings: (25°C) (unless otherwise specified) 

VOLTAGE (Dark characteristics) 
Collector to Emitter Voltage 
Emitter to Collector Voltage 

CURRENT 
Light Current (continuous) 

Dissipation 
Power Dissipation (TA = 2S°C)* 

TEMPERATURES 
Junction Temperature 
Storage Temperature 
Lead Soldering Temperature 

SYMBOL 
VCEO 
VECO 

(S seconds maximum 1.6mm from case) 

'Derate 2.OmW/oC above 25°C ambient 

30 
7 

100 

ISO 

-SS to + 100 
-SSto +100 

260 

electrical characteristics: (25°C) 
DETECTOR ONLY 

Light Current 
(VCE = l.SV, Eet = ImW/cm' @ 2870 0 K) 

Dark Current 
(VCE = 2SV, Ee = 0) 

Beam Angle at Half Power Point 
(Half Angle) 

Saturation Voltage 
CIc = 20rnA, Ee = 2mW/cm'@2870 0 K) 

Collector-Emitter Breakdown Voltage 
(Ic = lrnA) 

Emitter-Collector Breakdown Voltage 
(IE = 100J.lA) 

Collector-Emitter Capacitance 
(VCE = Sv, f = IMHz) 

coupled characteristics: 
Light Current 

(V CE = I.Sv, IF = SrnA) 
Turn On Time 

(V cc = Sv, IF = lOrnA, RL = 7S00) 
Turn Off Time 

(Vcc = Sv, IF = lOrnA, RL = 7S00) 

SYMBOL 

IL 

ID 

OR 

VCE(sat) 

V(BR)CEO 

V(BR)ECO 

Cceo 

toff 

UNITS 
V 
V 

rnA 

mW 

°C 
°C 
°C 

MIN. 

S 

30 

7 

TYP. 

18 

30 

.9 

S 

18 

4S 

2S0 

YELLOW 
COLOR 

~tJ@/DE]B" ET '. + 
-!. ..-+ 

:~I~~:;; 
MIN MAX 

'59 , ... 
1.18 NOM . ... .75 

b, .51 NOM. 

0 4.45 4.70 

2.41 2.67 
E, . 58 ... 

2.41 ,B' 
1.98 NOM. 

12.7 -c, , .. 1.85 
S .83 ... 

SECTION X~X 
LEAD PlftOFILE 

1.l j 

INCHES NOTES .,. . .. 
.'20 .,,. 
. 070 OM , 
.024 .030 , 
.020 NOM , 
.176 .185 

.09' ,lOS 

.023 .02' 

.09' .,Ot; 3 

.078 NOM 

.600 -

.065 .065 

.033 .037 3 

Two Indl. Lead croa l.clion dimeniions uncon
Irolledwllhinl.27MM!.05O"lof_lillllpl.ne, 
Centerllnt of active .lem",'loc~lIed within .25 MM 
(.OI0"'oftn •• pcnlllon. 

AI mNtu,tId'l In.lN1;lng pl." •. 
Incnd.m .... lolltd •• iwellfrommllUlnflllni. 

MAX. UNITS 

rnA 

100 nA 

Deg. 

1.2 V 

V 

V 

8 pF 

rnA 

J.ls 

J.ls 

NOTE: Coupled electrical characteristics are measured using an F5FI GaAs IRED at a separation distance of 4.0mm (.155 in.) with 
the lenses of the emitter and detector on a common axis within O.lmm and parallel within 50. 
Ee = Radiation flux density. Radiation source is an unfiltered tungsten filament bulb at 2870° K color temperature. 
The F5F940nm radiation is approximately 3 times more efficient than the 2870" K tungsten irradiance on this device. This means 
0.3mW/cm2 from the F5F is equivalent to the lmW/cm2 at 28700 K. 
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Photon Coupled Isolator 4N25-4N25A-4N26-4N27-4N28 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor ~ 

The GE Solid State 4N25-4N26-4N27-4N28 devices consist of a gallium 
arsenide infrared emitting diode coupled with a silicon phototransistor in a 
dual in-line package. These devices are also available in surface-mount 
packaging. SEATING 

PLANE 
J7 r K EJ 
~ r-NI 

r---' -1--: = s;g~~::f~~::sfer ratio ~~: B M 

FEATURES: 

"SYII!H)L 

A 
8 
C 
0 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
5 

MILLIMETERS 

MIN. MAX. 

8.38 _I. 8.89 
7.62 REF. 

- 8.64 
.406 .508 
- 5.08 

1.01 1.78 
2.28 2.80 

- 2.16 
.203 .305 

2.54 -
- IS' 
.381 -
- 9.53 

2.92 3.43 
6.10 6.86 

INCHES 

MIN. MAX. 

.330 ,I .. 350 
.300 REF. 
- .340 

.016 .020 
- .200 

.040 .070 

.090 ,1'0 
- .085 

.008 .012 

.100 -
IS' 

.015 -
- .375 

.115 .135 

.240 .270 

• High isolation resistance 3~4 -tL--::::==""'" NOTES, .. o--t J \ 1 INSTALLED POSITION LEAD CENTERS 

NOTES 

1 
2 

3 

4 

• 2500 volts Isolation voltage - - ~ H f-- -i Ff- 2 OVERALL INSTALLED DIMENSION 

• I/O compatible with integrated circuits 1 R m' I 3. THESE MEASUREMENTS ARE MADE FROM THE 
o • P _ I SEATING PLANE 

• Covered under U.L. component recognition program, reference file E51868 I t I 4 FOUR PLACES 

t Parameters are JEDEC registered values. -'------ " 

absolute maximum ratings: (25°C) (unless otherwise specified) G- ~I_D 
tStorage Temperature -55 to 150DC. Operating Temperature -55 to l00DC. Lead Soldering Time (at 260DC) 10 seconds. 

INFRARED EMITTING DIODE 

t Power Dissipation 
tForward Current (Continuous) 
t Forward Current (Peak) 

(Pulse width 300 IlseC 2% duty cycle) 
t Reverse Voltage 

111150 milliwatts 
80 milliamps 

3 ampere 

3 volts 

PHOTO-TRANSISTOR 

t Power Dissipation 
tVCEO 
tVCBO 
tVECO 

Collector Current (Continuous) 

*"'150 
30 
70 

7 
100 

milliwatts 
volts 
volts 
volts 
milliamps 

·Derate 2.0mW/DC above 25 DC ambient. .·Derate 2.0mW/DC above 25 DC ambient. 

tTotal device dissipation @ 24-25 DC. Po 25OmW. tDerate 3.3 mW/DC above 25 DC ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING TYP. MAX. UNITS PHOTO·TRANSISTOR MIN. TYP. MAX. UNITS 
DIODE 
tForward Voltage 1.1 1.5 volts tBreakdown Voltage - V(BR)CEO 30 - - volts 

(IF = 10 mA) (Ic = ImA, IF = 0) 
tBreakdown Voltage - V(BR)CBO 70 - - volts 

(Ic = 100llA, IF = 0) . 
t Reverse Current - 100 microamps tBreakdown Voltage - V(BR)ECO 7 - - volts 

(VR = 3V) (IE = 100llA, IF = 0) 
tCollector Dark Current IeEO 4N25-27 - 5 50 nanoamps 

(VCE = 10V, IF = 0) 4N28 - ~ 100 nanoamps 
Capacitance 50 - picofaradS tCollector Dark Current - ICBo - 2 20 nanoamps 

V=O,f=1 MHz (VCB = 10V, IF = 0) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

tDC Current Transfer Ratio (IF = 10mA, VCE = 10V) 4N25, 4N25A, 4N26 20 - - % 
4N27,4N28 10 - - % 

t Saturation Voltage - Collector - Emitter (IF = SOmA, - 0.1 0.5 volts 
Ie=2mA) 

Resistance -IRED to Photo-Transistor (~500 volts) - lOa - gigaohms 
Capacitance - IRED to Photo-Transistor @ 0 volts, f = 1 MHz) - I - picofarad 
tIsolation Voltage - voltage @ 60 Hz with the input 4N25 2500 - - volts (peak) 

terminals (diode) shorted together and the output 4N26,4N27 1500 - - volts (peak) 
terminals (transistor) shorted together. 4N28 500 - - volts (peak) 

4N25A 1775 - - volts (RMS)( I sec.) 
Rise/Fall Time (V CE = I OV, ICE = 2mA, RL = lOOn) - 2 - microseconds 
Rise/Fall Time (VeB = 10V, ICB = 501lA, RL = lOOn) - 300 - nanoseconds 

@ VDE Approved to 0883/6.80 01 lOb Certificate # 35025, except type 4N28 

1H ______________________________________________________________ _ 



4N25-28 ______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTIal 
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OUTPUT CURRENT VS TEMPERATURE 

,a'~~~II~~~~'iF~=~~~m~A~~~~~1 ~ ~ Ip=20mA 
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Photon Coupled Isolator 4N29-4N29A-4N30-4N31 
4N32-4N32A-4N33 

Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 
The GE Solid State 4N29 tbm 4N33 devices consist of a gallium arsenide 
infrared emitting diode coupled with a silicon photodarlington amplifier in a 
dual in-line package. These devices are also available in surface-mount ""_ __ .it.jJ 
FEATURES: I o--h~-~ 6 J~r~ I':N 

• High DC current transfer ratio 2 o-p, 5 -1--
• High isolation resistance 30--+-.. 1 4 a 
• 2500 volts isolation voltage L... ___ ..1 I M 

SVMIlOL 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
M 
N 
p 
R 
S 

~~-
MIN. MAX. 

8.38 .1. 8.89 
7,62 REF. 

- 8.64 
,406 ,508 I 

- 6,08 
1.01 1.78 
2.26 2,80 

- 2.16 
.203 .306 

2,64 -
- 16' 

.381 -
- 9,63 

2.92 3.43 
6.10 6.86 

INCHES 

MIN. MAX. 

.330 ,I .. 360 
.300 REF, 
- .340 

.016 -020 
- ,200 

,040 mo 
.090 .110 
- .085 

.008 .012 
,100 -

- 16' 
-016 -

- ,376 
,116 .136 
.240 .270 

• I/O compatible with integrated circuits -1L-: Nom, 
tParameters are JEDEC registered values. " 1. INSTALLED POSITION LEAD CENTERS. 

NOTES 

1 
2 

3 

4 

~ Covered under U .L. component recognition program, reference file E51868 ~. ~~:::~~~~~::~::T~~:;~~~~ FROM THE 

absolute maximum ratings: (25°C) (unless otherwise specified) SEATING PLANE" 4. FOUR PLACES. 

tStorage Temperature -55 to 150·C. Operating Temperature -55 to 100·C. Lead Soldering Time (at 260·C) 10 seconds. 

INFRARED EMITTING DIODE PHOTO·DARLINGTON 
t Power Dissipation °150 milliwatts t Power Dissipation ul50 milJiwatts 
tForward Current (Continuous) 80 milliamps tVCEO 30 volts 
t Forward Current (Peak) 3 ampere tVCBO 30 volts 

(Pulse width 300/Jsec, 2% duty cycle) tvEBO 5 volts 
t Reverse Voltage 3 volts Collector Current (Continuous) 100 milliamps 

·Derate 2.0mW/oC above 2S·C ambient. ··Derate 2.0mW/·C above 2S·C ambient. 

tTotal device dlsslpation@TA = 2SoC. Pn 2S0 mW. tDerate 3.3 mW/·C above 2SoC ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING TYP. MAX. UNITS PHOTO·DARLINGTON MIN. TYP. MAX. UNITS 

tForward Voltage 1.2 I.S volts tBreakdown Voltage - V(BR)CBO 30 - - volts 
(IF = lOrnA) (Ic = 100/JA, IF = 0) 

tBreakdown Voltage - V(BR)CEO 30 - - volts 
t Reverse Current - 100 microamps (Ic = ImA, IF = 0) 

(VR = 3V) tBreakdown Voltage - V(BR)EBO 5 - - volts 
(IE = 100/JA, IF = 0) 

Capacitance 50 - picofarads tCollector Dark Current - ICEO - - 100 nanoamps 
V=O,f= I MHz (VCE = 10V, IF = 0) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

tCollector Output Current (IF = 10mA, VCE = 10V) 4N32, 4N32A, 4N33 50 - - rnA 
4N29, 4N29A, 4N30 10 - - mA 

4N31 5 - - mA 
t Saturation Voltage - Collector - Emitter 4N29,29A,30,32,32A,33 - - 1.0 volts 

(IF .. 8mA, Ic = 2mA) 4N31 - - 1.2 volts 
Resistance - IRED to Photo-Transistor (@ 500 volts) - 100 - gigaohms 
Capacitance - IRED to Photo-Transiftor (@O volts, f = 1 MHz) - I - picofarad 

tIsolation Voltage 60 Hz with the Input terminals (diode) 4N2!1,29A,32,32A 2500 - - volts (peak) 
shorted together and the output terminals (transistor) 4N30, 4N31, 4N33 1500 - - volts (peak) 
shorted together 4N29A,4N32A 1775 - - volts (RMS) (1 sec.) 

tSwltching Speeds: IC" SOmA, IF" 200mA) Figure I 
Turn-On Time - ton - - 5 microseconds 
Turn-Off Time - toft' 4N29, 4N29A, 4N30, 4N31 - - 40 microseconds 
Turn-Off Time - toft' 4N32, 4N32A, 4N33 - - 100 microseconds 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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Optoelectronic Specifications ________________________ _ 

Photon Coupled Isolator 4N35,4N36,4N37 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State 4N35-4N36-4N37 are gallium arsenide 
infrared emitting diodes coupled with a silicon phototransistor in a 
dual in-line package. These devices are also available in surface-
mount packaging. 

FEATURES: 
• Fast switching speeds 
• High DC current transfer ratio 
• High isolation resistance 
• High isolation voltage 
• I/O compatible with integrated circuits 
~ Covered under U.L. component recognition program, reference file E51868 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

• Power Dissipation TA = 25°C *1.00 milliwatts 

• Power Dissipation TC = 25°C *1.00 milliwatts 

OC indicates collector lead temperature 1/32" fr9m case) 

• Forward Current (Continuous) 60 milliamps 

• Forward Current (Peak) 3 ampere 
(Pulse width I usee, 300 pps) 

• Reverse Voltage 6 volts 

*Derate 1. 33mWrC above 25°C 

PHOTO-TRANSISTOR 

• Power Dissipation TA = 25°C ~OO milliwatts 

• Power Dissipati9n 1C = 25°C ~OO milliwatts 

OC indicates collector lead temperature 1/32" from case) 

• VCEO 30 volts 

• VCBO 

• VECO 
• Collector Current (Continuous) 

70 

7 

100 

~Derate 4.OmWrC above 25°C 
~Derate 6.7mWrC above 25°C 

TOTAL DEVICE 

• Storage Temperature -55 to 150°C 
• Operating Temperature -55 to 100°C. 

• Lead Soldering Time (at 260°C) 10 seconds. 

• Relative Humidity 85%®85°C 

• Input to Output Isolation Voltage 

4N35 2500 V(RMS) 
4N36 1750 V(RMS) 
4N37 1050 V(RMS) 

• Indicates JEDEC registered values 

3550 V (peak) 

2500 V (peak) 

1500 V (peak) 

volts 

volts 

milliamps 

@ VDE Approved to 0883/6.80 OllOb Certificate # 35025, except type 4N37 

SEA5TING 
PLANE 

~rK 1:1 1] B 
1M 

11-;
\ 

SVII'OOl ~rs MIN. MAX. 

A B.3B .1. B.B9 I 
B 7.62 REF. 
C - 8.64 
0 .406 .508 
E - 5.08 
F 1.01 1.78 
G 2.28 2.BO 
H - 2.16 
J .203 .305 
K 2.54 -
M - 15" 
N .381 -
P - 9.53 
R 2.92 3.43 
S 6.10 . 6.86 

NOTES: 

~Hf.--jFI--lRm' II PI I 
~ , ' 

G \' 
--11-0 

INCHES 

MIN. I MAX. 
NOTES 

.330 n j r .350 
.300 REF. 1 
- .340 2 

.016 .020 
- .200 3 

.040 .070 

.090 .110 
- .085 4 

.008 .012 

.100 -
- 15" 

.015 -
- .375 

.115 .135 

.240 .270 

1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 
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4N35-37 _____________________ Optoelectronic Specifications 

individ ual electrical .characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING 
DIODE - - SYMBOL MIN. MAX. UNITS PHOTO·TRANSISTOR SYMBOL MIN. 

• Forward Voltage VF .8 1.5 volts • Breakdown Voltage V(BR) CEO 30 
(IF = 10 rnA) (IC = 10 rnA, IF = 0) 

• Forward Voltage VF .9 1.7 volts • Breakdown Voltage V(BR)CBO 70 
(IF= lOrnA) (IC = 100uA, IF = 0) 
TA = ·55°C 

• Breakdown Voltage V(BR) Eeo 7 
• Forward Vol tage VF .7 1.4 volts (IE = 100uA, IF = 0) 

(IF= lOrnA) 
Collector Dark Current ICEO -

TA = +IOOoC 
(VCE = 10V, IF = 0) 

• Reverse Current IR - 10 microamps 
• Collector Dark Current (VR =6V) ICEO -

(VCE = 30V, IF = 0) 
Capacitance CJ 100 picofarads TA = 100°C 

(V=O, f=l MHz) 
Capacitance CCE -

(VCE = lOY, f= lMHz) 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TYP. 

· DC Current Transfer Ratio (IF = lOrnA, VCE = IOV) 

· DC Current Transfer Ratio (IF = lOrnA, VCE = IOV) TA = ·5SoC 

· DC Current Transfer Ratio (IF = lOrnA, VCE = lOY) TA = +IOO°C 

· Saturation Voltage-Collector To Emitter (IF = lOrnA, IC = 0.5mA) 

· Input to Output Isolation Current (Pulse Width = 8 msec) 
(See Note 1) Input to Output Voltage = 3550 V (peak) 4N35 

Input to Output Voltage = 2500 V (peak) 4N36 
Input to Output Voltage = 1500 V (peak) 4N37 

· Input to Output Resistance (Input to Output Voltage = 500V· See Note I) 

· Input to Output Capacitance (Input to Output Voltage = 0, f = lMHz· See Note 1) 

· Turn on Time - !on ('ICC = 10V, IC = 2MA, RL = 100.\1) (See Figure 1) 

· Tum off Time - toff (V CC = IOV, IC = 2MA, R L = 100.\1) (See Figure 1) 

Note 1: Tests of input to output isolation current resistance, and capacitance are performed 
with th, input terminals (diode) shorted together and the output terminals 
(tm~sistor) shorted together 

• Indicates JEDEC registered values. 

O'NPUT 

-:: 47{l. 

OUTPUT 

Vee Rl 

TEST CIRCUIT VOl.TAGE WAVE FORMS 

100 

40 

40 

-

-

-
-

100 

-

-

-

Adjust Amplitude of Input Pulse for Output (Ie) of 2 rnA 

FIGURE 1 

-

-

-

-

-
-
-

-

-

5 

5 

TYP. MAX. UNITS 

- - volts 

- - volts 

- - volts 

5 50 nanoamps 

500 microamps 

2 - picofarads 

MAX. UNITS 

- % 
- % 
- % 

0.3 volts 

100 microamps 

100 microamps 
100 microamps 

- gigaohms 

2 picofarads 

10 microseconds 

10 microseconds 
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" U 'F 10 rnA, TA = 100 ac 

~ 
5 0.1 IIII 
0 IF=1 mA,TA=2S"C 

'" w 
N V or;';'\";;;;;;:\;;':~~~ ~ 0.01 .. 
0: 
0 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator 4N38 , 4N38A ~Mll~LlMETERS ~NCHIES __ 
S'VMBOL . ... -: _. NOTES 

MIN. MAX. MIN. MAX. 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

A 8.38 .I 8.89 I .330 ,I, .350 ! 
The GE Solid State4N38 and 4N38A consist ofagallium arsenide infrared c8 7.62 REF. .300 REF. 1 

8.64 1 - I .340 
emitting diode coupled with a silicon phototransistor in a dual in-line ~ .406 5~~B .016 :~~g 

package. These devices are also available in surface-mount packaging. F '-01 l' 78 I 040 I 070 
r---' G 2.28 2:80 :090 :110 
T~6 SEATING H 2.16 .085 

I I PLANE J .203 .305 .008 .012 
FEATURES: 2 5 JLrK 1 E1 K 2.54 .100 

• Fast switching speeds .o-L' 4 --r - -'I ~Hf.- -iFt- ~ .381 15 .015 15 

• High DC current transfer ratio L - - J 1 1 R 'm' T I 9.53 .375 

• High isolation resistance ~ M PI' ; ~:~~ ~:~;~~;;~ 
• 2500 volts isolation voltage 11 ~ " N'--O-TE-S--" '--'----'---'---'------' 

• I/O compatible with integrated circuits \ G ~ 1_0 1. INSTALLED POSITION LEAD CENTERS 
2. OVERALL INSTALLED DIMENSION. 

'IIi Covered under U.L. component recognition program, reference file E51868 3. THESE MEASUREMENTS ARE MADE FROM THE 

tlndicates JEDEC registered values SEATING PLANE. 

absolute maximum ratings: (25°C) (unlessotherwisespecified) 4. FOUR PLACES. 

tStorage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds. 

INFRARED EMITTING DIODE 

t Power Dissipation 
tForward Current (Continuous) 
tForward Current (Peak) 

(Pulse width 300tlsec, 2% duty cycle) 
t Reverse Voltage 

*150 milliwatts 
80 milliamps 

3 ampere 

3 volts 

PHOTO-TRANSISTOR 

t Power Dissipation 
tVCEo 
tVCBO 
tVEcO 

Collector Current (Continuous) 

**150 
80 
80 

7 
100 

milliwatts 
volts 
volts 
volts 
milliamps 

'Derate 2.0 mWjOC above 2SoC ambient. • 'Derate 2.0 mWjOC above 2SoC ambient. 

tTotal device dissipation @ TA = 25°C. PD 250 mW. tDerate 3.3 mWjOC above 25°C ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING TYP. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 
OIODE 
t Forward Voltage 1.2 1.5 volts tBreakdown Voltage - V(BR)CEO 80 - - volts 

(IF = lOrnA) (Ic = ImA, IF = 0) 
tBreakdown Voltage - V(BR)CBO 80 - - volts 

(Ic = ItlA, IF = 0) 
t Reverse Current - 100 microamps tBreakdown Voltage - V(BR)ECO 7 - - volts 

(VR = 3V) (IE = 100tlA, IF = 0) 
tCollector Dark Current - ICEO - - 50 nanoamps 

(VCE = 60V, IF = 0) 
Capacitance 50 - picofarads tCollector Dark Current - ICBO - - 20 nanoamps 

V = O,f= I MHz (VCE = 60V, IF = 0) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

tIsolation Voltage 60Hz with the input terminals (diode) 4N38 1500 - - volts (peak) 
shorted together and the output terminals (transistor) 4N38A 2500 - - volts (peak) 
shorted together. 4N38A 1775 - - volts (RMS) (I sec.) 

tSaturation Voltage - Collector - Emitter (IF = 20mA, Ic = 4mA) - - 1.0 volts 
Resistance - IRED to Photo-Transistor (@ 500 volts) - 100 - gigaohms 
Capacitance - IRED to Photo-Transistor (@O volts, f = I MHz) - I - picofarad 
DC Current Transfer Ratio (IF = lOrnA, VCE = 10V) 10 - % 
Switching Speeds (VCE = 10V, Ic, = 2mA, RL = lOOn) 

Turn-On Time - ton - 5 - microseconds 
Turn-Off Time - toff - 5 - microseconds 

® VDE Approved to0883/6.80 OllOb Certificate # 35025, except type 4N38A 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator 4N39, 4N40 SVMBOL ~;,_~r_ERS_ INCHE~_ 
-~MAX. NOTES 

MIN. MAX. 

Ga As Infrared Emitting Diode & Light Activated SCR 
A 8.38 _I 8.89 .330.1 .360 
B 7.62 REF. .300 REF. 1 
C 

.406 I 8.64 - .340 2 
D .608 .DI6 .020 
E ,. 

I 
6.0B -- .200 3 

F 1.01 1.78 .040 .070 
G 2.2B 2.BO .090 .110 
H - 2.18 - .0&6 4 
J .203 .306 .009 .012 
K 2.64 -- .100 -

M - 16 ,. 16 
N .381 - .016 -
P - 9.63 - .376 
R 2.92 3,43 .116 .13. 
S 6.10 B.8S .240 .270 

The GE Solid State 4N39 and 4N40 consist of a gallium arsenide, 

"f""" """'''' "'odo ""POd with • ""t ... " .. ,ill", - 'it'~ 1_ __I trolled rectifier in a dual in-line package. These devices are also J j r_K _E A 
. I' -'" ~ N avallab e In sUu&ee-mount packaging. -1-__ -j-- . _ 

1 3 1. t 
absolute maximum ratings B C ITOPVIOWI S 

INFRARED EMITTING DIODE ; t _ .L..!: 4 6.J 
tPowerDlssipatlon(-SS·CtoSO·C) "'100 milliwatts \ ~HI--IF_ NOTeS: 
tForward Current (Continuous) 60 milliamps I , 1. INSTALLED POSITION LEAD CENTERS, 

(-SS.C to SO.C) R I 2, OVERALL INSTALLED DIMENSION, 

tForward Current (Peak) (-SS·C to SO·C) ampere j r 3, ;~!~~N~':~~~i,MENTS ARE MADE 'ROM THE 

(1 00 ~sec I % duty cycle) 1 UOUR PLAces, 
tRaverse Voltage (-SS·C to SO·C) 6 volts G- ..., !_D 

°Oerate 2.0mW/·C above SO·C. r------------------------. 
PHOTO-SCR 

tOff-State and Reverse Voltasc 4N39 200 volts 
(-SS·C to +IOO·C) 4N40 400 volts 

tPeak Reverse Gate Voltage (·SS·C to SO·C) 6 volts 
tDirect On-State Current (-SS·C to SO·C) 300 milliamps 
tSurge (non-rep) On-State Current (lOOl-isec) 10 amps 

(-5S·C to SO·C) 
tPeak Gate Current (-SS·C to SO·C) 10 milliamps 
tOutput Power Dissipation (·SS·C to SO·C)**400 milliwatts 

··Oerate 8mW/·C above SO·C. 

TOTAL DEVICE 

tStorage Temperature Range _55°C to ISOoC 
tOperating Temperature Range -SS·C to 100·C 
tNormai Temperature Range (No Derating) -5S·C to SO·C 
t Soldering Temperature (1/16" from case, I a seconds) 260·C 
tTotal Device Dissipation (-SS·C to SO·C), 450 milliwatts 
tLinear Derating Factor (above SO·C), 9.0mW/"C 
t Surge Isolation Voltage (Input to Output). 

1500V(p •• k) 1060V(RMS) 
tSteadY-State Isolation Voltage (Input to Output). 

950V (p •• k) 660V (RMS) 

I ndivld ual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-SCR MIN. MAX. UNITS 

tForward Voltaie VF 1.1 I.S volts 
(IF" lamA) 

tPeak Off-State Voltage - VOM 4N39 200 - volts 
(RUK" 10KO, TA .. 100°C) 4N40 400 - volts 

tPeak Reverse Voltage - VRM 4N39 200 - volts 
(TA" 100'C) 4N40 400 - volts 

tOn-State Voltage - VT - 1.3 volts 
(IT = 300mA) 

t Reverse Current IR - 10 microamps 
t Off-State Current - 10 4N39 - SO microamps 

(Vo='200V,TA .. lOO·C~F-<>,RGK .. IOK) 
(VR .. 3V) tOff-State Current - 10 4N40 

(Vo-400V,TA"IOO·C,iF=0,ROK"IOK) 
- ISO microamps 

t Reverse Current - IR 4N39 
(VR -200V, TA -IOO·C,IF "0) 

- 50 microamps 

t Reverse Current - IR 4N40 
(VR "400V, TA -IOO·C,IF "0) 

- ISO microamps 

Capacitance 50 - picofarads 
(V .. o,r .. I MHz) 

tHolding Current - IH - 1.0 milliamps 
(V FX = SOV, RGK "27KO) 

coupled electrical characteristics (25°C) 
MIN. MAX. UNITS 

t Input Current to Trigger VAK= SOY, RoK" 10KO 1FT - 30 milliamps 
VAK" 100V, RoK" 27KO 1FT - 14 milliamps 

tIsoiation Resistance (Input to Output) Vlo" 500Voc rio lOa - gigaohms 
tTurn-On Time - VAK" SOV,IF "30mA, RoK "'IOKO, RL = 2000 ton - 50 microseconds 
Coupled dv/dt, Input to Output (See Figure 13) 500 - volts/microsec. 
Input to Output Capacitance (Input to Output Voltage" o,r .. IMHz) - 2 picofarads 

.. 
tlndlcates JEOEC Registered Values. '" Covered under U .L. component recognition program, reference file ES1868 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR) 
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4N39,4N40 _____________________ Optoelectronic Specifications 

TYPICAL APPLICATIONS 

10A, T2 L COMPATIBLE, SOLID STATE RELAY 

Use of the !4N40 for high sensitivity, 2500V iso
lation capability, provides this highly reliable solid 
state relay design. This design is compatible with 
74, 74S and 74H series T2 L logic systems inputs 
and 220V AC loads up to lOA. 

25W LOGIC INDICATOR LAMP DRIVER 

The high surge capability and non-reactive input characteristics 
of the 4N40 allow it to directly couple, without buffers, T2 L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 

400V SYMMETRICAL TRANSISTOR COUPLER 

O.I,uF "CONTACT" 
ZZOVAC 

INDICATOR 
LAMP 

:Y4N40~ Use of the high voltage PNP portion of the 4N40 provides a 400V transistor 1-- ---- --1 
capable of conducting positive and negative signals with current transfer INPUT I :; IOUTPUT 

ratios of over 1%. This function is useful in remote instrumentation, high L __ ---- _J 

voltage power supplies and test equipment. Care should be taken not to ex-
ceed the 400 mW power dissipation rating when used at high voltages. 

FIGURE 13 
COUPLED dv/dt - TEST CIRCUIT 

v p = 800 Volts 

tp =.010 Seconds 

f = 25 Hertz 

TA = 250 C 

+ 

EXPONENTIAL 
RAMP GEN. 

+ 100VAe 

lOOn 

OSCILLOSCOPE 
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Photon Coupled Isolator 
H11A1, H11A2, H11A3, H11A4, H11A5 

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State HIJAI thru HlJA5 consist of a gallium arsenide 
infrared emitting diode coupled with a silicon phototransistor in a dual 
in-line package. These devices are also available in surface-mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width I j.Lsec 300 P Ps) 
Reverse Voltage 

*100 
60 

3 

3 
'Derate 1.33mW/oC above 25°C ambient 

PHOTO-TRANSISTOR 

Power Dissipation 
VCEO 
VCBO 
VECO 
Collector Current (Continuous) 

**150 
30 
70 

7 
100 

"Derate 2.0mW/oC above 25°C ambient 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

3535V(p'.k) 2500V(RMS) 
Steady-State Isolation Vciltage (Input to Output). 

3180V(p'.k) 2250V(RMS) 

milliwatts 
milliamps 
ampere 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

SEABTING. 
'PLANE JLrK E1 1-A-I -I-N ---1- . -,=]' 3 Ie, 1. --- C (TOP VIEW) S 

B 4 6 ~ 
M 11-_ 

d_ 

\ ~m'H~~Ft-
PI 1 
~ , ' 

G I' 
-II-D 

~~~-
INCHES 

NOTES S'lMBOt 
MIN. MAX. MIN. MAX. 

A B.3B .I. 8.89 
I .330 ,I, .350 

B 7.62 REF. .300 REF. 1 
C - 8.64 1 -

I 
.340 2 

D .406 .50B .016 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 

I 

.070 
G 2.28 2.80 .090 .110 
H - 2.16 - .OB5 4 

J .203 .305 .008 .012 
K 2.54 - .100 -
M - 15 -- 15 
N .381 - ,015 -
P - 9.53 .375 
R 2.92 3.43 .115 .135 
S 6.10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LI:AD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 4. FOUR PLACES. 

:f}~---i · 
I 1 • 
: . 1 

3 1 1 • 
0-+-L _____ .J 

tN.' Covered under U.L. component recognition program, reference file E51868 

~ VDE Approved to 0883/6.80 01 lOb Certificate # 35025 
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H11A1, H11A2, H11A3, H11A4, H11A5 _________ 0ptoelectronlc Specifications 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO· TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts 
(I~. = 10 mA) 

Breakdown Voltage-V(BR)CEO 30 - - volts 
(Ic = 10mA, IF = 0) 

Brea~down Voltage-V ~R)CBO 70 - - volts 
(Ic .. 100/JA, IF = 0 

Reverse Current - 10 microamps 
(VR = 3 V) 

Breakdown VOltage-V~R)ECO 7 - - volts 
(IE = 100/JA, IF = 0 

Capacitance SO - picofarads 
(V = O,f= I MHz) 

Collector Dark Current-IcEO - 5 SO nanoamps 
(VCE " 10V, IF" 0) 

Capacitance - 2 - picofarads 
(VCE • 10V,f- IMHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = 10mA, VCE .. 10V) HIIAI SO - - % 
HIIA2 20 - - % 
HIIA3 
HIIA4 
HllAS 

Saturation Voltage - Collector to Emitter (IF = 10mA, Ic = O.SmA) - 0.1 0.4 volts 
Isolation Resistance (Input to Output Voltage = SOOVoc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage" O,f" 1 MHz) - - 2 picofarads 

Switching Speeds: 
Rise/Fall Time (VCE = 10V, ICE" 2mA, RL = lOOn) - 2 - microseconds 
Rise/Fall Time (VCB = 10V, ICB = SO/JA, RL .. lOOn) - 300 - nanoseconds 
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Optoelectronic Specifications ________ H11A1, H11A2, H11A3, H11A4, H11A5 

TYPICAL CHARACTERISTICS 
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H11A1, H11A2, H11A3, H11A4, H11A5 __________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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PHOTON COUPLED CURRENT THRESHOLD SWITCH H11A10 
Os As Infrared Emitting Diode' & NPN Silicon Photo-Transistor 
The OE Solid State H II AIO is a gallium arsenide infrared emitting diode coupled with a silicon 
phototransistor in a dual in-line package. It is characterized and specified with two resistors, one 
on the input and one on the output. This configuration provides a circuit which will detect a 
doubling of the input current level by registering more than a twenty-to-one difference in the 
output current over a wide temperature range. This device is also available in surface-mount 
packaging. 

FEATURES: 
• Programmable Threshold - "ofr' to "on" with a 2/1 change in input current 
• Glass Dielectric Isolation 
• Fast Switching Speeds 
• Operation over wide temperature range 
• High Noise Immunity 

1M Covered under U.L Component Recognition Program, reference file E51868 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 
Power Dissipation 
Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) , 
(Pulse width I /.Isec, 300 pps) 

Reverse Voltage 

·Dcrate 1.33mW/oC above 2SoC 

PHOTO-TRANSISTOR 

"'100 
"'100 

50 

3 
6 

milliwatts 
milliwatts 
milliamps 

ampere 
volts 

Power DiSsipation T A .. 25°C *"'300 milliwatts 
Power Dissipation Tc .. 250 C "*500 milliwatts 

(Tc indicates collector lead temperature 1/32" from case) 
V CEO 30 volts 
V CBO 70 volts 
VEBO 7 voln 
Collector Current (Continuous) 100 milliamps 

.U!':DING J ,P"ANEK E 

tT--N 

-1-
s 

M 

11. 
\' I 

SYMBOL ~~~~,~~f~-MIN, MAX, MIN, MAX, 

A us _I, B,89 I ,330 "I. ,360 
B 7,62 REF, ,300 REF, 
C .• 8,64 I " ,340 
0 ,40a ,608 ,016 ,020 
e -' 6,08 " ,200 
F 

I 

1.Q1 1,78 ,040 ,070 
c; 2,26 2,80 ,090 ,110 
H , 2,18 "' ,oa. 
J ,203 ,306 ~OOB ,012 
K 2,54 '" ,100 "' 

M "' 15 15 
N ,381 "' ,01. " 

P "' 0,63 "' ,37. 
R 2,92 3,43 ,116 ,130 
S B,10 8,88 ,240 ,210 

NOTES: 
1, INSTA"bEO POSITION LEAD CENTERS, 
2, OVERAL" INSTALLED DIMENSION, 

NOTES 

1 
2 

3 

4 

3, THESE MEASUREMENTS ARE MADE FROM THE 
SEATINO PLANE, 

4, FOU R P"ACES, 

··Dcrate 4.0mWloC above 2SoC 
···Derate 6.7mW/oC above 2SoC 

TOTAL DEVICE 

Storage Temperature -55 to ISO·C 
Operating Temperature -55 to 100·C 

~' ,,----
R, 2 I 

~ .r+~1---1 

Lead Soldering Time (at 260·C) 10 seconds 
Input. to Output Isolation Voltage 
Surge Isolation (Input to Output) 

3S35V (po") ,2S00V (RMS) 

Steady.State Isolation Voltage (Input to Output) 
3180V (po") 22S0V (RMS) 

:5 ' 0-+- HIIAIO a.;._ .. 4 __ ..... _ 
L. ____ .J 

THRESHOLD SWITCH BIAS 
CIRCUIT ILLUSTRATION 
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H11A10 _____________________ Optoelectronic Specifications 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED 
EMITTiNG 

SYMBOL MIN. MAX. UNITS PHOTO· TRANSISTOR SYMBOL MIN. TYP. DIODE 

Forward Voltage VF 1.5 volts Breakdown Voltage V(BRlCEO 30 -
(iF=IOmA) (lc=IOmA,IF=O) 

Reverse Current IR - 10 microamps Breakdown Voltage V(BRlCBO 70 -

(VR=6V) (ic= IOOIlA,IF=O) 

Capacitance C] 100 picofarads Breakdown Voltage V(BR)EBO 7 -

(V=O, f=1 MHz) (lE=1 DOIIA, IF=O) 

'in 'out =----+ ~ 

i f 
Vin R, '50.n 2.7M.n Vout 

FIGURE 1 

THRESHOLD CIRCUIT CHARACTERISTICS· BIAS PER FIGURE 1 
(-55°C to 100°C Unless Otherwise Specified) 

SYMBOL PARAMETER/CONDITIONS 

lout Output Current (V out=IOV, lin $ SmA, T A =25°C) 

lout Output Current (Vout=IOV, lin $ 5mA,TA =IOOOC) 

louy! D.C. Current Transfer Ratio 
lin (Vout=IOV, lin ~ lOrnA) 

Vout Output Saturation Voltage (lin=lOmA, 10ut=0.5mA) 

Rio Input to Output Resistance (Vio=500V) Note I 

ton Turn-On Time (Vec = IOV, lin=20 rnA, RL =IOOn) 
Figure 2 

totT Turn-Off Time (Vce = 10V, lin=20mA, RL = lOOn) 
Figure 2 

! 

MIN. TYP. MAX. UNITS 

I 50 nanoamperes 

I 50 microamperes 

10 30 percent 

0.2 0.4 volts 

100 gigaohms 

5 microseconds 

5 microseconds 

Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals {diode} 
shorted together and the output terminals {transistor} shorted together 

47.n. 

2.7M.n. 

TEST CIRCUIT 

FIGURE 2 - TEST CIRCUIT AND VOLTAGE WAVEFORMS 

MAX. UNITS 

- volts 

- volts 

- volts 
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THRESHOLD COUPLER APPLICATIONS 

LINE CURRENT MONITORS 
LINE DROPOUT ALARM LIGHT 

ILIN~ 
O~--~~~~----~~- When remote line current (IUNE) falls below 

the programmed threshold value the LED 
turns on, indicating loss of power to critical, 
isolated circuit function. Phase inversion, ac
complished by replacing the 2N5306 with a 
041Kl PNP and interchanging the collector and 
emitter connections, provides an over-current 
alarm light. 

+5V 

INFORMATION FLOW DIRECTOR 

To minimize lines needed to communicate between A and B, a queue system is set up using HI 1 AIO's to monitor 
line use and set up the queue procedures. 

INHIBIT A, 
PROCESSOR USE B 

A 

INHIBIT B 
USE C 

INHIBIT C, 
USE A 

HIIAIO 150K 

'V~-=r~~cr-+~ 

IUNE A 
HIIAIO 

I lLINE B PROCESSOR 

HIIAIO B 

J I UNEC 

HIIAIO 

····~I 

THERMISTOR 150K HEATER 

AC POWER 
LINE 

6VO!~~ 
~AA~~~----~ 

CONDUCTIVITY AC POWER 
PROBE LINE 

ELECTROLYTE SOLENOID 

In many process control applications such as solution mixing, resistor trimming, light control and 
temperature control, it is advantageous to monitor conductivity with isolated low voltages and 
transmit this information to a power control or logic system. Low voltages are often preferred for 
safety, convenience or self heating considerations or to prevent ground loops and provide noise 
immunity. Until the advent of the HIIAIO such systems were complex and costly. Using the HllAIO 
allows the use of simple low power circuits such as illustrated here to provide these functions. In 
battery operated systems, the low current thresholds of the HllAIO can considerably enhance 
battery life. 
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Optoelectronic Specifications --------------------------,,,,,... 

Photon Coupled Isolator HllA520-HllA550 -HllA5100 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State HllA520, HllA550 and HllA5100 consist ofa 

PLANE 

gallium arsenide, infrared emitting diode coupled with a silicon 
photo-transistor in a dual in-line package. These devices are also 
available in surface-mount packaging. SEAaTING 

FEATURES: JLr K E1 
~ -I-NI 

• High isolation voltage, 5000V minimum. -11- ]' ..1..._ 4 

I ~~ERS INCHES 
SYMBOL1 MIN. I M'ACCX~~~--t--oM:C:INC-~ -r:cMCACCCX~--jNOTES 
1~--+-~-+~~~~+-~4---~ 

• GE unique patented glass isolation 
construction. B M ~Hf-- -H--

• High efficiency liquid epitaxial IRED. ,1. 1 R m' " 

, A I 8.3B _I B.89 1 .330 J .350! II 
B 7.62 REF. .300 REF. 1 
C - I 8.64 I - .340 I 2 

• High humidiy resistant silicone encapsulation. \ , It, ! 
• Fast switching speeds. G- I ' 

i i ,~~ I dr:;: .~~~ 3 

~ 2,:8 I ;:~~ .o~o :6~~ 4 

w. Covered under U.L. component recognition program, reference file ES 1868 -II-D J .2031 .305 
K 2.54 -

.008 

.100 
.012 

absolute maximum ratings: (25°C) (unless otherwise specified) ~ .;81 I 1~ .015 
15 

INFRARED EMITTING DIODE 

Power Dissipation - TA = 25°C 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width ll-tsec, 300 pps) 
Reverse Voltage 

*100 
60 

3 

6 
'Derate 1.33mWjOC above 25°C. 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C 
VCEO 
VCBO 
VEBO 
Collector Current (Continuous) 

**300 
30 
70 

7 
lOp 

"Derate 4.0mWjOC above 25°C. 

milliwatts 
milliamps 
amperes 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

P -. 9.53 
R 2.92 II 3.43 
s 6.10 6.86 

NOTES. 

.115 

.240 

.375 

.135 

.270 

L INSTALLED POSITION LEAD CENTERS. 

TOTAL DEVICE 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

Storage Temperature -55 to 150°C. 
Operating Temperature -55 to 100°C. 

Lead Soldering Time (at 260°C) 10 seconds. 

Surge Isolation Voltage (Input to Output). 
5656V(peak) 4000V(RMS) 

Steady-State Isolation Voltage (Input to Output). 
5300Y(DC) 3750Y(RMS1 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TVP. MAX. UNITS 

Forward Voltage - VF .8 1.5 volts 
(IF = lOrnA) 

Breakdown Voltage - V(BR)CEO 30 - - volts 
(Ic = lOrnA, IF = 0) 

Forward Voltage - VF .9 1.7 volts 
(IF = lOrnA) 
TA = _55°C 

Forward Voltage - VF .7 1.4 volts 
(IF = lOrnA) 
TA = +IOO°C 

Reverse Current - I R - 10 microamps 
(VR = 6V) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ie = 1001-tA, IF = 0) 

Breakdown Voltage - V(BR)EBO 7 - - volts 
(IE = lOOI-tA, IF = 0) 

Collector Dark Current - IcEO - 5 50 nano-
(VCE = lOY, IF = 0) amps 

Collector Dark Current - ICEO - - 500 micro-
(VCE = lOY, IF = 0) amps 
TA = 100°C 

Capacitance - CJ - 100 picofarads Capacitance - CCE - 2 - pico-
(V = O,f = 1 MHz) (VCE = lOY, f= IMHz) farads 

@ VDE Approved to 0883/6.80 01 lOb Certificate # 35025 

218 __________________________________________________________________ ___ 



H11A520·H11A550·H11A5100 _____________ Optoelectronic Specifications 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TVP. MAX. UNITS 

DC Current Transfer Ratio (IF = 10mA, VeE = lOy) HllA5100 100 - - % 
HI lASSO SO - - % 
HllA520 20 - - % 

Saturation Voltage - Collector to Emitter (IF = 20mA, Ie = 2mA) - - 0.4 volts 
Isolation Resistance (Input to Output Voltage = 500Voe. See Note 1) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage =O,f= I MHz. See Note I) - - 2.0 picofarads 
Turn-On Time - ton (Vee = 10V, Ie = 2mA, RL = lOOn). (See Figure I) - 5 10 microseconds 
Turn-Off Time - toff (Vee = 10V, Ie = 2mA, RL = lOOn). (See Figure 1) - 5 10 microseconds 

NOTE 1: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together 
and the output terminals (transistor) shorted together. 

Adjust Amplitude of Input Puis. for Output (Iel of 2mA 
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TYPICAL CHARACTERISTICS 

100 

~ , .. 
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ii 
il 
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• • • , 
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• 
i 
~1.0 , • .!!- 4 

, 
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I 

I J 
0.5 1.5 2.5 

Vp-VOLTS VF- FORWARD YOLTAGE- VOLTS 

1. INPUT CHARACTERISTICS 

TA - AMBIENT TEMPERATURE -'e 

3. DARK ICEO CURRENT VS TEMPERATURE 

!Z 
II! 
11 

~ 
Q 

::l 

I , , 
10.0 NORMALIZED TO: F = 50 

100 
VeE - COLLECTOR TO EMITIER VOLTAGE - VOLTS 

5. OUTPUT CHARACTERISTICS 

" -2. • 
~ 
E -2. 
!Z g -2. 

II: 
!-2. 
U 
w g; -1. 

4 

.' 
0 

• 
~ r-1. • 
~ 
... -1. 4 
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• 

"r-, 
r-I--" 
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IF- FORWARD CURRENT- mA 

2. OUTPUT CURRENT VS INPUT CURRENT 

I- 1000 
Z • · II! 
Ie 

" U 

~B=30V 
4 --

· Ves= 20 v m 
1100 
Q • • 

10"/ 
= lOY ::l 

I z 10 

4 

lL2Z • 
/, '/ 
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4 

WL 
Yea-lOY 

· TA =25"C 

V 'F =0 
1 

o •• .0 7 • 100 12' 
TA - AMBIENT TEMPE.FlATURE -'e 

4. OUTPUT CURRENT VS TEMPERATURE 

!Z 
10.0 IF = 50 mA, TA = 25'e 

IF - SOmA, TA = 100' 

! 1.0'~"IIIY~'~~ft'F~=~'~D~m~A~' T~A~-~"~'~C~ B F 'F=10mA,TA=100·C 

~ D,,~~l/[!~l'11~11Il/~~_~~IIIl~~~!~ a ~ IF=1 mA,TA=2S"C 

~ D'D'~~~'II'/~!-!I-~"'FmU='-j"'~~;;'~;;~'';. T~~;;;~';;,=~l;lj;J,OOi .. ··tc~ ~ ~ 
~ O'OO1~~'~II~ __ IIIIINORMALIZEDTO: o Vee= 10 v 
~ IF = 10 mA 

D.DDDlr" A' III lll1"A =,,'C 
488 2468 

0.01 0.1 1 10 

VeE - COLLECTOR TO EMITTER VOLTAGE - VOLTS 

6. OUTPUT CURRENT VS BASE 
EMITTER RESISTANCE 
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TYPICAL CHARACTERISTICS 

'p-INPUTCURRENT- rnA 

7. OUTPUT CURRENT VS. INPUT CURRENT 

10~~~ !IE Ip=30mA 

!y _r--
~ ,~ IF=20mA IF= 10 mA 

IF=SmA= 1-
~ O·,~~~!~~~~t~~f~'F~=~·~.~m~A~-~ IF-1 rnA 

io.ol r-
, ~~~~~~~~~~~~~IF~=~0.~5~m~Aj 2 !NORMALIZED TO: VCE = 10 V I 

.YO.OO1!::-_-=,-_~T-,'~,--~~~~~:"_CA __ --_ +L -_ -_ -_ -_ -t=,I====~ 
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-50 -25 25 eo 75 100 

TA - AMBIENTTEMPEFIATURE-·C 

9. OUTPUT CURRENT VS. TEMPERATURE 
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B. OUTPUT CURRENT - COLLECTOR-TO-BASE 
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10. OUTPUT CURRENT VS. BASE EMITTER RESISTANCE 

• I II 
tON 'ON 
IF=10mA I =5 rnA 

4 . '}, '-I\, toN 'F=20mA o 'h.l ...........-: ;:::::::e::: 
8 

'OFF I I "/ NORMALIZED TO: 
81-1F=p Vee ='OY 

"L =1000 

:VV tOFF 'F =10mA 

'F=SmA Rae =CDA 

o ~~if,o rnA IIII toN = 5.0p8 
tOFP = 2.4,..8 , • • . 2 4 • 10 100 1000 
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AC Input Photon Coupled Isolator H11AA1-H11AA4 
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistor 
The GE Solid State HllAAI - HllAA4 consist of two gallium arsenide infrared emitting 
diodes connected in inverse parallel and coupled with a silicon photo-transistor in a dual in-line 
package. These devices are also available in Surface-Mount packaging. 

FEATURES: 
• AC or polarity insensitive inputs 
• Fast switching speeds 
• Built·in reverse polarity input protection 
• High isolation voltage 
• High isolation resistance 
• I/O compatible with integrated circuits 
• Covered under U .L. component recognition program, reference file E51868 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 
Power Dissipation TA = 250 C *100 milliwatts 
Power Dissipation Tc = 25°C *100 milliwatts 

(Tc indicates collector lead temperature 1/32" from case) 
Input Current (RMS) 60 milliamps 
Input Current (Peak) ± 1 ampere 
(Pulse width l,usec, 300 pps) 

*Derate l.33mW/oC above 25°C 

PHOTO· TRANSISTOR 

Power Dissipation T A = 25°C **300 milliwatts 
Power Dissipation Tc = 25°C **"'500 milliwatts 

(Tc indicates collector lead temperature 1/32" from case) 
V CEO 30 volts 
VCBO 70 volts 
VEBO 5 volts 
Collector Current (Continuous) 100 milliamps 

"Derate 4.0mW/oC above 25°C 
"'Derate 6.7mW/oC above 25°C 

TOTAL DEVICE 

Storage Temperature ·55 to 150°C 
Operating Temperature ·55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

2500V (peak) 1770V (RMS) 
Steady·State Isolation Voltage (Input to Output) 

1500V(peak) 1060V(RMS) 

Ijfiij""\ 6 
2 I 5 

3a+- : 4 1.. _______ ..1 

.lli'~.'NG PLANE 
J7rK E 
~ --N 
I-
s 

M 

j I . 
\ 

SVMaot. ~ili.~~-h5~'-MIN. MAX. MIN. MAX. 

A B.3B ,', B.89 I .330 J. .350 
8 7.62 REF. .300 REF. 
C -- B.B4 I -- ,340 
0 0406 .50B .015 .020 
E 

I - 5.0B - .200 
F , 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H - 2.16 - .085 
J .203 .305 .008 .012 
K 2.54 - .100 -
M -- 16 -- 16 
N .381 -- .015 -
P -- 9,63 - .375 
R 2.92 3.43 .11. .135 
S 6.10 6.85 .240 .270 

NOTES, 
1. INSTAllED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

NOTES 

1 
2 

3 

4 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

222 ______ ~------------------------------__ ---------------------
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individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING SYMBOL MAX UNITS PHOTO-TRANSISTOR SYMBOL MIN. MAX. UNITS DIODE 

Input Voltage VF Breakdown Voltage V(BR)CEO 30 volts 
(IF =± lOrnA) (Ic = lOrnA, IF = 0) 

H11AAI,3,4 1.5 volts 
H11AAZ 1.8 volts Breakdown Voltage V(BR)CBO 70 volts 

(Ic = lOo,.tA, IF = 0) 

Capacitance CJ 100 picofarads Breakdown Voltage V(BR)EBO 5 volts 
(V = 0, F = I MHz) (IE = 1001lA, IF = 0) 

Collector Dark Current ICEO 
(VCE = IOV, IF = 0) 

HllAA1,3,4 100 nanoamps 
H11AA2 200 nanoarnps 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. MAX. UNITS 

Current Transfer Ratio (V CE = IOV, IF = ± lOrnA) HllAA4 100 percent 
H11AA3 50 percent 
H11AA1 20 percent 

H11AA2 10 percent 

Saturation Voltage - Collector to Emitter (ICEO=0.5rnA, IF= ±lOmA) 0.4 volts 
Current Transfer Ratio Symmetry: ICEO(VCE=10V,IF=lOmA) 

ICEO(V CE=IOV, IF=-10rnA) 
Note 2 

HllAA1,3,4 0.33 3.0 

Isolation Resistance (Input to Output Voltage = 500VDC • See Note 1) 100 gigaohms 

Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) 
shorted together and the output terminals (transistor) shorted together 

Ie MAXIMUM 
PEAK 

OUTPUT 

Ie MIN~~~~ 
OUTPUT 

/ \ 
II \ 

I 
I \ 

j \ 

( 1\ 
II \ 

/" "" I 
\ I 

/ \, lJ 
'(CEOIOUTPUT WAVE FORM (SEE NOTE 2) 

AT VCE"~V 

\ /" r--.. 
\ v 
\/ \. 

11Jfltll1fll1tlM 
IF INPUT WAVE FORM 

i 
a 

I 
If 
~ 

Nota 2: 

0 

I 

10-I 

3 Ia
"01 

IF~AI 

V - -
f IF-IIOmAI 

Ih 
OJ 10 100 

VeE -COLLECTOR TO EMITTER VOLTAGE - VOLTS 

The HllAAl spacification guarantees the maximurn 
peak output current will be no more than three 
times the minimum peak output current at 
IF =10mA 
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H11AA APPLICATIONS 

LOAD MONITOR AND ALARM 

POWER SWITCH 

d.1 MONITOR 
SWITCH 

0>---...... --

120VAC 

+5V 

O.2,u.f I K 
o--j 

86 Vac 

8.2K 

220.n. 

LED 
ALARM 
LIGHT 

RING DETECTOR 

,--------, 
r--':I:-----O 

I 
I 
I 
I 
I 

L _______ .J 
H IIAA 

In many computer con trolled systems where 
AC power is controlled, load dropout due to 
filament burnout, fusing, etc. or the opposite 
situation - load power when uncalled for due to 
switch failure can cause serious systems or 
safety problems. This circuit provides a simple 
AC power monitor which lights an alarm lamp 
and provides a "I" input to the computer 
control in either of these situations while 
maintaining complete electrical isolation be
tween the logic and the power system. 

Note that for other than resistive loads, phase 
angle correction of the monitoring voltage 
divider is required. 

In many telecommunications applications it is 
desirable to detect the presence of a ring 
signal in a system without any direct electrical 
contact with the system. When the 86 Vac 
ring signal is applied, the output transistor of 
the HllAA is turned on indicating the presence 
of a ring signal in the isolated telecommuni
cations system. 

UPS SOLID STATE TURN-ON SWITCH 

BATTERY 

TO INVERTER 
OR ENGINE 
STARTER 

Interruption of the 120 V AC power line 
turns off the HII AA, allowing C to charge 
and turn on the 2N5308-D45H8 combination 
which activates the auxiliary power supply. 
This system features low standby drain, isola
tion to prevent ground loop problems and the 
capability of ignoring a fixed number of "drop
ped cycles" by choice of the value of C. 
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Photon Co~pled Isolator H11AG1, H11AG2, H11AG3 
Ga Al As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State HI lAG series consists of a gallium arsenide infrared 
emitting diode coupled with a silicon phototransistor in a dual-in-line package. 
This photon coupled isolator provides the unique feature of high current 
transfer ratio at both low output voltage and low input current. This makes it 
ideal for use in low power logic circuits, telecommunications equipment and 
portable electronics isolation applications. These devices are also available in 
Surface-Mount packaging. 

FEATURES 
• High isolation voltage, 3750 V'RMS) minimum (steady state) 
• GE Solid State unique glass construction 
• High efficiency low degradation liquid epitaxial IRED 
• Logic level compatible, input and Qutput currents, with CMOS and LS /TTL 
• High DC current transfer ratio at low input currents 
• Covered under U. L. component recognition program, reference file 

E51868 

VDE Approved to 0883/6.80 01 lOb Certificate #: 35035, except type 
HIIAG3. 

J)~---l' 
, I • , 
I I 

3 I I 4 
0-+-L _____ ...J 

SEAaTING 
-PLANE 

'Lr" E1 I-A-I r]I-NI: ! T-- 'T"3 1.-j 
B C (TOP VIEW) ~ 

M 4 6 J 
.L . ..L: . ,rmH~~F~ 

I A j P., I 
~ , ' 

G I' 
-ll-D 

absolute maximum ratings: (25 0 C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA " 25°C 

Forward Current (Continuous) 

Reverse Voltage 

"Derate 1.0 mWjOe above 25°C. 

*75 

50 

6 

PHOTO-TRANSISTOR 

Power Dissipation - T A " 25°C 

Vcw 

VCRO 

VECO 

Collector Current (Continuous) 

··Derate 2.0 mW jOe above 25°e 

**150 

30 

70 

7 

50 

milliwatts 

milliamps 

volts 

milliwatts 

volts 

volts 

volts 

milliamps 

r--~----,-----.--. 
MILLIMETERS INCHES 

SYMBOL 
MIN. MAX. MIN. MAX. 

NOTES 

A 8.38 I 8.89 .330 I .350 
R 7.62 REF. .300 REF. 
C 8.64 .340 
0 ,40' .508 0.16 ,020 
E 5.08 .200 
F 1.01 1.78 .040 .010 
G 2.28 2.'" ,090 .110 
H 2.16 .085 
J .203 J05 .008 .0[2 
K 2.54 .)00 
M ISo ISo 
N JSI .015 
p 9.53 .375 
R 2.92 3.43 .115 .135 
S 6.10 6.116 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -50°C to 150°C 

Operating Temperature -50 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output) 

HIlAGI-HIlAG2 5656 V'P"" 4000 V'RMS) 
HIlAG3 3535 V'P"" 2500 V'RMS) 

Steady-State Isolation Voltage (Input to Output) 
HIlAGI-HIIAG2 5300 V'P"" 3750 V'RMS) 
HIIAG3 3180 V'P"" 2250 V'RMS) 
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H11AG1, H11AG2, H11AG3 

individual electrical characteristics (a-70°C) 

INFRARED EMITTER DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - VI' - 1.5 volts 
(1,,= I rnA) 

Breakdown Voltage - VIR• ,eEO 30 - - volts 
(I,,: 1.0 rnA. IF: 0) 

Breakdown Voltage V,n"eno 70 - - volts 
(I,,: 100 pA, IF: 0) 

Reverse Current - I. - 10 micro amps Breakdown Voltage V' •• 'ECO 7 - - volts 
(V. = 3V) (I, : 100 pA, I,,: 0) 

Collector Dark Current Icf.() - 5 10 rnicro-

Capacitance - CJ - 100 picofarads 
(V = O. f = I MHz) 

(V"E: IOV,IF:O) amps 

Capacitance CCE - 2 - pico-
(VeE: 10 V. f: I MHz) farads 

Coupled electrical characteristics (0-70° C) 
H11AG1 H11AG2 H11AG3 

UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

DC Current Transfer Ratio 
(IF: 1.0 rnA. V CE : 5 V) 300 - 200 - 100 - % 
(I,,: 1.0 rnA. VCE : 0.6 V) 100 - 50 - 20 - % 
(I,,: 0.2 rnA. VeE: 1.5 V) 100 - 50 - - - % 

Saturation Voltage - Collector to Emitter 
(IF : 2.0 rnA. Ie : 0.5 rnA) -- 0.4 - 0.4 - 0.4 volts 

coupled electrical characteristics (25° C) 

MIN. TYP. MAX. UNITS 

Isolation Resistance (Input to Output Voltage: 500 V Del 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage: O. f: I MHz) - - 2 picofarads 
Turn-On Time - t", (Vee: 5 V. IF: I rnA. RI.: 100) - 5 - microseconds 
Turn-Off Time - t,,'1 (V C(' : 5 V. IF: I rnA. RI.: 100) - 5 - microseconds 
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IF-INPUT CURRENT -mA 

OUTPUT CURRENT - COLLECTOR-BASE 
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DT230H 

141 

CMOS INPUT, 3KW, ZERO VOLTAGE SWITCHING SOLID STATE RELAY 

The HllAG1 superior performance at low input currents allows standard CMOS logic circuits to directly operate a 25A solid state fIiW 
relay. Circuit operation is as follows: power switching is provided by the SC160B, 25A triac. Its gate is controlled by the C203B via the ...:. 
DT230H rectifier bridge. The C203B turn-on is inhibited by the 2N4256 when line voltage is above 12V and/or the H11AG1 is off. False 
trigger and dv/dt protection are provided by the comb,ination of a GE-MOV® varistor and RC snubber network. 

AC 
'INPUT 

VOLTAGE 

lN4148 

INPUT R, C, 

4O-90VRMS 75K O.lpF 
20Hz. V,oW l00V 

95-135VRMS 180K 12T/F 
60Hz. 1/,oW 200 V 

200-280 VRMS 390K 6.60T/F 
SO/60 Hz. Y4W 400 V 

DC component of input voltage is ignored due to Cl 

TELEPHONE RING DETECTOR/A.C. LINE CMOS INPUT ISOLATOR 

Z 

109K 

285K 

550K 

The HllAG1 uses less input power than the neon bulb traditionally used to monitor telephone and line voltages. Additionally, 
response time can be tailored to ignore telephone dial tap, switching transients and other undesired signals by modifying the value of C2. 
The high impedance to line voltage also can simplify board layout spacing requirements. 
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Photon Coupled Isolator H11AV1, H11AV2, H11AV3, H11AV1A, 
H11AV2A, H11AV3A 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 
The G E Solid State H 11 AV series consists of a gallium arsenide, infrared 
emitting diode coupled with a silicon phototransistor in a dual-in-line package. 
The construction provides guaranteed internal distance for VDE creep and 
clearance requirements, for business machine applications per VDE standard 
0730-2P. The H II AV I A, H II AV2A and H 11 AV3A are lead-formed versions 
of the HIIAVl, HIIAV2 and HllAV3. These devices are also available in 
Surface-Mount packaging. 

FEATURES 
• High isolation voltage, 3750 V(RMS) minimum (steady state). 
• GE Solid State unique glass construction 
• High efficiency low degradation liquid epitaxial IRED 
• High humidity resistant silicone encapsulation 
• Internal conductive part separation 2mm minimum 
• Creepage distance 8.2mm minimum (before mounting) 
• Low isolation capacitance 0.5pf (max.) 

absolute maximum ratings: (250 C) 
(unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - T, = 25°C *100 

Forward Current (Continuous) 60 

Forward Current (Peak) 3 
(Pulse width Ij./sec, 300 pps) 

Reverse Voltage 6 

'Derate 1.33 mW 1°C above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation - T, = 25°C **300 

VeEo 70 

VeRa 70 

V~ 7 

milliwatts 

milliamps 

amperes 

volts 

milliwatts 

volts 

volts 

volts 

@ 
VDE APPROVED TO 

VDE 088)/~,80 
VDE 08~0/8.81 
VOEO!06/8,il 
VOE 0804/1.8) 
VOE 07S0TlIS,!2 
VOE 0110/11.72 
lEe 6011'1 
IE(')80 
)Ee6S 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A M,31! I g.89 .:tID .350 
R 7,62 REF. .300 REF. I 
l' 8,64 0340 2 
» ,40' ,501\ 0.16 ,02<) 

E S,08 ,200 J 
F 1.01 1.711 ,040 ,070 
G 2.2K 2,110 ,090 ,110 
H 2.16 ,Otl5 • 
.I .203 .30S ,00II .012 
K 2.54 ,)00 
M Il' IS' 
N .31'11 ,0105 
P 9.S3 .375 
R 2.92 3.43 .115 ,135 
S 6.10 6.1'16 ,240 .270 

NOTES 
1. INSTALLED POSITION LEAO CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
3, THESE MEASUREMENTS ARE MAoe FROM THE SEATING 

PLANE, 
4, FOUR PLACES, 

H11AV1,H11AV2,H11AV3 

Collector Current (Continuous) 100 milliamps 
CERTIF)CATE # J0440 

"Derate 4.0 mW 1°C above 25°C 

TOTAL DEVICE 

Storage Temperature -55°C to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

5656 V(p"k) 4000 VIRMS) 
Steady-State Isolation Voltage (Input to Output). 

5304 V(O(') 3750 VIRMSi 
Nominal Voltage 500 V(RMS)/600 VOl' 
Isolation Group C 

~' 

UI. RECOGNIZE)) FII.F.# ESI868 

Mil LIMIT!.' INCH!. 
8YMBOL 

MIN. MAX. MIN. I MAX. 
NOTSI 

A IUM I 8.89 ,J!Il I .350 
e 10.16 REF. .400 REF. 
D ,~~ .'01'1 .016 ,020 
f 4,32 .170 
p ].01 1.78 .(MO .010 
(I 2.21'1 2.110 ,090 .110 
H 2.16 .OKS I 
,I .203 .!IlS ,00K ,012 

• 2.54 ,100 
M 10' ID' 
P !l.20 REF. ,244 REF. 

• 2.921- 3.43 ,11.5 -1- .135 
s 6,10 6,86 .240 ,270 

NOTES 
" DIMENSION APPLIES FOUR PLACES, 

H11AV1A,H11AV2A,H11AV3A 
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individual electrical characteristics (25 0 C) (unless otherwise indicated) 

INFRARED EMITTER DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - V F .8 1.5 volts 
(IF = 10 rnA) 

Forward Voltage - V F .9 1.7 volts 
(IF = 10 rnA) 
TA = 55°C 

Forward Voltage - V F .7 1.4 volts 
(IF = 10 rnA) 
TA = 100°C 

Breakdown Voltage - V,R.lCED 70 - - volts 
(Ie = 1.0 rnA, IF = 0) 

Breakdown Voltage - V,R.lCBO 70 - - volts 
(1(' = 100/lA, IF = 0) 

Breakdown Voltage - V,R.lERO 7 - - volts 
(I, = 100/lA, IF = 0) 

Collector Dark Current - ICEo - 5 50 nano-
(V CE = 10 V, IF = 0) amps 

Reverse Current - I. - 10 microamps 
(VR = 6V) 

Capacitance CCE - 2 - pico-
(VCE = 10 V, f= I MHz) farads 

Capacitance - CJ - 100 picofarads 
(V = 0, f = I MHz) 

coupled electrical characteristics (250 C) (unless otherwise specified) 

MIN. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, V CE = 10 V) HIIAVI 100 300 % 
HIIAV2 50 - % 
HIIAV3 20 - % 

Saturation Voltage - Collector to Emitter (IF = 20 rnA, Ic = 2 rnA) - 0.4 volts 

Isolation Resistance (Input to Output Voltage = 500 V DC See Note I) 100 - gigaohms 

Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz, See Note I) - 0.5 picofarads 

Turn-On Time - too (V cc = 10 V, Ic = 2 rnA, RL = 1000). (See Figure I) - 15 microseconds 

Turn-Off Time - toff (Vcc = 10 V, Ic = 2 rnA, RL = 1000). (See Figure I) - 15 microseconds 

Resistance to Creepage 

• EXTERNAL K.100 
• INTERNAL K.6OO 

NOTE I: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and the 
output terminals (transistor) shorted together. 

'NPUT \I WAV~ L-
OUTPUT 

OUTPUT 
WAVEFORM 

ton 

FIGURE 1. SWITCHING TIME TEST CIRCUIT 

10"10 

toff 

92C5-42849 
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TYPICAL CHARACTERISTICS 
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232 ________________________________________________________________ __ 



H11AV1, H11AV2, H11AV3, H11AV1A, H11AV2A, H11AV3A ___ Optoelectronic Specifications 

MOUNTING THE H11AV 

CURRENT INDUSTRIAL STANDARD VDE 0883/6.80 
OF THE FEDERAL REPUBLIC OF GERMANY CON· 
CERN ING OPTOCOUPLERS CALLS FOR A MINIMUM 
CREEPAGE DISTANCE (I.E ... ACROSS THE SURFACE 
OF THE CIRCUIT BOARD IN WHICH THE DEVICE IS 

MOUNTED) OF 8mm (0.315 IN.) BETWEEN INPUT AND 
OUTPUT TERMINALS. THE FOLLOWING DIAGRAM 
ILLUSTRATES ONE WAY TO FORM THE LEADS TO 
MEET THIS DIMENSIONAL REQUIREMENT. 

TYPICAL H11AV COUPLER MOUNTING (DIMENSIONS IN MILLINCHES/MILLIMETERS UNLESS NOTED) 

~----------400/10.2-----------+I 

HllAV COUPLER 

DESIGN REQUIREMENTS 

• INTERNAL SEPARATION BETWEEN 
EMITTER/DETECTOR: 

2mmMINIMUM 

• CREEPAGE DISTANCE BETWEEN 
INPUT/OUTPUT LEADS: 

Bmm MINIMUM 

o Ia.___PRINTE-DCIRCUITBOA-RD _____ I [] 
31.3/0.B\ 1"14t--------- 322/B.2 --------.-1.\ 
+ 

• 62.5/1.5 BOARD WITH 7B/2.0 DIAMETER CONTACTS ( 400/10.2 APART) 

• 31.3/0.8 PROTRUDING FROM BOARD FOR SOLDERING 

IMPORTANT NOTICE: 

CONFORMITY WITH VDE STANDARDS IS DETER
MINED BY VDE ALTHOUGH THE ABOVE DRAWING 
ILLUSTRATES ONE SUGGESTED MOUNTING TECH
NIQUE, IT SHOULD NOT BE UNDERSTOOD AS HAV
ING RECEIVED ADVANCE APPROVAL FROM VDE 

IN RESPECT TO VDE STANDARDS, GENERAL 
ELECTRIC COMPANY (USA) GUARANTEES THAT 

THE DIMENSIONS OF THE HllAV OPTOCOUPLERS 
MANUFACTURED BY IT CONFORM TO THOSE 
DIMENSIONS LISTED ON THE HilA V SPECIFIC
ATION SHEET #40.8, BUT ASSUMES NO RESPON
SIBILITY OR LIABILITY FOR THE MEETING OF 
THE 8mm (0.315") CREEPAGE DISTANCE REQUIRE
MENT BY ANY CUSTOMER-MOUNTED PRODUCT. 
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Photon Coupled Isolator HIIBl,HllB2, ~11B3 SYMOOL~~t~~h~~~~xlNOTES 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington AmplifIer A 838 _I 8.89 ! .330 J .350' ! 
Th GES l'dS HIIBI HII 2 I .. r----' 8 r 7.62 REF. ! .300 REF 1 I 

infrared emitting diodes coupled with a silicon photo-darlington 2 cr-LI I, D I .406 I .508 .0_'6 I .020 

e 0 1 tate , Band HI B3 are gallium arsemde, I <>--n~' C - I 8.64 I _ 1 .340 2 

I - I 5.08 .200 
amplifier in a dual in-line package. These devices are also available in ,0--1-- I 4 F 1.01! 1.78 .040 I .070 

Surface-Mount packaging. 'I::: A-:'::'" ~ 228 ;~~0~06~~ 

absolute maximum ratings' (25°C) J·t,'i!'K E1 -,-1. _ J .203305 .. 008

1

.012 . ~ - !-NI '3 ,. t ~ 2.54 15 .1~O 15 

r-I-N .... F .... R-A-R-E .... O--E .... M-I .... T=T .... I .... N .... G-O~IO .... O=E----------' _J, ~"""=" I C ITOP VIEWI S N .381 015 

I 4 6.-l - I 9.53 - .375 

Power Dissipation *100 milliwatts .-L: 2.92 3.43 .115 1. ,35 
M 5 6.10 6.86 .240 .270 

Forward Current (Continuous) 60 milliamps • i ~ H I- -oj FI_ NOTES 

Forward Current (Peak) 3 ampere 1 R m' I 1. INSTALLED POSITION LEAD CENTERS. 

(Pulse width I /Jsec 300 P Ps) P - I 2. OVERALL INSTALLED DIMENSION. 

3 It! 3. THESE MEASU. REMENTS ARE MADE FADM THE 
Reverse Voltage volts -'--, SEATING PLANE. 

'Derate 1.33mW/oC above 2SoC ambient. G- ~ 1_" 4. FOUR PLACES 

PHOTO·OAR LI NGTON 

Power Dissipation 
VCEO 
VCBO 
VEBO 

milliwatts 
volts 
volts 

TOTAL DEVICE 

Storage Temperature ·55 to 150°C 
Operating Temperature ·55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

5656V(p"k) 4OOOV(RMS) 
Collector Current (Continuous) 

**150 
25 
30 
7 

100 
volts 
milliamps Steady-State Isolation Voltage (Input to Output). 

"Derate 2.0mW/oC above 2SoC ambient. 5300V("",,) 3750V(RMs) 

individual electrical charact13ristics (25 DC) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-DAR LlNGTON 

Forward Voltage Breakdown Voltage - V(BR)CED 
HlIBI, B2 (IF = lOrnA) 1.1 1.5 volts (Ic = lOrnA, IF = 0) 
HlIB3 (IF = SOmA) 1.1 1.5 volts Breakdown Voltage - V(BR)CBO 

Reverse Current 
(VR = 3V) - 10 microamps 

(Ic = 100/JA, IF = 0) 
Breakdown Voltage - V(BR)EBO 
(IE = 100j.lA, IF = 0) 

Collector Dark Current - icED 
(VCE = IOV, IF = 0) 

Capacitance Capacitance 
(V = O,f= IMHz) 50 - picofarads (VCE = 10V,f= IMHz) 

coupled electrical characteristics (25 DC) 
MIN. 

DC Current Transfer Ratio (IF = ImA, VCE = 5V) HlIBI 500 
HllB2 200 
HlIB3 100 

Saturation Voltage - Collector to Emitter (IF = ImA, Ic = ImA) -

Isolation Resistance (Input to Output Voltage = 500VDc) 100 
Input to Output Capacitance (Input to Output Voltage = O,f= IMHz) -
Switching Speeds: (V CE = 10V, Ic = lOrnA, RL = lOOn) On·Time 

Off·Time 

~ Covered under U. L component recognition/program, reference file E51868 

VDE Approved to 0883/6.80 OllOb Certificate:# 3502:> 

-
-

MIN. 

25 

30 

7 

-

-

TYP. 

-
-
-
0.7 
-
-

125 
100 

TYP. MAX. UNITS 

- - volts 

- - volts 

- - volts 

5 100 nanoamps 

6 - picofarads 

MAX. UNITS 

- % 
- % 
- % 

1.0 volts 
- gigaohms 
2 picofarads 
- microseconds 

- microseconds 

2M ______________________________________________________________ _ 



H11B1, H11B2, H11B3 ________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ,..--------------------------

Photon Coupled Isolator H118255 
Ga As I nfrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 
The GE Solid State HIIB255 consists of a gallium arsenide 
infrared emitting diode coupled with a silicon photo
darlington amplifier in a dual in-line package. This device is 
also available in Surface-Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODES 

Power Dissipation *90 
Forward Current (Continuous) 60 
Forward Current (Peak) 3 

milliwatts 
milliamps 
ampere 2o---J..J I 5 ~ , 

MILLIMETERS INCHES 
NOTES SWBOL 

MIN. MAX. MIN. 1 MAX. 

A 8.38 .1. 8.89 .330.1. .350 
8 7.62 REF. .300 REF. 1 

C - 8.64 - .340 2 
0 .406 .508 .016 .020 
E - 5.08 - .200 3 

F 1.01 1.78 .040 .070 

G 2.28 2.80 .090 .110 

H - 2.16 - .085 4 

J .203 .305 .oos ,012 

K 2.54 - .100 -
M - 15" - 15" 

N .381 - .015 -
P - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.86 .240 .276 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. (Pulse width Illsec. 300 P Ps) 
Reverse Voltage 3 volts 

'\ ~Hf--lFf
r----' 61 Rm. I I l<>--n~ p 

I ~ I I' 3+ ___ ..1 4 G -11_0 3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

'Derate 1.2mW/oC above 25°C ambient. 

PHOTO·DARLINGTON 

Power Dissipation 
VCEO 
VCBO 
VEBO 

**210 milliwatts 
5S volts 
55 volts 

8 volts 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature ·55 to 150°C 
Operating Temperature ·55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds. 
Surge Isolation Voltage (Input to Output). 

3535VCP'ok) 2500VCRMS) 

Collector Current (Continuous) 100 milliamps Steady·State Isolation Voltage (Input to Output). 

"Derate 2.8mW/oC above 25°C ambient. 3180Vcp'.k) 2250V(RMS) 

individual electrical characteristics (25°C) 
INFRARED EMITTING TYP. MAX. UNITS .DIDDE. PHOTO·DAR LI NGTON MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts Breakdown Voltage - V(BR)CEO S5 - - volts 
(IF = 20mA) (Ic = 1001lA, IF = 0) 

Breakdown Voltage - V(BR)CBO 55 - - volts 
(Ic = loollA, IF = 0) 

Reverse Current - 10 microamps Breakdown Voltage - V(BR)EBO 8 - - volts 
(VR = 3V) (IE = 1001lA, IF = 0) 

Collector Dark Current - ICEO - - 100 nanoamps 
(VCE = lOY, IF = 0) 

Capacitance 50 - picofarads Capacitance - 2 - picofarads 
(V = O,f = I MHz) (VCE = IOV,f = 1 MHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = 5V) 100 - - % 
saturation Voltage - Collector to Emitter (IF = SOmA, Ic = 50mA) - - 1.0 volts 
Isolation Resistance (Input to Output Voltage = 500Voc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = I MHz) - - 2 picofarads 
Switching Speeds: On·Time - (VCE = lOY, Ie '" lOrnA, RL = lOOn) - 125 - microseconds 

Off·Time - (VeE = 10V, Ic = lOrnA, RL = lOOn) - 100 - microseconds 

® VDE Approved to 0883/6.80 01 lOb Certificate # 35025 
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H11B255 _____________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 

10 .. z 
W 
0: 
0: 
::> 
u .. 
~ 0.1 ::> 
0 
Q 
W 
N 
::; 0.01 

i 
0 z , 

0.001 NORMALIZED TO: 
0 Vce=5V w 
J} IF =10mA 

0.0001 TA =2S"C 

4 • 8 4 8 8 4 8 8 
0.1 1 10 100 

'F-INPUTCURRENT- mA 

1. OUTPUT CURRENT VS. INPUT CURRENT 

10 0 

0 

.I o 
0.01 

HID 8 

• • 
· 100·C Hr-25 DC -50"C 

8 
8 

4 

· I 
8 · • 
• I 0.1 
o 0.5 1.5 2.5 

V, - VOLTS VF - FORWARD VOLTAGE - VOLTS 

3. INPUT CHARACTERISTICS 

LOAD RESISTANCE 
Ion 

NORMALIZED TO 

\ I VCE"'OV 
RL"OOn 

lOon ICEO·,OmA 

\ 
[\ 
\~\ 1\looon 

l\ 
1\ 

0.1 I 10 
NORMAliZED SWITCHING SPEED 

td+tr+t.+'f 

5. SWITCHING SPEED VS. OUTPUT CURRENT 

100 

0 

l- r i 
:> 
u ~ 

rF·40m~ 

~"omA ... 
:> ... 
I
:> 
o 
o 
'" N 
:i 
" 2 
l5 z 

0 ,..... 

..... 

I 

I .0 
-55 

Ir5mA-

-- I,"'lmA 

NORMALIZED TOI 

VeE' 5V 
IF·,OmA 
TA" +2SoC 

I 
-15 25 65 100 

TA - AMBIENT TEMPERATURE _oC 

2. OUTPUT CURRENT VS. TEMPERATURE 

... 10 
Z 

'" 0: 

§ 10 
u 

" co: 
~ 10 

o 
'" ~ 10 .. ,. 
co: 

• 
• 
3 

2 

~ 10 I 

0 

.1 o 

100 NORMALIZED TO: 

!E VCE=10V 

i 10~~!:!6 
::> 
U 

I 
Q 

~ 

i 
o z 
, 0.01 

~ 1,=0.2 mA 

0.1 4 6 8 1 4 e 810 4 6 8100 

VeE - COLLECTOR TO EMITTER VOLTAGE - VOL T8 

4. OUTPUT CHARACTERISTICS 

7 

NORMALIZED TO' 

VeE = IOV 

1/ 
IF·O 
TA = +25°C 

~ 25 ~45 ~65 ~85 

TA -AMBIENT TEMPERATURE _·C 

6. NORMALIZED DARK CURRENT VS. 
TEMPERATURE 

+100 

________________________________________________________________ 237 



Optoelectronic Specifications ------------------------

Photon Coupled Isolator H11C1,H11C2,H11C3 
Ga As Infrared Emitting Diode & Light Activated SCR 

The GE Solid State HIICI, HIIC2and HIIC3 are gallium arsenide, 
infrared emitting diodes coupled with light activated silicon con
trolled rectifiers in a dual in-line package. These devices are also 
available in Surface-Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power .Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width I joIsec 300 P Ps) 

*100 
60 

3 

Reverse Voltage 6 
·Derate 1.33 mW/oC above 25°C ambient . 

. PHOTO·SCR 

Peak Forward Voltage 200 
RMS Forward Current 300 
Forward Current (Peak) 10 

(IOOllsec 1% duty cycle) 
Surge Current (10m sec) 5 
Reverse Gate Voltage 6 
Power Dissipation (25°C Ambient) ** 400 
Power Dissipation (25°C Case) ""1000 

··Derate S.3mW/oC above 25°C ambient. 
···Derate 13.3mW/oC above 25°C case. 

milliwatts 
mUliamps 
ampere 

volts 

volts 
milliamps 
amperes 

amperes 
volts 
milliwatts 
milliwatts 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage VF 1.2 1.5 volts 
(IF = 10mA) 

Reverse Current IR - 10 microamps 
(VR = 3V) 

Capacitance C} 50 - picofarads 
(V = O,f= IMHz) 

coupled electrical characteristics (25°C) 

Input Current to Trigger (V AK = 50V, RG K = 10KO) 

Input Current to Trigger (VAK = 100V, RGK = 27KO) 

Isolation Resistance (Input to Output Voltage = 500V dc) 

MII.I.IMETERS INCHES 
NOTES Sl'MBOL IMiNTMAi: MIN. MA)(. 

A 8.38 .• 1, U' I ,3~ooIAE~~O 1 • 7.82 FIEF . 
C - I 86. I - ,340 , 
0 .406 ,508 .016 .020 
E - 6,08 -. .:200 3 
F 1,01 1.78 .040 .070 
G 2.28 2.80 ,0'0 .110 
H - 2.16 - . 086 • 
J .203 .305 .008 .012 
K 2.54 - .100 -
M - " -- 16 
N .381 - .00S -
P - 9.53 - .376 
A 2.92 3.43 .116 .136 
S 5.10 IUS .240 .270 

NOTES: 
1. INSTAI.L.ED POSITION LEAD CENTERS, 
2, OVERALL INSTALLED DIMENSION, 
3, THESE MEASUREMENTS ARI:: MADE FROM THE 

SEATING Pl.ANE, 
4. FOUR Pl.ACES, 

TOTAL DEVICE 

Storage Temperature -55 to I SO°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 
HllCI 5656V(p'.k) 4000V(RMS) 
HI1C2-HIIC3 3535V(p"k) 2500V(RMs) 
Steady-State Isolation Voltage (Input to Output). 
HllCI 5300V(p"k) 3750V(RMs) 
HI IC2-Hl IC3 3l80V(p"k) 2250V(RMs) 

PHOTO-SCR MIN. TYP. MAX. UNITS 

Off-State Voltage - V OM (RoK 200 - - volts 
= IOKO, 100oC,Io = 50~A) 

Reverse Voltage - V RM (RoK 200 - - volts 
= IOKO, lOooC, IR = 50~A) 

On-State Voltage - VTM - 1.1 1.3 volts 
(ITM = .3itmp) 

Off-state Current - 10M (V OM = - - SO microamps 
200V; TA = 100°C, RoK = 10K) 
Reverse Current - IRM (VRM = - - 50 microamps 
2ooV; TA = 100°C, ROK = 10K) 
Capacitance (Anode-Gate) - 20 - picofarads 
V=OV,f= IMHz(Gate-Cathode) - 350 - picofarads 

MIN. TYP. MAX. UNITS 

HIlCI, C2 - - 20 milliamps 
HIlC3 - - 30 milliamps 
HIlCI, C2 - - 11 milliamps 
HllC3 - - 14 milliamps 

100 - - gigaohms 
Input to Output CapaCitance (Input to Output Voltage = O,f = I MHz) - - 2 picofarads 
Coupled dV/dt, Input to Output (See Figure 13) 500 - - voits/jolsec 

1M Covered under U. L. component recognition program, reference file E51868 
@ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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Optoelectronic Specifications ------__________ H11C1, H11C2, H11C3 

TYPICAL CHARACTERISTICS OF OUTPUT (SCR) 
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H11C1, H11C2, H11C3, ________________ Optoelectronic Specificattons 

TYPICAL APPLICATIONS 

470 I\. '-_"""f"-Kh~I0lY'o .. .I\._-I-__ ~ 47.1l. 

lOA, T2L COMPAT~BLE, SOLID STATE RELAY 

Use of the HIICI for high sensitivity, 2500 v 
isolation capability, 'provides this highly reliable 
solid state relay design. This design is compatable 
with 74, 74S and 74H series T2L logic systems 
inputs and J 20V AC loads up to lOA. 

"COIL" L _ ~ ___ 1 
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120VAC 

56K 
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25W LOGIC INDICATOR LAMP DRIVER 

The high surge capability and non-reactive input characteristics 
of the HII C allow it to directly couple, without buffers, T2L 
and OTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 

200V SYMMETRICAL TRANSISTOR COUPLER 

Use of the high voltage PNP portion of the HIIC provides a 200V 
transistor capable of conducting positive and negative signals with current 
transfer ratios of over 1%. This function is useful in remote instrumentation, 
high voltage power supplys and test equipment. Care should be taken not to 
exceed the HII C 400 mW power dissipation rating when used at high voltages. 
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Optoelectronic Specifications _________________________ _ 

Photon Coupled Isolator H11C4 , H11C5 , H11C6 
Ga As Infrared Emitting Diode & Light Activated SCR 

The GE Solid State HllC4, HJ IC5 and HIIC6 are gallium arsenide, 
infrared emitting diodes coupled with light activated silicon con- ~~TING 

trolled rectifiers in a dual in-line package. These devices are also JLrK '::1 
available in Surface-Mount packaging. /"".1 -tJI-NI 
absolute maximum ratings: (25°C) 

~ 
INFRARED EMITTING DIODE 1 r L".. ,= ~+....jFI-Power Dissipation 

S\'MBOl 

A 

• 
C 
D , 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

NOTES; 

~tS-MIN. MAX. 

8.38-' 8.89 
7.62 REF. 

~o, I 
8.64 

.508 
5.08 

1.01 1.78 
2,28 

I 
2.SO 

- 2,16 

2:~~31 .30' 
-

- I 1S 
.381 -
- I 9.53 

2.92 I 3.43 
6.10 6.86 

INCHES 
NOTES 

MIN . MAX. 

I . 330 I .350 
.300 REF . 1 

I - .340 2 
.016 .020 

- .200 3 

I 
.040 .070 
.090 .110 

- ,085 4 
.008 .012 
.100 -

- 15 
.015 -

- .375 
.115 ,135 
.240 .270 

Forward Current (Continuous) 
Forward Current (Peak) 

*100 
60 

3 

milliwatts 
milliamps 
ampere :rift If-m 1. INSTALLED POSITION LEAD CENTERS. 

(Pulse width I~sec 300 P Ps) 
Reverse Voltage 6 

'Derate 1.33mWrC above 25°C ambient. 

PHOTO - SCR 

Peak Forward Voltage 
RMS Forward Current 
Forward Current (Peak) 

(I OO~sec I % duty cycle) 
Surge Current (10m sec) 
Reverse Gate Voltage 
Power Dissipation (25°C Ambient) 
Power Dissipation (25°C Case) 

400 
300 

10 

5 
6 

** 400 
***1000 

"Derate 5.3mW/oC above 25°C ambient. 
"'Derate 13.3mW/oC above 25°C case. 

volts 

volts 
milliamps 
amperes 

amperes 
volts 
milliwatts 
milliwatts 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage VF 1.2 1.5 volts 
(IF = lOrnA) 

Reverse Current IR - 10 microamps 
(VR = 3V) 

Capacitance CJ 50 - picofarads 
(V=O,f=IMHz) 

coupled electrical characteristics (25°C) 

Input Current to Trigger (VAK = SOY, ROK = IOKn) 

Input Current to Trigger (V AK = 100 V, ROK = 27Kn) 

Isolation Resistance (Input to Output Voltage = 500VDd 

2. OVERALL INSTALLED DIMENSION. 

___ ~ ~l-D 
3, THESE MEASUREMENTS ARE MADE FROM THE 

SEATING PLANE. 

4. FOUR PLACES. 

TOTAL~D~EV~IC~E~ __________________________ _1 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

HII C4 5656V(poak) 4OOOV(RMS) 
HII C5-HII C6 3535V(pook) 2500V(RMS) 
Steady-State Isoiation Voltage (Input to Output). 

HII C4 5300V(p"k) 3750V(RMS) 

Hll C5-Hll C6 3180V(p'.k) 2250V(RMS) 

PHOTO - SCR MIN. TYP. MAX. 

Off-State Voltage - V DM (RoK 
= lOKO, 100°C, ID = 150!-,A) 

400 - -

Reverse Voltage - V RM (RoK 400 - -
= 10KO, 100°C, ID = 150!-,A) 

On~State Voltage - V TM - 1.1 1.3 
(ITM = .3 amp) 

Off-state Current - IDM (VDM = - - 150 
400Y, T A = 100°C, ROK = 10K) 

Reverse Current - IRM (V RM = - - 150 
4OOY, T A = 100°C, RoK = 10K 
Capacitance (Anode-Gate) - 20 -
V=OV,f=IMHz (Gate.cathode) - 350 -

MIN. TYP. MAX. 

HllC4, C5 - - 20 
HllC6 - - 30 
HllC4, C5 - - 11 
HllC6 - - 14 

100 - -

UNITS 

volts 

volts 

volts 

microamps 

microamps 

picofarads 
picofarads 

UNITS 

milliamps 
milliamps 
milliamps 
milliamps 
gigaohms 

Input to Output Capacitance (Input to Output Voltage = O,f = IMHz) - - 2 picofarads 
Coupled dv/dt, Input to Output (See Figure 13) 

'AI Covered under U. L. component recognition program, reference file E51868 

@ VDE Approved to 0883/6.80 OllOb Certificate # 35025 

500 - - volts/~ec 
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Optoelectronic Specifications H11C4,H11CS,H11C6 

TYPICAL CHARACTERISTICS OF OUTPUT (SCR) 
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H11C4, H11C5, H11C6 _________________ Optoelectronic Specifications 

TYPICAL APPLICATIONS 

lOA. T2 L COMPATIBLE. SOLID STATE RELAY 

Use of the Hil C4 for high sensitivity, 2500V iso
lation capability, provides this highly reliable solid 
state relay design_ This design is compatible with 
74, 748 and 74H series T2 L logic systems inputs 
and 220V AC loads up to lOA. 

25W LOGIC INDICATOR LAMP DRIVER 

The high surge capability and non-reactive input characteristics 
of the HI1 C allow it to directly couple, without buffers, T2 L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 

400V SYMMETRICAL TRANSISTOR COUPLER 

Use of the high voltage PNP portion of the HI1 C provides a 400V transistor 
capable of conducting positive and negative signals with current transfer 
ratios of over 1 %. This function is useful in remote instrumentation, high 
voltage power supplies and test equipment. Care should be taken not to ex
ceed the HII C 400 mW power dissipation rating when used at high voltages. 

FIGURE 13 

IN5010 (4) 

COUPLED dv/dt - TEST CIRCUIT 

f T---
Vp 
~ .6jVp 

~ 

Vp = 800 Volts 

tp =.010 Seconds 

f = 25 Hertz 
TA = 250C 

+ 

EXPONENTIAL 
RAMP GEN. 

47 

INDICATOR 
LAMP 

"CONTACT" 
220VAC 

100 A 

O.I,uF 
220VAC 

+ 100VAC 

lOOn 

OSCILLOSCOPE 
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Optoelectronic Specifications ______________________ _ 

Photon Coupled Isolator H74A1 
Ga As Infrared Emitting Diode & NPN Silicon Photo· Transistor 

TTL Interface 
The GE Solid State H74AI provides logio to logio optioal interfacing of TTL gates with 
guaranteed level oompatibility in practical specified circuits. The H74AI is a transistor 
output photo-ooupled isolator specifically designed to eliminate ground loop cross talk and 
reflection problems when two dis,tinct logic systems are coupled. It is guaranteed to couple 
7400, 74HOO and 74S00 logic gates over the full TTL temperature and voltage ranges. This 
device is mounted in a dual·in·line plastic package. This device is also available in Surface
Mount packaging. 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 
Power Dissipation T A = 25° C ·100 milliwatts 
Power Dissipation Tc = 25°C ·100 milliwatts 

(Tc indicates collector lead temperature 1/32" from case) 
Forward Current (Continuous) 60 milliamps 
Forward Current (Peak) 3 ampere 

(Pulse width 1 ILsec 300 pps) 
Reverse Voltage 6 volts 

·Derate 2.2mW/oe above 2S °e. 

PHOTO· TRANSISTOR 

Power Dissipation TA = 25°C **300 milliwatts 
Power Dissipation Tc = 25°C ··*500 milliwatts 

(Tc indicates collector lead temperature 1/32" from case) 
VCEO IS volts 
VCBO IS volts 
VECO 5.5 volts 
Collector Current (Continuous) 50 milliamps 

··Derate 6.7mW/oe above 2Soe. 
···Derate 11.1mW/oe above 25°C. 

TOTAL DEVICE 

Storage Temperature ·55 to 150°C 
Operating Temperature 0 to 70° C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

3535V(P",k) 2500V(RMS)' 
Steady·State Isolation Voltage (Input to Output) 

3180V(p.ok) 2250V(RMS) 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
'1\1 'Covered under U . L. component recognition program, reference file E51868 

SEA]'NG "PLANE r' ~1 
II 

• 

,~r----' • 
I I 

2 ~ 
I I 

3C>-4- 4 L __ .J 

SVMPl)L~~;~",~~~-
MIN. MAX. MIN. MAX. 

A 

I 
8,38 ,I, 8,89 

I 
,330 ,I. ,350 

8 7.62 REF, .300 REF. 
C ~061 8,64 1 .. ,340 
0 

! 
,508 .Q16 .Q20 

E 5,08 .. ,200 
F I 

1.01 

I 
1.78 

I 
.040 .070 

G 2.28 2,80 ,C90 ,110 
H .. 2,16 .. ,085 
J .203 ! ,305 ,008 ,012 
K 

2:4 I - .100 , 

M ,. -- 15 
N ,381 .. .015 .. 

P 

2,~2 I 9.53 .. .375 
R 3,43 .115 .136 
S 6.10 B,86 .240 ,270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

NOTES 

1 
2 

3 

4 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 
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H74A1 _______________________ Optoelectronic Specifications 

, 
Electrical Characteristics of H74Al * 
*All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (DoC to 70°C) and 
logic supply voltage range (4.5 to 5.5VDc) unless otherwise noted. 

VCClo---------,---------, 

.-----...... -------<>VCC2 

TRANSlllTTINa 
IIATE 

SEE TABLE r 

Figure 1. H74A1 BIAS CIRCUIT 

RECEIVINa 
GATE 
SEE TAILE I 

Yin (0), Receiving Gate For VOUT(O) from Transmitting Gate - ...................... .. 0.8 
Yin (1), Receiving Gate for VOUT(I) from Transmitting Gate -. . . . . . . . . . . . . . . . . . . . . . . .. 2.4 
tp (0), Transmitting Gate to Receiving Gate Propagation Time - . . . . . . . . . . . . . . . . . . . . . .. 20 
tp (1), Transmitting Gate to Receiving Gate Propagation Time - . . . . . . . . . . . . . . . . . . . . . .. 4 
Isolation Resistance (Input to Output = SOOVDd ................................... 100 
Input to Output Capacitmce (Input to Output Voltage = 0, f = 1 MHz) . . . . . . . . . . . . . . . . . .. 2.5 

TABLE I. 

CHARACTERISTICS REQUIRED OF TTL GATES WHICH ARE 
TO BE INTERFACED BY H74A1 

TEST CONDITIONS, FIGURE 2 LIMITS 

PARAMETER Vee liN ISINK Min. Max. 
Min. Max. Min. Max. Min. Max. 

VOUT (I) 4.5V -O.4rnA 2.4 

VOUT (0) 4.5V l2.0rnA 0.4 

VIN(I) 5.SV 1.0rnA 2.0 

Units 

Volts 

Volts 

Volts 

V Max. 
V Min. 
Ilsec. Typ. 
Ilsec. Typ. 
gigaohms Min. 
'pF Max. 

VIN(O) S.SV -1.6rnA 0.8 Volts 
Figure 2. 

_________________________________________________________________ 247 



Optoelectronic Specifications ________________________ _ 

Photon Coupled Isolator H74C1, H74C2 
Ga As Infrared Emitting Diode & Light Activated SCR 

TTL Interface 
MILLIME1; qS INCHE~~ SYI\<lBOL MIN.j MAX. ---=r- NOTES MIN. MAX, 

The GE Solid State H74CI and H74C2 are gailiutn arsenide 
infrared emitting diodes coupled with light activated silicon 
controlled rectifiers. They are specifically designed to operate 
from TIL logic inputs and allow control of 120 or 240V AC 
power with 7400, 74HOO and 74SOO series logic gates. It can also 
control up to 400V DC power circuits. They are guaranteed and 
specified to operate over TIL voltage and temperature ranges 
using standard tolerance components. The H74CI and H74C2 
are mounted in dual-in-line packages. These devices are also 
available in Surface-Mount packaging. 

~mH~~F~ 
Pj I 
L,' 

G I' 
--11_0 

A 8.37~621 RE8F89 
I 330 _1_ 350 I 

B 1 300 REF 1 
C .~06 ! 8.64 i _ I 340 1 2 
0 .508 016 020 1 
E - i 5.08 ~O ~~~ 1 

3 
F 1.01 

I 1.78 
G 2.28 2.80 090 I 110 I 
H - 1 2.16 - 085 4 

J 2~~3 i .305 ooe .012 1 
K - .100 - I 
M ~81 I 15 -- 15 
N - 015 -
P 9.53 - .375 
R 2.92 I 3.43 .115 .135 
5 6.10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS 

2. OVERALL INSTALLED DIMENSION. 

absolute maximum ratings: (25°C) (unless otherwise specified) 3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLAN!:. 4. FOUR PLACES. 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current 

(Peak lOOt/sec 1 % duty cycle) 
Reverse Voltage 

·Derate 1.33 mW/oC above 25°C ambient. 

*100 milliwatts 
60 milliamps 

I ampere 

6 volts 

electrical characteristics Of H74C 

PHOTO - SCR 

Peak Forward Voltage 
H74Cl 
H74C2 

RMS Forward Current 
Forward Current 

(Peak, lOOt/sec I % duty cycle) 
Surge Current (10 msec) 
Reverse Gate Voltage 
Power DissipatiQn (25° C Ambient) 
Power Dissipation (25°C Case) 

200 
400 
300 

10 

5 
6 

*' 400 
***1000 

"Dcrate 5.3 mW/oC above 25°C ambient. 
"'Derate 13.3 mW/oC above 25°C case. 

volts 
volts 
milliamps 
amperes 

amperes 
volts 
milliwatts 
milliwatts 

*All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (O°C to 70°C) and logic 
supply voltage range (4.5 to 5.5VDc) unless otherwise noted. 

SCR Leakage, Logic Gate VOUT(I), Both Directions ................................ 50 
SCR Drop, Anode Positive, Logic Gate VOUT(O), ITM = 250mA. . . . . . . . . . . . . . . . . . . . . . . . . 1.3 
Coupled dv/dt to Trigger, VDC to V AC (25°) ..................................... 500 
Capacitance (Input to Output Voltage = 0, f = I MHz) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
Isolation Resistance (Input to Output Voltage = 500VDc) ............................. 100 
Turn·On Time of SCR; VOUT(O), Input to Output (25°C) ............................. 200 

Figure 1. H74C BIAS CIRCUIT Figure 2 .. 

~ Covered under U. L. component recognition program, reference file E51868 

@ VDE Approved to 0883/6.80 0110b Certificate # 35025, except 
type H74C2. 

t/A Max. 
V Max. 
V / t/sec. Min. 
pF Max. 
Gigaohms Min. 
t/sec. Max. 

2~ ________________________________________________________________ __ 



H74C1,H74C2. __________________________________ _ 
Optoelectronic Specifications 

absolute maximum ratings- total device 
. TABLE 1. Characteristics required of TTL gate which is to be interfaced with H74C. 

SCR Current See FIgure 5 
Operating Temperature Range OOC to 70°C 
Operating Voltage Range, VDC 4.5 to 5.5VDC 

. H74Cl 50 to 200 Vpk 
OperatIng Voltage Range, H74C2 50 to 400 Vpk 

PARAMETER 

Storage remperature Range ·S5°C to 150°C 
Lead Soldering Time (at 260°C) 10 sec. Max. VOUT(l) 

Surge Isolation Voltage VOUT(O) 
(Input to Output) 

3535V(pe.k) 2500V(RMS) 
Steady·State Isolation Voltage 

(Input to Output) 

3180V(p"k) 2250V(RMS) 

TYPICAL CHARACTERISTICS OF OUTPUT 
(SCR) 

c 
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~!il " I I %:"' .. 
~;;; "'- I ! i: I'O~!~~ "~~~~~~f~.~O==·~--ll IE" 0.5 
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~ ~ 56K\ ------r-
~ i .. -----t- ~ 
;;3 L 
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TA -AMBIENT TEMPERATURE-'C 

FIGURE 2. dv/dl VS. TEMPERATURE 
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TEST CONOITIONS. FIGURE 2 LIMITS 

Vee liN ISINK MIN. MAX. UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

4.SV ·O.4mA 2.4 Volts 

4.SV 12.0mA 0.4 Volts 

0.001 0.004 0.01 002 0.04 0.1 02 0.4 
0.002 TIME-SECONDS 

102040100 

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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Optoelect~onic Specifications _________________________ _ 

Photon Cou pled Isolator H11 01- H11 04 
Ga As Infrared Emitting Diode & NPN Silicon High Voltage Photo-Transistor 

The GE Solid State HIIDI-HIID4 are gallium arsenide, infrared >,,!,TING 

emitting diodes coupled with silicon high voltage photo-transistors in J LrK ~ E1 '- A --I 
a dual-in-line package. These devices are also available in Surface- 3=]I-NI _.1 I 
Mount packaging. I I 3 ,. 1 
absolute maximum rating·s: (25°C) :r _ ; __ ':OPV'E;' j 

INFRARED EMITTING DIODE \ 

Power Dissipation 

SYMBOl ~_I"I~_~~~~ TE R~ 

A 

~ I 
o 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

NOTES. 

MIN. MAX. 

8.38 B.89 
7.62 REF. 

-- 8.64 
406: 508 
- 5.08 

1.01 
2.28 

.203 
2.54 

1.78 
2.80 
2.16 I 

.305 

INCHES 

MiN:-r- MAX. NOTES 

.330 _I. 350 1 

.300IRE.~40 I ; 
016 .020 

- .7GO 3 

.040 i G70 

0_90 I 1'10 
.085 

,008 .012 

~~: I 

.;~~ i 

15 

3;51 
.135 
.270 

Forward Current (Continuous) 
Forward Current (Peak) 

*100 
60 

3 
~:~:~~: 'ro;---: ·J1m 1. INSTALLED POSITION LEAD CENTERS. 

(Pulse width Ij./sec 300 P Ps) 
Reverse Voltage 

ampere 2 I I • ~ , ' 

30+-- 4 G-- II 
2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 

6 volts 
'Derate 1.33mWj"C above 25°C ambient. 

PHOTO-TRANSISTOR 
H11D1-D2 H11D3-D4 

Power Dissipation **300 **300 milliwatts 
VCER 300 200 volts 
VCBO 300 200 volts 
VECO 7 7 volts 
Collector Current 100 100 milliamps 

(Continuous) 
--Derate 4.0mW/oC above 25°C ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts 
(IF = lOrnA) 

Reverse Current - 10 microamps 
(VR = 6V) 

Capacitance 50 - picofarads 
(V=O,f=lMHz) 

coupled electrical characteristics (25°C) 

L __ J -11_0 SEATING PLANE. 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds. 
Surge Isolation Voltage (Input to Output). 

HIIDI 5656V,p"" 4OOOV'RM'O 
H II D2, D3, D4 3535V""k) 25()()V'RMS) 

Steady-State Isolation Voltage (Input to Output). 
HII D I 5300V,p,"" 3750V'RMS) 
HllD2, D3, D4 3180V,,,.k) 2250V'RMS) 

PHOTO-TRANSISTOR MIN. MAX. UNITS 

Breakdown Voltage - V(BR)CER DI,2 300 - volts 
(Ic = ImA; IF = 0, RBE = 1 meg) D3,4 200 - volts 
Breakdown Voltage - V(BR)CBO DI,2 300 - volts 

(Ic = 100j./A; IF = 0) D3,4 200 - volts 
Breakdown Voltage - V(BR)EBO 7 - volts 

(IE = 100j./A; IF = 0) 
Collector Dark Current - ICER , 

RBE = 1 meg. 
(VcE=200V;IF=0;TA= 25°C) 01,2 - 100 nanoamps 
(VcE =200V;IF=0; TA = 100° C) Dl,2 - 250 microamps 
(VcE=IOOV;IF=O;TA= 25°C) 03,4 - 100 nanoamps 
(V cE=IOOV; IF=O; TA=IOO°C) 03,4 - 250 microamps 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = lOY, RBE = I meg) HllDI, D2,D3 
HIID4 

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 0.5mA, RBE = I meg) 
Isolation Resistance (Input to Output Voltage = 500Voc) 
Input to Output Capacitance (Input to Output Voltage = O,f= I MHz) 
Switching Speeds: Turn-On Time - (VCE = lOY, ICE = 2mA, RL = lOOn) 

Turn-Off Time - (VCB = lOY, ICE = 2mA, RL = lOOn) 

,. Covered under V.L. component recognition program, reference file E51868 
@ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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H11D1 - H11D4 OptoelectronIc SpecifIcatIons 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _______________________ _ 

H11F1, H11F2, H11F3 

Photon Coupled Bilateral Analog FET 

The GE Solid State HI IF family consists of a gallium arsenide infrared emitting 
diode coupled to a symmetrical bilateral silicon photo detector. The detector is 
electrically isolated from the input and performs like an ideal isolated FET 
designed for distortion-free control of low level ac and dc analog signals. The 
H II F series devices are mounted in a dual-in-line package. These devices are also 
available in Surface-Mount packaging. 

FEATURES: 

As a Remote Variable Resistor- As An Analog Signal Switch -
• .;;; loon to;;' 300MU • Extremely Low Offset Voltage 
• ;;. 99.9% linearity • 60V pk·pk Signal Capability 
• .;;; IS pF Shunt Capacitance • No Charge Injection or Latchup 
• ;;. 100G U I/O lSollijionRe~stance • ton' toff';;; 15llsec. 

Absolute Maximum Ratings: (25°C Unless Otherwise Specified) 

INFRARED EMITTING DIODE 

Power DiSSipation ':.A = 25°C 
Forward Current (Continuous) 
Forward Current (peak) 

(pulse Width 100llSec 100 pps) 
Forward Curren t (peak) 

(Pulse Width Illsec 300 pps) 
Reverse Voltage 
'Derate 2.0 mWrC above 2S·C. 

PHOTO DETECTOR 

*150 milliwatts 
60 milliamps 

500 milliamps 

3 amps 
6 volts 

Power DiSSipation 
Breakdown Voltage 

HIIFI - HIIF2 
HIIF3 

TA = 25°C **300 milliwatts 

Detector Current (Continuous) 
"Derate 4.0 mWrC above 2S·C. 

TOTAL DEVICE 

Storage Temperature 
Operating Temperature 
Lead Soldering Time (at 260°C), 
Surge Isolation Voltage (Input to Output) 

± 30 volts 
± IS volts 
± 100 milliamps 

-55 to +150°C 
-55 to + 100°C 

10 Seconds 

HIIFI-HI1F2 3535V(PEAK) 2500V(RMS) 
Steady-State Isolation Voltage (Input to Output) 

HIIFI-HIIF2 3l80V(PEAK) 2250V(RMS) 

~HI- -lFI-mil 
R 1 

(t ,! 
G I' 

-II-D 

MILLIMETERS INCHES 
NOTES S'/IIBlL 

MIN. MAX. MIN . MAX. 

A 8.38 .1, 8.89 I . 330.1. .350 
B 7.62 REF. ,300 REF. 1 
C - B.64 - .34D 2 
D .406 .50B .016 .020 
E - 5.08 - .200 3 
F 1,01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H - 2.16 - .085 4 
J .203 .306 .008 .012 
K 2.54 - .100 -
M - 15· - 15· 
N .381 - .015 -
P - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.B6 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

1. TYPICAL LOW LEVEL OUTPUT CHARACTERISTIC 

~Covered under U.L. component recognition program, reference file E5l868 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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H11F1,H11F2,H11F3 _________________ OptoelectronIc SpecificatIons 

Individual Electrical Characteristics: (2S0C Unless Oth.erwise Specified) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·DETECTOR (Eithar Polarity) MIN. MAX. UNitS 

Forward Voltage 
(IF = 16mA) J.l 1.75 volts 

Breakdown Voltage-V(BR) 46 
(I 46 ,=10pA;IF =0) - FI,2 30 - volts 

- F3 IS - volts 
Off-State Dark Current - 146 

Reverse Current (V46=15V;IF=0;TA = 25°C) - 50 nanoamps 
(VR =6V) - 10 microamps (V46=15V;IF=0;TA = 100°C) - 50 microamps 

Off-State Resistance - r46 
(V46 = 15V; IF = 0) 300 - megohms 

Capacitance Capacitance - C 46 
(V = O,f = I MHz) 50 - picofarads (V46 = 0, IF = 0, f = I MHz). - IS picofarads 

Coupled Electrical Characteristics: (2S0C) 

MIN. TYP. MAX. UNITS 

On-State Resistance - r 46 
(IF = 16mA, 146 = 100pA) H11Fl - - 200 ohms 

H11F2 - - 330 ohms 
H11F3 - - 470 ohms 

On-State Resistance - r64 
(IF = 16 mA, 164 = 100j.lA) H11Fl - - 200 ohms 

H11F2 - - 330 ohms 
H11F3 - - 470 ohms 

Isolation Resistance (Input to Output) 
(V1IO= 500V) 100 - - gigohms 

Input to Output Capacitance 
(VIO = O,f = 1 MHz) - - 2 picofarads 

Turn-On Time - ton 
(IF = 16mA, RL = son, V46 = 5V) - - 15 microseconds 

Turn-Off Time - toff 
(IF = 16mA, RL = son, V46 = 5V) - - 15 microseconds 

Resistance, Non-Linearity and Asymmetry 
(IF = 16mA, 46 = 25j.lA RMS, f = 1 KHz) - - 0.1 percent 

TYPICAL CHARACTERISTICS (25°C) - EITHER POLARITY 
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Optoelectronic Speclflcatlona ______________ _ H11F1, H11F2, H11F3 
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_________________________ Optoelectronic Specifications 

H11F1,H11F2,H11F3 
TYPICAL APPLICA nONS 

AS A VARIABLE RESISTOR 

ISOLATED VARIABLE ATTENUATORS 

LOW FREQUENCY 

@ IOKH OYNAMIC RANGE" 70db 
z FOR OSIF:S30mA 

HIGH FREQUENCY 

(jj)IMH OYNAMIC RANGE .. 50db 
z FOR O~IF:S30mA 

Distortion free attenuation of low level A.C. signals is accomplished 
bV varying the IRED current, I F. Note the wide dvnamic range and 
absence of coupling capacitors; D.C. level shifting or parasitic feed
back to the controlling function. 

AUTOMATIC GAIN CONTROL 

AGC 
SIGNAL 

YOUT 

This simple circuit provides over 70db of stable gain control for an 
AGe signal range of from 0 to 30mA. This basic circuit can be used 
to provide programmable fade and attack for electronic music and 
can be modified with six components to a high performance com
pression amplifier. 

ACTIVE FILTER FINE TUNING/BAND SWITCHING 

IF! ADJUSTS flo IF2 ADJUSTS f2 

The linearitv of resistance and the low offset voltage of the Hll F' 
allows the remote tuning or bandooSwitching of active filters without 
switching glitches or distortion. This schematic illustrates the con
cept, with current to the Hll F1 IRED's controlling the filter's 
transfer characteristic. 

AS AN ANALOG SIGNAL SWITCH 

ISOLATED SAMPLE AND HOLD CIRCUIT 

VIN~~ 

YOUT IFIf-..JO-,--_ 

Accuracy and range are improved over conventional FET switches 
because the H 11 F has no charge injection from the control signal. 
The H11 F also provides switching of either polarity input signal up 
to 30V magnitude. 

MULTIPLEXED, OPTICALLY·ISOLATED A/DCONVERSION 

CALL 
Vn 

DATA 
ACQUISITION 

PROCESS 
CONTROL 

LOGIC 
SYSTEM 

The optical isolation, linearity and low offset voltage of the Hll F 
allows the remote multiplexing of low level analog signals from such 
transducers as thermocouplers, Hall effect devices, strain gauges, etc. 
to a single A/D converter. 

TEST EQUIPMENT - KELVIN CONTACT POLARITY 

HIiFI HIiFI 

PARAMETER 
SENSING 

BOARD 

IF TO 
AIIB FOR 

POLARITY 1 

caD FOR 
POLARITY 2 

In many test equipment designs the auto polarity function USeS reed 
relay contacts to switch the Kelvin Contact polarity. These reeds are 
normally one of the highest maintenance cost items due to sticking 
contacts and mechanical problems. The totallv solid .. tate Hll F 
eliminates these troubles while providing faster switching. 

------------------------------------------------------------------~ 



OptoeIectronie SpecHlc8tlons ______________________ _ 

Photon Coupled Isolator H11G1-H11G2 
Ga As Infrared Emitting Diode & NPN Silicon 
Darlington Connected Phototransistor 
The GE Solid State H II G series consists of a gallium arsenide, 
infrared emitting diode coupled with a silicon, darlington con
nected, phototransistor which has an integral base-emitter resistor 
to optimize switching speeds and elevated temperature character
istics. These devices are mounted in dUal-in-line packages. These 
devices are also available in Surface-Mount packaging. 

absolute maximum ratin s: (25°C) 
INFRARED EMITTING DIODE 

Power DisSipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width 300 j.lsec, 

*100 
60 

2% Duty Cycle) 0.5 
(Pulse width I j.lsec, 300 Hz) 3 

Reverse Voltage 6 
'Derate 1.33mW/"C above 2S'C ambient. 

milliwatts 
milliamps 

amperes 
amperes 
volts 

'DARLINGTON CONNECTED PHOTO-TFlANSISTOR 

Power DiSSipation **150 milliwatts 
VCEO HllGI 100 volts 

HllG2 80 volts 
VCBO HllGI 100 volts 

HIIG2 80 volts 
VEBO 7 volts 
Collector Current (Continuous) 

- Forward 150 milliamps 
Collector Current (Continuous) 

Reverse 10 milliamps 
"Derate 2.0mW/"C above 2S'C ambient. 

r-------1 

]}~6 
2 I I 5 

rl- I 4 ._----_ ... 
~tS INCHES 

SYMBOl 
MIN. I MAX. 

NOTES 
MIN. MAX. 

A 8.38 J 8.89 .330.1 •. 350 
8 7.62 REF. .300 REF. 1 
C - 8.64 - .340 2 
0 .406 .508 : .016 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.BO .090 .110 
H - 2.16 - .085 4 
J .203 .306 .008 ,012 
K 2.54 - .100 -
M - 15° - IS' 
N .381 - .015 -, - 9.53 - .375 
R 2.92 3.43 .115 .135 

~HI- -jFf--
S 6.10 6.B6 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. IRm' II '1 I L- ' ' 
G I' 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

""[-0 4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature _55°C to + 150°C 
Operating Temperature _55°C to +100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

5656V(p"k) 4000V(RMS) 
Steady-State Isolation Voltage (Input to Output) 

5300V(p"k) 3750V(RMS) 

indtvidual electrical characteristics:(25°C) 
EMITTER TYP. MAX. UNITS DETECTOR 

Forward Voltage 1.l 1.5 volts 
(IF = lOrnA) 

Breakdown Voltage - V(BR)CEO 
(Ic = 1.0 rnA, IF =0) - Hl1GI 

'- Hl1G2 
Breakdown Voltage - V(BR)CBO 

(Ic = IOOj.LA,IF =0) - Hl1GI 
- HllG2 

Reverse Current - 10 microamps 
(VR =3V) 

Breakdown Voltage - V(BR)EBO 
(IE = 100j.lA,IF =0) 

Collector Dark Current - ICEO 
(VCE =80V,IF =0) - Hl1Gl 
(VCE =60V,IF =0) - HllG2 
(VCE =80V,IF =0, TA = 80°C) 

-HllGI 
(VCE = 60V, IF = 0, TA = 80°C) 

- Hl1G2 
Capacitance 50 - picofarads Capacitance 

(V = O,f= 1 MHz) (VCE = 10V,f= 1 MHz) 
.. 

• Covered under U. L. component recogmtlOn program, reference file E51868 

@ VDE Approved to 0883/6.80 01 lOb Certificate # 35025 

MIN. TYP. MAX. UNITS 

100 - - volts 
80 - - volts 

100 - - volts 
80 - - volts 
7 - - volts 

- - 100 nanoamps 
- - 100 nanoamps 

- - 100 microamps 

- - 100 microamps 
- 6 - picofarads 



H11G1, H11G2 ___________________ Optoelectronic Specifications 

coupled electrical characteristics:(25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio - (IF = lOrnA, VCE = I V) 1000 - - % 
- (IF = I rnA, VeE = 5V) 500 - _. % 

Saturation Voltage - Collector to Emitter - (IF = I rnA, Ie = ImA) - 0.75 1.0 volts 
- (IF=16mA,Ie=50mA) - 0.85 1.0 volts 

Isolation Resistance (Input to Output Voltage = 500 VDc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = I MHz) - - 2 picofarads 
Switching Speeds: 

On-Time - (VCE = 5 V, RL = lOOn, IF = lOrnA) - 5 - microseconds 
Off-Time - (Pulse width';:; 300 j.lsec, f';:; 30 Hz) - 100 - microsecon ds 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _____ --...... -----------------

Photon Coupled Isolator H11G3 r-------j 
Ga As Infrared Emitting Diode & NPN Silicon ~JJ ~: 
Darlington Connected Photo transistor I I 
The GE Solid State HIlG series consists of a gallium arsenide, 3o-t I 4 
infrared emitting diode coupled with a silicon, darlington con- .------..1 
nected, phototransistor which has an integral base-emitter resistor 
to optimize switching speeds and elevated temperature character-
istics. The HIlG3 is mounted in a dl1a1-in-line package. This 
device is also available in Surface-Mount pacj(.aging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) . 

(Pulse width 300 j.lsec, 
2% Duty Cycle) . 

*100 
60 

milliwatts 
milliamps 

S'iMBOL 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
5 

NOTES: 

~RS 
MIN. MAX, 

8.38 .1. 8.89 
7.62 REF. 

- 8.64 
.406 .508 

5.08 
1.01 1.78 
2.28 2.80 

- 2.16 
.203 .305 

2.54 -
- 15' 

.381 -
- 9.53 

2.92 3.43 
6.10 6.86 

INCHES 

MIN. I MAX. 
NOTES 

.330 ~) •. 350 
.300 REF. I 
- .340 2 

.016 .020 
- .200 3 

.040 .070 

.090 .110 
- .085 4 

.008 .012 

.100 -
- IS' 

.015 -
- .375 

.115 .135 

.240 .270 

(Pulse width I j.lsec, 300 Hz) 
Reverse Voltage 

0.5 
3 

amperes 
amperes 
volts 

...B+-1Ffl-"-m' II 1. INSTALLED POSITION LEAD CENTERS. 

6 
"Derate 1.33mWrC alJove 2S'C ambient. 

DARLINGTON CONNECTED PHOTO·TRANSISTOR 

Power Dissipation **150 milliwatts 
VCEO 55 volts 
VCBO 55 volts 
VEBO 7 volts 
Collector Current (Continuous) 

-Forward 100 milliamps 
Collector Current (Continuous) 

- Reverse 10 milliamps 
·'Derate 2.0mWrC above 2S'C ambient. 

P f I 
L.. " 

G I' -11_0 

TOTAL DEVICE 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOU R PLACES. 

Storage Temperature ·55°C to +150°C 
Operating Temperature ·55°C to +ioo°c 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

3535Vcp'.k) 2500VCRMS) 
Steady-State Isolation Voltage (Input to Output) 

3180VcPookl 2280VCRMSI 

individual electrical characteristics:(25°C) 
EMITTER TYP. MAX. UNITS DETECTOR 

Forward Voltage 1.1 1.5 volts 
(IF =' lOrnA) 

Bre:!kdown Voltage - V(BR)CEO 
(Ic = 1.0 rnA, IF = 0) 

Brea~down Voltage - V(BR)CBO 
(Ic = 100j.lA, IF = 0) 

Reverse Current - 10 microamps 
(VR =3V) 

Bre,akdown Voltage - V(BR)EBO 
(IE = 100 !lA, IF = 0) 

Collector Dark Current - ICEO 
(VCE = 30V, IF = 0) 

Capacitance 50 - picofarads Capacitance 
(V = O,f= I MHz) (VCE = IOV, f= 1 MHz) 

lM Covered under U . L. component recognition program, reference file E518~8 

@ VDE Approved to 0883/6.80 OllOb Certificate# 35025 

MIN. TYP. MAX. UNITS 

55 - - volts 

55 - - volts 

7 - - volts 

- 5 100 nanoamps 

- 6 - picofarads 
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H11G3 ___________ ----------- Optoelectronic Specifications 

coupled electrical characteristics:(25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio .(IF = I rnA, VeE = 5 V) 200 - - % 
Saturation Voltage - Collector to Emitter (IF = 20mA, Ie = SOmA) - 0.85 1.2 volts 
Isolation Resistance (Input to Output Voltage = 500 VDc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = I MHz) - - 2 picofarads 
Switching Speeds: 

On·Time - (VeE = 5V, RL = lOOn, IF = lOrnA) - 5 - microseconds 
Off·Time - (Pulse width';;; 300 ).Isec, f .;;; 30 Hz) - 100 - microseconds 

TYPICAL CHARACTERISTICS 
100 

V 

1/ 

NORMALIZED TO: 
VeE· av 

/ IF-I.OmA(300,uS PULSES) 
I 

/ 
L 

0.1 10 100 1000 
IF-INPUT CURRENT·mA 

OUTPUT VS. INPUT CURRENT 

.00 • • · • 1oo·C rJ.ft--25"C -so·e 

• 
4 

• I 
• • 
4 

• I 0.' 
0 0.5 1.5 2 2.5 

VF'- YOLTS v,- FORWARD VOLTAGE - VOLTS 

INPUT CHARACTERISTICS 

100 K 

10 K / 

0 
./ VCE"30V 

0 ./ 

20 40 60 SO 100 
TA-AMBIENT TEMPERATURE·'e 

DARK CURRENT 

100 

IF'SOmA -f---

I 

.I o -OOOC .2.OC 

100 

!E ! 10 

~ 1.0 

~, I 

T 
I .. -5mA 

NORMALIZED TO' 
TA'2eec 
IF"I.OmA 1300,.8 PULSES) 
VoE,ey 

I,'lmA 

r-- I,-0.5mA 

DOC 200C 500C rooc 
TA-AMBIENT TEMPERATURE·ae 

OUTPUT VS. TEMPERATURE 

II 
IrI 

'T. 
/I, 

NORMALIZED TO' 
TA'25'e 

IOOOC 

IF'50mA 

OmA 
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1.0mA 

-
0.5mA 

T 

= -111111 IF "1.0 mA 1300,.8 PULSES) _ 

111111 VCE 'I5Y 
I 0.0 0.1 1.0 10 

VOE-COLLECTOR TO EMITTER VOLTAGE-VOLTS 

OUTPUT CHARACTERISTICS 
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\ \ 
I\L"IOIl "'0011 
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~ I,"IOmA 
RL"IOOIl 

f-

I O. 
0.1 
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I 
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I 
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Photon Coupled Isolator H11 G45-H11 G46 
Ga As Infrared Emitting Diode & NPN Silicon 
Darlington Connected Phototransistor 

The GE Solid State HllG series consists of a gallium arsenide, 
infrared emitting diode coupled with a silicon, darlington connected, 
phototransistor which has an integral base-emitter resistor to opti-
mize switching speeds and elevated temperature characteristics. These 
devices are designed to equal the 4N45 and 4N46 characteristics while 
providing greater voltage and current capability. These devices are s:t:~~G 
mounted in a dual-in-line package. These devices are also available in J LrK I-E1 
Surface-Mount packaging. I"" - N I 

absolute maximum ratings: (2S°C) 

INFRARED EMITTING DIODE 

Power Dissipation ·100 
Forward Current (Continuous) 60 
Forward Current (Peak) 

(Pulse width 300 ILSec, 
2% Duty Cycle) 0.5 
(Pulse width I ILsec, 300 Hz) 3 

milliwatts 
milliamps 

r-------· 
':HI ~16 I I 
2 I 5 

3-1- I 4 10_-----... 
S'IWlOl. ~~RS INCHES 

MIN, MAX. MIN. MAX. 

A 8.38 _I. 8.89 .330 "I, ,350 
8 7.62 REF. .300 REF . 
C - 8.64 - . 340 
D .406 .S08 .016 .020 
E - 5.08 - .200 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H - 2.16 - .085 
J .203 .305 .008 .012 
K 2.54 - .100 -
M - 15° - 15° 
N .381 - .015 -
P - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

NOTES 

1 
2 

3 

4 

Reverse Voltage 6 

·Derare 1.33 mW 1°C ahove 25°C ambient. 

amperes 
amperes 
volts 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

DARLINGTON CONNECTED PHOTO-TRANSISTOR 

Power Dissipation "150 milliwatts 
Output Voltage Vo (Pin 5-4) 55 volts 
Reverse Voltage VB (Pin 4-6) 7 volts 
Output Current (Continuous) 

- Forward 100 milliamps 
Output Current (Continuous) 

Reverse 10 milliamps 

··Derate 2.0 mW;oC above 25°C ambient. 

individual electric characteristics: (0-70° C) 

EMITTER TYP. MAX. UNITS 

Forward Voltage 1.1 1.7 volts 
(IF = 10 rnA) 

Reverse Current - 100 microamps 
(VR = 3V) 

Capacitance 50 - picofarads 
(V = 0, f = I MHz) 

4. FOU R PLACES. 

TOTAL DEVICE 

Storage Temperature -55°C to +150°C 
Operating Temperature -55°C to +IOO°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

5656V(peak) 4000V(RMS) 
Steady-State Isolation Voltage (Input to Output) 

5300V(p<ak) 3750V(RMS) 

DETECTOR MIN. TYP. MAX. 

Output Breakdown Voltage 55 - -
(Pin 5:4) 
154 = l.OmA, IF = 0) 

Base Breakdown Voltage 7 - -
(Pin 4-6) 
146 = 100,uA, IF = 0) 

Logic High Output - 100 
(V54 = 18V, IF = 0) 

Capacitance - 6 -
(V54 = 10V, f= IMHz) 

\U Covered under U . L. component recognition program, reference file E51868 

@ VDE Approved to 088"3/6.80 01 lOb Certificate # 35025 

UNITS 

volts 

volts 

microamps 

picofarads 
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coupled electrical characteristics (0-70 0 C) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio - IF = 0.5mA, Vo = l.OV H11G46 350 - % 
IF = l.OmA, Vo = l.OV HllG46 500 - % 
IF = l.OmA, Vo = l.OV H11G45 250 - % 
IF = lOrnA, Vo = l.2V HllG45, HllG46 200 - % 

Logic Low Output Voltage - IF = 0.5mA, IOL = l.75mA H11G46 - l.0 volts 
IF = l.OmA, IOL = 5.0mA HllG46 - l.0 volts 
IF = l.OmA,IOL = 2.5mA H11G45 - l.0 volts 
IF = lOrnA, IOL = 20mA HllG45, HllG46 - l.2 volts 

Isolation Resistance (Input to Output Voltage = 500VDC) 100 - gigaohms 
Input to Output Capacitance (Input to Output Voltage = 0, f = 1MHz) - 2 picofarads 

switching characteristics (250 C) 

Propagation Delay Time to IF = l.OmA, RL = 10K!) 
Logic Low at Output IF = lOrnA, RL = 220!) 

Propagation Delay Time to IF = l.OmA, RL = 10K!) 
Logic High at Output IF = lOrnA, RL = 220!) 

Common Mode Transient IF = OmA, RL = 10K!) 
Immunity at Logic High (VCM) = 10Vp-p 
Level Output 

Common Mode Transient IF = l.OmA, RL = 10K!) 
Immunity at Logic Low (VCM) = lOVp-p 
Level Output 

SWITCHING TEST CIRCUIT 

100 

" " 
50 

./ /' /' 
V / 

TA 0 100Y 25/ -551 

/ / 
/ / / 

1 
.9 1.0 1.1 1.2 13 1.4 

VF-FORWAAD VOLTAGE-VOL T5 

FORWARD VOLTAGE VS. FORWARD CURRENT 

1.5 

MIN. TYP. 

tpHL - 80 
tPHL - 5 

tPLH - 1500 
tPLH - 150 

CMH - 500 

CML - 500 

MAX. UNITS 

- microseconds 
50 microseconds 

- microseconds 
500 microseconds 

- volts 
microsecond 

- volts 
microsecond 

Vo Vo~ _____ 5V 

SWITCH AT A IF-OmA 

TEST CIRCUIT FOR TRANSIENT IMMUNITY 
AND TYPICAL WAVEFORMS 

T A -AMBIENT TEMPERATURE- C 

OUTPUT VS. TEMPERATURE 
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Photo Coupled Isolator H11J1- H11J5 
Ga As Infrared Emitting Diode & Light Activated Triac Driver 

The GE Solid State HllJ series consists of a gallium arsenide infrared 
emitting diode coupled with a light activated silicon bilateral switch, 
which functions like a triac, in a dual-in-line package. These devices are 
also available in Surface-Mount packaging. 

\U Covered under U.L. component recognition program, reference file E51868 

absolute maximum ratings: (25OC) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(pulse width l/lsec. 300 pps) 
Reverse Voltage 

*100 
60 

3 

3 

°Derate 1.33 mW/"C above 2S'C ambient. 

OUTPUT DRIVER 

Off-State Output Terminal Voltage 250 
On-State RMS Current 100 

(Full Cycle Sine Wave, 50 to 60 Hz) 
Peak Nonrepetitive Surge Current 1.2 

(PW = 10 ms, DC = 10%) 
Total Power Dissipation @ TA = 25°C **300 

OODerate 4.0 mW/"C above 2S'C. 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -40 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

milliwatts 
milliamps 
amperes 

volts 

volts 
milliamps 

amperes 

milliwatts 

HIlJI, HIIJ2 5656V(p,ok) 4OO0Y(RMS) 
HIlJ3, HIlJ4, HIIJ5 3535Y(PCak) 2500Y(RMs) 

Steady-State Isolation Voltage (Input to Output) 
HUJ1, HIIJ2 5100Y(PCak) 3600Y(RMS) 
HUJ3, HIIJ4, HIIJ5 3200Y(PCak) 2250Y(RMs) 

,..-----.., 
I I 

Pin 51s 
substrate 
DO NOT ~:f=JI.Lt: 

3o-f- ~4 CONNECT 

L _____ J 

MILLIMETERS INCHES 
NOTES S'IMBOL M"iN.TM.c.x. MIN. MAX. 

A 8.38 _I. 8.89 .330), .350 
B 7.62 REF. .300 REF. 1 
C - 8.84 - .340 2 
0 .406 .60B .016 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.2B 2.80 .090 .110 
H - 2,16 - ,OB6 4 
J .203 .305 .008 ,012 
K 2.54 - .100 -
M - 15" - IS" 
N .381 - .016 -
P - 9,53 - .376 
R 2.92 3.43 .116 .136 
S 6.10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 
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individual electrical characteristics (25°C) 

EMITTER SYMBOL TYP. MAX. UNITS 

Forward Voltage VF 1.2 1.5 volts 

(IF = 10 rnA) 

Reverse Current IR - 100 microamps 

(VR =3V) 

Capacitance CJ 50 - picofarads 

(V = 0, f = 1 MHz) 

DETECTOR See Note 1 SYMBOL TYP. MAX. UNITS 

Peak Off·State Current VDRM = 250V IDRM - 100 nanoamps 

Peak On·State Voltage ITM = 100mA VTM 2.5 3.0 volts 

Critical Rate·of·Rise of Off· State Voltage Yin = 30V(RMS) dv/dt 4.0 - volts/ Ilsec. 
(See Figure 6) 

Critical Rate·of·Rise of Commutating I load = IS rnA dv/dt(C) OJ5 - volts/ Ilsec. 

Off·State Voltage Yin =30V(RMS) 
(See Figure 6) 

Critical Rate·of·Rise of Off· State Voltage Yin = 120V(RMS) dv/dt 2.0 - voltS/llsec. 

JEDEC conditions 

coupled electrical characteristics (25°C) 

SYMBOL TYP. MAX. UNITS 

IRED Trigger Current, Current Required to Latch Output HI1J1, HIIJ3 1FT - 10 milliamps 
(Main Terminal Voltage = 3 .OV, RL = ISO n) HI1J2, HI1J4 1FT - 15 milliamps 

HIU5 1FT - 25 milliamps 

milliamps 
Holding Current, Either Direction IH 250 - microamps 

(Main Terminal Voltage 3.0V, Initiating Current - 10 rnA) 

NOTE 1: Ratings apply for either polarity of Pin 6 - referenced to Pin 4. 

------_________________________________________________________ 2~ 
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TYPICAL APPLICATION CIRCUITS 
TTL COMPATIBLE LOGIC CONTROL OF POWER LINE 

+5 270 tOO 

SCt50B 

LOGIC ZERO SUPPLIES POWER TO LOAD 

t20V 
RMS 

RESISTIVE LOAD AND NON-CRITICAL APPLICATIONS 

LOW COST, LIMITED NOISE AND dv/dt IMMUNITY 

+SV 270 360 

39 

0.01 

LOGIC ZERO SUPPLIES POWER TO LOAD 

t20V 
RMS 

I 
INDUCTIVE LOADS AND CRITICAL APPLICATIONS 

GOOD dv/dt AND NOISE IMMUNITY 

+SV 270 

INDUSTRIAL VOLTAGES AND CRITICAL APPLICATIONS 
EXCELLENT dv/dt, NOISE AND OVERVOL TAGE CAPABILITY 
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Photon Coupled Isolator H11 K1, H11 K2 
Ga As Infrared Emitting Diode & Two NPN Silicon Photo-Darlington Amplifiers 
The GE Solid State H II K series consists of a gallium arsenide, infrared emitting 
diode coupled with two high voltage, silicon, Darlington connected, phototran-
sistors which have integral base-emitter resistors to optimize switching speeds 
and elevated temperature characteristics. The two photo-Darlingtons are 
inverse-series-connected and have steering diodes to provide ac and bidirectional 
dc current switching controlled by the IRED. These devices are mounted in 
dual-in-Iine packages. These devices are also available in Surface-Mount 
packaging. 

absolute maxi~_~~ .. ~~ti~gs: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation *100 milliWatts 

Forward Current (Continuous) 60 milliamps 

Forward Current (Peak) 3 ampere 
(Pulse width Ipsec 300 P Ps) 

Reverse Voltage 3 volts 

"Derate 1.33mW/oC above 25°C ambient. 

PHOTO DETECTOR H11K1 H11K2 

Power Dissipation** 400 400 milliwatts 

Detector Current 
(dc) 150 120 milliamps 
(RMS ac) 200 150 milliamps 

V". 54 250 200 volts 

.ODerate 5.3 mW 1°C above 25°C ambient. 

'3'--J]--~6 

S'AaTING -PLANE 

JLrK '1 I-A-I 
Ill-NITl. ; 1&1: 1 3 ,. -f 

2 I L I 5 B c (TOP VIEWI 5 

I 1 M 4 6 ~ 
J L . ..L.: 'D---i 4 

I ________ -.! . ,cmH~~': 
I R j 

p 1-
~ , 

G I' 
-11_0 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A IU8 1 8.89 .330 .350 
B 7.62 REF. .300 REF. 
C 8.64 .340 
D .406 .508 0.16 .020 
E 5." .200 
F r.O! UK .040 .070 
G 2.28 2.00 .090 .110 
H 2.16 .085 
J .203 .305 .008 .012 
K 2.54 .100 
M ", ", 
N .381 .015 
P 9.53 .375 
R 2.92 3.43 .IIS .135 
S 6.10 6.86 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
J. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55° C to + 150° C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output) 

3535 V'P"k) 2500 V'RMS) 

Steady-State Isolation Voltage (Input to Output). 

3180 V'P"') 2250 V'RMS) 
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I ndividual electrical characteristics (250 C) 

INFRARED EMITTING DIODE MAX. UNITS PHOTO-DETECTOR (Either Polarity) MAX. UNITS 

Forward Voltage Leakage Current (dc) 
(IF = 16 rnA) 1.7 volts V" = 200 V, HI IKI 200 nA 

Reverse Current V" = 165 V, HIIK2 200 nA 
(VA=3V) 100 nA Leakage Current (RMS ac) 

Capacitance Tj = 65°C, HllKI 10 J.l.A 
VA = 0 V, f = I MHz 100 pF V45 = 100 V RMS ac @ 160 Hz 

Capacitance 20 pF 
V45 = 50 V, f = 1 MHz 

coupled electrical characteristics: (250 C) 
(Either Polarity) MIN. TYP. MAX. UNITS 

D.C. Current Transfer Ratio - (IF = 12 rnA, V" = 3.5 V) HllKI 1000 % 
(IF = 20 rnA, V45 = 4.0 V) HIIK2 500 % 

On State Voltage - (IF = 12 rnA, 145 = 100 rnA) HIIKI 2.5 volts 
(IF = 16 rnA, 145 = 75 rnA) HIIK2 2.5 volts 

Isolation Resistance (Input to Output Voltage = 500 V Del 100 on 
Input to Output Capacitance (V,o = 0, f = I MHz) 2 pF 
Switching Speeds: (Vet' = 48V, RL = soon, IF = 16 rnA 

Pulse width = 300 J.l.sec, f = 30 Hz) 
On Time 20 J.l.S 
Off Time 40 J.l.S 

TYPICAL CHARACTERISTICS (250 C) - EITHER POLARITY 

145 J ~f':"toO.!~;: 
2 --- 01-11- __ -f --~ ..-"~ .. f\ll.seo,..... ~ {2D:;:- 5 -:;... z .,.- .--~ -;::: :;; .:- -;-~ - --.. a: ----.-------- --a: /----~ -::: - _ -- ... 'If=10 rnA. il 1 'h-'_ ..- -- -.. s 

/~ ~~ ~ 
5 6 

~ V NOAMALIZ~D TD: 0 
Q • r IR = 12mA -r--

j V4&= 3.5 V 
TS = 25°C 

a: 2 
Q 
Z 

0.1 
e 

m .. 

J~ /y 
2 

L~ /1 
.!I- ,} ," ':'100 / / / i5 8 

/ / a: 
6 a: 

L / / ::> 
0 • Q I VI a: ; 
a: 
fl 2 

/ / 
10 

/ 
8 

/ I 6 
I I 

2 3 
10 1.00 '.10 1.20 1.30 1.40 1.50 1.60 

V.S OUTPUT VOLTAGE - VOLTS VF FORWARD VOLTAGE - VOLTS 

1. OUTPUT CHARACTERISTICS 2. INPUT VOLTAGE VS. INPUT CURRENT 
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VOLTS 
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Photon Coupled Isolator H 11 L 1, H 11 L2, H 11 L3 
Ga As Infrared Emitti~ Diode & Microprocessor Compatible Schmitt Trigger 
The GE Solid State H 11 L series has a gallium arsenide, infrared emitting diode optically coupled across an isolating medium to a high speed 
integrated circuit detector. The output incorporates a Schmitt Trigger which provides hysteresis for noise immunity and pulse shaping. The 
detector circuit is optimized for simplicity of operation and utilizes an open collector output for maximum application flexibility. These 
devices are mounted in dual-in-line packages. These devices are also available in Surface-Mount packaging. 

FEATURES 

• Free from latch up and oscillation throughout voltage 
and tem perature ranges 

• High data rate, 1 MHz typical (NRZ) 
• 'Microprocessor compatible drive 
• Logic compatible output sinks 16 milliamperes at 

0.4 volts maximum 
• High isolation between input and output 
• Guaranteed On/Off threshold hysteresis 
• High common mode rejection ratio 
• Fast switching: t rise, t ran = 100 nanoseconds typical 
• Wide supply voltage capability, compatible with all 

popular logic systems 
MECHANICAL SPECIFICATIONS 

• Plastic 6 PIN dual In line package, tin plated leads 
• Lead orientation as shown: 

r-------l 

l:n~' Anode ~ I Vee 

2 5 
Cathode I Ground 

3o-t I V 4 ~ ______ .. 0 

absolute maximum ratings: (25°C) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Reverse Voltage 

*100 
60 
6 

milliwatts 
milliampere 

volts 
'Derate 1.33 mW"C above 25·C ambient. 

PHOTO DETECTOR 

Power Dissipation 
V 45 Allowed Range 
V 65 Allowed Range 
14 Output Current 

·*150 
o to 16 
o to 16 

50 

milliwatts 
volts 
volts 

milliampere 
"Derate 2.0 mW/"C above 2S·C ambient. 

~ VDE Approved to 0883/6.80 OllOb Certificate:# 35025 

APPLICATIONS 

• Logic to logic isolator 
• Programmable current level sensor 
• Line receiver - eliminates noise and transient 

problems 
• Logic level shifter - couples TTL to CMOS 
• A.C. to TTL conversion - square wave shaping 
• Digital programming of power supplies 
• Interfaces computers with peripherals 

SYMBOL ~?" 
INCHES 

NOTES 

--.t:I HI- -j F f-IAm'1 P'1 I L,' 
G I' 

-II-D 

MIN. MAX. MIN. MAX. 

A 8.38 _I. 8.89 .330 "I, .350 
8 7.62 REF. .300 REF. 1 
C - 8.64 - .340 2 
D .406 .508, .Q16 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 ,110 
H - 2.16 .085 4 
J .203 .305 .008 ,012 
K 2.54 - .100 -
M - 15' - 15 
N .381 - .015 -
p - 9,53 - ,375 
A 2,92 3,43 .115 ,135 
S 6.,0 6.B6 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

J. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 4, FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature _55°C to +150°C 
Operating Temperature - 55°C to + 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

3535 V (peak) 2500 V (RMS) 

Steady-State Isolation Voltage (Input to Output) 
3180V(p"k) 2250V(RMs) 

'" Covered under U. 1. component recognition program, 
reference file E51868 
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electrical characteristics: (O-70°C) 

INFRARED EMITTING MIN. TYP. MAX. UNITS PHOTO DETECTOR MIN. TYP. MAX. UNITS 
DIODE 

Forward Voltage VF Operating Voltage Range VCC 3 - 15 volts 
IF=.10mA - 1.10 1.50 volts Supply Current 16(off) - 1.0 5.0 milli-
IF = 0.3 mA 0.75 0.95 - volts (IF = 0, VCC = 5V) ampere 

Reverse Current IR - - 10 micro· Output Current, High IOH - - 100 micro· 
(VR = 3V) ampere (IF = 0, Vcc=Vo=15V) ampere 

Capacitance Cj - - 100 picofarads 
(V = O,f= 1 MHz) 

coupled electrical characteristics (O-70°C) 
MIN. TYP. MAX. UNITS 

Supply Current 16(on) - 1.6 5.0 milliampere 

(IF =10mA, VCC = 5V) 

Output Voltage, Low VOL - 0.2 0.4 volts 

(R64= 270 n, VCC = 5V, IF=IF(on) Max) 

Tum-On Threshold Current IF(on) 
(RS4= 270n, HilL! - 1.0 1.6 milliampere 

Vcc = 5V) HUL2 - 6.0 10.0 milliampere 

Tum-Off Threshold Current HIILJ - 3.0 5.0 milliampere 
(R64= 270 n, IF(oft) 0.3 1.0 - milliampere 

VCC = 5V) 

Hysteresis Ratio IF(oft)/IF(on) 0.50 0.75 0.90 -
(R64= 270 n, 

VCC = 5V) 

switching characteristics (25°C) H11 L 1 
SWITCHING SPEED MIN. TYP. MAX. UNITS 

RE = 12000, C=O 

Turn- On Time ton - 1.0 - Ilsec. 
Fall Time tf - 0.1 - Ilsec. 

Turn- Off Time toff - 2.0 - Ilsec. 
Rise Time tr - 0.1 - Ilsec. 

RE=1200n, C=270pF, f";;;100KHz, tp~llLsec 
Tum-On Time ton - 0.65 - ILsec. 

Fall Time tf 
- 0.05 - ILsec. 

Tum· Off Time toff 
- 1.20 - /lSec. 

Rise Time tr 
- 0.07 -

ILsec . 
Data Rate (NRZ) - 1.0* - MHz 

Overdrive Switching 

VIN - 5V DC, RE = 75 n, C=O, VCC = 5V, RL = 270 n 
Turn-Off Time 

toff - - 10 Ilsec. 

*Maximum data rate will vary depending on the bias conditions and is usually highest when RE and Care 

matched to IF(on)and V CC is between 3 and 5V, with this optimized bias, most units will operate at over 1.5 MHz, NRZ. 

----------------------_______________________________________ 271 



Optoelectronic Specifications ________________________ _ 

H11L1,H11L2,H11L3 

switching characteristics (2S0C) 
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PROGRAMMABLE CURRENT 
THRESHOLD SENSING CIRCUIT 

OUTPUT 

PLEASE NOTE: THE INFORMATION INCLUOEO IN THIS SPECIFICATION HAS BEEN CAREFULLY CHECKEO ANO IS BELIEVEO TO 
BE RELIABLE, HOWEVER, NO RESPONSIBILITY IS ASSUMED FOR INACCURACIES. 
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Optoelectronic Specifications 

Photon Coupled Isolator H11M1, H11M2 
Oa Al As Infrared Emitting Diode & Light Activated SCR 

The GE Solid State HilMI and HI 1M2 contain a gallium aluminum arsenide, 
infrared emitting diode, coupled to a unique, high voltage silicon controlled 
rectifier within a dual in-line package. These devices are optimized for high 
performance and long life. They are especially suited for the control of industrial 
AC power lines from low voltage logic integrated circuitry. These devices are also 
available in Surface-Mount packaging. 

FEATURES 
• High blocking voltage, 800 V minimum 
• High isolation voltage, 3750 Vrms minimum (steady state) 
• High efficiency, low degradation, liquid epitaxial IRED 
• Logic compatible drive current, 7 rnA at 1.5 V maximum 
• GE Solid State unique, high performance glass dielectric contruction 

jJ-lrE----i : 
I I 
I I 

3 I I 4 
0--+--L ______ J 

absolute maximum ratings: (250 C) 
MILLIMETERS 

INFRARED EMITTING DIODE 
SVMBOL 

UIN. MAX. 

A '.38 I '.89 • 7.62 REF. 

Power Dissipation *100 milliWatts C 8.64 
D .406 .508 
E 5.'" 

Forward Current (Continuous) 60 milliAmpere F 1.01 1.78 
G 2.211 2." 

Forward Current (Peak) 
(Pulse width 10 psec 
Duty Cycle 1%) I Ampere 

H 2.16 
J .203 .3005 
K 2." 
M ISo 
N .181 
p 9.53 
R 2.92 3.43 

Reverse Voltage 6 volts S 6.10 6.86 

NOTES 

INCHES 

MIN. MAX. 

.330 .350 
.300 REF . 

.- .340 
0.16 .020 

.. - .200 
.040 .070 
.090 .110 
-- ."., 
.008 .012 
.100 
-- ISo 
.015 -
-- .375 
.IIS .135 
.240 .270 

1. INSTALLED POSITION l.EAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 

NOTl!S 

I 
2 

3 

4 

°Derate 1.33m W !" C above 25° C ambient. 3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 
PLANE. 

PHOTO-SCR 

Peak Forward Voltage 800 

RMS Forward Current 300 

Peak On-State Current 
(I cycle surge, 10 msec) 3 

Peak Reverse Gate Voltage 5 

Power Dissipation 
(25°C Ambient) **400 

.ODerate 5.3 mW 1°C above 25°C ambient. 

Volts 

milliAmperes 

Amperes 

Volts 

milliWatts 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55°C to + 150°C 

Operating Temperature -55 to + 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output) 
5656 V(Poak) 4000 V(RMS) 

Steady-State Isolation Voltage (Input to Output). 
5300 V(po.k) 3750 V(RMS) 

-Covered under U.L. component recognition program, reference file E51868 
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individual electrical characteristics (250 C) (unless otherwise indicated) 

EMITTER SYMBOL TYP. MAX. UNITS 

Forward Voltage VF 1.3 1.5 V 
(IF= 10 mAl 

Reverse Current IR 0.6 100 nA 
(VR = 5V) 

Capacitance C, 50 pF 
(V'K = OV, F = I MHz) 

DETECTOR SYMBOL MIN. TYP. MAX. UNITS 

Off-State Voltage VOM 800 V 
(RoK = IOKC'l, ID = 100pA, T, = 100°C) 

Reverse Voltage VRM 800 V 
(RoK = 10KC'l, IR = 100pA, TA = 100°C) 

On-State Voltage VTM - 1.5 V 
(ITM = 300mA) 

Off-State Current 
(RoK = 10KC'l, VOM = 800V, TA = 100°C) 10M - 100 pA 
(TA = 25°C) 400 nA 

Reverse Current 
(RoK = 10KC'l, VRM = 800V, TA = 100°C) IRM - 100 pA 
(TA = 25°C) 400 nA 

Critical Rate-of-Rise of Off-State Voltage dv/dt 25 V/psec 
(V AK = 800V, ROK = 10Kn) 

Holding Current IH 2 mA 
(RoK = IOKC'l) 

coupled electrical characteristics (250 C) 
COUPLED SYMBOL MIN. TYP. MAX. UNITS 

Input Current to Trigger 1FT 
(V'K = 6V, Roo = IOKC'l HilMI 10 mA 

HIIM2 20 mA 

Input Current to Trigger 1FT 
(V'K = 6V, Roo = 27KC'l HilMI 7 mA 

HIIM2 15 mA 

Isolation Resistance (Input to Output) rio 100 Oc'l 
(V,O = 500V) 

Isolation Capacitance (Input to Output) Cio 2 pF 
(V,O = OV, F = I MHz) 

Isolation dv / dt Immunity (Input to Output) 500 V/psec 
See Figure 10 

Tests of input to output isolation voltage, isolation resistance, and isolation capacitance are performed with the input terminals (pins 1,2 & 3) 
shorted together and the output terminals (pins 4, 5 & 6) shorted together. 
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Photon Coupled Isolator H11 M3, H11 M4 
Ga Al As Infrared Emitting Diode & Light Activated SCR . 

The GE Solid State HllM3 and HIIM4contain a gallium aluminum arsenide, 
infrared emitting diode, coupled to a unique, high voltage silicon controlled 
rectifier within a dual in-line package. These devices are optimized for high 
performance and long life. They are especially suited for the control of industrial 
AC power lines from low voltage logic integrated circuitry. These devices are also 
available in Surface-Mount packaging. 

FEATURES 
• High blocking voltage, 600 V minimum 
• High isolation voltage, 3750 Vrms minimum (steady state) 
• High efficiency, low degradation, liquid epitaxial IRED 
• Logic compatible drive current, 7 mA at 1.5 V maximum 
• GE Solid State unique, high performance glass dielectric contruction 

absolute maximum ratings: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation *100 milliWatts 

Forward Current (Continuous) 60 milliAmpere 

Forward Current (Peak) 
(Pulse width 10 I1sec 
Duty Cycle 1%) I Ampere 

Reverse Voltage 6 volts 

l fi [{E--: : 
20ff I-
301- I 4 L ___ oJ 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. I MAX. 
NOTIS 

A 8.38 I 8.89 .330 I .3S0 
B 7.62 REF. .300 REF. I 
C '.64 .340 2 
D .40' .!<llI 0.16 .020 
E S.Otl -- .200 3 
F Lor 1.78 .040 .070 
G 2.28 1.80 . ..., .110 

• H 2.16 ... , 4 
J .203 .30' .008 .012 
K 2 • .54 -- .100 
M I" IS' 
N .J81 ,01,5 
P 9 • .53 .37.5 
R '.92 3.43 ,liS ,135 
S 6.10 6.86 .240 .270 

NOTES 
1. INSTAI.LED POSITION L.EAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. ·Derate 1.33mW I'C above 25'C ambient. 3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 

PHOTO·SCR 

Peak Forward Voltage 600 Volts 

RMS Forward Current 300 milliAmperes 

Peak On-State Current 
(I cycle surge, 10 msec) 3 Amperes 

Peak Reverse Gate Voltage 5 Volts 

Power Dissipation 
(25°C Ambient) ...... 400 milliWatts 

··Derate 5.3 mW I'C above 25'C ambient. 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55°C to + 150°C 

Operating Temperature -55 to + 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output) 
5656 V(",.k) 4000 V(RMS) 

Steady-State Isolation Voltage (Input to Output). 
5300 V(P"k) 3750 V(RMS) 

'M Covered under U.L. component recognition program, reference file E5l868 
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i nd ivid ual electrical characteristics (250 C) (unless otherwise indicated) 

EMITTER SYMBOL TYP. MAX. UNITS 
Forward Vol1age VF 1.3 1.5 V 

(I, = 10 rnA) 

Reverse Current IR 0.6 100 nA 
(V. = 5V) 

Capacitance C, 50 pF 
(VAK = OV, F = I MHz) 

DETECTOR SYMBOL MIN. TYP. MAX. UNITS 
Off-State Voltage 

(RGK = t()KC'l, ID = lOOpA, TA = 100°C) 
VDM 600 V 

Reverse Voltage VRM 600 V 
(RGK = IOKC'l, IR = 100pA, TA = 100°C) 

On-State Voltage VTM - 1.6 V 
(lTM = 300rnA) 

Off-State Current 
(RGK = IOKC'l, VOM = 600V, TA = 100°C) 10M - 100 pA 
(TA = 25°C) 400 nA 

Reverse Current 
(RGK = IOKC'l, VRM = 600V, TA = 100°C) IRM - 100 pA 
(TA = 25°C) 400 nA 

Critical Rate-of-Rise of Off-State Voltage dv/dt 25 V/psec 
(V AK = 6OOV, RGK = IOKC'l) 

Holding Current IH 2 rnA 
(RGK = IOKQ) 

coupled electrical characteristics (250 C) 

COUPLED SYMBOL MIN. TYP. MAX. UNITS 
Input Current to Trigger 1FT 

(VAK = 6V, RGK = IOKC'l HIlM3 10 rnA 
HIlM4 20 rnA 

Input Current to Trigger 1FT 
(V AK = 6V, RGK = 27KC'l HIIM3 7 rnA 

HIlM4 15 rnA 

Isolation Resistance (Input to Output) fio 100 GC'l 
(Via = 500V) 

Isolation Capacitance (Input to Output) Cio 2 pF 
(Via = OV, F = I MHz) 

Isolation dv / dt Immunity (Input to Output) 500 V/psec 
See Figure 10 

Tests of input to output isolation voltage, isolation resistance, and isolation capacitance are performed with the input terminals (pins I, 2 & 3) 
shorted together and the output terminals (pins 4, 5 & 6) shorted together. 
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Photon Coupled Isolator H11N1-H11N2-H11N3 
Ga At As Infrared Emitting Diode & Microprocessor Compatible High Speed Schmitt Trigger 

The GE Solid State HI IN series has a Ga Al As infrared emitting di9de optically coupled across a glass isolating medium to a high speed 
integrated circuit detector. The output incorporates a Schmitt Trigger which provides hysteresis for noise immunity and pulse shaping. The 
detectbr circuit is optimized for simplicity of operation and utilizes an open collector output for maximum application flexibility. These devices 
are mounted in dual-in-line packages. These devices are also available in Surface-Mount packaging. 

FEATURES 
• High data rate, 5 MHz typical (NRZ) 
• Free from latch up and oscillation throughout voltage and 

temperature ranges 
• Microprocessor compatible drive 
• Logic compatible output sinks 16 milliamperes at 0.5 volts 

maximum 
• High isolation between input and output 
• Guaranteed OnlOff threshold hysteresis 
• High common mode Transient Immunity 2000 v/psec minimum 
• Fast switching: tn,,, trol, = 10 nanoseconds typical 
• Wide supply voltage capability, compatible with all popular logic 

systems 

MECHANICAL SPECIFICATIONS 
• Plastic 6 PIN dual-in-line package 
• Lead orientation as shown: 

APPLICATIONS 
• Logic to logic isolator 
• Programmable current level sensor 
• Line receiver - eliminates noise and transient problems 
• Logic level shifter - couples TTL to CMOS 
• A.C. to TTL conversion - square wave shaping 
• Jsolated power MOS driver for power supplies 
• Interfaces computers with peripherals 

absolute maximum ratings: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation *50 

Forward Current (Continuous) 30 

Forward Current (Peak) 
(Pulse width 300 psec 
2% Duty Cycle) 50 

Reverse Voltage 6 

"Derate 1.67 mW,?,C above 70"C ambient. 

PHOTO DETECTOR 

Power Dissipation 

V 45 Allowed Range 

V" Allowed Range 

I. Output Current 

**150 

o to 16 

o to 16 

50 

""Derate 5.0 mW IOC above 25°C ambient. 

milliwatts 

milliampere 

Ampere 

volts 

milliwatts 

volts 

volts 

milliampere 

r------, 

::n~~: 
I I 

3-+ 4 L ______ ~ 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX, MIN. MAX. 
NOTES 

A 8.38 8.89 .330 I .350 
B 7.62 REF. 0300 REF. , 
C - 8.64 - .340 2 
D .406 .508 0.16 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H - 2.,16 - .085 • J .203 .305 .008 .012 
K 2.54 - .1110 -
M - '5" - 150 

N .381 - .015 -
P - 9.53 - .375 
R 2.92 3.43 . lIS .135 
S 6.10 6.86 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENT~RS. 
2. OVERALL INSTALLED DIMENSION.' 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. . 
4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55°C to +125°C 

. Operating Temperature -25 to +85°C 

Lead Soldering Time (at 26O"C) 10 seconds 

Surge Isolation Voltage (Input to Output) 
HIlNl, NIlN2 ~656 V(p~k) 4000 V(RMS) 
HIlN3 3535 V( ..... ) 2500 V(RMS) 

Steady-State Isolation Voltage (Input to Output). 
HIINl, HIlN2 5300 V(P'ok) 3750 V(RMS) 
HIlN3 3180 V(p"",) 2250 V(RMS) 

~ Covered under U.L. component recognition program, reference fIle E51868 
~ VDE approved to 0883/6.80 OIlOb 
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electrical characteristics: (0-70° C) See Note 1 

INFRARED EMITTING 
MIN. TYP. MAX. UNITS PHOTO DETECTOR MIN. TYP. MAX. UNITS 

DIODE 

Forward Voltage VF Operating Voltage Range Vee 4 - 15 volts 
IF = 10 rnA - 1.6 2.0 volts Supply Current ~011) - 5.5 10 milli-
IF=0.3 rnA 0.75 1.45 - volts (IF = 0, Vee = 5V) ampere 

Reverse Current I. 10 micrQ~ Output Current, High 10H - - 100 micro-
(VR = 5V) ampere (IF = 0.3 rnA, Vee = Vo = 15V) ampere 

Capacitance C, - - 100 picofarads 
(V = 0, f = I MHz) 

coupled electrical characteristics (0 - 70° C) See Note 1 

MIN. TYP. MAX. UNITS 

Supply Current 16(on) - 5 10 milliampere 
(IF = 10 rnA, Vee = 5V 

Output Voltage, Low VOL - 0.3 0.5 volts 
(RL = 270 0, Vee = 5V, IF = IF(ool max. 

Turn-On Threshold Current IF(on) HllNI - 2.0 3.2 milliampere 
(RL = 270 0, HllN2 - 3.5 5.0 milliampere 
Vee = 5V) HllN3 - 6.0 10.0 milliampere 

Turn-Off Threshold Current IF(ofn 0.3 1.5 - milliampere 
(RL = 2700, 
Vee = 5V) 

Hysteresis Ratio IF(ol1)/lF(ool 0.65 0.8 0.95 -
RL= 2700, 
Vee = 5V) 

dynamic characteristics: (0-70° C) See Note 1 

SWITCHING SPEED (See Figure 1) MIN. TYP. MAX. UNITS 

RE = 9100, C = 120pF, tp = It/sec 
Propagation delay, high to low tpHL - 150 330 nsee. 

Rise Time t, - 10 - nsee. 
Propagation delay, low to high tpHL - 150 330 nsee. 

Fall Time tf - 15 - nsee. 
Date Rate (NRZ) - 5* - MHz 

OVERDRIVE SWITCHING (See Figure 1) 

RE = 1600, C = 0, RL = 270 ° 
Turn-Off Time toff - 0.2 0.5 psee. 

TRANSIENT IMMUNITY (See Figure 2) 

Common Mode Transient Immunity (TA = 25°C) HIINI 

Vp' = 50V, Vee = 5V, RL = 270 ° 
IF = 0 CMH ±2000 ±lOOOO - V//JSee 
IF = 7.5mA CmL ±2000 ±IOOOO - V/psee 

.. " Mwumum data rate Will vary depending on the bias conditions and IS usually highest when RE and C are matched to iF(ool and Vee IS between 5 and 
ISV. With this optimized bias, most units will operate at over 10 MHz, NRZ. 

NOTE 1: All measurements are with 100 nF bypass capacitor from pin 6 to pin S. 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator H11V1, H11V2, H11V3 
GaAIAs Infrared Emitting Diode & Silicon 
Integrated Circuit Video Signal Amplifier 
The GE Solid State H 11 V series consists of a high speed Ga AI As 
infrared emitting diode coupled across a glass isolating medium to a 
photosensitive, high frequency, linear integrated circuit amplifier. The 
input and output are matched to optimize video linearity at minimum 
quiescent power. These devices are mounted in dual-in-line packages. 
These devices are also available in Surface-Mount packaging. :' ~~~-------:. '. 

I..... i 
Gnd. 

2 : : 5 

FEATURES 
• High gain, typical transimpedence, 1000n 
• Low input current requirement, typical 3.SmA at 1.6V 
• 0 to lOMHz operating bandwidth 
• lOOmA peak output drive capability 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Infra~ Emitting Diode. 

Power Dissipation SOmW* 
Forward Current 30mA 
Reverse Voltage 6V 
*Derate 1.67mW/oC above 700C ambient 

Integrated Circuit Detector 

Power Dissipation ISOmW** 
V" allowed range 0 to 16V 
V 45 allowed range 0 to 16V 

I I 
I I tt________ 4 Vo 

Total Device 
Storage Temperature: 

-40°C to +IOOoC 
Operating Temperature: 

-2SO C to +80° C 
Lead Solder Temperature: 

(SlOsec) 26()0 C 
Surge Isolation Voltage: 

4000 VRMS 
Steady State Isolation Voltage: 

37S0VRMS 

8YMBOI. 

A 
. B 
C 
0 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

NOTES 

MILLIMJTIR8 

MIN. MAX. 

8,38 I 8.89 
7.62 REF . 

- 8.64 .... .'OS 
5.OS 

1.01 1.78 
2.28 2.'" 
- 2.16 

.203 .30' 
2.54 -
- IS' 

.381 -
- 9.S3 
2.92 3.43 
6.10 ~,. 

INCHES 

MIN. MAX. 

.330 I .350 
.300 REF. 

- .340 
0.16 .020 
~ .200 
.040 .070 
.090 ,110 
- ,085 
.008 ,012 
.100 -
- IS' 
.015 -
- .]75 
.IIS .135 
.240 .270 

Output Current 50mA 1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION . 

NOT!S 

I 
2 

3 

4 

• *Derate 5.0mW per °C above 70°C 3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 
. PLANE. 

4. FOUR PLACES. 

INDIVIDUAL ELECTRICAL CHARACTERISTICS (25°C) 

Infrared Emitting Diode Min. Typ. Max. Units 
Forward voltage (IF = SmA) 1.2 I.S 2.0 V 
Dynamic Resistance (IF = SmA) - 10 - n 
Reverse Current (VR = 5V) - - 10 pA 
Capacitance (VR = OV, IMHz) - 60 - pF 

Infrared Circuit Detector Min. Typ. Max. Unltl 
Operating Voltage Range S 10 15 V 
Supply Current (Vee = IOV, RL = co, IF = 0) - 6.0 - mA 
Output Voltage (V cc = IOV, R = 39On, IF = 0) 0.25 0.7S I.S0 V 

COUPLED ELECTRICAL CHARACTERISTICS (25° C) (Vee = 10V, RL = 390n, Blal Ckt.) Min. 

D.C. Output Voltage (IF = 3.S mAl 
A.C. Output Voltage (IF = 3.S rnA, iF = ImA pk-pk, 1KHz) 

Dynamic Output Impedence (IF = 3.S mA, iF = ImA pk-pk, 1KHz) 
Supply Current (IF = 10 mAl 
6db Down High Frequency (IF = 3.S mA, iF = ImA pk-pk) 
Short Circuit Output Current (IF = 10 mAl 
Isolation Capacitance (VIO = 0, f = I MHz) 
Isolation Resistance J\l10 = 500V) 
IMCovered under U.L. Component Recognition Program File E51868 
~ VDE approved to 0883/6.80 OIlOb 

2.0 
HHVI O.SO 
HHV2 0.75 
HIIV3 0.33 

-
-
-
-
-
100 

BIAS CIRCUIT 

Vou' 

Typ. Max. Units 

4.0 7.0 V 
0.90 1.25 Vpk-pk 
1.00 - Vpk-pk 
0.80 - Vpk-pk 

15 - n 
30 - mA 
10 - MHz 

100 - mA 
0.8 2.0 pF 
- - 00 

288 ______________________________________________________________ _ 



H11V1, H11V2, H11V3 _________________ 0ptoelectronlc Specific;ations 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator MOC3009-MOC3012 
Ga As Infrared Emitting Diode & Light Activated Triac Driver 

The GE Solid State MOC3009-MOC3012 series consists of a gallium arsenide 
infrared emitting diode coupled with a light activated silicon bilateral switch, 
which functions like a triac, in a dual-in-line package. 

These devices lire especially designed for triggering power triacs while maintain
ing dielectric isolation from the trigger control circuit. They are mounted in 
dual-in-line packages. These devices are also available in Surface-Mount 
packaging. 

absolute maximum ratings: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation 

Forward Current (Continuous) 

Forward Current (Peak) 
(Pulse width I JlSec. 300 pps) 

Reverse Voltage 

"Derate 1.33mW ICC above 25°C ambient. 

*100 

50 

3 

OUTPUT DRIVER 

Off-State Output Terminal Voltage 250 

On-State RMS Current 100 
(Full Cycle Sine Wave, 50 to 60 Hz) 

Peak Nonrepetitive Surge Current 1.2 
(PW = 10 ms, DC = 10%) 

Total Power Dissipation @ TA = 25°C "300 

""Derate 4.0 mW/oC above 25°C ambient. 

TOTAL DEVICE 

Storage Temperature -55°C to +ISO°C 

Operating Temperature -400 C to + 100° C 

Lead Soldering Time (at 260°C) 10 seconds 

Isolation Surge Voltage: 
(Input to Output) 7S00VAC 

(Peak AC Voltage, 60 Hz, 
5 second duration) 

milliwatts 

milliamps 

amperes 

volts 

Volts 

milliamps 

amperes 

milliwatts 

'iUCovered under V.L. component recognition program, reference ftle E51868 

SEATING -PlAae JJr" E1 I-A-I 
-!= -I-NI I 

1- ]T"3 leI 
8 c (TOP VIEW) S 

M 4 6-.1 
lL . -L.: . ~mH~~F: 

,R I 

1 r I , . 
G I' 

-ll-D 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A 8.38 I 8.89 .330 I .350 
B 7.62 REF. .300 REF. I 
C .- 8.64 - -'40 2 
D .406 .",. 0.16 .020 
E - '.08 -. .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H 2,[6 - .085 4 
J .203 .30' .008 .012 
K 2." .- .100 -
M - ". - ". 
N .381 - ,015 --
P -- 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.86 .W .270 

NOTES 
1, INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 

:0, ~----tt--l · I ~N5IS 
2 I ""\... ~ 11 05 SUBSiAATE 

- DO NOT 
I . I CONNECT 

3 I I 4 O--t::. ____ ..J 
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individual electrical characteristics (25 0 C) 

EMITTER 

Forward Voltage 
(IF = 10 rnA) 

Reverse Current 
(VR = 3V) 

Capacitance 
(V = 0, f = I MHz) 

DETECTOR See Note 1 

Peak Off-State Current VORM 250 V 

Peak On-State Voltage ITM = 100 rnA 

Critical Rate-of-Rise of Off-State Voltage T, = 85°C 

coupled electrical characteristics (250 C) 

IRED Trigger Current, Current Required to Latch Output 
(Main Terminal Voltage = 3.0 V, RL = 150 (1 

Holding Current, Either Direction 

NaTE I: Ratings apply to either polarity of Pin 6 - referenced to Pin 4. 
Voltages must be applied within dv / dt rating. 

SYMBOL TYP. 

VF 1.2 

IR -

C, 50 

SYMBOL TYP. 

IORM -

VTM 2.5 

dv/dt 12.0 

SYMBOL 

MOC3009 1FT 
MOC3010 1FT 
MOC3011 1FT 
MOC3012 1FT 

IH 

MAX. UNITS 

1.5 volts 

100 microamps 

- picofarads 

MAX. UNITS 

100 nanoamps 

3.0 volts 

- volts/ psec. 

TYP. MAX. UNITS 

- 30 milliamps 
- 15 milliamps 
- 10 milliamps 

5 milliamps 
100 - microamps 
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Photon Coupled Isolator MOC3020-MOC3023 
Ga As Infrared Emitting Diode & Light Activated Triac Driver 

The GE Solid State MOC3020-MOC3023 series consists of a gallium arsenide 
infrared emitting diode coupled with a light activated silicon bilateral switch, 
which functions like a triac, in a dual-in-line package. 

These devices are especially designed for triggering power triacs while maintain
ing dielectric isolation from the trigger control circuit. They are mounted in 
dual-in-line packages. These devices are also available in Surface-Mount 
packaging. 

absolute maximum ratings: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation *100 

Forward Current (Continuous) 50 

Forward Current (Peak) 3 
(Pulse width I p.sec. 300 pps) 

Reverse Voltage 3 

·Derate I.33mW/oC above 25°C ambient. 

OUTPUT DRIVER 

Off-State Output Tenninal Voltage 

On-State RMS Current 
(Full Cycle Sine Wave, 50 to 60 Hz) 

Peak Nonrepetitive Surge Current 
(PW = 10 ms, DC = 10%) 

400 

100 

1.2 

Total Power Dissipation @ TA = 25°C ·*300 

··Derate 4.0 mW/oC above 25°C ambient. 

TOTAL DEVICE 

Storage Temperature -55°C to +150°C 

Operating Temperature -40°C to +IOO°C 

Lead Soldering Time (at 260°C) 10 seconds 

Isolation Surge Voltage: 
(Input to Output) 7500VAC 

(Peak AC Voltage, 60 Hz, 
5 second duration) 

milliwatts 

milliamps 

amperes 

volts 

Volts 

milliamps 

amperes 

milliwatts 

'lIlCovered under U.L. component recognition program, reference file E51868 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A 8.38 I 8.89 .330 I .330 
B 7.62 REF. .300 REF. I 
C - '.64 - .340 2 
D .406 .508 0.16 .020 
E - 5.08 - .200 J 
F 1.01 1.78 .040 .010 
G 2.28 2.80 .090 .110 
H - 2.16 - .085 4 
J .203 .305 .011' .012 
K 2.54 - .lOll -
M - ISO - ISO 
N .381 - .015 -
p - 9.53 - .375 
R 2.92 3.43 .lIS .135 
S 6.10 6.86 .240 .210 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 

r--------, :n' tt'~ : I 
2 I '-.. I 5 &Ur:~:~TE 

t---O DO NOT 
I I CONNECT 

3 I I 4. <>---t::. ____ --' 
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MOC3020-MOC3023 ________________ Optoelectronic Specifications 

individual electrical characteristics (250 C) 
EMITTER 
Forward Voltage 

(IF = 10 mAl 

Reverse Current 
(VR = 3V) 

Capacitance 
(V = 0, f = I MHz) 

DETECTOR S •• Not. 1 
Peak Off·State Current VDRM 400 V 

,Peak On·State Voltage ITM = 100 mA 

Critical Rate~of-Rise of Off·State Voltage TA = 85°C 

coupled electrical characteristics (250 C) 

IRED Trigger Current, Current Required to Latch Output 
(Main Terminal Voltage = 3.0 V, RL = ISO n 

Ho!ding Current, Either Direction 

NOTE I: Ratings apply to either polarity of Pin 6 - referenced to Pin 4. 
Voltages must be applied within dv / dt rating. 

SYMBOL TYP. 
VF 1.2 

IR -

CJ 50 

SYMBOL TYP. 
IORM -

VTM 2.5 

dvjdt 12.0 

SYMBOL 
MOC3020 1FT 
MOC3021 1FT 
MOC3022 1FT 
MOC3023 1FT 

IH 

MAX. UNITS 
1.5 volts 

100 microamps 

- picofarads 

MAX. UNITS 
100 nanoamps 

3.0 volts 

- volts j ~sec. 

TYP. MAX. UNITS 
- 30 milliamps 
- IS milliamps 
- 10 milliamps 

5 milliamps 
100 - microamps 
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Optoelectronic Specifications ________________________ _ 

Photon Coupled Isolator SL5500 - SL5501 
The GE Solid State SL5500 - SL5501 consists of a gallium arsenide infrared 
emitting diode coupled with a silicon phototransistor in a dual-in-line package. 
They comply with UTE requirements as per UTE C96-551 ADD2. These 
devices are also available in Surface-Mount packaging. 

FEATURES 
• Included in the CNET LNZ approval list 
• GE Solid State unique patented glass isolation construction 
• High efficiency liquid epitaxial IRED 
• High humidity resistant silicone encapsulation 
• Fast switching speeds 

SEATING 
'PLAn JLG:-II.'1 i-A-I E]I-NiT ! ,. 1 
B . C {TOP VIEW) S 

M 4 6 ~ 
J L --1_ 

: R ...., 
P 1- ' 

. ~mH~~F: 
~ , ' 

G I' 
-11_0 

absolute maximum ratings: (250 C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA = 25°C 

Forward Current (Continuous) 

Forward Current (Peak) 

*100 milliwatts 

60 milliamps 

3 amperes 
(Pulse width Ipsec, 300 pps) 

Reverse Voltage 6 volts 

"Derate 1.33 mW/oC above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C **300 

VCEO 30 

VCBO 70 

VEBO 7 

Collector Current (Continuous) 100 

""Derate 4.0 mW 1°C above 25°C 

TOTAL DEVICE 

Storage Temperature -55°C to + 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Nominal Voltage 500 V (DC) 

milliwatts 

volts 

volts 

volts 

millamps 

Steady-State Isolation Voltage (Input to Output). 
3500 V(Oq 2500 V(RMS) 

,OM Covered under U.L. component recognition program, reference file E51868 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A 8.38 I 8.89 .330 I .3S!J 
B 1.62 REF. .300 REF. , 
C - 8.64 - .340 2 
0 .406 .S!J6 0.16 .020 
E - '.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2." .090 .110 
H - 2.16 - .085 4 
J .203 .30' .008 .012 
K 2.54 - .'00 -
M - '" - '" N .381 - .015 -

P - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.86 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSION. 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 
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SL5500 - SL5501 __________________ 0ptoelectronlc Specifications 

individual electrical characteristics (250 C) (unless otherwise indicated) 

INFRARED EMITTER DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - vF - I.3 volts 
(IF= 20 rnA) 

Breakdown Voltage - V(aRICEO 30 - - volts 
(Ie = IO rnA, IF = 0) 

Forward Voltage - VF - 1.2 volts 
(IF = 2 rnA) 

Breakdown Voltage - V(BRICBO 70 - - volts 
(Ie = 10 pA, IF = 0) 

Breakdown Voltage - V(BRIEBO 7 - - volts 
(IE = IO pA, IF = 0) 

Collector Dark Current - IcEo - 5 50 nano-
(V CE = IO V, IF = 0) amps 

Reverse Current - IR - IO microamps Collector Dark Current - IcEO - - 500 micro-
(VR = 3V) (VeE = IO V, IF = 0) amps 

Capacitance - CJ - 100 picofarads 
(V = 0, f = 1 MHz) 

TA = 70°C 
hFE 200 1200 
(Ie = 4 rnA, VeE = 0.4, IF = 0) 

coupled electrical characteristics (250 C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = IO rnA, VeE = 0.4 V) SL5500 40 - 300 % 
SL5501 25 - 400 % 

DC Current Transfer Ratio (IF = 2mA, V CF = 5 V SL5500 30 - - % 
SL5501 25 - - % 

Saturation Voltage - Collector to Emitter (IF = 50 rnA, Ie = IO rnA) SL5500 - - 0.4 volts 
SL5501 - - 0.4 volts 

Saturation Voltage - Collector to Emitter (IF = 20 rnA, Ie = 2 rnA SL5500 - - 0.4 volts 

SL5501 - - 0.4 volts 

Isolation Resistance (Input to Output Voltage = (1 K Voe See Note 1) IO - - gigaohms 

Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz, See Note I) - - 1.3 picofarads 

Turn-On Time - too (Vee = 5 V, IF = 16 rnA, RL = 1 KO). (See Figure 1) - 5 20 microseconds 

Turn-Off Time - toff (Vee = 5 V, IF = 16 rnA, RL = 1 KO). (See Figure I) - 5 50 microseconds 

NOTE I: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and the 
output terminals (transistor) shorted together. 

~<>~::~-;::::~) 
470 

IIINPlIT 

~ C 
r-+C}--(JVce 

t:~--.:~~:::t<j>-QOUT PIIY 

TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Optoelectronic Specifications ______________ SL550o-SL5501 

TYPICAL CHARACTERISTICS 
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SL5500 - SL5501 ___________________ Optoelectronic.Speciflcations 

TYPICAL CHARACTERISTICS 

t- 10.0 
z .. .. .. 
::> 
U 

1.0 

t-, 
t-
::> 0.1 0 

" .. 
N 

~ 0.01 

'" .. 
0 
Z , 
Z 0.001 

~~t_~I~~~~1 NORMALIZED TO: 0 
W 
9 

VeE= 10 VOLTS 
IF =10mA 

0.0001 V III TA = 25·C 
4 . 8 488 4&8 

0.1 1.0 10 100 

'F-INPUT CUHRENT- rnA 

7. OUTPUT CURRENT VS. INPUT CURRENT 

I- IF 30 rnA 10e~~ 
~ -- IF 20mA 
g;,~ IF= 10 rnA 

IF- 5 mA= 
u 

~ 
5 ~~~--+-----r----+----+---~-----

~ o.t~~~~~~~~t~~E~'F~=~·~.~m~A~-~ 
::; I 'F-1 rnA .. -
iil" O.01F.~~~~~~~~~~~~~~::~ IF-O.SmA 
II.! NORMALIZED TO: VeE 10 v I 

j;)o.001,~ __ -=:-__ ~~ ___ ~--,~:,:~:-:';,_A~~:~~~~-::~I-_-_-_-~-1 
-50 -25 25 50 75 100 

TA - AMBIENT TEMPERATURE _·c 

9. OUTPUT CURRENT VS TEMPERATURE 

~1L---~--~.-~~t----t----t-'·~·~'00 
IC=mA 10 

11. SWITCHING SPEED VS. COLLECTOR CURRENT 
(NOT SATURATED) 

IF - INPUT CURRENT - mA 

8. OUTPUT CURRENT - COLLECTOR TO BASE 
VS. INPUT CURRENT 

t-
~ .. .. 
::> 
u 

~ 
o 

0 

1 ....... 

'F=50mA 

'F=20mA 

'F=10mA 

'F=SmA 

/ 
" 0 .1 V 'F ='. nlA 
~ NORMALIZED TO: 

~ I 
VCE=10V 

'F =10mAV 

~ 0.0 1 1 RBE=" 1 IF=1~ 

, 
ill 
9 I I III I 

0.00 1 1 11 Ll , 4 8 . , 4 • . 10 K lOOK 1 MO 

RBE - BASE RESISTOR - IU1 

10. OUTPUT CURRENT VS. BASE EMITTER 
RESISTANCE 

~ 
~ 1 . 
IL 
~ 1. 

~ 
~ 1. 

" ~1. 
z 
~ O. 

~ D, 

f.l 
NO. 
::; 
C 

~ O. 
o z O. 

• I III 
10N 10N 
IF= 10 rnA 'F= 5 rnA 

4 

. i' r--
1\ tON 'F=20mA 

0 

r-...J ...-::: ~V 
8 'oFF I I ...... L NORMALIZED TO: 
Sf-IF= 20 m Vee =10V 

V RL = 100.0 
4 'F =10mA 

.VJL OFF 
IF= 5 mA RBE = (DO 

o !~if,o mA III 
tON = 5.0,,9 
tOFF = 2.4,,9 

, 4 , . . 2 4 . . 
10 100 1000 

RBE - BASE EMITTER RESISTOR - KO 

12. SWITCHING TIME VS RBE 

_______________________________________________________________ 295 



Optoelectronic. Specifications 

Photon Coupled Isolator SL5504 
The GE Solid State SL5504 consists of a gallium arsenide infrared emitting 
diode coupled with a silicon phototransistor in a dual-in-line package. The GE 
SL5504 complies with UTE requirements as per UTE C96-55I ADD2. This 
device is also available in Surface-Mount packaging. 

FEATURES 
• Included in the CNET LNZ approval list 
• GE Solid State unique patented glass isolation construction 
• High efficiency liquid epitaxial IRED 
• High humidity resistant silicone encapsulation 

~~---! : 
I I 

3 I I 4 
0-+-L _____ ..J 

• Fast switching speeds 

absolute maximum ratings: (25° C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA = 25°C *100 

Forward Current (Continuous) 60 

Forward Current (Peak) 3 
(Pulse width Ipsec, 300 pps) 

Reverse Voltage 6 

'Derate 1.33 mW/oC above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C **300 

VCEO 80 

VCBO 120 

VEBO 7 

Collector Current (Continuous) 100 

"Derate 4.0 mW 1°C above 25°C 

TOTAL DEVICE 

Storage Temperature -55°C to 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Nominal Voltage 500 V (DC) 

milliwatts 

milliamps 

amperes 

volts 

milliwatts 

volts 

volts 

volts 

milliamps 

Steady-State Isolation Voltage (Input to Output). 
3500 V(DC) 2500 V(RMS) 

.uCovered under U.L. component recognition program, reference file E51868 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

A 8.38 I 8.89 .330 I .350 
B 7.62 REF. JOOREF. 1 
C 8.64 .340 2 
D .406 .50' 0.16 .020 
E 5.08 -- .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .11'lO .110 
H 2.16 .os, 4 
J .2<>3 .305 .00' .012 
K 2.54 .100 -
M IS' IS" 
N .381 .015 
P 9.53 -- .375 
R 2.92 3.43 .IIS .135 
S 6.10 6.86 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVEAALllNSTALLED DIMENSION. 
S. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 
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SL5504 ______________________ Optoelectronlc Specifications 

individual electrical characteristics (25 0 C) (unless otherwise indicated) 

INFRARED EMITTER DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - V F - 1.3 volts 
(IF = 20 rnA) 

Breakdown Voltage - V'BR)CEO 80 - - volts 
(Ie = 10 rnA, IF = 0) 

Forward Voltage - vF - 1.2 volts 
(IF = 2 rnA) 

Breakdown Voltage - V'BR)eBO 120 - - volts 
(Ie = 10 pA, IF = 0) 

Breakdown Voltage - V'BR)EBO 7 - - volts 
(IE = 10 pA, IF = 0) 

Collector Dark Current - IcEO - 5 50 nano-
(VcE =50V,IF=0) amps 

Reverse Current - IR - 10 microamps Collector Dark Current - ICEO - - 500 nano-
(VR = 3V) (V CE = 50 V, IF = 0) amps 

Capacitance - CJ - 100 picofarads 
(V = 0, f = I MHz) 

TA = 70°C 
hFE 200 1200 
(Ie = 4 rnA, VCE = 0.4, IF = 0) 

coupled electrical characteristics (250 C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = 10 rnA, V CE = 0.4 V) 25 - 400 % 

DC Current Transfer Ratio (IF = 2mA, V CF = 5 V 25 - - % 
Saturation Voltage - Collector to Emitter (IF = 20 rnA, Ie = 2 rnA) - - 0.4 volts 

Isolation Resistance (Input to Output Voltage = I K VOl' See Note I) 10 - - gigaohms 

Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz, See Note I) - - 1.3 picofarads 

Turn-On Time - too. (V ce = 5 V, IF = 16 rnA, RL = I KO). (See Figure I) - 5 50 microseconds 

Turn-Off Time - toff (V ce = 5 V, IF = 16 rnA, RL = I KO). (See Figure I) - 5 150 microseconds 

NOTE I: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and the 
output terminals (transistor) shorted together. 

47n 
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TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Optoelectronic Specifications _____________________ SL5504 

TYPICAL CHARACTERISTICS 
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SL5504 ____________________ 0ptoelectronlc Speclflcatlona 
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Optoelectronic Specifications 

Photon Coupled Isolator SL5511 
The GE Solid State SL5511 consists of a gallium arsenide infrared emitting 
diode coupled with a silicon phototransistor in a dual-in-line package. The GE 
SL55ll complies with UTE requirements as per UTE C96-55l ADD2. This 
device is mounted in a dual-in-line package. This device is also available in 
Surface-Mount packaging. 

FEATURES 
• Included in the CNET LNZ approval list 
• GE Solid State unique patented glass isolation construction 
• High efficiency liquid epitaxial IRED 
• High humidity resistant silicone encapsulation 
• Fast switching speeds 

~C±---! : 
: 1 

3 I I 4 
0--+-L _____ ...J 

absolute maximum ratings: (250 C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - T A = 25° C *100 

Forward Current (Continuous) 60 

Forward Current (Peak) 3 
(Pulse width 1 p.sec, 300 pps) 

Reverse Voltage 6 

"Derate 1.33 mWjOC above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C 

VCEO 

VCBO 

VEBO 

**300 

30 

70 

7 

milliwatts 

milliamps 

amperes 

volts 

milliwatts 

volts 

volts 

volts 

Collector Current (Continuous) 100 milliamps 

"Derate 4.0 mW jOe above 25°C 

TOTAL DEVICE 

Storage Temperature -55°C to +150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Nominal Voltage 500 V (DC) 

Steady-State Isolation Voltage (Input to Output). 
3500 V(DC) 2500 V(RMS) 

'MCovered under U.L. component recognition program, reference file E51868 

SYMBOL I--'M!!!!I",U."i'M~E.!.!TE",RS"-+---"INi!.lCrH,,,ES~-I 
MIN. MAX. MIN. MAX. 

IDS I 8,89 .330 I .3SO A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

7.62 REF. .300 REF. 
S.64 .340 

.406 .50S 0.16 .020 
S.08 .200 

1.01 1.78 .040 .070 
2.28 2.80 .090 .110 

2.16 .085 
."'3 .30S .008 .012 

2.54 .100 
OS' OS' 

.381 .015 
9.53 .375 

2.92 3.43 .115 .135 
6.lfr 6.86 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INf;iTALLED DIMENSION. 

NOTES 

3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 
PLANE. 

4. FOUR PLACES. 
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SL5511 ______________________ Optoelectronic Specifications 

individual electrical characteristics (25 0 C) (unless otherwise indicated) 

INFRARED EMITTER DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - VF - 1.3 volts 
(IF = 20 rnA) 

Forward Voltage - VF - 1.2 volts 
(IF = 2 rnA) 

Breakdown Voltage - V'BRlCEO 30 - - volts 
(Ie = 10 rnA, IF = 0) 

Breakdown Voltage - V'BRlCBO 70 - - volts 
(Ie = 10 pA, IF = 0) 

Breakdown Voltage - V(BRlEBO 7 - - volts 
(IF = 10 pA, IF = 0) 

Collector Dark Current - IcEo - 5 50 nano-
(V CE = 10 V, IF = 0) amps 

Reverse Current - IR - 10 microarnps Collector Dark Current - IcEo - - 500 micro-
(VR = 3V) (V CE = 10 V, IF = 0) amps 

Capacitance - CJ - 100 picofarads 
(V = 0, f = 1 MHz) 

TA = 70°C 
hF• 200 1200 
(Ie = 4 rnA, VCE = 0.4, IF = 0) 

coupled electrical characteristics (250 C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = 0.5 rnA, V CE = 0.4 V) 20 - - % 

pC Current Transfer Ratio (IF = 2rnA, V CE = 5 V 25 - - % 

Saturation Voltage - Collector to Emitter (IF = 20 rnA, Ic = 2 rnA) - - 0.4 volts 

Isolation Resistance (Input to Output Voltage = 1 K Voc See Note I) 10 - - gigaohms 

Input to Output Capacitance (Input to Output Voltage = 0, f = 1 MHz, See Note I) - - 1.3 picofarads 

Turn-On Time - too (Vcc = 5 V, IF = 16 rnA, RL = 1 KQ). (See Figure 1) - 5 20 microseconds 

Turn-Off Time - toff (V CC = 5 V, IF = 16 rnA, RL = 1 KQ). (See Figure 1) - 5 50 microseconds 

NOTE I: 
Tests of input to output isolation current resistance, and capacitance are perlormed with the input terminals (diode) shorted together and the 
output terminals (transistor) shorted together. 

INPUT 

47{l 

iI(NPUT 

~ L 
~+<}--OVcc 

t:~-'::""!:==j-<cr-()OUT PUT 

to 
9ZCS- 2949 

TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Optoelectronic Specifications ____________________ SL5511 

TYPICAL CHARACTERISTICS 
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SL5511 _______________________ Optoelectronlc Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications 

1mm Aperture 
Photon Coupled Interrupter Module H21A1, H21A2, H21A3 
The GE Solid State H21A Interrupter Module is a gallium arse-
nide infrared emitting diode coupled to a silicon phototransistor in r-----;;:::-- p 

a plastic housing. The packaging system is designed to optimize I-----I:~""" 
themechanicalresolution,couplingefficiency,ambientlightrejec- e ;.;. ~ + 
tion, cost, and reliability. The gap in the housing provides a means 
of interrupting the signal with an opaque material, switching the ~ 1-':1 
output from an "ON" into an "OFF" state. '.' ~ 

L ° 
A, SEATING 

absolute maximum ratings: (25°C) r 0'1 ,,,,,,-

, -"----1 
TOTAL DEVICE _"__ ~~'-

Storage Temperature TSTG _55°C to +IOO°C 'j Q' Operating Temperature TJ _55°C to +IOO°C r r-
Lead Soldering Temperature TL 260°C 1 I~I 1 

I 1"'1 1 
(5 seconds maximum) L J L_ 

2 • 

INFRARED EMITTING DIODE PHOTOTRANSISTOR 

""""-
MilLIMETERS INCHES 
MIN. ... MIN. MAlI. 

° "'J." '~ I .. '" 
0, . ~o 3.2 .119.125 

0 • 3.0 3.2 .119 .125 

•• .600 .750 .Ot4 .030 ., 50 NOM. .020 NOM. 
P " .. ,.., .'" .972 
p, '" '" .451 .'412 

" >P .. .IIS .129 

" .. n .212 .'" .. u .. .'" "p • . " .. " :~; " . , ,PO 
~. " .. .126 .133 , .. 19.2 .'" ., .. 
s . 85ll.o .054 .039 
S, 3.4115 3.15!.156 .141 , 2.SNIo" .10 'PM. 

NOTES 

, , 

. 

Power Dissipation PE *100 mW Power Dissipation PD **150 
Forward Current IF 60 rnA Collector Current Ic 100 

(Continuous) (Continuous) 
Forward Current (peak) IF 3 A Collector-Emitter VCEO 30 

(Pulse Width';;;; I/.Is Voltage 
PRR';;;; 300 pps) Emitter-Collector VECO 6 

Reverse Voltage VR 6 V Voltage 
'Derate 1.33 mWj'C above 2SoC ambient. "Derate 2.0 mWj'C above 2SoC ambient. 

individ ual electrical characteristics:(25°C) (See Note I) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 30 - -

V(BR)R IR = 10/lA V(BR)CEO Ic=lmA 
Forward Voltage - - 1.7 V Breakdown Voltage 6 - -

VF IF =60mA V(BR)ECO IE = 100/lA 
Reverse Current - - 100 nA Collector Dark Current - - 100 

IR VR =SV ICEO VCE =2SV 
Capacitance - 30 - pF Capacitance - 3.3 5 

Ci V=O,f= I MHz Cce VCE = SV, f= 1 MHz 

coupled electrical characteristics:(25°C) (See Note I) 

H21A1 H21A2 H21A3 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

ICE(on) IF = SmA, VCE = SV 0.15 - - 0.30 - - 0.60 - -
ICE(on) IF = 2OrnA, VCE '" SV 1.0 - - 2.0 - - 4.0 - -
IcE(on) IF = 30mA, VCE '" SV 1.9 - - 3.0 - - 5.5 - -

VCE(sat) IF = 20rnA, Ic = 1.8mA - - - - - 0.40 - - 0.40 
VCE(sat) IF = 30mA, Ic = 1.8mA - - 0.40 - - - - - -

ton VCC = SV, IF = 30mA, RL = 2.SKn - 8 - - 8 - - 8 -
toff VCC'" SV, IF'" 30mA, RL = 2.SKn - SO - - SO - - SO -

Note I: Stray irradiation can alter values of characteristics. Adequate shielding should be provided. 

mW 
rnA 

V 

V 

UNITS 

V 

V 

nA 

pF 

UNITS 

rnA 
rnA 
rnA 
V 
V 

/.IS 
/.Is 
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H21A1,H21A2,H21A3 ________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications __________________________ _ 

1mm Aperture 

Photon Coupled Interrupter Module H21A4'H21A5'H21A6 .. ,~" • t "'4~ 
The GE Solid State H21A Interrupter Module is a gallium arsenide _ 
infrared emitting diode coupled to a silicon phototransistor in a _ • 
plastic housing. The packaging system is designed to optimize the rn ~ "Il"-' .~~u.':!:~ ~:,'"':..,., 

::~~:~~e~:~:~:~~i~~~~~!~!~ci~~~~ina;::~~U:~:~e:~o~f (W1:lilif" 'ff.W.~~ ~~ l~J]~ ~IE : 
interrupting the signal with an opaque material, switching the ~ r':I g, ':':! ~;::;:;: 
output from an "ON" into an "OFF" state. _. T ~ ~~ ~ ~: :~~~ :~: 

L A "2 2.5 lUI .091 .110 

absolute maximum ratings: (25°C) ';- ", j,:~::'1 - ~. ,~~ ,~::'" 
J( I( I s .B!ll'" j.OM .039 ------*- SI 3.45 3.75 .llS .147 TOTAL DEVICE -·1...... -i.,i.- T 2.8 III. .10 NOM. 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

_55°C to +100°C 
_55°C to +100oC 

260°C '1t ~f r'r:-:' I 1",1 1 
I 1"'1 I 
L .J L_ .J 

• • 
PHOTOTRANSISTOR 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (peak) 

(Pulse Width" 1 j.LS 

PRR" 300 pps) 

*100 
60 

mW 
rnA 

Power Dissipation PD **150 
Collector Current Ic 100 

(Continuous) 
3 A Col1ector-Emitter VCEO 55 

Voltage 
Emitter-Collector VECO 6 

Reverse Voltage V R 6 V Voltage 
'Derate 1.33 mW/"C above 25'C ambient. "Derate 2.0 mW/"C above 25'C ambient. 

individual electrical characteristics:(25°C)(See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 55 - -
V(BR)R IR = 10 tlA V(BR)CEO Ic = 1 rnA 

Forward Voltage - - 1.7 V Breakdown Voltage 6 - -
VF IF = 60mA V(BR)ECO IE = 100tlA 

Reverse Current - - 100 nA Col1ector Dark Current - - 100 
IR VR = 5V ICEO VCE =45V 

Capacitance - 30 - pF Capacitance - 3.3 5 
Cj V=O,f= 1 MHz Cee VCE = 5V, f= I MHz 

coupled electrical characteristics:(25 °C) (See Note 1) 

H21A4' H21A5 H21A6 
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

I~E(on) IF = SmA, VCE = 5V 0.15 - - 0.30 - - 0.60 - -
ICE(on) IF = 20mA, VCE = 5V 1.0 - - 2.0 - - 4.0 - -
IcE(on) IF = 3OmA, VCE = 5V 1.9 - - 3.0 - - 5.5 - -
VCE(sat) IF = 2OmA, Ic = 1.8mA - - - - - 0.40 - - 0.40 
VCE(sat) IF = 3OmA, Ie = 1.8mA - - 0.40 - - - - - -
ton VCC= 5V, IF = 3OmA, RL = 2.5Kn - 8 - - 8 - - 8 -
toff Vce= 5V, IF = 3OmA, RL = 2.5Kn - 50 - - 50 - - 50 -

Note 1: Stray IlradJatJon can alter values of charactenstlcs. Adequate shleldmg should be proVlded. 
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H21A4, H21A5, H21A8 _______________ Optoelectronic Speclflcatlona 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ ~_.;.._ 

1 mm Aperture 

~~~!~O~d ~~e~II~~e~!~~~fe~s~~a!~~~~le H21B1, H21 B2, H21B3 ~ 
nide infrared emitting diode coupled to a silicon darlington con- CI! 

neeted phototransistor in a plastic housing. The packaging system SYMIIQ.. ~~IME~~ M:~CHE~K' NOTES t I • 

is designed to optimize the mechanical resolution, coupling effi- :,,1 I~,',~, I ',~:,',' ',i,~,',~! .A,',','i, 

ciency, ambient light rejection, cost, and reliability. The gap in the "'00.1. '''''~ L D" , 
housing provi~es a ~e~ of interrupting the signa! ~ith an~, r~':t:' ", .. "':':~ ~:"~;, ' 
opaque matena!, sWItching the output from an "ON» mto an .'Ie, :~ ';g 'i:i,':i:: 
"OFF" L ~ 'I 6,9 1!1 .272 .290 state. .I., SEATWG et 2.:!I 2.8 091 110 

'f J>LA - E ~ 6.35 .~~: .249 

absolute maximum ratings: (25°C) , ",~ 'I ~," ,;: ,;~;::;~ 

TOTAL DEVICE ]~r"--l i~" : .. ~ ;' ~::lY' I:~U~: , 
Storage Temperature TSTG _55°C to +IOO°C 
Operating Temperature TJ ·55°C to +100°C I I~I I 
Lead Soldering Temperature TL 260°C I 1 '1 I 

(5 seconds maximum) L J L_ 
3 

INFRAREO EMITTING DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (peak) 

(Pulse Width';; I jlS 
PRR';; 300 pps) 

*100 
60 

3 

Reverse Voltage VR 6 
'Derate 1.33 mW/"C above 2S'C ambient. 

mW 
rnA 

A 

V 

Power Dissipation PD * * I 50 
Collector Current Ic 100 

(Continuous) 
Collector·Emitter V CEO 30 

Voltage 
Emitter·Collector VECO 7 

Voltage 
"Derate 2.0 mW/"C above 25°C ambient. 

individual electrical characteristics:(25°C) (See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 30 - -
V(BR)R IR = IOjlA 

Forward Voltage - - 1.7 V 
V(BR)CEO Ic=lmA 

Breakdown Voltage 7 - -
V F IF = 60mA 

Reverse Current - - 100 nA 
V(BR)ECO IE = 100jlA 

Collector Dark Current - - 100 
IR VR =5V ICEO VCE = 25V 

Capacitance - 30 - pF Capacitance - 5 8 
Ci V=O,f= 1 MHz Cee VCE = 5V, f= I MHz 

coupled electrical characteristics: (25°C) (See Note I) 

H21B1 H21B2 H21B3 
MIN. TYP. MAX. MIN. TYP. MAX. M1N. TYP. MAX. 

ICE(on) IF = 2mA, VCE = 1.5V 0.5 - - 1.0 - - 2.0 - -
IcE(on) IF = SmA, VCE = I.5V 2.5 - - 5.0 - - 10 - -
ICE(on) IF = IOmA, VCE = 1.5V 7.5 - - 14 - - 25 - -
VCE(sat) IF = IOmA, Ic = 1.8mA - - 1.0 - - 1.0 - - 1.0 
VCE(sat) IF = 6OmA, Ic = 50mA - - - - - 1.5 - - 1.5 
ton VCC = 5V, IF = lOrnA, RL = 750n - 45 - - 45 - - 45 -

VCC = 5V, IF = 60mA, RL = 75n - -' - - 7 - - 7 -
toff VCC= 5V, IF = lOrnA, RL = 750n - 250 - - 250 - - 250 -

VCC= 5V, IF = 6OmA, RL = 7Sn - - - - 45 - - 45 -

Note 1: Stray IIradiahon can alter values of charactemtlcs. Adequate shIelding should be provided. 
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H21B1,H21B2,H21B3 _________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Speclflcatlona ______________________ _ 

1mm Aperture 
Photon Coupled Interrupter Module H21B4,H21B5, H21B6 
The GE Solid State H2lB Interrupter Module is a gallium arse-
nide infrared emitting diode coupled to a silicon darlington con
nected phototransistor in a plastic housing. The packaging system 
is designed to optimize the mechanical resolution, coupling effi
ciency, ambient light rejection, cost, and reliability. The gap in the 
housing provides a means of interrupting the signal with an 
opaque material, switching the output from an "ON" into an 
"OFF" state. 
absolute maximum ratings: (25°C) ~JNl!:l~_D 
I"":T~O~T:':'A"!"L-:D~E~V~IC~E:---------------....., ~ IT 
~..;.:.:..;.;;..;;.::..:..:;;.;;.----------~--__:=___I -'1- "'/'tlo-

Storage Temperature TSTG -SS·C to +IOO·C 
Operating Temperature TJ -SS·C to +IOO·C 
Lead Soldering Temperature T L 260·C 

(5 seconds maximum) 

.. -. 
:, 
" ;. 
" , 
D, 

'Do 

" ., . 
b 
;. , 
0 
0, , 

MfLLIII1IT11111 INCHII NO," 

!'i'~f" ~~~l ;i; UI 31 II. lIS 
OGO , ... 014 cao , 

aONOM, 010 MOM , .. , ... II • ... 
"I ". ... • ft 

'" " '"~ '"~ ... .. ... • 11 
II II D" '" . " .M .. , .. . .DO ." u .. '"~ ". II.' '"~ ... . " ., b 10 OM .01' 
UI_ Ira JIM 14' 
II .. III .10 NOIII , 

INFRARED EMITTING DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR 

Power Dissipation PE *100 mW Power Dissipation Po **150 
Forward Current IF 60 mA Collector Current Ie 100 

(Continuous) (Continuous) 
Forward Current (Peak) IF 3 A Collector-Emitter VCEO 55 

(Pulse Width < I jJS Voltage 
PRR < 300pps) Emitter-Collector VECO 7 

Reverse Voltage VR 6 V Voltage 
°Derate 1.33 mW/"C above 2S'C ambient. ··Derate 2.0 mW/'C above 2S'C ambient. 

individual electrical characteristics:(25°C) (See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 55 - -
V(BRt IR -101lA 

Forwar Voltage - - 1.7 V 
V(BR)CEO Ic = 1 mA 

Breakdown Voltage 7 - -
VF IF = 60mA 

Reverse Current - - 100 nA 
V(BR)ECO IE = 100J,tA 

Collector Dark Curren t - - 100 
IR VR =5V ICEo VCE = 45V 

Capacitance - 30 - pF Capacitance - 5 8 
Ci V = 0, f= I MHz Cee VcE=SV,f=IMHz 

coupled electrical characteristics:(25°C) (See Note 1) 

H21B4 H21B5 H21B6 
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

ICE(on) IF = 2mA, VCE = I.SV 0.5 - - 1.0 - - 2.0 - -
IcE(on) JF = SmA, VCE = I.SV 2.5 - - 5.0 - - 10 - -
ICE(on) IF = 10mA, VCE = l.5V 7.5 - - 14 - - 25 - -
VCE( •• t) IF = IOmA,Ic = 1.8mA - - 1.0 - - 1.0 - - 1.0 
VCE(sat) IF = 6OmA, Ic = SOmA - - - - - 1.5 - - 1.5 
ton VCC = SV, IF = lOmA, RL = 7500. - 45 - - 45 - - 45 -

VCC= SV, IF = 60mA, RL = 750. - - - - 7 - - 7 -
torr VCC= SV, IF = 10mA, RL = 7500. - 250 - - 250 - - 250 --

Vcc= SV, IF = 60mA, RL = 750. - - - - 45 - - 45 -
Note 1: Stray irradiation can alter values of charactenstlcs. Adequate shielding should be proVIded. 
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H21B4,H21B5,H21B6 -------__________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications 

1 mm Aperture 
Photon Coupled Interrupter Module H21L 1, H21L2 
The G E Solid State H2l L series is a gallium arsenide, infrared 
emitting diode coupled to a high speed integrated circuit detector. The 
output incorporates a Schmitt Trigger which provides hysteresis for 
noise immunity and pulse shaping. The gap in the plastic housing 
provides a means of interrupting the signal with an opaque material, 
switching the output from an "ON" into an "OFF" state. 

lr-+mi"F-+--{ A~(ZE.l ~H~'.( (.) ; ~ . " J=~:. 
1--0'--1 CM~OO' ~"I 

r---------------=:....---.:~---'----___, I' f t ~SEA'.'.'§ DJ.1, I 
TOTAL DEVICE I TPLANE ~~f;:[~II:)~~)~ !~I 

A, 
A, 0, 
'1 
D 

°1 0, 
'1 

" 
" E 
L 
';,P 133 
Q 7S5 

D39 

absolute maximum ratings: (25°C) A 5". t--r --t~'!- ~''7; I 

Al~ 1 
'"1-:i ~;'3 "~-=1 ~,.;> NOTFS'-'--'-=="---'---'==-"--"-' Storage Temperature 

Operating Temperature 
Lead Soldering Temperature 

-55°C to +85°C 
1. INCH DIMENSIONS ARE DERIVED FROM MILLIMETERS 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

Power Dissipation PE 
Forward Current IF 

(Continuous) 
Forward Current (Peak) IF 

-55°C to +85°C 
260°C 

·lOO mW 
60 rnA 

3 A 

PHOTO DETECTOR 

Power Dissipation 
Output Current 
Allowed Range 
Allowed Range 

2 "OUR LEADS, LEAD CROSS SECTION IS CONTROLLELJ 
BETWEEN 1 27 MM (.050"[ FROM SEATING PLANE AND 
THE END OF THE LEI>DS. 

3. THE SENSING AREA IS DEFINED BY THE "5" DIMENSION 
AND BY DIMENSION 'T'·O.75 MM (. 030 ,nchl 

U150 
50 

o to 16 
o to 16 

mW 
rnA 
V 
V 

(Pulse width";; 1 J1.S ··Derate 2.0 mW;oC above 25°C ambient. 

PRR ,,;; 300 pps) 
Reverse Voltage VR 6 V 

""Derate 1.33 mW rC above 25°C ambient. 

individual electrical characteristics: (0-70° C) (See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. !TYP. 
--I 

MAX. UNITS 

Forward Voltage VF - 1.10 1.60 volts Operating Voltage Range Ve 4 - 15 volts 
(IF = 20 rnA) Supply Current 13(off) - 1.0 5.0 milli-

Reverse Current IR - - 10 micro- (IF = 0, Vee = 5V) ampere 
(VR = 3V) ampere Output Current, High IOH - - 100 micro-

Capacitance CJ - - 100 pico- (IF = 0, Vee = Va = 15V) ampere 
(V = 0, f = 1 MHz) farads 

cou pled electrical characteristics (0-70° C) (See Note 1) 

MIN. TYP. MAX. UNITS 

Supply Current 13(00) - 1.6 5.0 milliampere 
(IF = 20mA, Vee = 5V) 

Output Voltage, Low VOL - 0.2 0.4 volts 
(R .. = 2700 Vee = 5V, IF = 30 rnA) 

Turn-On Threshold Current IF(oo) H21L1, H22L1 - 30 milliampere 
(RL = 270n, Vee = 5V) H21L2, H22L2 - 15.0 milliampere 

Turn-Off Threshold Current IF(off) H21L1, H22L2 0.5 15 - milliam pe re 
(RL = 270n, Vee = 5V) IF/Off) H21L1, H22L2 0.5 8 - milliampere 

Hysteresis Ratio IF(off)/IF(oo) 0.50 0.75 0.90 -

(RL = 270n, Vee = 5V) 
Switching Speeds: (RL = 270n, Vee = 5V, TA = 25°C, IF = 20 rnA) 

Rise Time tr - 0.1 - J1.sec. 
Fall Time tf - b.l - J1.sec. 

Note 1: Stray irradiation can, alter values of characteristics. Adequate shielding should be provided. 
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H21L1, H21L2 -------------------Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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OptoelectrOl'!ic Specifications _________________________ _ 

1mm Aperture 
Photon Coupled Interrupter Module H22A1, H22A2 ,H22A3 
The GE Solid State H22A Interrupter Module is a gallium arse
nide infrared ernitting diode coupled to a silicon phototransistor in 
a plastic housing. The packaging system is designed to optimize 
the mechaIJical resolution, coupling efficiency, ambient light rejec
tion, cost, and reliability. The gap in the housing provides a means 
of interrupting the signal with an opaque material, switching the 
output from an "ON" into an "OFF" state. 

absolute maximum ratings: (25°C) 
TOTAL DEVICE 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (peak) 

(pulse Width .;; I/JS 
PRR';; 300 pps) 

Reverse Voltage 

PE 
IF 

IF 

VR 

_55°C to +100°C 
_55°C to +IOO°C 

260°C 

*100 mW 
60 rnA 

3 A 

6 V 

r-r-;j"LLIMETEIiIS INCHES 
SYMBOL MIN iliA. MIN MAX . 

"'J,"0 "'!I,,'" " 3.0 32 119 12~ .. 600 750 024 o~o . , SOHOII! • 020 N'* 

0, 
'" 0, 
" " '" " " " '" 

" " " , 
'" '" '" '" , 8S1 10 03 ... 039 

" 3.45 3751136 141 , 26 NOM .10314010'1 

'] Q4 r'r7':' I hi I 
I 1"'1 I 
L J L._ ...J . , 
PHOTOTRANSISTOR 

Power Dissipation PD 
Collector Current Ic 

(Continuous) 
Collector-Emitter VCEO 

Voltage 
Emitter-Collector VECO 

Voltage 

IINCHDIMEr.lSI(lNSARE 
DERIVED FROM MILLIMETER,S 

:2 FOUR LEADS LEAD CROSS 

~~~~~~N~ ~~NMT:~'o'51>0") 
FROM SEATING PLAN[ AND 
THE ENOOFTI1E LEADS. 

:5 THE SENSING AREA IS OEFINEO 
8Y THE "S"DIMENSION ANO 
8Y 011ll[N510N"T" :015MM 
I! 030 INCH) 

**150 mW 
100 rnA 

30 V 

6 V 

'Derate 1.33 mWrC above 2S'C ambient. "Derate 2.0 mWrC above 2S'C ambient. 

individual electrical characteristics:(25°C) (See Note I) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. UNITS 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 30 - - V 
V(BR)R IR = 10IlA V(BR)CEO Ic=lmA 

Forward Voltage - - 1.7 V Breakdown Voltage 6 - - V 
V F IF = 60mA V(BR)ECO IE = 100jotA 

Reverse Current - - 100 nA Collector Dark Current - - 100 nA 
IR VR =SV iCEO VCE = 2SV 

Capacitance - 30 - pF Capacitance - 3.3 5 pF 
Ci V=O,f= I MHz Cce VCE = SV, f= IMHz 

cQupled electrical characteristics:(25°C) (See Note I) 

H22A1 H22A2 H22A3 
UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

iCE(on) lF = SmA, VCE = SV 0.15 - - 0.30 - - 0.60 - - rnA 
ICE(on) IF = 2OrnA, VCE = SV 1.0 - - 2.0 - - 4.0 - - rnA 
fcE(on) IF = 3OrnA, VCE = 5V 1.9 - - 3.0 - - 5.5 - - rnA 
VCE(sat) IF = 20mA, Ic = 1.8mA - - - - - 0.40 - - 0.40 V 
VCE(sat) IF = 3OrnA, Ic = 1.8mA - - 0.40 - - - - - - V 
ton VCC= SV,'IF = 30mA, RL = 2.5Kn - 8 - - 8 - - 8 - Ils 
toff VCC= SV, IF = 3OrnA, RL = 2.SKn - 50 - - SO - - SO - Ils 

Note I: Stray rrradlation can alter value. of charactensbc •. Adequate shielding should be provided. 
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TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _________________________ _ 

1mm Aperture 

;;;~~~~;.;;~~;~~Ie H22A4,H22~~_,~22A6 ~L \ • 

a plastic housing. The packaging system is designed to optimize I" -I~'~'~ _~ "1 b, ~L SV:BOL IO~_;N 1,7~x ~~~ I':~;' 
themechanicalresolution,couplingefficiency,ambientlightrejec- ~qD ® 0, " "~," '''~l_ '" 
tion, cost, and reliability. The gap in the housing provides a means liE rL+...J ltEAcDT:PR'b~,~~r ~~ 6.~NO~50 .~~N~O NOTES' l 

of interrupting the signal with an opaque material, switching the ......t. -1 I..- E 1 ~~ '~~ 'i~ 119 .129 I, 6NE~7v~I~~~~~~Lt~~ETERS. 
output from an "ON" into an "OFF" state. ~~~---T Til '1 6.9 7~ 212 .295 2 ~~~,5~t~ScoL,ffHoE~~~S 

T' L:Jr:f~~ "2 i~~ 28 .~~: 3 !~~~~~~~~~E~!~:~NEO 
absolute maximum ratings: (25°C) .,:-_-,,':::"1' !llr.,;~;~·\"i~,t':.". 

85 1.0 .034039 (!,030INC,"l, 
3.4~ 31~ 1,136 .147 

TOTAL DeVice - .. ~ ..,.2r-- 26 N M, .I03NotoI 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (Peak) 

(Pulse Width ... I/IS 
PRR ... 300pps) 

_55°C to +IOO°C 
_55°C to + 100°C 

260°C 

*100 
60 

3 

mW 
rnA 

A 

Reverse Voltage V R 6 V 

PHOTOTRANSISTOR 

Power Dissipation 
Collector Current 

(Continuous) 
Collector-Emitter 

Voltage 
Emitter-Collector 

Voltage 

Po 
Ic 

VCEO 

**150 
100 

55 

6 

'Derate 1.33 mWrC above 25°C ambient. ··Derate 2.0 mWrC above 25°C ambient. 

individual electrical characteristics:(25 DC) (See Note I) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 55 - -
V(BR)R IR = 101lA V(BR)CEO Ic = I rnA 

Forward Voltage - - 1.7 V Breakdown Voltage 6 - -
VF IF = 60mA V(BR)ECO IE = 100llA 

Reverse Current - - 100 nA Collector Dark Current - - 100 
IR VR =5V ICEO VCE = 45V 

Capacitance - 30 - pF Capacitance - 3.3 5 
Cj V= O,f= IMHz Cee VCE = 5V, f= I MHz 

coupled electrical characteristics:(25°C) (See Note I) 

H22A4 H22A5 H22A6 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

ICE(on) IF = SmA, VCE = 5V 0.15 - - 0.30 - - 0.60 - -
ICE(on) -IF = 2OrnA, VCE = 5V 1.0 - - 2.0 - - 4.0 - -
IcE(on) IF = 30mA, VCE = 5V 1.9 - - 3.0 - - 5.5 - -
VCE(sat) IF = 20mA, Ic = 1.8mA - - - - - 0040 - - 0.40 
VCE(sal) IF = 30mA, Ic = 1.8mA - - 0.40 - - - - - -

ton VCC= 5V, IF = 30mA, RL = 2.5KS1 - 8 - - 8 - - 8 -

toff VCC= 5V, IF = 30mA, RL = 2.5KS1 - 50 - - 50 - - 50 -

Note 1: Stray IrradIatIon can alter values of characteristics. Adequate shielding should be provided. 

mW 
rnA 

V 

V 

UNITS 

V 

V 

nA 

pF 

UNITS 

rnA 
rnA 
rnA 
V 
V 

IlS 
Ils 
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Optoelectronic Speclflcatlone ______________________ _ 

1mm Aperture 
Photon Coupled Interrupter Module H22B1 ,H22B2 ,H22B3 
The OE Solid State H22B Interrupter Module is a gallium arse
nide infrared emitting diOde coupled to a silicon darlington con
nected phototransistor in a plastic housing. The packaging system 
is designed to optimize the mechanical resolution, coupling effi
ciency, ambient light rejection, cost, and reliability. The gap in the 
housing provides a means of interrupting the signal with an 
opaque material, switching the output from an "ON" into an 
"OFF" state. 
absolute maximum ratings: (25 CC) 

TOTAL DEVICE 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

-ss·C to +IOO·C 
-ss·c to +IOO·C 

260·C L J ~ __ 

•• , .4'1 
.111 II. 
,171 .In 
011 110 
Ilia .141 
,III 

.15 1.0 oa .. ,o.t 
a,lIIa Ut I·IM ,14' 
.. N N, I ,10 NOM I~I lr~l41' 

...... _________________ --' I ,I 

INFRARED EMITTING DIODE DARLINGTON CONNECTED PHOTOTRANSISTOR 

Power Dissipation PE ·100 mW Power Dissipation Po nlSO mW 
Forward Current IF 60 rnA 

(Continuous) 
CoUector Current Ic 100 mA 

(Continuous) 
Forward Current (peak) IF 3 A 

(Pulse Width';; IlJ,s 
PRR';; 300 pps) 

CoUector-Emitter VCEO 30 V 
Voltage 

Emitter·Collector VEco 7 V 
Reverse Voltage VR 6 V Voltage 

·Derate 1.33 mW/"C above 2S·C ambient. ··Derate 2.0 mWrC above 2S·C ambient. 

individual electrical characteristlcs:(25 DC) (See Note I) 
EMITTER MIN. TVP. MAX. UNITS DETECTOR MIN. TVP. MAX. UNITS 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 30 - - V 
V(BRt IR" 10lJ,A 

Forwar Voltage - .- 1.7 V 
V(BR)CEO Ic" I mA 

Breakdown Voltage 7 - - V 
VF IF" 60mA 

Reverse Current - - 100 nA 
V(BR)ECO IE" 100lJ,A 

Collector Dark Current - - 100 nA 
IR VR =SV ICEO VCE = 2SV 

Capacitance - 30 - pF Capacitance - 5 8 pF 
CI V .. 0, f= I MHz Ceo VCE " SV, f= I MHz 

coupled electrical characterlstics:(25 CC) (See Note I) 

H22B1 H22B2 H22B3 UNITS 
MIN. TVP, MAX. MIN. TVP. MAX. MIN. TVP. MAX. 

ICE(on) IF .. 2mA, VCE" I.SV 0.5 - - 1.0 - - 2.0 - - mA 
IcE(on) IF .. SmA, VCE = I.SV 2.5 - - 5.0 - - 10 - - mA 
ICE(on) IF .. 10mA, VCE = 1.5V 7.5 - - 14 - - 25 - - mA 
VCE(sat) IF .. IOmA, Ic = 1.8mA - - 1.0 - - 1.0 - - 1.0 V 
VCE(sat) IF .. 6OmA, Ic = 50mA - - - - - 1.5 - - 1.5 V 
ton VCC· 5V, IF -IOmA, RL" 750n - 45 - - 45 - - 45 - IJ,S 

VCc" 5V, IF = 60mA, RL" 75n - - - - 7 - - 7 - IJ,S 

torr VCc" SV, IF .. IOmA, RL .. 750n - 250 - - 250 - - 250 - IJ,S 
VCc" SV,IF =6OmA,RL = 7SO - - - - 45 - - 45 - IJ,S 

Note 1: Stray irradiation ean alter values of characteristics. Adequate shielding should be provided. 
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Optoelectronic Specifications __________________________ _ 

1mm Aperture 
Photon Coupled Interrupter Module H22B4, H22B5 , H22 B6 
The GE Solid State H22B Interrupter Module is a gallium arse-
nide infrared emitting diode coupled to a silicon darlington con
nected phototransistor in a plastic housing. The packaging system 
is designed to optimize the mechanical resolution, coupling effi
ciency, ambient light rejection, cost, and reliability. The gap in the 
housing provides a means of interrupting the signal with an 
opaque material, switching the output from an "ON" into an 
"OFF" state. 

absolute maximum ratings: (25°C) 
TOTAL DEVICE 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (Peak) 

(Pulse Width";;; 1 fJ.S 
PRR .,;;; 300 pps) 

_55°C to +IOO°C 
_55°C to +IOO°C 

260°C 

*100 
60 

3 

mW 
rnA 

A 

Reverse Voltage V R 6 v 
'Derate 1.33 mW/'C above 2S'C ambient. 

t.1llLIMET["S INCHES 
SYMBOL MIN MAX MIN MiIIX 

" '" '" .129 

~~T~ 
" " " ". " " " '" .'" 
" 

, .• " '" '" T'''' I , ." ~~: 

TI~ 
, ,,>0 

, PlANE 85l'O 034 1,039 A'r 1 ~J 345 3751'56 147 

__ .. ....: ...,"2;- 26 N M. .103NOIII 

I. INCH DIMENSIONS ARE 
DE"'VEOFAOMt.1II.LIMETERS 

2. FOUR LEADS. LEAOCROSS 
SECTIONISCONTROI..LED 
BETWEEN 1.21MM (050"1 
FROM SEATING PLANE AND 
THE END Of THE LEADS 

3. THE SENSING AREA IS DEFINED 

~ 6rJE~\';o~"'f~S~~N7t~M 
(!030INCH! 

'TI ~. r- , r--- , 
I I I I 
I 1"",,\1 I 

: 1""\1 I 
I I I I 

2 ~- _J L____.I 3 

DARLINGTON CONNECTED PHOTOTRANSISTOR 

Power Dissipation PD **1 SO 
Collector Current Ic 100 

(Continuous) 
Collector-Emitter VCEO 55 

Voltage 
Emitter-Collector VECO 7 

Voltage 
. ··Derate 2.0 mW/'C above 25'C ambient. 

mW 
rnA 

V 

V 

individual electrical characteristics:(25°C) (See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. UNITS 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 55 - - V 
V(BR)R IR = 10fJ.A 

Forward Voltage - - 1.7 V 
V(BR)eEO Ic = I rnA 

Breakdown Voltage 7 - - V 
VF IF = 60mA V(BR)ECO IE = 100f.I.A 

Reverse Current - - 100 nA Collector Dark Current - - 100 nA 
IR VR = SV ICEO VCE = 4SV 

Capacitance - 30 - pF Capacitance - 5 8 pF 
C j V=O,f= IMHz Cee VCE = SV, f= I MHz 

coupled electrical characteristics:(25°C) (See Note I) 

H22B4 H22B5 H22B6 
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

UNITS 

ICE(on) IF = 2mA, VCE = I.SV 0.5 - - 1.0 - - 2.0 - - rnA 
lcE(on) IF = SmA, VCE = 1.5V 2.5 - - 5.0 - - 10 - - rnA 
ICE(on) IF = lOrnA, VCE = I.SV 7.5 - - 14 - - 25 - - rnA 
VCE(sat) IF = lOrnA, Ie = 1.8mA - - 1.0 - - 1.0 - - 1.0 V 
VCE(sat) IF = 60mA, Ie = SOmA - - - - - 1.5 - - 1.5 V 
ton Vce = SV, IF = lOrnA, RL = 7S0n - 45 - - 45 - - 45 - fJ.s 

Vec = 5V, IF = 60mA, RL = 7Sn - - - - 7 - - 7 - fJ.s 
toff VCC= SV, IF = lOrnA, RL = 7S0n - 250 - - 250 - - 250 - fJ.S 

Vec = SV, IF = 6OrnA, RL = 7Sp .- - - - 45 - - 45 - fJ.s 

Note 1: Stray Illadlallon can alter values of charactensllcs. Adequate shleldmg should be provided. 
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TYPICAL CHARACTERISTICS 
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Opt~electronic Specifications ____________________ ........; ___ _ 

1 mm Aperture . )1. 
Photon Coupled Interrupter Module H22L1,H22L2 
The GE Solid State H22L series is a gallium arsenide, infrared 
emitting diode coupled to a high speed integrated circuit detector. The ~ . 
output incorporates a Schmitt Trigger which provides hysteresis for ~4 
noise immunity and pulse shaping. The g. ap in the plastic housing t":i~,'~ A~:JDE eR5UNC 
provides a means of interrupting the signal with an opaque material, JT+Diil = t 

. h' h f "ON"' "OFF" lOOf.l.t..l 2 3' 

TOTAL DEVICE A ~ -l- SECTION X X 
X X ~ LEAD PROFILE 

.. ! MILLIMETERS INCH I NOTES 
SYMBOL MIN. I MAX. MIN. 1_ MA)!:. 

A ! '0.7 I], ",0 .422.1 .433 ! 
:~ I 3:~oo 3:;50 :~~: :~~~ I 2 
b, .50 NOM. .020 NOM. 2 
0, 11.6 1'2.0 .467 

I 
.412 

02 3.0 - .119 -e, 6.9 7.5 .272 .296 

'2 2,3 I 2,B .091 .110 
83 1.14 ,1.4 .045 .055 
E 6.15 6.35 .243 

I 
.249 

L 8.00 - .315 -
S ,B5 I ',0 ,034 ,03. 
S, 3.94 NOM. .155 NOM. 
T 2.6 NOM. .103 NOM. 3 

~" .. , ,,- rom m "'0 m - rf!t::"~E T ~~~ 

Storage Temperature TSTG -55°C to +85°C !-'-;;Jr'3 '3:1 '2 ~O~E~H DIMENSIONS ARE DERIVED FROM MILLIMETERS. 

Operating Temperature TJ -WC to +WC 2. :~~~E~ENA~~/..:~~g5~~~~~~~T~~~+~N~O:':A",;'EL~~~ 
Lead Soldering Temperature T L 260°C 3. ~:: ::~S~:GT::EL:~:~~FJNED BY THE "S" DIMENSION 

(5 seconds maximum) AND BY DIMENSION "T" to.7S MM (t,030 INCH). 

INFRARED EMITTING DIODE 

Power Dissipation PE ·100 
Forward Current IF 60 

(Continuous) 
Forward Current (Peak) IF 3 

mW 
mA 

A 

PHOTO DETECTOR 

Power Dissipation 
Output Current 
Allowed Range 
Allowed Range 

"150 
50 

o to 16 
o to 16 

(Pulse width";; 1 p,s ··Derate 2.0 mWrC above 25°C ambient. 

PRR";; 300 pps) 
Reverse Voltage VR 6 V 

·Derate 1.33 mW rC above 25°C ambient. 

individual electric characteristics: (0-70° C) (See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MI.N. TYP. 

Forward Voltage VF - 1.10 1.60 volts Operating Voltage Range Ve 4 -
(IF = 20 mAl 

Reverse Current IR - - 10 micro-
Supply Current 13(ofi) - 1.0 

(IF = 0, Vee = 5V) 
(VR = 3V) ampere 

Capacitance C) - - 100 pico-
(V = 0, f = 1 MHz) farads 

Output Current, High IOH - -
(IF = 0, Vee = Vo = 15V) 

MIN. TYP. MAX. 

Supply Current 13(on) - 1.6 5.0 
(IF = 20mA, Vee = 5V) 

Output Voltage, Low 
(RL'~ 270n V cc = 5V, IF = 30 rnA) 

VOL - 0.2 0.4 

Turn-On Threshold Current IF(on) H22L1 - 20 30 
(RL = 270n, Vee = 5V) H22L2 - 10 15.0 

Turn-Off Threshold Current IF(off) H22L1 0.5 15 -
(RL = 270n, Vee = 5V) IF(ofl) H22L2 0.5 8 -

Hysteresis Ratio IF(ofi)/IF(on) 0.50 0.75 0.90 
(RL = 270n, Vee = 5V) 

Switching Speeds: (RL = 270n, Vee = 5V, TA = 25°C, IF = 20 mAl 
Rise Time tr - 0.1 -
Fall Time tf - 0.1 -

Note 1: Stray irradiation can alter values of characteristics. Adequate shielding should be provided. 
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MAX. 

15 

5.0 

100 

mW 
mA 
V 
V 

UNITS 

volts 

milli-
ampere 

micro~ 

ampere 

UNITS 

milliampere 

volts 

milliampere 
milliampere 
milliampere 
milliampere 

-. 

p,sec. 
p,sec. 
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H22L 1, H22L2 -------___________ Optoelectronic Specifications 

• 

I 

./ 
....... 

TYPICAL CHARACTERISTICS 

VOH 

I,(om !,(ON) 

--
Vcc' 5V 
Rc'27011 
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Voc 

-----, 
10 

I, - INPUT CU RRENT -mA 
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./ 
./ 
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.-
Vee' ev 

1.6 

~ 
i!1 
'" u 1.2 
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~ 0.4 
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/ I I I 

NORMALIZED TO' 
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I I I 
4 8 ~ 
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THRESHOLD CURRENT VS. SUPPLY VOLTAGE 

i 
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Q 0.4 

/' 

./ 
./ '" 

./ v-
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-

,--

> ,02 T.'25'C 

0,01 

§ 
i 0, 

i 
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E 

I 
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50 
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I 5 
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I 

..!t 

I 
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/ V / 
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I 
I 

I 
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I 

I 

L / 
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V, • FORWARD VO~ TAGE • Vo~ TS 

1.4 

FORWARD VOLTAGE VS. FORWARD CURRENT 

1.5 

10 ... 
15 8 
0: 
0: a 
9 o 
~ 
0: ;: 
Q 

~ ::; 
~ 2 
a: 

t 
~ 
~1 

-50 -20 10 40 70 
TA -TEMPERATURE - DEGREES C 

100 

THRESHOLD CURRENTS VS. TEMPERATURE 

~~ACK SHIELD , BLACK 

r---l -d -lo~~tl~LD -0 

I I 

I I \ 
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Vce'6V I 
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\ 
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o 
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Optoelectronic Specifications 

Matched Emitter-Detector 
pair H23A 1-H23A2 
The GE Solid State H23AI is a matched emitter-detector pair 
which consists of a gallium arsenide, infrared emitting diode and 
a silicon phototransistor. The clear epoxy packaging system is 
designed to optimize the mechanical resolution, coupling effi
ciency, cost, and reliability. The devices are marked with a color 
dot for easy identification of the emitter and detector. 

absolute maximum ratings: (25°C) 

EMITTER·DETECTOR PAIR 

Storage Temperature 
Operating Temperature 
Lead Soldering Temperature 

(5 seconds maximum) 

INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current 

(Continuous) 
Forward Current (Peak) 

(Pulse Width";; IllS 
PRR";; 300 pps) 

Reverse Voltage 

·55°C to +IOO°C 
·55°C to + 100°C 

260°C 

*100 
60 

3 

6 

mW 
rnA 

A 

V 
'Derate 1.33 mW/"C above 2SoC ambient. 

-j~b.. 
~b-.fZJ~ 

SECTION x-x 
LEAD PROFILE 

il 'il J 
PHOTOTRANSISTOR 

Power Dissipation 
Collector Current 

(Continuous) 
Collector· Emitter 

Voltage 
Emitter-Collector 

Voltage 

SYM :~.LLIr-
ERS INCHES NOTES 

MIN MAX MIN MAX 

A 5.59 5.80 .220 .228 

1.78 NOM . .070 NOM 

.b .60 .75 . 024 .030 

b, .5' NOM. .020 NOM 

4.45 4.70 .175 .185 

2.41 2.67 .095 .105 

E, . 58 .6 • .023 ,027 

2.41 2.67 .095 .106 

1.98 NOM. . 078 NOM . 

12.7 .500 
L, 1.40 1.65 .055 .066 

S .83 .94 .033 .037 

NOTES: 
1. Two leads. Lead cross section dimensions uncon

trolled within 1.27 MM (.050"j of seating plane. 
2. Centerline of active elament located Within .25 MM 

(.010") of true position. 
3, As measured at the seating plene. 
4. Inch dimensions derived from millimeters. 

PD **150 
Ic 100 

VCEO 30 

mW 
rnA 

V 

V 

"Derate 2.0 mWiC above 25°C ambient. 

individual electrical characteristics (25°C)(See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. 

Reverse Breakdown Voltage 6 - - V Breakdown Voltage 30 
V(BR)R IR = 101lA V(BR)CEO IC = 1 rnA 

Forward Voltage - - 1.7 V Breakdown Voltage 6 
VF IF = 60 rnA V(BR)ECO IE = 100ILA 

Reverse Current - - 100 nA Collector Dark Current -

IR VR = 5V ICEO VCE = 25V 
Capacitance - 30 - pF Capacitance -

C;V=O,f=IMHz Cee VCE = 5V, f= I MHz 

coupled electrical characteristics (25°C)(See Note 1) 

Note: Coupled electrical characteristics are measured at a separation distance of 4mm (.155 inches) 
with the lenses of the emitter and detector on a common axis within O.lmm and parallel within S°. 

ICE(on) IF = 30mA, VCE = SV H23AI: 
H23A2: 

VCE(sat) IF = 30mA, Ic = 1.8mA H23AI: 
IF = 30mA, Ie = .SmA H23A2: 

ton Vee = SV, IF = 30mA, RL = 2.SKO 
toff Vee = SV, IF = 30mA, RL = 2.SKO 

Note 1: Stray irradiation can alter values of characteristics. Adequate shielding should be provided. 

MIN. 

I.S 
1.0 
-
-
-
-

TYP. MAX. UNITS 

- - V 

- - V 

- 100 nA 

3.3 5 pF 

TYP. MAX. UNITS 

- - rnA 
- - rnA 
- 0.40 V 
- 0.40 V 
8 - p.s 

SO - p.s 
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H23A1-H23A2 ___________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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;! 
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-ooidi-
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I
Z 
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,~ 
r-
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I
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I ........ ......... - t-- r--!~A 

" .......... - -I-
""-~ , 

: 3OmA-
I ....... ..... 
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3. OUTPUT CURRENT VS. DISTANCE 
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Matched Emitter-Detector 
Pair H23B1 

The G E Solid State H23B 1 is a matched emitter-detector pair which 
consists of a gallium arsenide, infrared emitting diode and a silicon, 
darlington connected, phototransistor. The clear epoxy packaging 
system is designed to optimize the mechanical resolution, coupling 
efficiency, cost, and reliability. The devices are marked with a color 
dot for easy identification of the emitter and detector. 

ID I 

,..- -, r----, 
I I I I 

.MITTER: III~: : DETECTOR 
(B~ACKI i "I : (VELLDWI 

I I I I L __ -1 L ___ J 
I 2 

tiil D 

ET 
-lG 

rl t 
'. 

NOTES: 

SVM 

A 
8 .. . , 
0 
E 
E, . 
• 
L 
L, 
8 

:J~~~t INCHES NOTE8 

MIN MAX MIN MAX 

US 1.80 ,220 ,22B 
1,78 NOM • • 070 NOM 2 

,eo ,76 .Q24 ,030 , 
.151 NOM • .020 NOM , 

US 4.70 .178 ,'B8 
2.41 a.87 ,OBI ,'08 

,68 .es ,023 ,027 
2.41 2,87 ,086 ,1015 3 

1.'8 NOM, ,07B NOM, 
12.7 - ,800 -
',40 1.81 ,OB6 ,oel 

,B3 ,80 ,033 ,037 3 
absolute maximum ratings: (25°C) ; 

~EM!!!.:I!..!.T..!.!TE::.!.R!..:-:;;.;D=.!E::.lT..!::E~CTu:O~R!..!.P..l:lAil.:.IR:..........;....---___:_I 4r' ~ 
Storage Temperature TSTG ·SS·C to +IOO·C 
Operating Temperature TJ ·SS·C to +IOO·C ~J K 

1. Two I,.ds, l..I.d crol' IlCtlon dlm,nllonl uncon· 
trolled within 1,27 MM (,0150"1 0' IfItlng pl,n,. 

Lead Soldering Temperature TL 260·C 11 . i j 
2. Cent.rllnt of let lv, ,I,m,nt loo.ttd within ,28 MM 

1.0'0"1 of true polltlon, 
3, A. mUUoIrlCl.t thl ... tlng pl,n •• 

(S seconds maximum) r- 4. Inch cUm.nllonl d.rlvlCl from mUllmlt.n. 

INFRARED EMITTING DIODE 

Power Dissipation PE >10100 
Forward Current IF 60 

(Continuous) 
Forward Current (Peak) IF 3 

(Pulse Width < l,us 
PRR<300pps) 

Reverse Voltage VR 6 

mW 
rnA 

A 

V 

DARLINGTON CONNECTED 
PHOTOTRANSISTOR 

Power Dissipation Po 
Collector Current Ic 

(Continuous) 
Collector· Emitter VCEO 

Voltage 
Emitter·Collector VECO 

Voltage 

oUISO 
100 

30 

7 

·Oerate 1.33 mW,·C above 2S·C ambient. ··Oerate 2.0 mW"C above 2S'C ambient. 

individual electrical characteristics (25°C)(See Note 1) 

EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN 

Reverse Breakdown Voltage 6 - - V 
V(BR)R IR" 10,uA 

1.7 V Forward Voltage - -
VF IF =60mA 

Reverse Curren t - .- 100 nA 

Breakdown Voltage 
V(BR) CEO Ic = I rnA 

Breakdown Voltage 
V(BR)ECO IE = 100,uA 

Collector Dark Current 
IR VR = SV 

Capacitance - 30 - pF 
CI V"O,f-IMHz 

ICEO VCE - 25 V 
Capacitance 

Cce VCE-SV,f"IMHz 

coupled electrical characteristics (25°C) (See Note I) 
Note: Coupled electrical characteristics are measured at a separation distance of 4mm (.\ SS inches) 
with the lenses of the emitter and detector on a common axis within 0.1 mm and parallel within S· . 

ICE(on) IF .. lOrnA, VCE .. l.SV 
VCE(sal) IF .. lOrnA, Ic • 1.8 mA 
ton VCC • SV, IF • 10mA, RL .. 7S0n 
toft VCC" SV, IF" lOrnA, RL .. 7S0n 

Note 1: Stray irl'adlatlon can alter values of characteristics. Adequate shlel41ng should be provided. 

30 

7 

-

-

MIN. 

7.5 
.. 
-
-

TYP. MAX. 

- -
- -
- 100 

S 8 

TYP. MAX. 

- -
- 1.0 
45 -
250 -

mW 
rnA 

V 

V 

UNITS 

V 

V 

nA 

pF 

UNITS 

rnA 
V 
,us 
,us 
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H23B1 Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _________________________ _ 

Matched Emitter-Detector Pair H23L 1 
The G E Solid State H23L1 is a matched emitter-detector pair 
which consists of a gallium arsenide, infrared emitting diode and a 
high speed integrated circuit detector. TIle output incorporates a 
Schmitt Trigger which provides hysteresis for noise immunity and 
pulse shaping. The detector circuit is optimized for simplicity of 
operation and utilizes an open collector output for maximum 
application flexibility. The clear epoxy packaging system is 
designed to optimize the mechanical resolution, coupling effi
ciency, cost, and reliability. The devices are marked with a color 
dot for easy identification of the emitter and detector. 

absolute maximum ratings: (25 0 C) 

EMITTER-DETECTOR PAIR 

Storage Temperature T8TG -55°C to +85°C 
Operating Temperature TJ -55°C to +85°C 
Lead Soldering Temperature TL 260°C 

(5 seconds maximum) 
;;;. 1/16" (1.6mm) from Case 

INFRARED EMITTING DIODE 

Power Dissipation PE "100 mW 
Forward Current IF 60 rnA 

(Continuous) 
Forward Current (Peak) IF 3 A 

(Pulse Width';;; IllS 

PRR ,,;; 300 pps) 
Reverse Volta~ Va 6 V 

EMITTER 
(BLACK! 

3 

DETECTOR Vee 

IBLUEI 

.t.ttD:j 
ETffi 
-r4 

-1 b1 b.. 
(7i b, ,b-JL.i, 

SECTION X·X 

11;, ~ LE1A~_PROFILE 

L, . .SEATING l T" PLANE 

1ft '"=. J, 
, 2 

PHOTO DETECTOR 

Power Dissipation 

Output Current 

Allowed Range 

Allowed Range 

IYM. 
MILLIMETERS INCHES 

NOTES MIN. MAX. MIN. MAX. 

A 569 5.80 .220 .228 

• 1.78 NOM . .070 NOM 2 ., 3.68 3.94 .145 .155 _b 60 75 .024 .030 , 
b, .5' NOM. 020 NOM. , 
0 4,45 4.70 .175 165 
E 2.41 2.67 .095 .105 
E, .58 69 .023 .027-
e 2,41 2.67 095 .105 3 ., 1.14 '.40 045 .055 3 
G '.98 NOM . 078 NOM . 
L 12.7 - .500 -
L, '40 , 65 055 .065 1 

R 1.27 NOM. .050 NOM 
S 83 94 .033 .037 3 
T - 1.65 - .065 

NOTES; 
1. Two leads. Laad cross section dimensions unton 

trolled within 1.27 MM LOSO"-, 01 seating plane. 

2. Centerline of active .Iement located within .25 MM 
1.010"1 of true position, 

3. As measured at the seating plane. 
4. Inch dimensions derived from millimeters. 

, 2 3 

PD 

12 

V cc 
V21 

" c"\ 
R=RADIUS+ D 

c/ 

.... 150 mW 

50 rnA 

o to 16 V 

o to 16 V 

·Derate 1.33 mW rC above 25°C ambient. ··Derate 2.0 mW;oC above 2S o C ambient. 
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H23L1 ------------____________ Optoelectronic Specifications 

individual electrical characteristics (0-70° C) 

EMITTER MIN. TYP. MAX. UNITS 
DETECTOR (Ee = 0) MIN. TYP. MAX. UNITS 

Forward Voltage VF - 1.10 1.50 volts 
IF = 20 rnA Operating Voltage Range Vee 4 - 15 volts 

Reverse Current IR - - 10 micro-
(VR = 3V) ampere 

Supply Current 13(010 - 1.0 5.0 milli-
(IF = 0, Vee = 5V) ampere 

Capacitance CJ - - 100 pico-
(V = 0, f = 1 MHz) farads 

Output Current, High 10H - - 100 micro-
(IF = 0, Vee = Vo = 15V) ampere 

coupled electrical characteristics (0-70° C) 
Note: Coupled electrical characteristics are measured at a separation distance of 4mm (.155 inches) with the lenses of the 
emitter and detector on a common axis within O.lmm and parallel within 50. 

MIN. TYP. MAX. UNITS 

Supply Current I 3 (on) - 1.6 5.0 milliampere 
(IF = 5 rnA, Vee = 5V) 

Output Voltage, Low VOL - 0.2 0.4 volts 
(RL = 270n, Vee = 5V) 

Turn-On Threshold Current IF(on) - 10.0 20.0 milliampere 
(RL = 270n, Vee = 5V) 

Turn-Off Threshold Current IF(olO 1.0 7.5 - milliampere 
(RL = 270n, Vee = 5V) 

Hysteresis Ratio IF(off)/IF(on) 0.50 0.75 0.90 -
(RL = 270n, Vee = 5V) 

Switching Speeds: (RL = 270n, Vee = 5V, TA = 25°C 
Rise Time t, - 0.1 - ",sec. 
Fall Time tf - 0.1 - ",sec. 

TYPICAL CHARACTERISTICS 

"' 'J 
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I 4 .. 

co 

'" 'J 
g 
.... 
" .. 
t; 2 
o 
6 
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I 

VOH 

IF(OFF) !F<ON] 

Vee'" 5V 
RL=270n 
TA;; 25°C 

VOL 

10 15 20 
IF - INPUT CU RRENT -mA 

1. TRANSFER CHARACTERISTICS 
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Optoelectronic Specifications ______________________ H23L1 

TYPICAL CHARACTERISTICS 
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H23L1 ____________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 

10 
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1 \ ~mm 

\ \ 
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9. THRESHOLD CURRENT VS. SHIELD DISTANCE 
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Optoelectronic Specifications __________________________ _ 

Photon Coupled Isolator H24A1-H24A2 
Ga As Infrared EmittinJ!; Diodes & NPN Silicon Photo-Transistors 
The GE Solid State H24A series consists of a gallium arsenide 
infrared emitting diode coupled with a silicon phototransistor. The 
devices are housed in a low~ost plastic package with lead spacing 
compatible with dual-in-line package. 

'M Covered under U .L. component recognition program. reference file E51868 

'j Q4 r-,,--; W 
I"' I I 

,'- ___ .1, ' 

1·' LL r- 0 ---J o b,l tl + 0 04 

5ECTIONX-"XT" 2 ~ 'I-- E ~ • ~-, ~ I_",,_~: I absolute maximum ratings' (25°C) 
TOTAL DEVICE 

Storage Temperature TSTG -SSoC to + 8Soc 

Operating Temperature TJ -SSoC to + 8SoC 

Lead Soldering Temperature h 260°C 

(S seconds maximum) 
Surge Isolation Voltage (Input to Output). 

6000V(peak) 4242V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

5300V(p'.k) 3750V(RM5) 

INFRARED EMITTING DIODE (EMITTER) 

Power Dissipation PE *100 mW 
Forward Current IF 60 rnA 

(Continuous) 
Forward Current (peak) IF 3 A 

(pulse Width';;; 1 /.Is 
PRR';;; 300 pps) 

Reverse Voltage VR 4 V 

SYMBOL INCHES MILLIMETERS 
NOTES MIN. MAX, MIN. MAX. 

A .350 8.89 
.024 .030 .600 .750 I ., . 020 NOM. .50 NOM . 1 

0 75 9. 

" .285 .31 7.2 0 
·z .090.110 2.29 2.79 
E .250 6.35 
L .300 7.62 1 
R .050 NOM. 1.27 NOM. 
5 .020 .030 .50 .76 

5, o ,030 .50 
NOTE 
1 FOUR LEADS. LEAD DIMENSIONS CONTROLLED 
BETWEEN .050" 11.27 MMI FROM THE SEATING 
DLANE AND THE END OF THE LEflOS 

PHOTOTRANSISTOR 

Power Dissipation 
Collector Current 

(Continuous) 
Collector-Emitter 

Voltage 
Emitter-Collector 

Voltage 

-[ 

rh 
x ' X 

_e, ~ '2 

(DETECTOR) 

PD **ISO 

IC 100 

VCEO 30 

VECO 6 

'Derate 1.67 mWI'C above 2SoC ambient. "Derate 2.S MWI'C above 2S·C ambient. 

individual electrical characteristics (25°C) 
EMITTER MIN. TYP. MAX. UNITS DETECTOR MIN. 

Reverse Breakdown Voltage 4 - - V Breakdown Voltage 30 

V(BR)R@ IR = 10 J,J.A V(BR)CEO@IC=lmA,IF=O 
Forward Voltage - - 1.7 V Breakdown Voltage 6 
VF@IF=60mA V(BR)ECO@IE=100J,J.A,IF=( 

Reverse Current - - 1.0 J,J.A Collector Dark Current -
IR@VR=3V ICEO@VCE= IOV, IF=O 

Capacitance - 30 - pF Capacitance -
Ci @ V = 0, f = I MHz Cce@VCE=SV,f= IMHz 

coupled electrical·characteristics (25°C) 
MIN. 

CTR - DC Current Transfer Ratio (IF = lOrnA, VCE = lOy) H24AI 
H24A2 

VCE(sat) - Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = O.SmA) 
RIO - Isol~tion Resistance (Input to Output Voltage = 500VDc) t 
Cio - Input to Output Capacitance (Input to Output Voltage = O,f = IMHz) t 
ton - Turn-On Time - (VCE = lOY, IC = 2mA, RL = lOOn) 
toff - Turn-OffTime -(VCE = lOY, Ic = 2mA, RL = lOOn) 
ton - Turn-On Time - (VCC = SV, IF = lOrnA, RL = 10Kn) 
toff - Turn-Off Time -(Vcc = SV, IF = lOrnA, RL = IOKn) 

t Measured with input diode leads 
shurted together, and output 
detector leads shorted together. 

100 
20 
-

100 
-
-
-

-

-

TYP. MAX. 

- -

- -

5 100 

3.3 -

TYP. MAX. 

- -
- -

0.1 0.4 
- -

0.5 -

9 -
4 -

6.5 -
165 -

51 
A 

SEATING 
PLANE 

mW 
rnA 

V 

V 

UNITS 

V 

V 

nA 

pF 

UNITS 

% 
% 
V 

Gn 
pF 

/.IS 
liS 
liS 
liS 
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H24A1-H24A2 
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I 

./ 
.1 V 
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I .00 I 

____________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ______________________ _ 

Photon Coupled Isolator H24B1-H24B2 

Ga As Infrared Emitting Diode & NPN SUicon Photo-Darlington Amplifier 
The GE Solid State H24B series consists of a gallium arsenide 
infrared emitting diode coupled with a silicon Darlington con-
nected phototransistor. The devices are housed in a low-cost plastic 
package with lead spacing compatible with dual-in-line package. 

til Covered under U .L. component recognition program, reference fi1 
absolute maximum ratings: (25°C) 

e 851868 
ti-L t: D-

i/o. bl l "+ 0" 

~~ib~~-;:J' 2 "E +" 
TOTAL OEVICE SYMI" I H 1.1.1 

NClTD I. MAX. - -
M M, - -

" 

Storage Temperature TSTG -5S·C to + 8S·C 
Operating Temperature TJ .SS·C to + 8S·C 
Lead Soldering Temperature TL 260·C 

- - rl $. I ,NOM 
1,2? NO"' X , 

(S seconds maximum) 
Surge Isolation Voltage (Input to Output). 1 

1--'1 -6000V (peak) 4242V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

X 

NOTE, 
1, FOUR LEADS, LEAO DIMENSIONS CONTROI.LEO 

S300V(pea') 3750V(RMs) BETWEEN .050" (1.27 MM) FROM THE SEATING 
PlANE AND THE END OF THE L.EADS, 

SEATING 
PI.ANE 

'. 
INFRARED EMITTING DIODE IEMITTER, DARLINGTON CONNECTED PHOTOTRANSISTOR IDETECTOR' 

Power Dissipation PE *100 mW Power Dissipation Po **150 mW 
Forward Current IF 60 mA Collector Current Ic 100 mA 
(Continuous) (Continuous) 

Forward Current (peak) IF 3 A Collector·Emitter V CEO 30 V 
(Pulse Width < IllS Voltage 
PRR < 300 pps) Emltter-Collector VECO 7 V 

Reverse Voltage VR 4 V Voltage 

*DalaU 1.61 '(flW rc ahove ZS·C ambient. "Oerate 2.S mWrC above 2S·C ambient. 

Individual electrical characteristics (25°C) 
EMITTER MIN. TVP. MAX. UNITS DETECTOR MIN. 

Reverse Breakdown Voltage 4 - - V Breakdown Voltage 30 
V(BR)R@IR .. 10 lolA V (BR)CEO@IC= 1 mA, Ip=O 

Forward Voltage' - - 1.7 V Breakdown Voltage 7 
Vp@Ip=60mA V(BR)ECO@IE=IOOIolA,Ip=O 

Reverse Current - - 1.0 lolA Collector Dark Current 
IR@VR=3V ICEO@VCE=lOV,Ip=O 

Capacitance - 30 - pF Capacitance 
Ci@V=O,f= I MHz Cce@VCE=SV,f=lMHz 

coupled electrical characteristics (25°C) 

CTR - DC Current Transfer Ratio (IF = SmA, V CE = 1.SV) H24Bl 
H24B2 

VCE(sat) - Saturation Voltage - Collector to Emitter (Ip = SmA, Ic = 2mA) 
RIO - Isolation Resistance (Input to Output Voltage = SOOVoc) t 
Clo - Input to Output Capacitance (Input to Output Voltage = O,f = IMHz)t 
ton - Tum·On Time - (VCE = lOY, Ic = lOrnA, RL = lOOn) 
tofT - Tum.QffTlme -(VCE = 10V, Ic = lOrnA, RL = lOOn) 
ton - Turn·On Time - (VCC = SV, Ip = lOrnA, RL = 1.0Kn) 
tofT - Turn·OffTlme -(VCC = SV,lp = lOrnA, RL = 1.0Kn) 

tMeasured with input diode leads aborted tOll;e.ther. and output 
detector leads aborted together. 

-

-

MIN. 

1000 
400 
-

100 
-
-
-
-
-

TVP. MAX. 

- -
- -

5 100 

S -

TVP. MAX. 

- -
- -

0.8 1.0 
- -
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H24B1, H24B2 ____________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _________________________ _ 

Light Detector Planar Silicon Photo Transistor 

BPW36, BPW37 
The GE Solid State BPW36 and BPW37 are highly sensitive NPN Planar Silicon Phototransistors. 
They are housed in a TO-I8 style hermetically sealed package with lens cap. These devices are ideal 
for use in optoelectronic sensing applications where both high sensitivity and fast switching speeds 
are important parameters. Generally only the collector and emitter leads are used; a base lead is 
provided, however, to control sensitivity and gain of the device. 

absolute maximum ratings: (25°C.unless otherwise specified) 
Voltages - Dark Characteristics 

Collector to Emitter Voltage VCEO 45 volts 
Collector to Base Voltage VCBO 45 volts 
Emitter to Base Voltage VEBO 5 volts 

Currents 
Ught Current IL 50 rnA 

Dissipations 
Power Dissipation (TA = 25°C)* PT 300 mW 
Power Dissipation (T C = 25° C)* * PT 600 mW 

Temperatures 
Junction Temperature TJ +150 °c 
Storage Temperature TSTG -65 to +150 °c 

"'Derate 2.4 mW/oC above 2SoC ambient 
• "'Derate 4.8 mW/oC above 25°C case 

--------------- - -- - --- ---
electrical characteristics: (250 C unless otherwise specified) 

BPW36 BPW37 
STATIC CHARACTERISTICS MIN. MAX. MIN. 

Light Current 

(VeE = 5V, Eet = IOmW/cm2) IL 6 3 rnA 

Dark Current 
(VeE = IOV, Ee = 0) ID 100 nA 

Emitter-Base Breakdown Voltage 
(IE = lOOt/A, Ie = 0, Ee = 0) V(BR)EBO 5 5 V 

Collector-Base Breakdown Voltage 
(Ie = lOOt/A, IE = 0, Ee = 0) V(BR)CBO 45 45 V 

Collector-Emitter Breakdown Voltage 
(Ie = lOrnA, Ee = 0) V(BR)CEO 45 45 V 

Saturation Voltage 
(Ie = lOrnA, I. = IrnA) VCE(SAT) 0.4 V 

Turn-On Time (VeE = IOV, Ie = 2rnA, ton 8 J..Isec 

Turn-Off Time (RL = 1000) toff 7 J..Isec 

tEe:;; Radiation Flux Density. Radiation source is an unfiltered tungsten marnent bulb at 28700K color temperature. 

Ct'LLECl'Citt 
CONJIECTCO 

.':'~'" 
EOJ 

NOTES 

~~~.IM~~E:'S NOTES 

I 6.41 
~O 
5. I 5.84 
4. . 

5 OM 
1.27NOM 

,92 1.1 
I. 

12.7 
45° 45" 45" 

1. Measured fram moximum diameter of device. 
2. Leads having maximum diameter. 021" 

l533mml measured in gauging plane.054" 
t.OOI" -.000(137 + .025-.000mm)below 
the reference plane of the device shall be 
within .007"L778mm) their true position 
relative to mal(imum width tab. 

3 From centerline tob. 

NOTE: A GaAs source of 3.0 mW/cm2 is approximately equivalent to a tungsten source, at 2870°K, of 10 mW/cm2. 
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BPW:36, BPW37 ___________________ Optoelectronic Specifications 

TYPICAL ELECTRICAL CHARACTERISTICS 

I III 
Eet ='20 ~.j,/cm' 

i ./ " ,om~/cm'2 
, 

5mWlcm 2 

I' V-

Iii V 2JJ 'j /' tmwJcm~ , 
I' NORMALIZED TO 

V VcC 5V 
Eet = 10 mW/cml 

I III 
I 10 

VeE-COLLECTOR TO EMITTER VOLTAGE 
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§ 
'" a 1.0 
I
J:: 

'" ::; 
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" " '" r 
,0 
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I 
roo 0,1 

V 

./ 

/ 
/ io"'" 

-' NORMALIZED TO 
Vr.F:'=5V 

1..1 Eet = 10 mW/cmll 
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I. 10 
Ht'TOTAL IRRADIANCE IN mW/cm2 

LIGHT CURRENT VS COLLECTOR TO EMITTER VOLTAGE NORMALIZED LIGHT CURRENT VS RADIATION 
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~ - RL·IKSl. -...... 

....... 
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....1--
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lOa 

./ 
-' ~ 1.0 

~ 1.0 

:;:: 
..... ......... ....... ~ " " '" o z 

::; 

a .1 

3 

.1 
a 

/ 
/ 

1/ NORMALIZED TO 
VCE = 5V 
Ee = 10rnW/cm2 

i 

I 
T· 25', 

-50 a 50 100 150 
T - TEMPERATURE- °C 

NORMALIZED LIGHT CURRENT VS TEMPERATURE 

.J 

.J/ 
..,.. / 

/ V 
V NORMALIZED TO 

/' 
ID@25'C 

\'clEO' 10 VOLTS 

/' 
25 50 75 100 125 150 

T- TEMPERATURE - ClC 

DARK CURRENT VS TEMPERATURE 

N 
::; 

~ 
~ 
~ 
5 
g 

r--

..t 0.1 1 

I
Z 

1.4 

1.2 

~ 1.0 
0: 
::J 
U 
I-

~ .8 
-' 
o 
W 
N .6 
J 

" " ~ .4 , 
.:t 

.2 

o 

.......... 
~ t'...... 

NORMALIZED TO ...... 
"i'---

RL'IOOSl.-r-
VCE • 10 VOLTS 

RL"'OSl. I IL=2mA 
I ton "toff=5fl sec 

RL"jSl. I I 
1.0 10 
IL -OUTPUT CURRENT-mA 

SWITCHING TIMES VS OUTPUT CURRENT 

10lcJ 
CQXI4 BPW56 OR 

BPW37 

/ 
........ ......... 

i"-.. ...... 
r-........ 

NORMALIZED TO 
'CQXI4INPUT-IDmA 

VCE '10 VOLTS 
IL"IOOI'A 
T- 25"C 

I 

~ ~ ~ 5 ~ % ~ ~ ~ 
T-TEMPERATURE-'C 

NORMALIZED LIGHT CURRENT VS TEMPERATURE 
Both Emitter (CQXI4) and Detector 

(BPW36 or BPW37) 
at Same Temperature 
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Optoelectronic Specifications _____________________ ..;.... __ _ 

tight Detector Planar Silicon Photo-Darlington Amplifier 

BPW38 
The GE Solid State BPW38 is a supersensitive NPN Planar Silicoh 
Photodarlington Amplifier. For many applications, only the collector and emitter 
leads are used; however, a base lead is provided to control sensitivity and the gain 
ofthe device. The BPW38 is a TO-I 8 style hermetically sealed package with lens 
cap and is designed to be used in opto-electronic sensing applications requiring 
very high sensitivity. 

absolute maximum ratings: (25°C unless otherwise specified) 

VOLTAGES - DARK CHARACTERISTICS 
Collector to Emitter Voltage V CEO 25 volts 
Collector to Base Voltage V CBO 25 volts 
Emitter to Base Voltage VEBO 12 volts 

CURRENtS 
Light Current 

DISSIPATIONS 
Power Dissipation (TA = 25° C)* 
Power Dissipation (Tc = 25·C)** 

"tEMPERATURES 
Junction Temperature 
Storage Temperature 

*Derate 2.4 mW/oc above 25°C ambient. 
·*Derate 4.8 mW/oC above ZSoC case. 

electrical characteristics: 

200 

300 
600 

150 
-65 to 150 

rnA 

mW 
mW 

(25°C unless otherwise specified) 

~g~'c~C::~ @TOCASEC(3) 

(21 B 

EIII 

STATIC CHARACTERISTICS 
LIGHT CURRENT 

MIN. MAX. 

(VCE = 5V, Eet = 0.2 mW/cm2) 

DARK CURRENT 
(VCE = l2V, IB = 0) 

EMITTER-BASE BREAKDOWN VOLTAGE 
(IE = lOO~A) 

COLLECTOR-BASE BREAKDOWN VOLTAGE 
(Ic = lOO~A) 

COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE 

(Ic = lOrnA) 

SWITCHING CHARACTERISTICS 
(see Switching Circuit) 

SWITCHING SPEEDS 
(VCC = lOY, IL = 10 rnA, R.L = lOOn) 

DELAY TIME 

RISE TIME 

STORAGE TIME 

FALL TIME 

V(BR)EBO 

V(BR)CBO 

V(BR)CEO 

3 rnA 

12 

25 

25 

100 nA 

V 

V 

V 

50 ~c 

300 ~sec 

10 ~sec 

250 ~sec 

tEe = Radiation Flux Density. Radiation source is an unfiltered tungsten maroent bulb at 2870" K color temperature. 

NOTES: 
1. Measured from maximum diameter of device. 
2. Leads having maximum diameter. 021" 

t.533mml measured in gouging plone.054" 
+.00[" -.0 00 (J37 +.025-.aOQmm)below 
the reference plane of the device sboll be 
within ,007"L778mm) their true position 
relative to mOll,imum width tab. 

3. From centerline tob. 

NOTE: The 28700 K radiation is 25% effectiVe on the photodarlington; Le., a GaAs source of 0.05 mW/cm2 is equivalent to this 0.2 mW /cm2 
tungsten source. 
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BPW38 ____________________ Optoelectronic Specifications 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Optoelectronic Specifications _________________________ _ 

Infrared EmiUer 
CQX14, CQX15, CQX16, CQX17 

Gallium Arsenide Infrared-Emitting Diode 

The GE Solid State CQXI4-CQXI5-CQXI6-CQXI7 series are gallium arsenide, 
light emitting diodes which emit non-coherent, infrared energy with a peak wave 
length of 940 nanometers. They are ideally suited for use with silicon detectors and are 
mounted in a TO-18 style hermetically sealed package. The CQXI4 and CQXI6 have a 
lens which provides a narrow b~am angle. The CQXI5 and CQXI7 have a flat window 
for a wide beam angle which is useful with external lensing. 

absolute maximum ratings: (25°C unless otherwise specified) 

Voltage: 
Reverse Voltage 

Currents: 
Forward Current Continuous 
Forward Current (pw I J..LS, 200 Hz) 

Dissipations: 
Power Dissipation (TA = 2S0C)* 
Power Dissipation (Tc = 2S0C)** 

Temperatures: 

VR 

IF 
IF 

PT 
PT 

T} 

3 volts 

100 rnA 
10 A 

170 mW 
1.3 W 

-6SoC to +150°C 
-6SoC to +ISO°C 

Junction Temperature 
Storage Temperature 
Lead Soldering Time 

Tstg 
10 seconds at 260°C 

*Derale 1.36 mWfC above 25°C ambient. 
*"'Derate 10.4 mW/oC above 25°C case, 

electrical characteristics: (2S0C unless otherwise specified) 

MIN. TYP. MAX. 

Reverse Leakage Current 
(VR = 3V) IR 

Forward Voltage 
(IF = 100mA) VF 1.4 

optical characteristics: (2S0C unless otherwise specified) 

Total Power Output (note 1) 
(IF = 100mA) 

CQXI4-CQX1S Po S.4 
CQXI6-CQXI7 I.S 

Peak Emission Wavelength 
(IF = 100mA) 

Spectral Shift with Temperature 

Spectral Bandwidth SO% 

Rise Time 0-90% of Output 

Fall Time 100-10% of Output 

940 

.28 

60 

1.0 

1.0 

10 

1.7 

UNITS 

J..LA 

V 

mW 
mW 

nm 

nm/"C 

nm 

J..Ls 

J..LS 

SYMllO!. 

• 
" ,D ,D, 

I 

II 
h 
) 

• 
l · 

SVMBOl 

• ,. 
jI) 
jI). 
I 
I. 

h 
) 

• 
L 

• 

CQX14, CQX16 

MI~~t'i:AX, ::~iET~: 

.l"5 .. ro
? 

.ole 021 ,407 .533 

.201 :230 15.31 5.84 
.180 .187 4.57 4.77 

.IOONOM. 2.&4NI*, 

.OSONOM. 1.27NOM. 
,030 .... .70 1.11 .... ,046 ." 1.16 0>1 I 

1.00 2:15.4 

1.7
• 

... '5· 
CQX15, CQX17 

MI~~~ M~~UiE1E~ 

,1'5& AD? i ~:! .011 .021 
.209 .210 6,31 6.84 
.180 .187 4.67 4.77 

.IOONOM. 2.54 NOM. 
O&ONOM. 1.27NOM 

.0 •• 1 .. 7 • ~I I .... .79 I.I! 
.0" .0" .U 1.16 
1.00 25.4 ... '5· 
~ 

AN~ATHODE 
(CONNECTED 
TO CASE) 

NOTES 

, 
• 
I 

3 

NOTES 

• • 
I 

3 

1. Measured from maximum diameter 
of device. 

2. Leads having max. diameter .021" 
·(.533mm) measured in gaging plane 
.054" + .001" - .000 (137 + 025 -
OOOmm) below the reference plane of 
the device shall be within .007" 
(.778mm) their true position relative 
to a maximum width tab. 

3. From centerline tab. 

Note 1: Total power output, PO' is the total power radiated by the device into a solid angle of 2 1r steradians. 
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CQX14-CQX17 ________________ __ 
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Optoelectronic Specifications ______________________ _ 

Photon Coupled Isolator CQVaO ,_______ ~ 
Ga As Infrared Emitting Diode & NPN Silicon 1j}{J' II ~~ \ 
Photo-Transistor 2 I 5 

I I 

The G E Solid State CQY80 is a gallium arsenide, infrared emitting I"'t:: _____ ~ 4 
diode coupled with a silicon photo-transistor in a dual-in-line 
package. This device is also available in Surface-Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

·100 
60 

3 

milliwatts 
milliamps 
ampere 

SWIIOI. 

A 
B 
C 
0 
E 
F 
~ 
H 
J 
K 
M 
N 
P 
R 
S 

NOTES: 

MILLIMETERS INCHES 
NOTES 

MIN. I MAX. MIN. I MAX. 

8.38 .1. 8.89 
7.82 REF. 

.330 _I, .360 
.300 REF. 1 

- 8.64 - .340 2 
.408 .SOB .016 .020 
- 6.OB - .200 3 

1.01 1.7B .040 .070 
2.2B 2.80 .090 .110 - 2.1B - .OBS 4 
.203 .306 .008 .012 

2.64 - .100 -- 16' - 16' 
.3Bl - .016 -- 9.63 - .37S 

2.92 3.43 .116 .136 
6.10 6.88 .240 .270 

(Pulse width Ip.sec 300P Ps) 1. INSTALLED POSITION LEAD CENTERS. 

Reverse Voltage 5 volts 
·Derate 1.33mW/"C above 2S·C ambient. 

PHOTO·TRANSISTOR 

Power DiSsipation ** I SO milliwatts 
V CEO 32 volts 
~oo W ~h 
VECO 5 volts 
Collector Current (Continuous) 100 milliamps 

··Derate.2.0mW/"C above 2S·C ambient. 

TOTAL DEVICE 

2. OVERALL INSTALLED DIMENSION. 
3. THESE MEASUREMENTS ARE MADE FROM THE 

SEATING PLANE. 
4. FOUR PLACES. 

Storage Temperature .SS·C to +ISO·C 

Operating Temperature .SS·C to +IQO·C 

Lead Soldering Time (at 260·C) 10 seconds 

Surge Isolation Voltage (Input to Output) 
4000VRMS 

individual electrical characteristics:(25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts 
(IF" lOrnA) 

Breakdown Voltage - V(BR)CEO 32 - - volts 
(Ic = 10mA,IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ie = 100 IJ.A,IF = 0) 

Reverse Curren t - 10 mlcroamps 
(VR = 3V) 

Breakdown Voltage - "<BR)ECO 5 - - volts 
(IE = 100 p.A,IF = 0) 

Collector Dark Current - ICEO - 5 100 nanoamps 
(VCE = JOV,IF = 0) 

Capacitance 50 - picofarads Capacitance - 2 - picofarads 
(V = O,f= I MHz) (VCE = 10V, f= I MHz) 

coupled electrical characteristics:(25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = 10 mA, VCE = 5 V) 60 - - % 
Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = O.SmA) - 0.1 0.4 volts 
Isolation Resistance (Input to Output Voltage = SOOVDc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = J MHz) - - 2 picofarads 
Switching Speeds: Rise/Fall Time (VcE = 10V,IcE = 2mA, RL = JOon) - 2 - microseconds 
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CQY80 ______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ _ 

Photon Coupled Isolator CNX35, CNX36 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State CNX35 and CNX 36 are gallium arsenide, 
infrared emitting diodes coupled with a silicon phototransistor 
in a dual-in-line package. These devices are also available in 
Surface-Mount packaging. 

absolute maximum ratings: (25° C) 
INFRARED EMITTING DIODE 

Power Dissipation "150 milliwatts 
Forward Current (Continuous) 100 milliamps 
Forward Current (Peak) 3 ampere 
(Pulse width I f.ISeC 300 P Ps) 

Reverse Voltage 3 volts 
·Derate 1.33mW jOe above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation "150 milliwatts 
VCEO 30 volts 

VCBO 70 volts 
VECO 7 volts 
Collector Current (Continuous) 100 milliamps 
**Derate 2.0 mW 1°C above 25°C ambient. 

Individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage l.l 1.5 volts 
(IF = 10 mAl 

Reverse Current - \0 microamps 
(VR=3V) 

Capacitance 50 - picofarads 
VR=O,f= I MHz 

TOTAL DEVICE 

Storage Temperature -55°C to 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) \0 seconds 

Surge Isolation Voltage (Input to Output) 
5656 V(p"k) 4000 V(RMS) 

Steady-State Isolation Voltage (Input to Output). 

5300 V(P"k) 3750 V(RMS) 

coupled electrical characteristics: (25° C) 

D.C. Current Transfer Ratio - (IF = 10 rnA, VeE = 0.4 V) 

ICEI «70°C, IF = 2 rnA, VCE = 0.4 V) 

ICE2 «700C, VF = 0.8 V, VCE = 15 V) 

Saturation Voltage - Collector Emitter (IF = 10 mA, Ic =' 4 mAl 

Isolation Resistance (Input to Output Voltage = 500 V Del 
Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz) 

Switching Speeds 
Rise/Fall Time (VCE = 10 Y, ICE = 2 mA, RL = 100) 

Rise/ Fall Time (V CB = 10 V, ICB = 50 tlA, RL = 100) 

f.ttIN~~ 
J1 r-K~E-' '--A--! 

j.o:'-II--I :- :0': ,TO'VIEWI 5 

~ 4 
H _. ....!_ . 

-.c'rm" I- .....;, i-f ' ; R _,-, 

p .-- 'I 
, " 

i_ ._~_ " 
G-i ; 

~i-D 

MILLIMETERS INCHES 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

8.38 I 8.89 .3J1) I .350 A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

7.62 REF. .300 REF. 
8.64 .340 

.406 .508 0.16 .020 
5.08 ,200 

1.01 1.78 ,040 .070 
2.28 2.80 ,090 .110 

2.16 .085 
,203 .305 ,008 .012 

2,,. ,100 
IS' IS' 

.381 .015 
9.53 .375 

2.92 3.43 .TlS .135 
6.10 6.86 ,240 .270 

NOTES 
l. INSTALLED POSITION LEAD CENTERS. 
2. OVERALL INSTALLED DIMENSIOT\l'. 
3. THESE MEASUREMENTS ARE MADE FROM THE SEATING 

PLANE. 
4. FOUR PLACES. 

PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Breakdown Voltage - V(BR)CEO 30 - - volts 
(Ic = 10 mA, IF = 0) 

Breakdown Voltage - V(BR)eBO 70 - - volts 
(Ic = 100.tlA , IF = 0) 

Breakdown Voltage - V(BR)EBO 7 - - volts 
(IE = 100 tlA, IF = 0) 

Collector Dark Current - IcEO - 5 50 nano-
(VeE = 10 V, IF = 0) amps 

Collector-Base Dark Current - IcBO - - 20 nano-
(V CB = 10 V, IF = 0) amps 

Capacitance - 2 - pico-
(VCE = 10 V, f= IMHz) farads 

MIN. TYP. MAX. UNITS 

CNX35 40 - 160 % 
CNX36 80 - - % 
CNX35, CNX36 150 - - tlA 

CNX35, CNX36 15 tlA 
- 0.1 0.4 volts 

100 - - gigaohms 

- - 2 picofarads 

- 2 - microseconds 

- 300 - nanoseconds 
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CNX35, CNX36 __________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications __________________________ ~ 

Pho~on Couple.d Isolator CNY17 
Ga As Infrared Emitting Diode & npn Silicon Photo - Transistor 

The GE Solid State CNYI7 consists of a gallium arsenide infrared 
emitting diode coupled with a silicon phototransistor in a dual-in-line 
package. This deVice is also available in Surface-Mount packaging. 

FEATURES: 

• Fast switching speeds 
• High DC current transfer ratio 
• High isolation re~stance 
• High isolation voltage 
• I/O compatible with integrated circuits 
'Ill Covered under U.L. component recognition program, reference file E51868 
@ ... VDE approved to 0883/6.80 0110/1 1.72 

absolute maximum ratings: (2S0C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width IllS, 300 P Ps) 
~everse Voltage 

*100 
60 

3 

3 
"Derate 1.33 mwtC above 25°C 

PHOTO-TRANSISTOR 

Power Dissipation - TA 
VCEO 
VCBO 
VECO 
Collector Current (Continuous 

TOTAL DEVICE 

**150 
70 
70 

7 
150 

Storage Temperature -55 to 150° C 
Operating Temperature -55 to 100°C 
Lead SOldering Time (at 260°C) 10 seconds 
Surge '[solation Voltage (Input to Output). 

milliwatts 
milliamps 
ampere 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

5000V (peak) 3000V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

4000V(peak) 2830V(RMS) 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 

+_~.~IMETERS 
SYMBOL MIN~ 1 MAX. 

INCHES 

MI~j··TMAX. 
NOTES 

A 

! 
8.378 621 AE8F~9 I 

330 I .350 I 
B .300 REF. 1 
C I 8.64 .340 2 
0 , .406 i .508 .016 020 
E 5.08 - .200 3 
F 1.01 1.78 .040 070 
G 2.28 2.80 .090 110 
H 

! 
2.16 .085 4 

J .203 I 305 OOB .012 
K I 2.54 I 

100 I M ,;81 I 15 15 
N .O~5 
p - , 9.53 .375 
R 

~:~~ 1 
3.43 11s1 .135 

s 6.86 240 270 

NOTES' 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PL.ACES. 
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CNY17 ____________________ Optoelectronic Specifications 

Individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE MIN. MAX. UNITS PHOTO· TRANSISTOR MIN. TVP. MAX. UNITS 

Forward Voltage - VF .8 1.65 volts 
(IF = 60 rnA) 

Breakdown Voltage - V(BR)C'EO 70 - - volts 
(Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ic = 100~A, IF = 0) 

Reverse Current - IR - 10 microarnps 
(VR = 3V) 

Breakdown Voltage - V(BR)ECO 7 - - volts 
(IE = 100pA, IF = 0) 

Collector Dark Current - ICEO - 5 50 nanoarnps 
(VCE = 10V, IF = 0) 

Capacitance - CJ - 100 picofarads Capacitance - CCE - 2 - picofarads 
(V = O,f = I MHz) (VCE = 1OV, f = IMHz) 

Current 'Ii'ansfer Ratio -hpE 
(VCE = 5V,lc - lOO/olA) 100 - -

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TVP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = 5V) CNYI7 I 40 - 80 % 
CNYI7 II 63 - 125 % 
CNYI7 III 100 - 200 % 
CNYI7 IV 160 - 320 % 

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 2.5mA) - - 0.3 volts 
Isolation Resistance (VIO .. 500V Dc) (See Note I) 100 - - gigaohms 
Input to Output Capacitance (VIO = O,f = I MHz) (See Note I) - - 2 picofarads 
Tum·On Time - ton (Vcc" 10V, Ic = 2mA, RL = lOOn) (See Figure I) - 5 10 microseconds 
Tum·Off Time - toft (Vec = 10V, Ic = 2mA. RL = lOOn) (See Figure I) - 5 10 microseconds 

Notl 1, Tests of Input to output Isolation current resistance. and capacitance are performed with the Input terminals (diode) shorted together and 
the outpu.t, terminals (transistor) ahorted together. 

W';:UT 
OUTPUT 

'loa ,,~ 

AdJult Amplltud. at Input hi .. for Output lIel of 2 mA 

TEST CIRCUIT AND VOL.TAGE WAVEFORMS 
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CNY17 _______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specification. ______________________ _ 

PhOton Coupled Interrupter Module CNY28 

The OE Solid State CNY28 is a gallium arsenide infrared emitting 
diode coupled with a silicon phototransistor in a plastic housing. The 
.gap in the housing provides a means of interrupting the signal with 

1 • 

r- l{--- 1 

tape; cards, shaft encoders, or other opaque material, switching the _ M"UM"''' ''''''' 
output transistor from an "ON" into an "OFF'; state. CTIi;F-1 -'~..J.. " 11~ I ';:. . ,j; I ~l; 

, (t) ;"""":"""-+""'-" rt!J~1 '" ~~I II 'II'~L ,lit 
FEATURES: ,\\11II1II/:17 i: ~1i"';i · ~:o._ .. ': ... 

, ~ DI a.o II ,II' ,I" '1IIfIIVQ''''MlLLIMlTIIII, 
• Low cost, plastic module ~T:: :; ;: ::l ::: .,_ 
• Non-contact switching i.._ ~ :: ... :r,: ,,," , 
• Fast switching speeds ~ ~- t' .::: ,~ :::: :::: ., ir!m • 
• Solid state reliability ", '1 ;. :, .:: I :~ , ~I :::: II,DOD_', 

---L T I.' .... I ,1061l0III. I 

• I/O compatible with Integrated circuits ..... , - ...... 

absolute maximum ratings: (25°C) (unless otherwise specified) 

Storage and Operating Temperature .55· to 8S·C. Lead Soldering Time (at 260·C) 10 seconds. 

INFRARED EMITTING DIODE 

Power Dillipation 
Forward Current (Continuoul) 
Forward Current 

(peak, 100/JS, 1 % duty cycle) 
Reverse Voltage 

0100 
60 
1 

mWiwatti 
mWiampI 
amp 

volts 

PHOTO-TRANSISTOR 

Power Disalpation 
Collector Current (Continuous) 
VCEO 
VECO 

0"150 
100 

30 
5 

ODerate 1.67mWfC above 25·C ambient ""Derate 2.5mW/oC above 25·C ambient 

individual electrical characteristics (25°C) 

INFRARED EMITTING DIODE TVP. MAX. UNITS PHOTO· TRANSISTOR MIN. MAX. 

Forward Volt ... 1.2 1.7 voltl Breakdown Volt ... 30 -
(IF a 10 mAl V(BR)CEO (IC -10 mAl 

Reverse Curr.nt - 10 lAmps Breakdciwn Voltq. 5 -
(VR·2V) V(BR)ECO (IE -100j./A) 

Capacitance 150 - pf Collector Dark Curr.nt - 100 
(V-O, f-1 Mhz) ICliO (VCE -10V, Ip - 0, H-O) 

coupled electrical characteristics (25°C) 
MIN. TVP. MAX. 

Output Current (IF - 20mA, VCE - 10V) 200 400 -Saturation Voltas. (IF - 20mA, IC - 25j./A) - 0.2 0.4 
Switchinll Speeds (VeE· 5V, Ip= 30mA, RL· 2.50) 

On Time (td +tr) - S -
OffTtI1l' (t. + tf) - 5 -

mWiwattl 
mWiarnpl 
volta 
voltl 

UNITS 

volu 

volta 

nA 

UNITS 

j./amps 
volll 

j./lec 
j./sec 
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Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ _ 

Photon Coupled Interrupter Module CNY29 

The GE Solid State CNY29 is a gallium arsenide infrared emitting 
diode coupled with a silicon photo-<iarlington in a plastic housing. 
The gap in the housing provides a means of interrupting the signal 
with tape, cards, shaft encoders, or other opaque material, switching 
the output transistor from an "ON" into an "OFF" state. 

FEATURES: 

• Low cost, plastic module 
• Non-contact switching 
• Solid-state reliability 
• I/O compatible with integrated circuits 

'y ~4 r- ,. r--- , 
I I I I 
I 1,"",\1 I 

: 1"'\1 I 
, I I I 

2 1..- _J L...___ .J. 3 

. -- MflUIIIErr", """" ...... •. IMII. 

'oJ. :, '1 " .119,1215 

" !.D 5.2 .118 "'25 .. . 600 .750 .024 D30 

" . 50NOII. .020 HOM . . .0> 24.7 ::~ .!~~ 0, 11.1 02' 
Do • 0 .. ". .129 

" .. ,. . 272 .... .. ... " 0" ". , ." ... .... .... , aDO . 515 

~. .. .. .,n .153 , .. , .. . ... ., .. . 1l!i1,.0 .OMl.o39 

:' 1U 3.7'!"H .14~ 
2.'. .10 NOM 

absol ute maxi m um rati ngs: (25°C) (unless otherwise specified) 

Storage and Operating Temperature _55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds. 

INFRARED EMITTING DIODE 
Power Dissipation 
Forward Current (Continuous) 
Forward Current 

(peak, 100 ~s, 1 % duty cycle) 
Reverse Voltage . 

'100 
60 

1 

3 
'Derate 1.67mWI"C above 25°C ambient 

milliwatts 
milliamps 
amp 

volts 

individual electrical characteristics (25°C) 

PHOTO-DARLINGTON 
Power Dissipation 
Collector Current (Continuous) 
VCEO 
VECO 

"150 
100 

25 
7 

"Derate 2.5mW/oC above 25°C ambient 

NOT .. 

, , 

. 

milliwatts 
milliamps 
volts 
volts 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-DAR LlNGTON MIN. MAX. UNITS 

. Forward Voltage 1.2 1.7 volts Breakdown Voltage 25 - volts 
(IF = 10 rnA) V(BR)CEO (IC = 10 rnA) 

Reverse Current - 10 ~amps Breakd'!wn Voltage 7 - volts 
(VR = 2V) V(BR)ECO (IE = 100~a) 

Capacitance 150 - pf 
(V=O,f= 1 MHz) 

Collector Dark Current - 100 nA 
IcEO (VCE= 10V, IF=O, H=O) 

coupled ele.ctrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

Output Current (IF = 20mA, VCE = 5V) 2500 - - ~amps 

Saturation Voltage (IF = 20mA, IC = 0.5 rnA) - - 1.2 volts 

Switching Speeds (VCE = 10V, IC = 2 rnA, RL = 1000) 

On Time (td + t,> - 150 - ~secs 

Off Time (ts + tf) - 150 - ~secs 
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CNY29 _______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications 

Photon Coupled Isolator CNY30-CNY34 
MILLIMETERS INCHES 

NOTES 
Ga As Infrared Emitting Diode & light Activated SCR 
The GE Solid State CNY30 aod CNY34 consist of a gallium arsenide, 
infrared emitting diode coupled with a light activated silicon con
trolled rectifier in a dual-in-line package. These devices are also 
available in Surface-Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 
Power Dissipation (_55° C to 50° C) *100 ntilliwatts 
Forward Current (Continuous) 60 milliamps 

(-55°C to SO°e) 
Forward Current (Peak) (_55°C to 50°C) I ampere 

(100 j.lS 1% duty cycle) 
Reverse Voltage (_55°C to 50°C) 6 volts 

*Derate 2.0mW/oC above SOOC. 

PHOTO-SCR 
Off-State and Reverse Voltage CNY30 200 volts 
(_55°C to 100°C) CNY34 400 volts 
Peak Reverse Gate Voltage (_55°C to SO°e) 6 volts 
Direct On-State Current (_55°C to 50°C) 300 milliamps 
Surge (non-rep) On-State Current 10 amps 
(_55°C to 50°C) 
Peak Gate Current (_55°C to SO°e) 10 milliamps 
Output Power Dissipation 
(_55°C to 50°C)** 400 milliwatts 

"''''Derate 8mW/oC'above 50°C. 

S\'NIIOI. ~·Ax-. MIN. MAX, 

A 8.38 _I. 8.89 I 
.330 .350 

8 7.62 REF. .300 REF. 1 

C - 8.64 I - .340 2 

D .406 .508 .016 .020 

E - 5.08 - .200 3 

F 1.01 1.78 .040 .070 

G 2.28 2.BO .090 .110 

t H - 2.16 - .085 4 

J .203 .305 .008 ,012 

K 2.54 - .100 -
M - 15 - 15' 

N .381 - .015 -
P - 9.53 - .375 

R 2.92 3.43 .115 .135 "\ 
S 6.10 6.86 :240 .270 

, 'Dr--j--"" 6 I I , , 
I I 3+-____ 1 4 

...l.:\ -ImH~ ~F~ 
p ~ I NOTES: 
I t (! 1. INSTALLED POSITION LEAD CENTERS. 

~ I 2. OVERALL INSTALLED DIMENSION. 

G- ~ \_D \30 THESE MEASUAEMENTS ARE MADE FAOM THE 
SEATING PLANE 4 FOUR PLACES 

TOTAL DEVICE 

Storage Temperature Range _55°C to 150°C 
Operating Temperature Raoge _55°C to 100°C 
Normal Temperature Raoge (No Derating) _55°C to 80°C 
Soldering Temperature (10 seconds) 260°C 
Total Device Dissipation (_55°C to 50°C), 450 milliwatts 
linear Derating Factor (above 50°C), 9.0mWtC 
Surge Isolation Voltage (Input to Output). 

2SooV (peak)1770V(RMS) 
Steady-State Isolation Voltage (Input to Output)., 

ISOOV (peak) 1060V(RMS) 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRAREDEMITTINGOIODE TYP. MAX. UNITS PHOTO-SCR MIN. MAX. UNITS 

Forward Voltage VF 1.1 1.5 volts 
(IF = lOrnA) 

Peak Off-State Voltage-YOM . CNY30 200 - volts 
(~K = 10KO, TA = 100°C) CNY34 400 - volts 
Peak Reverse Voltage-VRM CNY30 200 - volts 

(TA = 100°C) CNY34 400 - volts 
On-State Voltage-VT 1.3 volts 

Reverse Current IR - 10 microamps (IT = 30OmA) 
(VR = 3V) Off-State Current-Io CNY30 

(Vo=200V, TA =IOO°C,IF=O'~K=IOK) 
50 microamps 

Off-State Current-Io CNY34 ISO microamps 
(Vo=400V, TA =100°C,IF=0'~K=IOK) 

Capacitaoce 50 - picofarads 
(V=O,f=IMHz) 

Reverse Current - I R CNY30 50 microamps 
(VR =200V, TA = 100°C, IF = 0) 

Reverse Current-IR CNY34 150 microamps 
(VR =400V, TA = 100°C, IF = 0) 

coupled electrical characteristics (25°C) 
MIN. MAX. UNITS 

Input Current to Tr;zger VAK = SOY, RGK = 10m 1FT - 20 milliamps 

V AK = 100V, ~K = 27m 1FT - 11 milliamps 
Isolation Resistance VIO = SOOVoc rIO 100 - gigaohms 
Tum-On Time - V AK = SOY, IF = 30mA, ~K= 10KO, RL = 2000 ton - 50 microseconds 
Coupled dv/dt, Input to Output (See Figure 13) 500 - volts microsec. 
Input to Output Capacitance (VIO = O,f= I MHz) - 2 picofarads 

~ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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CNY30 • CNY34 ------------______ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS . 
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Optoelectronic Specifications --------__________ CNY30 - CNY34 

TYPICAL CHARACTERISTICS OF OUTPUT (SCR) 
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CNY30 - CNY34 ---------__________ Optoelectronic Specifications 

TYPICAL APPLICATIONS 

10A, Tl L COMPATIBLE, SOLID STATE RELAY 

Use of the CNY34 for high sensitivity, 2500V iso
lation capability, provides this highly reliable solid 
state relay design. This design is compatible with 
74, 74S and 74H series Tl L logic systems inputs 
and 220V AC loads up to lOA. IN5080 (4) 

25W LOGIC INDICATOR LAMP DRIVER 

The high surge capability and non-reactive input characteristics 
of the device allow it to directly couple, without buffers, T2 L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 

400V SYMMETRICAL TRANSISTOR COUPLER 

Use of the high voltage PNP portion of the CNY34 provides a 400V transistor 
capable of conducting positive and negative signals· with current transfer 
ratios of over I %. This function is useful in remote instrumentation, high 
voltage power supplies and test equipment. Care should be taken not to ex
ceed the CNY34 400 mW power dissipation rating when used at high voltages. 

FIGURE 13 
COUPLED dv/dt - TEST CIRCUIT 

Vp = 800 Volts 

tp =.010 Seconds 

f = 25 Hertz 
TA = 250C 
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OR 
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f T---
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i.:TP 
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+ 

EXPONENTIAL 
RAMP GEN. 
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LAMP 

100.1\. 
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+ 100VAe 

lOOn 
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Optoelectronic Speclflcatlona ______________________ _ 

Photon Coupled Isolator CNY31 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 

']1. ]J~--" . - ~-- j . . 
The GE Solid State CNY31 is a gallium arsenide, infrared emitting 
diode coupled with a silicon photo-darlington amplifier in a low-cost 
plastic package with lead spacing, compatible to dual-in-Iine package. 

absolute maximum ratings: (~5°C) 
INFRARED EMITTING DIODE 
Power Dissipation *100 
Forward Current (Continuous) 60 
Forward Current (Peak) 3 

(Pulse width 1 j.lSeC 300 pps) 
Reverse Voltage 3 

·Derate 1.6,' mW;oC above 2S·C ambient. 

PHOTO-DARLINGTON 
Power Dissipation 
VCEO 

mllliwatts 
milliamps 
ampere 

volts 

SYMBI\J INCH MILLIMETERS NOTES x. • MAX. 
A 

I 
N M. M. -• 

I 

30 7.6 -
R . 50 NOM. 127 NOM 

. 6 

NOTE 
1, FOUR LEADS. LEAD DIMENSIONS CONTROLLED 
BETWEEN ,050" (1.27MM) FAOM THE SEATING 
PLANE AND THE END OF! THE LEAOS. 

TOTAL DEVICE 

I I 

rl 
X I 1 

~'I -

Storage Temperature -5S to SS·C 
Operating Temperature -5S to S5·C 
Lead Soldering Time (at 260·C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

SEATING 

". 

VECO 
Collector Current (Continuous) 

.... 150 
30 
7 

100 

milliwatts 
volts 
volts 
milliamps 

S650V(P •• k) 4000V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

··Derate 2,$ mW;oC above 2S·C ambient. 5300V1",'kl 37S0VIRMSl 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-DARLINGTON MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.7 volts 
(IF = 10mA) 

Breakdown Voltage - V(BR)CEO 30 - - volts 
(Ic = 10mA, IF = 0) 

Reverse Current - 10 mlcroamps 
Breakdown Voltage - V(BR)ECO 7 - - volts 

(IE = 1001lA, IF = 0) 
(VR = 3V) Collector Dark Current - ICEO - 5 100 nanoamps 

(VcE = 10V, IF = 0) 
Capacitance 50 - picofarads Capacitance - 6 - picofarads 

(V= O,f= I MHz) (VCE = 10V, f= 1 MHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX, UNITS 

DC Current Transfer Ratio (IF • SmA, VCE • 5V) 400 - - % 
Saturation Voltage - Collector to Emitter (IF = 5 mA, Ic = 2 rnA) - O.S 1.4 volts 
Isolation Resistance (Input to Output Voltage = SOOVoc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) - - 2 picofarads 
Switching Speeds; Tum·On Time - (VCE .. 10V, Ie .. 10mA, RL • 1000) - 125 - microseconds 

Tum-Off Time - (VCE .. 10V, Ic .. 10mA, RL • 1000) - 100 - microseconds 
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CNY31 _______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications _________________________ _ 

Photon Coupled Isolator CNY32 
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors 

The GE Solid State CNY32 is a gallium arsenide, infrared emitting 
diode coupled with a silicon photo-transistor in a low-cost plastic 
package with lead spacing, compatible to dual-in-line package. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width 1 j.tsec 300 pps) 
Reverse Voltage 

*100. 
60 

3 

3 

milliwatts 
Milliamps 
ampere 

volts 

"Derate 1.67 mW/o above 2SoC ambient. 

PHOTO·TRANSISTOR 

Power Dissipation 
VCEO 

SYMBO INCHES MILLIMETERS 
NOTES MI . MAX, MIN. MAx . 

A . 350 8.89 
. 24 .0 0 .600 .750 I , . 020 NOM • . 5 NOM . 1 

7 ., B ,. 7.24 -"2 .090 .11 2.29 2.79 
E 0 .3 , , 
L .300 7.62 I rl R .050 NOM, 1.27 NOM. 
S . 20 .030 .. .6 X ' 

0 ,030 .. 
NOTE 

_a, --<0 

1 FOUR LEADS. LEAD DIMENSIONS CONTROLLED 
BETWEEN 050" (1.27MM) FROM THE SEATING 
PLANE AND THE END OF THE LEADS. 

TOTAL DEVICE 

Storage Temperature -55 to 85°C 
Operating Temperature -55 to 85° C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

VECO 

**150 
30 

5 
100 

milliwl\tts 
volts 
volts 
milliamps 

5650V (peak) 4000V(RMS) 
Collector Current (Continuous) Steady-State Isolation Voltage (Input to Output). 

··Derate 2.S mWtC above 2SoC ambient. 5300V'p'.k) 3750V,RMS) 

individual electrical characteristics (25°C) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.7 volts 
(IF = lOrnA) 

Breakdown Voltage - V(BR)CEO 30 - - volts 
(Ic = lOrnA, IF = 0) 

Reverse Current - 10 micoramps 
Breakdown Voltage - V(BR)ECO 5 - - volts 

(IE =.100j.tA, IF = 0) 
(VR = 3Y) Collector Dark Current - ICEO - 5 100 nanoamps 

(VCE = 10V, IF = 0) 
Capacitance Capacitance - 3.5 - picofarads 

(V = O,f= 1 MHz) 50 - picofarads (VCE = 10V, f= 1 MHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = lOY) 20 - - % 
Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 0.5mA) - 0.2 0.4 volts 
Isolation Resistance (Input to Output Voltage = 500VDc) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) - - 2 picofarads 
Switching Speeds: Turn-On Time - (VCE = 10V, ICE = 2mA, RL = lOOn) - 3 - microseconds 

Turn-Off Time - (VCE = 10V, ICE = 2mA, RL = lOOn) - 3 - microseconds 
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______________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator CNY33 
INCHES Ga As Infrared Emitting Diode & NPN Silicon High Voltage Photo-Tran~!o.!, S'IIIIlOL ~~~. MIN. I MAX. 

NOTES 

I 

t 

The GE Solid State CNY33 is a gallium arsenide, infrared emitting I ~4E. 
,diode coupled with silicon high voltage phototransistors in a dual· 2 o--tJ 5 

in-line .package. This device is also available in Surface-Mount SEATING 30-1- I 4 
packagtng. PLANE L __ .J 

absolute maximum ratings: (25°C) ~rK ~11:-A-1 
1 1 3 ,. 

INFRARED EMITTING DIODE B C (TOP VIEW) S 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width l/lsec 300pps) 

*100 
60 
3 

milliwatts M J! 4 6.1 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
M 
N 
P 
R 
S 

MIN. MAX, 

8.38.1 8.89 
I 

.330 .350 
7.62 REF. .300 REF. 1 

- 8.64 1 - .340 2 
.406 .508 016 .020 
- 5.08 - .200 3 

1.01 1.78 .040 ,070 
2.28 2.80 .090 .110 

- 2.16 - .085 4 
.203 .305 .ODa .012 

2.54 - .100 -
- 15 -- 15 
.381 - .015 -
. 9.53 .375 

2.92 3.43 .115 .135 
6.10 6.86 .240 .270 

Reverse Voltage 

:~:ps ~\ --.l:l ~ .m .. Ii - p ~ 1 1 INSTALLED POSITION LEAD CENTERS. 

6 volts I t I 2 OVERALL INSTALLED DIMENSION. 

f 0 ~ I " 3 THESE MEASUREMENTS ARE MADE FROM THE 
*Derate 1.33mW C above 25 C ambient. G- I SEATING PLANE. 

-11-D 4 FOUR PLACES 

PHOTO-TRANSISTOR TOTAL DEVICE 

Power Dissipation **300 milliwatts Storage Temperature -55 to 150°C 
VCEO 300 volts Operating Temperature -55 to 100°C 
VCBO 300 volts Lead Soldering Time (at 260°C) 10 seconds. 

VEBO 7 volts Surge Isolation Voltage (Input to Output). 
Collector Current 100 milliamps 3535V,poak) 2500V'RMS) 

(Continuous) Steady-State Isolation Voltage (Input to Output). 
··Derate 4.omWfc above 25° ambient. 3180V,po.k) 2250V'RMS) 

individual electrical characteristics (25°C) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-TRANSISTOR MIN. MAX. I UNITS 

Forward Voltage l.l 1.5 volts Breakdown Voltage - V(BR)CEO 300 - i volts 
I 

(IF = lOrnA) (Ic = ImA; IF = 0) I 
Breakdown Voltage - V(BR)CBO 300 - I volts 

(Ic = 100/lA; IF = 0) I 
Reverse Current - 10 microamps Breakdown Voltage - V(BR)EBO 7 - : volts 

(VR =6V) I (IE = loo/lA; IF = 0) 
Collector Dark Current -- IcEO 

i (VcE=200V; IF=O, TA = 25°C) - 100 nanoamps 

Capacitance I 50 - picofarads (VcE=200V; IF=O; TA =100°C) - 250 microamps 

(V=O,f= I MHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE= lOy) 20 - - % 
Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = O.SmA) - 0.1 0.4 volts 
Isolation Resistance (V 10 = 500V Dc) 100 - - gigaohms 
Input to Output Capacitance (VIO = O,f= IMHz) - - 2 picofarads 
Switching Speeds: Tum-On Time - (VCE = 10V, ICE = 2mA, RL = lOOn) - 5 - microseconds 

Tum-Off Time- (VCE = lOY, ICE = 2mA, RL = lOOn) - 5 - microseconds 

® VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications 

AC Input Photon Coupled Isolator CNY35 mSEAT1NG 
PLANE 

Ga As Infared Emitting Diodes & NPN Silicon Photo-Transistor ~ 
The GE Solid State CNY35 consists of two gallium arsenide, infrared 
emitting diodes connected in inverse parallel and coupled with a 
silicon phototransistor in a dual-in-line package. This device is also 
available in Surface-Mount packaging. 

~rK ~1 

OJ 
FEATURES: 

• AC or polarity insensitive inputs 
• Fast switching speeds 
• Built-in reverse polarity input protection 
• High isolation voltage 
• High isolation resistance 
• I/O compatible with integrated circuits 

,..-------.., 

~~rt: 
3<>-t-~4 L _______ .J 

\' 

SVIVIBOL ---
INCHES __ 

NOTES +~0RS I MIN. MAX. MIN. I MAX. 

A 

! 

8.38.1 8.89 
I 

330 .350 absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA = 25°C *100 milliwatts 
Power Dissipation - TA = 25°C *100 milliwatts 

(Tc indicates collector lead 
temperature 1/32" from case) 

Input Current (RMS) 60 milliamps 
Input Current (Peak) ±1 ampere 

(Pulse width 1 fJS, 300 pps) 

'Derate 1.33 mWrC above 2SoC 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C **300 milliwatts 
Power Dissipation - TA = 25°C ***500 milliwatts 

(Tc indicates collector lead 
temperature 1/32" from case) 

VCEO 30 volts 
VCBO 70 volts 
VEBO 5 volts 
Collector Current Continuous) 100 milliamps 

·'Derate 4.0 mW/oC above 2SoC 
"'Derate 6.7 mWrC above 2SoC 

'8 7.62 REF. .300 REF. 1 
c ~061 8.64 - .340 2 
D I .508 .016 .020 
E 5.08 - 200 3 
F , 1.01 I 1.78 .040 .070 
G 2.28 280 .090 .110 
H 1 - , 2.16 

_. .085 4 
J I .203 .305 008 012 
K 

, 
2.54 - .100 

I 
-

M - 15 

0~51 
15 

N 381 - -
p - 9.53 .375 
R 2.92 3.43 .115 135 
5 6.10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 26(tC) 10 seconds 
Surge Isolation Voltage (Input to Output) 

1500V (peak) 1060V(RMS) 
Steady-State Isolation Voltage (Input to Output) 

950V(peak) 660V(RMS) 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE MAX. UNITS PHOTO-TRANSISTOR MIN. MAX. UNITS 

Input Voltage - VF 1.8 volts Breakdown Voltage - V(BR)CEO 30 - volts 
(IF = ±10mA) (Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - volts 
(Ic = 100fJA, IF = 0) 

Breakdown Voltage - V(BR)EBO 5 - volts 
(IE = 100fJA, IF = 0) 

Capacitance 100 picofarads Collector Dark Current ~ ICEO - 200 nanoamps 
(V = O,f = 1 MHz) (VCE = 10V, IF = 0) 
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CNY35 -------------__________ Optoelectronic Specifications 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. MAX. UNITS 

Current Transfer Ratio (V CE = 10V, IF = ± lOrnA) 10 - percent 
Saturation Voltage - Collector to Emitter (ICEO = 0.5 rnA, IF = ± lOrnA) - 0.4 volts 
Isolation Resistance VIO = 500V (note I) 100 - gigaohms 

Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and 
the output terminals (transistor) shorted together. 
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I 
I 
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\ 
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( \ 
I \ 

/ " v \ I 
/ .\. IJ 
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\ / ........ 

\ V 

\/ \. 

lillflJI11flflilW 
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f 
I 

~ 
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IF;-IIOmAI 
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IFcllOmAI 

10 100 

Nota 2: These waveforms and curves are exaggerated 
in amplitude differences to indicate the out
puts corresponding to the positive and neg
ative input polarities will not be identical. 
TVPicel differences in amplituda is 10% to 
20%. 

VeE -COLLECTOR TO EMITTER VOLTAGE - VOLTS 
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____________________________________ CNY~ 

TYPICAL CHARACTERISTICS .. 
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TYPICAL APPLICATIONS 

LOAD MONITOR AND ALARM 

POWER SWITCH 

G,I MONITOR 
SWITCH 

O>---_--r 

120VAC 

+5V 

0.2).1.f IK 

0--4 

86 Vac 

B.2K 

220.n. 

LED 
ALARM 
LIGHT 

RING DETECTOR 

L _______ .J 

CNY35 

In many computer controlled systems where 
AC power is controlled, load dropout due to 
filament burnout, fusing, etc. or the opposite 
situation - load power when uncalled for due to 
switch failure can cause serious systems or 
safety problems. This circuit provides a simple 
AC power monitor which lights an alarm lamp 
and provides a "1" input to the computer 
control in either of these situations while 
maintaining complete electrical isolation be
tween the logic and the power system. 

Note that for other than resistive loads, phase 
angle correction of the monitoring voltage 
divider is required. 

In many telecommunications applications it is 
desirable to detect the presence of a ring 
signal in a system without any direct electrical 
contact with the system. When the 86 Vac 
ring signal is applied, the output transistor of 
the CNY35 is turned on indicating the presence 
of a ring signal in the isolated telecommuni
cations system. 

UPS SOLID STATE TURN-ON SWITCH 

BATTERY 

+ D45HB 

TO INVERTER 
OR ENGINE 
STARTER 

Interruption of the 120 V AC power line 
turns off the CNY35. allowing C to charge 
and turn on the 2N5308-D4SH8 combination 
which activates the auxiliary power supply. 
This system features low standby drain, isola
tion to prevent ground loop problems and the 
capability of ignoring a fixed number of "drop
ped cycles" by choice of the value of C. 
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Photon Coupled Interrupter Module CNY36 

The GE Solid State CNY36 is a gallium arsenide infrared emitting 
diode coupled with a silicon phototransistor in a plastic housing. The 
gap in the housing provides a means of interrupting the signal with 
tape, cards, shaft encoders, or other opaque material, switching the 
output transistor from an "ON" into an "OFF" state. 

FEATURES: 

• Low cost, plastic module 
• Non·contact switching 
• Fast switching speeds 
• Solid state reliability 
• I/O compatible with integrated circuits 

"..-...,t,---! ''-j 
';-t-" • T 
W • , 

~~~~lf 1 T ~_A'IE 

"!I: 1 
..,e2!","" 

I TIl l-f7":QI · ,,'1 I 
L .J L_ ..J . , 

absolute maximum ratings: (25°C) (unless otherwise specified) 

0, 

" " . , , , 
5 
5, , 

Storage and Operating Temperature ·55· to 8S·C. Lead Soldering Time (at 260·C) 10 seconds. 

INFRARED EMITTING DIODE PHOTO· TRANSISTOR 

Power Dissipation *100 milliwatts l'ower Dissipation 

II.S '" .. " ", ", .. ,. .272 '" ... .. ... , " . ." ... '" 00. ." 
.1511.0 .0)4 .OD 

3.45 3.75 I 136 .14~ 
2.6 M 10 NOM 

Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 
Forward Current 1 amp VCEO 

(peak, 100~, 1 % duty cycle) VECO 
Reverse Voltage 3 volts 

**150 
100 

30 
5 

*Derate 1.67mW/·C above 25·C ambient **Derate 2.5mW/"C above 25·C ambient 

individual electrical characteristics (25°C) 

INFRARED EMITTING DIODE TVP. MAX. UNITS PHOTO·TRANSISTOR MIN. MAX. 

Forward Voltage 1.2 1.7 volts Breakdown Voltage 30 -
(IF = 10 rnA) V(BR)CEO (IC = 10 rnA) 

Reverse Current - 10 pomps Breakdown Voltage 5 -
(VR = 2V) V(BR)ECO (IE = 100/lA) 

Capacitance 150 - pf Collector Dark Current - 100 

(V=O, f= 1 Mhz) leBO (VCE = 10V, IF = 0, H=O) 

coupled electrical characteristics (25°C) 
MIN. TVP. MAX. 

Output Current (IF = 20mA, VCE = 10V) 200 400 -
Saturation Voltage (IF = 20mA, IC = 25/lA) - 0.2 0.4 
Switching Speeds (VCE = 10V, IC = 2mA, RL = lOOn) 

On Time (td + tr) - 5 -
Off Time (ts + tf) - 5 -

milliwatts 
milliamps 
volts 
volts 

UNITS 

volts 

volts 

nA 

UNITS 

/lamps 
volts 

/lsec 
/lsec 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator CNY47 , CNY47A 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor ~ 
The GE Solid State CNY47 and CNY47A are gallium arsenide 
infrared emitting diodes coupled with a silicon photo-transistor in a 
dual-in-Iine package. These devices are also available in Surface
Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation *100 milliwatts 
Forward Current (Continuous) 30 milliamps 
Forward Current (Peak) 3 ampere 

(Pulse width I /lS 300 pps) 
Reverse Voltage 3 volts 

t · J SEE ~~~'=NC"~ M1LlIMtH:R 
NOTE 1 SYMBOL l!illl AI( I'I.~ 

~-M 1- /T ~ I ~;g ~~~~:~ 8=~F 
" C 1340 864 1 0 I 01 S 02 406 508 

'I I C (TOPVIEwj S E I 200 SOtl , I F 040 010 I 01 11t1 
4 6 L G 090 II 221:1 279 

r'~ l--e----=:jMr -~ - I.~g~' :6~~ £~~3 2:~~5 
. -lH~ --IF!- N .015 .3BI 15° 3 

I r---, 6 T~'! T : .100 }~;2.54 9::;\.1 
~4f .~~~~Gtt -I-I-P NOT~S .225.2805.11 7.12 

2o-i-l" • 'N ,,-I " .. " .. "' ... ~.m'""" .. ,~"'"" ... m· I I .........L.:._ --L inlllorienllllipnlnlh.quodrantlldjOcenllo 

30-1-- 4 -I G If!.- 0 2. ~~r:~:: ~SillP1l i.lld cent., •. 
L __ .J -II- 3. Overall installed dim.nsion. 

4 Tl>ase men~\''1I'''~~t'I 'Ire ",.,d~ t.,..". tilt ...... 1-
ingplane. 

5.Fourplacel. 

·Derate 1.33mW/oC above 25°C ambient TOTAL DEVICE 

PHOTO-TRANSISTOR 

Power Dissipation 

VCEO 
VCBO 
VEBO 
Collector Current (Continuous) 

**150 
30 
50 
4 

30 
"Derate 2.omwfC above 25°C ambient 

milliwatts 
volts 
volts 
volts 
milliamps 

individual electrical characteristics (25°C) 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

2828V (peak) 2000V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

1 695V(peak) 1200V(RMS) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO· TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts Breakdown Voltage-V(BR)CEO 30 - - volts 
(IF = 10 mA) (Ic= 10mA, IF = 0) 

Breakdown Voltage-V(BR)CBO 50 - - volts 
(Ic= lOO/lA, IF = 0) 

Reverse Current - 100 microamps Breakdown Voltage-V(BR)EBO 4 - - volts 
(VR =3 V) . (IE = 100/lA, IF = 0) 

Collector Dark Current-Ie EO - 5 100 nanoamps 
(VCE = lOY, IF = 0) 

Capacitance 50 - picofarads Collector Dark Current-IcBO - - 20 nanoamps 
(V= O,f= 1 MHz) (VCB = lOY, IF = 0) 

Capacitance - 2 - picofarads 
(VCE = lOY, F = 1 MHz) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = 10mA, VCE = AV) CNY47 20 - 60 % 
CNY47A 40 - - % 

Saturation Voltage - Collector to Emitter (IF = 10mA, Ie = 2mA) CNY47 - 0.1 0.4 volts 

(IF = IOmA,Ic = 4mA) CNY47 A 0.4 volts 
Ilsolation Resistance (VIO = 500VDd . 100 - gigaohms 
Input to Output Capacitance (VIO = O,f= 1 MHz) - - 2 

picofarads 
ISwitching Speeds: 

Rise/Fall Time (VCE = lOY, ICE = 2mA, RL = lOOn) - 2 - microseconds 
Rise/Fall Time (VCB = 10V, leB = SO/lA, RL = lOOn) - 300 nanoseconds 

@ VDE Approved to 0883/6.80 01 lOb Certificate # 35025 
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CNY47, CNY47A __________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator CNY48 , o--h"~. ~ 
Ga As Infrared Emitting Diode & 2 o---p- I 5 

NPN Silicon Photo-Darlington Amplifier '0---1::-___ ...1 4 

~RS INCHES 
NOTES SVMBOL _. 

MIN. MAX. MIN. MAX. 

A 

! 

8.38 I 8.89 
I 

.3301 .350 
8 7.62 REF. 300 REF. 1 

.~O61 
I .340 2 

The GE Solid State CNY 48 consists of a gallium arsenide, infrared 
emitting diode coupled with a silicon photo-darlington amplifier in a 
dual-in-line package. This device is also available in Surface-Mount 
packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITIING DIODE 

Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width I /lS 300 pps) 
Reverse Voltage 

*100 
60 
3 

3 

milliwatts 
milliamps 
ampere 

volts 
·Derate 1.33mW/oC above 2SoC ambient. 

PHOTO·DARLINGTON 

Power Dissipation 

VCEO 
VCBO 
VEBO 
Collector Current (Continuous) 

**150 
30 
30 
6 

100 

milliwatts 
volts 
volts 
volts 
milliamps 

"Derate 2.0mW/oC above 25°C ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage 
(IF = lOrnA) 1.1 1.3 volts 

Reverse Current 
(VR = 3V) - 10 microamps 

Capacitance 
(V = O,f= I MHz) 50 - picofarads 

coupled electrical characteristics (25°C) 

DC Current Transfer Ratio (IF = 10mA, V CE = I V) 
Saturation Voltage-Collector to Emitter (IF = ImA Ie = 2mA) 

(IF = 5mA Ie = lOrnA) 
(IF = lOrnA, Ie = 60mA) 

Isolation Resistance (VIO = 500VDd 
Input to Output Capacitance (VIO = O,f= IMHz) 
Switching Speeds: (VCE = 10V, Ic = lOrnA, RL = lOOn) 

@ VDE Approved to 0883/6.80 0 110b Certificate # 35025 

C 8.64 -
0 I .508 .016 .020 

E 5.08 - .200 3 

F 1.01 1.78 I .040 .070 

G 2.28 2.80 I .090 .110 

H i - I 2.16 I 
_. 

.085 4 
I 

J i .203 I .305 .008 .012 

t K 2.54 I - .100' -
M .;81 I 15 - 15 

N - .015 -
p 9.53 - .375 

R 2.92 i 3.43 .115 .135 
S 6.10 6.86 .240 270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature ·65 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

2120(peak) 1500V(RMS) 

Steady-State Isolation Voltage (Input to Output). 
I 270V(peak) 900V(RMS) 

PHOTO·DAR LINGTON MIN. TYP. MAX. UNITS 

Breakdown Voltage-V(BR)CEO 30 - - volts 
(Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 30 - - volts 
(Ic = 100/lA, IF = 0) 

Breakdown Voltage - V(BR)EBO 6 - - volts 
(IF = 100/lA, IF = 0) 

Collector Dark Current - ICEO - 5 100 nanoamps 
(VCE = 10V, IF = 0) 

Capacitance - 6 - picofarads 
(VeE = 10V,f= I MHz) 

MIN. TYP. MAX. UNITS 

600 - - % 
- - .8 volts 
- - .8 volts 
- - 1.0 volts 

100 - - gigaohrns 
- - 2 picofarads 

On-Time - 125 - microseconds 
Off-Time - 100 microseconds 
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CNY48 Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator CNV51 
I I 'N"---' 6 

Ga As Infrared Emitting Diode & NPN Silieon Photo-Transistor 2 ~ 
I I 

30-+- • L __ J 

The GE Solid State CNY51 consists of a gallium arsenide, infrared 
emitting diode coupled with a silicon phototransistor in a dual-in-line 
package. This device is also available in Surface-Mount packaging. SVMBOl ~r 

INCHES 
NOTES 

MIN. MAX, MIN. MAX. 

FEATURES: 
• High isolation voltage, 5000V minimum. 

A 8.3:621" EB;B9 I .330.1 .. 350 
B .300 "EF. I 
C - B.64 1 •. .340 2 

• GE Solid State unique patented glass isolation I D .406 .50B .016 .D20 
E 5.0B .200 3 

l-N- -IFf-

~m" construction 
• High efficiency liquid epitaxial IRED. 
• High humidity resistant silicone encapsulation. 
• Fast switching speeds. 

INFRARED EMITTING DIODE 

Power Dissipation - TA = 25°C *100 
Forward Current (Continuous) 60 
Forward Current (Peak) 3 

(Pulse width I !Lsec, 300 pps) 
Reverse Voltage '6 

·Derate 1.33mW/o, above 25°C. 

PHOTO-TRANSISTOR 

Power Dissipation - TA = 25°C 
VCEO 
VCBO 
VEBO 
Collector Current (Continuous) 

**300 
70 
70 
7 

100 

··Derate 4.0mW/oC above 25°C. 

milliwatts 
milliamps 
amperes 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

- -
F 

, 
1.01 I.7B .040 ,070 

G 2.28 2.BO ,090 .110 
H - 2.1B - .OB5 4 
J .203 .306 .OOB ,012 
K 2.54 - .100 -
M .~Bl I 15' - 16' 
N - .016 -, - , 9.63 - .375 

'"1 1 L ' ! 
G I' 
- ""'\_D 

" 2.92 I 3.43 ,115 .135 
S B.l0 6.B6 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

TOTAL DEVICE 

4. FOUR PLACES. 

Creepage Distance 8.2mm min. 
Air Gap 7.6mm min. 

Storage Temperature -55 to ISO°C. 
Operating Temperature -55 to 100°C. 
Lead Soldering Time (at 260°C) 10 seconds. 
Surge Isolation Voltage (Input to Output). See Note 2. 

5656V(peak) 4000V(RMS) 
Steady·State Isolation Voltage (Input to Output). 

See Note 2. 
5000V(DC) 3000V(RMS) 

individual electrical characteristics (25 °C) (unless otherwise specified) 

INFRARED EMITTING DIODE MIN. ~AX UNITS PHOTO-TRANSISTOR 

Forward Voltage - VF - 1.65 volts 
(1,,- 60mA) 

Breakdown Voltage - V(BR)CEO 
(Ie • 10mA, Ir - 0) 

Forward Voltage- VF .8 1.5 volts 
(IF- lOmA) 

Breakdown Voltage - ~BR)CEO 
(Ie· lOOpA, Ir ·0) 

Forward Voltage - VF .9 1.7 volts 
(IF-lOmA) 
T A= ·55°C 

Forward Voltage- VF .7 1.4 votta 
(I F = lOmA) 
TAD +lOOoC 

Reverse Current - I R - 10 microamps 
(VR ·6V) 

Capacitance - C J - 100 picofareds 
(V· O,f· lMHz) 

Breakdown Voltage - V(BR)CEO 
(lc • 100pA, Ir = 0) 

Coileetor nark Current - ICEO 
(VCE • lOV, IF= 0) 

Collector n~rk Current - I CEO 
(VCE = lOV, IF - O? 
TA • lOOoC 

Capacitance - CCE 
(VCE • lOV, f - IMHz) 

~ Covered underU.L. component recognition program, reference file E51868 

~ VDE Approved to 0883/6.80 0110b Certificate #. 35025 

MIN. TYP. MAX UNITS 

70 - - volts 

70 - - volts 

7 - - volts 

- 5 50 nano~ 

amps 

- - 500 micro-
amps 

- 2 - pico 
farads 
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CNYS1 --------------------___ Optoelectronic Specifications 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VeE = IOV) CYN51 100 - - % 

Saturation Voltage - Collector to Emitter (IF = 20mA, Ic = 2mA) - - 0.4 volts 
Isolation Resistance (Input to Output Voltage = 500VDc . See Note \) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage =O,f; I MHz. See Note I) - - 2.0 picofarads 
Turn-On Time - ton (Vee = IOV, Ie = 2rnA, RL = lOOn). (See Figure I) - 5 10 microseconds 
Turn-Off Time -toff (Vee = 10V, Ie =2mA, RL = lOOn). (See Figure \) - 5 10 microseconds 

NOTE 1: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together 
and the output tf:rminals (transistor) shorted together. 

NOTE 2: 

Surge Isolation Voltage 
a. Definition: 

This rating is used to protect against transient over-voltages generated from switching and lightning-induced surges. Devices shall be 
capable of withstanding this stress, a minimum of 100 times during its useful life. Ratings shall apply over entire device operating 
h:mperature range. 

h. Spt'cilicolion Format: 
Specification, in terms of peak and/or RMS, 60 Hz voltage, of specified duration (e.g., 5656V peak/4000VRMS for one minute). 

~. Test Cm,ditions: 
Application of full rated 60 Hz sinusoidal voltage for one minute, with initial application restricted to zero voltage (i.e., zero phase), 
from a supply capable of sourcing 5mA at rated voltage. 

Steady-State Isolation Vnltage 

Q. Definition: 

This rating is u:"c,d to protect against a steady-state voltage which will appear across the device isolation from an electrical source 
during its uSl!ful life. Ratings shall apply over the entire device operating temperature range for a period of 10 minutes minimum. 

h. SpeciJlcation Format: 
Specified in terms of D.C. and/or RMS 60 Hz sinusoidal waveform. 

l'. Test Conditions: 
Application of the full rated 60 Hz sinusoidal voltage, with initial application restricted to zero voltage (i.e., zero phase), from a 
supply capable of sourcing SmA at rated voltage, for the duration of the test. 

D'·'" 
'=' .. 10 

OUTPUT 

Vee Rl LI -----= 1-.0 % 

I : OUTPUT 

• .1.":' ___ : __ 10% 

I; ! i 
t ..... ~!* i it"" 

Adjust Amplitude of Input Pulse for Output (Ie> of 2mA 
Test Circuli and Voltage waveforms 
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Optoelectronic Specifications -----------------------------------CNY51 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator GE3009-GE3012 
Gil As Infrared Emitting Diode & Light Activated Triac Driver 

The GE Solid State GE3009-GE30 12 series consists of a gallium arsenide 
infrared emitting diode coupled with a light activated silicon bilateral 
switch, which functions like a triac, in a dUal-in-line package. These 
devices are also available in Surface-Mount packaging. 

These devices are especially designed for triggering power triacs while 
maintaining dielectric isolation from the trigger control circuit. 

absolute maximum ratings: (250 C) 

INFRARED EMITTING DIODE 

Power Dissipation ·100 
Forward Current (Continuous) 50 
Forward Current (Peak) 3 

(Pulse width 1 p.sec. 300 pps) 
Reverse Voltage 3 

"Derate 1.33 mWI"C above 25°C ambient. 

OUTPUT DRIVER 

Off-State Output Terminal Voltage 250 
On-State RMS Current 100 

(Full Cycle Sine Wave, 50 to 60 Hz) 
Peak Nonrepetitive Surge Current 1.2 

(PW = 10 ms, DC = 10%) 
Total Power Dissipation @ TA = 25·C ··300 

··Derate 4.0 mW j"C above 25°C. 

TOTAL DEVICE 

Storage Temperature -55·C to +150·C 
Operating Temperature -40·C to +100·C 
Lead Soldering Time (at 260·C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

5656 V (peak) 4000 V (RMS) 

Steady-State Isolation Voltage (Input to Output) 
5300 V(peak) 3750V(RMS) 

milliwatts 
milliamps 
amperes 

volts 

volts 
milliamps 

amperes 

milliwatts 

'I\l Covered underU.L. component recognition program, reference file E5l868 

SEATING~ 
PLANE 

~rK ~1 1] B 
iM 

JL 
\ ...1:1Hf.- -jFr

IRM,·,1 
PI I 
~" 

G I' 
--II-D 

,..------, 

I .... . I substrate 
2 ... f-05 DO NOT 

'pi fEl 6 Pin 5is 

I I CONNECT 
3~ 4 

L _____ J 

SYMBOL ~rs 
INCHES 

NOTES 
MIN. MAX. MIN. 1 MAX. 

A 8.38 _I 8.89 I .33D I .350 
B 7.62 REF. .300 REF . 1 
C - 8.64 - . 340 2 
D .406 .508 .016 .020 
E - 5.08 .. .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .110 
H - 2.16 - .085 4 
J 

203

1 

305 .008 .012 
K 254 - .100 -
M - 150 - 15° 
N 381 - .015 -
P - I 953 

- .375 
R 292 343 .115 .135 
S 610 686 .240 .270 

NOTES: 
t. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOU R PLACES. 

~8 ___________________________________________________________ __ 



GE3009, GE3010, GE3011, GE3012 ___________ Optoelectronic Specifications 

individual electric characteristics (250 C) 

EMITTER 

Forward Voltage 
(IF = 10 mAl 

Reverse Current 
(VR = 3V) 

Capacitance 
(V = 0, f = I MHz) 

DETECTOR SH Not, 1 

Peak Off-State Current VORM = 250V 

Peak On-State Voltage ITM = 100mA 

Critical Rate-of-Rise of Off-State Voltage Yin = 30V(RMS) 
(See Pigure 1) 

Critical Rate-of-Rise of Commutating llood = 15mA 
Off-State Voltage Yin = 30 V(RMS) 

(See Pipre 1) 

Critical Rate-of-Rise of Off-State Voltage Vln = 140 V(RMS) 
]EDEC conditions 

coupled electrical characteristics (250 C) 

IRED Trigger Current, Current Required to Latch Output 
(Main Terminal Voltage • 3.0V, RL = 1500) 

Holding Current, Either Direction 

NOTe 1: Rltlngl Ipply lor either pollrlty 01 Pin 8 - relerenced to Pin 4. 

Voltages must be applied within dv/dt rating. 

~
5V 

V" 

ov 
I- COfIWUTAT INO-+tmlTlcJ 1- dvldl .v/dl ~ 1 

GE3009 
GE3010 
GE3011 
GE3012 

Ve. 120n 

FIQURE 1. dv/dl- TEST CIRCUIT 

SYMBOL TYP. MAX. UNITS 

VF 1.2 1.5 volts 

IR - 100 microamps 

C] 50 - picofarads 

SYMBOL TYP. MAX. UNITS 

IORM - 100 nanoamps 

VTM 2.5 3.0 volts 

dv/dt 10.0 - volts/ ,",sec. 

dv/dt(C) 0.15 - volts/ ,",sec. 

dv/dt 6.0 - volts/ ,",sec. 

SYMBOL TYP. MAX. UNITS 

1FT - 30 milliamps 

IpT - 15 milliamps 

1FT - 10 milliamps 

1FT 5 milliamps 

IH 250 - microamps 

6 

OUT 

4 
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Optoelectronic Specifications --_______________________ _ 

Photon Coupled Isolator GE3020-GE3023 
Ga As Infrared Emitting Diode & Light Activated Triac Driver 

The GE Solid State GE3020-GE3023 series consists of a gallium arsenide 
infrared emitting diode coupled with a light activated silicon bilateral 
switch, which functions like a triac, in a dual in-line package. These 
devices are also available in Surface-Mount packaging. 

These devices are especially designed for triggering power triacs while 
maintaining dielectric isolation from the trigger control circuit. 

absolute maximum ratings: (2S°C) 

INFRARED EMITTING DIODE 

Power Dissipation ·100 
Forward Current (Continuous) 50 
Forward Current (Peak) 3 

(Pulse width 1 p.sec. 300 pps) 
Reverse Voltage 3 

"Derate 1.33 mWj"C above 25°C ambient. 

OUTPUT DRIVER 

Off-State Output Terminal Voltage 400 
On-State RMS Current 100 

(Full Cycle Sine Wave, 50 to 60 Hz) 
Peak Nonrepetitive Surge Current 1.2 

(PW = 10 ms, DC = 10%) 
Total Power Dissipation @ TA = 25·C ··300 

""Derate 4.0 mW j"C above 25°C. 

TOTAL DEVICE 

Storage Temperature -55·C to +150·C 
Operating Temperature -40·C to +100·C 
Lead Soldering Time (at 260·C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

5656 V(peak) 4000 V(RMS) 
Steady-State Isolation Voltage (Input to Output) 

5300V(peak) 3750V(RMS) 

milliwatts 
milliamps 
amperes 

volts 

volts 
milliamps 

amperes 

milliwatts 

~ Covered under U . L. component recognition program. reference file E51868 

@ VDE Approved to 0883/6.80 01106 Certificate #35025 

r------..., 

':+JI fEl 6 Pin 5 is I '"' . I substrate 
2 ... 1-05 DO NOT 

30--1..- I 4 CONNECT 
I L _____ J 

MILLIMETERS INCHES 
NOTES SYTYIlOL iMlN.TM'AX. MIN. I MAX. 

A 8.38 "I, 8.89 I .330 _I .. 350 
B 7.62 REF. .300 REF. 1 
C - 8.64 - .340 2 
D .406 .508 I .016 .020 
E - 5.08 - .200 3 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .09D .110 
H - 2.16 - .085 4 

J .203 .305 .008 .012 
K 2.54 - .100 -
M - 15' - 15' 
N .381 - .015 -
P - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6,10 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 
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GE3020, GE3021, GE3022, GE3023 ____________ Optoelectronic SpecHlcatlons 

individual electric characteristics (25°C) 

EMITTER 

Forward Voltage 

(IF = 10 mAl 

Reverse Current 

(VR = 3V) 

Capacitance 

(V = 0, f = 1 MHz) 

DETECTOR See Nole1 

Peak Off-State Current VORM = 400 V 

Peak On-State Voltage ITM = 100mA 

Critical Rate-of-Rise of Oif-State Voltage Vin = 30V(RMS) 
(See Figure 1) 

Critical Rate-of-Rise of Commutating lload = 15 mA 
Off-State Voltage Vin = 30 V(RMS) 

(See Figure 1) 

Critical Rate-of-Rise of Off-State Voltage Vin = 120 V(RMS) 
]EDEC conditions 

coupled electrical characteristics (250 C) 

IRED Trigger Current, Current Required to Latch Output 

(Main Terminal Voltage = 3.0V, RL = 150 0) 

Holding Current, Either Direction 

NOTE 1: Ratings apply for either polarity of Pin 6 - referenced to Pin 4. 

Voltages must be applied within dv/dt rating. 

~
5V 

V" 

ov 
I.... CO_UTAT ING+smtc.l 1- dv/dt dv/dt-, 

GE3020 

GE3021 

GE3022 

GE3023 

Vee 120n 

FIGURE 1. elY/dt - TEST CIRCUIT 

SYMBOL 

VF 

IR 

CJ 

SYMBOL 

IORM 

VTM 

dv/dt 

dv/dt(C) 

dv/dt 

SYMBOL 

1FT 
1FT 
1FT 
1FT 
IH 

6 

DUT 
5 

4 

TYP. 

1.2 

-

50 

TYP. 

-
2.5 

10.0 

0.15 

6.0 

TYP. 

-
-
-

250 

RL 
2" 

MAX. UNITS 

1.5 volts 

100 microamps 

- picofarads 

MAX. UNITS 

100 nanoamps 

3.0 volts 

- volts / ,",sec. 

- volts/fo'Sec. 

- volts/fo'Sec. 

MAX. UNITS 

'30 milliamps 

15 milliamps 

10 milliamps 

5 milliamps 

- microamps 
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Optoelectronic Speclflcatlona _____________________ ...;..._ 

Photon Coupled Isolator GEPS2001 
I I '~"---' . SYMBOL 

MILLIMETERS 

"'MiNTMi>.x, 
INCHES 

NOTES 

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The GE Solid State GEPS2001 is a gallium arsenide, infrared emit-
ting diode coupled with a silicon phototransistor in a dual-in-line 
package. This device is also available in Surface-Mount packaging. 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation *100 milliwatts 
Forward Current (Continuous) 60 
Forward Current (peak) 3 

milliamps "\ 
ampere 

2 , 
I I 

'0-+- 4 I.. __ J 

MIN, MAX, 

A 8,38 .1, 8,89 ,330.1, ,350 
B 7,62 REF, ,300 REF, 
C - 8,64 - ,340 
0 ,406 ,608 ,016 ,020 
E - 6,08 - ,200 
F 1,01 1.78 ,040 ,070 
G 2,28 2,80 ,090 ,110 
H - 2,16 - ,066 
J ,203 ,306 ,008 ,012 
K 2,64 - ,100 -
M - 16' - 16" 
N ,381 - ,016 -
P - 9,63 - ,376 
R 2,92 3,43 ,116 ,136 
S 6,10 6,86 .240 ,270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS, 

2, OVERALL INSTALLED DIMENSION, 

1 
2 

3 

4 

(Pulse width Illsec 300 P PI) 
Reverse Voltage 5 volts ~ 3, THESE MEASUREMENTS ARE MADE FROM THE 

SEATING PLANE, 

°Derate 1.33mW/oC above 25°C ambient. ---------' II~~\ 
4, FOU R PL.ACES, 

PHOTO-TRANSISTOR 

Power Dissipation 
VCEO 
VCBO 
VECO 

TOTAL DEVICE 

Storage Temperature ·55 to 150°C 
Operating Temperature ·55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

Collector Current (Continuous) 

"ISO 
30 
70 
7 

100 

milliwatts 
volts 
volts 
volts 
milliamps 2S00V(peak) 1770 V(aMS) 

O·Derate 2.0mW/oC above 25°C ambient. 

individual electrical' characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO·TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.4 volts Breakdown Voltage - V(BR)CEO 30 - - volts 
(IF -20mA) (Ic" 10mA,IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ic .. l00IlA,IF .. 0) 

Reverse Current - 20 mlcroamps 
(Va = 4V) 

Breakdown Voltage - V(BR)ECO 7 - - volts 
(IE • lOOIlA, IF • 0) 

Collector Dark Current - ICEO - 5 100 nanoamps 
(VCE • 10V, IF • 0) 

Capacitance SO - picofarads 
(V" O,f" IMHz) 

DC Current Gain hPE - 400 -
(VcE=5V,Ic=4mA) 

coupled electrical characteristics (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF· 20mA, VCE" SV) 30 - - % 
Saturation Voltage - Collector to Emitter (IF" 20mA,Ic .. 2mA) - 0.1 0.3 volts 
Isolation Resistance (Input to Output Voltage • 1000VDC) 100 - - glgaohms 
Input to Output Capacitance (Input to Output Voltage. O,f= lMHz) - O.S 2 picofarads 
Switching Speeds: Rise/Fall Time (VCE· 10V, ICE· 2mA, RL • lOOn) - 5 - microseconds 

RIse/Fall Time (VCB· 10V, ICB· SOIlA, RL • lOOn) - 300 - nanoseconds 

• Covered under U.L. component recognition program, reference file #ES1868 
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G~PS2001 _____________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 

, 
O'OI~mII_ 

i' O.OO1!~!!II~"IINOAMALIZED TO: ~ VCE=10VOLTS 
M ~=w_ 

0.0001 TA = 25 ·c 
488 488 488 

0.1 1.0 10 100 
'F-INPUTCURRENT- mA 

OUTPUT CURRENT VS. INPUT CURRENT 

100 • 

, 
I-

· · 
2 100'C"'" -50·C Hr-2S"C · ~ 10 

il 4 

I 
• 

I 2,.0 , 
.!!- • • 

2 

0.1 I 
o 0.5 1.5 2 2.5 

VF- VOLTS VF- FORWARD VOLTAGE- VOLTS 

INPUT CHARACTERISTICS 

10 · ~Wi~~:DWT~~OO IIt_ 

• RL"'00n,lc"'2mA. -
VRL='Y Ion = 1.7,., IoIr =3.a,. · ~ 1. ..... L· .. " 

2t---Lton• RL" 1 ka I--:-.Lo" 

• · · , 
0.1 

~YRL=O.1V 

~;, .. ,,-;--J.l 
VRL=1V 

ton. RL = 10 n 

' .. ..-I r-- .... OL·,." 
rl"O.,V 

2 . . . 
10 

IC=mA 

2 . . . 
100 

SWITCHING SPEED VS COLLECTOR CURRENT 
(NOT SATURATED) 

I 
" ., 
~ 
~ ~~~~~~IF~=~2~m~A~~~~~~~~~~ ~ 0.1 

~ ~~:~~~~ED TO: 

ii '1---I---+---+---jIF = 10 mA 
- 0.01 TA = 26 'C 

-50 25 0 25 50 75 100 
TA - AMBIENT TEMPERATUfJE _·C 

OUTPUT CURRENT VS. TEMPERATURE 

10 
I-
Z .. 
'" '" " " 1.0 
I-

~ 
" " " .1 .. 
! 
'" " Z .01 , 
Z 

" iii 
M 

.001 

VCE - COLLECTOR TO EMITTER VOLTAOE- VOLTS 

OUTPUT CHARACTERISTICS 

IF - INPUT CURRENT - mA 

OUTPUT CURRENT (leBoI VS INPUT CURRENT 
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Optoelectronic Speclflcatlons ________________________ _ 

Photon Coupled Isolator GFH600 
Ga As Solid State Lamp & NPN Silicon Photo-Transistor 

The GE Solid State GFH600 consists of a gallium arsenide infrared 
emitting diode coupled with a silicon photo-transistor in a dual-in
line package. This device is also available in Surface-Mount 
packaging. 

FEATURES: 

• Fast switching speeds 
• High DC curren t transfer ratio 
• High isolation resistance 
• High isolation voltage 
• I/O compatible with integrated circuits 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA 
Forward Current ( Continuous) 
Forward Current (Peak) 

(Pulse width IllS, 300 P Ps) 
Reverse Voltage 

*100 
60 
3 

6 

°Derate 1.33 mW/"C above 25°C 

PHOTO-TRANSISTOR 

Power Dissipation - TA 
VCEO 

VCBO 
VECO 
Collector Current (Continuous) 

**150 
'/0 

70 
7 

150 

··Derate 2.0 mW/oC .above 25°C 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

milliwatts 
milliamps 
ampere 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

4OOOV(peak) 2800V(RMS) 

~ VDE Approved to 0883/6.80 0110b Certificate # 35025 

'~""---' . 
I I 

2 • 
I I 

'0-1- 4 L __ J 

...L....': 4 

~+--jFf-

IRm' II I ! ! 
G- I' 

--11_ 0 

SYM!OL~~T1~~~ ~T-- NOTES 
MIN. MAX. MIN. MAX. 

A 

! 

B.3B ! 8.B9 I .3~3~1 RE;~O 
B 7.62 REF. I 1 

c ~061 8.64 I .. .340 2 
0 .508 .016 .020 
E 5.08 .- .200 3 

F I 
1.01 i 1.78 .040 070 

G 

I 

2.28 

i 
2.80 .090 .110 

H .. 216 .085 4 

J .203 I 305 OOB .012 
K I 2.54, . .100 I -
M 

.381 i 15_ 
15 

N 0~51 p I .. , 9.53 .375 

R 2.92 i 3.43 ,115 .135 
S 6.lD 6.86 .240 .270 

NOTES: 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERAll INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

.'\. FOUR PLACES. 
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GFH600 Optoelectronic Specifications 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE MIN. MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward Voltage - VF 1.65 volts 
(IF = 60mA) 

Breakdown Voltage - V(BR)CEO 70 - - volts 
(Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ic = loo/.LA, IF. = 0) 

Reverse Current - I R - 10 microamps Breakdown Voltage - V(BR)ECO 7 - - volts 
(VR = 3V) (IF = 100/.LA, IF = 0) 

Collector Dark Current - ICEO - 2 50 nanoamps 
(VCE = lOY, IF = 0) 

Capacitance - Cl - 100 picofarads Capacitance - CCE - 2 - picofarads 
(V = O,f = I MHz) (VCE = 10V, f = I MHz) 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = 5V) 
GFH600 I 63 - 125 % 
GFH600 II 100 - 200 % 
GFH600 III 160 - 320 % 

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 2.5mA) - - 0.3 volts 
Isolation Resistan.ce (VIO = 5OOVoc) (See Note 1) 100 - - gigaohms 
Input to Output Capacitance (V10 = O,f = 1 MHz) (See Note. 1) - - 2 picofarads 
Tum-On Time - ton (Vce = 10V, Ie = 2mA, RL = lOOn) (See Figure 1) - 5 10 microseconds 
Tum-Off Time - toff (Vee = 10V, Ie = 2mA, RL = lOOn) (See Figure 1) - 5 10 microseconds 

Not. 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together and· 
the output terminals (transistor) shorted together. 

'":' 410 

OUTPUT C),.,"' 
Vee Rl 

Adjust Amplitude of Input Pulse for Output {lei of 2mA 

FIGURE 1 - TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Optoelectronic Specifications --____________________ .GFH600 

TYPICAL CHARACTERISTICS 

100 • • • 
· 100·C rHr-2e"e -ao"e 

• 
I 

• • • , 
1 I o. 

0.5 1.6 2.5 
Vp- VOLTS V,- FORWARD VOLTAGE- VOLTS 

1. INPUT CHARACTERISTICS 

Vce- 30V 

'Y.: 
YCE=20V -

VA 
....:;V ....... VCE=10Y 

0 

NORMALIZED TO: 
VeE-l0V 
TA =26°C 

'// 'F -0 
1 

.6 50 ,& 100 .. 6 
TA - AMBIENT TEMPERATURE _·C 

3. DARK ICEO CURRENT VS TEMPERATURE 

VCE- COLLECTOR TO EMITTER VOLTAGE- VOLTS 

5. OUTPUT CHARACTERISTICS 

u ... · 8 

~ 
~ -2.4 

or--.. w ii -0. 

Il: 
I! -2.0 
U 
w 
!i -1. 8 

~ 1r-1.8 
:Ii 
I!! -1.4 

0.1 

...... 

• 

......... , 
c--.-I--' 

••• • . . 10 
, 4 . '. 100 

'F- FORWARD CURRENT- mA 

2. FORWARD CURRENT TEMPERATURE COEFFICIENT 

.. '000 
Z 

ill 
B 
~ 100 

" 1:1 

! 
~ 10 , 
j 

• • • , 

• • 
4 

, 
• • · , 

V -30V 

Vea= 20V m 
W/ 

// VCI= 10V 

IffL 
/,'/ I 

NORMALIZED TO: 
/, / 

1// 
Vea= 10 v 
TA =2S·C 

I" 'F =0 

25 SO. 75 100 .. 5 
TA - AMBIENT TEMPERATURE _·C 

4. leBO VS TEMPERATURE 

6. 0l1!"PUT CHARACTERISTICS 
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GFH800 ____________________ 0ptoelectronlc Specifications 

TYPICAL CHARACTERISTICS 

I 
I 

./ 

I 
J 

ft 

NORMAL,'zili Tc 

I i,"'~I1'~ 

I 
I 

•• OGOI 1111 

•. 1 t • . . ',. . .. ; .. 
I,-INPUTCURRINT- mAo 

7. OUTPUT CURRENT VI INPUT CURRENT 

,. 
1,.30 mAo 

,~ 
,.~OmA 

1,.10mA 

1,-lmA= 

......- -
~ .. 1 1,-2mA_ 

I. .. 
J 

1 

NORMALIZID TO: Vel. 10 Y 
I, -10mA 

-.I·C 

I,., mA -
1,-O.lmA 

I .... 1 TA 

-10"'1 II 10 71 100 
TA" AMIIINT TIMPIIllATURI-'e 

9. OUTPUT CURRENT VB TEMPERATURE 

1. • ~&'i;lt'~lo;,wTOI"" -
• RL-'lDn,lc-1mA, _ -

• VAL' IV I ' •• 1.7_106· ... 1/1 

• 
"- ''''' RL • 1IIn .r-- .... RL·'«n I-:V"L 'IV 

~V"L·o.,V UJ ~!""I)--
VIIL-,y I 

I 

I 
• ton,II,L-10C 

• I •• ......r-F-1on,RL- ton 

• 
RLI-o., v I 

.. , , 

IC-_ 
, • • • • 10 • . \ . ,. 

11. SWITCHING SPEED VS COLLECTOR CURRENT 
(NOT SATURATED) 

I 
I 
I 
! 

0.001 

•. 1 

III 

~ III 
• •• t. 

III 

IIV 

./ 

~~::j;~:y I, .10mA 
TA -.S·C 

• · ',. ' .. , .. 
I,-INPUTCURRINT- rnA 

I. OUTPUT CURRENT - COLLECTOR TO IAIE 
VI INPUT CURRENT 

,. 

I 
I 
L: 
I 

~ .... 

1 

1 

1 

1 

~ 

,/ 

I 

I 

1,- m 

,- ."_m 

I- .mA 

1,- mA 

'" 11.-1 nlA 
NORMALIZ.D TO: 
Vel- 10V 
I, .10mAV 
RI.-" / 1,-

I I 
L 

1. K , .. K 1 MIl 

RI.- IAII RIIIlTOR - KlI 

10. OUTPUT CURRENT va BAlE EMITTER 
REIISTANCE 

III 

I:-
" :Ii 1 •• 

I··' i! •.• 
Ii! 

i ::: 
i 0.0 

I 
I !II 

'ON ~OU 8 rnA 1,-10mA 

1 l' i'-
I' ~~'!lomA 

"t---J. ........-:: ;:::::r:::= 
.1 I "'/ NORMALizeD TO: r-~~20m Vee _10V 
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Vv I~U.mA 
I, =10mA 
RI •• (»0 

:~if,. mA III tON = I.O~8 
to" = I .• ,..a 

10 100 • • • • . .. , ... 
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12. SWITCHING TIME VI RIE 
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Optoelectronic Specifications _________________________ _ 

Photon Coupled Isolator GFH601 
Ga As Solid State Lamp & NPN Silicon Photo-Transistor 

The GE Solid State GFH601 consists of a gallium arsenide infrared 
emitting diode coupled with a silicon photo-transistor in a dual-in-Iine 
package. This device is also available in Surface-Mount packaging. 

FEATURES: 

• Fast switching speeds 
• High DC current transfer ratio 
• High isolation resistance 
• High isolation voltage 
• 1/0 compatible with integrated circuits 

absolute maximum ratings: (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE 

Power Dissipation - TA 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width IllS, 300 P Ps) 
Reverse Voltage 

·100 
60 

3 

6 

'Derate 1.33 mW('C above 2S·C 

PHOTO· TRANSISTOR 

Power DiSsipation - TA 
VCEO 
VCBO 
VECO 
Collector Current (Continuous) 

··150 
'/0 

70 
7 

ISO 

·'Derate 2.0 mWfC above 2S·C 

TOTAL DEVICE 

Storage Temperature -55 to 150·C 
Operating Temperature -55 to 100·C 
Lead Soldering Time (at 260·C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

milliwatts 
milliamps 
ampere 

volts 

milliwatts 
volts 
volts 
volts 
milliamps 

53OOV(peak) 3750'V(RMS) 

@ VDE Approved to 0883/6.80 OllOb Certificate # 35025 

,:ftEr---' · ~+-IFf-lRm' II P"1 I 
~ , ' 

I I 
2 • 

I I 
30-4- • L __ J G I' -11_0 

SYMBOL ---l~RS 
I MIN. MAX. 

INCHES 

MIN. T MAX. 
NOTES 

8.38 8.89 .330 I .350 I 
7.621REF 

:or~40 I .~06 i 
8.64 

.508 .016 .020 
I 

5.08 - .200 
F 1.01 1.78 .040 .070 
G 2.28 2.80 .090 .,10 
H 2.16 - i .085 
J .203 ! .305 .008 .012 
K I 2.54 i .100 
M 

I 

- : 15 15 
N ~81 i 9~ .015 
P .375 
R ~:~~ i ~::~ 

.115 .135 
S .240 .270 

NOTES 
1. INSTALLED'POSITION LEAD CENTERS. 

2 OVERALL INSTALLED DIMENSION. 

3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

4. FOUR PLACES. 

<fu 'YDE APPROVED TO: 
. 883. VDE 0883/6.80 

V DE 0110/11.72 
VDE 0804/1.83 
VDE 0806/8.81 

CERTIFICATE #30415 
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GFH601 ______________________ Optoelectronic Specifications 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE MIN. ·MAX. UNITS PHOTO-TRANSISTOR MIN. TYP. MAX. UNITS 

Forward VQltage - VF 1.65 volts 
(IF = 60mA) 

Breakdown Voltage - V(BR)CEO 70 - - volts 
(Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 70 - - volts 
(Ic = loopA, IF. = 0) 

Reverse Current - IR - 10 microamps 
(VR =6V) 

Breakdown Voltage - V(BR)ECO 7 - - volts 
(IF = IOOpA,lF = 0) 

Collector Dark Current -IeEO - 2 50 nanoamps 
(VCE = 10V,IF = 0) 

Capacitance - CJ - 100 picofarads Capacitance - CCE - 2 - picofarads 
(V = O,f = I MHz) (VCE = IOV, f= 1 MHz) 

coupled electrical characteristics (25°C) (unless otherwise specified) 

MIN. TYP. MAX. UNITS 

DC Current Transfer Ratio (IF = lOrnA, VCE = 5V) GFH601 I 40 - 80 % 
GFH601 II 63 - 125 % 
GFH601 III 100 - 200 % 
GFH601 IV 160 - 320 % 

Saturation Voltage - Collector to Emitter (IF = lOrnA, Ic = 2.5mA) - - 0.4 volts 
Isolation Resistan.ce (VIO = 5OOVod (See Note I) 100 - - gigaohms 
Input to Output Capacitance (VIO = O,f = I MHz) (See Note I) - - 2 picofarads 
Tum-On Time - ton (VCC = 10V, Ic = 2mA, RL = lOOn) (See Figure I) - 5 10 microseconds 
Tum-Off TIme - toff (Vee = 10V, Ic = 2mA, RL = lOOn) (See Figure 1) - 5 10 microseconds 

Not. t: Tests of input to output isolation CUlrent resistance, and capacitance are performed with the input terminals (diode) shorted together and 
the output terminals (transistor). shorted together. 
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GFH601 ____________________________________ __ 
Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Optoelectronic Specifications ________________________ _ 

Photon Coupled Isolator MCA230, MCA231, MCA255 
GaAs Infrared Emitting Diode" NPN Silicon Darlington Com:tected Phototransistor 
The GE Solid StateMCA series consists of a gallium arsenide 

I MILLIMETERS. INCHES 
infrared emitting diode coupled with a silicon photo-darlington ~ SYMOOlr---MIN."jMAX. I MIN. MAX. NOTES 

amplifier in a dual-in-line package. These devices are also available - A 8.38 I 8.89 .330, .350 I 
in Surface-Mount packagjllg. . ~ -,.62: RE:64 .300

I
REF. 

wi Covered under U.L. component recognition program, reference file E51868 ~ A06! 5~~80~6~~g 
absolute maximum ratings: (25°C) SEATING I 1_ A-I 1.01 1.78 .040 .070 

PLANE 2.28 2.80 .090 i 110 

~r~ ~~ T '- 7 203 2;~5 iO~8 .g~; INFRARED EMITTING DIODE 

~!~I -- f ,':OP VIE: J ~ /: ';:,; 1~~: 15 

M 1-1- ~ 2.;2: ~:~; 115 :~~~ 
\ .-...l.:1+- -IFI-- 5 610 I 6.86 .240 .270 

Power Dissipation *100 milliwatts 
Forward Current (Continuous) 60 miJliamps 
Forward Current (Peak) 

(Pulse width 300/Lsec, 
2 % Duty Cycle) 0.5 amperes 

ofJ" 5 L p I 3. THESE MEASUREMENTS ARE MADE FAOIIJI THE 

(Pulse width l/Lsec, 300Hz) 3 amperes I 

Reverse Voltage 3 volts 2 

'Derate 1.33mW/Oc above 25°C ambient. 

j----, 6 t ~m' I I ~.OITNESS;ALLED POSITION LEAD CENTERS. 

~~ P t I 2. OVERALL INSTALLED DIMENSION. 

~ I G- I' SEATING PLANE. 
3 L... ___ .J 4 ~ 1_0 4 FOUR PLACES. 

DARLINGTON CONNECTED PHOTO-TRANSISTOR 

Power Dissipation **210 
VCEO - MCA230/MCA23 1 30 

-MCA255 55 
VCBO - MCA230/MCA23l 30 

-MCA255 55 

milliwatts 
volts 
volts 
volts 
volts 

TOTAL DEVICE 

Storage Temperature - 55°C to + 150°C 
Operating Thmperature - 55°C to + 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output) 

3550V(peak) 2500V(RMS) VEBO 8 volts 
Collector Current (Continuous) Steady-State Isolation Voltage (Input to Output) 

- Forward 150 milliamps 3180V(p'.k) 
Collector Current (Continuous) 

-Reverse 10 milliamps 
"Derate 2.8mW/oc above 25°C ambient. 

individual electrical characteristics: (25°C) 
EMITTER TYP. MAX. UNITS DETECTOR MIN. TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts Breudown Voltage - V (BR)CEO 
(IF = 20mA) (Ic = 1.0mA, IF = 0) - MCA255 55 - - volts 

MCA230/MCA23I 30 - -- volts 

Reverse Current - 10 microamps 
(VR = 3V) 

Breakdown Voltage - V(BR)CBO . 
(Ic = IO/LA, IF = 0) - MCA255 55 - - volts 

MCA230/MCA231 30 - - volts 

Capacitance 50 - picofarads 
(V = 0, f = IMHz) 

Breakdown Voltage - V (BR)EBO 8 - - volts 
(IE = IOI'A, IF = 0) 

Collector Dark Current - ICEO 
(VCE = lOY, IF=O) - - 100 nanoamps 

coupled electrical characteristics: (25°C) 
MIN. TYP. MAX. UNITS 

DC Current Thmsfer Ratio - (IF = lOrnA, V CE = 5V) MCA230/MCA255 100 - - % 
MCA231 200 - - % 

Saturation Voltage - Collector to Emitter - (IF = 50mA, Ie = 50mA) MCA230/255 - - 1.0 volts 
-(IF = ImA,lc '" 2mA) MCA231 - - 1.0 volts 
-(IF = 5rnA, Ic = IOmA) MCA231 - - 1.0 volts 
- (IF = lOrnA, Ic = 50mA) MCA231 - - 1.2 volts 

Isolation Resistance (Input to Output Voltage = 500V DC) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = 0, f = lMHz) - - 2 picofarads 
Switching Speeds: 

On-Time - (VCE = 5Y, RL = lOOn, IF = lOrnA) - 5 - microseconds 
Off-Time - (Pulse width :s; 300/Lsec, f :s; 30HZ) - 100 - microseconds 

® VDE Approved to 0883/6.80 01 lOb Certificate # 35025 
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MCA230, MCA231, MCA255 _______________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator MCS2, MCS2400 
GaAs Infrared Emitting Diode & Light Activated SCR 
The GE Solid State MCS2 and MCS2400 consist of a gallium 
arsenide, infrared emitting diode coupled with a light activated silicon 
controlled rectifier in a dual in-line package. These devices are also 
available in Surface-Mount packaging. 

• Covered under U.L. component recognition program, 
reference file E5l868 

absolute maximum ratings 
INFRARED EMITTING DIODE 

Power Dissipation '*100 milliwatts 
Forward Current (Continous) 60 milliamps 

SEATIN(j 

A 
B 
C 
D , 

F 
G 
H 
J 
K 
M 

NOTES: 

NOTES 

8.64 
.508 .016 

5.08 .200 
1.78 .040 .070 

2.80 .090 .110 
2.16 .085 

.203 .305 .008 .012 
2.54 .100 

15 15 
.381 .015 

9.53 .375 
2.92 3.43 .115 .135 
6.10 6.86 .240 .270 

Forward Current (Peak) I ampere 1. INSTALLED POSITION LEAD CENTERS. 
(lOO/Lsec I % duty cycle) 2. QVERALllNSTALLED DIMENSION. 

Reverse Voltage 3 volts 3. THESE MEASUREMENTS ARE MADE FROM THE 

'Derate 1.33mW/oC above 25°C ambient. 

PHOTO-SCR 

MCS2 200 volts 

SEATING PLANE. 4. FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature Range - 55°C to 150°C 
Operating 'Thmperature Range - 55°C to 100°C Off-State and Reverse Voltage 

MCS2400 
Peak Reverse Gate Voltage 

400 
6 

volts 
volts 

Soldering Temperature (1/16" from case, 10 seconds) 260°C 
Total Device Dissipation 450 milliwatts 

Direct On-State Current 300 
Surge (non-rep) On-State Current 10 

milliamps 
amps 

Linear Derating Factor (above 25°Cj 6.0mW/oC 
Surge Isolation Voltage (Input to Output). 

Peak Gate Current 10 milliamps 3535V(Poak) 2500V(RMS) 
Output Power Dissipation **400 milliwatts Steady-State Isolation Voltage (Input to Output). 

'·Derate 5.3mW/oC above 25°C ambient. 3l80V(".k) 2250V(RMS) 

individual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-SCR MIN. MAX. UNITS 

Forward Voltage VF 1.1 1.5 V Peak Off-State Voltage - VDM MCS2 200 - V 
(IF = 20mA) ROK = IOKO, TA = \oO°C, ID = 150/LA) MCS2400 400 - V 

Peak Reverse Voltage - VRM MCS2 200 - V 
(TA = 100°C, IR = 150/LA) MCS2400 400 - V 

On-State Voltage - VT - 1.3 V 
(IT = \OOmA) 

Reverse Current IR - 10 /LA 
(VR = 3V) 

Off-State Current - ID MCS2 - 2 /LA 
(VD=200V, IF=O, ROK =27K) 

Off-State Current - ID MCS2400 - 2 /LA 
(VD=400V, IF=O, ROK =27K) 

Reverse Current - IR MCS2 - 2 /LA 
(VR=200V,IF=0) 

Reverse Current - IR MCS2400 - 2 /LA 

Capacitance 50 - pF 
(V = 0, f = IMHz) 

(VR=400V,IF=0) 
Holding Current - IH 10 500 }LA 

(VFx =50V, ROK =27KO) 

coupled electrical characteristics (25°C) 
MIN. MAX. UNITS 

Input Current to Trigger 
V AK = 100V, ROK = 27KO 1FT .5 14 milliamps 

Isolation Resistance (Input to Output) Vio = 500VDC rjo 100 - gigaohms 
Turn-On Time - V AK = 50V, IF = 30mA, ROK = IOKO, RL = 2000 ton - 50 microseconds 
Coupled dv/dt, Input to Output 500 - volts/microsec. 
Input to Output Capacitance (Input to Output Voltage = 0, f = IMHz) - 2 picofarads 

® VDE Approved to 0883/6.80 01 lOb Certificate # 35025 
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MSC2, MSC2400 _________________ Optoelectronic Specification. 

TYPICAL CHARACTERISTICS 
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Photon Coupled Isolator MCS21, MCS2401 
GaAs Infrared Emitting Diode & Light Activated SCR 
The GE Solid State MCS21 and MCS2401 consist of a gallium 
arsenide, infrared emitting diode coupled with a light activated 
silicon controlled rectifier in a dual-in-line package. These devices are 
also available in Surface-Mount packaging. 

SYMBOl~~' I INCHES 
MIN. MAX. I MIN. I MAX. 

NOTES 

'" Covered under U.L. component recognition program, 
reference file ES 1868 

absolute maximum ratings 
INFRARED EMITTING DIODE 

Power Dissipation *IOP milliwatts 
Forward Current (Continous) 60 milliamps 
Forward Current (Peak) I ampere 

(lOO"sec I % duty cycle) 

R I 
.J:1 -1mH~~F~ 
'1 I I 

~.LG_'I" 
--11-0 

" , 

A I 8.38.1. 8.89 I .330 350 
B 7.62 REF .300 REF. 1 
C I - I 8.64 I - .340 2 
0 1 .406 .spa .016 .020 
E i _ 5.08 - .200 3 
F i ~:~~ ! ;:~~ .040 .070 
G .090 110 
H 

I 
- 2.16 - .085 4 

J .203 .305 .008 ,012 
K 2.54 - .100 -
M - 15 - 15 
N .381 - .015 -
p - 9.53 - .375 
R 2.92 3.43 .115 .135 
S 6.10 6.B6 .240 .270 

NOTES 
1. INSTALLED POSITION LEAD CENTERS. 

2. OVERALL INSTALLED DIMENSION. 
Reverse Voltage 3 

'Derate 1.33mW/oC above 25°C ambient. 
volts 3. THESE MEASUREMENTS ARE MADE FROM THE 

SEATING PLANE 4 FOUR PLACES 

PHOTO-SCR 

Off-State and Reverse Voltage MCS21 200 volts 

TOTAL DEVICE 

Stomge Thmpemture Range - 55°C to 150°C 
Operating Thmpemture Range - 55°C to 100°C 

MCS2401 400 
Peak Reverse Gate Voltage 6 

volts 
volts 

~oldering Tempemture (1116" from case, 10 seconds) 260°C 
Total Device Dissipation 450 milliwatts 

Direct On-State Current 3QP 
Surge (non-rep) On-State Current 10 

milliamps 
amps 

Linear Demting Factor (above 25°C) 6.0mW/oC 
Surge Isolation Voltage (Input to Output). 

Peak Gate Current 10 milliamps 4000 V (peak) 3000 V (RMS) 
Output Power Dissipation ·*400 milliwatts Steady-State Isolation Voltage (Input to Output). 

"Derate 5.3mW/oC above 25°C ambient. 3500 V(peak) 25OOV(RMS) 

individ ual electrical characteristics (25°C) (unless otherwise specified) 

INFRARED EMITTING DIODE TYP. MAX. UNITS PHOTO-SCR MIN. MAX. UNITS 

Forward Voltage Vp 1.1 1.5 V Peak Off-State Voltage - VOM MCS21 200 - V 
(IF = 20rnA) ROK = 10KO, TA = 100°C, 10 = 150"A) MCS2401 400 - V 

Peak Reverse Voltage - VRM MCS21 200 - V 
(TA = 100°C, IR = 150"A) MCS2401 400 - V 

On-State Voltage - VT - 1.3 V 
(IT = 100mA) 

Reverse Current IR - 10 "A 
(VR = 3V) 

Off-State Current - 10 MCS21 - 2 "A 
(Vo =200V, Ip=O, RoK= 27K) 

MCS2401 Off-State Current - 10 - 2 "A 
(Vo =400V, Ip=O, ROK =27K) 

Reverse Current -:- IR MCS21 - 2 "A 
(VR =200V, Ip=O) 

MCS2401 Reverse Current - IR - 2 "A 

Capacitance 50 - pF 
(V = 0, f = IMHz) 

(VR =400V, Ip=O) 
Holding Current - IH 10 500 "A 

(Vpx =50V, ROK =27KO) 

coupled electrical characteristics (25°C) 
MIN. MAX_ UNITS 

Input Current to Trigger V AK=50V, RcK=IOKn 1FT 20 milliamps 
V AI{ = lOOV, RoK = 27KO 1FT .5 11 milliamps 

Isolation Resistance (Input to Output) Vio = 500Voc rio 100 - gigaohms 
Turn-On Time - V AK = 50V,Ip = 30mA,RoK = IOKO, RL = 2000 ton - 50 microseconds 
Coupled dv/dt, Input to Output 500 - volts/microsec. 
Input to Output Capacitance (Input to Output Voltage = 0, f = lMHz) -

i 2 picofarads 

@ VDE Approved to 0883/6.80 OllOb Certificate # 35025 
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Photon Coupled 180lator MCT2, MCT2E, MCT26 
GaAs Infrared Emitting Diode &: NPN Silicon Photo-Transistor 
The GE Solid State MCT2, MCT2E and MCT26 are gallium arsenide, 
infrared emitting diodes coupled with a silicon phototransistor in a dual- s:t:~~G 
in-line package. These devices are also available in Surface-Mount JLrK I E 

SVMBOL ~~ftR~.~¥.-
MIN. MAX. MIN. MAX. 

NOTES 

packaging. f"'" --N 

9'1 Covered under U . L. component recognition program, r-
reference file ES 1868 B M 

absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 

Power Dissipation *200 
Forward Current (Continuous) 60· 
Forward Current (Peak) 3 

milliwatts 
milliamps 
ampere 

A 

1 
B 

i C 

1 
D 
E 

I F 
G 
H 
J 
K 
M 
N 
P 
A 
S 

NOTES: 

8.38 ,I. 8.89 I .330.1 •. 350 
7.62

1 

RE:S4 I .300 REF. 1 
.340 2 

.406 .508 .016 .020 
.. 5.08 , .200 3 

1.01 1.78 .040 .070 
2.28 

i 
2.80 .090 .110 

.. 2,16 .085 4 
. 203 1 .305 .OOB .012 

25.4 I .100 .. 
15 15 

.361 ,015 
_ . 

. I 9.53 .. . 375 

~.~~ I 
3.43 ,115 .135 
6.66 .240 .270 

(Pulse width Illsec 300 P Ps) 1. INSTALLED POSITION LEAD CENTERS. 

Reverse Voltage 3 volts 2. OVERALL INSTALLED DIMENSION. 

.Derate 2.6mW/·C above 2S·C ambient. 3. THESE MEASUREMENTS ARE MADE FROM THE 
SEATING PLANE. 

PHOTO· TRANSISTOR 

Power Dissipation 
VCEO 
VCBO 
VECO 
Collector Current (Continuous) 

**200' 
30 
70 
7 

100 
•• Derate 2.6mW/·C above 2S·C ambient. 

milliwatts 
volts 
volts 
volts 
milliamps 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TVP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts 
(IF = lOrnA) 

Reverse Current - 10 microamps 
(VR = 3V) 

Capacitance 50 - picofarads 
(V = O,f= IMHz) 

coupled electrical characteristics (25°C) 

4, FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature ·55 to 150·C 
Operating Temperature ·55 to loo·C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

3S00V (peak) 2S00V (RMS) 

PHOTO· TRANSISTOR MIN. TVP. 

Breakdown Voltage - V(BR)CEO 30 -
(Ic = lOrnA, IF = 0) 

Breakdown Voltage - V(BR)CBO 70 -
(Ic = 1001lA, IF = 0) 

Breakdown Voltage - V(BR)ECO 7 -
(IE = 100llA, IF = 0) 

Collector Dark Current - ICEO - 5 
(VCE = lOY, IF = 0) 

Capacitance - 2 
(VCE = IOV, f= IMHz) 

MAX. UNITS 

- volts 

- volts 

- volts 

50 nanoamps 

- picofarads 

MIN. TVP. MAX. UNITS 

DC Current Transfer Ratio (If = lOrnA, V CE = 10V) MCT2-MCT2E 
MCT26 

Saturation Voltage - Collector to Emitter 
(IF = 16mA,Ic = 2.0mA) MCT2-MCT2E 

Saturation Voltage - Collector to Emitter (IF = 60mA, Ic = 1.6mA) 
Isolation Resistance (Input to Output Voltage = SOOV DC> 
Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz) 
Switching Speeds: Rise/Pall Time (VCE = 10V, ICE = 2mA, RL = 1000) 

Rise/Pall Time (V CB = IOV, ICB = 50ILA, RL = 1000) 

@ VDE Approved to 0883/6.80 01106 Certificate #35025, except 
type MCT2E. 

MCT26 

20 
6 

-
-
100 
-
-
-

- - % 
- - % 

0.1 0.4 volts 
- 0.5 volts 
- - gigaohms 
- 2 picofarads 
5 - microseconds 
3 - microseconds 

398 ________________________________________________________________ _ 



MCT2, MCT2E, MCT26 ________________ Optoelectronic Specifications 

TYPICAL CHARACTERISTICS 

0.,' ___ _ 

I O'OO1~~'_II~~~!1 NORMALIZED TO: ... Yee= 10 VOLTS 
!:/ IF =10mA 

0.0001 TA = 25'C 
4 •• 0.1 10 

IF - INPUT CURRENT - mA 

4 •• 
100 

OUTPUT CURRENT VS INPUT CURRENT 

100 · · 4 

2 100·C ii 25 'C 
-SOoC 

• • 
4 

, 
I · · 4 

o. 1 

2 

I 
0.' I.' 2.' 3 

VF- VOLTS VF- FORWARD VOLTAGE- VOLTS 

INPUT CHARACTERISTICS 

'0 • ~~~l:.I~~TO~OD" -
• AL"100n,IC"2mA. -

VAL"1V Ion "'.7,a.1on = 3.'", 

4f..( .I'oII. RL o lKn 
,t---.L ..... RL 0 , Kn I--'VRL 0 IV 

!--VRL o ", V JJ ~' '7""n-r--· -.::.. VAL"1Y 

• lort,RL=1an 
Ion 1",-[ 

~ f--'on. RL" 10 n 4 
TL O O,IV 

2 

0.1 

2 4 • • 
Ie'" ntA to 

2 4 • • 
92CS-42!189 

100 

SWITCHING SPEED VS. COLLECTOR CURRENT 
(NOT SATURATED) 

O'1:~~I~~'F~=~2~m~A~!~~~~~~~~ ~ ~ :~:~~~~ED TO: 

~ f-----+--+--+-------jIF =10mA 

O.O~.5S0;----d2.5 --'0:'--;f.2''--'50~T=A-=...,27;::'·C--,,-;OO 
TA - AMBIENT TEMPERATURE - °c 

OUTPUT CURRENT VS TEMPERATURE 

veE - COLLECTOR TO EMITTER VOLTAGE - VOL T8 

OUTPUT CHARACTERISTICS 

'F-INPUTCURRENT- mA 

OUTPUT CURRENT (ICBO) VS INPUT CURRENT 
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~~~!r~:E~t:~~!~~:~!~!~t~-~~~210 ~ 
The GE Solid State MCT210 is a gallium arsenide, infrared emitting Sit;~~G=k- II~' \ 
dio.de co~pl:d with a si.licon ~hoto-transistor in a dUal-,.·.n-line package. J Lr~ I~j - A-I 
Th,,'-" "",00 """"""" m S",",,-Mo,,"' p~k_. ~!I_ I l 3 .1. t 

• • B C (TOP VIEW) 5 
- Covered under U . L. component recogmtlOn program, M 4 6-.l 

reference file E51868 ~ 

absolute maximum ratings: (25°C) ,- _~HI- .....jFi-
INFRARED EMITTING DIODE 

Power Dissipation *200 milliwatts L_ " 
60 

A 
B 
C 
0 
E 
F 

G 

K 
M 
N 

NOTES: 

NOTES 

8.38 

1,01 1.78 .070 
2.28 2,80 .110 

2.16 i .085 
.203 

".:
05

1 

.012 
254 I .100 

15 , 15 

IT-W' ',' 
.;-.-ra:' ,- ~~, 

Forward Current (Continuous) milliamps 
Forward Current (Peak) 3 

1. INSTALLED POSITION LEAD CENTERS. 
ampere 

(Pulse width I Ilsec 300 P Ps) 
Reverse Voltage 3 volts 

*Derate 2.6mW/OC above 25°C ambient. 

PHOTO-TRANSISTOR 

Power Dissipation **200 milliwatts 
VCEO 30 volts 
VCBO 70 volts 
VECO 7 volts 
Collector Current (Continuous) 100 milliamps 

**Derate 2.6mW/oC above 25°C ambient. 

individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE TYP. MAX. UNITS 

Forward Voltage 1.1 1.5 volts 

(IF = 40mA) 

Reverse Current - 10 microamps 
(Vr = 6V) 

Capacitance 50 - picofarads 
(V = O,f= I MHz) 

coupled electrical characteristics (25°C) 

~ 

DC Current Transfer Ratio (IF = 3.2mA to 32mA, V CE = O.4V) 
(IF = lOrnA, V CE = 5V) 

2. OVERALL INSTALLED DIMENSION 
2 o---f3 I 5 

30--:- I 4 
3. THESE MEASUREMENTS ARE MADE FROM THE 

SEATING PLANE. 
1. ____ 1 

4 FOUR PLACES. 

TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 

3535V(p',k) 2500V(RMS) 
Steady-State Isolation Voltage (Input to Output). 

3180V(p"" 2250V(RMS) 

PHOTO-TRANSISTOR MIN. TYP. MAX. 

Breakdown Voltage-V(BR)CEO 30 - -

(Ic = lOrnA, IF = 0) 
Breakdown Voltage-V ffR)CBO 70 - -

(Ic = 1001lA, IF = 0 
Breakdown Voltage-V ffR)ECO 6 - -

(IE = 1001lA, IF = 0 
Collector Dark Current-lcEO - 5 50 

(VCE = 10V, IF = 0) 
Capacitance - 2 -

(VCE = IOV,f= IMHz) 

UNITS 

volts 

volts 

volts 

nanoamps 

picofarads 

MIN. TYP. MAX. UNITS 

50 - - % 
150 - - % 

Saturation Voltage - Collector to Emitter (IF = 32mA, Ic = 16mA) - 0.1 0.4 volts 
Isolation Resistance (Input to Output Voltage = 500V DC) 100 - - gigaohms 
Input to Output Capacitance (Input to Output Voltage = 0, f = I MHz) - - 2 picofarads 
Switching Speeds: Rise/Fall Time (V CE = lOY, ICE = 2mA, RL = 1000) - 5 - microseconds 

Rise/Fall Time (V CD = IOV,lcD = 50ItA, RL = WOO) - 300 - nanoseconds 

@ VDE Approved to 0883/6.80 0 II Ob Certificate # 35025 

400 __________________________________________________________________ __ 



MCT210 __________________________________ ___ 
Optoelectrom\: Specifications 

TYPICAL CHARACTERISTICS 
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10 
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~ -
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9 ~ ~ ~~ ~A ---i----jjr------j 
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TA - AMBIENT TEMPERATURE -'C 

OUTPUT CURRENT VS TEMPERATURE 

Vce- COLLECTOR TO EMITTER VOLTAGE - VOLTS 

V CE - COLLECTOR TO EMITTER VOLTAGE - VOLTS 
OUTPUT CHARACTERISTICS 

'F - INPUT CURRENT - rnA 

OUTPUT CURRENT (ICBOI VS INPUT CURRENT 
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Noise-Immune Optoisolator Improves 
Circuit Performance at Low Cost byW. H. Sahm 

Introduction 

Immunity from common-mode noise and elimination of 
unwanted signals by isolation are two problems faced by 
circuit designers in achieving desired circuit performance. 
Traditional design methods of rejecting common-mode 
noise, including optoisolation, have proved costly and 
complex, and normally even limit performance. But now the 
H11 N, a Schmitt-trigger optoisolator, offers a low-cost, 
flexible solutiOn to ground loop and noise problems common 
in logic and power-control systems. The H11 N performs 
logic isolation at frequencies 8 to 10 times greater than 
other Schmitt-trigger devices. It comes in a low-cost six-pin 
DIP package and surpasses competitive optoelectronic 
devices in its compatiblity with power supplies, which can 
range from 4V to 15V. Potential uses fro the high-speed 
H11 N include data-bus/LAN isolation, square-wave shaping, 
line receivers, and voltage-level shifting for power MOSFET 
gate drive in switching power supplies. 

General Considerations 
Immunity from common-mode noise and elimination of 
unwanted signals by isolation are two problems circuit 
designers face in achieving desired circuit performance. 

One example of common-mode noise is the 60-Hz signal 
induced on a pair of signal-acquisition wires by nearby 
power lines. Voltage transients on the line caused by reactive 
load switching, lightning, and static discharge add to the 
problem. Another example is the half-bridge power-switch 
configuration, in which the control circuits of the top power 
switch rise and fall hundreds of volts, with relation to signal 
ground, in sub-microsecond times. In each case, resultant 
noise can overwhelm the common-mode rejection capability 
of the signal-acquisition circuitry and reduce performance. 

Traditional methods of eliminating these unwanted signals, 
or at least attenuating them to a reasonable level, have 
included isolation amplifiers, transformer coupling, fiber
optic signal transmission and optoisolators. Some of these 
methods prove costly and complex, however, and most also 
limit performance. The isolation amplifier, for example, 
requires a floating, isolated power supply for input bias, has 
limited bandwidth, and is expensive. Transformer coupling 
is less costly, but trades off isolation and bandwidth and 
cannot transmit dc. Fiber-optic transmission provides the 
ultimate in isolation and bandwidth capability, but is also 
costly and, to date, hard to deal with in a manufacturing 
environment. The optoisolator - a miniature fiber-optic 
system in a single package - has shown great promise in 
approaching the potential performance of fiber optiCS, but 
until recently has not been able to provide both wide band
width and high common-mode rejection at low signal levels 
for a reasonable price. 

All this has changed, however, with the introduction of the 
Schmitt-trigger-output optoisolators in the H11 N series. 

The H11N 

The H11 N, shown in Fig. 1, comes with a high-speed IRED 
(infrared emitting diode) coupled to a custom-designed 
optical input, Schmitt-trigger integrated circuit. It is 
designed to prove logic isolation at frequencies 8 to 10 
times greater than those associated with other Schmitt
trigger devices. The H11 N is manufactured in GE Solid 
State's standard six-pin DIP reflector-design package with 

glass dielelectric isolation. It has typical rise-and-fall times 
of 10 ns with propagation delays of 150 ns; typically, and 
330 ns maximum, providing sensitivity and noise immunity. 

ANOD~o--f1-~-- -i ~cc 
CATHOD~ a-+-J "-+ \i I ~ROUND 

I I 
3o---L- 4 

N.C. L _____ ..J Va 

(a) 

92C8·4289& 

Fig. 1 - (a) Package and functional diagram, (b) internal 
construction. 

The output Schmitt-trigger monolithic IC has an open 
collector output rated at 50 mA that sinks 20 mA to less 
than 0.5V, and operates from 4 to 15V. The circuit requires 
little power-supply current, typically drawing 5 mA at 5V for 
the output IC, while requiring only about 2 mA IRED drive 
to switch the output on. The output integrated circuit deSign 
incorporates a regulated power supply for low-level handling 
and Schmitt-trigger hysterisis (typically 20 percent) for 
switching. These properties of the H11 N eliminate the 
possibility of oscillation at any combination of bias or 
temperature throughout the operating range. The IC also 
incorporates temperature compensation for changes in IRED 
efficiency, and parameters are specified over the entire 0 to 
70·C temperature range. Fig. 2 shows a schematic and 
timing waveforms for the H11 N. 

The excellent common-mode noise rejection of the H11N 
is assured by a combination of IC circuit design and glass 
dielectric construction. The widely-spaced, high-illumi
nation package construction lowers gain requirements, 
while the "upside-down" photodiode provides its own shield. 
When measured (using the industry standard of a 50V pulse 
between input and output), a dv/dt exceeding 10,000 VlIJS 
normally is required to cause an upset of the output state. 
The H11 N has a 3000 Vlp.s capability to handle pulses of 
250Vand higher, illustrating high-voltage performance. 

This variation of rejection capability with voltage is the 
result of the combined effect of detector response time and 
common-mode pulse transition time. The transient
generated "noise triggering".of the IC is caused by currents 

404 _____________________________________________________________ __ 
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Fig. 2 - HllN schematic diagram and timing waveforms. 

capacitively coupled into the detector, which are propor
tional to common-mode dv/dt. The detector has a propa
gation delay that is only slightly affected by the magnitude 
of current. The rise time of the low-amplitude transients is 
shorter than the response time of the detector, so no 
response will be noted. 

As transient amplitude increases, the detector responds at 
lower dv/dt values until a limiting value of dv/dt is reached 
that is independent of the transient amplitude for a given 
bias condition. For the H11 N series, the common-mode 
transient immunity is roughly constant for transients of 
250V and up. A survey of other optoisolator specifications 

TEST CIRCUIT 

,--,-r---0 ,v 

!14 
Vo 

i12 
• '10 
~ 
;; 

~ 8 

8 4 • 
~ • 2 • 0 y 0 

• v 

OBSERVED WAVEFORMS AT CRITICAL dv/dt 

shows that only devices with internal Faraday shields 
provide this same data, and that assessment of their true 
capability can be done with voltage amplitudes of 400V. 
H11 N common-mode rejection performance is therefore 
equivalent to or better than most other isolation devices 
with expensive Faraday shields. Fig. 3 illustrates H11 N 
common-mode transient immunity. 

Careful circuit layout also is crucial to maintaining good 
common-mode transient immunity. The small size of the 
H11N six-pin DIP package minimizes problems of parasitiC 
capacitance in wiring layouts that induce transient
generated voltages into signal lines. 

\ 

200 

Vee- BV 
T= 25C 

CMH OFFSTATE IF - 0 mA 

400 800 800 1000 1200 
VPK - COMMON MODE TRANSIENT VOLTAGE - VOL T8 

&2C8-4211, 

Fig. 3 - Hll N common-noise transient immunity. 
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Circuit Performlnce 
What does all this mean In terms of circuit performance? 
Consider a twisted-pair data line that carries information 
between an "island of automation" -on the factory floor and 
a central controller, Fig. 4. As the #22 twisted-pair data line 
runs In the vicinity of, and often parallel to, power lines, 
high-amplitude common-mode signals are Induced into the 
data line. In addition, individual data lines often originate or 
terminate in close proximity to the power switches that both 
generate switching transients and carry high currents that 
cause "ground loop" common-mode signals. 

System wiring costs can be minimized by sending relatively 
high-rate serial data on low-cost twisted-pair lines in a half
duplex arrangement. Better noise immunity can be obtained, 
with shielded pairs, coaxial cable and, ultimately, fiber 
optics, at a progressively higher cost. In such cases where 
substantial distance runs are required (as in factory automa
tion), wiring costs can be the largest single hardware Invest
ment in the information-distribution system. Substantial 
savings can be obtained, however, through the use of low
cost cabling if the cabling is combined with optically isolated 
termination to avoid degrading noise performance. 

Optolloletor AI Line Receiver 

The normal method of optical line isolation involves the use 
of the optoisolator as a line receiver. In this configuration, 
the two-terminal input of the IRED interfaces easily with the 
two-terminal line. Data-transmission rates are maintained to 

OTHER 
ISLANDS 

t 

the limit of the system and isolation is the full responsibility 
of the optoisolator. 

Often, the limiting factor in this type of data link is the 
optoisolator's common-mode rejection capability. Transients 
can be coupled Into the transmission system electro
magnetically, electrostatically, or through conduction. The 
worst transients are caused by high-power switching (high 
dv/dt, high amplitude), induced lightning strikes (moderate 
dv/dt, ultra-high amplitude), noise coupled in from digital 
systems, or switching power supplies (ultra high dv/dt, low 
amplitude). When fast optoisolators became available, it 
was thought they would solve the common-mode noise 
problems that plagued line receivers. Although optoisolation 
helped, the degree of improvement was limited, and many 
designers became disillusioned with the system due to the 
trade-oils necessary for suitable data-bus isolation. 

Those early optoisolators, like the 6N137, were constructed 
with fast, low-efficiency, infra-red diodes and compensated 
for low light emission by using very thin isolation spacing 
and high-gain detector circuity. This combination provided 
poor common-mode noise immunity, and circuits would 
commonly be upset by the transient voltages from relays, 
switch-mode power supplies and similar sources. The H11 N, 
however, uses a higher-efficiency IRED, 0.2-mm glass 
isolation, feedback gain control, integrated photodiode 
shielding, and Schmitt-trigger circuitry that significantly 
improves common-mode noise immunity. It can typically 
withstand more than 10,000 VIps, which even exceeds the 
capability of many power-MOSFET switching circuits. Fig. 5 
shows a Simple, isolated line-receiver diagram that illustrates 
common-mode noise. 

LINE~ POWER 

Jl 

NOISE 
aQUIIICI! 

EQUIVALENT 
CIRCUIT 

Fig. 4 - Typical factory automation-control system. 

DATA 
TRANSMITTING 

SYSTEM --5-; - --..., 
I 
I 

DATA 
RECEIVING 

SYSTEM r--------
I +5V 

I 
I 

TTL 
OUTPUT 

92C8·42&OO 

Fig. 5 - Simple isolated line receiver Illustrating common
mode noise. 
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Two-Way Communication Link 

Normally, datacom links require isolated transceivers, not 
just receivers, as most remote stations need to send 
information back to the control center. Fig. 6 illustrates how 
the H11 N, in a two-wire, half-duplex, current-loop trans
ceiver circuit, provides such an optically isolated, noise
immune, two-way communication link. The moderate supply
current requirements of the H11N, combined with its wide 
supply-voltage tolerance and high-current output capability, 
allow the output to be biased Irom the loop current. These 
features eliminate the need for either a separate isolated 
supply at the isolated terminal or for a third bias-supply wire 
in the date link. The receiver H11 N1 input IRED is biased 
from the transmitter output through'a 5-mA current source 
that maintains -4V across itself. This voltage guarantees 
the transmitter H11 N1 adequate supply voltage and stabi
lizes the receiver input current over a wide variety of line 
conditions. It also permits "party-line" operation of two 
isolated transceivers per loop. Link speed is limited by the 
H11 N transmitter bypass capacitor, which raises the longer 
propagation delay time (tpl) from 150 ns to about 600 ns. 
For long-line applications, this is not a severe limitation, as 
the transmission-line properties also limit data rate. 

I-

~ 
" o 
o 

2V 5DO ns 

~ 

I~ t--

2V 

NON ISOLATED INPUT TO ISOLATED OUTPUT 
(7416 INPUT TO Hll N OUTPUT, PHASE INVERTED) 

. 

(a) 

(b) 

MOSFET Drivers 
Another example of circuits noted for common-mode noise 
problems are power-MOSFET drivers, especially in series 
strings and the half-bridge configuration. The half-bridge, 
also known as the totem pole, is used to produce an ac 
output from a dc input and is commonly found in motor
speed-control and switching-power-supply applications. 

The basic half-bridge circuit is illustrated in Fig. 7. Power 
MOSFETs are preferred in this circuit type because of their 
fast and efficient switching, and their rU\jgedness and ease 
of control. A major issue in the operation of the power
MOSFET half-bridge is the gate drive of the top device. The 
source (i.e., reference terminal) on this top device is attached 
to the drain of the lower device, and will rise and fall at the 
same rate as the load voltage. The power MOSFET has the 
capability of switching 500V in less than 50 ns (i.e., 10,000 
Vips), and therefore puts stress on the common-mode 
capability of the device that carries control information from 
ground to the top of the MOSFET. In most circuit ap
plications, the MOSFET drive circuit and parasitic wiring 
impedences do not allow switching over full voltage ratings 
under a couple of hundred nanoseconds, although this is 
still in the 2000 to 3000 Vips dvldt range. Fast switching is 
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(HllN IRED TO 7413 INPUT, IN PHASE) 

Fig. 6 - (a) Current-loop data-line isolated transceiver, (b) typical 
performance waveforms for a 3450-foot, #18 pair. 
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desirable in these applicatiqns. as it tends· to reduce 
switching loss in the MOSFET, tpereby increasing efficienc;y; 
lowering junction temperature;. and increasing 'reliability 
under most conditions. These same considerations pertain 
to the series connection ot power MOSFETs, Fig. 8. Such 
arrangements have i~entical schematics and differ only in 
the phasing of the gate signal. 

r--=::--"--{) + 

B2C$-42103 

Fig. 7 - Half-bridge power-MOSFET circuit. 

STAGES AS 
REQUIRED 

92CS-42904 

Fig. 8 - Series-conneoted power MOSFET. 

Gate-Control Circuits 

Many gate-control circuits have been proposed for the top 
power-MOSFET driver. These include level-shift circuits 

R12': Vsa 
0.05 

15R1 .2,.-
VSS-15 

using bipoll!r or MOSFET deviclls, tFa~Sformer isolation, 
piezoelectric illolation; or optical .isoI1ltion. None of these 
circuits h;;ls yet become a universal choice due to the often 
conflicting .constraints of 6ircliit simpliCity and cost, auto
matic·.assemblycompatibility, power dissipalion, switching 
speed, duty cycle, crossover timing reliability, and commonc 
mode n.oise immunity. 

Altt)(j'ugh the H1 i N is not a panacea for noise immunity 
problems, . it does offer excellent isolation, low power 
consumption, and fast, IIf/ident switching. It also Is 
cO!'Tlpatible with a v;;lriety of simple clrcuitconfigurations, 
opiimizing drive-circUit performance. In Figs. 9 and 10, 
each circuit uses a boo'tstrap, "flying capacitor" to power 
both the gate ofthe MOSFETand the H11 N Schmitt-trigger 
I.C, The capaCitor s.ize is determined by the maximum 
conduction time of the power MOSFET .. The MOS input 
characteristics of the Insulated Gate Transistor (IGT) allow 
identical circuitry to be used with the high-voltage switch. 
In the Fig. 9 circuit; the capacitor, recharging, and gate bias 
are supplied by a simple resisior network. This network also 
regulates the H11N and gate-bias voltage. The disadvantage 
of this configuration is that both duty cycle and MOSFET 
turn-on times are limited by RC time constants. The use of 
simple signal transistors to amplify charging currents (for 
the bootstrap capacitor and the MOSFET gate capacitance) 
overc.omes these limitations, however, and yields a high
performance circuit. A zener limits the bias-capacitor voltage 
so that it does not require several RC time constants to fully 
charge. Both circuits are extremely noise-immune if the 
physical placement of the wiring minimizes the parasitic 
coupling of signals between the logic circuitry and the 
isolated gate-bias circuit. 

Effective Solution 

Dielectric iSlllation is an extremely effective method of 
eliminating common-mode noise signals in high-speed 
switching circuits. Optoisolators can now offer speed and 
voltage compatibility with both logic and power circuitry 
and can provide high common-mode transient Immunity. 
The high-performance H11 N Schmitt-trigger-output opto
isolator combines these characteristics with modest power 
consumption at a reasonable cost, making it a very flexible 
solution to noise problems common to all logic and power
control systems. 

'----+-------+-OOUTPUT 

92CS-42iOS 

Fig. 9 - Simple, Isolated, power-MOSFET driver. 
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R1 ::t: VSS"15 
0.' 

R2 AI VBB o 15 
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Fig. 10 - High-performance, isolated, power-MOSFET driver. 
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Common-Drain Power-MOSFET Gate-Drive 
Solutions Using th~ H11 NIL Optoisolators byW. H. Sahm 

Introduclion 

Power-MOSFET devices in the half-bridge configuration, 
Fig. 1, are becoming popular for both switching-power
supplies and PWM (pulse-width-modulated) motorc~ntrols. 
These circuits include a common-drain stage on which the 
gate and source-terminal potentials, Le., the .control
terminal potentials, rise and fall hundreds of volts In tens ~f 
nanoseconds. The magnitude and rate of change of this 
common-mode voltage places severe constraints qn the 
gate-drive circuitry and represents a challenge to the circuit 
designer. ' 

r-=:---,-U+ 

Fig. 1 - Half-bridge power-MOSFET circuit. 

This Note investigates several methods of gate control for 
these common-drain MOSFET devices. These methods 
include bootstrap techniques with level shifting accom
plished through the use of transistors, optoisolators, and 
high-voltage ICs. The conclusions are applicable to the 
power MOSFET, the MOS-IGT, and hybrid MOS-bipolar 
power switches. 

General Considerations 

Fast-switching efficient power MOSFETs are widely used 
for PWM power-control applications. The common-drain
connected n-channel power MOSFET is often utilized in 
sWitching-power-supplies, motor and solenoid cont~ol, and 
in series-connected high-voltage switches. Although It would 
appear advantageous to utilize common-source p-channel 
devices in these sockets to simplify gate-drive circuitry, the 
penalty caused by the use of p-channel devices .is ~oo 
severe in all but the lower-circuit lower-voltage application 
areas. This situation will remain until' III-V enhancement
mode devices become widely available at low cost (if they 
ever prove viable), because silicon p-channel devices will 
always require much more silicon area to provide the same 
ratings. This large die area imposes an economic penalty in 
device cost, a performance penalty in the increased 
capacitance associated with the larger die area, and the 
complete lack of. device availability in the higher current 
and/or voltage ratings. These facts assure a long life for the 
common-drain power-MOSFET configuration. Note also that 
a good MOSFET gate-drive design could allow replacement 
of a preamp bipolar with a MOSFET in the drive of a bipolar 
common-<;ollector high-power output, which could amost 
eliminate the need for a floating current source. . 

The complexity of driving the gate of this common-drain 
power MOSFET derives from two fundamental facts: the 
lack of a fixed reference point for the gate signal and the 
·need for a gate voltage with a val ue higher than the positive 
supply rail being controlled. Although these factors are also 
present in bipolar-transistor common-collector stages, the 
fast switching and the magnitude of the gate signal in 
power-MOS devices places more stringent requirements on 
the circuit design. To minimize power dissipation in the 
conducting state, the gate-source voltage should be greater 
than 10V but less than 20V, assuring minimum on-state 
resistance without danger of damage to the fragile gate 
oxide. To minimize power dissipation during switching, the 
gate voltage should have fast rise and fall times when 
driving the highly capacitive gate. Although this explanation 
is simple and elementary, it is not trivial when examined 
from a practical viewpoint. Mass-produced circuits are 
constrained to be very compatible with automated assembly, 
to be very consistent in performance over the tolerance 
limits of the standard components used, to perform reliably 
in an application for long time periods and, if failure occurs, 
to fail in a manner that will not create a safety hazard. 

This combination of performance, manufacturability, relia
bility, and safety impact the design of the gate-drive circuit, 
which must meet cost and design-schedule goals. The 
performance issues that will determine the gate-drive circuit 
configuration include adequate speed and drive capability, 
total system-power dissipation, and common-mode transient 
immunity. The manufacturability issues include standard 
components, tolerance sensitivity, automatic assembly, size, 
adaptability, cost, and quantity used. Reliability and safety 
are impacted by power dissipation, parts count, isolation, 
noise-transient overvoltage susceptability, ease and speed 
of shutdown, fault-sensing compatibility, and failure con
sequences. Although this is not an all-inclusive I!st, it serves 
as a starting point to evaluate a gate-drive configuration for 
a common-drain power MOS. 

The Simplest gate-drive circuits directly transfer energy to 
the gate from the control-circuitry low-voltage supply at 
logic ground. Although photovoltaic and piezoelectric 
elements are sometimes used, they provide too little output 
current to be compatible with fast charging and discharging 
of the MOSFET gate capacitance. Pulse transformers can 
supply large currents, although they can be difficult to 
obtain with risetime capability compatible with the power 
MOSFET. Other possible difficulties with pulse transformers 
include input-to-output capacitance, automatic-insertion 
compatibility, and the feedback of Signals from the pow~r 
stages to the control circuitry. Specialty transformers can 
be designed to overcome these disadvantages, although 
economic viability may suffer. Dielectric isolation in these 
energy-transfer devices eliminates the' possibility of high
voltage power being present on the low-voltage control 
circuits in a fault condition. 

The most common gate-drive circuits utilize a source of 
stored energy referenced to the source of the common
drain stage. Although this source can be a floating power 
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supply powered through a transformer, or piezoelectric or 
photovoltaic element, it will usually be a capacitor that is 
charged directly from either the low-voltage control supply 
(flying capacitor) or the positive power rail (bootstrap) 
during periods when the common-drain stage is blocking. 
The bootstrap circuit capacitor may be recharged during 
long conduction periods of the common-drain MOSFET by 
using load current. Channel resistance is momentarily 
allowed to rise until drain-source voltage reaches the 
approximately 15V required to recharge. To provide this 
recharge or "refresh" of a flying-capacitor circuit, the 
common-drain stage must fully turn off and block full supply 
voltage. The charge on this capacitor Is a supply for the 
gate of the common-drain power MOSFET and its control 
circuitry. The control circuitry can be as simple as a resistor 
and high-voltage level-shift transistor, but usually consists 
of several devices to provide gain, fast switching, noise 
suppression, voltage stability, and other desired functions. 
Simple optoisolators are often used to provide the control
signal path from the low-voltage circuitry, although speed 
can be marginal in many cases. Until recently the more 
complex optoisolators would provide speed, but were limited 
in common-mode rejection and in voltage capability. The 
high-voltage Integrated circuit (HVIC) has also become 
available recently, providing both the level shift of the 
control signal and tha signal processing for the common
drain MOSFET gate drive. It also can be designed to provide 
over-current protection, automatic refresh, and coordination 
of conduction times of the common-drain and common
source stages. Devices available to date can operate up to 
500V and above 20 kHz. These HVICs are normally designed 
as application-specific devices for specific system 
applications. 

Oplollolalor Characlerllllcl 
Recently, high-speed optoisolators, with excellent common
mode rejection and wide supply-voltage compatibility, have 
become available. The simplest and least costly of these 
devices are six-pin dual-in-line plastic-packaged infrared 
diode-input Schmltt-trigger-output configurations. Two 
basic derivations are commonly available, one being 
optimized for fast switching and one for low power con
sumption. These derivations are convenient for the power
MOSFET-circuit designer, as a basic "universal" circuit can 
be designed, and only the optolsolator changed for a choice 

of either longer duty cycles (>10 ms) at moderate speeds 
(~200 kHz @ 150 ns t" tf), or a shorter duty cycle operating 
to more than 2 MHz with 15-ns transitions. Duty cycles are 
limited by the Schmitt-trigger power-supply current draining 
the source capaCitor and can be increased with larger 
storage capacitance, but at the cost of increased refresh 
time or more complex refresh circuitry. DC operation 
requires a refresh scheme or a small power supply, as 
mentioned above. Overall, these optoisolators appear to 
offer great advantages in driving common-drain power 
MOSFETs and similar devices, such as IGT, MOS-gated 
thyristor, etc. 

Tell CirculI 
To check the apparent advantages of the optolsolator 
approach, a circuit was built that employed the GE Solid 
State H11 L (slow) and H11 N (fast) optolsolated Schmitt 
triggers. A plug-In prototype board was used to constru.ct 
the circuit of Fig. 2. The circuit makes use of an IRF630 
power-MOSFET switch and replaces the lower FET with a 
45-ohm power-resistor source load. A 1-pF aluminum 
electrolytic capacitor was used as the bootstrap supply, 
with a variable dc power source for V ••. The V •• supply was 
kept below 75V to keep the circuit within the IRF630 ratings 
during the turn-off spike. No heatsinks or special wiring 
precautions were used. Although only the H11 N1 is actually 
specified for common-mode rejection at 2000 Vips 
minimum, the lower-cost H11 L 1 uses similar shielding in the 
IC chip, and Identical packaging. These similar features of 
the H11 L 1 and N1 lead to the expectation of a similar 
ability to function under high dv/dt. 

Tests of the circuit confirmed the expected performance for 
both optoisolators in the circuit. The H11 L was driven from 
5V pulses with a 2K resistor, and drives the IRF630 at about 
300 kHz with a 12% duty cycle. Turn-on and turn-off times 
of the IRF630 were about 60 ns, which yielded more than 
2000-Vlps dv/dt during the 175V turn-off spike. These wave
forms are illustrated in Fig. 3. The H11 N1 was then sub
stituted for the H11 L, and the value of the infrared diode
limiting resistor was reduced to 6BO ohms. Operation at 1 
MHz was confirmed. Higher-frequency operation was 
obtainable through heatsinking of the IRF630 and the use of 
a higher-rated load resistor. The waveform presented in Fig. 
4 illustrates this operation, and about the same dv/dt O!! the 
H11 L provided. 

L--+--------------~-oOUTPUT 

.2CI·Uloa 

Fig. 2 - Optically Isolated power-MOSFET-drlver test circuit. 
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Fig. 3 - Waveforms taken with an H11 L in the test circuit. 
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Fig. 4 - Waveforms taken with an H11 N in the test circuit. 
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