
11 Summary of Types 
Optoelectronic semiconductor devices 
Types so far avai lable New types 

Photovoltaic cells 

Si l icon photovol ta ic cel ls B P 100, B P X 7 9 , B P Y 11, 
B P Y 4 7 , B P Y 4 8 , B P Y 6 4 , 
TP 6 0 , T P 61, 

Photodiodes 

Si l icon differential photod iodes 
B P X 4 8 

Si l icon photod iodes B P X 6 0 , B P X 6 3 , B P X 6 5 , 
B P X 9 0 , B P X 91, B P X 9 2 , 
B P X 9 3 , • B P Y 12 

B P W 32, B P W 33, B P W 34, 
BPX 61, BPX 66 

P h ot ot ra n s i st o rs 

Si l icon phototransistors B P 101, B P 102, B P X 3 8 , 
B P X 4 3 , B P X 6 2 , B P X 81, 
B P Y 61, B P Y 6 2 

Si l icon phototransistor arrays 
B P X 8 0 to B P X 8 9 

BP 103 

Light emitting diodes (LEDs) 

G a A s infrared emit t ing d iodes C Q Y 17, H C Q Y 18, LD 261 

G a A s infrared emit t ing d iode arrays 
LD 2 6 0 to LD 2 6 9 

G a A s P light emit t ing d iodes 
(red light) • LD 4 0 , LD 461, LD 5 0 

G a A s P light emit t ing d iode arrays 
(red light) LD 4 6 0 to LD 4 6 9 
G a P light emit t ing d iodes 
(green light) LD 471 

G a P light emit t ing d iode arrays 
(green light) LD 4 7 0 to LD 4 7 9 
G a P light emit t ing d iodes 
(yellow light) 

G a P light emit t ing d iode arrays 
(yellow light) 

C Q Y 57, C Q Y 77, CQY 78, 
LD 241 

C Q Y 26 A , LD 30 A , C, 
LD 41 A , LD 461 A 

C Q Y 28 A , LD 37 A , 
LD 57 A , LD 471 A 

C Q Y 29 A , LD 35 A , 
LD 55 A , LD 481 A 

LD 480 to LD 489 

Optoelectronic couplers 
C N Y 1 7 , C N Y 1 8 

Photoconductive cells R P Y 6 0 , R P Y 61, R P Y 6 2 , 
R P Y 6 3 , R P Y 6 4 

FW 9801, F W 9802 

Threshold swi tch for optoelect ronic appl icat ions T P V 6 3 

• Not for new equipment 
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Summary of Types 
Silicon photovoltaic cells 
Type Sensit iv i ty Open circuit vo l tage at E v = Dark current Page 

/ R a t 
100 lux 1 0 0 0 0 lux Tamb — 2 5 C 

S (LXA/IUX) \ / L (mV) V L (mV) / R (JIA) 

BP 100 0 . 0 2 5 0 .019) 1 7 0 (k 120) k 2001) 3 10) 61 
B P X 7 9 0 . 1 3 5 0.1) 3 2 0 (k 220 ) ^ 3101) 0.3 50) 6 6 
BPY11 0 .04 0 .028) 2 2 0 180) k 2601) 1 10) 7 0 
B P Y 1 1 / I 0 . 04 0 .028) 2 2 0 (k 180) * 2601) 1 10) 7 0 
BPY11/11 0 .04 {k 0 .028) 2 2 0 180) ^ 2601) 1 10) 7 0 
BPY11/111 0 .04 (k 0 .028) 2 2 0 (k 180) k 2601) 1 10) 7 0 
BPY 47 1.3 (k 0.9) 3 0 0 150) ^ 4 5 0 - 75 
BPY 48 0 .43 (k 0.3) 3 0 0 150) ^ 4 5 0 _ 8 0 
BPY 64 0 .23 (k 0.16) 3 0 0 (k 150) ^ 4 5 0 - 8 5 
TP 60 1.0 (k 0.7) 3 0 0 (k 140) k 4 4 0 - 9 0 
TP 61 1.0 0.7) 3 0 0 140) ^ 4 4 0 - 9 0 

1)E V =1000 lux 

Silicon differential photodiodes 
Type Sensit iv i ty Reverse vol tage Dark current Page 

IR at T a m b = 2 5 X 
S (nA/lux) V R ( V ) (nA) 

BPX 48 3 2 ( ^ 1 5 ) 10 0.1 U 0.2) 4 8 

Silicon photodiodes 
Type Sensit iv i ty Reverse vol tage Dark current Page 

IR at T a m b = 25°C 
S (nA/lux) V R ( V ) (nA) [pA] 

• B P W 32 10 7 [15] 1 0 3 
• B P W 33 5 0 35) 7 [20 U 100)] 1 0 8 
• B P W 34 7 0 (k 50) 3 2 [2 (* 30)] 1 1 3 

BPX 60 5 0 35) 3 2 7 300 ) 1 1 8 
• BPX 61 7 0 (k 50) 3 2 2 ( £ 30) 1 2 3 

BPX 63 10 7 [0.15] 1 2 8 
BPX 65 1 0 ( ^ 7) 5 0 1 (£ 5) 1 3 3 

• BPX 66 9 G>5) 5 0 0 .15 0.3) 1 3 8 
BPX 90 4 0 25) 3 2 5 200) 1 4 3 
BPX 91 5 0 ( ^ 3 5 ) 3 2 7 ( ^ 3 0 0 ) 1 4 8 
BPX 92 7 U 4 ) 3 2 1 100) 1 5 3 
BPX 93 8 ( * 5 ) 3 2 0 . 5 ( ^ 5 0 ) 1 5 8 

• BPY 12 ^ 1 0 0 2 0 1 0 0 ( £ 1000) 1 6 2 

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

• New type • Not for new rquipment 
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1.1. Summary of Types 
Silicon phototransistors 
Type Photocurrent Jp Col lector-emit ter Col lector-emi t ter Page 

at V C E = 5 V , reverse vol tage leakage current 
Page 

E v = 1 0 0 0 lux 
IP (mA) 

at VCE= 2 5 V , [30 V] E v = 1 0 0 0 lux 
IP (mA) VCE (V) E = 0 ; / C E O (nA) 

BP 101/1 0 . 0 6 3 to 0 . 1 2 5 3 2 [5 (S 100)] 171 
BP 101/11 0.1 to 0.2 3 2 [5 (<: 100)] 171 
BP 101/111 0.16 to 0 .32 3 2 [5 (£ 100)] 171 
BP 101/IV 0 .25 to 0.5 3 2 [ 5 ( £ 100)] 171 
B P 102/1 0 .16 to 0 .32 3 2 [5 (£ 100)] 176 
B P 102/11 0 .25 to 0.5 3 2 [5 (S 100)] 176 
BP 102/111 0.4 to 0.8 3 2 [5 (£ 100)] 176 
BP102/ IV 0 .63 to 1.25 3 2 [5 ( £ 1 0 0 ) ] 176 

T BP 103/1 0.16 to 0 .32 1 0 0 [5 (£ 100)] 181 
T BP 103/11 0 .25 to 0.5 1 0 0 [5 (£ 100)] 181 
• BP 103/111 0.4 to 0.8 1 0 0 [5 p 100)] 181 
T B P 1 0 3 / I V 0 .63 to 1.25 1 0 0 [ 5 ( £ 100)] 181 

B P X 38/I 0.4 to 0.8 5 0 5 ( £ 2 0 0 ) 186 
BPX 38/II 0 .63 to 1.25 5 0 8 ( £ 2 0 0 ) 186 
BPX 38/III 1.0 to 2.0 5 0 1 2 ( £ 500 ) 186 
BPX 38/lV 1.6 to 3.2 5 0 2 0 (£ 500 ) 186 
BPX 43/I 1.6 to 3.2 5 0 5 ( £ 200 ) 191 
BPX 43/II 2.5 to 5.0 5 0 8 ( £ 2 0 0 ) 191 
BPX 43/III 4 .0 to 5.0 5 0 12 (£ 500 ) 191 
BPX 43/IV 6.3 to 12 .5 5 0 2 0 (£ 500) 191 
BPX 62/I 0.4 to 0.8 5 0 10 (£ 100) 196 
BPX 62/II 0 .63 to 1.25 5 0 1 0 ( £ 100) 196 
BPX 62/III 1.0 to 2.0 5 0 10 (£ 100) 196 
BPX 62/IV 1.6 to 3.2 5 0 1 0 ( £ 100) 196 
BPX 81/1 0 .63 to 1.25 3 2 2 5 (£ 200 ) 2 0 0 
BPX 81/11 1.0 to 2.0 3 2 2 5 (£ 200 ) 2 0 0 
BPX 81/111 1.6 to 3.2 3 2 2 5 (£ 200 ) 2 0 0 
BPX 81/IV 2.5 to 5.0 3 2 2 5 (£ 200 ) 2 0 0 
BPY 61/1 0.8 to 1.6 3 2 5 (£ 100) 2 0 8 
BPY 61/11 1.25 to 2.5 3 2 5 (£ 100) 2 0 8 
BPY 61/111 2.0 to 4 .0 3 2 5 (£ 100) 2 0 8 
BPY61/ IV 3.2 to 6.3 3 2 5 (£ 100) 2 0 8 
BPY 62/I 1.25 to 2.5 3 2 5 (£ 100) 2 1 2 
BPY 62/II 2.0 to 4 .0 3 2 5 (£ 100) 2 1 2 
BPY 62/III 3.2 to 6.3 3 2 5 (^ 100) 2 1 2 

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

• New type 
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1.1. Summary of Types 
Silicon phototransistor arrays 
Type Photocurrent Ip Col lector-emit ter Col lector-emit ter Page 
(number of at VCE = 5 V , reverse vol tage leakage current 
phototransistors E v = 1 0 0 0 Ix 

IP (mA) 
at VCE = 2 5 V , 

per array) 
E v = 1 0 0 0 Ix 
IP (mA) V C E (V) E=0, / C E O (nA) 

BPX 81 (1)1) 3 2 2 0 4 
BPX 82 (2) 3 2 2 0 4 
BPX 83 (3) 3 2 2 0 4 
BPX 84 (4) 3 2 2 0 4 
BPX 85 (5) 
BPX 86 (6) 0.41 to 6.3 3 2 

3 2 2 5 200 ) 2 0 4 
2 0 4 

BPX 87 (7) 3 2 2 0 4 
BPX 88 (8) 3 2 2 0 4 
BPX 89 (9) 3 2 2 0 4 
BPX 80(10) 3 2 2 0 4 

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

GaAs infrared emitting diodes 
Type Radiant intensity Radiant f lux Half Max. perm. Page Type 

le 2 ) If = 100 m A [50 mA] angle y forward 
If = 100 m A 0 e (mW) (for 5 0 % l v m a x ) current 
[50 mA] 
(mW/sr ) $e 
le # e a t <p total (degree) If (mA) 

CQY17/ IV 1.1 to 2.8 15° 4 13 100 221 
C Q Y 1 7 / V 1.8 to 4.5 15° 6.3 13 100 221 
CQY 18/111 0.8 to 2.0 30° 2.5 4 5 100 2 2 6 
CQY 18/IV 1.25 to 3.2 30° 4 4 5 100 2 2 6 
C Q Y 1 8 / V 2 to 5.0 30° 6.3 4 5 100 2 2 6 
CQY 57/I [0.5 to 1.0] [1.0] 12 100 231 
CQY 57/II [0.8 to 1.6] [1.6] 12 100 231 
CQY57/III [1.25 to 2.5] [2.5] 12 100 231 
CQY 57/IV [2.0 to 4.0] [4.0] 12 100 231 
CQY 77/I 8 to 16 2.5 6 2 3 0 2 3 6 
CQY 77/II 12.5 to 2 5 4.0 6 2 3 0 2 3 6 
CQY 77/III 2 0 to 4 0 6.3 6 2 3 0 2 3 6 
CQY 78/I 1.0 to 2.0 2.5 4 0 2 3 0 241 
CQY 78/II 1.6 to 3.2 4 .0 4 0 2 3 0 241 
CQY 78/III 2.5 to 5.0 6.3 4 0 2 3 0 241 
LD 241/1 1.0 to 2.0 4.0 6 0 2 3 0 2 4 6 
LD 241/11 1.6 to 3.2 6.3 6 0 2 3 0 2 4 6 
LD 241/111 2.5 to 5.0 10 6 0 2 3 0 2 4 6 
LD 261/1 [0.28 to 0.71] 30° [1.0] 3 0 6 0 251 
LD 261/11 [0.45 to 1.112] 30° [1.6] 3 0 6 0 251 
LD 261/111 [0.71 to 1.8] 30° [2.5] 3 0 6 0 251 
LD 261/IV [1.12 to 2.8] 30° [4.0] 3 0 6 0 251 

1) Ip spread within one array ^ 1 : 2 (matching factor 0.5) closer spread values upon request 
2 ) Measured with HP radiant flux meter 8334A (option 013) measuring distance ^ 70 mm. 

• New type • Not for new equipment 
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1.1. Summary of types 
GaAs Infrared emitting diode arrays 
Type Radiant f lux Half angle (p Max . perm. Page 
(Number If = 5 0 m A # e (mW) (for 5 0 % Iv m a x ) forward current 
of d iodes 
per array) $ e at $ e total degree h (mA) 

L D 2 6 1 (1)1) 2 5 6 
L D 2 6 2 (2) 2 5 6 
L D 2 6 3 (3) 2 5 6 
L D 2 6 4 (4) 2 5 6 
L D 2 6 5 (5) 
L D 2 6 6 (6) 

> 0 .32 to 2 . 5 0 > 30° • 2 .0 • 3 0 5 0 
2 5 6 
2 5 6 

L D 2 6 7 (7) 2 5 6 
L D 2 6 8 (8) 2 5 6 
L D 2 6 9 (9) 2 5 6 
L D 2 6 0 (10) 2 5 6 

') Ie spread within one array ^1 : 2 (matching factor 0.5) closer spread values upon request 

GaAsP light emitting diodes (red light) 
Type Luminous intensity Half angle (p Case Reverse current Page 

at If = 2 0 m A (for 5 0 % I v m a x ) 

degree 

colour at V R = 3 V 
IV (mcd) 

(for 5 0 % I v m a x ) 

degree 
IR (HA) 

• C Q Y 2 6 A 0.8 3 0 red dif fuse 0.01 (£ 10) 2 6 5 
• C Q Y 26 / I 1.5 U 1.0) 3 0 red dif fuse 0.01 (£10) 2 6 5 
• C Q Y 26/I I 2.5 ( £ 2 . 0 ) 3 0 red dif fuse 0.01 (£ 10) 2 6 5 
T L D 3 0 A 0.8 3 5 red dif fuse 0.01 (£ 10) 271 
• L D 3 0 / ! 1.5 U 1.0) 3 5 red dif fuse 0.01 (£ 10) 271 
• L D 30/ I I 2.5 ( £ 2 . 0 ) 3 5 red dif fuse 0.01 (£ 10) 271 
T L D 3 0 C 2.5 ( £ 1 . 0 ) 2 5 g lass clear 0.01 (£ 10) 271 
• L D 40 / I 0.7 ( £ 0 . 3 ) 4 0 red dif fuse 0.01 (£ 10) 2 7 5 
• L D 40/ I I 1.2 ( £ 0 . 8 ) 4 0 red dif fuse 0.01 (£ 10) 2 7 5 
T L D 4 1 A 0.6 3 0 red dif fuse 0.01 (£ 10) 2 7 9 
• L D 4 1 / I 1.5 (£1.0) 3 0 red dif fuse 0.01 (£ 10) 2 7 9 
• L D 41/11 2.5 ( £ 2 . 0 ) 3 0 red dif fuse 0.01 (£ 10) 2 7 9 

L D 50/1 3.0 ( £ 2 . 0 ) 12 red dif fuse 0.01 ( £ 1 0 ) 2 8 4 
L D 50/11 6.0 ( £ 4 . 0 ) 12 red dif fuse 0.01 (£ 10) 2 8 4 
L D 4 6 1 1 ( £ 0 . 6 ) 5 0 whi te dif fuse 0.01 (£ 10) 2 8 9 

• L D 4 6 1 A £ 0 . 4 5 0 whi te dif fuse 0.01 (£ 10) 2 8 9 

GaAsP light emitting diode arrays (red light) 
Type 
(Number of 
LEDs per 
array) 

Luminous intensity 
at If = 2 0 m A 
I v (mcd) 

Half angle <p 
(for 5 0 % l v max) 

degree 

Case 
colour 

Reverse 
current at 
V R = 3 V 
IR (MA) 

Page 

L D 4 6 2 (2) 
L D 4 6 3 (3) 
L D 4 6 4 (4) 
L D 4 6 5 (5) 
L D 4 6 6 (6) 
L D 4 6 7 (7) 
L D 4 6 8 (8) 
L D 4 6 9 (9) 
L D 4 6 0 ( 1 0 ) 

0.6 to 1.2 5 0 white diffuse 0.01 (£10) 

2 9 5 
2 9 5 
2 9 5 
2 9 5 
2 9 5 
2 9 5 
2 9 5 
2 9 5 
2 9 5 

• New type; • Not for new equipment 
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11. Summary of Types 
GaP light emitting diodes (green light) 
Type Luminous Half angle <$> Case Reverse current Page Type 

intensity (for 5 0 % I v m a x ) colour at VR = 3 V 
at /p = 2 0 m A IR (HA) 
I v (mcd) (degree) 

• C Q Y 2 8 A 1.2 2 5 green dif fuse 0.01 (£ 10) 2 9 9 
• C Q Y 28 / I 3 . 0 ( ^ 2 . 5 ) 2 5 green dif fuse 0.01 (£ 10) 2 9 9 
T C Q Y 28/ I I 5.5 U 4 . 0 ) 2 5 green di f fuse 0.01 10) 2 9 9 
• L D 3 7 A 1.0 3 5 green di f fuse 0.01 10) 3 0 4 
• L D 37 / I 2 . 5 ( ^ 2 . 0 ) 3 5 green dif fuse 0.01 (£ 10) 3 0 4 
• L D 37 / I ! 5 . 0 ( ^ 3 . 0 ) 3 5 green dif fuse 0 .01 , (^ 10) 3 0 4 
T L D 5 7 A 1.2 2 5 green di f fuse 0.01 (£ 10) 3 0 9 
• L D 5 7 / ! 3 . 0 ( ^ 2 . 5 ) 2 5 green dif fuse 0.01 (* 10) 3 0 9 
• L D 57/ I I 5.5 ( ^4 .0 ) 2 5 green di f fuse 0.01 (£ 10) 3 0 9 

L D 4 7 1 4.5 ( ^3 .2 ) 5 0 green di f fuse 0.1 (* 10) 3 1 4 
• L D 4 7 1 A k 1.25 5 0 green di f fuse 0.1 (£ 10) 3 1 4 

GaP light emitting diode arrays (green light) 
Type 
(Number of 
LEDs per 
array) 

Luminous 
intensity 
at If = 2 0 m A 
I v (mcd) 

Half a n g l e s 
(for 5 0 % I v m a x ) 

(degree) 

Case 
colour 

Reverse current 
at V R = 3 V 
IR (MA) 

Page 

L D 4 7 2 (2) 
L D 4 7 3 (3) 
L D 4 7 4 (4) 
L D 4 7 5 (5) 
L D 4 7 6 (6) 
L D 4 7 7 (7) 
L D 4 7 8 (8) 
L D 4 7 9 (9) 
L D 4 7 0 ( 1 0 ) 

3.2 to 6.3 5 0 green dif fuse 0.1 (£ 10) 

3 1 9 
3 1 9 
3 1 9 
3 1 9 
3 1 9 
3 1 9 
3 1 9 
3 1 9 
3 1 9 

GaP light emitting diodes (yellow light) 
Type Luminous Half angle y Case Reverse current Page 

intensity (for 5 0 % I v m a x ) colour at VR = 3 V 
at If = 2 0 m A 
I v (mcd) (degree) 

• C Q Y 2 9 A 1.5 2 5 ye l low di f fuse 0.01 u 10) 3 2 4 
• C Q Y 29/1 4 .0 (k 3.0) 2 5 ye l low dif fuse 0.01 .(£ 10) 3 2 4 
• C Q Y 29/11 7.0 (k 5.0) 25 ye l low dif fuse 0.01 U 10) 3 2 4 
• L D 3 5 A 1.5 3 5 ye l low dif fuse 0.01 U 10) 3 2 9 
T L D 35 /1 3 . 5 ( ^ 2 . 5 ) 3 5 ye l low di f fuse 0.01 U 10) 3 2 9 
• L D 35/11 6 . 0 ( ^ 4 . 0 ) 3 5 ye l low dif fuse 0.01 U 10) 3 2 9 
T L D 5 5 A 1.5 2 5 ye l low dif fuse 0.01 U 10) 3 3 4 
• L D 55/1 4 .0 (> 3.0) 25 ye l low dif fuse 0.01 (£ 10) 3 3 4 
• L D 55/11 7.0 (> 5.0) 2 5 ye l low dif fuse 0.01 U 10) 3 3 4 
• L D 4 8 1 7 ( * 4 ) 5 0 ye l low dif fuse 0.1 U 10) 3 3 9 

• New type 

14 



1.1. Summary of Types 
GaP light emitting diode arrays (yellow light) 
Type 
(Number 
of d iodes 
per array) 

Luminous intensity 
at IF = 2 0 m A 
I v (mcd) 

Half angle <p 
(for 5 0 % I v m a x ) 

degree 

Case 
colour 

Page 

LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 

482 (2) 
483 (3) 
484 (4) 
485 (5) 
486 (6) 
487 (7) 
488 (8) 
489 (9) 
480 (10) 

4 to 8 5 0 ye l low dif fuse 

3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 

Optoelectronic couplers 
Type Current Insulation G a A s LED Phototransistor Page 

transfer test 
Page 

ratio in % voltage Forward Reverse Col lector Col lector 
Ic/If (10 mA) V]s (V) current 

If (mA) 
vol tage 
V R ( V ) 

current 
h (mA) 

voltage 
Veto (V ) 

CISSY 17/1 4 0 - 8 0 4 0 0 0 = 6 0 3 1 0 0 7 0 351 
C N Y 17/11 6 3 - 1 2 5 4 0 0 0 = 6 0 3 1 0 0 7 0 351 
C N Y 17/111 1 0 0 - 2 0 0 4 0 0 0 = 6 0 3 1 0 0 7 0 351 
C N Y 17/1V 1 6 0 - 3 2 0 4 0 0 0 = 6 0 3 1 0 0 7 0 351 
C N Y 18/1 1 0 - 2 0 8 0 0 = 6 0 3 1 0 0 3 2 3 5 7 
C N Y 18/11 1 6 - 3 2 8 0 0 = 6 0 3 1 0 0 3 2 3 5 7 
C N Y 18/111 2 5 - 5 0 8 0 0 = 6 0 3 1 0 0 3 2 3 5 7 
C N Y 18/IV 4 0 - 8 0 8 0 0 = 6 0 3 1 0 0 3 2 3 5 7 

Photoresistors 
Type Operating Dark Light Wave leng th of the Page 

voltage resistance resistance max. sensit ivi ty 

V a ( V ) Ho (Q) fliooo (G) [R20] A-s max (nm) 

• F W 9801 1 0 0 ^ 8 • 105 I 600 ] 5 7 5 3 6 3 
T F W 9802 2 0 0 ^ 8 • 105 [1800] 5 7 5 3 6 3 

R P Y 6 0 1 0 0 £ 1 • 1 08 3 0 0 to 8 0 0 7 2 0 3 6 5 
RPY61 5 0 ^ 1 • 1 06 3 0 0 to 8 0 0 6 5 0 3 6 8 
R P Y 6 2 1 0 0 k 1 • 1 08 3 5 0 0 5 5 0 371 
R P Y 6 3 5 0 k 1 • 106 3 0 0 to 8 0 0 5 5 0 3 7 4 
R P Y 6 4 1 0 0 £ 1 • 108 3 5 0 0 5 5 0 3 7 7 

Threshold switch for optoelectronic applications 
Type Max . operat ing 

vol tage 

Vbatt 

Input 
current 
h (PA) 

Switching 
threshold 
^ E S ( V ) 

Rise t ime 

C W A ( V ) 
eft [IS 

Temperature 
coeff icient 
TC (%/K) 

Page 

T T P V 6 3 ± 1 0 2 0 0.8 - 0 . 6 3 8 3 

• New type 
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1.2. S y m b o l s , a l p h a b e t i c a l l y 

A A n o d e 

A Radiant sensit ive area 

B Base terminal 

B Stat ic current ga in , emit ter circuit 

C Col lector terminal 

C Capac i tance 

Co Capac i tance at V R = 0 V 

C 1 0 Capac i tance at V R = 10 V 

Co Diode capac i tance 

C C B Col lec tor -base capac i tance 

C C E Col lector-emit ter capac i tance 

C E B Emit ter-base capac i tance 

Cj Junc t ion capac i tance 

C E Input capac i tance 

C K Coup l ing capac i tance 

cd Candela (unit of luminous intensity 7V) 

D * Detect ion limit 

E Emitter terminal 

Ee Irradiance (unit: W / m 2 ) 

E v I l luminance (unit: Ix) 

r| Quantum yield 

r| Eff ic iency (%) 

f Frequency 

fg Cut-off f requency 

h Base current 

Ic Col lector current 

IQEO Col lector-emit ter leakage current (open base, I& 

/ E A V Emitter current at a g iven integrated t ime t a v 

/ E B O Emitter base leakage current (open col lector, 4 

/>s Surge current 

If Forward current 

h Emitter current 

Ie Radiant intensity (unit: W /s r ) 

IK Short circuit current 

/ K 2 5 Short circuit current at 7*a mb = 25°C 

Iv Luminous intensity (unit: cd or mcd) 
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Ip Photocurrent 

7R Reverse current 

K Ca thode 

L v Luminance ( cd /m 2 ) 

k Wave leng th (nm) 

ks m ax Wave leng th of the max. sensit ivity 

Apeak Wave leng th at peak emiss ion 

v Duty cycle 

N C Not connec ted contact 

NEP No ise equivalent power (qj^J 

PXoX Power d iss ipat ion 

(p Half angle 

$ e Radiant f lux (radiant power) (W) 

RH Light resistance 

Luminous f lux (Sm) Lumen 

R H T Light resistance at temperature T 

f?H 25° Light resistance at temperafbre T = 25°C 

ftiooo Light resistance at E v = 1 0 0 0 Ix 

Ri Load resistance 

f?o Dark resistance 1 min after dark ing 

Rs Ser ies resistance 

Hth Thermal resistance junct ion (heat source) - case at 
unl imi ted g o o d heat d iss ipat ion f rom case ( T c a s e = T a mb) 

RtnL Thermal res istance, junct ion (heat source) - stat ic 

ambient air w h e n using a coo l ing plate of def ini te s ize 

ftthjamb Thermal res istance, junct ion (heat source) - ambient stat ic air 

fttnJcase Therma l res is tance, junct ion - case 

fttnJL Therma l res is tance, junct ion - so lder pin connect ion 

S Spect ra l sensit iv i ty 

S r e i Relat ive spectra l sensit ivi ty 

t T ime 

t o n Turn-on t ime 

t 0ff Turn-of f t ime 

t f Fall t ime 

f r Rise t ime 

td Delay t ime 

t s S torage t ime 

T Temperature 
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Tease Case temperature 

T\ Junc t ion temperature 

TC Temperature coeff ic ient 

T. Solder ing temperature 

Tstor Storage temperature 

Tamb Amb ien t temperature 

T F 
Colour temperature 

A T Temperature deviat ion 

^batt Vol tage 

v0P 
Operat ing vol tage 

V Battery vol tage 

Vout Output vol tage 

VBR Breakdown vol tage 

VCE Col lector-emit ter vo l tage 

VQEO Col lector-emit ter junct ion vol tage, open base {IQ = 0) 

VCEsat Col lector-emit ter saturat ion vol tage 

VEBO Emitter-base junct ion vol tage, open emit ter (IE = 0) 

VES Swi tch ing threshold 

vF Forward vol tage 

Vis Insulation vol tage 

vL Open circuit vo l tage 

VL25 Open circuit vol tage at T a m b = 25°C 

VP Photovol tage 

vR Reverse vol tage 

^leak Leakage vol tage 

Q Resistivity of base mater ia l (Q/cm) 
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2. General 

2.1. I n t r o d u c t i o n 

Optoelect ronic components are increasingly used in modern electronics. Main f ie lds of 
appl icat ion are light barriers for product ion control and safety devices, light control and 
regulat ing equ ipment like twi l ight swi tches, fire detectors and faci l i t ies for opt ical heat 
superv is ion, scann ing of punched cards and perforated tapes, posi t ioning of mach ine 
tools (for measur ing length, angle and posit ion), of opt ical apparatus and ignit ion 
processes, for s ignal t ransmiss ion at electr ical ly separated input and output, as wel l as 
convers ion of l ight into electr ical energy. 

Lately, new f ie lds of appl icat ion opened up for optoe lect ron ic components in the photo 
industry in fo rm of exposure and aperture control and for automat ic electronic f lashes. 
IR sound t ransmission and IR remote control are new modes in the radio industry. 
Compute r d iagnos is and LED displays in instrument panels are possible appl icat ions in 
the automot ive industry. 

In data processing couplers electr ical ly separate computer and peripherals. Ul t imate ly 
LED and numer ica l indicator tubes won w ide appl icat ion in the measur ing and control 
technique. 

Depending upon the appl icat ion either photovol ta ic cel ls, photod iodes or 
are used. Whe reve r ampl i f iers wi th high input impedance are required, photod iodes 
are to be preferred. 

Phototransistors are predominant ly used in connect ion wi th transistor circuits or to drive 
integrated circuits, whereas photovol ta ic cel ls are preferred to scan large surfaces, if a 
strictly linear relation between light and s ignal level or op t imum reliability is requi red. 

Apar t f rom photoelectr ic detectors also l ight emit ters on a semiconductor basis f ind 
appl icat ion, the l ight emit t ing d iodes. One dif ferentiates between light emitters on the 
basis of G a A s (gal l ium arsenide) wh i ch operate in conjunct ion wi th the photo detectors 
descr ibed and are spectral ly at tuned to them and those based on G a A s P (gall ium arsenide 
phosphide) or G a P (gal l ium phosphide) wh i ch emit v is ible l ight and mainly serve as s ignal 
indicators. 

Light emit t ing d iodes and a lphanumer ica l d isp lays in red, green, and ye l low replace the 
convent ional indicat ion by lamps in an ever increasing scale. 

Componen ts compr is ing both emit ter and sensor are termed opt ical ly coupled isolators 
or optoelectronic couplers . They are used to t ransmit electr ical s ignals at electr ical 
isolat ion. 

In the fo l lowing the var ious top ics wi l l be hand led in detai l as to technology, spec ia l 
character ist ics and appl icat ion possibi l i t ies. Thereafter comes a chapter devoted to the 
measur ing techn ique of optoe lect ron ic componen ts togehter wi th the most essential tables 
and per formance charts, f inal ly qual i ty speci f icat ions, mount ing and solder ing instruct ions. 
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2.2 Silicon photovoltaic cells 

Photovol ta ic cel ls are act ive two-po les wi th a comparab ly low internal resistance that 
has its cause in the vol tage of the vol ta ic cel l , w h i c h may only be some tenth of a volt. 
For pract ical appl icat ion, this character is t ic requires specia l attent ion. 

The open circuit vol tage V I rises a lmost logar i thmical ly as a funct ion of the i l luminance 
and , particularly in case of p lanar photovol ta ic cel ls, reaches h igh values already at very 
low i l luminances. It is independent of the size of the photovol ta ic ce l l . 

The short circuit current 7j< increases linearly w i th the i l luminance. It is proport ional to 
the size of the exposed photosensi t ive area at uni form i l luminance. 

The max imum energy of the photovol ta ic cel l is y ie lded in a load resistance flL of approx j^-. 

Pract ical short circuit operat ion and thus proport ional i ty be tween opt ical and electr ical 

s ignal is given at load resistance up to y ^ h - . Th is relation can be appl ied to an open 
circuit vol tage of k 100 m V . K 

In any type of appl icat ion the highest value of IK has to be used. A s imple procedure 
to gain information on the load resistance required is to measure VL and IK at g iven 
i l luminat ion condi t ions, i rrespect ive of the radiation source. 

In case the vol tage y ie lded by the photovol ta ic cel l is insuff icient it can also be used in 
d iode operat ion at reverse vo l tages up to 1 V . In such case the f low ing dark current 
has to be taken into cons iderat ion. 

The rise t ime of a s ignal vo l tage del ivered to a load resistor by the vol ta ic cel l pr imari ly 
depends on the operat ing condi t ions. There are two dist inct ive border l ine cases: 

1. Load resistor smal ler than the match ing resistor ( tendency toward short circuit operat ion) 

2. Load resistor larger than the match ing resistor ( tendency to open circuit operat ion). 

In case 1) the photovol tage rise is ana logous to the charg ing of a capaci tor v ia a resistor 
f rom a constant vol tage source. In photovol ta ic cel ls the junct ion capac i tance Cj must be 
charged . The rise occurs by the t ime constant T - RL - C j , Ri be ing the load resistor 
(the low ohmic resistance of the photovol ta ic cel l is cons idered negl igible). 

In case 2) the photovo l tage rise is s imi lar to the charg ing of a capaci tor by a constant 
current mode. The rise t ime f r of the photovol tage fo l lows the equat ion 

IK is the short-c i rcui t current under g iven i l luminat ion condi t ions. Th is relation only ho lds 
true for values of V P less than 8 0 % of the f inal value of the open circui t vo l tage. 
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The principal character ist ic of the rise t ime of photovol ta ic cel ls is s h o w n in the fo l lowing 
d iagram: 

Case 1) Rise t ime accord ing to the equat ion 

V P = V « L - ( 1 - 6 - 7 ^ ) 

Case 2) 

T ime constant r = ftL ' C j . 

Rise t ime tr = v ? ° \ 

fall t ime in both cases v = R\_ • Cj 

Modula t ion transients can , under certain condi t ions, lead to a modi f icat ion of the above 
d iagram. 

E.g. A t very low t ime constants 
(particularly in short c ircui t operat ion) 
the actual pulse shape of the 
short circuit current that deviates 
f rom an ideal square pulse has to 
be noted. See d iagram. 

Elimination 
Lux. /K 

1000 

Relative spectral sensitivity 
Srel = f ( M 
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2 3 . S i l i c o n p h o t o d i o d e s 

These photod iodes have a P N junct ion poled by a reversed bias. The capaci tance wh ich 
decreases wi th a g row ing reverse vol tage reduces the swi tch ing t imes. The P N junct ion 
is of easy access to the light. W i thou t i l luminat ion a very smal l reverse current f lows, 
the so-ca l led dark current. Light fal l ing onto the surrounding of the P N junct ion generates 
charge carrier pairs there that lead to an increase of the reverse current. Th is photocurrent 
is proport ional to the i l luminance. Therefore, photod iodes are part icularly wel l sui ted for 
quanti tat ive l ight measurements . The planar technique has 2 essent ia l advantages: The 
dark currents are cons iderab ly smal ler than for comparab le photo electr ic components 
in non-p lanar techn ique. Th is leads to a reduct ion of the current noise and thus to a 
decis ive improvement of the s igna l /no ise ratio. 

photons of different wavelengths (blue,red,infrared) 
(light) P+region 

W = space charge region 

' N region 

N+region 
metalcontact 

Figure 1 

Figure 1 shows the bas ic des ign of a photod iode. The limit of the space charge region 
is indicated by a dashed line. 

W i t h o u t i l luminat ion only a smal l dark current / • f lows through the P N junct ion as a 
result of thermal ly generated carriers. 

W i t h light, addi t ional charge carrier pairs (hole electron pairs) are generated in the P and N 
region by the radiat ion quan tum (internal photo effect). Carr iers or ig inat ing in the space 
charge region are immediate ly extracted because of the electr ical f ield present there, 
i.e. the holes in the P and the electrons in the N direct ion. Carr iers f rom the remaining 
f ie ld must first di f fuse into the space charge region in order to be separated there. 
If holes and electrons recombine before, they do not contr ibute to the photocurrent. 

Thus, the photocurrent I? is a combinat ion of the drift current of the space charge region 
and the dif fusion current of the P and N area. 
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Ip is proport ional to the incident radiation intensity. S ince IQ is very smal l for d iodes, 
it can be neglected in the equat ion Ip = Ip + IQ. Subsequent ly one gets a linear correlat ion 
between Ip and the incident radiation intensity over a very w ide range. 

Diodes wi th a smal l space charge w id th are termed P N d iodes, d iodes with a large 
space charge w id th PIN d iodes. 

P N d iodes have the di f fusion current as dominat ing part of the photocurrent whereas 
it is the drift current in the case of PIN d iodes. 

A s the capac i tance of the space charge w id th W is inversely proport ional , the PIN d iode 
is character ized by a smal ler capaci tance than a P N d iode of identical surface. The 
capaci tance of (most of) the d iodes reads: 

The less the dop ing N of the basic material and the h igher the appl ied voltage V, the 
lower the capac i tance. 

F ig . 2 s h o w s the capac i tance as funct ion of the vol tage for a PIN d iode, e.g. B P Y 12. 

Junction capacitance as a function of 
reverse voltage C = f (VB) 

200 r—i 1 1 1 1 , 1 . 1 1 
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2.4. Mounting instructions for silicon voltaic cells and photodiodes, 
open design wi thout cas ing 

A s s i l icon is an inherently brittle mater ial , the photoelect ron ic componen t shou ld be 
sh ie lded f rom pressure or tens ion. Contac t points are part icularly endangered . S h o u l d tension 
c o m e to bear on the sol id w i re leads w h i c h , for techno log ica l reasons, are a l loyed to a 
very thin P layer it shou ld only be paral lel to the surface and must not exceed 2 0 0 p (pond). 
Leads may only be bent 3 m m off the outer edge of the photoelectr ic componen t . 
Photoelect r ic componen ts can be cemented onto metal l ic or plast ic suppor ts but the 
expans ion coeff ic ient of the mater ial has to be taken into considerat ion to prevent mechan ica l 
strain between suppor t and photoelect r ic componen t at change of temperature. A n epoxy 
resin is to be used to cement or encapsulate the photoelect r ic component . It has to be 
co lour less and shou ld not g row darker wi th t ime. Af ter cur ing, the epoxy resin must not 
have any gas occ lus ions (filter effect). The epoxy resin E PI COTE 162 1) together wi th the 
hardener L A R O M I N - C 2 6 0 2 ) are part icularly sui ted for the encapsulat ion of photoe lect r ic 
componen ts . 100 we igh t parts EPICOTE 162, 3 8 we igh t parts L A R O M I N - C 2 6 0 are to be 
mixed wel l and remain workab le for about 3 0 minutes. Af ter that per iod of t ime the 
epoxy becomes v isc id . A l l mater ial to be encapsula ted has to be dry, dust- and grease- f ree. 
S h o u l d bubb les fo rm after the encapsulat ion it is adv isable to raise the cur ing process 
temperature to 100°C for a short t ime. It makes the bubb les come to the sur face and 
burst. The normal cur ing temperature lies between 6 0 and 80°C. The curing t ime is 1 hour, 
it lessens wi th h igher temperature. W h e n work ing wi th epoxy great care shou ld be taken 
that neither the resin nor the hardener touches the sk in . The quick ly b ind ing g lue 
S I C O M E T 85 3> proves adequate to cement open-des ign S i d iodes or photovol ta ic cel ls. 
The l ight sensit ive surface of the photovol ta ic cel l is coated wi th a protect ive lacquer 
and shou ld not be contaminated whi le cement ing . 

1) Registered trademark (Shell Chemical) 
2) Registered trademark (BASF) 
3) Registered trademark (Sichel-Werke, Hannover) 
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2.5. Silicon phototransistors 

The introduct ion of the planar technique a l lows to produce phototransistors of sma l l 
d imens ions. They are used as photoelectr ic detectors in control and regulating dev ices. 
The photoelectr ic transistors are excel lent ly sui ted as receivers for incandescent lamp 
l i gh t as their max imal photosensit iv i ty lies near the infrared limit of the l ight wave 
spect rum. 

In its mode of operat ion a photoelectr ic transistor cor responds to that of a photod iode 
wi th buil t- in ampl i f ier. It has a 100 to 5 0 0 t imes h igher photosensit iv i ty than a comparab le 
photoelectr ic d iode. 

The photoelectr ic t ransistor is preferably operated in an emit ter circuit and acts s imi lar 
to an A F transistor. 

Uni l luminated only a smal l col lector-emit ter leakage current f lows. It amounts to approx i ­
mately Id = B - ICQO, 8 s tanding for the current ampl i f icat ion and IQBO for the reverse 
current of the base d iode . 

A t i l luminat ion the reverse current of the base d iode IQBO increases by the photocurrent Ip. 
Thus, one receives for the photocurrent Ip—8 (7 C BO + ^p)-

Consequent ly , the photocurrent of a transistor is a funct ion of the photocurrent If of the 
base d iode and the current ampl i f icat ion 8 . A s 8 cannot be increased indefinitely, an as 
h igh as possib le photosensi t iv i ty of the base d iode is a imed at. 

Figure 3 

Figure 3 s h o w s the des ign of a phototransistor. The emit ter and base leads are af f ixed 
laterally to make the base d iode most easi ly access ib le to l ight. The large col lector zone 
ensures that the most poss ib le radiation quanta are absorbed there and wil l contr ibute 
to the photocurrent. 
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Contrary to a photod iode, a l inear interconnect ion between the incident radiat ion intensity 
and the photocurrent ip exists only in a smal l region, s ince the current gain B depends 
on the current. Figure 4 s h o w s typical current vol tage character ist ics of a phototransistor. 

S ince the reverse current 7 C B O of the base d iode is ampl i f ied in the same way as the 
photocurrent ip, the s igna l /no ise ratio of the phototransistor is the same as that of the 
photodiode. 

For the versati le appl icat ions, specia l type phototransistors are avai lable. B P Y 6 2 , B P X 4 3 , 
B P 101 and B P 102 requir ing no lens on the receiver s ide are sui table for general appl icat ions. 

B P Y 6 2 is outstanding for a h igher cut off f requency, B P X 4 3 for a h igher photo­
sensit ivity. 

In case the appl icat ion d e m a n d s a lens on the detector s ide, this requirement is met by 
B P X 3 8 . The flat w i n d o w of th is phototransistor makes a precise reproduct ion of the foca l 
spot on the photosensi t ive sur face of the transmitter sys tem possib le. On account of the 
larger system surface, the adjustment and a l ignment of the transistor case to the l ight 
emitter causes less di f f icul t ies. 

A t the types ment ioned, the user may preset the operat ing point of the phototransistor 
by wi r ing the base leads. The rapidity of response may thus be increased and the photo­
sensit ivity reduced. A f ixed b ias can reverse the phototransistor. Co inc idence circuits can 
be realized by scann ing this b ias. 
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The phototransistor B P Y 61 meets the requirement for h igh pack ing density. It is enc losed 
in a miniature glass case of 13 m m x 2.1 m m 0 and its photosensit iv i ty is by the factor 
5 0 0 to 1 0 0 0 higher than smal l -sur face si l icon photovol ta ic cel ls. A l s o the B P X 6 2 in 
micro ceramic case is prov ided for use on P C boards at m in imum space requirements. 
The tolerance range of the light sensit ivi ty is subd iv ided into four sensit ivity groups. 
There is no base contact. Light is the control l ing e lement w h i c h produces a correspondingly 
high col lector current v ia the emit ter-base path of the transmitter sys tem, mult ipl ied by 
the factor of the current ga in. The rise and fall t imes depend on the i l luminance and 
decrease wi th rising intensity. 

Ma in appl icat ions are scann ing of binary coded d iscs, f i lms and punched cards. 

Under l imited mount ing condi t ions the fo l lowing ampl i f ier must often be connected by 
relatively long leads. There is only little danger of interference p ick-up s ince a suff ic ient ly 
large signal to noise ratio is ensured by h igh photoelectr ic currents. 

Relative spectral sensitivity 
Srel = f (A.) 

rji 1 1 1 1 1 1 
WO 600 800 1000nm 
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2.6. Photo resistors 

Photoresistors are passive photoelectr ic componen ts . They consist of c a d m i u m su lph ide 
or cadm ium selenide or a mixture of these two mater ials and have a h igh spectra l 
sensit ivi ty for l ight wave leng ths f rom ultraviolet to the near infrared. Electr ical ly they 
are ohm ic resistors, their resistance degree being determined by the i l luminance. 

Photoresistors are b ipolar and can therefore be used in dc and ac circuits. 

A change in the resistance degree as a funct ion of the i l luminance causes a moment of 
inertia. The response t imes are some mi l l iseconds. The temperature coeff ic ient of a photo-
resistor is low and decreases wi th rising i l luminance. 
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2.7. Light emitting diodes (IRED/LED)1) and semiconducting indicators 

D e f i n i t i o n 

Light emit t ing d iodes are semiconductor d iodes emit t ing e lec t romagnet ic radiation w h e n 
operated in fo rward d i rect ion. The wave length of the emi t ted radiat ion depends on the 
semiconduc to r material used and its dop ing . G a A s P LEDs (gal l ium arsenide phosph ide 
LEDs) emit red light, G a P LEDs (gal l ium phosph ide-LEDs) emi t green, ye l low light, 
respectively, and G a A s d iodes (gal l ium arsenide IRED) emit in the infrared region of the 
spec t rum. 

The main appl icat ions result f rom these facts. D iodes emit t ing in the visible spectra l 
region are used as s igna l lamps or indicators whereas G a A s d iodes are employed as a 
radiation source in l ight barrier arrangements. 

Displays are used to represent numer ica l or a lpha-numer ica l symbo ls . The symbo ls are 
p roduced in one level w h i c h results in a w ide v iewing angle. Spec ia l data sheets are 
avai lable on LED semiconduc to r d isplays. 

IRED, LED and d isp lays have the fo l lowing advantages: 

- long life (appr. 1 0 5 hrs half life) 
- they are shock and v ibrat ion resistant 
- they are circuit compat ib le 
- the emi t ted l ight can easi ly be modu la ted 
- their des igns permit a h igh pack ing density. 

1) LED = Light emitting diode 
IRED = Infrared emitting diode 
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2.7.1. Design and mode of operation 

Light emit t ing d iodes are operated in forward di rect ion. A t f low of current freely mov ing 
electrons penetrate through the P N junct ion into the P-space where they recombine wi th 
the holes present there. A t th is process, energy is released in fo rm of radiat ion. 

Ga(As,P) GQ P GaAs 

r — i conductor r w i oxide wmm metallization 

Figure 5 

Figure 5 shows as d iag ram three types of l ight emit t ing d iode systems. G a A s P d iodes 
manufactured in p lanar - techno logy have their P N junct ion 2 - 4 |i under the semiconduc to r 
sur face. The light is p roduced in the thin P region and leaves the crystal th rough the 
near surface. A l l l ight propagat ing into the interior of the crystal is absorbed . The G a P 
and G a A s LEDs are epi taxial d iodes wi th an approx imate ly 2 0 - 5 0 | im P layer, where 
the radiation is p roduced. 

The absorpt ion of these mater ia ls is very low. Therefore, the G a A s IRED LEDs are mounted 
wi th the P side to the metal suppor t for better heat d iss ipat ion. 

LEDs emit t ing in the v is ib le range are offered as fu l l -p last ic versions. The s ingle d iodes 
(such as LD 41, LD 3 0 , LD 5 7 , LD 3 7 etc.) are intended for installation in front panels. 
The arrays LD 4 6 , LD 4 7 , LD 4 8 are suitable for versati le appl icat ions. The arrays of these 
types, consist ing of 1 to 10 indiv idual d iodes, can be arranged indefinitely. They are 
sui table for use in complex indicat ion sys tems such as sca les and large d isp lays. 

G a A s IREDs are enc losed in plast ic cases (array series LD 26) or in hermet ical ly sealed 
g lass-meta l ones (CQY 17, C Q Y 18, C Q Y 77 , C Q Y 78). The radiation character ist ics are 
essent ia l for the user. W h e n using the l ight emit t ing d iodes in ar rangements wi thout an 
opt ical lens as for instance in a read ing-head for punched tapes, the apex angle of the 
radiat ion shou ld be smal l . Th is is the case wi th LD 26 and C Q Y 77 . In connect ion w i th 
opt ica l lens sys tems those types are preferred where radiat ion leaves through a flat 
w i n d o w (CQY 18, C Q Y 78) . 
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In a 7-segment display 7 LEDs are mounted on a metal support and are red plast ic 
encapsu la ted. The red colour ing is meant to improve the contrast. Larger ones (up to 6 0 m m 
height) can be real ized wi th the LD 4 6 array ser ies as numerical or a lpha-numer ica l 
d isplay. The displays can be tr iggered as wel l in stat ic as in t ime divis ion mul t ip lex-operat ion 
(f > 100 Hz because then free of f l ickering) by a B C D seven segment decoder /dr iver 
circuit. For d isp lays wi th several digi ts the t ime div is ion mult ip lex process usually proves 
more economic . Only one decoder is used for all f igures w h i c h , like the digits, are dr iven 
by a c lock generator. A latch holds the input s ignal until new information is received 
(Fig. 6). 

B lock d iagram of the mult ip lex dr iv ing of n-digit LED disp lays 

binary 
coded 
input 
signal 

Figure 6 
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2.7.2= Electrical-optical c h a r a c t e r i s t i c s 

The emit ted radiation ( luminous intensity respectively) changes lineary wi th the forward 
current in the normal operat ion range as far as d iodes and d isplays are concerned. 
If the forward current is very h igh , the curve asymptot ica l ly approaches a threshold value. 
This is caused by a strong heat ing of the semiconduc to r sys tem. The linearity range can 
be w idened by swi tch ing f rom stat ic to pulse operat ion. Non- l inear i ty also turns-up at 
smal l forward currents. It is caused by excess current not contr ibut ing to the radiation 
and cannot be inf luenced by the customer . 

Radiant power as 
function of the 
forward current 
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A t constant current, the radiant intensity, luminous intensity respectively, decreases wi th 
rising temperature. The temperature coeff ic ient is - 0 . 7 % per degree for G a A s , - 0 . 8 % per 
degree for G a A s P , and - 0 . 3 % per degree for G a P . This is negl ig ible for many appl icat ions. 
If the temperature dependence proves d isturb ing it can w ide ly be el iminated by c o m p e n ­
sation circuits. 

The radiant power emi t ted by LEDs decl ines wi th increasing length of operat ion ("aging"). 
A " l i fe" of components w a s int roduced to descr ibe the degree of degradat ion. It is def ined 
as the t ime after wh ich the radiant power has fal len to half the value. In case of C W 
operat ion the life is approx imate ly 1 0 5 hours. This appl ies to an ambient temperature 
T a m b = 25° C and a fo rward current If = 100 m A (CQY 17, C Q Y 18, C Q Y 77, C Q Y 78) 
respectively If = 5 0 m A (LD 2 6 series and visible LED). 
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2.8 O p t o e l e c t r o n i c c o u p l e r s 

Definition 

Couplers are optoelect ronic componen ts for the t ransmiss ion of s ignals at electr ical input-
output separat ion. They are also termed optoelect ronic isolators. 

Design and mode of application 

The information is t ransmit ted opt ical ly. The electr ical s ignal is converted into an opt ical 
one by an emitter in the components , passed on opt ical ly and reconverted into an electr ical 
s ignal by a detector. A ga l l ium arsenide infrared light emit t ing d iode serves as emitter 
and a si l icon phototransistor as detector. A t forward current f lux the infrared emit t ing 
d iode generates a radiat ion of about 9 5 0 nm wavelength on the input s ide of the c o m p o ­
nent. This radiation is fed to the phototransistor via a l ight conduct ing med ium. The 
transistor current depends on the str iking radiant power. Potent ial d i f ferences up to a few 
kV may exist between the input and output, depend ing upon the type of component . 

functional diagram 

input current If radiation output current 7C 

Basic circuit 

A s shown in the above d iagram the current t ransmiss ion is ef fected by connect ing the 
output to the emitter and col lector of the transistor. Often also the base is connected . 
This permits more var iat ions in the wir ing technique. On the one hand, charge carriers 
can be shunt off f rom the base via a resistor by wh i ch the cut-off f requency of the transistor 
is increased, though at the expense of the t ransmiss ion factor. On the other side, the transistor 
wi th its normal transistor funct ions can be incorporated in the secondary circuit. 

The essential characteristics 

of optoelectronic couplers are their current t ransmiss ion ratio and the insulat ion vol tage. 

The insulation vol tage depends on the type. A t the TO 18 like C N Y 18 it amounts to 5 0 0 V , 
at the DIL 6 coupler C N Y 17 to 2.5 kV. 

The t ransmission ratio is the relation between output and input current and is stated in 
percents. Pract ical va lues lie between 2 0 and 3 0 0 % . Its rating depends on the radiant 
power of the l ight emi t t ing d iode, the qual i ty of l ight t ransmiss ion and the stat ic current 
transfer ratio of the transistor. Latter usually amounts to a few hundred. 

S ince both, the l ight emi t t ing d iode and the phototransistor are temperature dependent , 
the t ransmission ratio of the coupler is so too. A t low temperatures, it is determined by 
the posit ive temperature coeff ic ient of the transmitter, at h igher temperatures the negative 
coeff icient of the LED prevai ls. A t first, the t ransmiss ion ratio of the coupler increases 
wi th the temperature, then passes through a m a x i m u m between 0 and 50°C and decl ines 
afterwards. 

Couplers are wel l su i ted for t ransmiss ion of both digital and analog s ignals. In analog 
operat ion a certain non- l inear i ty between input and output current has to be taken into 
considerat ion w h i c h , however , is negl igible in case of smal l s ignals. 
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2.9. Measuring technique of optoelectronic semiconductor devices 

Optoelect ronic semiconduc to r devices, photovol ta ic cel ls, photod iodes, phototransistors 
etc. are specia l vers ions of s tandard semiconduc to r dev ices w h i c h were developed in 
v iew of their part icular f ie ld of appl icat ion. Their measur ing technique includes and is 
based on the convent ional and we l l - known one of d iodes and transistors. It is supp lemented 
by a special optoelect ron ic measur ing technique. Irrespective of the fact whether the 
objects to be measured are radiation sensit ive (detectors) or radiation emitt ing (emitters) 
components or a combinat ion of both (e.g. optoelectronic couplers) , the measur ing sys tem 
radiator/receiver remains the same, only the object to be measured changes its p lace. 
The essential di f ference to the standard measur ing method lies in the broadband of the 
measur ing system and the pronounced spectral character ist ics of emit ters and detectors 
as wel l as in the p rob lem of an exact descr ipt ion of these character ist ics and their 
reproducibi l i ty in order to achieve co inc id ing results at any t ime and in any place. This 
requires the observat ion of the fo l lowing instruct ions. 

Radiation sensitive components (detectors) 

Radiat ion-sensi t ive semiconduc to r dev ices serve to convert radiation energy into electr ical 
one. Radiat ion energy can be offered to the component in mani fo ld forms, depending on 
the source of radiat ion. For measur ing purposes only such radiat ion sources can be taken 
into considerat ion w h i c h , in their spectral energy distr ibut ion, can easily be covered and 
are reproducib le, i.e. thermic radiation sources like the tungsten f i lament lamp, wh i ch at 
least in the wave length range here of interest comes very c lose to the black body and 
monochromat ic light sources that means those emit t ing radiation of only one wavelength 
or at least of a very narrow wavelength range, above all l ight emit t ing d iodes and a 
combinat ion of whatever emit ters wi th narrow band fi lters. Because of its high energy, 
the tungsten f i lament l amp is mainly used for measur ing the radiation sensit ivity w h e n 
set to a "co lour tempera ture" of 2 8 5 6 K, cor responding to standard l ight A as per SEC 
306-1 part 1 and DIN 5 0 3 3 whi le l ight emit t ing d iodes are primari ly emp loyed for cut-off 
f requency and swi tch ing t ime measurements as they can be modula ted or pulsed up to 
high f requencies. A t this instance, w e want to d raw your attention to the fo l lowing. 
The definit ion "co lour temperature" (see table 2.9.1) s h o w s that basical ly, this statement 
is only very l imited useful for the optoelect ronic measur ing technique, quasi only as auxil iary. 
But unfortunately the te rm has come to stay. In pract ice the lamps are not cal ibrated to 
colour temperature but to "relat ive temperature in the vis ible range", most ly to a green-red 
relation. A n extension to a red-green- infrared relation and thus an approach to the, for 
our measur ing techn ique solely correct, "distr ibut ion temperature" in the wavelength 
range 3 5 0 nm to 1 2 0 0 n m , or even better 3 0 0 nm to 1 8 0 0 nm, is wor th aspir ing after. 
This still meets wi th object ions on the part of lamp manufacturers to extend their cal ibrat ion 
equ ipment and the relative smal l quanti ty of lamps required. 

The tungsten f i lament l amps used for measur ing purposes have to be set to a relative 
spectral energy d is t r ibut ion that cor responds to that of the black body at a temperature 
of normal ly 2 8 5 6 K at least in the wave length range 3 5 0 nm to 1 2 0 0 nm, and have to be 
operated under very s tab le condi t ions. It is necessary to have the lamp operated wi th 
constant current, the deviat ion f rom the rated value must be kept less than ± 0 . 1 % . This 
requirement seems to be very h igh, but one has to cons ider that a deviat ion of the lamp 
current by 0.1% br ings about a change of the radiant intensity by 0 .7% and , of the colour 
temperature, by 2 K. Natural ly, the lamp can also be operated wi th constant vol tage but 
this is hard to realize in pract ice because of the inevitable and varying contact resistances 
in the lamp socket, therefore an operat ion wi th constant current is to be preferred. 

A lamp vol tage check at the same t ime permits a control of the lamp wi th regard to a 
change in its character is t ics for example by evaporat ing of co i led f i lament material wh i ch 
wou ld point to the fact that the lamp is no longer sui table for measur ing purposes and has 
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either to be replaced or cal ibrated anew. This check is mainly recommended for the 
"s tandard l amps" wh i ch are standard for co lour temperature, radiant and /o r luminous 
intensityy. 

For general measur ing purposes, serial measurements in part icular, the standard lamps 
gauged by the PTB or the manufacturer are usual ly not used because of the cal ibrat ion 
costs. Therefore, the service lamps are set to the given ratings by a compar ison wi th these 
s tandard lamps. The procedure is as fo l lows: 

Setting of colour temperature 

The standard lamp is set to current and/or vol tage accord ing to the material test cert i f icate. 
S o as to obtain exact and reproducib le values, the coi l f i lament of the lamp has to be 
adjusted precisely to vert ical w i th a tolerance of ±1°. Af ter a heat ing per iod of approx imate ly 
3 0 minutes the photocurrent of a linear receiver, usual ly the short-c i rcui t current of a 
photoelectr ic device, is measured behind a nar row-band fi lter wi th a t ransmiss ion wave ­
length of approx imate ly 5 0 0 nm, 9 0 0 nm respect ively. Care shou ld be taken that the 
f i l ters have no further pass band . The relation of these 2 measured values character izes 
the spectral energy distr ibut ion of the black body at the given temperature. N o w , the lamp 
current of the lamp to be cal ibrated is changed until the ratio of the photocurrent measured 
beh ind the 2 fi l ters co inc ides wi th that measured before at the standard lamp. Thus the 
service lamp has the same colour temperature (or to be more precise, ratio temperature) 
as the standard lamp. It shou ld be ment ioned here that the lamp has to be cal ibrated in 
the case in wh i ch it wi l l be operated later on s ince different heat condi t ions and ref lexions 
in the case may lead to cons iderab le changes in the radiat ion character ist ics of the lamp. 

Adjustment of the distance from the incandescent coiled filament for a given 
irradiance E e , i l luminance E v , respectively 

The material test cert i f icate of the standard lamp usual ly states the radiant intensity (Ie) 
the luminous intensity (I v), respect ively, for the direct ion vert ical to the co i led f i lament. 
A t a suff iciently large spac ing f rom the coi led f i lament, at least ten t imes the max imal 
f i lament d imens ion , w e have E = I/R2 f rom wh i ch one can calculate the spac ing for 
the desired value of E accord ing to ft = JTJE. N o w , the photocurrent of the photovol ta ic 
cel l is measured at this d is tance f rom the co i led f i lament of the standard lamp and then, 
by means of the vol taic cel l , the d istance to the service lamp at wh i ch the same photocurrent 
f l ows is set. In case a suff ic ient ly precise luxmeter (e.g. Osram Cent ra -V (A) S i photovol ta ic 
cell) or a power meter of an adequate bandwid th is avai lable the adjustment can, of 
course, be done by them. W h e n irradiance measur ing instruments are used one has to 
take into considerat ion that, in general , it is imposs ib le to cover the entire range of the 
spectral energy distr ibut ion of the (black) emitter because, for example , of the instal lat ion 
of the thermocoupler beh ind a quar tz -w indow. Consequent ly the measured irradiance Ee 

is too low compared to the black body. A s a result the object is measured at too high 
an irradiance when £ e has been adjusted by this instrument (shortened spac ing f rom body) 
a l though the object itself is insensit ive to the spectral range fi l tered off in the radiant 
intensity meter. Th is can lead to di f ferences in the photo current up to 2 0 % . W h e n stat ing 
the irradiance it is necessary to indicate the measur ing instrument used in order to 
compare the measur ing results (spectral sensitivity curve, w i n d o w mater ial , etc) and , for 
the colour temperature of the emitter, the correct ion factor related to the black body. 

The radiant intensit ies given in this book were measured wi th the Hewle t t -Packard Radiant 
Flux Meter hp 8 3 3 4 A wi th opt ion 0 1 3 . 

A t the moment the PTB and /o r lamp manufacturers gauge standard lamps only at co lour 
and /o r ratio temperature in the visible range. Caused by the structure of s tandard lamp, 
in part icular by uneven temperature distr ibut ion over the co i led f i lament (heat d iss ipat ion 
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by suspension), these gaug ings do not even for lamps of the same type guarantee the 
same shape of spectral energy distr ibut ion in the infrared where the components to be 
measured usually have their max imum. Depend ing on type of lamp this is expressed in 
di f ferences of the photocurrent of some % up to more than 10% under same measur ing 
condi t ions, i.e. E v = 1 0 0 Ix and 7> = 2 8 5 6 K. Lamps wi th f i lament or double f i lament 
s h o w this part icularly s t rong. Mere ly the new vers ion W i 4 1 G of Osram wi th its de tached 
coi led f i lament is an except ion. The scatter ing f rom lamp to lamp is only some per mil ls 
as measurements of a large quanti ty of lamps proved and it can therefore be recommended 
as standard lamp in connect ion wi th semiconductor photoelectr ic components . 

For photosensit iv i ty measurements (photocurrent or photovol tage) the components to be 
measured are p laced at the posit ion predetermined for the spec i f ic irradiance and there 
they are held in such w a y that the radiant sensit ive surface of the semiconductor ch ip is 
vert ical to the direct ion of light. Cyl indr ic componen ts such as in TO 18, TO 5 or s imi lar 
plast ic cases are put up so that the case axis wi l l co inc ide wi th the direct ion of radiat ion. 
Th is is of pr ime impor tance for components w i th a highly focus ing lens. A holder w i th 
a s l id ing socket for the terminal w i res proved useful (see f igure 9). 
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Ip Test Assembly for Photoelectric 
Devices 

| spring -
loaded 

f i x t u r e 

r^app.50mm-

diaphragm-
screen 

a n 
app.280mm(100Q Lx) 
app.1000mm( 100 Lx) 

sl ideable 

f- 3m 

Figure 9 
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W h e n measur ing the short-c i rcui t current of a vol ta ic cel l care has to be taken that 
the internal resistance of the measur ing instrument used is smal l enough compared to 
the internal resistance of the photovol ta ic cel l . The same appl ies to measur ing the open 
circuit, the internal resistance of the measur ing instrument is large compared to the internal 
resistance of the photovol ta ic cel l . F ig. 10 s h o w s this connect ion for the photovol ta ic cell 
B P Y 11 for E v = 1 0 0 l x . 

Measuring of switching times 

The swi tch ing t imes are measured osci l lographical ly by a set -up as shown in the be low 
circuit d iagram (fig. 11) by means of a pulsed infrared emit t ing G a A s d iode as measur ing 
source and a d o u b l e - b e a m osc i l lograph. The swi tch ing t imes of the G a A s must, of course, 
be smal l compared to the swi tch ing t imes of the componen t to be measured. 

6a As diode 5Z 

channel I 

photo­
transistor 

channel II channel n 

channel I 

! ! 
photovoltaic cell 

Figure 11 
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Switching times 

Delay t ime 

Rise t ime 

Turn-on t ime 

Storage t ime 

Fall t ime 

Turn-off t ime 

tr 

ton ( = td + tr) 

ts 

tf 

toff ( = ts + tf) 

input pulse 

Radiation emitting components (emitters) 
Radiation in the visible range - LED - (light emitting diodes) 

The luminous intensity is measured in the direct ion of the case axes by a detector wi th V(k) 
character ist ics and a cal ibrat ion in candela (foot- lambert). At tent ion has to be paid that 
the adjustment to the V (A (-curve (fig. 12) is a lso suff iciently exact in the wave length range 
of the LED. Though most meters of th is kind have an integral co inc idence wi th V (I) up 
to a few percents, but at the s lopes, part icularly around 7 0 0 n m , deviate strongly f rom 
the V{k) shape. 

Sensitivity curve of the human eye 
[V(k)] 

wavelength 

Figure 12 
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Radiation in the infrared range - IRED - (infrared emitting diodes) 

The radiant intensity Ie in the direct ion of the case axis shou ld be measured by a wave length 
independent detector ( thermocouple element) but low sensit ivi ty, inertia and temperature 
sensit ivity cause difficulties. For this reason, one usually measures wi th a corresponding ly 
cal ibrated photovol ta ic cel l . In such case, the spectral sensit ivi ty curve of the photovol ta ic 
cel l has to be cons idered and the measur ing result corrected wi th regard to the deviat ions 
in the emit ted wave leng th of the radiator to be measured (for example IRED with different 
product ion technology) . If the total radiat ion of the componen t shal l be measured, the IRED 
has to be f i t ted in a parabol ic like reflector to ensure that all radiation emit ted by the 
component reaches the photovol ta ic cel l that fo rms the end of the parabola. Figure 13 
s h o w s the outl ine of such a measur ing parabola. A s for the rest, the same requirements 
apply as for radiant intensity measurements . 

(IRED) with amplifier (e.g. BPW 33) 

Calibrated photodiode with amplifier (for example BPW 33) 

58 
o 

Large surface photovoltaic cell 

Figure 13 
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In cases where IRED emit t ing d iodes are used in connect ion wi th mirrors or lenses, for 
example in l ight barriers it can proof useful to state the radiant power (radiation capacity) 
$ e def ined in a cone wi th the half v iewing angle <p, respect ively the curve # e

 = f i<p) 
- ( F i g . 14) 

Radiation cone as a fuction 
of the half angle(p 

Measuring of switching t imes 

For measur ing of swi tch ing t imes the same appl ies as for the radiant sensit ive componen ts 
except that now a photod iode serves as detector and its swi tch ing t ime must be smal l 
compared to that of the IRED or LED to be measured. 

IRED 

LED 

? 
SZphotodiode 

channel I channel 2 
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Optoelectronic couplers 

Optoelectronic couplers isolate electr ical ly the input and output of two circuits with different 
vol tage potentials. The potent ial d i f ferences that can safely be separated in the sense of 
V D E regulat ions depend not only on the character ist ics of the coupler but also on the 
type of circuit and the envi ronmenta l condi t ions at the t ime of operat ion. 

Up to now no definite DIN standards or V D E regulat ions have been establ ished for couplers 
but the Deutsche Elektrotechnische Kommiss ion ( D K E / V K 631.6) is work ing at it. A s basis 
for the use of couplers the regulat ions V D E 0110 and V D E 0160 as wel l as V D E 0 3 0 3 / 
DIN 5 3 4 8 0 can be consul ted besides the decis ion V D E - 6 9 [ETZ-b, vo lume 2 6 (1974) H 22] 
on wh ich in all probabi l i ty the DIN standards now being worked on wi l l rest. 

To determine the permiss ib le nominal insulat ion test vo l tage for a spec i f ic appl icat ion, 
the component manufacturer can state the rat ings of the insulation test vol tage, the air 
gap and leakage path, latter in respect of the insulat ion character ist ics of the packag ing 
material used (KC value accord ing to V D E 6 3 0 3 / D I N 5 3 4 8 0 ) f rom wh i ch parameter the 
nominal insulation test vo l tage can be der ived on hand of the tables V D E 0110/0160. 

Measuring optoelectronic couplers 

Apar t f rom measur ing the static parameter of G a A s IR and Si phototransistors (or S i 
photodiodes) the coup l ing factor is of pr ime importance. Its gaug ing corresponds to that 
of the current ampl i f icat ion at the transistor only that in this case If (analogous Is) and 
V C E are operated under constant current source whi le IQ is gauged . 

o o 9 6 

/rlOmA 
constant 

The analogy wi th the transistor goes so far that, except of course for the isolat ion 
character ist ics, one can gauge couplers at the plotter osc i l loscope like transistors w i th 
extreme low current ampl i f ica t ion. 
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In this case the anode of the G a A s IRED is the base (7 f = ^B) , ca thode and emitter of the 
phototransistor are c o m m o n l y connected wi th the emitter terminal , whereas the col lector 
of the phototransistor is connec ted wi th the col lector terminal of the plotter osc i l loscope. 

constant 

6 
E 

Switching times 

For optocouplers the same app l ies as for radiat ion sensit ive componen ts w i th the mod i ­
f icat ion that the IRED emit t ing d iode is f ixed in the componen t (see f igure 11). 
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2.9.1 T e r m s of t e m p e r a t u r e fo r o p t i c a l r a d i a t i o n s 

Serial 
No. 

Term Symbol Relation 
to Planckian 
Radiation 

Definition Application Notes 

Temperature that may be allied to any optical radiation 
1 Radiance 

temperature 
Ts Equality of the 

spectral 
radiance of a 
selected 
wavelength 

The spectral radiance of any wavelength 
of a radiation to be denoted may be 
correlated with that Planckian temperature 
at which it has the same radiance at the 
same wavelength. Pyrometry formula 

(Acc. toWien) : ^ = \ - ± - l n ( 6 * r ) 

Pyrometry Visual pyrometry usually operates with an 
effective wavelength of about 650 nm. 
In general, the radiance temperature 
depends on the wavelength. It is always 
lower than the real temperature. 

Temperatures that may be allied only to optical radiations having certain characteristics 
2 Colour 

temperature 
Tf Equality 

of colour 
When a radiation has a colour equalling 
that of a Planckian radiation the 
temperature of the latter is the colour 
temperature of the radiation to be denoted. 

Colour 
measurements 

In general, T may not be used to draw 
any conclusion as to spectral distribution. 
In case of mere temperature radiations Tf 

usually equals approx. Tv in the visible 
region. 

3 Correlated 
colour 
temperature 

Tn As large a 
colour 
similarity as 
possible 

When radiation has a colour not equalling 
that of a Planckian radiation but-
assessed acc. to sensation-comes close 
to it, the temperature of the closest. 
Planckian radiation is the correlated colour 
temperature of the radiation to be denoted. 

Colour 
measurements 

In general, Tn may not be used to draw 
any conclusion as to spectral distribution. 
The statement of the correlated colour 
temperature only makes sense if the colour 
of the radiation to be denoted is less than 
about 10 . . . 15 thresholds of sensation 
away from the Planckian curve shape. 
If the colour difference approaches zero Tn 

switches to Tf. 
4 Distribution 

temperature 
Tv Equality of the 

relative spectral 
radiation 
distribution 
between ).i 
and A 2 

If radiation in a wavelength region to be 
stated has a spectral distribution between 
Ai and ).2 which is proportional to a 
Planckian radiation distribution the 
temperature of the latter is the 
distribution temperature of the radiation to 
be denoted. 

Spectral 
measurements 

If the range of spectral proportionality 
covers the visible Tf equals Tv . As there 
are no radiation sources which strictly 
meet the spectral proportionality condition 
over a long wavelength range, in practice 
deviations of up to a few per cent are 
allowed so that, for instance, Tf «s Tv 

applies to a tungsten radiation in the 
wavelength range of about 400 to 750 nm. 

5 Ratio 
temperature 

Tr Equality of the 
radiation 
quotient of 
two selected 
wavelengths 

When the quotient Q of the radiation of 
two (close) wavelengths (ranges) Ai and 
A2 of a radiation to be denoted equals the 
corresponding quotient of a Planckian 
radiation, the temperature of the latter is 
the ratio temperature of the radiation to be 
denoted. Q between 0 (AT = 0) and 
/ • 2 4 : / . l 4 (AT = oo ) with /.1 < / . 2 . 

"Blue/Red" 
measurements 

In general T, may not be used to draw any 
conclusion as to the spectral distribution. 
In case of mere temperature radiation T 
between /.1 and ).2 is usually approximately 
Tv if the spacing between the two 
wavelengths is within reasonable bounds. 

DIN 5496, DIN 5033, DIN 5031. In case of a grey body characterized by a total emissivity independent of wavelength e (A) = constant. 
International Dictionary of Light Engineering, the numerical values of several temperatures will coincide with the real temperature 
3rd Ed. 1970, publ. by CIE and IEC. T = Tw = Tr = Ti = Tn = Tv (exception: Ts < T). 



2.9 .2 . R a d i a t i o n a n d Sight m e a s u r e m e n t s 

Radiometric terms Spectr. radiometric terms Photometric terms 

No Term Sym­
bol 

Unit Relation Simplified 
definition 

Term Sym­
bol 

Unit Term Sym­
bol 

Unit 

1 Radiant 
power 

W Radiant power 
is the total 
power given 
in the form 
of radiation 

Spectral 
radiant 
power 
distribution 

W 
nm 

Luminous 
flux 

Im 
Lumen 

E m i t t e r 

2 Radiant 
intensity 

le w 
sr 

d<f>e  
I e dQ, 

Radiant 
intensity is 
radiant power 
per solid angle 

Spectral 
radiant 
intensity 
distribution 

w 
sr nm 

Luminous 
intensity 

Iv Im 

~sT = c d 

Candela 
3 Radiance U W 

m 2 sr 
L - d 2 < P e Radiance is 

radiant power 
per area and 
solid angle 

Spectral 
radiance 
distribution 

Ul. W Luminance L — - = sb c m 2 

stilb 

3 Radiance U W 
m 2 sr 

e dA^ • dQi 
Radiance is 
radiant power 
per area and 
solid angle 

Spectral 
radiance 
distribution 

Ul. 
c m 2 sr nm 

Luminance L — - = sb c m 2 

stilb 

Sensor 

4 Irradiance W P d$e 
Irradiance is Spectral Ee>. W Illuminance Ev ' m - Iv 

1 m 2 t e " dA2 
incident radiant irradiance m 2 nm n ^ ~ l x 

power per distribution 
lux (sensor) surface lux 

Indices "e" (= energetic ) and "v" (= visual) 
may be omitted unless danger of confusion 
DIN 1301, DIN 1304, DIN 5031, DIN 5496 
International Dictionary of Light Engineering, 
3rd Ed.publ . byCIEand lEC 

Photometric Basic Law 
dAi • cos £1 • dA2 d2$ = L-

Inverse Square Law 

(r should be 10 times the 
max. spacing of emitter-
sensor to keep error 
below 1%). 

dA 

dA 

= element of area of 
emitter 

i = element of area of 
sensor 

= angle of radiation 
= angle of irradiation 
= spacing emitter-

sensor 
= 1 sr 



2 . 9 3 . R a d i a t i o n c h a r a c t e r i s t i c s 

Denotation Symbol Meas. quant. Abbr. Definition 
Quantity of radiation Q Joule 

Wattsecond 
J 
Ws quantity of radiation through a surface 

Radiant power Watt W quantity of radiation Q per second through a surface 
Point source of 
radiation 

- - - . . . is a source viewed from such a great distance R that all rays seem to emanate from one point. 
When b max. linear expansion of source: R ^ b (example: sun for observer on earth). 

Solid angle 
(For figure see 
"General") 

Q sterad sr Q _ = ^L. _ _ A.. the radiant power <p [W] of a point source is constant in solid angle. 
/?i 2 R21 R32 R2' (Prerequisite: homogenous, undamping medium.) 

Q = 1 is A = R2 S O that Q hemisphere = Q 0 = 2 n sr; Q f ull sphere = Q 0 = 4 it sr 

Radiant 
intensity 

I Watt 

sterad 

W 

sr 
is the solid angle density of the radiant power (j^) • I of one source generally varies depending 

upon^viewing direction. I only defined when R ^ b; 

Total radiant 
power of a source $tot Watt W 

4 . T 

0 t o t = j ' l d Q 
0 

Irradiance 
(For figure see 
"General") 

E- Watt 
meter2 

W . . . is the surface density of the radiant power (spherical surface) for a point source. 
d<p dd> I 

£ = ^ ; d ^ = / P d Q f = 5 ^ = ^ ; I - f l P 

Radiance 
(For figure see 
"General") 

L 
Watt W . . . is the radiant intensity referred to the radiant surface viewed by the observer. 

(Surface projection Ap = A cos s when s is the angle by which the radiant surface is rotated 

against the connecting line to viewer. L - A - A ) . 
A\p AI C O S 8 / 

Important optical quantity. 
1) In an undamped beam path L is maintained and cannot be increased by any optical measure. 
2) The human eye sees differences in radiance as differences in brightness. 

Radiance 
(For figure see 
"General") 

L 
m2 sterad m2 sr 

. . . is the radiant intensity referred to the radiant surface viewed by the observer. 
(Surface projection Ap = A cos s when s is the angle by which the radiant surface is rotated 

against the connecting line to viewer. L - A - A ) . 
A\p AI C O S 8 / 

Important optical quantity. 
1) In an undamped beam path L is maintained and cannot be increased by any optical measure. 
2) The human eye sees differences in radiance as differences in brightness. 

Sensitivity 
of detector 

ampere 

irradiance 

A 

' T 
electrical quantity (current, voltage or resistance) in relation to irradiance 
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2.9 .4 . L u m i n a n c e conversion f a c t o r s u n i t s 

Unit sb c d / m 2 cd / f t 2 c d / i n 2 asb L mL ftL 

1 Stilb = c d / c m 2 = sb 1 104 929 6.45 31400 3.14 3140 2920 

1 c d / m 2 = Nit = nt 1 0 - 4 1 9.29 x 1 0 ~ 2 6.45 x l O " 4 3.14 3 .14 x 1 0 - 4 0.314 0.292 

1 cd / f t 2 1.076 x 1 0 - 3 10.76 1 6.94 x 1 0 - 3 33.8 3.38 x 1 0 - 3 3.38 3.14 

1 c d / i n 2 0.155 1550 144 1 4870 0.487 487 452 

1 Apostilb = asb 3 .18x 10 -5 0.318 2.96 x 1 0 - 2 2.05 x l O " 4 1 1 0 - 4 0.1 0.29 x 1 0 ~ 2 

1 Lambert = L or la 0.318 3183 296 2.05 104 1 103 929 

1 mLorm la 3.1 8 x 1 0 - 4 3.18 0.296 2.05 x 1 0 - 3 10 1 0 - 3 1 0.929 

1 footlambert = 
1 equivalent footcandle = 
1 apparent footcandle = 
1 f tLor f t la 

3.43 x 1 0 - 4 3.43 0.318 2.21 x 1 0 - 3 10.76 1.076 x 1 0 - 3 1.076 1 

lO" 6
 10-5 1 0 - 4 10-3 

• 1 1 1 h -
10-1 10" 9 10-* 1 

10-2 
— h -

1 0 - 6 

10- 1 

— s — 

10" 5 

10+1 

—r— 
10+2 10+ 3 1 0 4 4 10 4 5 

1 1 1 r— 
10" 4 

I 
10- 10" : 10- 10 1 

10"1 C 10^ 10- 8 

—I 1— 
1 O"7 1 0 - 6 

io-« 10-5 10" 4 10" 3 

10-5 

— h -
10-4 I 10 -3 10-2 10-1 

—I 1 1 h 
1 10+1 1 0+2 

lO" 6 

_ _ J 

1 0 -5 1 Q-4  

i I 

10-2 10 

10"3 

1 I 10+1 10+2 10+3 10+ 4 10+5 10+ 6 

1 0 1 10 2 10-2 10~1 I 1 
_J I L 

10 3 

_ J 

1 0 4 

__l 

10-8 
L 

I 

10" 7 10-6 10-5 10- 4 10" 3 lO- 2 10-
T— 

10-^ 
—J 

10^ K 1 o- 7 1 o-

10 

lO" 5 10"^ lO"3 lO"2 10"1 

10 2 

L 

10 

10 3 

~ n — ' 
102 

Nit = 

sb = 

ia 

asb 

ft la 

cd 
f t 2 

cd 
In2 

cd 
cm2 

no perception rod vision 

dark adaption 

cone vision 

transition region 
Purkinje phenomenon 

photopic vision 

dazzling 



2.9.5. Illuminance units and conversion factors 

Unit Ix mix ph fc 
Lux = Ix 1 10-3 10-4 9.29 x 10-2 

Millilux = mix I O - 3 1 10-7 9.29 x 10 -5 

Phot = ph 104 1 0 7 1 929 
Footcandle = fc* 10.76 10760 1.076 x 10-3 1 

* Note: equivalent footcandle or apparent footcandle equals 
footlambert (luminance) not footcandle (illuminance; 

1= led 

illuminance 

Luminous flux <p per second 
per sterad (sr) 1 lumen (Im) 

space angle Q = -^j = 1 sterad = 1 sr 
R 

1 foot & 0.305 m 
1 full sphere 0 = • sr 

phot (ph) = 1 

_ l 1 I 1 | 1 1 | 
3 4 5 6 7 8 9 10 

—I 1 I I M I I 
3 4 5 6 7 8 9 10 

H h- 1 I I I I H 1 1—I I I I H -
2 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10 

milli-lux (mix) lux (lx) = 

10 2 3 4 5 6 7 8 9 100 I ,2 ,3 ,4 ,5,6,7,8,9 1,0 2 3 4 5 6 7 8 9 10 20 30 40 50 60 80 100 

10 2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10 ,2 ,3 , 4 , 5 , 6 , 7 , 8 , 9 1 , 0 

-** — Footcandle ( fc)^ l u m e n  

2, 3, ,4 ,5 ,6 ,7,8,910 
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Conversion of Ev(lx) into Ee (W/m2 or mW/cm2) 
referred to the radiation of a black radiator 



2.9.6 Electromagnetic radiation - ranges of frequency and wavelength 

Ranges of f requency and wave length of the var ious types of e lect romagnet ic radiation 
energy and posi t ion of the area of visible radiat ion plus spec t rum of l ight radiat ion. 

.. .. dielectric 
medical application heating 

light radiation 
drying 

10° Hz 

i 1 1 1 1 r 
1mm 1cm 1dm 1m 

/ \ 
/ \ 

/ \ 
/ \ 

t 3 
0.38 pm 0.78 um 

Relative sensitivity of various photosensitive receivers in comparison with the spectral emission of an incandescent 
lamp of 2850 K 

% 
100 

50 

A 

n / A I // ' \ I 
I // \ \ \ 
1 

1 
I inca ldescent-lamp\ 

- J / 1 
i \ L 1 % 

/ V 
1 V 

BeA 

7 1 
1 1 1 \ 

y 
n Vsensi ivity of the eye 

0.2 0.4 0.6 0.8 1.0 1.2 14 16 1.8 2.0 2.2|im 
—^ X 

OA 0.5 0.6 0.7 0.8 Jim 
ultraviolet ^ — L — , , 1 — , r1 1 1 — i 1 — i n f r a r e d 

O.kZ 0.4B 0.5Z5 0.59 0.65 0.725 
violet blue green yellow orange red 

This graph generally applies to all photoelectric devices made of germanium and silicon 
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Electromagnetic radiation 
frequency range 
[Hz] 

1024 R 

cosmic 
lights 

X-rays 





2.10. Quality definition 

To designate the del ivery qual i ty, the fo l low ing speci f icat ions are g iven : 

1. Maximum and minimum values of the characteristics 

2. A Q L value (Acceptable Quality Level) 
A del ivered lot, the defect percentage of wh i ch is equal to or less than the percentage 
given in AQL-va lue shal l be accepted w i th greater probabi l i ty (usually 90%) due to samp l ing 
tests. 

For the various defects (for def in i t ions see para. 3) the A Q L values l isted in the table app ly , 
unless otherwise spec i f ied . The ident ical samp l ing inspect ion plans DIN 4 0 0 8 0 or 
A B C - S T D 105 serve as bas is for the attr ibute test. 

3. Definition of defects (the tentative norm DIN 4 0 0 8 0 w a s considered) 

For each group of de fec ts covered by an A Q L va lue, only the number of defect ive dev ices 
(with one or several defect ive character is t ics in th is group) is cons idered. 

Total (critical) defect 

In case of such a de fec t the funct ional use of the device is considerably impaired or 
impossib le. 

Examples : 

Broken leads or case, w r o n g or miss ing type des ignat ion, rough cracks and porous spots , 
open contacts or short c i rcui ts as we l l as essent ia l deviat ion f rom character ist ics. 

Major defect 

S u c h defect not iceably af fects the usabil i ty of the dev ice. If the spec i f ied l imits of the 
character ist ics wi th * are exceeded , it is cons idered as a major defect . 

Minor defect 

S u c h defects impair only s l ight ly the usabil i ty of the dev ice 

Examples : 

Deviat ion f rom dynamic and opt ic character is t ics prov ided there is no part icular impor tance 
for main appl icat ion; insigni f icant excess of temperature, sl ight case damage , poorly legible 
type designat ion. 
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Classi f icat ion of defects Single A Q L S u m m a r y A Q L 

1. Defect ive case or connect ion 
a) total defect 0 .25 
b) major defect 0 .25 

0 .25 

2. Defect ive electr ical or opt ical character ist ics 
a) total defect 0 .25 
b) major defect 0 .65 
c) minor defect 2 . 5 0 

0 .25 
2 . 5 0 
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2.11. Mounting and soldering instructions 

1. Mounting 

The component can be mounted in any posi t ion. Bend ing of the leads is a l lowed up to a 
distance of 1.5 m m f rom the case prov ided the d iameter of the leads does not exceed 0.5 m m . 
W h i l e bending the leads no mechan ica l forces must be appl ied to the case. Leads wi th a 
d iameter larger than 0 .55 m m should not be bent. 

If the device is to be mounted near heat generat ing components , the increased ambient 
temperature has to be cons idered in the calculat ion of the junct ion temperature. 

2. Soldering 

Care has to be taken that the component is not over loaded thermical ly when soldered in. 
The max imum junct ion temperature may only be exceeded for a very short t ime (max. 
1 minute). 

The fo l lowing m a x i m u m solder ing temperatures and t imes are permiss ib le : 

(Compare DIN 4 0 0 4 6 , Shee t 18) 

Iron so lder ing 
(with 3 m m nozzle) 

Dip solder ing 

Iron 
temperature 

So lder ing 
d is tance f rom 
the case 

M a x i m u m 
solder ing 
t ime 

Solder ing 
temperature 

Solder ing 
distance f rom 
the case 

Meta l 
or 
glass 
case 

3 0 0 ° C k 1.5 m m 5 s 
2 3 5 ° C 

2 6 0 ° C 

k 1.5 m m 

k 1.5 m m 

5 s 

3 s 

Plast ic 
case 

300°C k 2 m m 3 s 
235°C 
260°C 

E 
E 

E 
E 

CM
 

CSJ 
All 

All 

3 s 
3 s 
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