
































































































































































































































































MCT2 

Electrical Characteristics 
TA = +25°C 

Umlts 
Test 

Parameter Symbol Min Typ Max Unit CondHlons 

Diode 
Forward Vollage VF 

Forward Vollage VF 

Reverse Currenl 'R 

Junction 
Capacilance 

Transistor 
Colleclor 10 
EmlHer 
Dark Currenl 

DC Current 
Gain 

Colleclor 10 
EmiHer 
Breakdown 
Voltage 

Colleclor 10 

C 

ICED 

BVCEO 

Base Breakdown BVC80 
Voltage 

EmlHerlo 
Collector 
Breakdown 
Voltage 

Coupled 
Currenl Transler 
Rali02 

Colleclor 
Salurallon 
Voltage 

Isolalion 
Reslslance 

Isolation 
Capacitance 

Rise Tlme3 

Fall Time3 

CTR 
(lcIfF) 

VCE(sat) 

RH 

CH 

Ir 

'I 

1.1 

1.2 

50 

700 

30 60 

70 120 

7 

20 

1011 

0.8 

4 

4 

1.4 V 'F = lOrnA 

1.5 V IF = 50mA 

10 jAlI VR = 5V 

pF V = 0, 
I = 1.0MHz 

50 nA VCE = 10V, 
'F = 0 

Ic = 2mA, 
VCE = 5.0V 

V Ic = lmA, 
18 = 0 

V Ic = 100jAll, 
'E = 0 

V 'E = 100jAll, 
18 = 0 

0/0 'F = lOrnA, 
VCE = 5.0V 

0.3 V 'F = lOrnA, 
Ic =2.0mA. 

0 VIM·OUT = 
1.0kV 

pF V = 0, 
1= 1.0MHz 

Vce = 5.0V, 
ILS Ic = 2mA, 

RL = 1000 

Vcc = 5.0V, 
ILs IC = 2mA, 

RL = 1000 

Notes: 1. Measuring Condilions: DC or AC voltage for 1 min at 
TA = +25'C, RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. CTR rank: K: 80% - 210%, L: 50% - 110%, M: 20%-
70%. 

3. Test circuit lor switching time. 

ttiEC 
Test circuit for switching time 

Pulse Input 0----.., ,------.... Vcc~ 5.0V 

PW ~ 100~s 1 
Duty Cycle = 1110 

IF +"----'" VOUT 

son RL = 100n 

Typical Characteristics 
TA = +25°C 

i s 
c 

I 
Q 

; 
3. 

~ 
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Diode Power Dissipation VI Ambient Temperature 
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"" ..... 
25 50 75 100 125 

Ambient Temperature [OC] 

Transistor Power DlsslpaUon VI Ambient Temperalure 

"" "\ 

" " 1.SmWrC 

~ 

25 50 75 100 125 

Ambient Temperature rOC] 
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NEe 
~pical Characteristics (cont) 
TA= +25°C 

Forward Current vs Forward Voltage 

50 

40 

10 

o 
0.6 

10~ 

IF 0 

V 
TA - 80°C 

50 
V V 25 

Yr. .-/ 
~20 

I 
/11 

J IJ J 
b '/ V 

0.8 1.0 1.2 1.4 

Forward Voltage [V] 

Collector to Emitter Dark Currenl vs Ambient Temperature 

I g 
1.6 

5: 
E 1~ 

Is= 0 
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100n 

E w 
S 
S 10n .l! 
li 

// 
VCE~24~~ V VeE"" 10V 
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// ln I 
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Ambient Temperature [OC) 

Normalized Output Current vs Ambient Temperature 
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.:I 
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~ ~ ..... ~ ~ ~ 

'5 
~ ~ V 

Normalized to 1 ~ ~ 
0 

~ 
§ 0.5 

~ 
TA ~ 25"C 

~ IF = 10mA 
VeE = S.OV 

0 z 

I 
-25 25 50 75 100 

Ambient Temperature I"C} 
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Collector Current vs Collector to Emitter Voltage 
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Forward Current [rnA] 

50 100 

Normalized Output Current va Base Resistance - ~-I-
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/' 
0.5 

o 
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Typical Characteristics (cont) 
TA= +25°C 

Collector Current VI Collector Saturation Vollage 
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IF- 40mA 

:c 
10 S -- - 20mA 
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/ ./ 
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NEe 
NEe Electronics Inc. 

Description 
The PS2002B is an optically coupled isolator containing a 
GaAsP light emitting diode and an NPN silicon 
Darlington-connected photo transistor. 

Package Dimensions 

1A9.25 ± 0.5M (0.364) 
4 "5 6 

",.1 
(<I> 0.39) 

r 

I 2.54 I 
i+(0.1)..J 

0.5 
(0.02) 

Package Dimensions in MIllimeters (Inches) 
83-DO0421A 

Pin Connection 

(Top View) 
1. Anode 
2. Cathode 
3. NC 
4. Emitter 
5. COllector 
6. NC 

83-000385A 

PS2002B 
PHOTO COUPLER 

DARLINGTON TRANSISTOR 
NEPOC SERIES 

Features 
D High-voltage isolation: 2500Voc min 
D High transfer ratio: 100% min 
D Economical, compact, plastic dual in-line package 

Applications 
D ECR 
D Automat 
D Replacement of pulse transformers 
D Replacement of mechanical and reed relays 

5-19 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current, IF 

Power Dissipation, Po 

Transistor 
Collector to EmlHer Voltage, V CEO 

Collector Current, Ic 

Power Dissipation, Po 

Isolation Voltage1, BV 

Storage Temperature, TSlG 

Operating Temperature, TOPT 

7.0V 

50mA 

100mW 

40V 

50mA 

100mW 

2500VOC 

-55'C to +125'C 

-55'C to +100'C 



PS2002B 

Electrical Characteristics 
TA = +25°C 

Limits 

Parameter Symbol Min Typ Max Unit 

Diode 
FOlWard Voltage 

Reverse Currenl 

Junction 
Capacilance 

Transistor 
Colleclor 10 
Emiller 
Dark Currenl 

DC Currenl 
Gain 

Coupled 
Currenl Transler 
Ratio 

Collector 
Saluration 
Voltage 

Isolation 
Resislance 

Isolation 
Capacilance 

Rise Tlme2 

Fall Time2 

VF 

IR 

C 

ICED 

hFE 

CTR 
(lcilF) 

VCE(sat) 

RH 

Cl-2 

I, 

It 

1.9 V 

2.0 IJ.A 

100 pF 

400 nA 

5000 

100 % 

1.2 V 

1011 n 

0.8 pF 

100 IJ.s 

120 IJ.s 

Test 
Conditions 

IF = 5.0mA 

VR = 4.0V 

V = 0, 
1= 1.0MHz 

VCE = 10V, 
IF = 0 

Ic = 4.0mA, 
VCE = 2.0V 

IF = 5.0mA, 
VCE = 2.0V 

IF = 5.0mA, 
Ic =2.0mA 

VIN-OUT = 
1.0kV 

V = 0, 
1= 1.0MHz 

Vee = 5.0V, 
IF = 10mA, 
RL = 100n 

Vec = S.OV, 
IF = 10mA, 
RL = 100n 

Notes: 1. Measuring Conditions: DC or AC voltage fa, 1 min at 
TA = +25°C, RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. Test circuit for switching time. 

Test circuit for switching time 

Pulse Input ~----.., r-....,.::----..,Vcc~ 5V 

1mS] 
PW = 1ms 
Duty Cycle = 1/10 

IF 
-I-.,--~VOUT 

83-00Q4GGA 
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NEe 
Typical Characteristics 
TA = +25°C 

Diode Power Dissipation VI Ambient Temperatur~ 
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Transistor Power Dissipation vs Ambient Temperature 
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~ 

'" 25 50 75 100 125 

Ambient Temperature [OC] 
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~EC 

Typical Chall'actell'isltics (ccnll) 
TA= +25°C 
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,(t- O ........ 
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3 
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Collector Current vs Forward Current 
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/ 
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1/ 
/ 

V 
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V 

V 
V 
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Forward Current [rnA] 
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Colleclor to Emiller Cark Current 'IS Ambient Temperature 

10,000 
IF - 0 
IB~ 0 
VeE = 10V 

1000 / 

~ 
il 
'[ 
~ 
~ 
1 

100 

10 

0.1 
-20 

L 
V 

./ 
V 

V 
/ 

20 40 60 80 

Ambient Temperature lOCI 

Normalized Output Current vs Ambient Temperature 
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Z 0.4 t---t----t-----j 
Normalized to 1.0 at TA == 25°C 

IF=mA, Vee= 2.DV 
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Ambient Temperature [DC] 

Collector Saturation Voltage vs Ambient Temperature 
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3 -
~ 0.6 t---t----t----t--t---t----t----t--t---t----j 

~ 
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" 0.4 t---t----t----t--t---t----t----t--t---t----j 

t----j~~--__+--_+---r----j---1---T---r_---j1 
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Ambient Temperature rOC] 

II 



PS2002B t-IEC 

5-22 



!VEe 
NEC Electronics Inc. 

Description 

The PS20048 is an optically coupled isolator containing 
a GaAs light emitting diode and an NPN silicon Dar­
lington photo transistor in a plastic DIP (Dual In-line 
Package). 

Package Dimensions 

1A9.25 ~ 0.5~ (0.364) 
6 5 4 

<1>.1 
(<I> 0.39) 

~ 

I 2.54 I 
1+(0.1)+1 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

1. Anode 

0.5 
(0.02) 

2. Cathode 
3. Ne 
4. Emitter 
5. Collector 
6. Base 

83-000421A 

83-00Q40QA 

PS2004B 
PHOTO COUPLER 

DARLINGTON TRANSISTOR 
NEPOC SERIES 

Features 

D High-voltage isolation: 2500V min 
D Ultra high transfer ratio: 1300% min 
D High output current: 200mA max 
D Economical, compact, plastic dual in-line package 

Applications 

D Copy machine 
D Replacement for mechanical and reed relays 
D Replacement of pulse transformers 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current, IF 

Power Dissipation, Po 

Transistor 
Collector to Emiller Voltage. VCEO 

. Collector Current. Ic 

Power Dissipation. Po 

Total Power Dissipation. PrOTAL 

Isolation Volta gel, BV 

Isolation Voltagel, BV 

Storage Temperature. TST6 

Operating Temperature. TOPT 

5.0V 

50mA 

100mW 

30V 

200mA 

200mW 

250mW 

2500VOC 

2000VAC (rms) 

-55'C to + 125'C 

-55'C 10 +100'C 

5-23 
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PS2004B 

Electrical Characteristics 
TA = 25°C 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Voltage VF 1.4 V IF = 20mA 

Reverse Current IR 5.0 p.A VR = 4.0V 

Junction 
C 100 pF V = 0, 

Capacitance , = 1.0MHz 

Transistor 
Collector to 

VeE = 10V, Emitter ICED 400 nA 
Dark Current IF = 0 

Coupled 
Current Trans'er CTR 1300 % IF = 5.0mA, 
Ratio (1c;lIF) VeE = 2.0V 

Colleclor 
IF = 5.0mA, Saturation VeE!sat) 1.2 V 

Voltage Ie =2.0mA 

Isolation 
R1-2 1011 n VIN-OUT = 

Resistance 1.0kV 

Isolation 
C1-2 0.8 pF 

V = 0, 
Capacitance , = 1.0MHz 

Vee = 5.0V, 
Rise Time I, 100 p's IF = 5.0mA, 

RL = 100n2 

Vee = 5.0V, 
Fall Time I, 250 p's IF = 5.0mA, 

RL = 100n2 

Notes: 1. Measuring Condilions: DC or AC voltage for 1 min at 
TA = +25°C, RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. Test circuit for switching time. 

5-24 

NEe 
Test circuit for switching time 

Pulse Input ~-----, r---~ Vee == S.ov 

( Pw ~ 1m. \) 
Duty Cycle == 1/10 ) ~ 

IF 

50H 

Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= +25°C 

Forward Current vs Forward Vollage 

Forward Voltage [V] 

Collector to Emitter Dark Current vs Ambient Temperature 

100,000 

10,000 / 
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Normalized Output CUrrent vs Ambient Temperature 
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NEe 
NEG Electronics Inc. 

Description 
The PS20058 is an optically coupled isolator containing a 
GaAsP light emitting diode and an NPN silicon photo 
transistor. 

Package Dimensions 

1;:-9.25" 0.5A1 (0.364) 
6 5 4 

0/>.1 
(q, 0.39) 

r 

I 2.54 I 
hO.1)+! 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

0.5 
(0.02) 

(Top View) 
1. Anode 
2. Cathode 
3. NC 
4. Emitter 
5. Collector 
6. Base 

83-Q00421A 

83-000385A 

PS2005B 
PHOTO COUPLER 

HIGH IMPACT CURRENT 
SINGLE TRANSISTOR 

NEPOC SERIES 

Features 
o High-voltage isolation: 2500V 
o Large forward input (current): 150mA max 
o High transfer ratio: 10% min 
o High speed switching: tr, tf = 5~s typ 
o Economical, compact, dual in-line plastic package 

Applications 
o Telephone/telegraph line receivers 
o Replacement for reed relays 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current, IF 

Power Dissipation, PD 

Transistor 
Collector to Emitter Voltage, VCEO 

Collector Current, Ic 

Power Dissipation, Po 

Total Power Dissipation, PrOTAL 

Isolation Voltage1, BV 

Isolation Voltage1, BV 

Storage Temperature, TSTG 

Dperatlng Temperature, TOPT 

7.0V 

150mA 

200mW 

30V 

50mA 

150mW 

250mW 

2500VDC 

2000V AC (rma) 

5-27 



PS2005B 

Electrical Characteristics 
TA = +25°C 

Umlts 
Test 

Parameter Symbol Min Tvp Max Unit Conditions 

Diode 
Forward Voltage VF 2.0 V IF = 100mA 

Reverse Current IR 5.0 p.A VR = 4.0V 

Junction 
C 250 pF V = 0, 

Capacitance 1= 1.0MHz 

Transistor 
Collector to 

VeE = 10V, Emitter ICED 200 nA 
Dark Current IF = 0 

DC Current 
hFE 400 

Ie = 4.0mA, 
Gain VeE = 5.0V 

Coupled 
Current Transler CTR 10 % IF = 100mA, 
Ratio (lellFI VeE"" 5.0V 

Collector 
IF = 100mA, Saturation VeE(Sat) 0.3 V 

Voltage Ie =4.0mA 

Isolation 
R102 1011 0 VtN-OUT = 

ReSistance 1.0kV 

Isolation 
C.-2 0.8 pF 

V = 0, 
Capacitance 1= 1.0MHz 

Vee = 5.0V, 
Rise Time Ir 5.0 P.s IF = 100mA, 

RL = 10002 

Vee = 5.0V, 
Fall Time t, 5.0 P.s IF = 100mA, 

RL = 10002 

Notes: 1. Measuring Conditions: DC or AC voltage for 1 min at 
TA = +25'C, RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. Test circuit for switching time. 

ttiEC 
Test circuit for switching time 

Pulse Inpul ~---..., 

pw ~ 100~s 1 
Duty Cycle == 1/10 

'F 
50n 

r-----<> Vcc~ 5.0V 

B3-QO0399A 

Typical Characteristics 
TA = +25°C 

Diode Power Dissipation vs Ambient Temperature 
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NEe 
Typical Characteristics (cont) 
TA= +25°C 

Forward Current vs Forward Voltage 
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Collector Currenl vs Collector to Emiller Voltage 
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NEC Electronics Inc. 

Description 

The PS2006B and PS2006B(1) are high speed photo 
couplers containing a GaAsP light emitting diode and a 
p-n photo diode connected to a high speed transistor. 

The CTR are 15%min for PS2006B and 7% min for 
PS2006B(1). 

Package Dimensions 

f 3.5:0.500 4.4 Max (0.138) -
(0.173 Max) -*--

t JL" 2.5 Min I 05 
(0.09: Min) (0.02) 

1
1.2 (0.047) I l 

II ,1· , •• ~o~ 
Package Dimensions in Millimeters (Inches) 

83-o00420A 

Pin Connection 

Output 
PIN Function 

1. NC 

Input 2. Anode 

3. Cathode 

4. NC 

5. Emitter 

Input 
Output 

6. Vo 

7. Base 

8. Vee 

83-00041OA 
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PS2006B/B(1 ) 
HIGH SPEED 

PHOTO COUPLERS 
NEPOC SERIES 

Features 
o High isolation voltage: 3000Voc min 
o High speed response: tpHL, tpLH = 300ns typ 
o Compact, dual in-line plastic package 
o Equivalent to 6N135, 6N136 

Applications 

o Interface circuit for various instruments and 
control equipment 

o Floating power supply feedback networks 
o Computer and peripheral manufacture 
o Pulse transformer 
o High speed digital and analog line receivers 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current, IF 

Power Dissipation, Po 

Detector 
Supply Voltage, Vcc 

Output Voltage, Vo 

Output Current, 10 

Emitter to Base Voltage, VEBO 

Power Dissipation, Po 

Isolation Voltage1, BV 

Storage Temperature, T STG 

Operating Temperature, T OPT 

SV 

2SmA 

4SmW 

-O.SV to + 1SV 

-O.SV to + 1SV 

SmA 

SV 

100mW 

3000VOC 

-S5'C to + 125'C 

+55'C to + 100'C 

II 



PS2006B/B(1 ) 

Electrical Characteristics 
TA = +25°C 

Umits 
Test 

Parameter Symbol Min Typ Max Unit CondHions 

Diade 
Forward Vollage VF 

Reverse Current 'A 

Forward Vollage 
Temperalure 
Coelflcient 

Capacitance 

Detector 

High Level 
Outpul Currenl 

High Level 
Outpul Currenl 

DC Current 
Gain 

CT 

1.43 1.7 

0.01 10 

-1.51 

60 

V 'F = 16mA 

mViOC 'F = 16mA 

pF v = 0, 
1= lMHz 

IF = OmA, 
3 500 nA Vee = 

120 

Vo = 5.5V 

'F = DOmA, 
100 pA Vce = 

Vo = 15V 

Vo = 5V, 
10 = 3mA 

'F = 16mA, 
Coupled 

Current 
Transler Ralio CTR 15/7 22 % Vec = 4.5V 

Vo = D.4V 

Low Level 
OUlpul Voltage 

Low Level 
Supply Current 

High Level 
Supply Current 

Isolallon 
ReSistance 

Isolalion 
Capacllance 

Propagalion 
Delay Time 
10 Low 
Oulput Level 

Propagation 
Delay Time 
10 High 
Oulpul Level 

ICCl 

lecH 

~·2 

0.1 0.4 

50 

0.01 

1012 

0.7 

0.31 0.81 
0.5 1.5 

0.31 0.81 
0.8 1.5 

V 

pF 

",5 

'F = 16mA, 
Vec = 4.5V '0 = 2.4mAI 
1.lmA 

'F = 16mA, 
Vo = Open, 
Vcc = 15V 

'F = OmA, 
Vo = Open, 
Vce = 15V 

V,N.OUT = 
lkV 

V = 0, 
1= lMHz 

'F = 16mA, 
Vec = 5V 
Rl = 1.9k!ll 
4.1kn 

'F = 16mA, 
Vcc = 5V 
Rl = 1.9k!ll 
4.1kn 

Notes: In the "Min", "Typ" and "Max" columns, ligures to the left 
and right of the slash represent values for the PS2006B and 
PS2006B(1), respectively. 

1. Measuring Conditions: DC voltage for 1 min at 
TA = +25°C, RH = 60% between input (pins 1, 2, 3, and 
4 common) and output (pins 5, 6, 7, and 8 common). 

2. Measuring Circuit. 

Measuring circuit 

Pulse Input 

PW = 100,us 
Duty Cycle = 1/10 

IF Monitor 

51ll 

'~~ 
I 
I 
I 
I 

Vo 
i 

5-32 

NEe 

I----.--~ Vee ~ 5V . 

VoMonitor 
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NEe 
Typical Characteristics 
TA = +25°C 

Forward Current vs Forward Voltage 
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Output Current vs Output Voltage 
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PS2006B/B(1 ) 

Typical Characteristics (cont) 
TA= +25°C 

Propagation Delay Time va Load Resistance 

5.0 

3.0 

~ 2.0 

! 1.0 

I 
6 10.5 

£. 0.3 

0.2 

1 o. 1 

/ 
........ / 

'" / 

~ 
IpLH 
~ ..... 

Vee = sv 
IF= 16mA 

........ r- t- ___ IPHL 

10 

Load Resistance [Idl] 

20 
I 

50 

5-34 

600 

500 

~ 
~ 400 
;: 
~ 
& 300 

6 

j200 

100 

o 
-50 

tt.'EC 

Propagation Delay Time va Ambient Temperature 

t> -- ....-
./ 
~ t> -----~ Vee = 5V 

IF= ,6mA 
RL = 1.9kn 

I 
-25 25 50 75 100 

Ambient Temperature [OC] 



NEe 
NEe Electronics Inc. 

Description 
The PS20078 is a high speed photo coupler containing a 
GaAsP light emitting diode and an integrated detector 
consisting of a photo diode and a high gain linear 
amplifier that drives a Schottky clamped·open collector 
output transistor in a plastic DIP (Dual In-line Package). 

Package Dimensions 

3.5 ± 0.5 _ 
4.4 Max (0.13B) 

(0.173 Max) -*--i ·00 2.5 Min 05 

* 'Jt" (0.0. Min) (0.02) 

1
1.2 (0.047) I I 
• ~I.. II.. .. ~o~ 

Package Dimensions In MIllimeters (Inches) 

Pin Connection 

Output 
v. 

Input 

PIN 

Input 

Output 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

B3-00042OA 

Function 

NC 

Anode 

Cathode 

NC 

GND 

Vo 

V. 

Vee 

83·Q00422A 

PS2007B 
HIGH SPEED 

PHOTO COUPLER 
NEPOC SERIES 

Features 
D Ultra high speed: SOns typ 
D High isolation voltage: 3000VDC min 
D Low input current requirement: SmA 
D Economical, compact, plastic dual in-line package 
D TTL compatible: 5V supply 
D Equivalent to 6N137 

Applications 
D Line receivers 
D Floating power supplies 
D Computer and peripheral memory 
D Replacement for mechanical and reed relays 
D Replacement for pulse transformers 

Absolute Maximum Ratings 
TA = +2S'C 

Diode 
Reverse Voltage, VR SV 

Forward Current, IF 10mA 

Detector 
Supply Voltage, Vce 7V 

Output Voltage, Vo 7V 

Output Current, 10 SOmA 

Enable Voltage, Ve S,SV 

Power Dissipation, PD 85mW 

Isolation Voltage, BV1 3000VDC 

Storage Temperature, T STG -5S'C to + l2S'C 

Operating Temperature, TOPT O'C to +70'C 

5-35 
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PS2007B NEe 
Electrical Characteristics Electrical Characteristics (cont) 
T A = 0 to + 70°C TA = +25°C 

Umits Limits 
Test Test 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Diode Coupled 

Forward Vollage VF 1.42 1.7 V IF= 10mA, Current IF = 5mA, 
TA = +25'C Transler Ralio CTR 600 % Vce = 5V, 

VR = 5V, 
RL = 1000 

Reverse Currenl IR 0.01 10 pA 
TA = +25°C Isolalion 

R1-2 1012 0 VIN-OUT = 
Resistance lkV 

Capacitance CT 60 pF 
V = 0, 
1= 1.0MHz Isoiatlon 

Cl-2 0.7 pF 
V = 0, 

Detector Capacitance 1= lMHz 

High Level 
IEH -0.8 mA Vee = 5.5V, Propagation 

Enable Currenl VEH = 2.0V Delay Time 
IpHL2 50 75 ns 

Low Level Vee = 5.5V, 
10 Low IF = 7.5mA, 

Enable Currenl IEL -1.2 -2.0 mA 
VEL = O.SV 

Outpul Level Vee = 5V 

Coupled Progatlon RL = 3500, 

Vee = 5.5V 
Delay Time 

IpLH2 50 75 ns 
CL = 15pF 

10 High High Level 
10H 30 2S0 pA Vo = S.5V, Oulpul Level Oulpul Current IF = 2S0pA 

VE = 2.0V Propagalion 

Vee = S.SV, 
Delay Time 
01 Enable tEHL 15 ns Low Level 

VOL 0.4 0.6 V VE = 2.0V to Low IF = 7.SmA, 
Output Voltage IF = SmA, Outpul Level Vcc = SV 

10 = 13mA RL = 3S00, 

Vcc = S.SV, 
Propagalion VEH = 3V 

Low Level 
ICCL 10 18 mA VE = 2V 

Delay Time CL = lSpF 
Supply Current 

IF = 10mA 
01 Enable tELH 30 ns 
to High 

High Level Vcc = 5.5V, Oulpul Level 

Supply Current ICCH 7 15 mA VE = O.SV Notes: 1. Test Conditions: DC voltage for 1 min at TA = +2SoC, 
IF = OmA RH = 60% between input (pins 1, 2, 3, and 4 common) 

and output (Pins 5, 6, 7, and B common). 

2. Measuring Circuit. 

Measuring circuit 

PW= 1fJ.S 
Duty Cycle = 1/10 

0.01 RL ~ 350n 
MF 

"_I ~ -- (IF :S~~~A) 
In:~ ____ ----- -1-\.._-_(_IF_27_i._~~_mA) 

I I 
I I 

1-""1'""--r--....... vcc ~ SV 

Pulse Input 

sv I I 
I I 

Output I I 
I I 
I -------r -1.5V 

IF Monitor _-,--1 I--+---t-~ Vo Monitor 

: I It-VOL 
I I I I 

--j ~ -I :-
·CL Is approximately 15pF. which Includes probe and stray wiring capacitance. 

tpHL tpLH 

83-oo0411B 
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ftt{EC 
Typical Characteristics 
TA = +25°C 

Forward Current vs Forward Voltage 
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Output Current vs Output Voltage 
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PS2007B 

~pical Charac,eristics (cont) 
TA= + 25°C 
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NEe 
NEe Electronics Inc. 

Description 

The PS2010 is an optically coupled isolator containing a 
GaAs light emitting diode and an NPN silicon photo 
transistor. Compatible with MCT2, H11A1-H11A5 and 
4N25-4N28. 

Package Dimensions 

1;:-9.25 ± 0.5A1 
(0.364) 

4 Ii 6 

",.1 
('" 0.39) 

r 

I 2.54 I 
~(0.1)+I 

Package Dimensions in Millimeters (Inches) 

Pin Connection 

0.5 
(0.02) 

(Top View) 
1. Anode 
2. Cathode 
3. NC 
4. Emitter 
5. Collector 
6. Base 

83-000421A 

83·000385A 
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PS2010 
PHOTO COUPLER 

SINGLE TRANSISTOR 
NEPOC SERIES 

Features 
o High isolation voltage: 2000V AC 
o High transfer ratio: 20% min 
o High speed switching: tr, tf = 4ILs typ 
o Economical, compact, dual in-line plastic package 

Applications 

o Interface circuit for various instruments and 
control equipment 

o Chopper circuits 
o Computer and peripheral manufacture 
o Pulse transformers 
o Data communication equipment 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current (DC), IF 

Power Dissipation, PD 

Peak Forward Current (300JLs, 2% duty cycle), IF (peak) 

Transistor 
Collector to Emitter Voltage, VCEO 

Collector to Base Voltage, VCBO 

Emitter to Collector Voltage, VECO 

Collector Current, Ic 

Power Dissipation, PD 

Isolation Voltage1, BV 

Isolation Voltage1, BV 

Storage Temperature, TSTG 

Operating Temperature, T OPT 

Lead Temperature (Soldering 105) 

Total Power Dissipation, PT 

5.0V 

SOmA 

150mW 

3A 

30V 

70V 

7V 

100mA 

150mW 

25DOVOC 

2000VAC 

-55"C to +150"C 

-55"C to + 100"C 

260"C 

250mW 

II 



PS2010 

Electrical Characteristics 
TA = +25°C 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Voltage VF 1.1 1.4 V IF = 10mA 

Forward Vollage VF 1.2 1.S V IF = SOmA 

Reverse Currenl IR 10 

"'" 
VR = 5V 

Junclion C 50 pF V = 0, 
Capacitance f = 1.0MHz 

Transistor 
Colleclor 10 

VCE = 10V, EmiHer ICED 50 nA 
Dark Currenl IF = 0 

DC Currenl 
hFE 700 Ie = 2mA, 

Gain VeE = 5.0V 

Colleclor 10 
Em iller 

BVeEO 30 60 V Ie = lmA, 
Breakdown la = 0 
Voltage 

Colleclor 10 
Ie = 100",", Base Breakdown BVcao 70 120 V 

Voltage IE = 0 

Emiller 10 
Colleclor 

BVECO 7 V IE = 100",", 
Breakdown la = 0 
Voltage 

Coupled 
Currenl Tra nsler CTR 

20 % 
IF = 10mA, 

Rali02 (leltFI VCE = 5.0V 

Collector 
IF = 10mA, Saluration VCE(sat) 0.3 V 

-Voltage Ie = 2.0mA 

Isolation 
RH 1011 n VIN·OUT = 

Resistance 1.0kV 

Isolation 
C,-2 0.8 pF V = 0, 

Capacilance 1= 1.0MHz 

Rise Time3 IR 4 
Vec = S.OV, 

,"5 Ie = 2mA, 
RL = loon 

Fall Time3 
Vec = 5.0V, 

IF 4 '"s Ie = 2mA, 
RL = loOn 

Notes: 1. Measuring Conditions: DC or AC voltage for 1 min at 
TA = +25°C, RH = 60% between input (pins I, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. eTR rank: K: 80%-210%, L: 50%-110%, M: 20%-70%. 

3. Test circuit for switching time. 

t-iEC 
Test circuit for switching time 

Pulse Input <>-----, ,.-----<> Vee: 5.0V 

pw: l00~. 1 
Duty Cycle:= 1/10 

IF +"-----0 VOUT 

son RL = 10011 

Typical Characteristics 
TA = +25°C 
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NEe 
Typical Characteristics (cont) 
TA= +25°C 

Forward Currenl vs Forward Voltage 
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PS2010 

Colleclor Current vs Collector to Emitter Voltage 
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PS2010 

Typical Characteristics (conti 
TA= +25°C 

Collector Current va Collector SaturaUa" Voltage 
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NEe Electronics Inc. 

Description 

The PS2021 is an optically coupled isolator containing a 
GaAs light emitting diode and an NPN silicon photo 
transistor. 

Package Dimensions 

r;::- 7.2 , 0.5 I 
(0.283) -. 

6 5 4 

I 2.54 I 
hO.l)..J 

(/11 
(,/, 0.039) 

0.5 
(0.02) 

Package Dimensions In Millimeters (Inches) ·Under application for UL 

8a-000557A 

Pin Connection 

(Top View) 
1_ Anode 
2. Cathode 
3. NC 
4. Emitter 
5. Collector 
6. Base 

8a-ODDa85A 

PS2021 
PHOTO COUPLER 

HIGH ISOLATION VOLTAGE 
SINGLE TRANSISTOR 

NEPOC SERIES 

Features 
o Small package: 7.2 x 6.5 x 3.5mm 
o High isolation voltage: 4000V AC rating 
o High transfer ratio: 50% min 
o High speed switching: tr, tj = 3/Ls typ 
o Economical, compact, dual in-line plastic package 

Applications 
o Interface circuit for various instruments and 

control equipment 
o Chopper circuits 
o Computer and peripheral manufacture 
o Pulse transformers 
o Data communication equipment 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VA 5.0V 

Forward Current (DC), IF BOmA 

Power Dissipation, Po 150mW 

Peak Forward Current(300"s, 2% duty cycle), IF (peak) 3A 

Transistor 
Collector to Emitter Voltage, VCEO 40V 

Collector to Base Voltage, VCBO 70V 

Emitter to Collector Voltage, VECO 7V 

Collector Current, Ic 100mA 

Power Dissipation, Po 150mW 

Isotation Voltage1, BV 4000VAC 

Storage Temperature, TSTG -55'C to + 150'C 

Operating Temperature, TOPT -55'C to +100'C 

Lead Temperature (Soldering 10s) 260'C 

Total Power Dissipation, PT 250mW 
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Electrical Characteristics 
TA = +25°C 

Umlts 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Voltage VF 1.1 1.4 V IF = 10mA 

Forward Vollage VF 1.2 1.5 V IF = 50mA 

Reverse Current IR 10 ,.,I< VR = 5V 

Junction 
C 50 pF V = O. 

Capacitance 1= 1.0MHz 

Transistor 
Collector to 

VCE = 10V. Emiller ICED 50 nA 
Dark Current IF = 0 

DC Current 
hFE 700 Ic = 2mA. 

Gain VCE = 5.0V 

Collector to 
Emiller 

BVCEO 40 60 V Ic = lmA. 
Breakdown la = 0 
Voltage 

Collector to 
Ic = 100,.,1<. Base Breakdown BVcao 70 120 V 

Voltage IE = 0 

Emitter to 
Collector 

BVECO 7 9 V IE = 100,.,1<. 
Breakdown la = 0 
Voltage 

Coupled 
Current Transfer CTR 

50 % 
IF = 10mA. 

Ratl02 (ICIlF) VCE = 5.0V 

Collector 
IF = 10mA. Saturation VCE(S.t) 0.3 V 

Voltage Ic = 2.0mA 

Isolation 
RH 1011 n VIN-OUT = 

Resistance 1.0kV 

Isolation 
~-2 0.5 pF V = O. 

Capacitance I = 1.0MHz 

Vcc = 10V. 
Rise TIme3 tr 3 ILS Ic = 2mA. 

RL = lOOn 

Fall Tlme3 tl 3 
Vcc = 10V. 

ILS IC = 2mA. 
RL = lOOn 

Notes: 1. Measuring Conditions: DC or AC voltage for 1 min at 
TA = +25°C. RH = 60% between input (pins 1. 2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. CTR rank: K: 150%-300%, L: 90%-180%, M: 
50%-110%. 

3. Test circuit for switching time. 

NEe 
Test circuit for switching time 

Pulse Input 0----., r-----<> vee = 10V 

PW = 100~. 1 
Duty Cyct. = 1/10 

'F +'----~ VOUT 

SOH 

Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= +25°C 
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Collector Current '18 Collector to Emitter Voltage 

50 

~\ 

40 

:( 
!. 
c 30 

~ a 

I 20 

·u 

10 

40mA~ 

/ ~...!5~ , 
// ...-~ -, 
~ -~ -... , ... 

j V 20mA .. .. 
~ 15mA --I- ... ..... 
Y lOrnA 

IL IF= SmA 

'r o 
o 10 

180 

160 

140 
;:. 
,g 120 

&! 

~ 
100 

$ 80 

E 

~ 60 

u 
0 

20 

100 

80 

~ 
3 
- 60 

~ o 

1 40 

~ 
:'J. 

20 

~ ~~ 
~ 

0.5 

Collector to Emiller Voltage [V] 

Current Transfer Ratio 'IS Forward CUrrent 

Sam~ 

Sample B 

~ 

1/ 
Sample C 

VII' sampl~ 0 

L Vv ~mpi.E 
tz.-
~ 
V 

~}o- ~ 

10 

Forward CUrrent [rnA] 

I 
50 100 

Normallz~d Output CUrrent 'IS Base ResJstance (Typical) 

II J...- JJ Jl 
IF"'" 20mA V V Vee = 5V 

L 
IF=10mA 

V 

1/ 
< 

i 
SDk lOOk 500k 1M x 

Base Resistance [0] 



PS2021 

~plcal Characteristics (cont) 
TA': +25°C 

Collector Current VI Collector Saturation Voltage 
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NEe Electronics Inc. 

Description 

The PS2022 is an optically coupled isolator containing a 
GaAs light emitting diode and an NPN silicon Darlington­
connected photo transistor. 

Package Dimensions 

r;:- 7.2' 0.5 M 
(0.283) 

6 5 4 

ob1 
(ob 0.039) 

~fo~~~ 
Package Dimensions In Millimeters (Inches) *Under application for UL 

83·OQ0557A 

Pin Connection 

1. Anode 
2. Cathode 
3. Ne 
4. Emitter 
5. Collector 
6. Base 

83·000400A 

PS2022 
PHOTO COUPLER 

HIGH ISOLATION VOLTAGE 
DARLINGTON TRANSISTOR 

NEPOC SERIES 

Features 
D Small package: 7.2 x 6.5 x 3.Smm 
D High isolation voltage: 4000V AC rating 
D High transfer ratio: 200% min 
D High speed switching: tr, tf = BOILs typ 
D Economical, compact, dual in-line plastic package 

Applications 
D Interface circuit for various instruments and 

control equipment 
D Chopper circuits 
D Computer and peripheral manufacture 
D Pulse transformers 
D Data communication equipment 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current (DC), IF 

Power Dissipation, PD 

Peak Forward Current (300ILS, 2% duty cycle), IF (peak) 

Transistor 
Collector to EmiHer Voltage, VCEO 

Collector to Base Voltage, VCDO 

EmlHer to Collector Voltage, VECO 

Collector Current, Ic 

Power Dissipation, Po 

Isolation Voltage1, BV 

Storage Temperature, TSTG 

Operating Temperature, TOPT 

Lead Temperature (Soldering 10s) 

Total Power Dissipation, PT 

5.0V 

BOmA 

150mW 

3A 

40V 

40V 

7V 

100mA 

150mW 

4000VAC 

-55°C to + 150°C 

-55°C to +100°C 

260°C 

250mW 
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Electrical Characteristics 
TA = +25°C 

limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Vollage VF 1.1 1.4 V IF = 10mA 

Forward Voltage VF 1.2 1.5 V IF = 50mA 

Reverse Current IA 10 pA VA = 5V 

Junction 
C 50 pF 

V = 0, 
Capacitance 1= 1.0MHz 

Transistor 
Collector to 

VCE = 10V, Emiller ICED 100 nA 
Dark Current IF = 0 

DC Current 
hFE 

Ic = 0.5mA, 
Gain VCE = 5.0V 

Collector to 
Emitter 

BVCEO 40 60 V IC = lmA, 
Breakdown 18 = 0 
Voltage 

Colieclor 10 
Ic = 100pA, Base Breakdown BVeao 40 90 V 

Vollage IE = 0 

Emillerlo 
Coliector 

BVECO 9 V 
IE = 100pA, 

Breakdown la = 0 
Vollage 

Coupled 
Currenl Transler CTR 

200 % 
IF = 10mA, 

Ratl02 (lc/lF) VCE = 5.0V 

Coliector IF = 5mA, 
Saturalion VCE(sat) 1.0 V Ic =2.0mA Vollage 

Isolation 
RH 1011 n VtN·OUT = 

Resistance 1.0kV 

Isolation 
CI-2 0.5 pF V = 0, 

Capacitance 1= 1.0MHz 

VCC = 10V, 
Rise Time3 IA 80 I-'s IC = 50mA, 

RL = lOOn 

VCC = 10V, 
Fall Tlme3 IF 80 1-'5 Ic = 50mA, 

RL = lOOn 

Notes: 1. Measuring Conditions: DC or AC voltage lor 1 min at 
TA = +25°C, RH = 60% between input (pins 1,2, and 3 
common) and output (pins 4, 5, and 6 common). 

2. CTR rank: K: - 900%, L: - 500%, M: - 200%. 

3. Test circuit lor switching time. 

NEe 
Test circuit for switching time 

Pulse Input ~---, r----OOvcc ~ 10V 

PW~1m. 1 
Duty Cycle ~ 1110 

IF +"-----0 VOUT 

50n 

Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= +25°C 

Forward Current vs Forward Voltage 
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Collector Current vs Collector to Emitter Voltage 
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Typical Characteristics (cont) 
TA= +25DC 

Normalized Output Cunent vs Base Resistance (Typical) 
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NEe Electronics Inc. 

Description 
The PS2401A-1, -2, -3, and -4 series are optically 
coupled isolators containing a GaAs light emitting diode 
and an NPN silicon photo transistor. Each is mounted in a 
dual in-line package. 

Features 
D Small package size 
D Isolated channels 
D High isolation voltage: 5000V AC rating 
D High transfer .ratio: 300 % typ 
D High speed switching: tr, tf = 3p.s typ 
D Lowcost 

Package Dimensions 

PS2401 A-1/-2/-3/-4 
MULTICHANNEL PHOTO COUPLER 

HIGH ISOLATION VOLTAGE 
SINGLE TRANSISTORS 

NEPOC SERIES 

Applications 
D Interface circuit for various instrumentations, 

control equipment 
D AC line digital logic: isolate high voltage transients 
o Digital logic: eliminate spurious ground loops 
D Twisted pair line receiver: eliminate ground 

loop pick-up 
D Telephone/telegraph line receiver: isolate high 

voltage transients 
D High frequency power supply: feedback control, 

maintain floating ground 
D Relay contact monitor: isolate floating grounds 

and transients 
D Power supply monitor: isolate transients and 

ground systems 

PS2401A-1 4 3 PS2401A-3 12 11 10 9 8 7 

PS2401A·2 

7.6 
(0.299) 

6.5 
9.62 3.5 (0 256) 

1--(0.379)-+1<0.138) ~ 

.LMl,fi 
(0.098 Min) 

00 
1 2 

1. Anode 
2. Cathode 
3. Emitter 
4. Collector 

83..(JOO529A 

S 7 6 5 

D 
1 2 3 4 

1.3. Anode 
2. 4. Cathode 
5.1. Emitter 
6. 8. collector 

B3·000S31A 

~ 7.6 
~ (0.299) 

14.7 3.5 0 ~;6 
\+---(0.579)----1 (0.138) B 

.lrtT1R 
(0.098 Min) 

PS2401A-4 

c::::::] 
19.78 3.5 

1+----(0.779)--+\ (0.138) 

.LWJPWl 
(0.098 Min) 
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7.6 
(0.299) 

6.5 

IlO•256!1 

R 

m 
1 2 3 4 5 6 

1. 3. 5, Anode 
2. 4. 6. Cathode 
7. 9.11. Emitter 
8. 10. 12. Collector 

8a-00053OA 

16 15 14 13 12 11 10 9 

IAAAAI 
12345678 

1. 3. 5. 7. Anode 
2. 4. 6. 8. Cathode 
9. 11. 13. 15. Emitter 

10. 12. 14. 16. Collector 
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PS2401 A.1/.2/·3/·4 ~EC 

Absolute Maximum Ratings Electrical Characteristics 
TA = +25°C TA = +25°C 

Diode Uml!s 
Reverse Voltage, Vn 6.0V Test 

Parameter Symbol Min Tvp Max Unit Conditions 
Forward Current (DC), IF 80mA 

Diode 
Power Dissipation, Po 150mW Forward Voltage VF 1.1 1.4 V IF = 10mA 
Peak Forward Current (300p.s, 2% duty cycle), IF (poak) 3A Reverse Current In 5 p.A Vn = 5V 

Transistor Junction V = 0, 
Collector to Emitter Voltage, VCEO 40V Capacitance C 50 pF 

1= 1.0MHz 
Emitter to Collector Voltage, VECO 7V Transistor 
Collector Current, Ic 100mA Collector to 

VCE = 10V, Emitter ICED 50 nA 
Power Dissipation, Po 150mW Dark Current IF = 0 

Isolation Vollage1, BV 5000VAC Collector to 
Storage Temperature, TSTG -55°C to + 150°C Emitter ICED 100 nA VCE = 40V, 

Dark Current IF = 0 
Operating Temperature, TOPT - 55°C to + 100°C 

Collector to 
lead Temperature (Soldering 105), TSOL 260°C Emitter IC = lmA, 

BVCEO 40 60 V 
Total Power DiSSipation, I't 250mW Breakdown Is = 0 

Notes: 1. Measuring Conditions: AC voltage for 1 min at TA = 
Voltage 

+25°C, RH = 60%. Emitter to 
Collector 

BVECO 7 9 V 
IE = 100p.A, 

2. CTR rank: (PS2401A-l only) K: 300% to 600%, L: 200% Breakdown Is = 0 
to 400%, M: 80% to 240%. Voltage 

3. Test circuit for switching time. Coupled 
Current Transler CTR 80 600 % IF = 10mA, 
Ratl02 (IC/IF) VCE = 5.0V 

Test circuit for switching time Collector 
IF = 10mA, Saluratlon .VCE(sat) 0.3 V 
Ic = 2.0mA Voltage 

Isolation 
Rl-2 1011 n VIN-OUT = 

Pulse Input Vee ReSistance l.OkV 

Isolation 
Cl-2 0.5 pF 

V = 0, 
pw ~ 100~. 1 Capacitance 1= 1.0MHz 
Du1y Cycle ~ 1/10 

VOUT 
VCC = 10V, 

IF Rise Time3 tr 3 p.S IC = 2mA, 
RL :::= 100Il RL = lOOn 

VCC = 10V, 
Fall Tlme3 tf 3 P.s IC = 2mA, 

83-OO0S33A RL = lOOn 
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Typical Characteristics 
TA = +25°C 
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~plcal Characteristics (cont) 
TA= + 25°C 

Nonnallzed Output Current VI Ambient Temperature 
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NEe Electronics Inc. 

Description 
The PS3001 and PS3002 are optically coupled isolators 
containing a GaAs infrared emitting diode and .a PNPN 
silicon photo SCR. 

Package Dimensions 

1A9.25 = 0.5M (0.364) 
6 5 4 

<1>.1 
(<I> 0.39) 

~ 

I 2.54 I 
hO.1)+i 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

0.5 
(0.02) 

(Top View) 

1. Anode 
2. Cathode 
3. NC 
4. Cathode 
5. Anode 
6. Gate 

83-000421A 

83-o00556A 

PS3001/2 
SCR PHOTO COUPLERS 

NEPOC SERIES 

Features 
D High voltage isolation: 2000V AC min 
D Low turn-on current: 12mA max 
D Plastic dual-in-line package 
D High-speed switching 
D Economical, compact 

Applications 
D Interface circuit for various instruments and 

control equipment ' 
D Replacement for reed relays 

5-55 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current (DC), IF 

Peak Forward Currenl, IFP 

Power Dlssipallon, Po 

5CR 
Peak Oil and Reverse Vollage, VORM, VRRM 

Peak Oil and Reverse Voltage, VORM' VRRM 

Direct On-Site Current, IT 

Peak Pulse Currentl, ITP 

Peak Surge on Currenl, IrSM 

Power Dissipalion, Po 

Isolallon Vollage2, BV 

Siorage Temperalure, TSTG 

Operating Temperalure, TOPT 

Lead Soldering Time (aI260°C) 

6V 

SOmA 

3A 

100mW 

PS30D1200V 

PS3002400V 

300mA 

3A 

3A 

350mW 

2500VOC 

-55°C 10 +125°C 

-55°C 10 + 100°C 

10s 

II 



PS3001/2 

Electrical Characteristics 
TA = +25°C 

Umits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Vollage 

Reverse Currenl 

Juncllan 
Capacilance 

1.1 

Cr 50 

1.4 v IF = 20mA 

10 

p' 
v = 0, ,= 1.0MHz 

Turn-on test circuit 

Pulse Input ~---, 

pw ~ 100". 1 
Duty Cycle = 1/10 

IF 

son 

0-----0 VD = 6V 

UVIl\o1I-----o YOUT 
27kn 

RL = 100n 

PhotoSeR 
Peak Oft-State VORM = Rated. 
Current IORM 10 pA RGK = 27Kn 

83·QOO55BA 

----------------- TA = +100°C 
Reverse Current IRRM 

On State 
Vollage 

Holding 
Current 

Rate 0' Rise 0' Forward 
Blocking 
Voltage 

Coupled 
Turn on 
Current 

Isolation 
Breakdown 
Vollage 

Isolation 
Resistance 

Isolation 
Capacitance 

Turn-on 
Tlme3 

dVidt 0.5 

1FT 

2500 

1011 

tON 

0.2 

1.0 

5 

0.8 

10 

10 

1.3 

12 

pA 

v 

mA 

IT = 300mA 

RGK = 27kn, 
Va = 24V 

VORM = Rated 
VI I'f' RGK = 27kn, 

TA = +100°C 

mA 

Voe 

n 

pF 

Va = 6V, 
RGK = 27kn 

DC/1 min 

VIN-OUT = 
1.0kV 

V = 0, 
, = 1.0MHz 

1FT = 50mA, 
Va = 6V 
RGK = 27kn, 
RL = lOon 

Notes: 1. Pulse width = 100,.,s, repetition frequency = 100Hz. 

2. Measuring Conditions: DC voltage for 1 minute at 
TA = +25°C; RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

3. Turn-on time test circuit. 

Typical Characteristics 
TA= +25°C 

Forward Current VI Ambient Temperature 
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NEe 
Typical Characteristics (cont) 
TA= + 25°C 

Peak Olf-Slate Current vs Ambient Temperature 
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PS3001/2 

Tum-On Current vs Ambient Temperature 
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NEe 
NEe Electronics Inc. 

Description 
The PS3001(1) and PS3002(1) are optically coupled 
isolators containing a GaAs infrared emitting diode and a 
PNPN silicon photo SCA. 

Package Dimensions 

r;:-9.25 ± 0.5A1 (0.384) 
6 5 4 

4>.1 
(4) 0.39) 

r 

0.5 
~"'r--(0.02) 

I 2.54 I 
1+(0.1)'" 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

(TopYlew) 

1. Anode 
2. Cathode 
3. NC 
4. Cathode 
5. Anode 
6. Gate 

83-000421A 

83.()OO556A 

PS3001(1)/2(1) 
seR PHOTO COUPLERS 

NEPOC SERIES 

Features 
o High voltage isolation: 2500V AC min 
o Low turn-on current: 12mA max 
o Plastic dual in-line package 
o High-speed switching 
o Economical, compact 

Applications 
o Interface circuits for various instruments and 

control equipment 

5-59 

o Replacement for reed relays 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current (DC), IF 

Peak Forward Current, IFP 

Power Dlsslpallon, Po 

SCR 
Peak Off and Reverse Voltage, VORM' VRRM 

Peak Off and Reverse Voltage, VDRM, VRRM 

Direct On-Slale Current, II 

Peak Pulse Current1, lIP 

Peak Surge on Current, IISM 

Power Dlsslpallon, Po 

Isolallon Voltage2, BV 

Storage Temperature, TSla 

Operaling Temperalure, TOPT 

Lead Soldering Time (aI260'C) 

6V 

BOmA 

3A 

100mW 

PS3001(1) 200V 

PS3002(1) 400V 

300mA 

3A 

3A 

350mW 

2500VAC 

-55'C 10 + 125'C 

- 55'C 10 + 100'C 

lOS 

II 



PS3001 (1 )/2(1) 

Electrical Characteristics 
TA = +25°C 

Umlts 

Parameters Symbol Min Typ Max Unit 

Diode 
Forward Voltage Vp 

Reverse Current IH 

Junction 
Capacitance CT 

1., 

50 

1.4 V 

10 pA 

pF 

Test 
Conditions 

IF" 20mA 

VR = 6V 

V = 0, 
1= 1.0MHz 

Pboto 5CR 
Peak On-State 
Current IOHM 10 

VORM = rated 
pA RGK = 27kO 

---------------- TA = +100'C 
Reverse Current IRRM 10 pA 

On State 
Voltage 

Holding 
Current 

1.3 

0.2 

V 

rnA 

IT = 300ma 

RGK = 27kO, 
Vo = 24V 

Rate 01 Rise 
01 Forward 
Blocking 
Voltage 

dVidt 0.5 1.0 VI pJl 
VORM = Rated 
RGK = 27kO, 
TA = +100'C 

Coupled 
Tum on 
Current 

Isolation 
Breakdown 
Voltage 

Isolation 
Resistance 

Isolation 
Capacitance 

Turn On 
Tlme3 

1FT 

V'_2 

R,-2 

C,-2 

tON 

5 

2500 

10" 

0.8 

10 

12 mA Vo = 6V, 
RGK = 27kO 

Vue OCI1 min 

0 VIN-OUT = 
tOkV 

V = 0, pF 1= tOMHz 

1FT = 50mA, 

p,s Vo = 6V 
ROK = 27kO, 
RL = 1000 

Notes: 1. Pulse width = 100p,s, repetition Irequency = 100Hz. 

2. Measuring Conditions: DC voltage for 1 min at 
TA = +25'C; RH = 60% between input (pins 1, 2, and 3 
common) and output (pins 4, 5, and 6 common). 

3. Turn-on time test circuit. 

Turn-on test circuit 

Pulse Input 0--__ -, 

PW = 100p.S 1 
DUty Cycle ~ lNO 

son 

0----0 Yo "" 6V 

..... MI----... VOUT 
27kll 

Rl =10on 

83-000558A 

·5-60 

NEe 
Typical Characteristics 
TA = +25°C 

Forward Current VI Ambient Temperature 
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NEe 
~pical Characteristics (cont) 
TA= +25°C 

Turn-On Current YS Ambient Temperature 
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0.5 
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PS3001 (1 )/2(1) 
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Section 6 - Photo Interrupters 
PS4001, PS4003, PS4005, PS4007, PS4009, PS4010, PS4011 Photo Interrupters ......... 6-3 
PS400B Photo Interrupter ............................................................ 6-9 
PS4014 Photo Interrupter ........................................................... 6-11 
PS6001A Photo Reflective Sensor ................................................... 6-13 
Optoelectronics Applications Note Photo Interrupter .................................... 6-17 

6-2 



fttfEC 
NEe Electronics Inc. 

Description 

The PS4001, PS4003, PS4005, PS4007, and PS4009 are 
photo coupled interrupter modules containing a GaAs 
light emitting diode and an NPN silicon Darlington 
connected photo transistor. 

Pin Connection 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Current, IF 

Power Dissipation, Po 

Transistor 
Collector to Emitter Voltage, VeEo 

Collector Current, Ie 

Power Dissipation, Po 

Storage Temperature, T STG 

Operating Temperature, TOPT 

1. Anode 
2. Cathode 
3. EmiHer 
4. Collector 

83-000539A 

5.0V 

50mA 

100mW 

30V 

50mA 

100mW 

6-3 

PS4001/3/ 5/7/9/10/11 
PHOTO INTERRUPTERS 

NEPOC SERIES 

Electrical Characteristics 
TA = +25°C 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Diode 
Forward Voltage VF 1.1 1.4 V IF; 20mA 

Reverse Current IR 20 p.A VR ; 4.0V 

Junction C 100 pF 
V; 0, 

Capacitance I; 1.OMHz 

Transistor 
Collector to VeE; lOY, 
Emitter ICED 400 nA 
Dark Current 

IF; 0 

Coupled 
Current Transler CTR 201 % 

IF; 10mA, 
Ratio (Ie/IF) VeE; 2.0V 

Collector IF; 10mA, 
Saturation VeE(sat) 1.2 V 
Voltage 

Ie ;0.5mA 

Vee; 5.0V, 
Rise Time tr 200 P.s Ie; 2.0mA, 

RL ; 10002 

Vee; 5.0V, 
Fall Time t, 200 p's Ie; 2.0mA, 

RL; 10002 

Notes: 1. PS4003: 15% min., others: 20% min. 

2. Test circuit lor switching time. 

Test circuit for switching time 

r---" ,..-------, 
Pulse Inpul I I I I Vee 0: SV 

I I I I 

~ 
I I I I 
I I I 

I I I-I 
I I-I I 
I I I I 
I L_...I I 

VOUT I I L.. ___________ ....I 

5011 (pW~lm' ) RL = 100Il 

duty cycle = 1/10 

83-QOQ540A 

II 



PS4001/3/5/7/9/10/11 

Package Dimensions 

PS4005 
~ 3.2 

(+0.126) 

-++ 
I:: :1 I},'ol ~ 1==r(0~:4) 

E 1'~Jj 4.2 
(0.165) 

12.5 
(0.492) 

15.7 (0.618) . 

18.5 (0.728) 

t J. 10.0 
.7.2 . (0.394) 

~ (0.138) 

10.0 Min 
. (0.394 Min) 

~ 

2.6 
(0.102) 

83-0D0541A 

2.6 
(0.102) 

83-000543A 

6-4 

PS4003 
~ 3.2 ~ 3.2 

(~0.126) (~0.126) 

-r--r- -r--r-

I~ 1::;11:::1 f [](062~4) 
lb;' L~~;JJ:~~ I l-'= 19.0 (0.748).:=J 

24.5 (0.964) . 

PS4007 

3.5 
(0.138) 

2.8 
(0.11) 

2.6 
(0.102) 

t-{EC 

B3-00D542A 

{ 
3.5 

(0.136) 

83-o00544A 



NEe 
Package Dimensions (cont) 

PS4D09 

PS4011 

3.2 
(0.126) 

.. 3.5 
(0.138) 

! --1 8.1 10.9 

L-..,.,,-.-..... --....I(:.f~::·r (O'r 
8.9 Min 

00.45 (0.350 Min) 
(00.018) ! 

3 (0118)-o!----lo-- C 1 (C 0.039) 

. I V---rf 
12.5 

(0.492) 

I 

2.6 
(0.102) 

6-5 

PS4010 

PS4001/3/5/7/9/10/11 

I 
6.2 

(0.244) 

+ 

Package Dimensions In Millimeters (Inches) 

7.2 (0.384) 

'-rr-t--'rr-"~ 
00.45 100 MI 

(0 0.018) (0.39 MI~) 

6.5 
(0.256) 

L 
2.6 

(0.102) 



PS4001/3/5/7/9/10/11 

C' .:. 
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il 
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S 
li 
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Typical Characteristics 
TA = +25·C 

FOlWan:l Current v. Forward Voltage 

3or-------,--------r----,--y-,rT--~W_----__, 

25r_------~-------r--~f-~~~--r_r_----__; 

i 20 f-------t-------t­

! 15f-----~------_+--~~~~-+.r+_----~ 
'I! 

J 10r------r----~~~~~-7~-+----~ 

I ~L.S-------0~.9--~~~~~~~1--------L------~1.3 

100,000 

10,000 

1000 

1! 
~ 
il .. 
& . 
0 ... 

t . z 

100 

10 

1 
-20 

2.0 

1.0 

o 
-20 

--

Forward V.llage [V] 

Collector to Emitter Dark Current VI Ambient Temperature 

1,= 0 / Vce= 10V 

/ 
/ 

V 

V 
/ I 

20 40 60 SO 

Ambient Temperature rOC] 

Normalized Output Current VI Ambient Temperature 

Nonnallzed 10 1.0 r----alTA 0:: 25°C 
IF=10mA r----VeE::: 2.0V --V f-'" 

-V 
...... --V 

20 40 60 80 

Ambient Temperature rOC] 
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NEe 

Collector Current V!I Collector to Emmer Voltage 

~mA l,....- f-""" --- IiSmA 

I,....---- i.--
:,umA 

...-

I, m" 

./ 

Collector to Emltler Voltage [V] 

Collector Current VI Forward Current 

/ Vee = 2.DV 

/ 

/ 
/ 

/ 
/ 

/ 
./ I 

10 20 30 

FOlWsrd Current [rnA] 

Collector CUrrent VI Colleclor Saturatton Voltage 

3OmA-......- I 
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/,L~ 

/h ~ IF= SmA 

/.W / 

//J '/ I 
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Collector Saturation Voltage [V] 



ftlEC 
Typical Characteristics (cont) 
TA= +25°C 

Output Voltage VI Forward Current 

6.0 r------r-----r---"""T"""-~....,.~,,_-___, 

5.0 i-=:"""'==i----t----j 

I:s~~~~~~~ RL = 10kU ~ 

°0~---~---1~0----I~S---~20~--~25 

Forward Current [mAl 

Typical Applications 

Vee (5V - 12V)o--~--------, 

r--l r---, 1 i ll I I Ic=0.5-SmA 

1_= 10-20mA I L..J I 
L ________ ..J 

+---_Oulpul 

(2SOO) (8kU) 

83-00055SA 
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PS4001/3/5/7/9/10/11 
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t-{EC 
NEC Electronics Inc. 

Description 
The PS4008 is a photo coupled interrupter module con­
taining a GaAs light emitting diode and an NPN silicon 
photo transistor. 

Package Dimensions 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

(Top View) 

t 
6.2 

(0.244) 

+ 

t 
10.0 Min 

(0.394 Min) 

1 I 
I 

2.6 
(0.102) 

8a-000564A 

1----, r----~3 

r- -, r---, 
i :~ I : 
I 'L ___ .J I 
L_ .:.. _______ ...-1 

1. Anode 
2. Cathode 
3. Emitter 
4. Collector 

2_---' '----~4 

83-0011BSA 
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PS4008 
PHOTO INTERRUPTER 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Diode 
Reverse Voltage, VR 

Forward Currenl, IF 

Power Dlsslpalion, Po 

Transistor 
Colleclor 10 Emitter Vollage, VeEO 

Colleclor Currenl, Ie 

Power Dlsslpalion, Po 

Siorage Temperalure, TSTG 

Dperaling Temperalure, TOPT 

Electrical Characteristics 
TA = +25°C 

Parameter 

Diode 
Forward Voltage 

Reverse Currenl 

Junction 
Capacitance 

Transistor 
Colleclor 10 
Emitter 
Dark Currenl 

Coupled 
Dulpul 
Currenl 

Colleclor 
Saluration 
Voltage 

Rise Time 

Fall Time 

Symbol 

VF 

IR 

C 

leEO 

Ie 

VeE(sat) 

Ir 

It 

LImits 

Min Trp 

1.1 

100 

50 200 

5 

S 

Notes: 1. Test circuit for switching time. 

Max 

1.4 

20 

100 

0.3 

5.0V 

SOmA 

100mW 

30V 

40mA 

100mW 

Test 
Unit Conditions 

V IF = 20mA 

/LA VR = 4.0V 

pF 
V = 0, 
f = 1.0MHz 

nA VeE = 10V, 
IF = 0 

J.tA 
IF = 10mA, 
VeE = 2.0V 

V IF = 10mA, 
Ie =50J.tA 

Vee = S.OV, 
/LS Ie = SOJ.tA 

RL = 10001 

Vee = 5.0V, 
/LS Ie = 50J.tA 

RL = 10001 

Pulse Input 0---- r----~ Vee ~ 5V 

PW = 1ms 

Duty Cycle ~ 1/10 r- -'"] r- - h 11 I/'" I I 
IF I I L--.. I I I L ____ J. I 

L ___________ ...-1 

+----VOUT 

son 

83-000565A 

-

II 



PS4008 

Typical Characteristics 
TA = +25°C 

Maximum Forward Current vs Ambient Temperature 
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NEC Electronics Inc. 

Description 

The PS4014 is a photo coupled interrupter module 
containing a GaAs light emitting diode and an NPN silicon 
photo transistor. 

Package Dimensions 

Package Dimensions in Millimeters (Inches) 

Pin Connection 

(Top View) 

~ 3.2 
(~ 0.126) 

t 
6.2 

(0.244) 

* 

2.6 
(0.102) 

8S-000564A 

10---.., r---~3 

r----, r--, 
I I~ I I 
I I~I I I L ___ --1 I 
L _________ ....J 

1. Anode 
2. Cathode 
3. Emitter 
4. Collector 

2o-__ ...J 
'----~4 
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PS4014 
PHOTO INTERRUPTER 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25CC 

Diode 
Reverse Voltage, VR 

Forward Currenl, IF 

Power Dissipation, Po 

Transistor 
Collector to Emitter Voltage, VeEO 

Collector Current, Ie 

Power Dissipation, Po 

Siorage Temperalure, TSTG 

Operaling Temperature, TOPT 

Electrical Characteristics 
TA = +25C C 

Parameter 

Diode 
Forward Voltage 

Reverse Current 

Junction 
Capacitance 

Transistor 
Colleclor 10 
Emitter 
Dark Current 

Coupled 
Output 
Current 

Collector 
Saluratlon 
Voltage 

Rise Time 

Fall Time 

Symbol 

VF 

IR 

C 

ICED 

Ie 

VeE(sat) 

Ir 

I, 

limits 

Min Typ Max 

1.1 1.4 

20 

100 

100 

200 500 

0.3 

5 

5 

5.0V 

50mA 

100mW 

30V 

40mA 

100mW 

- 40'C to + 100'C 

-20'C 10 +80'C 

Test 
Unit Conditions 

V IF ~ 20mA 

",A VR ~ 4.0V 

pF 
V ~ 0, 
f ~ 1.0MHz 

nA 
VeE ~ 10V, 
IF ~ 0 

J.tA 
IF ~ 20mA, 
VeE ~ 5.0V 

V 
IF ~ 10mA, 
Ie ~50J.tA 

Vee ~ 5.0V, 

"'s Ie ~ 50J.tA 
RL ~ lOOn 

Vee ~ 5.0V, 

"'s Ie ~ 50J.tA 
RL ~ lOOn 

Note: 1. Test circuit for switching time 

6-11 

Pulse Input 0--­

PW = 1ms 

r---~ vee ~ 5V 

Duty Cycle ~ 1/16 r- --, r- _ -, 

1L ___ l~-~~ ___ J 
+-----VOUT 
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Typical Characteristics 
TA = +25°C 
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NEe Electronics Inc. 

Description 
The PS6001A is a photo reflective sensor containing a 
GaAs light emitting diode and an NPN silicon photo 
transistor. 

Package Dimensions 

T 
6 

(0.236) 

1,----'1-++-----' 
10 ± 0.2 
( 394) o. 

+n' ) 
.... ... 

Pin Connection 

CD 

" 

" ® 

I 

BAS 
(0.333) 

f 

::!L 3.55 
(0.140) 

12.5 6 ± 
(0.098) (0.23 

0.2 
6) 

. 1 <D Anode \ 

® C81hode fLED 

® cOllectorl 
@ EmItter Photo Tr 

83·000571A 

® 

0 

83·000572A 

PS6001A 
PHOTO REFLECTIVE 

SENSOR 
NEPOC SERIES 

Absolute Maximum Ratings 
. TA= +25°C 
Diode 
Reverse Voltage, Vn 

Forward CUrrent, IF 

Power Dissipation, Po 

Transistor 
Collector to Emitter Voltage, VeEO 

Collector Current, Ie 

Power Dissipation, Po 

Junction Temperature, TJ 

Storage Temperature, TSTG 

Electrical Characteristics 
TA = +25°C 

Parameters 

Forward Voltage 

Reverse Current 

Peak EmiSSion 
Wavelength 

Collector 
Saturation 
Voltage 

Output Leak 
CUrrent 

Output Current 

Umlts 

Symbol Min l'yp Max 

1.2 1.4 

50 

APEAK 940 

0.3 

1.0 

Ie 100 200 

3V 

50mA 

75mW 

30V 

40mA 

100mW 

80·C 

-30·C to +80·C 

Test 
Unit Conditions 

V IF = 30mA 

pA Vn = 3V 

nm IF = 30mA 

V Ie = 20pA 

IF = 30mA, 
pA VeE = 5V, 

L = OIx 

pA Note 1 

Note 1: Test circuit for switching time. 

5V }lPS6001A " ----- -, 
I \ 
\ I 

, l~O: - - - /I'A Meter 

~ 
Speculum J ~ 2.5mm 

77// Met., 7 7 
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PS6001A 

Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= +25°C 

Collector Dark Current vs Ambient Temperature 

500 
VeE 10V 

/ 

100 
/ 

¢ 
.§. 50 

I ./ 
0 

10 
~ 
0 

0 

~ / .. 
0 / 

0.5 

20 40 60 80 100 

Ambient Temperature [OC] 

Transfer Characteristics 

500 

VeE = 5V 
I =2.Smm 

400 (speculum) 

C 
.:, 

~ 
300 

0 

/ 

.. ,,..'''' 
/'" 

0 

) 200 .. 
./ 

V 
u 

100 ./ V 

V 

---
V 

o I 
'-o 10 20 30 40 50 

Forward Current [rnA] 

6-15 

100 

80 

i1:. 
~ 60 

f 
II: 

j 40 

I! 

20 

0 

/ 
/ 

V 

/ 
L 

PS6001A 

Spectral Response 

/ '\ 
/ \. 

\ 
/ ~ 

\ 

\ 

" " 10 11 

Wavelength (X 102nm] 

Trans'er RaUo YB Distance Between Reflection and Device 

~ 

S 
'5 
S-o 
0 

= i 

100 

80 

60 

40 

20 I 
/, 

" o 
o 

I 
I 

1 
II 

-

/ \ Vc.= 5V 

\ IF= 30mA 

\ 
/' Metal (speculum) 

"< 
\ 

"-
./' Paper (white) ..... r-.... 

I -' ....... 

I 

Distance from Reflective Surface [mm] 



PS6001A t-iEC 

6-16 



NEe 
NEe Electronics Inc. 

This application note is written for the designer of 
non-contact detector systems using photo interrupters, 
to choose the appropriate photo emitting and photo 
detecting elements. 

1. Photo Emitter and Detector 

The two photo emitters to be discussed in this note are 
the NEC SE304 (Infrared LED) and the SR110 (Red 
LED). The two photo detectors to be discussed are the 
NEC PH103 (Darlington Photo Transistor) and the 
PH104 (Photo Transistor). Other devices in these 
categories are available, but their use as photo detector 
elements is not recommended. . 

One of the most important electrical characteristics of 
photo interrupter devices is the efficiency of photo 
energy transfer from the emitterto the detector. Current 
Transfer Ratio (CTR) is generally' measured at some 
given distance. In the graph of Figures 1 and 2 the 
distance from emitter to detector is 4.2mm (which 
matches that of the PS4001 photo interrupter device), 
using the SE304 Infrared LED and the SR110 Red LED 
as emitters and the PH103 and PH104 Phototransistors 
as detectors, respectively. 

~~--------~--------~,-----------, 
Vee = 2V 

20~---------+-----------r~'-----~ 

1or---------~~~------_r--~----~ 

°0~~~~---1~0--------~-20L---------~30 

IF [mA] 

(SE304 or SR110) (PH103) 

83'OOQ576A 

FIgure 1. CTR with the PH103 as a Photo Detector 

OPTOELECTRONICS 
APPLICATIONS NOTE 

PHOTO INTERRUPTER 

Infrared LEOs are more efficient as emitters, and 
NEC recommends the SE304 in combination with 
either the PH103 or PH104 in the majority of appli­
cations. All photo interrupters produced by NEC 
are designed by using one of these combinations 
because of their superior efficiency, stability, and 
operating characteristics. 

400 r-----------r-----'------,-----------, 
Vee = 2V 

300 f-----------+------------+-----------I 

;; 
~ 200~--------_+----------_r~------~ 
2 

100 1-----------+--,..,.-£---------+----------::::=--1 

O~~====--~--------~--------~ o 10 

1 4.2 , (0.165) 

r----

K 
IF! lie 

(SE304 or SR110) (PH104) 

83·000578A 

Figure 2. CTR with the PH104 as a Photo Detector 

2. Light Receiving Characteristics 
of Photo Transistors 

The shape and material used in manufacturing photo 
interrupters are major design considerations. The 
primary consideration is the relationship of output 
current of the photo transistor t6 the proportion of the 
sensitive area being masked. Figure 3 illustrates the 
characteristic curve of the PH103 with the surface views 
and schematic. As shown, just a 0.3mm displace­
ment of the interrupter with respect to the d~tector die 
will shift the output level from99% (A) to 10% (C). 

6-17 



OPTOELECTRONICS 
APPLICATIONS NOTE 
PHOTO INTERRUPTER 
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A " Board 

\ 
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c 
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-0.5 

x (mml 

r a2 
I , 

Black Boardrntl8se Area at Q1 

L ~Skelch of PH103's Chip 
A 

d 12 

Figure 3. Masking (Shade) Effect 

3. Using the PS400a as a 
High·Speed Interrupter 

"L" 

+D.5 

83·Q00577A 

This application deals with interrupters using a rotating 
disk as the interrupting element. Using a Darlington 
photo transistor (PH103 type) as the detector device, 
the frequency range of the transistor is generally the 
limiting factor. In this example the limit is about 1 kHz. 
Since most of the applications for this type of inter­
rupter involve frequencies below 1 kHz, speed is not a 
problem. In applications requiring speeds greater than 
1kHz, a single photo transistor (PH104) is recommended. 

The PS4008 photo interrupter is used to illustrate the 
following application and its characteristics are shown 
in Figure 5. 

The slotted disc shown in Figure 4 was rotated at 10,000 
to 30,000RPM, and the output of the PS4008 was moni­
tored onan oscilloscope. The output frequency ranged 
from 7kHz to 20kHz. At 7kHz and IF = 10mA, the photo 
transistor load RL could go as high as 10KO, and an 
output voltage of 900mV peak to peak could still be 
obtained. The data in Figure 5 shows the resulting data 

6-18 
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{
Slit WIdth 3.Smm 
Slit Number 40pec. 
Diameter of a Disk 90mm 
Thickness of a Disk 1mm 
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Figure 4. Sketch of a Disk 
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Figure 5. PS400B Switching Characteristics 

I 

taken with the emitter loaded. Loading the collector 
would give similar results. 

Figure 6 shows the output voltage to LED forward 
current (IF) at 7kHz and a fixed load of 1.1KO. 
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Figure 6. IF -'~)uT Characteristic 
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Figure 7 illustrates the output voltage versus frequency 
characteristics when the output frequency range is 
from 7kHz to 20kHz and the load resistance is 1.1 Kn. 
The implementation of a mechanical interrupter at 
20kHz generally is difficult, but most of the problems 
can be overcome by using the application circuit 
in Figure 8 and reshaping the output waveform with a 
precision comparator. 

0. 

~ 
oS 
~ 
~ 
0 
> 

~ 
0 

1000 

500 

o o 

RL = 1.1kH 

- IF = 20mA --....... --
10mA 

10 15 20 

Interrupter Revolving Frequency f (kHz) 

Figure 7. PS4008 Frequency Characteristics 
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APPLICATIONS NOTE 

PHOTO INTERRUPTER 
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Figure 8. PS4008 Application Circuit 
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PHOTO TRANSISTORS AND PHOTO DIODES NEe 

Section 7 - Photo Transistors and Photo Diodes 
PH101 NPN Epitaxial Darling~on Photo Transistor Photo Detector ......................... 7-3 
PH102 NPN Epitaxial Photo Transistor Photo Detector .................................. 7-5 
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Description 
The PH101 is a miniature NPN silicon photo transistor 
having exceptionally stable characteristics and high illu­
minance sensitivity mounted in a two-terminal MICRO­
DISK package. The spectral response, extending from 
4000 to 10,OOOA, is compatible with daylight, tungsten 
and gallium arsenide sources. The packaging of this unit 
permits close spacing in linear arrays. Its low cost and 
volume producibility open new areas of use anywhere a 
photo detector is desirable. 

Features 
o Lowcost 
o Low leakage current 
o Wide spectral response 
o Convenient MICRODISK package 
o Wide temperature range 
o Compact, rugged, light-weight 
o High sensitivity 

Applications 
o Optical switching and encoding 
o Intrusion alarms 
o Tape and card reader sensors 
o Level controls 
o Motor governors 

Package Dimensions 

2~Lead Mlcrodlsk 
Plastic 

~±~ ~±~ 
(0.024) (0.024) 

~ 0' ~ 

~r .. ~t-'+3'8 M.-' E
4

.
5
1E:± 0'8j~T 

(0.236 Min) (q, 0.15 Ma.) (0.177) 

·Solderlng conditions Bfe at 260"C or less within 
5 see. at 3mm or farther from the case. 

CD Collector 

®Emltter 
83-000431A 

PH101 
NPN EPITAXIAL 

DARLINGTON PHOTO TRANSISTOR 
PHOTO DETECTOR 

NEPOC SERIES 

7-3 

Absolute Maximum Ratings 
TA = +25°C 

Collector to Emitter Voltage, VCED 

Collector Current, Ic 

Power Dissipation, Po 

Junction Temperature, TJ 

Storage Temperature, TSTG 

Electro·Optical Characteristics 
TA = +25°C 

Umits 

Parameters Symbol Min Typ Max Unit 

Collector to 
Emitter ICE01 0.5 ~ 
Dark Current 

Collector to 
Emitter ICE02 500 ~ 
Dark Current 

Collector 
Saturation VCE(sat, 0.7 1.5 V 
Voltage 

Photo Current IL 4 12 rnA 

20V 

SOmA 

100mW 

SO°C 

-30°C to +SO°C 

Test 
Conditions 

VCE = 15V, 
L = 0 

VCE = 15V, 
L = 0, 
TA = +80°C 

Ic = 10mA, 
L1 = 1000lx 

VfE = 2.0V, 
L = 100lx 

Note: 1. Measured with a tungsten filament lamp operated at a color 
temperature of 2B54K. 

IJ 
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Typical Characteristics 
TA = +25°C 
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Description 
The PH102 is a miniature NPN silicon photo transistor 
having exceptionally stable characteristics and is 
mounted in a two-terminal MICRODISK package. The 
spectral response, extending from 400 to 1000nm, is 
compatible with daylight, tungsten and gallium arsenide 
sources. The packaging of this unit permits close spacing 
in linear arrays. Its low cost and volume producibility open 
new areas of use anywhere a photo detector is desirable. 

Features 
o High speed 
o Low cost 
o Low leakage current 
o Wide spectral response 
o Wide temperature range 
o Compact, rugged, light-weight 
o High sensitivity 

Applications 
o Optical switching and encoding 
o Intrusion alarms 
o Tape and card reader sensors 
o Level controls 
o Motor governors 

Package Dimensions 

2~Lead Microdisk 
Plastic 

M.~ M.~ 
(0.024) (0.024) 

~ 0' ~ 

~~. ,.~, 1<'-+3.8 -Max ~43E.5' :::;:o.aJEt 
(0.236 Mln)+(q, 0.15 Max) (0.177) 

·Soldering conditions are at 260"C or less within 
5 sec. at 3mm or farther from the case. 

CD Collector 

® Emitter 
63·00D431A 

PH102 
NPN EPITAXIAL 

PHOTO TRANSISTOR 
PHOTO DETECTOR 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Collector to Emitter Voltage, VCEo 

Collector Current, Ic 

Power Dissipation, Po 

Junction Temperature, TJ 

Storage Temperature, TSTG 

Electro·Optical Characteristics 
TA = +25°C 

Limits 

Parameters Symbol Min Typ Max Unit 

Collector to 
EmlHer ICED 200 nA 
Dark Current 

Collector 
Saturation 
Voltage 

VCE(sat) 0.3 V 

Photo Current IL 50 lBO pi. 

Fall Time tf p's 

Rise Time tr 5 p's 

30V 

40mA 

100mW 

BO'C 

-30'C to +BO'C 

Test 
Conditions 

VCE = 10V, 
L = OIx 

Ic = O.SmA, 
Ll = 1000lx 

VCE = 2.0V, 
Ll = 100lx 

VeE = 10V, 
IL = 2mA, 
RL = lOOn 

VCE = 10V, 
IL = 2mA, 
RL = lOOn 

Note: 1. Measured with a tungsten filament lamp operated at a color 
temperature of 2854K. 
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Typical Characteristics 
TA = +25°C 
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NEe 
NEe Electronics Inc. 

Description 
The PH103 is a Darlington photo transistor in a plastic 
molded package, and is very suitable for a detector of a 
photo interrupter. 

Package Dimensions 

4-R 0.5 
(R 0.019) 

02 
(00.079) 

r--- 5.0 -----j 
1_(0.197)_1 

0.45_~­
(0.018) 

CD Emitter 

® Collector 

Package Dimensions in MIllimeters (Inches) 

I-- 3.25 I I (0.128)-
1.8 

(0.071) 

5.0 

0.41....-.r
5 

,----1-1 
(0.018) 15 

lL1' 

83-0004438 
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PH103 
DARLINGTON 

PHOTO TRANSISTOR 
NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Collector to Emitter Voltage, VCEO 

Collector Current, tc 

Power Dissipation, PD 

Junction Temperature, TJ 

Storage Temperature, T STG 

Electrical Characteristics 
TA = +25°C 

Umlts 

Parameters Symbol Min Typ Max 

Collector to 
Emitter ICED 10 400 
Dark Current 

Collector 
Saturation VCE(sal) 0.7 1.5 
Voltage 

Photo Current 'L 2.0 

30V 

50mA 

100mW 

100·C 

-40·C to + 100·C 

Test 
Unit Conditions 

VCE = 10V, nA 
L = OIx 

Ic = 10mA, V L = 1000lx1 

mA VCE = 2V, 
L = 100lx1 

Note: 1. Measured with a tungsten filament lamp operated at a color 
temperature of 2854K. 
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Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= +25°C 
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NEe Electronics Inc. 

Description 

The H104 is a photo transistor in a plastic molded pack­
age, and is very suitable for use as a detector in a 
photo interrupter. 

Package Dimensions 

4·R 0.5 
(R 0.019) 

4>2 
(4)0.079) 

r- 5.0 ---1 
1_(0.197)_1 

I- 3.25 I I (0.128)-
1.8 

(0.071) 

5.0 

~ 0.45_++14-
(0.018) 

@U 
0.45 

(0.018) 

U' 
2.6 

(0.102) 

® 

CD Emitter J 
® Collector 1 

Package Dimensions In Millimeters (Inches) CD 
83-0004438 
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PH104 
PHOTO TRANSISTOR 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Colleclor 10 Emitter Voltage, VCEO 

Colleclor Currenl, Ic 

Power Dissipation, Po 

Junction Temperalure, TJ 

Siorage Temperalure, T STG 

Electrical Characteristics 
TA=+25°C 

Limits 

Parameters Symbol Min TWp Max 

Colleclor 10 
Emitter Dark ICED 100 
Currenl 

Colleclor 
Saluratlon VCE (sal) 0.3 
Voltage 

Pholo Currenl 'L 20 

Fall Time If 5 

30V 

40mA 

100mW 

100°C 

-40°C 10 + 100°C 

Test 
Unit Conditions 

VCE = 10V, nA 
L = OIx 

Ic = 0.5mA, V 
L = 1000lx1 

p.A VCE = 2.0V, 
L = 100lx1 

VCC = 10V, 
p,S IL = 2mA. 

RL = lOOn 

Note: 1. Measured wilh a tungslen filament lamp operated a color 
temperature of 2854K. 



PH104 

Typical Characteristics 
TA = +25°C 
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Typical Characteristics (cont) 
TA= + 25°C 

Frequency Response 
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NEe Electronics Inc. 

Description 
The PH106 is a photo transistor in a plastic molded 
package and is very suitable as a detector of a photo 
i nterru pter. 

Package Dimensions" 

1.85 
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0,4 
(0.01 ~)-
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,+--

G)~ 
I 2.6 

4' 

T 

"I 

I 

! 

~® 
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.,,~' 

4-R 0.5 
(0.020) 

4' 2' 

4" 4' 

83·OQ0450A 

PH106 
PHOTO TRANSISTOR 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Collector to Emiller Voltage, VCEO 

Collector Current, Ic 

Power Dissipation, Po 

Junction Temperature, T J 

Storage Temperature, TSTG 

Electrical Characteristics 
TA = +25°C 

Umlts 

Parameters Symbol Min Typ Max 

Collector to 
Emiller ICED 100 
Dark Current 

Collector 
Saturation VCE(Sat) 0.3 
Voltage 

Photo Current IL 100 

Fall Time t, 5 

30V 

40mA 

100mW 

100°C 

-40'C to + 100'C 

Test 
Unit Conditions 

VCE = 10V, nA 
L = Olx 

V 
Ic = 0.5mA, 
L = 1000lx1 

p.A VCE = 2.0V, 
L = 100lx1 

Vce = 10V, 
IJ$ IL = O.5mA, 

RL = lOOn 

Note: 1. Measured with a tungsten filament lamp operated at a color 
temperature of 2854K. 
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Typical Characteristics 
TA = +25°C 

Power Disslpdtlon VB Ambient Temperature 
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NEe Electronics Inc. 

Description 
The PH10B is a highly sensitive photo transistor in a 
small plastic molded package and is suitable as a 
detector of a photo interrupter. 

Package Dimensions 

Blue color 
epoxy 

t 
2 .• 

(0.110) 

2.5 

rl 

1d;:::::;=:F:::::;::::..J~ 

~ 1'~ 
(0.043) 16.5 = 1.0 0.7 

0
"' -,:;:, T .. ~ 

CD~ r (g:~~.)iI-
I , 

1_ 2.54 .1 
1(0.100)1 

Package Dimensions in Millimeters (Inches) 

f
CD 

o 
CD Emitter 

® Collector 

63-000453A 

PH108 
NPN SILICON 

EPITAXIAL 
TRANSISTOR 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Colleclor-Emitter Voltage, VCEO 30V 

Colleclor Currenl, Ic 40mA 

Power Dissipalion, Po 100mW 

Junclion Temperalure, T J 

Operaling Temperalure, T OPT 

Siorage Temperalure, T STG 

Electrical Characteristics 
TA = +25°C 

limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

VCE = 10V, 
Dark Currenl ICED 100 nA H = OmWI 

cm2' 

Colleclor Ic = 0.5mA, 
Saluralion VCE(satl 0.3 V H = 5mWI 
Voltage cm2' 

VCE = 5V, 
Pholo Currenl IL 0.3 0.9 rnA H = 0.5mWI 

cm2' 

Vcc = 10V, 
Rise and Fall 

1,,1, 40 
H = 0.5mWI 

Time I'" cm2' 
RL = 1.0kO 

50% Response 
Between 50% 

Angle ILly2 15 °C sensilivity 
polnls 

Note: 'When exposed to infrared light of wavelength Ap = 940nm. 
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Typical Characteristics 
TA = +25°C 

Power Dissipation VB Ambient Temperature 
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NEe Electronics Inc. 

Description 
The PH201A is a GaAsP (Gallium Arsenide Phosphide) 
photo diode designed for use as a photo detector in 
electronic cameras. 

It features a wide active area, spectral response close to 
that of the human eye and a wide photo current range. 

Package Dimensions 

Clear Plastic 

Dark Ceramic 

• Soldering conditions are at 260°C or less 
within 105 at O.Smm or farther from the case. 

Package Oimensions in Millimeters (Inches) 

1.6 Max 

i ' 
4.0 Min 

(0.157 Min) 

CD Anode 

® Cathode 

83·000454A 

PH201A 
PHOTO DETECTOR 

GaAsP PHOTO DIODE 
NEPOC SERIES 

Features 
o Suitable for photo detector application in cameras 
o No filter is required, the spectral response matches 

that of the human eye 
o Low dark current 

Absolute Maximum Ratings 
TA = +25°C 

Reverse Voltage, VR 

Forward Current, IF 

Operating Temperalure, TOPT 

Storage Temperature, TSTG 

Electro·Optical Characteristics 
TA = +25°C 

Limits 

Parameters Symbol Min Typ Max Unit 

Pholo Currenl ISH 60 90 120 nA 

Dark Currenl ID 0.3 3.0 pA 

Pholo Current Rl 106 
Ratio 

Relative Speclral See 
Response Fig.l 

Rise Time Ir 150 ILS 

Variation 01 A2 13 % Pholo Current 

5.0V 

1.0mA 

-30°C to +60°C 

-40°C to +SOOC 

Test 
Conditions 

loolx3 

VR = 2.0V 

0.001 - 1,000 
Ix3 

See rise time 
lest circuil 

1001x3•4 

Noles: 1. R = ISH at 1000 Ix 
ISH at 0.001 Ix 

7-19 

2. A = (ISH at a color temperature of 2854K - ISH at a color 
temperature of 4870K)/(lsH at a color temperature 
of 2854K) x 100(%). 

3. Measured with a tungsten filament lamp operated at a 
color temperature of 2854K. 

4. Measured at a color temperature of 4870K. 

II 



PH201A 

Rise Time Test Circuit 

,......----------?-------oVOUT 

Input Light Pulse 

PH201A 100kll 

Input Light Pulse 

-----![~~~~~~--
-J LLeB. Than 5.0",8 

Output Voltage 

__ ~fl_------ -
-It,L 

Note: Light source is an LED 'rom which the PH201 A gets 100lx illumination. 

83-0004558 

NEe 
Typical Characteristics 
TA = +25°C 

Photo Current VB illuminance 
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NEe 
NEC Electronics Inc. 

Description 
The PH302 is a photo diode with a PIN structure. It has 
a wide photo-receiving area and high-speed response 
enabling applications for various types of remote control 
equipment. The resin material used for the package has 
the filter effect of transmitting only infrared. 

Package Dimensions 

1 
(0.039) 

(0~!7)-~H+-

0.6 
(0.024) 

o .1 
Anode 

Package Dimensions In MIllimeters (Inches) 

Pin Connection 

0) ® 

o 
Cathode 

5.210.2 

I 

CD Anoda 

® Cathode 

83-000459A 

83-000483A 

Features 

PH302 
PLASTIC MOLDED 
PIN PHOTO DIODE 

NEPOC SERIES 

o Ultrahigh-speed response (tr, t, = 50ns) 
o The wavelength of maximum sensitivity matches that 

of an infrared LED (>I.S-MAX = 940nm) 
o High sensitivity (50nNlx) 
o Wide dynamic range 

Absolute Maximum Ratings 
TA = +25°C 

RevelSe Voltage, VR 32V 

Power Dissipation, Po 150mW 

Junction Temperature, T J 80'C 

Storage Temperature, T STG -40'C to +80'C 

Electrical Characteristics 
TA = +25°C 

Limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

Dark Current IR 30 nA VR = 10V 

Maximum 
Sensitivity AMAJ( 940 nm 
Wavelength 

Quantum 0.88 A = 940nm Efficiency TJ 

, Spectral 
S 35 50 nA/lx VR = 5V Sensitivity 

Spectral S 0.& A/W A = 940nm Senslllvity 

Open Circuit 
VL 285 mV Ev = 100lx Voltage 

Open Circuit 
VL 365 mV Ev = 1000lx Voltage 

Rise and Fall RL = lkn 
Time of the tr,t, 125 ns VR = OV, 
Photo Current A = 940nm 

from 10% to 90% RL = lkn, 
and 90% to .10% t"t, 50 ns VR = 5V, 
of the FI nat ilatue A = 940nm 

CapaCitance CT 14 pF VR = 5V, 
f = lMHz 

Radiant 
Sensitive A 9 mm2 
Area 

Noise 4.2 x Equlvatent NEP 10-14 W//Hz VR = 10V 
Power 

Detection 0 
&.& x cm 

Limit 1012 /Hz/W 
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Typical Characteristics 
TA = +25°C 

Wavelength Senslllvity 
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Typical Characteristics (cont) 
TA= +25°C 

Photo Current YS Illuminance 
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PH302 

Relatlve vs Ambient Temperature 
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NEe 
NEG Electronics Inc. 

Description 
The PH3028 is a PIN photo diode similar to the PH302 
but with an added filter which filters out visible light. The 
narrow spectral response range beginning at 840nm 
prevents any malfunction under fluorescent light. The 
large sensitive area and fast response make it suitable 
for various remote control applications. 

Package Dimensions 

2.8 ± 0.2 

(0~O~2)-+I-\4(_0._11_0)~ 

1 
(0.039) 

(01!7)----<~H+-

0.6 
(0.024) 

sensitive 
side 

0.46 
(0.018) 

~~----~~I~----~~ 
Anode Cathode 

Package Dimensions In Millimeters (Inches) 

Pin Connection 

CD ® 

CD Anode 

® Cathode 

83-000471A 

83·00Q483A 

PH302B 
PIN PHOTO DIODE 

NEPOC SERIES 

Features 
o Ultrahigh-speed response (tr, tf = 50ns) 
o The maximum sensitive wavelength matches that of 

an infrared LED (AS-MAX = 940nm) 
o High sensitivity (34nNlx) 
o Wide dynamic range 
o Visible light filtration (minimum sensitive wavelength: 

840nm) 

Absolute Maximum Ratings 
TA = +25°C 

Reverse Vollage, VR 

Power Dlsslpallon, PD 

Junction Temperalure, TJl 

Slorage Temperalure, TSTGl 

32V 

150mW 

80'C 

-40'C- +80'C 

Note: 1. The maximum ratings of TJ and TSTG are those of the 
PH302. Because of the adhesive between the filter and 
diode, storage and operating temperature should be kepI 
between -20"C and +60'C. 

Electrical Characteristics 
TA = +25°C 

Limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

Dark Currenl 

Maximum 
Senslllvity 
Wavelenglh 

Quanlum 
Elliciency 

Speclral 
Sensitivity 

Spectral 
Senslllvity 

Rise and 
Fall Tlma 

Capacitance 

Radlanl 
Sensilive 
Area 

S 

S 

Ir,l, 

Ir,l, 

CT 

A 

940 

0.88 

22 32 

0.6 

125 

50 

14 

9 

30 nA VR = 10V 

nm 

A = 940nm 

nAllx1 VR = 5V 

AIW A = 940nm 

ns 

ns 

pF 

mm2 

RL = kO 
VR = 0, 
A = 940nm 

RL = kO, 
VR = 5V, 
A = 940nm 

VR = 5V, 
1= 1MHz 

Note: 1. Measured at a color temperature of 2854K. 
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Typical Application 

Llghl Signal PH302B 

-Out 

R 

Typical Characteristics 
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Typical Characteristics (cont) 
TA= + 25°C 

Dark Current vs Reverse Voltage 
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~plcal Characteristics (cont) 
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Description 

The PH30S is a photo diode with PIN structure. It is 
very suitable for a light detector with a 7-10m remote 
controller or a O.3-Sm opto-interrupter. The resin 
material used for the package has the filter effect of 
transmitting only infrared radiation. 

Package Dimens,ions 

2.8::!: 0.2 

, 

I , 
(0~!7)---O",*-

0.6 
(0,024) 

I 13.3 

@IJ' 
+--- 5.08 ----+ 

(0,200) 

0.46 
(0-018) 

(0.110) 

~~----.~~) ----~() 
Anode Cathode 

Package Dimensions in Millimeters (Inches) 

Pin Connection 

CD ® 

-t 
5.2 ± 0.2 
(0,205) 

~ 

CD Anode 

® Cathode 

B3·Q00484A 

83-o00483A 

PH305 
PLASTIC MOLDED 
PIN PHOTO DIODE 

NEPOC SERIES 

Features 
D Ultrahigh-speed response (tr, tf = 30ns) 
D The wavelength of maximum sensitivity matches that 

of an infrared LED (AS-MAX = 940nm) 
D High sensitivity (32nNlx) 
D Wide dynamic range 

Absolute Maximum Ratings 
TA = +2S0C 

Reverse Voltage, VR 

Power Dissipation, PD 

Junction Temperature, TJ 

Storage Temperature, TSTG 

Electrical Characteristics 
TA = +2S0C 

Limits 

Parameters Symbol Min Typ Max 

Dark Current IR 30 

Wavelength of 
Maximum AS MAX 940 
Sensitivity 

auantum 
0.88 Efficiency 11 

Spectral 
S 23 32 Sensitivity 

Spectral 
S 0.6 Sensitivity 

Rise and Fall 
Time 01 the tr,t, 12S 
Photo Current 
Irom 10% to 90% 
and 90% to 10% Ir,t, SO 
01 the Flanl value 

Capacitance CT 11 

Radiant 
Sensitive A S.3 
Area 

7-29 

20V 

lS0mW 

80°C 

-40°C to +80°C 

Test 
Unit Conditions 

nA VR = 10V 

nm 

A = 940nm 

nA/lx VR = SV 

A/W A = 940nm 

RL = lkO, 
ns VR = OV 

A = 940nm 

RL = 1kO, 
ns VR = SV, 

A = 940nm 

pF VR = SV, 
1= lMHz 

mm2 

II 
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Typical Characteristics 
TA = +25°C 
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Description 
The PH309 is a photo diode with a PIN structure. It has 
a wide photo-receiving area and high-speed response 
enabling applications for various types of remote control 
equipment. The resin material used for the package has 
the filter effect of transmitting infrared radiation. 

Features 
D Ultrahigh-speed response (tr, tf = 30ns) 
D The wavelength of maximum sensitivity matches that 

of an infrared LED (AS-MAX = 940nm) 
D High sensitivity (31 nNlx) 
D Wide dynamic range 

Package Dimensions 

10' 10' 

1-----7.2 ~ 0.2----+1 
I (0.283) I 

-r ' 
:,\~--EI1 
~"-Tt-T--t---rt 
2.3 

(0.090) 

11 

'LL J® 5.08 
(0.200) 

Package Dimensions in Millimeters (Inches) 

~I 

4.13 ~ 0.2 
(0.183) 

+--+--H-~cb4 o~~i: 

0.46 
(0.018) 

CD Anode 

® Cathode 

~ 
=L 

0.2 Max 
(0.008 Max) 

83-00049SA 

PH309 
PLASTIC MOLDED 
PIN PHOTO DIODE 

NEPOC SERIES 

Absolute Maximum Ratings 
TA = +25°C 

Reverse Voltage, VA 20V 

Power Dissipation, Po 150mW 

Junction Temperature, TJ 80'C 

Storage Temperature, T STG -40'C to +80'C 

Electro·Optical Characteristics 
TA = +25°C 

Limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

Dark Current IA 30 nA VA = 10V 

Wavelength 01 
Maximum XMAX 940 nm 
Sensitivity 

Quantum 
0.88 X = 940nm 

Yield 1) 

Spectral S 50 nAllx VA = 5V Sensitivity 

Spectral 
VA = 5V, 

Sensitivity SIA 4.7 !iA H = 0.1mWI 
cm2" 

Rise and Fall RL = 1kn, 
Time 01 the tr,t, 120 ns VA = OV 
Pholo Currenl X = 940nm 
Irom 10% 10 90% RL = 1kn, 
and 90% to 10% t"t, 30 ns VA = 5V, 
01 the Final Value X = 940nm 

Capacitance CT 11 pF VA = 5V, 
1= 1MHz 

Radiant 
SenSitive A 5.3 mm2 
A,ea 

"X = 940nm 
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PH309 

Typical Characteristics 
TA = +25°C 
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~plcal Characteristics (cont) 
TA= + 25°C 
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The basic photo interrupter is made up of two compo­
nents: the emitter, which is generally a light emitting 
diode (LED) in the red or infrared light spectrum, and 
the detector, which is generally a photo transistor or 
photo Darlington structure. 

Figure 1 illustrates the basic photo interrupter. Light in 
the visible or infrared region is emitted from an LED 
(01). The light beam then travels some predetermined 
distance (usually less than Smm) and arrives atthe base 
of the photo transistor (01). The light energy creates 
a base current, which in turn forward biases the base 
emitter junction and turns the transistor on. When the 
light beam is broken, no base current is available and 
the photo transistor (01) is turned off. 

(Light emitting diode) (Phototranslstor) 

83·QOO5B4A 

Figure 1. Basic Configuration of a Photo Interrupter 

Prepackaged photo interrupter units have made the 
job of designing interrupter-based circuits simple and 
cost effective. As can be seen in Figure 2, the basic 
photo interrupter deSign is implemented in a one-piece 
assembly for mass production, and although the pack­
age and emitter/detector distance changes, the basic 
structure and electrical characteristics are very similar. 

~ers PS4001 

2.5 
--+j'I-

External shapes 

* 
(cross secllon) 

~7.5-l 

OPTOELECTRONICS 
USING PHOTO 

INTERRUPTERS 

In applications where the one-piece photo interrupter 
cannot be used, an equivalent circuit can be imple­
mented by using discrete devices. Figure 3 shows the 
same basic circuit that we saw in Figure 1, but in this 
case the two elements are discrete devices in the form of 
a photo diode and photo transistor and the distance 
between units can be varied. The distance between, 
and the alignment of, the emitter and detector units are 
critical factors in discrete designs. If the spacing 
between elements is small (less than 2mm), then a 
standard photo transistor will suffice. But for long 
distances (greater than 2.5mm), a Darlington photo 
transistor is recommended. In either case the emitting 
element should be in the infrared region to realize 
maximum energy transfer between emitter and detector. 

Table 1 shows the discrete devices available from 
NEG which are recommended for photo interrupter 
applications. 

External Shape 
(FS) (4)2 - 4>3.8) (4)4.8) 

A Visible Red Light SR106C SR503C 
SR110 

(Light Emitting) 
SR603C 

Infrared Light SE302A 'SE303 SE304 

Single PH102 'PH105 PH104 
B Photo Transistor 

(Light Receiving) 
Darlington 

Photo Transistor 
PH101 PH103 

'Under development (for detailed specifications, please refer to 
catalog). 

Table 1. Discrete Devices for Photo Interrupters 

PS4003 PS4005 

2.5 '14.2 1, -r-r--

~ ~ 
W 1.-7.5-1 

83·000585A 

'Each of these devices uses an infrared LED and a Darlington photo transistor. 

Figure 2. One-Piece Photo Interrupters 
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OPTOELECTRONICS 
USING PHOTO 
INTERRUPTERS 

Basic Photo Interrupter Design Hints 
A critical consideration in the design of photo inter­
rupter circuits is the current transfer ratio (CTA) of the 
circuit at a predetermined emitter/detector distance. 

If the current through the LED (01) is IF and the current 
through the photo transistor (Q1) is Ie, then the CTA 
can be calculated as shown in Figure 3. 

D 
(Light emitting) (Light receiving) 

83-000586A 

Figure 3. Current Ttansfer Ratio (CTR) 

Photo emitters can be light emitting diodes (LEOs) in 
either the red or infrared light spectrum. At identical 
forward current (IF), the infrared (IR) emitter efficiency 
is three to five times that of the red emitter. At the same 
time, the spectral sensitivity of silicon photo transistors 
is two to three times greater in the infrared region (800 
to 960nm) than in the red region (630 to 680 nm). The 
graph in Figure 4 illustrates the relative light sensitivity 
of a photo transistor. 

100 

V '\ 
/ \ 

/ 
/ 1\ 

I \ 
A \ 

/ :~vs~!~v~t nofc:~f:~:tJ:rao,:stl~:or. 

/ , 
Red Infrared 

o 
SOD 800 700 800 

Wavelength [nm] 

900 1000 

Figure 4. Relative Sensitivity of Photo Transistor 

In Figure 5, the output voltage of the photo transistor in 
Figure 4 can be calculated by first finding the forward 
current (IF), where: 

IF = Vl-VF 
Al 

VF = LED forward voltage drop 
Vl = LED anode voltage 
Al = LED cathode (current limit) resistor 

~EC 
Assuming that CTA is 7) (%), the output level of the 
photo transistor in the on state is: 

le= IFX 7) ... and VOUT= ALX le= ALX IFX 7)= 
AL + IF X 7) = 

AL X (Vl-VF) x 7) 
Al 

v, o---r-_--' _ -, I ~:o: _1"'"_-..,--V2 

I I I I 
IF! i I I I'c I 

L __ J • I 
I I L ___________ J 

+----VOUT 

GNDo-----' '----GND 

830000589A 

Figure 5. Typical Photo Inte"upter Circuit Calculating Va 

If Al and RL are selected for VOUT greater than V2, the 
transistor will be in saturation. But if Rl and RL are 
chosen so that the output level V2 > VOUT> ground, then 
the transistor will be in the unsaturated or linear mode. 
Since the CTR is prone to drift in the unsaturated 
linear mode, this type of operation is not recommended. 

Temperature 
The temperature dependence of CTR is shown in 
Figure 6. At a constant current, the output power 
of LEOs decreases as the temperature increases. 
On the other hand, with a constant bias voltage 
the sensitivity of the photo transistor increases as 
the temperature increases. The graph in Figure 6 
illustrates these characteristics using the SE304 Infrared 
LED with both the PH103 Darlington transistor and the 
PH104 single transistor. 

SE304 + pJ03" 
./ 

2 V 
..,-

1 - /'" SE304 + PH104/ 

/ 
/ IF"" 10mA 

1.5 

0.5 

VeE"" 2V 

0 
-20 20 40 60 80 

Ambient Temperature [Ce] 

Figure 6. Temperature Characteristics of eTR 
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Distance 

Since the amount of light detected is inversely propor­
tional to the distance between the light source and the 
detector, the effective sensitivity of the detector will be 
1/7)2 when the distance from a point light source is 
increased 7)-fold. If we use an LED as the point light 
source, and if the distance to the photo transistor is d, 
then: 

1 d = 7) and ... CTR -
d2 

This characteristic is shown graphically in Figure 7 
using the SE304 as the emitting device and the PH103 
as the detecting device. 

eTR" ;h ...... (5) 

·t 
Figure 7. CTR VB. Distance 
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Figure 8. CrR vs Distance Characteristic 

Life Test 

83-000591A 

I 
20 

Highly reliable circuits cannot be designed without 
understanding the change in characteristics of the 
devices as they age. As is illustrated in Figures9through 
12, the aging of photo interrupter devices has only a 
nominal effect on performance, with the exception of 
the CTR, which can easily be compensated for during 
the design cycle if necessary. 
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1.4..-------r------,---------,r-------, 

1.2i----j-------+-----if--------1 

> 1.1i----j-------+------1f--------1 

~ 
a: 
t; 

TA = 75°C 

IF = 30mA 

1.01------1------+----1-------j 

L ___ -L _____ ~~--~--~I 0.9 -
o 16B 340 670 1000 

Test Time [H] 

Figure 9. VF ute Test 

40,----,------.----,------, 

TA = 75°C ~ 
IF"" 30mA ~ 

0 &l 
0 168 340 670 1000 

Test Time [H) 

Figure 10. 'CEO Life Test 

110 

100 

90 

TA = 75cc 
IF = 30mA 

80 

70 I 
0 168 340 670 1000 

Test Time [H] 

Figure 11. CTR Life Test 
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0.9 r----~-------r----,---____, 

0.81----+-------1----+---1 

1!: ! 0.7 f----+-------+----+-----1 
~ 

0.6 f----+-------+----+-----1 
TA = 75°C ~ 

'-
___ ~ ______ ~_IF_"_30_m_A_L __ ~~ 

0.5 ... 
o 168 340 670 1000 

Test Time [lJ 

Figure 12. V CE(sal} Life Test 

Switching Speed 

The importance of switching speed in photo inter­
rupters depends on the application. In mechanical 
interrupter systems where high-speed slotted disks 
are used to count or time events, high speed may be an 
important factor. The PH102 and PH104 have a rise 
time (tr) and fall time (tt) of 5J.Ls with RL = 1000. The 
PH101 and PH103 Darlington devices have rise and fall 
times of 200 to 500J.Ls at RL = 1000. This means that 
some trade-off of CTR versus speed will be necessary 
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2001} 

~ 
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83-000598A 

Figure 14. Frequency Characteristics of the PH104 Single 
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Figure 13. tR vs RL of the PS4001 

in high-speed designs, since single-transistor devices 
have a much lower CTR than the slower Darlingtons. 
This problem is generally overcome by adding a high­
speed comparator, as a buffer stage, to the output of 
the photo transistor. 

Figures 13, 14, and 15 show graphically the switching 
and frequency characteristics of the PS4001 photo 
interrupter, the PH104 single transistor, and the PH103 
Darlington transistor under sinusoidal wave light. 
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Rgure 15. Frequency Characteristics of the PH 103 Darlington 
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The relationship of the moving distance of the shielding 
object to the output voltage of the photo interrupter 
circuit when the interrupting device moves across the 
light path is critical to the proper design of high-speed 
systems. Figure 16 shows that the difference between 
high and low output level takes place in 0.5 to 0.6mm 
of movement. 

(Light) • 

83·QOOSB7A 

Figure 16. Shielding Characteristics of the PS1004 

Lens effect surface 

Flat surface 

rShieldlng object 

- L-t--­
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__ d ___ ~----
, 

I 
Flat surface 

OPTOELECTRONICS 
USING PHOTO 

INTERRUPTERS 

Figure 17 shows the characteristic difference between 
a flat surface photo transistor and the lens effect sur­
face transistor. In the flat surface (plane) devices the 
output level will change over the distance b to c. For 
lens effect surfaces, the shielding object must move 
from a to d to change the output level. This means that 
although the lens devices have a larger CTR, the move­
ment of the shielding device to interrupt the light path 
becomes longer. 

Ultrahigh-Speed Photo Interrupters 

The typical switching speed of a single photo transistor is 
about 5J.Ls at RL = 100n. Although the high-speed 
devices will suffice in the majority of applications, higher 
speeds can be attained by employing PIN photo diodes 
as the sensing elements. The switching speed for these 
devices is less than 100ns, making the circuit extremely 
fast. The drawback to using PIN photo diodes is their low 
photo sensitivity, which would require high gain ampli­
fication of the very small current or voltage generated. 

"'W 

x 

........ 
......... 

........ 
..... 

Flat surface 

/

Lens effect surface 

........ 
............. 

.... "'L" Y 

b c 
Moving distance of the object 

83-0006018 

Figure 17. Shielding Characteristics Caused by Surface Design 

/ Transparent insula ling material 

r----IJ'---. 

LED Pholotransistor 

83-000602A 

Figure 18. Application to Ultrahigh Breakdown Voltage 
Photo Coupler 
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Infrared transmitter/receiver circuits using a combina­
tion of LED and PIN diode devices have virtually 
replaced the ultrasonic and hard-wired remote control 
systems used for short-distance remote control. Some 
of the major advantages of IR systems are: 

o Simple miniaturization 
o Elimination of physical connections 
o Fast response speed 
o Limited Doppler-caused errors 
o Limited effect on other equipment 
o No effect on animals 

This application note is designed to aid the designer 
of remote control systems using the SE303A IR LED 
and the PH302 PIN photo diode manufactured by NEC 
specifically for IR control systems. 

The SE303A is a light emitting diode which emits 
infrared in the 940nm range. The SE303A is made by 
growing a p-n junction on a gallium arcenide (GaAs) 
crystal using the liquid phase epitaxial technique. 
Featuring high output and wide directional angle, the 
SE303A is ideal for use in consumer and industrial 
applications. 

Table 1 is a listing of the absolute maximum ratings and 
the electro-optical characteristics of the SE303A. 

The directional pattern of the SE303A is shown in 
Figure 1. This pattern shows the light output power as 
a function of the angle from the optical axis. Ifthe optical 
axis relative power is assumed to be 1.0, then the half­
power point is the angle at which the relative light output 
equals 0.5. We can see in Figure 1 that the maximum 
output is reached at approximately 5° to either side of 
zero and the half-power point is reached at about 28° 
either side of zero. 

+50" 

+600 

+700 

+800 

Figure 1. Ught Output Power Distribution 

OPTOELECTRONICS 
APPLICATIONS NOTE 

INFRARED REMOTE CONTROL 

Absolute Maximum Ratings 
TA = +25°C 

Power Dissipation, Po 150mW 

Forward Current, IF 100mA 

Pulse Forward Current, IFP1 1.0A 

Reverse Voltage, VR 5V 

Junction Temperature, T J BO'C 

Storage Temperature, T STO -30'C to +BO'C 

Electro·Optical Characteristics 
TA = +25°C 

Limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

Forward Voltage VF 1.27 1.45 V IF ~ 50mA 

Pulse Forward 
VFp1 2.45 3.0 V IFP ~ 1.0A Voltage 

Terminal 
CT 40 PF 

V ~ 0, 
Capacitance I ~ 1.0MHz 

Peak Emission 
ApEAK Wavelength 940 nm IF ~ 50mA 

Spectral Hall 
~A 60 nm IF ~ 50mA Power Value 

Light Output 
Po 3.0 6 mW IF ~ 40mA Power 

Response Time tON,tOFF JJ.s 

Note: 1. f ~ 1kHz, duty cycle ~ 1%. 

Table 1. 

Figure 2 shows the relationship of the forward current 
(IF) to the forward voltage (VF). The majority of trans­
mitter applications are hand-held units powered by dry 
cells in the 4.5 to 9.0V range, using two or three LEDs. 

1000 

--C 100 g 
V 

~ a 
"I! 
! 10 
{l. 

I 

I 

111 I 
1.0 1.5 2.0 2.5 3.0 

Forward Voltage [VI 

Figure 2. Forward Current vs Forward Voltage 

7-41 

II 



OPTOELECTRONICS 
APPLICATIONS NOTE 
INFRARED REMOTE CONTROL 

In this case, if VF is high, the current required exceeds 
the supply capability. The SE303A was designed so that 
when the pulsed forward current (lFP) equals 1.0A ata 
pulse width of 350~s, VF is typically 2.45V, which is the 
ideal relationship to the typical voltage source. 

For example, if one IR LED is used in the application, 
the pulsed forward current (IFP) would be 300mA and 
the forward voltage 'YF) about 1.8V. A 3V supply would 
be sufficient for this ·design. On the other hand, if three 
LEOs are used, then VF becomes 1.8 x 3 or 5.4V and 
the required supply voltage would be 6.0 to 9.0V and 
allows the designer to use either four 1.5V cells or a 
single 9V battery. In any case, the extra voltage 
supplied allows.for other voltage drops in the circuit. 
The PH302 is a silicon PIN photo diode designed as a 
light sensing device for infrared remote control sys­
tems. Designed in an all resin-molded, vertical-contour 
package, the PH302 is ideal for low-cost, high-quality 
applications. 

The PIN construction allows high-speed operation and 
the wide chip area allows high sensitivity. The molded 
resin is chosen for its selective filtering property, which 
only transmits infrared radiation above 700nm in 
wavelength, with maximum efficiency at 940nm. This 
cancels spurious light from fluorescent lamps, and 
gives the PH302 excellent noise-free characteristics. 
This feature eliminates the need for an externallR filter. 

The absolute maximum ratings of the PH302 are shown 
in Table 2, and Figure 3 illustrates the light sensitivity 
characteristics. 

Wavelength Sensitivity 
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Figure 3. Spectral Sensitivity Characteristic 

t-IEC 
Absolute Maximum Ratings 
TA = +25°C 

Reverse Vollage, VR 32V 

Power Dlsslpallon, Po 150mW 

Junction Temperalure, TJ 80'C 

Siorage Temperalure, T STG -40'C 10 +80'C 

Electrical Characteristics 
TA = +25°C 

Limits 
Test 

Parameters Symbol Min Typ Max Unit Conditions 

Dark Currenl IR 30 nA VR = 10V 

Maximum 
Sensillvity XMAX 940 nm 
Wavelenglh 

auantum 0.88 x = 940nm Efficiency '1 

Sensitivity S 35 50 nAllxl VR = 5V 

Energetic 
S 0.6 A/W x = 940nm Sensillvlty 

Open Vollage VL 285 mV Ey = 100lx1 

Open Vollage VL 365 mV Ey = 1000lx1 

RL = 1kO, 
Rise Time 1,,1, 125 ns VR = 0, 

x = 940nm 

RL = lkO 
Fall Time 1,,1, 50 ns VR = 5V, 

X = 940nm 

Terminal 
Cr 14 pF VR = 5V, 

Capacilance 1= lMHz 

Llghl Sensilive 
A mm2 

Area 

NOise Equivalent NEP 
4.2 x 

WI/Hz VR = 10V Power Llmll 10-14 

Detection 
0 

a.6x cm 
Llmil 10-12 /HzlW 

Note: 1. Light source color temperature 2854'K. 

Table 2. 

SE303A and PH302 Combined 
Characteristics 
It is difficult to design a system on the basis of indi­
vidual characteristics. The following illustrates several 
characteristics when two devices, the SE303A and the 
PH302, are combined. 

Figure 4 shows the relative light output power and 
pulsed forward current of the PH303A when the pulse 
width is 300ps and duty cycle is 16%. Light output 
power is the relative valueof light output, 1.0, when the 
forward current (IF) is 50mA. 
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Relative value of light output Is shown when 
light output power ailF == 50mA 
Is laken as 1.0 (approximately 6mW). 
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Figure 4. SE303A Relative Value of Light Output - Pulsed 
Forward Current 

Figure 5 illustrates the photo current (IL) and pulsed 
forward current (IFP) characteristic. The photo current 
IL is generated in the PH302 when the pulsed forward 
current (IFP) of the SE303A is ata maximum and pulsed 
for 300}.tS pulse width at 16% duty cycle. The LED and 
PIN diode are placed 30cm apart. The PH302 in this 
example has a light sensitivity of 50nA/lx, which is 
typical for the PH302. The dashed line in Figure5 repre­
sents the minimum light output power of the SE303A 
(with Po = 3 mWand IF = 50mA), combined with the 
typical light sensitivity of the PH302 results in a light 
current (IL) of 6nA minimum. 

500 
The dashed line Indicates I L minimum PW - 300". 
value against SE303A minimum value duty 1/16 

100 
when SE303A and PH302 are combined. 
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Figure 5. SE303A-PH302 h -IFP Characteristic 

The radiation intensity of infrared radiation emitted 
from the SE303A decreases in inverse proportion to 
the square of the distance between the emitting and 
receiving devices. If the photo current generated by the 
PH302, combined with the SE303A, is IL, and the 
distance is y, then: 

y2, 
therefore 

log IL <X -2 log y 
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Figure 6 illustrates the IL-y characteristic of the 
SE303A and PH302 when combined, and IFP is used 
as a parameter. 
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Figure 6. SE303A-PH302 h - 'Y Characteristic 

Designing an Infrared 
Remote Control System 

I 
1000 

When designing a remote control system, the first step 
is to decide how much photo current (Ill can be 
generated at a given distance from the emitting source. 
In this case the PH302 is used as the receiver and the 
SE303A is the emitting source. From the information 
given in the preceding section, the drive conditions 
of pulsed forward current, the receiving amplifier gain 
and the photo current (Ill are determined. Note at this 
point that high gain in the first stage of amplification 
should be avoided, as noise and spurious light are also 
amplified. Figure 7 shows a block diagram of normal 
design procedures. 

Figure 7. Block Diagram 

Circuit Examples 
Shown in Figures 8 and 9 are examples of pulse driving 
using the SE303A and pulse receiving circuitry using 
the PH302. 
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~PD4069 ~PD4029 ~PD4069 

NEe 
~PC393C 2S8601 

ev~------~------------------------~----~----~--------~ 

100kU 

10kU 

1500pF 

Astable multlvlbralor 

C.KC.O 

10kll 

Hexadecimal counter 
(Duty 1116) 

10kU 

Wave shaping 
and output current bul.fer 

311 (1W) 

5kU 

SE303A 

~ 

Output stage 

~ 
250j.tS ---t--t.- I 

j+--3.5ms------

83-0006098 

Figure 8. SE303A Pulse Driving Circuit 

Figure 8 shows an astable multivibrator composed of 
a !-,PD4049C. The duty cycle of 1/16 is generated by a 
hex counter. The !-,PC393C provides wave shaping, and 
the 288601 is used as an output current buffer. The 
saturation voltage of the 288601· is about 1 V and the 
forward voltage of the 8E303A is about 2.5V, so the 
resultant pulsed forward current is about BOO to 900mA. 
As shown in Figure 9, the light received by the PH302 is 
converted to current and is then amplified to 10 times 
the original current by a 28K163 FET Preamplifier. The 

12V 
PH302 2SKle3 

soon 

l000pF 

50kO 50kll 
+ 

50kll 100kll 

PH302 .s a light senIOr 
and J~FET amplifier unit 

"PC4559C 

10kll 500kll 

5kll 

AC amplilier (X 100) 

ILPC4559C then amplifies the signal by 100. The signal 
is then passed to a ILPC393C comparator, which 
drives a monostable multivibrator (one-shot). The 
output of the one-shot drives a 288560, which drives 
the output. The output loading can be changed by 
narrowing the pulse interval or changing the time 
constant of the one-shot. The 1000pF capacitor 
between the 28K163 and the1LPC4559 are used to 
eliminate 50 to 60Hz 1A line interference. 

~C393C ~PD4529C 

10kll 5kll Rx 
l00kll 

VDD 

A 
Q 

T. 
Cx 

(O.I"F) T, 
VB. 

10kll 

Compal'lltor One-shot munlvlbretor 

l000F 

2SDIiIO 

RL 

-­Drtver ltage 

83-0006108 

Figure 9. PH302 Pulse Receiving Circuit 
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Television remote control is the most popular use 
for infrared remote control circuits. Generally, the 
housekeeping and signal generation for these systems 
is provided by control ICs, which offer a wide variety 
of pulse modulation formats from manufacturer to 
manufacturer. 

The following circuit employs the NEC IlPC1986 IR 
transmitter and the IlPD1987 receiver ICs shown in 
Fig'ures 10 and 11. For details of the IlPD1986 and 
IlPD1987, please refer to the data sheets for these 
devices. 

Conclusion 
Although the application of IR remote circuits is 
primarily for television and VCR applications, as the 
systems are improved and modified other longer­
ranged systems may be developed. NEC is constantly 
striving to bring new technologies to the marketplace, 
and the devices used in this application not are only the 
beginning. Forfurther information on other controllers 
and infrared emitting and receiving devices, contact: 
NEC Electronics Inc., 401 Ellis Street, P.O. Box 7241, 
Mountain View, CA 94039. Attention: Semiconductor 
Marketing/Applications. 
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83·000611A 

Figure 10. TV Remote Control Transmitter Circuit 
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Decoder 

Power 
Relay 
On/Off 

Figure 11. TV Remote Control Receiver Circuit 
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Introduction 

Optical remote control systems are used extensively 
in television receivers, and also are gradually finding 
application in audio and video equipment and air 
conditioners. 

A combination of an infrared light emitting diode and 
a PIN photo diode is used to implement an optical 
remote control. NEC now produces the SE303A infrared 
light emitting diodes (LEOs) and PH302 PIN photo 
diodes as remote control devices. 

The data in this note, together with the NEC technical 
data in "Application Note for SE303A and PH302: 
Infrared Remote Control" (LEA-507), describes the 
allowable pulsed forward current, which is an important 
factor in the use of the SE303A and PH302 for remote 
control. The data here serves as reference information. 

1. Allowable Pulsed Forward Current 

In the design of a remote control circuit of a television 
receiver, a relatively high pulsed forward current must 
be supplied to the infrared light emitting diode. This is 
necessitated by the high signal-to-noise ratio and high 
photo current required, because control may be imple­
mented from a distance of 10 to 20m. On the other hand, 
the pulsed forward current is limited by the power 
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applied and by the allowable junction temperature of 
the IR LED. It therefore must be kept within the limits 
defined by these factors. Figure 1 shows the pulsed 
forward current versus the duty ratio characteristic of 
the SE303A. Figure 2 shows the pulsed forward current 
versus the pulse width characteristic. 

See Section 3 for general information on how to deter­
mine the pulsed forward current IFP, the duty ratio 0, 
and the pulse width pw. 

2. Degradation Change in Radiant Output 
Power of SE303A with Pulsed Forward Current 

As described above, the allowable pulsed forward 
current value of a device indicates only the maximum 
curve of pulsed forward current tolerated before thermal 
breakdown of the device. In this case, no consideration 
is given to the degradation change in radiant output 
power. Figures 3(a) and 3(b) illustrate what degree of 
degradation change occurs in the radiant output power 
of a high current-pulsed SE303A. 

In Figure 3, a very large degradation change can be 
seen at PW = 5ms and IFP = 1A. Suppose an SE303A 
is normally used for remote control in a TV receiver 
for about 10 years. Then the SE303A will have an 
actual operating time of around 200 to 300 hours. 
This will not pose a problem in practical use. 
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3. How to Determine Allowable 
Pulsed Forward Current 
The pulsed forward current can generally be determined 
by the average power method shown below. In this 
case, the repetitive pulse train of Figure 4(a) can be 
changed to the pulse train model of Figure 4(b). 

Convert the train of power pulses up to the (n-1 )th 
into the average power, and estimate to what value the 
junction temperature rises by the peak power at the nth 
or (n+1 )th pulse, and then set the junction temperature 
so it is within the specified range. If T is the repetition 
period, tp for the pulse width, and Po for the applied 
power, the applied average power Pave is: 

Pave= ~ Po 
T 

Using the superposition principle, decompose Figure 
4(b) as shown in Figure 5 Pulses Decomposed by the 
Superposition Principle. 

From Figure 5, the junction temperature TJN at the end 
of the nth pulse becomes: 

t-{EC 

(a) Repetitive Pulse Train 

(b) Pulse Train Model 
n n + 1 

pa··ILJL 
.----~,J 

Figure 4. Modeling of Repetitive Pulse Train 

PoJ I 
Po 

Pave J ~ 
T I Ip 

-Po -Po 

Figure 5. 

83-000616A 

83-000617A 

TJN = Pave· RT + (PO - Pave) . ")I (tp) + TA (1) 
where: TJN is junction temperature at the end of nth 
pulse; RT the saturation thermal resistance; tp the 
pulse width; ")I(tp) the transient thermal resistance fortp; 
TA the ambient temperature. 

Substituting tp/T = D (duty ratio) into eq. (1) gives: 

TJN = D·RT + (1 - D) • ")I (tp) • Po + TA (2) 

At the end of the (n+1 )th pulse, the junction tempera­
ture TJN+1 is: 

TJN+1 = Pave· RT + (PD - Pave) • ")I (T + tp) 
- Po . ")I (T) + Po· ")I (tp) + TA 

= PD ~ ·RT + (1 - ~). ")I (T + tp) -
T. T 

")I (T) + ")I (tp) + TA 

= PD D·RT + (1 - D) • ")I (T + tp) -

")I (T) + ")I (tp) + TA (3) 

where ")I (tp) is the transient thermal resistance for t = 
o - tp; ")I (T) the transient thermal resistance for t = 0 
- T; ")I (T + tp) the transient thermal resistance for 
t = 0 - (T + tp). 
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The junction temperature given by eq. (3) is slightly 
lower and is closer to the actual value than that given 
by eq. (2), but eq. (2) generally is used because it is 
simpler than eq. (3). Moreover, eq. (2) estimates the 
junction temperature with a value higher than the 
actual value, leaving a margin for the allowable value. 
Since PD = IF'VF, eq. (2) becomes: 

TJ - TA = IF . VF O·RT + (1 - D) "y (tp) (4) 

When tp and T are known, 'Y (tp) can be determined 
from transient thermal resistance data. Therefore, 
IF'VF is: 

IF'VF = O'RT + (1 - D) • 'Y (tp) 

TJ -TA 
(5) 

IF can be determined from the IF vs. IF'VF characteris­
tic data. 

Figure 6 illustrates the transient thermal resistance 
vs. pulse .width characteristic of the SE303A, and 
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Figure 7 shows the pulsed forward current vs pulsed 
forward current with forward voltage characteristic 
of the SE303A. 

For example, when TJ = 80°C, TA = 25°C, 0 = 10%, tp = 
0.1s, and RT 280°C/W, r(tp = 0.1s) = 30°C/W. 
Therefore, 

IF'VF = 
___ 8_0_-_25 ___ = 1 
0.1 x280+(1-0.1)X30 

From the IF vs. IF'VF characteristic graph, IF = 530mA. 

The pulsed forward current thus calculated should be 
derated for safety. In general, it is usual to allow a 
20% margin. 

Reference data: F.w. Gutzwiller, T.P. Sylvan. "Power 
Semiconductor Ratings Under Transient and Intermit­
tent Loads," AlEE Transactions, vol. 79, Jan. 1961. 

4. Measurement of the Radiant Output 
Power of an Infrared Light EmiHing Diode 
A photo conductive cell, photo diode, photo multiplier 
or solar cell can be used to detect the radiant output 
power of an infrared light emitting diode (IR LED). 
The reason for this is that solar cells with a wide detect­
ing area are stable in their characteristics for long 
periods of time, and have excellent spectrum matching 
with IR LEOs, good frequency response, and good 
reproducibility. They also are inexpensive and easy 
to use. 

If the output of a solar cell (the voltage across a resistor 
connected in parallel with the solar cell) is calibrated 
in milliwatts of radiant output power, the radiant power 
output can be determined simply by measuring the 
solar cell output. 

Figure 8 shows a simple, convenient radiant output 
power detector using a solar ceiL 

$301 Solar Cell (Manufactured by NEe) 

d = About 10mm 

B3·000S2OA 

Figure 8. Radiant Output Power Measuring Instrument 
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5. Example of Application of SE303A 
5.1 Simple remote control circuit using the SE303A 
and PH302 . 

Figure 9 shows a simple remote control circuifusing 
a SE303A and a PH302. The infrared radiation emitted 
from the SE303A is received by the PH302 and then 
amplified. The J..IPC1373H is a preamplifier manufac­
tured specifically for infrared light remote control. For 
details of the J..IPC1373H, refer to the data sheet. 

Vee· 3vo--------.S=E3=03=A--. 

-- PH302 

2SC945 

10kIl 

2.0!! 

1000pF 

10k!! 

~PD4069C 

ttiEC 
5.2 Application to TV remote control 

Figure 10 is an example of a circuit used for TV remote 
control. The J..IPD1913C/J..IPD1943G is an exclusive IC 
used for the remote control system on the transmission 
side. The infrared light from the SE303A is received 
by the PH302, and then amplified by the J..IPC1373H. 
preamplifier (used only for remote control) before 
being processed as signals by the J..IPD550C 4-bit 
microcomputer. 

r---.,--...."Iv--r----~--,......,......-VCC· 6V 
lkn 

3300pF 

~PC1373H 
/----_ Output 

22!l 

+ 
_ 4.7.uF 

83-0006215 

Figure 9. Simple Remote Control Circuit Using SE303A and PH302 
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IN .u.PC1313H OUT l--irf----J'---------jf-------1 rNT 

Cl GND C3 I 
I 

PH302 rO.0471'F :1 

~~::ahoto 4.7p.F 

~-~----------------~ 

Figure 10. Application to TV Remote Control 

The above circuit examples and the circuit constants 
used are not designed for mass production. Accord-
ingly. no consideration is given to the tolerances or 
temperature characteristics of each part of the circuits. 
NEe makes no representations as to any patents on 
the circuits. 
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