


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A trial was conducted to find out how far exposure time 
errors of photoflash devices using the circuit of Fig. 2.1 
depend on the sensitivity of the phototransistor. It has been 
experienced that the sensitivity changes by about 25% in a 
distance between 0.9 m to 4.0 m. This variation is generated 
through the change of the current gain depending on the 
collector current. 

The compensation of the linearity error of a phototransistor 
is only partially possible because of its unavoidable charac­
teristic tolerance. Therefore it is more convenient to use a 
circuit in which the value of the current gain does not essen· 
tially influence the exposure time of a computerized photo· 
flash unit. 

The base collector current dependence on the luminous 
intensity is completely linear whereas this is contrary to the 
one of the emitter collector current. This is founded in the 
fact that the base·collector-junction serves as a photodiode. 
Therefore, a special circuit has been designed. The current 
generated through the light is integrated by a capacitance 
not being connected to the emitter of the phototransistor but 
to its base as shown in Fig. 1.1. At the beginning of the 
exposure the capacitor is not charged, i.e. the base·emitter­
junction is not conductive. If the phototransistor is illuminated 
charge carriers are generated. A hole moves to the base 
terminal and positively charges the capacitor C1 with refer· 
ence to ground potential. When the capacitor is charged so 
that the base·collector·junction becomes conductive, the 
phototransistor starts to amplify, i.e. the emitter current 
increases. The amplified photocurrent produces a voltage 
drop across the load resistor R2 and thus the following turn­
off thyristor is triggered. 

The disadvantage of the circuit shown in Fig. 2.1 is that the 
signal slewing rate is not fast enough, because the capaci­
tance of the integrating capacitor C1 is increased by the gain 
of the phototransistor at that instant when the base-emitter­
junction becomes conductive, i.e. when there is an ampli· 
fication effect. In order to improve the signal slewing rate the 
circuit shown in Fig. 2.2 is recommended. Here the capacitor 
C1 is connected to the base and emitter. If the voltage across 
the load resistor R4 increases, the level at the capacitors low 
end also rises with nearly the same amount as at the high 
end of C1 connected to the base. Therefore, the capacitor 

- C1 usually requires no charge. The circuit according to 
Fig. 2.3 assures that at the beginning of each photoflash the 
capacitor C1 always has the same charge impedance of the 
illumination which previously occurred. The resistors R2 and 

Fig. 2.2 

r--­
I 
I 

phDID· " �~�'�I�l�h�y�"�s�l�o�r� 
transistor )r¥-�~� circuli 
- - _.../ .,. 

I 
I 
I 
I 

,.! �~� 

Ra serve as voltage divider, at which a positive voltage of 
1 V referred to the level of the phototransil;ltor emitter is 
disposable before the photoflash is started. The diode 0 1 is 
turned off. Its voltage difference effects that a current ilows 
via the resistor R1 into the base of the phototransistor. At its 
base-emitter-junctions a voltage drop, not being essentially 
increased by the external illumination is produced. At the 
beginning of the photoflash, a negative pulse is applied via 
terminal B to the resistor R2. By the current flowing through 
R2 the diode 0 1 becomes conductive and its level changes 
from +1 V to -0.7 V. This potential difference is fully 
transmitted via the integrating capacitor C1 to the base of 
the phototransistor, which is therefore reversely biased by 
this voltage. Thereafter, this bias is compensated by the 
photocurrent. The negative voltage pulse required at the 
beginning of the photoflash can be derived from the same 
voltage source, which generates the collector-emitter-voltage 
at the beginning of the photoflashing. The voltage at ter­
minal A is taken from a divider being in parallel to the 
photoflash capacitor, i.e. it is also available before the 
photoflashing occurs. 

Fig. 2.3 
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The advantageous features of the circuit according to Fig. 2.3 
compared to the one of a conventionally computerized 
photoflash unit are as follows: 

a. Exposure time failures are nearly not detectable -
presuming an objective lux meter «5%). 

b. The phototransistors must not be selected according to 
their photosensitivity since their base·collector·junction is 
utilized and there is no difference in sensitivity amongst 
the phototransistors. 

c. No neutral absorber is required, since the internal base­
collector-diode of the phototransistor operates linearly. 
Therefore, the photodetector is able to receive more light, 
i.e. signals with a higher amplitude are produced and the 
operation is trouble-free. The gate current of the thyristor 
does not influence the exposure time control. The total 
temperature coefficient is low (about 0.3% K-1). If 
necessary the TC can be additionally decreased by 
applying at terminal B a pulse with a higher amplitude. 

The charging of the integrating capacitor is extremely low 
when the supply voltage is suddenly applied to the 
phototransistor. 
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SIEMENS 
General Photoelectric 
Application Circuits 
Appnote 36 

1. Suppression of DC Component in 
Photocurrent of Phototransistors 

In many applications, phototransistors are intended to trans­
mit only intensity-modulated light signals. Non-modulated 
light intensity interferes; the dc component caused by it 
must be suppressed. 

Two circuits are described here in which the dc component 
remains ineffective. In the first circuit the direct current is 
kept constant through an automatic control system, in the 
second an active, frequency-dependent external resistance 
is used which is much smaller at low frequencies than at 
high ones. 

Phototransistors are particularly suitable as light detectors 
for many applications since they are economical and, due 
to their amplification, offer a larger output signal than photo­
diodes. Thus they are less sensitive to external interferences. 

In optoelectronics, a number of applications are used in 
which an intensity-modulated signal is superimposed upon a 
non-modulated one, e.g. in optical flame control, in light 
barriers involving moving objects, and in computerized 
flashlight equipment as well as slave flashlight equipment in 
which the primary illumination can cause interference. In 
many instances the suppression of the dc component is 
required because of the danger of overdriving through 
unmodulated light intensity. 

Using phototransistors, the dc component of the photocur­
rent cannot be suppressed by a coupling capacitor. 

Circuit for Phototransistors with Base Terminal 

In Fig. 1.1 phototransistor T1 and transistor T2 form an 
automatic control system which regulates the voltage drop 
at resistor R1, maintaining it at a constant value, indepen­
dent of the unmodulated light intensity at phototransistor T1. 

When the light intensity rises, a larger photocurrent Ip flows 
through T1, and the voltage drop at resistor R1 becomes 
greater. As a result, a larger current flows to the base of T2. 

The rising collector current T2 keeps reducing the primary 
photocurrent of T2 until the voltage drop at resistor R1 
reaches its original value. 

Due to the by-passing of the base-emitter junction of T2 by 
capacitor C1, this control mechanism is ineffective during 
rapid changes. The cut-off frequency above, which the con­
trol becomes ineffective, is determined by capacitor C1 and 
resistor R2. 

Resistor R1 determines the quiescent current. R2 should be 
as large as possible to permit small values for C1. However, 
when resistance of R2 becomes too large, the drive of T2 is 
too weak. As a result the maximum light intensity at which the 
control still works is reduced. The maximum light intensity is 
also limited by the power supply voltage, because the voltage 
drop at R1 must not exceed a fixed maximum value. 

For the dimensioning given in Fig. 1.1, the maximum light 
intensity can be 25,000 Ix; the voltage drop at R1 must not 
exceed the value VR1 = 4 V. The photosensitivity of photo­
transistor BPY62 is 2 mAI1000 Ix. The dark current of the 
circuit is smaller than the dark current ICEO of the simple 
phototransistor, because part of the dark current is split as 
residual current from T2. The lower cut-off frequency of the 
circuit in the above dimensioning is fgu = 16 Hz, the upper 
frequency fgo =2.5 kHz. If an increase in the upper cut-off 
frequency fgo is required, resistance of R1 must become 
smaller. 

To exclude interference signals, the connection between the 
collector of T2 and the base of phototransistor T1 must be 
held as short as possible. 

Fig. 1.1 
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Circuit for Phototranslstors Without Base Connection 

The circuit shown in Fig. 1.2 is intended for phototransistors 
without base connection. At low frequencies the base 
voltage of transistor T2 remains constant, and is determined 
by the voltage divider of resistors R1 and R2. The collector 
resistance of phototransistor T1 is determined by the relative­
ly low diffusion resistance of the base·emitter junction of 
transistor T2. A large collector current can flow without 
resulting in a substantial decrease of the collector voltage of 
phototransistor T1• For the diffusion resistance it applies that 

Ro = k x T 
e x I • 

k standing for Boltzmann constant (1.38 x 10-23 WsK-1); 
T for absolute temperature of phototransistor T1, in Kelvin; 
e for elementary charge (1.6 x 10-19 As); and I for emitter 
current of transistor T2 in Ampere. 

At high frequencies the base-emitter junction is short­
circuited by capacitor C1. As a result the considerably larger 
differential resistance of the emitter-collector junction of tran­
sistors T2 functions as external resistance. Parallel to it there 
is the series circuit consisting of capacitor C1 and the 
resistors Rl and R2, parallel-connected through the power 
supply. In the circuit presented in Fig. 1.2, the maximum 
light intensity for the given dimensions can amount to 
20,000 Ix. 

Fig. 1.2 
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2. Power Supply Using the Photovoltaic Cell 
BPY64P for Low-Consumption-Devices 

In the following, a circuit using the photovoltaic cell BPY64P 
and a blocking oscillator is described. It is utilized for sup­
plying energy to small electronic devices of low power con­
sumption, e.g., transmitter of infrared remote control 
systems. Generally a buffer accumulator is connected in 
parallel to this circuit and thus an operation without any 
batteries or other power supplies is realized. 

On sunny days, transmitted energy of approx. 1 mWh can 
be generated by a Silicon-diode area of 2 cm2 (corresp. to 
6 x BPY64P) even in standard-size living rooms. But on 
cloudy or winter days, a maximum value of only 0.2 mWh 
can be expected. 

Assuming a current of 10 mA for the short operation period 
of an IR remote control transmitter. a power of 60 mW at a 
battery voltage of 6 V is necessary. As the sum of all opera­
tionsfor remote control of a TV set does not exceed one 
minute per day, an electric energy of 1 mWh per day is 
required. 

Under ideal conditions (i.e. power matching R; = Ro, 
meeting exactly the color temperature for the sensitivity 
maximum) the photovoltaic cell BPY64P supplies approx. 
60 !'W at 1000 Ix and at a color temperature of 2856 K. In 
practice, however. an average power generation between 15 
and 16 !'W can be obtained at diffused daylight and cloudy 
sky (E = 1000 Ix). 

Six photovoltaic cells, type BPY64p, connected in series as 
shown in Fig. 2.1 guarantee a safe starting of the blocking 
oscillator even at a low illuminance of 100 Ix (daylight). The 
oscillator operates at 10 kHz. Its frequency strongly 
depends on the illuminance and the load. The basic current 
is adjusted by resistor R1. A value of 82 kG can be con­
sidered as a good compromise especially at a low illu­
minance. The resistance of Rl should be lower for higher 
illuminance values. 

The circuit offers an efficiency of approx. 60 to 65%. 

Five NiCd-celis (20 OK, Varta, ordering number 3910020001) 
can be suitably utilized as buffer accumulators. They supply 
an open-circuit voltage of approx. 6.2 V at a 100% charge. 
The capacity is 20 mAh. The sensitivity of phot6transistor BPX81, used in the experi­

mental circuit, is 2.5 mAl1000 Ix. The lower cut-off frequency 
is 'gu = 80 Hz, .the upper frequency is 'go = 40 kHz. The ac 
voltage at point A can be raised by increasing the 
resistance of R1 and R2. For a maximum light intensity of 
20,000 lx, resistances of up to 10 kG are permissible. 

Fig. 2.1 
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List of Capacitors Used in the Circuit 1.1 

1 pc Ceramic Capacitor 0.1 pF/63 V 

List of Capacitors Used In the Circuit 1.2 

:6x 
: BPV64P lOOp 
I 

l,op 
I 
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Y. 
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1 pc Electrolytic Capacitor 22 !'F/40 V 
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Fig. 2.2 shows the accumulator current as a functio'n of illu­
minance at an open-circuit voltage of 5.8 V and at a charge 
without load. Th.e two curves show the dependence on 
incandescent lighting (60 W-bulb. matt, with white reflector) . 
and on daylight (diffuse, near the window). 

Fig. 2.2 
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Fig. 2.3 shows the time necessary per day as a function of 
the illuminance. As reference an energy of 1000/LWh is 
assumed. This is required by the accumulator if the remote 
control transmitter is operated 60 times. per day for a period 
of 1 s. 
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General IR and 
Photodetector 
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Appnote 37 

1. Detectors (Radiation-sensitive components) 

Charge Carrier Generation in a Photodiode 

Fig. 1.1 shows the basic design of a planar silicon photo­
diode with an abrupt pntransition. Due to the differing 
carrier concentrations, a field region free of mobile carriers, 

Fig. 1.1 
Planar silicon photodiode (schematic) 
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the space charge region, builds up between the p+ and n 
region, which only reaches into the n region if there is an 
abrupt p+ n transition. The following applies to the width of 
the space charge region: 

(1) w_,IVo+V. 
V no 

In this case, Vo is the diffusion voltage, V is the external 
voltage and no is the donor concentration on the n side. For 

1 
the junction capacitance Cj - w with w from equation (1) the 
g is obtained: 

(2) 
l~ 

c'-Vv;;+v' 
If photons with an energy hv?!Eg penetrate into the diode, 
electron hole pairs are generated on both sides of the pn 
junction. The energy difference (hv-Eg) is disSipated to the 
grid on the form of heat. The electrical field in the space 
charge region repels the majority carriers and attracts the 
minority carriers on the other respective side (thus, holes 
from the n side to the p side and, vice versa, electrons from 
the p side to the n side). In this way, the charge carrier pairs 
are separated and a photocurrent flows through an external 
circuit, also without an additional voltage (photovoltaic 
effect). Carriers occurring in the space charge region are 
immediately sucked off due to the field prevailing in this 
layer. The carriers from the other regions must first of all 
diffuse into the space charge region in order to be 

11-107 

separated. If they recombine beforehand, they are lost with 
respect to the photocurrent. Thus, the photocurrent Ip con­
sists of a drift current 'drift of the space charge region and of 
a diffusion current 10 from the remaining regions. 

Should the p+ region be far thinner than the penetration 
1 

depth;:;;: (O<h = absorption coefficient) of the radiation, the 

photocurrent from the p+ region can be neglected and the 
following relationship can be derived for the photocurrent Ip. 

(3) /p=Q<l>o[1-1::::J 
Lo is the diffusion length of the holes in the n region, q is 
the elementary charge and .po the radiant flux. The absorp­
tion coefficient O<h is the only variable in the equation which 
depends on the wavelength. It predominantly determines 
the spectral characteristic of the diode's photosensitivity. In 
accordance with equation (1), the space charge region 
width w depends on the voltage and the doping which, in 
addition to the crystal quality, also influences Lo. High sensi­
tivity is achieved with high values for wand/or Lo. 

With respect to the electrical mode of operation, we differen­
tiate between diode mode (with bias voltage) and cell mode 
(without bias voltage). In cell mode, the diode acts as a 
current generator which converts the radiant energy into 
electrical energy. If the photodiode is considered as a 
current source with the photocurrent Ip and a diode of equal 
polarity is connected in parallel to the load resistance RLE 
(idealized equivalent circuit diagram), the relationship be­
tween the current and voltage can be expressed as follows: 

v 
(4) /=/s [e;;-:v::r -1]-lp . 

In this case, Ip is the photocurrent, Isat the saturation current, 
V the voltage between the p and n contact, VT the voltage 
equivalent of the temperature and n is the diode factor. 
In the case of Ip = 0, equation (4) is reduced to a normal 
diode equation and describes the dark characteristic 
(Ev = 0). When subjected to light, the characteristic is shifted 
downwards corresponding to the illuminance. The open­
circuit voltage 

(5) 

belongs to I = 0 (RLE = co) and the short-circuit current 
Is = -/p belongs to V = 0 (RLE = 0). 

There is a linear relationship, depending on the diode type, 
between the illuminance Ev and the photocurrent Ip, which 
covers several powers of ten (eight and more). However, due 

15 1 = .. =2 ·-co . !:z 
c 



to Ip-Ey and Ip>/s, a logarithmic relationship prevails be­
tween the open-circuit voltage VL and the illuminance Ey. 
The forward current IF belonging to the open-circuit voltage 
VL is equal to the impressed photocurrent. In diode mode, 
the photocurrent of one or the other diode type may slightly 
change together with the applied voltage. This is due to the 
voltage dependence of the space charge region. In the 
case of silicon photodiodes, the dark current [first term in 
equation (4)1 once again only plays a role with extremely low' 
illuminances (in the millilux range). 

Spectral Sensitivity 

Fig. 1.2 shows the graph of the spectral sensitivity of a 
silicon and a germanium photodiode. The positions of the 
emission maxima of the most important light emitting diodes. 

. and the sensitivity of the human eye are also shown. 

Fig_ 1_2 
Relative sensitivity of a silicon and a germanium diode 
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The twophotodiodes cover the wavelength band from 
approximately 300 to 1800 mm. In this case, the silicon diode 
is of greater significance; it covers the visible range and, 
with its maximum sensitivity in the near infrared area, is well 
matched to the GaAs infrared emitting diode, whose best­
known field of application covers IR remote controls and 
light barriers. 

The sensitivity limit of semiconductor detectors in the long 
wave spectral wave band >.g is determined by the energy 
gap Eg. 

The run of the spectral sensitivity curve in the remaining 
wave band is determined by the absorption coefficient "'A 

and the recombination relationships in the interior and on 
the surface of the semiconductor (carrier loss). The drop in 
the curve towards shorter' wavelengths is due to the higher 
absorption for shortwave radiation; for this reason, carrier 
pairs are only generated in the regions near the surface but, 
due to the high prevalent recombination rate, are mostly lost 
with respect to the photocurrent. 

Photodlodes (PN and PIN diodes) 

Photodiodes can optimally be matched to the desired appli­
cation by choosing the correct mode of operation and by 
means of a suitable internal structure. In addition to the 
schematic structure of each individual diode type, figure 1.3 
shows the doping behavior and the field pattern as well as 
the region in which the avalanche effect takes place at a 
sufficiently high voltage (ionization region). 

Fig. 1.3 
Doping behavior and field pattern of photodiodes 
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In the case of the PN photodiode, the radiation which, as a 
rule, enters the p+ region vertically, is absorbed in the 
mainly quaSi-neutral p and n regions due to the narrQw 
space charge region; thus, the photocurrent predominantly 
consists of the diffusion current. As the characters are 
diffused relatively slowly, PN diodes are frequently used in 
applications in which the stress is placed rather more on 
low dark currents than on high speed. (For complete 
diffusion of a 5 I'm thick p layer, an electron needs 3 ns, 
and a hole needs 15 ns for the same distance in the n 
region). Therefore, silicon PN diodes can be found in 
exposure meters which still operate perfectly under starlight; 
this presupposes dark currents of less than approximately 
10-11 Nmm2. Solar cells also belong to the group of PN 
photodiodes. 

Contrary to the PN diode, in the case of PIN photodiodes 
most of the light is absorbed in the space charge region. 
These photodiodes are mostly used.in applications requiring 
high speeds. In order to achieve a large space charge 
region, if possible, in accordance with equation (2), the 
semiconductor material must be intrinsic (intrinsic I) (mostly 
weak n or weak p doped) into which a p+ region is diffused 
on the one side and an n + region is diffused on the other 

. side. A P't IN + structure (''sandwich'' structure) is obtained. 
In accordance with equation (3), the junction capacitance q 
is low due to the large space charge region of the PIN 
diode. Ci values are used between a few picofarad and a 
few tenths of a picofarad. The product from Ci and RL (load 
resistance) is the time constant of the measurement circuit. 

In order to achieve PIN diodes which are as '~ast" as possi­
ble, the voltage is increased to such an extent that the 
carriers drift through the space charge region at saturation 
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speed Vsat. In silicon and germanium, a saturation speed 
Vsat from 5 x 106 to 1 X 107 cmlsec is achieved with fields 
of approximately 2 x 104 Vlcm. Accordingly, a carrier 
requires approximately 50 ps to completely drift through a 5 
,..m thick region. 

PhotoYoltaic Cells 

Voltaic cells are active dipole components which convert 
optical energy into electrical energy without requiring an 
external voltage source. 

The properties of a voltaic cell are essentially characterized 
by the open·circuit voltage and the short-circuit current. In 
the case of a short circuit (V = 0), the current Is is a linear 
function of the illiuminance and thus also proportional to the 
area subjected to radiation. The open-circuit voltage Vo ini­
tially increases logarithmically with the luminous intensity. 

This is independent of the size of the cell and amounts to 
approximately 0.5 V at 1000 Ix. In order to extract the maxi­
mum amount of energy from a voltaic cell,the load resistance 
RL must lie in the order of magnitude of R; = "/volls . The 
internal resistance R; of a voltaic cell should be as low as 
possible in order to prevent unnecessary loss. 

In order to measure the luminous intensity, the proportional 
relationship between the optical and electrical signals is 
important, and in practice, this applies up to a load 
resistance of R;f:::!.Vo/2 Is. 

In principle, voltaic cells can also be operated in diode 
mode by applying a voltage in reverse direction. Obviously, 
this voltage must not exceed the maximum reverse voltage. 

Phototranslstol'S 

In principle, a phototransistor corresponds to a photodiode 
(collector-base diode) with a series-connected transistor as 
amplifier. The phototransistor is the simplest integrated 
photoelectric component. Figure 1.4 shows one of the prac­
tical designs of a bipolar phototransistor (cross-section and 

Fig. 1.4 
Bipolar phototransistor 

view) with emitter (n+), base (p) and collector (n); the latter 
is mostly subdivided into a weakly doped n and a highly 
doped n+ region. As the diffusion length LD of the holes in 
the n+ region is low due to the high amount of doping, only 
the p and n regions provide the maximum amount to the 
primary photocurrent ICB of the collector-base diode. This is 
due to the low photosensitivity (also in comparison with 
photodiodes) of epitaxial transistors in the long wave band. 
A large part of the long-wave radiation is absorbed in the 
n+ region as the n region is mostly extreme thin (10 to 
20 ,..m) as a result of the requirement for extremely low con­
ductor resistances. The view of the transistor shows a base 
with a large area in which the emitter and also the base 
connection are attached to the side; in this way, as uniform 
as possible a surface sensitivity is achieved. The gain of 
phototransistors normally lies between 100 and 1000. Gain 
deviations from the linearity and thus from the linear relation­
ship between the illuminance and the photocurrent amount 
to (over approximately four powers of ten of the photocur­
rent Ip, from some 100 nA to some mAl less than 20% and 
mostly less than 10%. With regard to dynamic behavior, 
phototransistors are less favorable than photodiodes as, in 
addition to the collecting and charging processes in 
photodiodes, there is also a delay due to the amplification 
mechanism (Miller effect). In addition to the rise and fall 
times tr and tf, the transistor also has the delay time td' This 
is the time required until the photbcurrent has reached 10% 
of its final value after activation of an optical square-wave 
pulse. For the rise and fall times of a phototransistor, the 
following relationship applies: 

In this case, fT is the transition frequency, R is the load 
resistance, eCB is the collector-base capacitance, G is the 
gain, a is a constant whose value lies between four and five. 
The rise and fall times of usual phototransistors range from 
1 to approximately 30 ,..s with 1 kOhm load resistance. 
Therefore, they are particularly suitable for utilization within a 
frequency range up to some 100 kHz, which suffic~s for 
important applications such as light barriers, punch tapes, 
and punch card readers. 

2. Emitters (Radiation emitting components) 

Principle of Operation and Materials 

Light emitting diodes operate in accordance with the princi­
ple of injection luminescence. Through a pn junction 
operated in forward direction, n-type charge carriers are 
injected into the neutral nand p region where they partially 
recombine for emission, sending out a photon with the 
energy hv = hcllo.s.Eg (h = Planck's constant, v = frequency, 
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c = speed of light, ),.= wavelength, Eg = energy gap). This is 
shown in figure 2.1 in the energy diagram for a pn junction. 

Fig. 2.1 
The pn junction of a light emitting diode 
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The probability of radiant recombination essentially depends 
on the band structure type of the corresponding semicon­
ductor material. In the case of direct semiconductors with 
GaAs as the most important representative, an electron can 
directly fall from the conduction band into a free state in the 

Fig. 2.2 

valence band (hole), in which case the released energy is 
given off as a photon (cp figure 2.2, left). In the case of the 
so-called indirect semiconductors with Si, Ge, and GaP as 
the most important representatives, however, this transition is 
linked with a pulse change of the electron. Recombination is 
then only possible with the participation of third partners, for 
example, phonons or impurities. These must ensure pulse 
compensation. The energy released during the transition is 
mainly diSSipated as heat to the grid. In indirect semicon­
ductors, this leads to the probability of radiant recombina­
tion being less by orders of magnitude than in direct 
semiconductors. Nevertheless, effective radiant recombina­
tion can be generated in some indirect semiconductors. 
This is achieved by doping with isoelectronic impurities. The 
two most efficient isoelectronic impurities in GaP are the 
nitrogen atom and the zinc-oxygen pair. Radiant recombina­
tion is then achieved by way of the decay of an electron 
hole pair (exciton) bonded to the isoelectronic impurity (cp 
figure 2.2, right). 

A high degree of crystal perfection is a precondition for the 
creation of effectively radiant recombination as crystal 
defects act as centers for non-radiating recombination. For 
this reason, the active layers of light emitting diodes are 
produced epitaxially at temperatures far below the melting 
point of the semiconductor material. 

III-V compound semiconductors and mixtures of these can 
be used as materials for light emitting diodes as their 
energy gaps cover wide spectrum and the band structure, 
contrary to the classical semiconductors Si and Ge, enable 
the creation of effective radiant recombination. Above all, 
the semiconductors GaAs, Gap, and the terniary mixtures 
Ga (As, P) and (Ga, AI) As have practical significance. 

Dependence of energy states on the wave number vector k in 
the case of direct (GaAs) and indirect (GaP) semiconductors. 

GaA, GaP 

Conduction N 
band 

hv 

Valence 
band 

/ 

-k +k -k +k 
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Infrared Emitters (IR l.EOs) 

IR emitters are based on GaAs which has an energy gap of 
approximately 1.43 eV: corresponding to emission of 
approximately 900 nm. H'igher external quantum efficiencies 
can be achieved with these diodes than with light emitting 
diodes for the visible wave band. The left-hand side of figure 
2.3 shows the schematic of the diode body of a silicon­
doped GaAs IRED. By means of liquid phase epitaxy (LPE), 
the active layer with a high crystal perfection can be grown 
onto a GaAs substrate. Due to the amphoteric characteristic 
of the silicon irnpurity, the pn junction forms automatically 
during the process of epitaxy. Due to the silicon doping, the 
emission lies at 950 nm and is thus so far underneath the 
band edge that the radiation created in the diode body is 
only absorbed to a slight extent. Part of the radiation leaves 
the diode body on a direct path through the near surface. 
However, radiation emitted in the direction of the substrate is 
also useful. For this purpose, the rear of the diode body is 
mirrored and serves as a reflection surface. 

GaAs-IREDs are fitted in plastiC packages or in hermetically 
sealed glass-metal housings. 

An essential piece of information for the user is the radiation 
characteristic. If the light emitting diodes are used in an 
arrangement without optical lenses, for example, in a punch 
tape reading head, the radiation should have a small half 
angle. This is the case with l.D260 to 269 and COY77. 

In conjunction with optical lens systems, designs are prefer­
red in which the radiation leaves the component through a 
flat window (COY78, SFH402). 

Array designs are suitable for a wide range of applications 
as they can be rowed up in any configuration. 

Further developments in the field of silicon-doped liquid 
phase epitaxial IREDs is aimed at expanding the wave 
band. The amphoteric character of the silicon doping is 
retained in the terniary mixed crystal (GaAl) As in that the 
energy gap can be varied by means of the amount of AI. In 
this way, it is possible to produce emission wave bands 

Fig. 2.3 

beiween 850 and 900 nm and to tune the emitter diodes to 
the maximum detector sensitivity. With selectively sensitive 
detectors, it would be possible to create transmission 
systems with two (or more) optically separate channels. 

Electrical and Optical Characteristics of IR LEOs 

Figure 2.4 shows the emission spectrum of the most impor­
tant LEOs and the relative spectral contact sensitivity V>.. With 
respect to the emission spectrum of the IRED relative to the 
sensitivity curve of the silicon photodiode, see figure 1.2. 

The emission spectrum of the GaP diode ranges from the 
yellow to the green wave band. By dying the plastiC seal, 
the emission ban<;1 can be limited in such a way that the 
emitted light appears yellow (~p = 575 nm) or green 
(~p = 560 nm) to the viewer. 

Fig. 2.4 
Emission spectra of the most important LEOs 
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In the case of GaAs diodes and the red GaAS06POA diode, 
the emitted radiation (or luminous intensity, respectively) of 
IREDs and LEOs changes in the normal operating range in 
a linear relationship with the forward current while, in the 
case of TSN diodes and GaP diodes, it rises slightly over­
proportionally (figure 2.5). 

Fig_ 2.5 
Light current - diode current characteristic 
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If the forward current is very high, the curve asymptotically 
approaches a threshold value. This is caused by a strong 
heating of the semiconductor system; The linearity range 
can be widened by switching from static to pulse operation. 
Non-linearity also turns up at small forward currents. It is 
caused by excess current not contributing to the radiation 
and cannot be influenced by the customer. Figure 2.6 shows 
the radiant power versus the forward current. 

Fig. 2.6 
Radiant power versus forward current 
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At constant current, the radiant intensity or luminous inten­
sity, respectively, decreases with rising temperature. The 
temperature coefficient is -0..7% per degree for GaAs, 
-0..8% per degree for GaAsp, and-o.3% per degree for 
Gap. This is negligible for many applications. If the temper­
ature dependence proves disturbing, it can widely be 
eliminated by compensation circuits. 

The radiant power emitted by LEOs declines with increasing 
length of d!1Efration ("aging'). A "life" of components was 
introduced to describe the degree of degradation. It is 
defined as the time after which the radiant power has fallen 
to half the value. In the case of IREDs, for example, the 
average life dependent on the operating current and 
ambient temperature is approximately 10.5 h (extrapolated 
from continuous tests). Refer to figure 2.7. 

Fig. 2.7 
Radiated power versus operating life 
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3. Measuring Technique 

Detectors (Radiation sensitive components) 

Radiation-sensitive semiconductor devices serve to convert 
radiation energy into an electrical one. Radiation energy can 
be offered to the component in manifold forms, depending 
on the source of radiation. For measuring purposes only 
such radiation sources can be taken into consideration 
which, in their spectral energy distribution, can easily be 
covered and are reproducible, i.e. thermic radiation sources 
like the tungsten filament lamp, which at least in the 
wavelength range here of interest comes very close to the 
black body and monochromatic light sources that means 
those emitting radiation of only one wavelength or at least of 
a very narrow wavelength range, above all light emitting 
diodes and a combination of whatever emitters with narrow 
band filters. Especially for applications with infrared emitting 
diodes (IREDs), this measurement of the spectral photo­
sensitivity is increasingly gaining significance and is taking 
the place of integral measurement with standard light A. 



Because of its high energy, the tungsten filament lamp is' 
mainly used for measuring the radiation sensitivity when set 
to a 'color temperature" of 2856 K, corresponding to stan­
dard light A as per IEC306-1 part 1 and DIN5033 while light 
emitting diodes are primarily employed for cut-off frequency 
and switching time measurements as they can be modu­
lated or pulsed up to high frequencies, At this instance, we 
want to draw your attention to the following. The definition 
'color temperature" is limited in its use for the optoelectronic 
measuring technique, quasi only as auxiliary. But unfor­
tunately the term has come to stay. In practice the lamps 
are not calibrated to color temperature but to "relative 
temperature in the visible range': mostly to a green-red rela­
tion, An extension to a red-green-infrared relation and thus 
an approach to the, for our measuring technique solely 
correct, "distribution temperature" in the wavelength range 
350 to 1200 nm, or even better 300 to 1800 nm, is worth 
aspiring after. This still meets with objections on the part of 
lamp manufacturers to extend their calibration equipment 
and the relatively small quantity of lamps required. 

The tungsten filament lamps used for measuring purposes 
have to be set to a relative spectral energy distribution that 
corresponds to that of the black body at a temperature of 
normally 2856 K at least in the wavelength range 350 to 
1200 nm, and have to be operated under very stable condi­
tions. It is necessary to have the lamp operated with con­
stant current, the deviation from the rated value must be 
kept less than ±0.1%. This requirement seems to be very 
high, but one has to consider that a deviation of the lamp 
current by 0,1% brings about a change of the radiant inten­
sity by 0,7% and, of the color temperature, by 2 K. Naturally, 
the lamp can also be operated with constant voltage but 
this is hard to realize in practice because of the inevitable 
and varying contact resistances in the lamp socket, there­
fore an operation with constant current is to be preferred. 

A lamp voltage check at the same time permits a control of 
the lamp with regard to a ctlange in its characteristics, for 
example, by evaporating of coiled filament material which 
would point to the fact that the lamp is no longer suitable for 
measuring purposes and has either to be replaced or cali­
brated anew. This check is mainly recommended for the 
"standard lamps" which are standard for color temperature, 
radiant and/or luminous intensity. 

For general measuring purposes, serial measurements in 
particular, the standard lamps gauged by the PTB or the 
manufacturer are usually not used because of the calibra­
tion costs. Therefore, the service lamps are set to the given 
ratings by a comparison with these standard lamps. 

Photosensitivity 

For photosensitivity measurements (photocurrent or photo­
voltage) the components to be measured are placed at the 
pOSition predetermined for the specific irradiance and there 
they are held in such a way that the radiant sensitive surface 
6i ihe semiconductor chip is vertical to the direction of light. 
Cylindric components such as in T018, T05 or similar 
plastic packages are put up so that the package axis coin­
Cide with the direction' of radiation, This is of prime'impor: 
tance for components with a highly focus,ing lens. A holder 
with a sliding socket for the terminal wires proved useful 
(see figure 3.1). 

Fig. 3.1 
Ip test set-up for photoelectric devices 
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Slideable 

Solid Angle 

The solid angle is a part of space, It is limited by all the 
beams which radiate conically from one point (radiation 
source) and which end on a closed curve in the space. If 
this closed curve lies on the unitary sphere (radius R = 1 m) 
and envelopes an area of 1 m2, and if all rays originate from 
the center point of the unitary sphere, the solid angle has 
one sterad (sr). 

Fig. 3.2 
Solid angle (1 sterad) 
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Short-circuit Current 

When measuring the short-circuit current Is of photovoltaic 
cells care has to be taken that the internal resistance of the 
measuring instrument used is small enough compared to 
the internal resistance of the photovoltaic cell. The same 
applies to measuring the open circuit, the iriternal resistance 
of the measuring instrument is large compared to the internal 
resistance of the photovoltaic cell. 

Fig. 3.3 
I or -V versus load resistance for photovoltaic cell BPV11 
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Switching Times 

The switching times are measured oscillographically by a 
set-up as shown in the circuit diagram below (figure 3.4) by 
means of a pulsed infrared emitting GaAs diode as a mea­
suring source and a double-beam oscillograph. The 
switching times of the GaAs must, of course, be small com­
pared to the switching times of ihe component to be 
meaSured. 

Fig.3A . 
"Measuring the switching times of detectors" 
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Fig. 3.5 
Switching time definitions 

to 
Ie ! Output puls~e ..... .;.: ______ -----1 

i 
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Photovoltaic cell 
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1 
1 
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~'~t=~~~~-1_1 
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Tum...on time ton: 
The time in which the collector current Ie rises to 
90% of its "maximum value aftar activation of the 
drive current IF. 
R_time t,: 
The time in which the collector current Ie risas from 
10% to 90% of its final value. . 

Tum-off time to": 
The time in which the collector current Ie drops 
to 10% of its maximum value after deactivation of 
the drive current 1,. 
Falltlme r,: 
The time in which the collector current Ie drops 
from 90% to 10% of its maximu"m value. 

Radiation in the infrared Range 

The radiant intensity Ie in the direction of the case axis 
should be measured by a wavelength independent detector 
(thermocouple element) but low sensitivity, inertia, and 
temperature sensitivity cause difficulties. For this reason, one 
usually measures with a correspondingly calibrated . 
photovoltaic cell. In such case, the spectral sensitivity curve 
of the photovoltaic cell has to be considered and the 

measuring result corrected with regard to the deviations in 
the emitted wavelength of the radiator to be measured (for 
example IRED with different production technology). If the 
total radiation of the component shall be measured,.the 
IRED has to be fitted in a parabolic Uke refleCtor to ensure . 
that all .radiation emitted by the component reaches the 
photovoltaic cell that forms the end of the parabola. 

Figure 3.6 shOWS the outline of such a: measuring parabola. 
As for the rest, the same requirements apply as for radiant 
intensity measurements. .. 

Fig. 3.6 
Calibrated photodiode with amplifier (for example BPW33) 
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In cases where IRED emitting diodes are used in connec­
tion with mirrors or lenses, for example in light barriers, it 
can prove useful to state the radianf poWer (radiatlon-cai:ia~ 
city) !Pe d~ned in a cone with the half angle <p, or the curve 
!Pe = f(<p), respectively (see figure 3.7). 

Flg_ 3.7 
Radiation cone and radiant flux!Pe versus thE!'half angle<p 
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Switching Times 

For measuring the switching times the same applies as to the 
radiant sensitive components except that now a photodiode 
serves as detector and its sWitching time must be small com­
pared to that of the IRED or LED to be measured. 

IRED 
LEO 

Channell 

Photodiode 

ChannellL 
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4. Terms and Definitions 

Radiation and light Measurements 

Radiometric terms 

No. Term Sym- Unit Relation Simplified definition 
bol 

1 Radiant I/J"P W Radiant power is the total 

* 
power power given in the form of 

radiation 

Emitter 

2 Radiant I, W dl/J, Radiant intensity is radiant 
intensity - 1,= dO, power per solid angle 

~1 
sr 

--·· ..... ·.1 

3 Radiance L, W d'l/J, Radiance is radiant power 

d~.\ Iii2Sr L = per area and solid angle . dA,· dO, ·d!l, 
o.....j 

Sensor 

4 Irradiance Eo W E = d<fl, Irradiance is incident 

-;~1 
m' e dA, radiant power per (sensor) 

surface 

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. by CIE and IEC 

Spectral radiometric terms Photometric terms 

No. Term Sym- Unit Term ·Sym- Unit 
bol bol 

1 Spectral I/J", W luminous <fl. 1m lumen 
radiant - flux • nm 

* 
power 
distribution 

Emitter 

2 Spectral I", W luminous I. 1m 
radiant --- intensity -=cd 

~li 
srnm sr 

intensity 
.-t distribution Candela 

3 Spectral L.... W luminance L. cd 

d~.\ radiance cm2 srnm em' =sb 
·d!l, distribution ....... J Stilb 

Sensor 

4 Spectral E", W, Illuminance E. 1m 

-;~1 
irradiance m2 nm -;;;;-=Ix 

distribution 
lux 
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~ 
dA, dAl 

Emitter Detector 

dA, = element of area of emitter 
dA, = element of area of detector 
., = angle of radiation 

Photometric Basic Law 

, cIA, . cos ., . dA, • cos ., 
dl/J=L R' 0 0 

Inverse Square law 

I 
E = Fi' cos .,00 

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

., = angle of irradiation 
R = spacing emitter-detector 
'10 = Sl 



Radiation Characteristics 

Designation Symbol Meas.quant. Abbr. Definition 

Quantity of radiation Q Joule J Quantity of radiation through a surface 
Wattsecond Ws 

Radiant power tP Watt W Quantity of radiation Q per second through a surface 

Point source of - - - · .. is a source viewed from such a great distance R that all rays seem to emanate from one point. 
radiation The max. linear expansion of the source must be substantially smaller than the distance R 

(example: sun for observer on earth). 

Solid angle Q Sterad sr A, A2 A3 A the radiant power tP(W] of a point source is constant in 
Q=Fi; = fiT = fiT = 'R';, solid angle. (Prerequisite: homogenous, undamping 

medium.) 

Q = 1 is A = R2 so that Qh"""_' = Q", = 21< sr; Q',II 'ph", = Q€l = 41< sr 

Radiant I Watt W 
· .. is the solid angle density of the radiant power ( ~~ ) intensity sterad· -

sr 

I of one source generally varies depending upon viewing direction. 

I only defined when'R --> 00 

Total radiant 4>101 Watt W 4.7 

power of a source t,1}tot= f IdQ 
0 

Irradiance E Watt W · .. is the surface density of the radiant power (spherical surface) for a point source. 
meter ffi2 

E= dtP. dA=R2dQ dtP I 
I=ER2 

dA' E= dQR2' = fi2; 

Radiance L Watt W ..• is the radiant intensity referred to the radiant surface viewed by the observer. 
m2 sterad Iii'sr 

( Surface projection Ap = A cos t, when t is the angle by which the radi~nt surface 

I. I) is rotated againstthe connecting line to viewer. L = A = A . 
p COSt 

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 I Ampere A·m2 Electrical quantity (current, voltage or resistance) in relation to irradiance 
of detector s=-

irradiance --W I E 
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Illuminance (units and conversion factors) 

Ix mix ph Ic 

1 Lux~lx ~ 1 10-3 10'" 9.29 X 10-2 

1 Millilux~mlx ~ 10-3 1 10-7 9.29 X 10-5 

1 Phot~ ph ~ 10' la' 1 929 
1 Foolcandle ~ Ie') ~ 10.76 10760 1.076 x 10-3 1 

Illuminance 
.. ____________ Phot(ph).lumen ________________ _ 

em2 

I I I I I I I III I I I I I I III I I I I I I I II I I I I I r I II 
10-6 2 345678910'5 2 345678910-' 2 345678910-3 2 34'5678910-2 

Milli-lux(mlx) -..100- --- -----lux(lx). lumen - -- -- - - --_ 
I , m2 

10 2 3 4 56789100; 1 .3 II .5 .6.1.B.9tO ·2 3.4 5678910 20 30 4050&0 80100 

I I I 1111111 I I I 111I11 I I I 111111 I I 1111111 
I I 11111111 I 11111111 I 11111111 I 11111111 

10-3 2 3 45678910-2 2 3 45.678910-1 .2 .3 iI.5.6J.&9to 2 345678910 

_--------- --- Footeandle(Icl·lumen --- --------. 
loot2 

1) equivalent footcandle } tootlambef1 (luminous denSity) g footcandle (Illuminance). 
apparent footcandle 

11-117 



Figure 5.1 
Conversion of illuminance E, into irradiance E, 
(Planck's black body) 
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Figure 5.2 
Conversion of illuminance E, into irradiance Ee at 2856 K 
(Planck's black body) 
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Luminous density (units and conversion factors) 

Units sb cd/m' cd/ft> cdlin' asb L 

1 Stilb = cd/cm' = sb = 1 10' 929 6.45 31400 3.14 
1 cd/m' = Nit = nt = 10-' 1 9.29 X 10-' 6.45 X 10-4 3.14 3.14 x 10-' 
1 cd/ft' = 1.076 x 10-3 10.76 1 6.94 x 10-3 33.8 3.38 x 1O-~ 
1 cd/in' = 0.155 1550 144 1 4870 0.487 

1 Apostilb = asb = 3.18 x 10-' 0.318 2.96 x 10-' 2.05 X 10-' 1 10-4 
1 Lambert = Loria = 0.318 3183 296 2.05 10' 1 
lmLormla = 3.18 x 10-' 3.18 0.296 2.05 x 10-3 10 10-3 
1 footlambert = 
1 equivalentfootcandle = 
1 apparentfootcandle ftL or ftla = 3.43 x 10-' 3.43 0.318 2.21 x 10-3 10.76 1.076 x 10-3 

10-8 10-7 10-6 10-5 10-4 10-3 1b-2 10-1 1 101 102 103 -. ~~ 
;0-9 ;o-a ;0-7 ;0-6 ~0-5 ;0-4 ;0-3 ;0-2 ~O-l" ;01 ;02 -. cd 

In2 

~ L.~ Cone vision -1 
No perception • Rod vision 1 Dazzling Boundary, Daylight vision 

Electromagnetic radiation 

Figure 5.3 
Frequency and wave bands 
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Figure 5.4 
Relative sensitivity of different light-sensitive detectors 
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Figure 5.5 
Nomogram for electromagnetic radiation 
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SIEMENS 
Surface Mounting 
Appnote 38 

1. What is Surface 
Mounting? 

In conventional board assembly technology the com­
ponent leads are inserted into holes through the PC 
board and connected to the solder pads by wave sol­
dering on the reverse side (through-hole assembly). 
In hybrid circuits (thick and thin film circuits) "chips", 
i.e. leadless components, are reflow soldered (see chap­
ter 7.2) onto the ceramic or glass substrate in addition 
to the components already integrated on the substrate. 
Surface mounting evolved from these two techniques 
(fig. 1). . 

In through-hole technology the components are placed 
on one PCB side (component side) and soldered on the 
other (solder side) (fig. 1, top), whereas in surface mount 
technology the components can be assembled on both 
sides of the board (fig. 1, bottom). The components are 
attached to the PCB by solder paste or non-conductive 
glue and then soldered. 

In the near future mixed assemblies, i.e. a combination 
of leaded and surface mounted components, will pre­
vail, since not yet all component types are availabl~ as 
surface mount version. 

Automatic assembly machines are a must for an 
expedient production; there are systems for simultane­
ous and for sequential assembly (see chapter 12). 

The following explanations point out what actually new 
in surface mounting is: . 
• Up to now the connection of materials with large 

differences in the thermal coefficient of expansion, 
such as plastic boards and ceramic components, by 
rigid soldering has been regarded as a serious 
problem. Practice has shown, however, that this is 
feasible owing to the elasticity of board and solder; of 
course, component size and thermal stress are sub­
ject to certain restrictions (see chapter 4) . 

• Components for surface mounting have to withstand 
high thermal stress during the soldering procedure. 
Not all component types meet these requirements; 
therefore new components suitable for surface 
mounting are constantly developed (see chapter 4). 

• In some cases the components are non-conductively 
glued to the PCB before soldering. 

• As compared to through-hole technology there is a 
closer interrelation between the individual steps in 
design and production. . 

• Automatic assembly gains prior importance. 

Figure 1 Through-hole assembly - Hybrid technology -
Surface mounting 

Through-hole aSMmbly PC board 

Surface mounting 



2. What are SMDs? 

The abbreviation SMD* forSurface Mounted Device is 
the most common designation for this new component. 
SMDs are designed with soldering pads or short leads 
and are much smaller than comparable leaded compo­
nents. In contrast to conventional components, the 
leads of which must be inserted into holes, SMDs are 
directly attached to the surface of the PCB and then 
soldered. In figure 2 and the section below the various 
SMD types are summarized. Surface mountable compo­
nents include "chips"·· with cubic dimensions, cylindri­
cal SMDs, plastic packages with solder pins (SOT, SO, 
VSO package), chip carrier packages, miniature IC 
packages (Quad Flat Pack, Flat Pack), TAB components 
and special SMDs such as inductors, trimmers, quartz 
crystals, switches, plugs, relays etc . 

• Besides, the terms SMC (Surface Mounted Component), 
SMT (Surface Mount Technology), SMA (Surface Mount 
Assembly) are used . 

•• The designation "Chip" should only be used when confusion 
with semiconductor chip as used in semiconductor techno­
logy can be excluded. 

SMD types: 
(see also chapter 13 "Siemens SMD Product Spectrum") 

Cubic components ("chips") 
Preference types 0805, 1206, 1210, 1812, 2220, ... 

Cylindrical components' 
MELP) ,. MINIMELF, MIKROMELF 
TUBULAR (e.g. tubular capacitors) 
SOD 80 (MELF-sirnilar diodes) . 

SOT 23, 143, 89, 192 

S02) 4 ... 28 pins (SOIC) 

VS03) 40 pins 

CHIP CARRIER 
Plastic case (PLCC4) 
Ceramic case (LCCCS). 

les with gull-wing leads 
Flat Pack 
Quad Flat Pack 

MIKROPACK TAB6) 

Special packages for: 
Inductors, SAWs7l, trimmers, 
quartz crystals,switches, plugs, ~elays etc. 

1) Metal Electrode Face Bonding . 
2) Small Outline . 
3) Very Small Outline 
4) PlastiC Leaded Chip Carrier 
5) Leadless Ceramic Chip Carrier 
6) Tape AutOmated Bonding 
7) Surface Acoustic Wave Filter 

Figure 2 SMD types 

DO 
o .nCJi1 

MELF Cubic shape ("chip") SOT 

so PLCC 

Most of these components are suitable for dip solder­
ing; chip carriers, TAB (MIKROPACK) and some special 
versions require other soldering methods. 

Resistors/ceramic capacitors and discrete semiconduc­
tors represent at 80% the largest part of the SMD spec­
trum. In the range of SMDs the cubic sl:1ape prevails 
over cylindrical versions, as the latter can only have two 
pins thus.being excluSively suitable for resistors, capaci­
tors and diodes. 

If development of a special SMD package is not advis­
able for electric or economic reasons, the DIP package 
can be converted into a surface mountable version by 
bending the leads (see chapter 13.2, optocouplers in 
DIP 6 SMD package). . . 
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SMO dimensions 

Package Dimensions (mm) 

0805 2.0 x 1.25 
1206 3.2 x 1.6 
1210 3.2 x 2.5 
1812 4.5 x 3.2 
2220 5.7 x 5.0 

MELF 5.9 x 2.2 ¢ 
MINIMELF 3.6 x 1.4 ¢ 
MIKROMELF 2.0 x 1.27 ¢ 
SOD 80 3.5 x 1.6 ¢ 

SOT 23 3.0 x 1.3 
SOT 143 3.0 x 1.3 
SOT 89 4.5 x 1.5 
SOT 192 4.5 x 4.0 

SO 4 ... 28'1 
VSO (SOT 158)21 
PLCC 
LCCC 

" SO 6 3.9.x 4.0 or 3.9 x 6.2 (incl pins) 
SO 8 5.2 x 4.0 or 5.2 x 6.2 (incl. pins) 
SO 14 8.8 x 4.0 or 8.8 x 6.2 (incl. pins) 
SO 20 L 12.8 x 7.6 or 12.8 x 10.7 (incl. pins) 

2) VSO 15.5 x 7.6 or 15.5 x 12.8 (incl. pins) 

An important factor for automatic assembly is the 
components' adequate and uniform geometry. Some 
packages are already standardized (lEC) or are pro­
posed for standardization (JEOEC Recommendation). 

For more than ten years Siemens has offered its cus­
tomers SMOs and thus has gained considerable experi­
ence in the field of SMO production through continual 
modernization and development. The spectrum of active 
and passive components available covers ICs, transis­
tors, diodes, ceramic multilayer capacitors, NTC ther­
mistors, as well as SIFERRIT miniature. ferrites, and the 
product menu is growing larger almost daily. . 

3. Advantages of Surface 
Mounting 

The three major benefits of surface mounting 

• rationalization 
• miniaturization 

• reliability 
are discussed in the following. 

A consistent concept as regards components, board 
layout, assembly machines, proceSSing and testing is 
essential for an efficient application of surface mount 
technology; in other words, the aim should be an opti­
mized overall concept. The component price, for 
example, should not be seen isolated, but with regard to 
the total cost including placement, soldering and testing 

Standard 

IEC 
IEC 
IEC 
IEC 
IEC 

DIN 23A 3 JEOEC TO-236 
DIN 23A 3 

JEOEC TO-243 

spacing 1.27 JEOEC MO-046 ... 
spacing 0.76 
spacing 1.27 JEOEC MO-04 ... 
spacing 1.27. JEOEC MO-04 ... 

which may already be considerably lower than with con­
ventional board assembly technology. . 

In the following the advantages of surface mounting are 
analyzed as to component, PC board, automatic 
assembly, reliability and rework. 

3.1 CompOnents 

• SMOs are much smaller than leaded components, 
thus enabling smaller board size, higher packing den­
sity, reduced storage space and finally smaller equip­
ment to be obtained. 

• Light weight makes them ideal for mobile appliances. 
• No leads means high resistance to shock al)d vibra-

tion. . 

• Cutting and bending of leads are eliminated. 
• Parasitic inductance and capacitance due.to reads 

are substantially lowered making SMOs particularly 
suitable for RF applications. 

• Automatic asserl)bly mac:hines ensure accurate 
placement. 

• MIKROPACKs, PLCCs and similar packages permit a 
considerably higher number of pins. 

• Closer capacitance tolerances can easily be obtained 
for capacitors with low capacitance values. 

• The growing demand for SMOs results in lower pro­
duction costs, so that further cost reductions can be 
anticipated. The surface mount version of ceramic 
multilayer capacitors, for example, is even today 
cheaper than the leaded version. 
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3.2 Printed Circuit Board 

• Surface mount technology makes PC boards smaller. 
When using SMDs on both sides of the board, size 
can be recuced by more than 50 per cent. On the 
other hand, maintaining the PCB size implies reduced 
packing density and thus higher yields and higer 
reliablity. 

• In many cases the printed circuits can be shortened 
and reduced in number. Owing to the compact "Iead­
less" construction the electrical characteristics can 
easily be reproduced, thus cutting the cost for adjust­
ing RF circuits. 

• Surface mount technology does not require a special 
PCB material; standard materials such as phenolic 
resin laminated paper and glass-fiber laminated 
epoxy material are quite suitable, but of course, 
special materials, e.g. for RF circuits, can be used, 
too. For normal packing density the printed circui.t 
precision should meet current requirements. 

• The elimination of through-holes entails a further cost 
reduction. This is quite an important factor, as the 
cost for the drilling of holes can amount up to 10% of 
the total PCB cost. 

• Mixed assembly with leaded components is possible. 
The reason for uSing this assembly variation was 
explained in the beginning. 

3.3 Assembly 

The average cost per component for automatic assemb­
ly can be considerably cut by surface mounting, 
because the smaller number of assembly machines" 
entails less capital investment, maintenance, servicing 
and factory space. 
• A major advantage of surface mounting are the high 

component placement rates attained by automatic 
placers. Fast machines can place several hundred 
thousand components, on the'PCBs per hour. 

• Automatic placement systems for SMDs feature high 
placement reliability. Failure rates of less than or 
equal to 20 ppm (parts per million) can ,be obtained 
by machines capable of identity checking and defec­
tive recognition. This means that out of a million 
placed components only max. 20 are not at all or 
incorrectly assembled. 

• In mixed assembly any ratio of SMDs and leaded 
components is possible, thus facilitating transition to 
the new technology. .. 

• Some automatic placement systems can handle a 
wide range of different components. For details see 
chapter 12.3. . 

3.4 Reliability 

The demands on quality and reliability of PCB assemb­
lies increase steadily. It is a matter of fact, that in this 
respect SMOs have at least to meet the standard set by 
conventional through-hole technology. 

As surface mount technology is a relatively new deve­
lopment, sufficient proven information on quality and 
reliability is not yet available. However, the following 
general statements can be made: 
• The failure rate of SMDs does not exceed that of 

leaded components. Omission of leads means one 
point of contact less. Owing to their small size and 
light weight SMD assemblies feature a higher resis­
tance to mechanical stress (vibration, shopk) than the 
corresponding assemblies with leaded components. 

• A quality approval for SMOs used in hybrid circuits 
can be usually applied to surface mounting, as well. 

• High requirements are placed on the solderability of 
SMOs. The specifications for wetting, leaching and 
storage have to be observed (see chapter 7). 

• In many cases the soldering methods are the same 
as with other mounting methods. The known advan­
tages and disadvantages apply to surface mount 
technology as well. One should bea'f in mind, how­
ever, that the criteria for judging solder joints are dif­
ferent for wave soldering and reflow soldering (see 
chapter 7.2). For example, the filling of through-holes 
with solder is only possible with the wave soldering 
method, with reflow soldering the. amount of sol<;ler is 
too small. . 

• If components have to be replaced because oJ incor­
rect assembly, reliablity of the board - although cor­

. rectlyassembied then - is diminished. Hence, auto­
matic placement systemll'with their high degree of 
placement reliability enhance board reliability. 

3.5 'Rework 

Elimination of component preparation, high placement 
reliability provided-by automated systems, and careful 
planning of each step of the design and production 
process considerably reduce expensive rework of PCB 
assemblies with SMOs. 

n At present three assembly machines are usually required for 
leaded components: 
insertion machine for radial-leaded components. 
insertion machine for axial-leaded components. 
insertion machine for DIPs. 
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4. Restrictions and Special 
Features of Surface 
Mounting 

Maximum packing density - one of the primary goals in 
surface mount technology - requires the use of minia­
ture components, Le. certain IC packages (e.g. VSO or 
MIKROPACK). This involves problems, not necessarily 
resulting from surface mount technology as such, but 
from miniaturization in general. 
• The use of high-pin-count ICs may require new PCB 

design (fine etching and super-fine etching) and an 
increased number of layers (multilayer) because the 
space between the IC pins is too narrow for printed 
circuits. 

• Due regard must be paid to heat dissipation. The high 
packing density may cause thermal problems. Special 
PCBs with good thermal conductivity can aid heat 
removal, if necessary. 

• The use of ceramic components is restricted. Due to 
the different thermal expansion coefficient of ceramic 
and PCB material, ceramic SMDs with edges ionger 
than 6 mm should not be used on ph'enolic resin 
laminated paper and epoxy glass fiber boards. 

• Not all SMDs are suitable for dip or wave soldering. 
This has to be considered when designing the PC 
board. 

• Some components are not yet available as SMD ver­
sion. Not all SMDs available are standardized. 

• High voltages naturally require certain minimum 
spacings. 

• Visual inspection of solder joints becomes difficult if 
the leads are partially beneath the component body. 
Therefore, soldering methods should be optimized so 
that visual inspection will become unnecessary. 

• Test methods have to be adjusted to SMD assemb­
lies. Development of new adapters may be required. 

• Repair of SMD assemblies may be more costly as 
compared with conventional PCB assemblies. 

5. Market Forecast for SMD 
Applications 

Figure 3 shows the increasing share of surface mount 
technology in the market. Internationally, tlie replace­
ment of leaded components on PCB assemblies by 
SMDs is expected to reach 50% by 1990. 
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Figure 3 Trends in mounting techniques 
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6. Fixing SMDs by Glue 

New in surface mounting is the gluing procedure 
required for fixing the components when the PC board 
is to be turned upside down for soldering. The glue has 
to meet numerous requirements. It must provide reliable 
fixing of the components (also of heavy ones) on all 
kinds of PC boards. Furthermore, it should feature uni­
form viscosity to ensure easy handling; a pot life of at 
least several days is advisable. The glue should feature 
short curing time at low temperature. After curing the 
glue must not show chemical reactions in order not to 
impair board or components. On the one hand the 
adhesive is required to withstand high thermal stress, 
and on the other hand it must permit removal of SMDs 
from the assembled board in case of repair. For repairs 
the component body is heated, so that the adhesive 
becomes soft and allows the component to be removed 
without damaging the printed circuit below it. The glue 
has to be non-toxic, as odorless as possible, and free of 
solvents. Besides, it should feature good heat conduc­
tivity. Development of new adhesives is under way. 



The component outline should be such that the adhe­
sive can easily be applied, i.e. the distance between 
component body and board must be closely tolerated 
(fig. 4). 

There are three methods of dispensing the glue 
- by applicator 
- by pin transfer 
- by screen printing. 

Not all adhesives are equally suitable for all methods. 

The Siemens pick-and-place machine (see chapter 12.3) 
dispenses the glue by an applicator simultaneously with 
the placement process. 

Figure 4 Form of the glue dot and component outline 
Component and glue dot have to be shaped such 
that the component is reliably wetted while 
the contact area remains free of glue. 

O"~ID SMD 0 Comp.! 
PCB . Glue 

7.' Soldering Techniques 

An appropriate soldering method is particularly impor­
tant for obtaining good electrical contact and inhibiting 
short circuits. The choice of the soldering procedure 
depends on the PCB design (single or double-clad; 
multilayer etc.), the components supplied, and the pro­
duction facilities. While many SMDs are suitable for all 
soldering methods, the soldering technique for ICs, for 
example, has to be chosen very carefully. Besides 
manual soldering, which should only be used for repair 
purposes, there are several automated soldering 
methods such as bath soldering (wave and dip solder­
ing) and reflow soldering. 

With bath soldering the solder is applied during the sol­
dering process itself, whereas with reflow soldering the 
solder is applied before. For this reason the precondi­
tions for bath soldering, e.g. component orientation and 
configuration are quite different from those for reflow 
soldering. The reflow method is particularly advisible for 
soldering certain ICs (see chapter 9). 

7.1 Wave soldering 

Wave soldering is the. most popular automated soldering 
process in the production of PCB assemblies. The sol­
der bath temperature lies between 240 and 260"C and 
the dwell time is 1 to 3 seconds. Before soldering the 
flux is applied. 

High packing density on the PCB side to be wave sol­
dered involves the problem of solder bridges and sha­
dows (not completely wetted leads and pads). There­
fore, PCB layout, i.e. component configuration, should 
match the soldering method used. 

Dual-wave soldering best meets requirements of sur­
face mounting. The first turbulent wave sends up a jet 
of solder to ensure good wetting of all metalization 
areas, while the second more laminar'wave removes the 
excess solder (solder accumulations and bridges). 

7.2 Reflow soldering 

In reflow solderinga specific amount of solder, e.g. in 
form of solder paste, is applied to the PC board. After 
attaching the SMDs the reflow process is performed by 
one of the following methods: . 

• vapor phase soldering 
• hot gas soldering 
• heat collet soldering 
• infrClred soldering. 

The latest reflow technique is vapor phase soldering, 
where the entire PC board is uniformly heated until a 
defined temperature is reached; there is no possibility 
of overheating. The defined temperature (e.g. 215"C) in 
a saturated vapor zone is obtained by heating ail inert 
(neutral) fluid to the boiling point. Avapor lock above 
this primary vapor zone prevents the expensive primary 
medium from escaping (fig. 5). 

Figure 5 Principle of vapor phase soldering 

Vapor lock 
(secondary 
medium) 

Transport 

pipes 
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When the assembled PC board is immersed in the vapor 
zone the vapor condenses at the cold parts and trans­
fers its heat to the workpiece. Adequate heating control 
ensures continuous vapor supply. Summing up, it can 
be said that vapor phase soldering is a very gentle 
method that excludes overheating. At present it is the 
best reflow soldering method, if components with differ­
ent thermal capacity are densely positioned or if 
adequate heating cannot be provided otherwise. 

Other methods are hot gas and infrared soldering in 
continuous-type furnace. As compared to vapor phase 
soldering these methods have the disadvantage of poor 
heat transfer and nonuniform heating effect on compo­
nents with different thermal capacity. 

For heat collet or pulse soldering a collet or a soldering 
iron is used to transfer the heat to the component 
leads. It is important to force the leads into reliable con­
tact with the solder pads before and during the solder­
ing process. This method is preferably used for MIKRO­
PACK and Flat Pack packages. 

7.3 Iron soldering 

Manual soldering with temperature-controlled miniature 
iron should only be used in exceptional cases (repair, 
etc.), because this method is not only uneconomic, but 
can also damage components or PC board. 

7.4 Fluxes, cleaning agents 

Wave soldering requires no other fluxes than those used 
for conventional techniques (e.g. collophony F-SW32 in 
accordance with OIN 8511). 

Figure 6 Variations of PCB assemblies 
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Most of the solder pastes required for reflow soldering, 
however, contain aggressive fluxes the residues of 
which must be removed by a cleaning process. 

7.5 Conductive adhesion 

Conductive adhesion is not a soldering process, but 
shall be described here for the sake of completeness. 
It is not very often used since most conventional PC 
boards with a surface of tin or solder tin are not suitable 
for gluing. If components or PC board permit gluing, 
silver-filled mixed epoxy resin adhesives can be recom­
mended. These can be spread by an applicator, screen 
printing, or by pin transfer. The times required for curing 
are between 1 min and 12 h depending on the tempera­
ture. The thermal stress imposed on the components is 
less than with soldering, but the adhesion process must 
be performed separately after soldering the other com­
ponents. 

8. Assembly Variations 

Figure 6 shows the PCB assembly variations possible 
with SMOs: Assemblies exclusively with SMOs in the top 
row (fig. 6a and 6b), mixed assemblies, i.e. SMOs com­
bined with leaded components in the middle (fig. 6c 
and 6d), and mixed assembly consisting of dip solder­
able components (on solder side) and non-dip-solder­
able components (on component side) in the last row 
(fig. 6e). The versions illustrated in figures 6b, d, e 
require double-clad PC boards. 

b 

d 

R r 6 ad u§PF 
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In mixed assemblies with SMDs and leaded compo­
nents (fig. 6c and 7) the leaded components are usually 
placed first, then the board is turned over and the glue 
applied. Subsequently the' SMDs are placed, the glue is 
cured and after a renewed turn over the board is wave 
soldered. 

Figure., Mixed assembly of SMDs and leaded 
components (variant 1) 

PC board 
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PC board 
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PC board 
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The second variant shown in figure 8 differs from the 
first in so far as the glue is applied by screen printing at 
first; the following production steps are executed as 
illustrated in figure 8. This procedure has the advantage 
that the glue can be applied by screen printing, how­
ever, it has to be taken into account that because of the 
already mounted SMDs vacant board space is required 
for the mounting tools of the insertion machines, which 
are needed for cutting and bending the leads of con­
ventional components. 

Figure 8 Mixed assembly of SMDs and leaded <;omponents 
(variant 2) 
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The procedure for double-sided SMD mounting is as 
follows: 
• Screen printing of solder paste 

• SMD placement 
• Reflow soldering 
• Insertion of leaded components 

• PCB turn over 
• Application of glue 
• Placement of SMDs on the reverse side 

• Curing of the glue 
• PCB turn over 
• Mounting of components requiring special handling 
• Fluxing, wave soldering 

Here both reflow' and wave soldering are used. 
Assemblies including leaded components always 
require wave soldering. 
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The aim is a uniform mounting procedure with the 
exclusive use of SMDs. Figure 9 shows examples for 
totally surface mounted assemblies with reflow solder­
ing (top) and wave soldering (bottom). 

Figure 10 is a flow chart for the various assembly and 
soldering variants. 

Figure 9 PC board exclusively with SMDs, reflow soldered or wave soldered 

Reflow soldering procedure 
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Wave soldering procedure 
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Figure 10 Possible assembly procedures for SMDs and 
leaded components 
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SIEMENS 

Solderability· of the 
Small Outline Coupler 
Appnote 39 
by Karsten Uhde 

Jim Hopper 

OBJECTIVE 
Investigate the effect of various surface mount component 
assembly operations on the electrical and mechanical 
performance of the small outline coupler (SOC). 

SUMMARY 
The small outline coupler is an SOIC-8 package, modified in 
height to achieve adequate isolation between input and out­
put. Because of the reduced package dimensions of the 
device and the rigorous soldering techniques that surface 
mount technology requires, the coupler was submitted for 
testing under wave solder, vapor phase, and IR reflow 
processes. 

The SOC performed well in all the assembly and soldering 
tests. All three soldering processes can be safely used 
with no trade-off in electrical performance (data sheet 
compliance) or package integrity (hermeticity). For wave 
'soldering, correct orientation of the devices is recom­
mended to minimize solder bridging. 
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DESCRIPTION 
A test lot of 240 SOC's were processed through a state-of­
the-art surface mount assembly line (see Table 3, Equip­
ment). The couplers were mounted in lots of ten on 5" by 
5" test boards using the Dyna Pert MPS-118 pick and place 
machine. The assembled boards were prepared for solder­
ing by curing and preheating. The soldering processes 
chosen were the three most common techniques; wave 
soldering, vapor phase, and IR reflow. The tests varied the 
durations, temperature profiles, and repetitions. After the first 
and last soldering steps, the boards passed through a 
cleaning operation (See 4, Cleaning Conditions). 

All 240 couplers were tested for compliance to the IL212 
specification after· each soldering step. For each soldering 
technique, read and record data was taken on twenty 
devices (see Table 2, Worst Case Examples). To study the ef­
fect of solder heat on package integrity and long term 
reliability, two lots of unmounted SOC's were submerged in 
260"C solder and then subjected to pressure pot and 
85"C/85% RH tests. 

1. DUAL WAVE SOLDERING 

A. Process Description 
The Dyna Pert MPS-118 was used for the automatic 
epoxy dispensing and the pick-and-placement of the 
SOc. After curing the epoxy for 3 min. at 110-120°C 
the boards passed through the Electrovert Century 
3000 dual wave solder machine (Figure 1, Wave 
Soldering Procedure). 

This equipment has 2 waves, 2" and 4" wide respec­
tively and 4" apart. The first wave is turbylent to 
avoid shadowing on high density boards and to reach 
all exposed contacts with liquid solder. The second 
wave is homogeneous and removes excess solder, 
i.e., solder bridges. 

After the first and the last pass through the solder 
equipment, the boards were cleaned to remove flux 
and other residue. 



B. Process Conditions 
NORMAL PROCESS 
4 boards, 40 units 
Preheating Temp/Time: 25°C - 120°C, linear/12 min. 
Solder TemplTime: 256°C/4 seconds (submerged) 
Cleaning 
Number of passes: 2 

Result: 0/40 failures to IL212 spec. (See Table 2. 
Group 1 for read/record data) 

NORMAL PROCESS, Repetitive 
2 boards, 20 units 
Same as normal process except: 
Number of passes: 5 

Result: 0/20 failures to IL212 spec. 

2. VAPOR PHASE SOLDERING 

A. Process Description 
After the solder paste screening of the boards. the 
couplers were placed on the PC boards. To harden 
the solder paste, the boards were heated to 1100C to 
1200C for three minutes. This curing secures compo· 
nent positioning during handling. Curing is followed 
by preheating, vapor phase soldering (H1C IL·18), and 
cleaning after the first and last pass. (Figure 2). 

B. Process Conditions 
NORMAL PROCESS 
8 boards, 80 units 
Preheating Temp/Time: 25°C -120°C, linear/12 min. 
Primary Zone TemplTime: 215°C/18 seconds (See 

Figure 3. Temperature Profile) 
Cleaning 
Number of passes: 2 

Result: 0/80 failures to the IL·212 spec. (See Table 2. 
Group 2 for readlrecord data) 

Figure 1. Wave Soldering Procedure 

Figure 2. Vapor Phase Soldering Procedure 

Screen print 
solder paste 

Place component Cure paste 

Figure 3. Typical Vapor Phase Profile 
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LONG FLOW PROCESS 
2 boards, 20 units 
Same as normal process except: 

3 

Primary Zone Temp/Time: 215°C/46 seconds 
Number of passes: 2 

Result: 0/20 failures to the IL·212 spec. 

LONG FLOW PROCESS, Repetitive 
2 boards, 20 units 
Same as Long Flow process except: 
Number of passes: 5 

Result: 0/20 failures to the IL·212 spec. 

1 

Dual wave Clean board 
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Preheat 

Vapor phase Clean board 
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3. IR REFLOW SOLDERING 

A: Process Description 
Preparation and assembly were similar to the vapor 
phase process. The boards were passed through the 
SPT 770 for the reflow process and then cleaned 
(Figure 4, IR Reflow Soldering Procedure) using the 
Cougar 1000: and Dyna Pert pick and place machine 
except for the omission of the epoxy attachment 
operation. 

B. Process Conditions 
NORMAL PROCESS 
2 boards, 20 units 
Preheating TemplTime: 100oCI30 seconds 
Reflow TemplTime: 

Zone 1 150oCI1 minute 
Zone 2 180oC11.5 minutes 
Zone 3 235°CI1.5 minutes (includes cool down) 

(see Figure 5, Temperature Profile) 
Cleaning 
Number of passes: 2 

Result: 0/20 failures to the IL212 spec. (See Table 2, 
Group 3 for readlrecord data) 

LONG FLOW PROCESS 
2 boards, 20 units 
Preheating Temp/Time: 100°C/1 minute 
Reflow Temp/Time: 

Zone 1 150°C/2 minutes 
Zone 2 180°C/3 minutes 
Zone 3 235°C/3 minutes (includes cool down) 
Number of passes: 2 

Result: 0/20 failures to the IL212 spec. 

LONG FLOW PROCESS, Repetitive 
2 boards, 20 units 
Same as Long Flow process, except: 
Number of passes: 5 

Result: 0/20 failures to IL212 spec. 

Figure 4. IR Reflow Soldering Procedure 

Screen print 
solder paste 

Place component Cure paste 

Figure 5. Typical IR Reflow Profile 
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4. CLEANING CONDITIONS 

Solvent: Freon TMS 
Solvent Temp: 40°C 

Cleaning Zones: 
1. Spray: 23 PSI top of PWB 

16 PSI bottom of PWB 

5 

2. Emersion: 16 PSI top spray to create turbulence 

3. Spray: 10 PSI top of PWB 
8 PSI bottom of PWB 

Dwell time: Approx. 1 minute in each Zone 

Preheat Reflow solder 

Clean board 
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Table 1. Reliability Test (after Solder Heat) 

1A. Pressure Pot Test (121°C, 15 psig steam) 

Sample 260°C 48h 96h 
Size 3 x 10 sec. 

38 0/38 0/38 0/38 

·fa,led IR (25 ~a at VR = 10 V) 

1B. Temperature/Humidity (85°C/85% RH) 

Sample 260°C 168h 
Size 3 x 10 sec. 

38 0/38 0/38 

144h 192h 240h 288h BViso Overall 

1/38' 0/37 0/37 0/37 0/37 1/38 

504h 1Kh BViso Overall 

0/38 0/38 0/38 0/38 

Note: Datasheet parameters were checked at each time pomt. BVlso was only tested at the end of the test sequence. 

5. PACKAGE INTEGRITY TEST 

To simulate a worst case condition of heat exposure, the 
couplers were submerged in solder for 10 seconds, three 
times consecutively. Immediately thereafter, the parts 
were submitted to pressure pot test and high tempera· 
ture/humidity to verify the package integrity as well as 
isolation breakdown voltage (see Table 1, Reliability Tests 
after Solder Heat). These tests could not be done 
mounted on a board. FR4 PC board material is not 
completely moisture resistant, therefore providing a 
leakage path. 

No discoloring of the white outermold was observed. 
After 5 cycles of wave soldering the pc board started to 
discolor and flex. 

The effect on CTR change was minimal. 

The average change at 1 mA IF was: 
Dual Wave Soldering + 1.5% 
Vapor Phase Soldering + .8% 
IR Reflow Soldering + 1.8% 

The visual inspection showed no cracks or damages and 
the reliability test results were excellent. After a pre· 
conditioning of 3 times 10 seconds in 260°C solder, only 
1 out of 38 units failed 288h pressure pot (after 144h one IR 
failure) and 0 failures out of 38 after 1 OOOh 85 °C/85% RH. 
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6. CONCLUSIONS 

The small outline coupler, a modified SOIC·S package, 
was easy to handle during assembly and processing. No 
electrical failures occurred as a result of the soldering 
processes. Visual inspection of the solder joints showed 
consistent results. Solder bridges tended to form in the 
wave soldering process due to the narrow lead spacing. 
This is a recognized phenomena for this process, 
although the increased component height may be 
another factor contributing a shadowing effect. This 
possible effect can be minimized by orienting the SOC 
with its length perpendicular to the solder wave (see 
Figure 6). 

Figure 6. Orientation of Components on PC Board 
Before Wave Soldering 

00 

00 

PC board Solder wave 



Table 2. Worst Case Examples of Read/Record Data 

Group 1· Dual wave soldering 

CTR (%) at VCE = 5 V 

IF = 1 mA IF = 5 mA 
PRE POST CHG PRE POST CHG 

90 85 -6% 170 168 -1% 

80 80 0 160 180 +12% 

80 85 +6% 150 150 0 

HFE at VeE = 5V 

IF = 10 mA 18 = 1 pA 
PRE POST CHG PRE POST CHG 

200 200 0 600 620 +3% 

195 200 +3% 590 600 +2% 

175 180 +3% 580 600 +3% 

Average of 20 samples: PRE = 64, POST = 65, CHG = + 1 ,5% 

Group 2: Vapor phase soldering 

CTR (%) at VCE = 5 V HFE at VeE = 5V 

IF = 1 mA IF = 5 mA IF = 10 mA 18 = 1 pA 
PRE POST CHG PRE POST CHG PRE POST CHG PRE POST CHG 

70 80 +14% 150 160 +7% 170 180 +6% 580 590 +2% 

60 62 +3% 136 124 -8% 150 155 +3% 600 620 +3% 

77 80 +4% 150 160 +6% 170 180 +6% 640 650 +2% 

Average of 20 samples: PRE = 63, POST = 64, CHG = + 1 % 

Group 3: IR reflow soldering 

CTR (%) at VCE = 5 V HFE at VeE = 5V 

IF = 1 mA IF = 5 mA IF = 10 mA 18 = 1 pA 
PRE POST CHG PRE POST CHG PRE POST CHG PRE POST CHG 

62 65 +5% 140 130 -7% 155 160 +3% 560 570 +2% 

53 57 +8% 120 116 -3% 140 145 +3% 530 550 +4% 

74 84 +14% 150 160 +7% 170 180 +6% 550 560 +2% 

Average of 20 samples: PRE = 60, POST = 61, CHG = + 2% 

Table 3: List of Equipment Table 4: List of Materials 

Procedure Equipment Used Procedure Material 

Solder Paste Screen Cougar, 1000 Mount Components FR4 PC board, single side 

Pick-and-Place Dyna Perl, MPS-118 Attach Wave 

IR Reflow SPT, 770 

Vapor Phase HTC,IL-18 

Dual Wave Electrovert, Century 3000 

Solvent Clean Detrex, PCBD - 18ER - A 

Soldered Locktite #360 epoxy 
Components to PWB 

Wave Solder Alpha Flux RMA SM34-18 

Wave Solder Federated Fry Metals bar solder 
(63Sn/37Pb) 

Vapor Phase & Alpha Solder Paste RMA 390 DH3 
IR Reflow (62Sn/36PB) 

Vapor Phase Fluoroinert 5312 (mfg, by 3M) 

Cleaning Freon TMS 
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SIEMENS 

Low Cost, Plastic Fiber Optic Systems 
Using 
Siemens Light-Link Emitters and Detectors 
Appnote 40 

Part 1 - light-link Emitters & Detectors 
Features & Description 
by Heinz Haas, Wilhelm Karsten, Franz Schellhorn 

Signal transmIssIon through optical fi­
bers is a fully developed technology. 
Some million kilometers of transmission 
systems have already been installed. 
Making full use of the benefits of this 
technique in all conceivable applications 
is so far held back by extremely high cost 
of opto-electronic components and con­
nectors. The new light-link components 
described here arc ideal for applications 
with less stringent requirements, for ex­
ample, where only low bit rates have to 
be transmitted or fairly short distances 
need to be covered. The devices arc very 
inexpensive because they are derived 
from proven emitter diodes and detector 
components. Typical applications, apart 

from signal transmission are in optical 
sensors, optocouplers, display elements 
and optical-fiber sensors. Siemens has 
introduced three emitter diodes, for radi­
ation wavelengths of 560 nm (SFH 751), 
660 nm (SFH 750, SFH 750V), and 950 nm 
(SFH450, SFH450V) and these can easily 
be connected via optical fibers. A high­
sensitivity photo transistor (SFH 350, SFH 
350V) and a PIN photodiode (SFH 250, 
SFH 250V) for high frequencies and pulse 
rates up to several Mbitls are available as 
detectors. 

Special emphasis on the device shape 

The particular shape of the new light-link 
devices, which are similar to 5-mm 
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Fig. 1 Optocouplers built from Iight.link 
components optical fiber and connected with 
a shrink sleeve. 



Carrier band 
ielectricalleads) 

Package 

Reflector 

Fig.2 Cross section of Iight.link emitter 
diode 

diodes, is crucial to making transmission 
links simple to construct. A cylindrical 
opening is provided in the top of the 
component for inserting the plastic fiber 
(Fig. 2). 

Minimum hole diameter is 2.2 mm to 
suit commercially available plastic fibers. 
The light-link core, 1 mm in diameter, 

r'~p~ 

0,8 

0,6 

0.4 Device lens 

0.2 _i.:Jber 

o ~z~ 
o 0.5 

has an opaque outer jacket which need 
not be stripped off before insertion. The 
optical fiber is automatically located on 
the chip. Firm connection between the 
component and the optical fiber is made 
by a shrink sleeve which also provides 
protection against extraneous light 
(Fig. 1). Except the SFH 751 all parts aTe 
also available in our plastic connector 
version (SFH 250V, SFH 350V, SFH 450V, 
SFH 451V, SFH 750 V). 

Lens prevents misalignment 

The bottom of the insertion hole is lens­
shaped so that most of the radiation 
emitted from the semiconductor chip is 
coupled into the optical fiber and then 
guided to the detector chip at the receiv­
ing end. This increases the coupled-in 
power by around 20%. 
Another important function of this com­
puter-designed lens is in compensating 
for production tolerances and assembly 
errors to concentrate maximum radiation 
at the fiber ends. Possible inaccuracies 
are: position of the semiconductor on the 
carrier, dimensional tolerances of the 
fiber and incorrect lens-fiber distance. 
The effect of these tolerances when devi­
ations are kept fairly small can be seen 
from Figs. 3 and 4. 
So even with a lens-fiber distance of 
1 mm as much as 60% of the maximum 
obtainable radiation is coupled in 
(Fig. 3). 

i Pio,;,rel 

0,8 

0.6 

0.4 
Device lens 

Fig.4 shows that the lateral misalign­
ment is negligible with a 0.05-mm typical 
center inaccuracy of the plastic fiber. 
The lens incorporated in the package 
allows simple mechanical construction of 
a transmission system at low cost using 
light-link components. 

Effects 01 the fiber on the transmitted 
power 
Fiber ends 

What proportion of radiant power is 
coupled into· the fiber is not only deter­
mined by the emitter diode characteris­
tics but depends a great deal on the finish 
of the optical fiber ends. Cutting the 
fiber to the desired length with a blade 
introduces attentuation up to a factor of 
3,' For short -distance applications (below 
3 m) this loss may be acceptable because 
no special fiber treatment is required. 
With long transmission distances, how­
ever, it is a good idea to polish the fiber 
ends with a suitable finishing compound. 
All data sheet values refer to polished 
fiber ends, 

Fiber bending 
The total reflection at the boundary 
between the fiber core and the Quter 
jacket, that is, at the transition from a 
high refractive index to a low one, is 
cruCial to the light guidance in the fiber. 
Radiation striking the boundary at a 
glancing angle is reflected and remains in 

0.2 ~ 7er 

-- _--.if 
zl- . --. 

O+-~~----.----'r----.----.----, 1.5 mm z __ o 0.1 0.2 0,3 0.4 0,5 mm 0,6 
f __ 

Fig.3. Relative change of coupled-in power p;. and photocurrent I. 
measured at the receiver with distance z between device lens and fiber 

Fig. 4 Relative change of coupled-in power P;. and photocurrent lp 
measured at the receiver with lateral misalignment r of fiber to dev'ice 
lens 
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Fig.S Transmission losses of two Mitsubishi fibers with radiation wavelength 

the fiber core. Bending the fiber, how­
ever, changes the angle of incidence at 
the bending point and allows a certain 
proportion of the radiation to disappear 
through the outer jacket. 
To give an example: bending a plastic 
fiber to about 1800 with a radius of 1 cm 
produces losses of 10 to 20%. Particular­
ly with large cables and fixed connections 
it is important to maintain or, better, to 
choose as large a radius as possible. 

Absorption losses in the fiber 
Radiation losses discussed so far appear 
to be negligible as they are easily re­
duced by appropriate methods. Losses 
produced by absorption of radiation in 
the fiber material, -however, cannot be 
influenced at all. Fig. S shows transmis­
sion losses of two Mitsubishi plastic 
fibers. 
These plastic fibers do not stand up to 
some of the optical fiber cables widely 
discussed in the media. 
Their advantages are low price and easy 
use in linking short distances. The -red 
emitting diode SFH 750, SFH 750V in 
pulsed mode and the ESKA EXTRA EH 
4001 fiber are capable of reliably covering 
transmission distances up to 100 m. 

Quality safesuards Ions service life 

Experience gained from producing mil­
lions of optical transmitters and detec­
tors is now going into the manufacture of 
light-link components. 
The SFH 450, SFH 450V infrared diode 
have an average service life of 10' compo­
nent hours at 10 rnA forward current and 
600C ambient temperature. SFH 750, SFH 
750V and SFH 751 achieve more than 10' 
component hours (at 20 rnA and 40 0C). 
Ageing effects are not to be expected 
with optical detectors. 
The ruggedness of light-link components 
makes them ideal for applications where 
they are exposed to severe mechanical 
stresses. Stress tests on vibration (to DIN 
IEC, part 2 to 6, test Fc) and shock (to 
IEC 68-2-27, test Ea) were successfully 
passed. 

Optocouplen with almost unlimited 
dielectric strensth 

Optocouplers are -used to transmit sig­
nals between areas making no electrical 
connection or between areas at different 
potentials. In conventional- optocouplers 
the transmitter and receiver are a very 

short distance apart. Even the outer 
creepage distance along the plastic pack­
age is only a few millimeters. Thus the 
maximum voltage that can be handled by 
the devices, is relatively low. For higher 
dielectric strength requirements, cou­
plers constructed from light-link compo­
nents are to be preferred. 
Using a 5-cm long fiber to connect emit­
ter diode and -detector allows an insula­
tion voltage of 40 kV. Even when the 
dielectric strength is not the important 
point, the set up has a capacitance of 
only 0.01 pF between emitter and detec­
tor. A low coupling capacitance is 
necessary in transmitting high-frequency 
signals. 
One application of such an optocoupler is 
described on the following pages. 



Part2- ,Plastic Fiber; light-Link Optocouplers are Faster 
Application Example 
by Gunther Hirschmann 

Derived fromopto-electronic mass-pro­
duced components, light-link devices are 
special types which permit the simple 
construction of signal transmission paths 
using plastic fibers. 
Optical signal transmission has 'the 
following advantages relative to conven­
tional wire links: 
• Handling of high frequencies because 
of short switching times and negligible 
capacitive coupling, 
• maximum transmission distance is sev­
eral yards. 
• the low power transmitter allows oper­
ation in areas subject to explosion 
hazards because there is no risk of igni-
tion, , 
• interference-free transmission even in 
the presence of strong, varying electro­
magnetic fields, 
• no crosstalk because of negligible 
capacitive coupling between emitter and 
detector, 
• unlimited isolation voltage ratings. 

Every device has particular features 

The three optical emitter diodes avail­
able are distinguished by emission colors 
and radiation wavelengths: 
SFH 450 - infrared, 950 nm, 
SFH 750 - red, 660 nm and 
SFH 751 - green, 560 nm. 
In addition, they have features which 
either recommend or exclude their use in 
particular applications. The SFH 450 IR­
diode provides the highest efficiency in 
converting electrical power into radi­
ation. It allows the strongest signals to be ' 
obtained in the detector circuit. 
Attenuation in ,the plastic fiber at 
950 mm is so high (Fig. 5), however, that 
this combination is only suitable for 
short -distance transmission. 
Moreover, the switching times of about 
I liS do not satisfy the more stringent 
frequency response requirements. With 
ten times shorter switching times [2] but 
reduced radiation power, the SFH 750 
red diode is better suited to handling 
high-frequency pulse trains. The SFH 
751 green diode is not suitable for signal 
transmission tasks. Its radiation power is 

far below that of the red diode and its 
switching time is much longer. Attenu­
ation in the plastic fiber is fairly small 
with the green diode. The human eye, 
however, is particularly sensitive at a 
wavelength of 560 mm. For these 
reasons, the SFH 751 diode is mainly 
employed as a single spot or to set up 
displays. 
Detector devices can be distinguished in 
a similar way. TheSFH 350 device be­
nefits from on-chip power gain and so 
has a high sensitivity. With a given fiber 
output power, its signal is 250 times 
greater than that of the SFH 250 diode. 
Transistor switching times in the order of 
15 liS permit applications of only to kHz 
when the switching edges of pulse trains 
have to be detected witli almost no 
delay. If there is no such requirement the 
phototransistor is capable of handling 
frequencies of 50 to 100 kHz. 
The SFH 250 silicon PIN-diode.is ideal 
when switching speed and frequency re­
sponse',requirements are more stringent. 
Its sigmil rise and fall times are around III 
ns~ When the PIN-diode is used in con­
junction with the SFH750 diode. howev, 
er. the latter is the frequency:determin­
ing component with rise, times of about 
120 ns and fall times of 50 ns. 

Coupler circuits usinllight-Jlnk 
components 

The mechanical construction of transmis­
sion paths is simple: 
The plastic fiber is inserted in the cylin­
drit'al 'holes on top ofthe components 
and is firmly connected by a shrink 
sleeve. With long transmission distances. 
it is a good idea to polish the fiber ends 
to avoid attenuation losses. Fig. 1 ,gives 
exarnples of such optocoupler set-ups. 
In the circuits described here the SFH 
750 red emitting diode, is used as the 
transmitter and the SFH 250 PIN-diode 
as the detector. ,The basic circuit is 
shown in Fig. 6. The resistor connected 
in series with the transmitter diode 
serves for curient limiting. 
When the diode is measured its forward 
current may reach values (independent 
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of switch-on time and duty factor) as 
, listed in Fig. 7. In the following examples 

the diode's rms current is limited to 
about 27 mAo 
The receiver diode is operated in the 
reverse condition. Its load resistor RL 
across which the output signal is de­
veloped, not only influences the output 
amplitude li"tli hut also the rate of change 
of the (iutput pulses. High resistances 
result ill higher signal voltages and 

, longer rise and fall times. Characteristics 

Transmitter 
1,-. 

Detector 
+-/0 

SFH 750 SFH 250 
+us 

t-+ 

"'-'" '" I '" 
5'cm plastic fiber 

lOOIl 

Fig. 6 Basic circuit to operate lighi.link 
optocouplers 

r;". 
rnA 

soo 

IlO 

~ 
01, 
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DC 

no, 
0,05 
0.1 

t:: 
!!!! 

, , 

Fig. 7 Pulse handling eapabillty of the 
SFH750 emitter diode . 



Fig. 8 Drive signal (S V) and output voltage 
(70 mV) with I·MHz frequency in the Fig. 6 
circuit 

of the input signal U;n and the output 
signal U'H" for the Fig. 6 circuit with a 
I-MHz switching frequency are shown 
in Fig. 8. 
The current transfer ratio is a crucial 
factor with opto·electronic coupling dis· 
tances. 
This is the ratio of current through the 
detector to current through the emitting 
diode. In the described set·up of SFH 
750. 5·cm long plastic fiber and SFH 250, 
the current transfer ratio is 0.13%. 
Under these conditions the detector sig­
nal has to be further amplified. Fig. 9 is a 
simple amplifier circuit suitable for fre­
quencies up to 50 kHz. 
The detected signal is amplified by a 
common-emitter stage. The unit is 
characterized by high current gain and 
low upper limit frequency. To phase 
match the input and output signals, a 
phase reversal stage is provided by tran­
sistor 12. 
The anti-saturation diode D I improves 
the switching characteristic. Rise and fall 
times of the output signals are about 
200 ns. The output signal delay relative 
to the input signal is 0.7 I1s. 
Fig. lOis a circuit suitable for transmitting 
analog signals up to 200 kHz: 
The TAE 1453 A op-amp has a pnp input 
differential stage ami an open-collector 
output. The incoming signal is applied to 
the non-inverting op-amp input and is 
amplified by the ratio of RJR2• A high­
speed CMOS logic driver converts the 
output signal to TTL level. Delay times 
with this circuit arc only about 250 ns, 
while rise and fall times can be neg­
lected. To handle higher frequencies (up 
to I MHz) the Fig. II circuit is the most 

SFH 750 

tv" 
5V~ 

1_ 

SFH 250 
~ 
~ 

+5V 

T2 
Be560 

10012 
lkQ 1 v,o< 

'---1r--' 1 

Fig. 9 Amplifier with common·emitter circuit suitable for analog signals up to 50 kHz 

Us-±5V 

Fig. 10 OptocolJpler circuit to transmit analog signals up to 200 kHz 

SFH 750 SFH 250 lOnF I +Us 

:; 15kQ 
lkQ 

tU;, 

5V~ 
1--+ 

10012 

-Us 
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Fig. 11 Optocoupler circuit to transmit analog signals up to 1 MHz 
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u = I VlDiv 
I = 11K} nS/Div 
f = I MHz 

Fig. 12 Switching performance or !lie Fig. 11 
circuit. input pulse Ileft) and output pulse 
lright) 

I = 10 nS/Div 
f = I MHz 
35 ns delay time of the output signal 
25'ns 'rise time of the output signal 

Fig. 13 Rising edges or input and output 
pulses in Fig. 11 

Plastic fiber 0,5 m each 

1,-10kHi 
12-50 kHz 

SFH 450 I \ SFH 250 
:;:; c:::=::J c:=:::::::J:;:; 

-ldl 

+12V 

10kD 

500 

Fig. 15 Photo interrupter arrangement using Iight·link components 

suitable. It uses the fast TDA 1078 op­
amp. The device is operated as a non­
inverting amplifier with again of about 
150. 

t~+"·------~--~. 
% 
80 

60 

40 

20 

.mm 6 
d---+ 

Fig. 16 Output signal orthe photo inter­
rupter circuit dependent on the distance or 
the end or the plastic fiber 

Transistor TI brings the output voltage 
Uno. to 5 V. Fig. 12 shows the appropriate 
switching characteristic. Fig. 13 and 14 
illustrate in more detail the rising and 
falling edges of the input pulses on the 
left, and the waveforms of the output 
pulses on the right. It is obvious that the 
amplifier circuit introduces short delays 
of 35 and 10 ns but does not further 
extend the remaining switching times. 

Pho.to interrupter circuit 

In Fig. 15 a photo interrupter arrange­
ment is shown. The ends of the optical 
fiber are polished. As shown in Fig. 16 
the distance from the optical fiber end 
must not exceed 5 mm to avoid an exces­
sive voltage drop in signal voltage level. 
Thanks to the optical fiber the optical 
detection area can be .remote from the 
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I = It) ns/Div 
f'= I MHz 
16 ns delay time of the output signal 
18 ns fall time of the output signal 

Fig. 14 Falling edges or input and output 
pulses in Fig. 11 

electronic circuit. the optical detector is 
ideal for use in atmospheres subject to 
explosion hazards. 



SIEMENS 

Light-Link Components Control 
High-Frequency Switched-Mode 
Power Supplies 
Appnote 41 
by Reinhard Blockl 

Operating frequencies of 100 kHz are 
common practice in modem switched­
mode power supplies. And the trend con­
tinues towards even higher frequencies. 
The reason for this is that they allow the 
development of power supplies of smaller 
size and improved dynamic control char­
aeteristics.The necessary feedback is done 
by Siemens light-link components which 
permit reliable control of SMPS with 
working frequencies in the MHz range. 

Feedback of control information in 
switched-mode power supplies is mainly 
handled by integrated analog optocou­
piers (e.g. CNY 17 and SFH 600). The 
limited bandwidth of these couplers 
allows SMPS to be controlled at working 
frequencies below 100 kHz. 
Use of the new light-link components, 
SFH 450 and SFH 750 (emitters) and 
SFH 250 (detector), greatly extends the 
range of optical signal transmission. 
The circuits described here for analog 
signal transmission are characterized by 
• suitability for SMPS with high and very 
high working frequencies, 
• minimizing parasitic coupling capaci­
tance between emitter and detector, 
• no electromagnetic interference in the 
transmission line (plastic fiber). 
Using the new light-link components in 
SMPS results in a higher efficiency and a 
reduction of screening. The savings 
achieved largely compensate for the ex­
tra costs of light-link components and 
mounting them relative to integrated 
optocouplers. ' 

Low-cost opto-electronic coupling ele­
ments can be used in SMPS with higher 
working frequencies (above 100 kHz). 
This has so far been the domain of 
sophisticated transformer techniques. 

Electrical isolation of the SMPS is pro­
vided by a power transformer with pri; 
mary and secondary windings isolated 
from each other. Fig.1 is a block dia­
gram of such 'an arrangement. 

With the control and monitoring circuit 
on the primary side of the SMPS, as 
shown in Fig. 1, the closed-loop voltage 
control therefore bridges the isolation 
between the primary and secondary 
sides. 

To maintain electrical isolation, the con, 
trol feedback path must include an iso­
lated linear transmission device. 

~0.9 

I 

u~ u1=..... ut, I 
I I ~ I 

50/60 Hz I I L ___________________ ~ 

Fig.l Block diagram or a pulsewidth-modulation controlled switched-mode power supply 
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Fig.3 Frequency characteristics or CNY 17·1 coupler 

This device is governed by the same 
VDE regulations as the power tran&· 
former in terms of isolation voltage, air 
and creepage paths. 
Tho methods are currently employed in 
isolated signal transmission: 
• transformer signal transmission, 
• optical signal transmission. 
Relative to the technically valuable but 
expensive transformer solution, op­
tocouplers . are. less costly. But this 
method does have some engineering reo 
strictions. 

DaIsn of IMPS control circuits 

Forward·converter SMPS operating in. 
the »voltage mode«, normally use a con· 
troller with PIOTl-characteristic (pro· 
portional- integral- derivative 1st order 
action) whereas SMPS in the »current 
mode« use controllers with a PIT! 
characteristic. Frequency response is 
compensated to maintain the widest 
possible bandwidth with sufficient sta­
bility. 
The SFH 600, CNY 17 available op­
. tocouplers have a limited achievable 
bandwidth. 
The new broadband light-link compo· 
nents are linear transmission elements 

which allow for a control bandwidth 
depending only on the chosen working 
frequency of theSMPS. Hence an im­
proved SMPS dynamic control charac· 
teristic (the most important reason for 
increasing the working frequency) can be 
implemented in practice. Fig.2 shows 
the Bode diagram of a »voltage mode« 
forward converter power unit (chain 
line). 
The LC output filter has a transfer func­
tion with two poles at the resonance 
point. This implies a -180° phase shift at 
higher frequencies. The circuitry for fre­
quency response compensation is de­
signed so that the control amplifier has 
the desired PlOT! type frequency re­
sponse, as shown in Fig.~(broken lines). 
From this the frequency response (solid 
line) of the complete control circuit is 
obtained. 

Time constant TI has been chosen so 
that . the associated corner frequency 
corresponds to the transition frequency 
A of the system 

A = 1/(2 . 11 • TI) 

This serves for the bandwidth limiting 
necessary to suppress the switching fre· 
quency. 
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Sufficient attenuation is guaranteed by 
making the transition frequency one de­
cade below the switching frequency. 

A parameter of control stability is the 
phase shift of the separated control cir­
cuit at the transition frequency (gain at 
transit frequency is 0 dB). A maximum 
phase angle of -150" - this means a-30° 
phase margin - is still considered suffi­
ciently stable. 
So far we have neglected the optocou­
pIer's frequency response. We started 
from the assumption that the control op­
amp would not cause any significant 
phase. shift of the given transition fre­
quency. 
A phase shift of - i35° results from Fig. 2 
for the transition frequency. 
Consequently, the additional phase shift 
of the optocoupler at transition frequen­
cy may be a maximum of -15° to main· 
tain a minimum phase.margin of 30°. 
As a rule of thumb, the working frequen- _ 
cy of a switched-mode power supply 
should exceed the frequency at which the 
optocoupler produces a -15° phase shift 
by a' factor of ten . 
Although a higher switching frequency is 
possible, it will not improve the dynamic 
control characteristics as the transition 



frequency cannot be raised appropriately 
for reasons of stability. 

Properties 01 integrated 
oplocouplen in linear operalion 

Obvious benefits of optocouplers are 
their compact size and low price. 
Against these, however, are some draw­
backs: 
• low cut-off frequency, 
• coupling capacitance between emitter 
and detector, 
• air and creepage paths between exter­
nal connections are likely to fall short of 
requirements after pc board mounting. 

Frequency response of integrated 
optocouplers 
When a high cut-off frequency is re­
quired, the optocoupler should be used 
in a low-impedance circuit. For example, 
the data sheet specifications for the 
limit frequency for the SFH 600 opto­
coupler is 250 kHz with a load resistance 
of RL = 75 il. 
The permissible component current 
limits the reduction of resistance values. 
To assess the possibilities of using op­
tocouplers as part of a control circuit, 
the frequency response characteristic 
method (Bode diagram) is very useful. 
Fig.3 shows the measured frequency 
response characteristics of the CNY 17 
standard optocoupler for a load resist­
ance RL = 1 kil. 
The amplitude characteristic lal here has 
a logarithmic current transfer ratio. 

lal = 20 . log (Ie/IF) 

The phase response shows the phase 
angle between the light emitting diode 
current IF. and the detector transistor 
current Ie. 
From the frequency response charac­
teristic .it can be seen that 
• the phase angle of -150 lies at about 
10 kHz, 
• a .zero occurs at about 550 kHz in the 
amplitude response. 
From the first, it can be concluded that 
the integrated optocoupler is suitable for 
working at frequencies up to 100 kHz. 
The second observation points to the 
effect of the parasitic coupling capaci­
tance. By superimposing both signal 
transfer paths, optoelectrical and capaci­
tive, which produce phase displacements 

b 

Fig. 4 Common·mode transmission through 
coupling capacitance CK • 

a measuring circuit to determine the coupling 
capacitance 
b equivalent circuit of common-mode trans· 
mission 

with opposite signs, the output signal 
may be partially erased. This gives the 
observed non-uniformity of the frequen­
cy response. 

Common-mode suppression with 
integrated optocoupler 
The undesired transmission of common­
mode· signals through optocouplers is 
caused by the parasitic coupling capaci­
tance CK between the input and the 
output of the optocoupler. 
Fig.4 shows a measurement circuit to 
find the coupling capacitance and obtain 
the high-frequency equivalent circuit. As 
can be seen from the equivalent circuit 
the transmission of commoncmode sig­
nals corresponds to an RC first-order 
high pass filter consisting of parasitic 
coupling capacitance CK and the external 
load resistance Rv 
The common-mode signal transmission 
produces spiked interference waveforms 
in the output voltage Ue from the 
square-wave input voltage UG • 

The appropriate signal characteristics are 
shown in Fig. S. The measured load re­
sistance RL was 10 kil. 
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With the switched-mode power supply 
described common-mode transfer action 
is most disturbing as capacitiveJycoupled . 
in (e. g. transformer winding capaci-· 
tance) common-mode signals of high 
amplitude are likely to occur at regular 
intervals . because of the clock-pulse 
mode of operation. 

Insufficient commoncmode ~uppression 
may cause these interference waveforms 
to be transmitted through the opto·cou­
pIer to the pulsewidth-modulation con­
trol circuit. 

This often leads to incorrect operation of 
the PWM. Here an additional interfer­
ence suppression in the form of a screen 
inside the power transformer is required. 

Usdullcalures of lighl-Iink 
componenls 

Unlike integrated optocouplers, light­
link components consist of separate 
emitter and detector units optically cou­
pled through an optical fiber (for exam­
ple plastic fiber) over any desired dis­
tance. 

This technology brings some major ben­
efits with it: 

• The coupling capacitance is negligible 
because of the spacing between emitter 
and detector, 

• the required. air and creepage paths 
and isolation voltages are easily provided 
because of the spacing between emitter 
and detector, 

• optical fiber links can neither emit nor 
receive electromagnetic interference in 
the radio frequency band, 

• using a PIN photodiode as the detector 
provides very broad bandwidths. 

A technical description of available emit­
ter· and detector devices and amplifier 
circuits is given in [I]. 

This article deals with applications in 
linear transmission, especially in the con­
trol feedback paths of SMPS. Suitable 
circuits are discussed. . 

To determine the limit values of the 
individual circuits, their frequency re­
sponse characteristics were measured 
and plotted as Bode diagrams. 
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Fig.5 Common·mode interference at the output of the Fig. 4 circuit 
with R,. = 10 k!l 
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Fig.6 Optical signal transmission circuit without amplifier . Fig. 8 Optical signal transmission circuit with single-stage amplifier 

Circuits for IIncar optical signal 
transmission 

Interfate requirements 
The design of optical signal transmission 
circuits is based on the following assump­
tions: 
• for driving the photodiode (emitter) a 
current IF between 0 and SO mA is avail­
able, 
• a voltage Uc of about S V is provided 
at the detector circuit output, 
• with LED control current IF = 0 A, 
the output voltage is Uc ;;::S V, . 
• the complete circuit is inverted - in 
other words - the output voltage Uc 
drops with rising control current IF' 
These interface conditions are so chosen 
that the optoelectronic circuits can be 

driven by standard amplifiers and there 
is compatibility with the TDA 47xx and 
TDA 49xx SMPS control Ie series. The 
optical signal transmission circuit can be 
incorporated into the SMPS concept of 
Fig.l. 
Three optical transmission circuits are 
described which meet the increasing de­
mands for transmissible frequencies. 

Optical signal transmission tinuits 
without amplifiers for frequenties up to 
450 kHz 
The circuit shown in Fig. 6 is built from 
just a few components. As the current 
transfer ratio Id IF of the combination 
SFH 4S0 (IR emitter diode) and SFH 2S0 
(photodiode) is sufficient, the output 
signal can be obtained at the load resistor 
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RL without any additional amplification 
after the photodiode. 
As the l-~s switching time of the SFH 
4S0 is rather long. a wide bandwidth 
cannot be achieved with this simple cir­
cuit. 
The SFH 2S0-F infra-red light-transmit­
ting filter detector diode can be used 
with the same results as protection 
against daylight in the Fig.6 circuit. The 
associated Bode diagram is given in 
Fig.7. 
From this it can be seen that at about 
4S kHz a phase shift of ~ ISO occurs. 
With these parameters the circuit is suit­
able for switched-mode power supplies 
operating at frequencies up to 4S0 kHz. 
Technical data are summarized in the 
Table. 
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Fig.9 Frequency characteristics or Fig. 8 circuit Fig.ll Frequency characteristics or Fig. 10 circuit 
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Vc = I VlDiv 
IF = 10 mAlDiv 
t = 10 ~S/Div 

Fig. 10 Optical signal transmission circuit with amplifier in cascode 
arrangement 

Fig.12 Output voltage Vc waverorm with square-wave current 'I· 

Circuits with single-stage amplifier for 
frequencies up to 650 kHz 
The limit frequency can be increased 
when the SFH 450 IR LED is replaced 
by the SFH 750 emitter diode operating 
in the red spectral range. Switching times 
are reduced by a factor of 10. The 
radiant power coupled into the optical 
fiber from this LED is, however, much 
smaller. An amplifier stage is required to 
produce the necessary output voltage. 
Fig.S is the block diagram. 
The BF 199 transistor is used as com­
mon-emitter amplifier. The base-emitter 

diode of another transistor provides 
temperature compensation. 

To allow for the manufacturing toler­
ances of the transistor, it may become 
necessary to trim the 270-kn resistor. 
The Bode diagram of this arrangement is 
shown in Fig.9. 

The frequency at which the phase is 
shifted by -150 lies at 65 kHz. The 
transmission circuit is suitable for SMPS 
with working frequencies up to 10 times 
higher than this. The 1llble gives the 
technical data on this circuit. 
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Circuits using casc:ode amplifier for 
. frequencies up to 1600 kHz 
The cascode circuit is characterized by an 
excellent high-frequency performance. 
The Fig.l0 arrangement requires a 
stabilized 2.5-V source and 12-V supply 
voltage, which are already provided 
when TDA 47xx or TDA 49xx SMPS 
control ICs are used. 
The cascode circuit uses one BC238-C 
and one BF 199 transistor. 
The operating point of the BF 199 tran­
sistor is set by a voltage divider supplied 
from the 2.5-V source. The base-emitter 



Circuit to 
Description Symbol Fig. 6 I Fig. 8 I Fig. 10 Unit 

typical values 

Operating point (Us = 12 V) Ir 10 10 12 rnA 

Uc 4.2 5.5 5 V 

DC transmission flUc 0.24 0.1 0.1 V 
performance MF rnA 

3-dB limit frequency fJdB 100 250 700 kHz 

Dependency of /lUc 0.5 -0.53 - -
output voltage on Us 6Us 

Dependency of output 6Uc - - 9.5 -
voltage on 2.5-V 62.5 V 
supply volt~ge 

Temperature coefficient 6Uc 9 2 -0 mV 
of output voltage M K 
(in the range 0 'C:s8 :s60 'c) 
IF = 15 rnA 

Table Technical data on three transmission circuits using light-link components to control 
switched-mode power supplies with different working frequencies 

diode of the third transistor provides 
temperature compensation. To allow for 
the transistor manufacturing tolerances, 
it may be necessary to trim the 68-kQ 
resistor. The Bode diagram of this 
arrangement is shown in Fig.n. The 
frequency at which the phase is shifted 
by -IS' lies at 160 kHz. Consequently, 
the highest possible working frequency 
for a SMPS using this circuit is about 
1.6 MHz. 
Fig. 12 shows the behaviour of the circuit 
with time. The emitter diode is driven 
with a square-wave current IF of SomA 
amplitude. The amplitude of the output 
signal Uc is 0.6 V. Technical data are 
given in the Table. 

Conclusion 

Switched-mode power. supplies using 
light-link components in the control 
feedback path provide broadband con­
trol characteristics which depend on the. 
chosen switching frequency. Stability 
and excellent dynamic control charac­
teristics are obtained. 
The small coupling capacitance between 
emitter and detector. in the optical trans­
mission path (large spacing) eliminates 
the need for a screen in the power 
transformer. 

The possibility of obtaining higher work­
ing frequencies with simpler and thus 
lower-cost configurations of SMPS will 
be an impetus towards further increases 
of frequency in power supply design. 
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Motor Control with Electrical Isolation 
of Operator Module and Power Unit 
Using Light-Link Components 
Appnote 42 
by Manfred Stiirzer 

There are already numerous applications 
of motor speed control in household and 
leisure appliances using the TLE 3102 
phase control Ie. New areas for use are 
opened up by the method described in 
this article. 
Benefits of this phase control circuit are 
standby operation, soft start and over· 
heat protection. 

A stepless speed control using the 
TLE 3102 IC was developed for 220-V 
universal motors. The operator unit 
which is supplied from low voltage is 
electrically isolated from the motor con­
trol circuitry to cater for situations where 
the operator unit must not be powered 
from line potential. 
Control signals are transmitted optically 
by an optocoupler or a combination of 
light -link transmitter diode, phototran­
sistor and plastic fiber of any desired 
length. . 
The potentiometer for speed adjustment 
and an LED used for status indication 
can be combined in a single unit which is 
connected to the control electronics by 
two leads. 

Operation 

The circuit (Figure) consists of the 
operator module, which works at low 
voltage, and the control unit. The latter 
utilizes the TLE 3102 phase control IC to 
trigger the triac (e.g. TXD 1OK60). De­
sign of external circuitry for the power 

supply, sawtooth voltage, trigger pulse 
width, triac trigger current and syn­
chronization, is identical to that of est­
ablished systems. 

A PTC thermistor is used for tempera­
ture monitoring as protection against 
overheating. The temperature-depend­
ent divider voltage from RK and Rl is 
inverted by the op-amp of the 
TLE 3102 IC and amplified to become 
effective at the control input Vw from a 
defined temperature. 

Hence the conduction angle and motor 
speed are reduced. The temperature pro­
tection circuit - at first glance a rather 
expensive one - allows the triac and PTC 
thermistor to be mounted onto the motor 
and connected straightforwardly to the 
drive circuit by only 4 wires. In normal 
operation, the maximum permissible 
conduction angle is defincdby a voltage 
of 0.6 to 2 V at V" to eliminate the risk 
of half-wave operation caused by phase 
shift between current and voltage. The 
maximum rating must be adapted to the 
motor type. For this purpose the full­
scale control setting of the trimmer R2 is 
made so that full-wave. operation is 
guaranteed. The operator module and 
power unit are electrically isolated. The 
control information is transmitted in the 
form of a pulse-width modulatedrec­
tangular signal via an optocoupler to 
generate the control voltage V'I: Any 
effects of non-linearity, tolerances and 
ageing of the optocouplers are reliably 
excluded. 
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Light-link components are ideal for re­
placing optocoupler elements. The use of 
the SFH 450 light-link transmitter diode, 
the SFH 350 phototransistor and a plas­
tic fiber permits not only electrical isola­
tion but also separate low-voltage mod­
ule and power unit and enables them to 
be interconnected via a plastic fiber. The 
permissible distance is determined by the 
coupled-in power of the transmitter 
diode and the plastic fiber attenuation. 
Capacitor Cl serves mainly for filtering 
the rectangular signal to dc voltage. 
In addition, it supports soft motor start 
from the standby mode. Here »standby« 
means zero rpm. 

In the range 1.2 to 4 V an increase of 
control voltage V" causes a drop in. 
motor speed. 

When line voltage is supplied, the 
operating voltage is built up gradually. 
and is still below its maximum at the time 
of the trigger pulse. 

Therefore the motor starts abruptly and 
is then slowed .. down to the desired 
speed. This is avoided and a soft start is 
permitted by inserting capacitor C2. 

As long as the operating voltage is 
changing appreciably the capacitor's im­
pedance is negligible and provides higher 
voltage at the control input V". 

In the steady state, however, it no longer 
affects the control voltage, which then 
reaches the desired value. 
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Circuit diagram uf mutor control with-eledrical isolation of operator module and power unit 

A rectangular signal generator and a 
pulse width modulator are the main 
components of the low-voltage module. 
OPt op-amp works as a multi vibrator 
and supplies a bipolar square-wave volt- -
age at a frequency of about 2.5 kHz. 
The positive half-wave should be consid­
ered first. The variable voltage, falling at 
RT is smoothed before further pro­
cessing. 

From a defined range of the signal volt­
age the subsequent pulse duty converter 
[2] generates a rectangular signal in 
which the duty cycle is proportional to 
the voltage and drives -the transmitter 
diode of the optocoupler via the pnp 
transistor. When the voltage drops below 
the lower threshold, for example, by 

-closing standby switch 52, the duty cycle 
is zero and the photo transistor is no 
longer conducting. 

Voltage US! at the control input of the 
phase control Ie is above 4 V. The triac 
is not triggered and_ the motor is station­
ary. 

For voltages exceeding the upper 
threshold the transmitter diode is perma­
nently conducting. Hence U" is at .a 
minimum and the motor rulls at a maxi­
mum speed determined by U~. 
An additional -indication not requiring 
extra wiring is provided by the negative 
half-wave of the square-wave generator. 
Whenever switch S1 is closed, an LED is 
activated and indicates the current status 
without affecting the signal voltage Us. 
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Applications 

One application of this motor control is 
in canister-type vacuum cleaners. Poten­
tiometer, standby switch S2 and LED are 
easily housed in the cleaner handle. 
Thanks to the electrical isolation of the 
low,voltage module and power unit, only 
two, fairly thin wires run through the 
hose to the canister without restricting 
the suction hose flexibility. -
Adjustable speed, in other words, suc­
tion performance, soft start and standby 
operation are ideal for vacuum cleaner 
operation. The additional LED can be 
used to indicated dust bag fill level. The 
control method ensures proper cleaner 
operation even with a broken wire in the 
hose which would only reduce the con­
venience to the user. Finally, the tem­
perature circuit gives protection against 
overheating of the motor and its housing. 
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FREDFET Power Half-Bridge: 
Short-Circuit Proof through 
Light-Link Components 
Appnote 43 
by Walter Schumbrutzki 

With higher clock frequencies in power 
switches inverse-capable MOS power 
tl1lnsistors (FREDFET) are going to 
replace bipolar devices. In the low power 
I1lnge (S 2 kW) MOS half-bridges are 
already being designed which are far supe­
rior to those using bipolar transistors. 

The moSt important requirements to be 
met by bridge circuits are: 
minimum forward and switching losses, 
duty factor of 0 to 100%, 
current limiting (if necessary, short-dr­
cuit and leakage protection), 
low control power, 
separate drive of individual transistors, 
electrical isolation of control and output 
circuits. 
Driving of »high side« transistors is made 
somewhat difficult because of the 
switched source potential (floating). 
Apart from providing a solution to this 
problem, the circuit described in this 
article fulfils all the above requirements. 

'Doansfonner-coupled IIPMOS half· 
bridge (Fig. 1) 

Pulse transmission of input signal using a 
ring core 

Though transformer coupling permits 
fast switching times, the effects of 

magnetic saturation generally confine 
. the duty factor to about 50%. Magnetic 
saturation also 'limits the time a trans­
former can hold a MOSFET in the on­
state. To overcome this problem the 
transformer in the circuit described is fed 
with a high-frequency pulse train (burst 
of 1 MHz) for the duration of the input 
pulse. 
The FET is operated as long as the burst 
is present. Thus turn-on times are freely 
selectable. An auxiliary power supply on 
the secondary side is not necessary. Driv­
ing the half-bridge entails two opposed 
square-wave signals wiih some delay of 
the positive edge (around 500 ns) and a 
2-MHz clock signal. These signals can be 
derived from a pulse-width modulation 
circuit. The 2-MHz clock can be obtained 
from the drive circuit via the ALE line of a 
microcomputer. The drive signal (active high) 
goes to a turn-off logic circuit which blocks 
the input signal when the current threshold 
is reached. Then, with active low on pins R 
and S of the data flipflop 4013, complemen­
tary I-MHz bursts are delivered to the push­
pull stage and the ring core transformer 
(R lOIN 30) is energized. Both windings 
are put on face to face to minimize their 
capacitance. The primary has 10 turns, 
the secondary 12. 
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As the carrier current flowing through 
the capacitance between primary and 
secondary circuits is rectified and may 
cause spurious turn,on of the FRED­
FET, special attention has to be given to 
the design of the transformer. 
Common-mode rejection of more than 
100 V I~s is achieved by simply using a 
thin coaxial cable for the secondary 
winding. One end of the outer shield 
(not both) has to be connected to the 

. appropriate FREDFET source. 
On the secondary side the burst is rec­
tified via a diode bridge and a positive 
gate signal is produced which simultane­
ously switches on the load and the cur­
rent measuring MOSFETs. 
Fig. 2 shows the transmission of an input 
pulse of 1.5 llS duration. When switched 
on the MOSFET gates are discharged via 
'the BC 327/25 pnp transistor. Discharge 
time is determined by the time constant 
of the base resistance (1 kQ) and 
smoothing capacitance (220pF). The 
FREDFET is operated as long as the 
I-MHz carrier is available, that is, when 
the control input (R, S) is low. 

!"I lUI 
i5.Z 
.i' 



r • Ringcore R1D/3D 
n, = 10 turns 
n, = 12 turns 

Fig.l Circuit diagram of SIPMOS half-bridge 

Low-loll usc of the Ilgnal for current 
measurement (Fig. 3) 

Current measurement resistance' in the 
load circuit means high additional losses. 
For cu~rent measurement the drain­
source voltage of the load transistor in 
the on-state is taken out via a small­
signal transistor (BSS 125): In the on­
state it can be measured by the BSS 125 
source resistance as the gates and drains 
of the two transistors are connected. This 
drain voltage is a direct measure for the 
flowing current (Uos = los' Ros(o,,) and 
can be used to turn off the transistor via a 
threshold switch. 

Transmission of current measurement, 
signals via light-link components 

The main problem in transmitting the 

ffl ·h du ... f turn-o pu se IS t e'd( sensitIVIty 0 

commercially available fast optocou­
pIers. Their high coupling capacitance 
prevents the transmission of steep signal 
edges. For this reasoil, a diode coupler is 
used here as a transfer pevice. It is made 

'j Pulse voltage 
15 
V 

10 

5 

Gate pulse 

Input pulse (1.5 psI 

10 l-MHz-burst ~:'-"'-':1' 
V .! i i . 
5 !! i i o ._,_.-,.JJ \._J ~.-,_._._._ 

1.25 3.75 2.5 'ps 5.0 
t--+ 

Fig_ 2 Waveform in the driver stage 
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up from one special Jight-lin~ transmit­
ting diode and one receiving diode and a 
plastic fiber about 4-cm long. A shrink 
sleeve supports the junction between the 
diodes and the fiber and protects the 

USignal ~ UDS 

-.1",' 

Fig.3 Circuit (extract) for low-loss capture 
of the signal for current measurement 



i Drain-source voltage 
300 
V 

200 

100 

i Drain current 
25 
A 

12.5 

'--

0.5 

I 

1.5 ms 2 t __ 

r Drain-source voltage 

4 ms t __ 

Fig.4 Overcurrent behaviour of the Fig. 1 circuit wilh a load 
switched in abruptly via T2 (77 I'H, 186 mn) 

Fig.6 Current and voltage waveforms in the FREDFET with 
overload 

) 

Fig.5 Diode coupler built from light-link 
diodes and plastic fiber 

assembly against extraneous light 
(Fig. 5). 
Coupling capacitance can be neglected in 
this case, which, in turn leads to excel-

lent ~~ immunity. Here the signal vol­

tage is taken from the source circuit of 
the small signal transistor. The transmit­
ting diode of the light-link device is 
connected in series with !he Z-diode. 
With a certain signal voltage (limit cur­
rent drop) sufficient current flows 
through the transmitting diode to cause 
information to be sent through the plas­
tic fiber to the detecting diode in the 
drive circuit. An amplifier transistor then 
actuates the flipflop which turns off the 
output stage. 
The turn-off circuit is incorporated on 
the low-voltage side because any short­
circuit would seriously load the trans­
former and the risk of coupling in capaci­
tive interference currents in the turn-of 
circuit would occur. 
The current transfer ratio of the diode 
coupler is very low with this system 
configuration. 
Unambiguous pulse transmISSIon re­
quires a diode current of 50 to 60 rnA. 
The on-resistance of the BSS 125 transis­
tor is a crucial factor in this current, so 
that the Z-diode voltage should be fairly 
small for a trigger current of 10 A. The 
actual turn-off current (after 2 Jls) is 
about 18 A with a test overload of 77 JlH 
and 186 mO, see Fig. 4. 
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The circuit is so designed as to reset the 
flipflop immediately after the overload 
current has been turned off. If the over­
load is not eliminated, the remaining 
input control pulses will initiate another 
turn-off operation. This constant repeti­
tion results in load current limiting, as 
can be seen in Fig. 6. 

Refer to Appnote 40 "Low Cost, Fiber 
Optic Systems Using Siemens Light-Link 
Emitters and Detectors." 



SIEMENS 

Designing with the Small 
AlphaNumeric Display 
Appnote 44 
By Bob Krause and Dave Takagishi 

Introduction 
The Siemens Small AlphaNumeric (SAN) Display family is 
one of the most versatile and flexible LED readout systems 
available today. Its four 5x7 characters are dot address­
able permitting alphanumeric, graphics, and special 
symbols to be easily programmed in four colors (red, high 
efficiency red, yellow, green). SANs are available in 0.15" 
or 0.20" character heights, which are efficiently assembled 
in row and column stackable plastic or ceramic DIP 
packages. These packages allow environmental operation 
from commercial to the most demanding industrial and 
military requirements. Table 1 lists the SAN model num­
bers and their principle characteristics. 

The internal CMOS row drivers and memory reduce 
power consumption and support electronics. Blanking 
Control makes night vision to sunlight ambient intensity 
control easy. 

This appnote covers the SAN family capabilities which 
include: display operation, intensity control, thermal and 
optical management. and an 8051 MPU interface. 

Table 1. SAN Display Principal Characteristics 

Part No. Color Character 
Height 

HDSP2000LP Red 
HDSP2001LP Yellow 0.15 in. 
HDSP2002LP HER 
HDSP2003LP Green 

ISD/MSD2010 Red 
ISD/MSD2011 Yellow 0.15 in. 
ISD/MSD2012 HER 
ISD/MSD2013 Green 

ISD/MSD2310 Red 
ISD/MSD2311 Yellow 0.20 in. 
ISD/MSD2312 HER 
ISD/MSD2313 Green 

ISD/MSD2351 Yellow 
ISD/MSD2352 HER 0.20 in. 
ISD/MSD2353 Green 

• 15 LEOs ON per character/4 characters per package. 

Display Operation 
As compared to Siemens Intelligent and Programmable 
Displays, SANs require dot decoded serial data rather than 
parallel ASCII to operate. Figure 1 block diagram shows 
that the display with its four 5x7 LED characters and two 
CMOS 14 bit serial-in, parallel-out (SIPO) shift registers. 
Each LED matrix is a 5x7 diode array organized with the 
anode of each column tied in common and the cathodes of 
each character tied in common. The seven row cathode 
commons of each character are connected to the constant 
current sinking outputs of the seven successive stages of 
the shift register. The like columns of the four characters 
are tied together and brought to a single column pin (Le., 
column one of all four digits is connected to pin one, etc.). 
So that any diode of any character may be addressed by 
shifting data to the appropriate shift register location and 
supplying turrent to the appropriate column. 

The SIPO shift register has constant current sinking outputs 
associated with each shift register stage. A FET current 
mirror supplies a reference signal to all of the 28 constant 

Power Temperature Package 
Dissipation· Range Type 

0.40W -40°C to +85°C Plastic 

0.40W -55°C to + 100°C Ceramic 

0.52W -55°C to + 100°C Ceramic 

0.74W -55°C to + 100°C Ceramic 
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Figure1. Block Diagram 
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current shift register out (logic 1) and is ANDed with this 
reference source to turn on the output drivers. Data is 
loaded serially into the shift register when the clock goes 
from HIGH to LOW and the data is stable for a minimum 
hold time and will be latched on the LOW to HIGH signal 
of the clock. 

The Data Output (pin 7) is a TTL buffer interface from the 
28th bit of the shift register (i.e., the 7th row of character 
four in each package). The Data Output directly intercon­
nects to the Data Input (pin 12) on a succeeding SAN 
display. The data, clock and Vb inputs are all buffered to 
allow direct interface to any TTL logic family. 

Theory of Operation 

Dot matrix alphanumeric display systems generally are 
organized logically so that any character can be generated 
either as a combination of five subsets of seven bits each 
or seven subsets of five bits each. This technique reduces 
from 35 to five or seven the number of outputs required 
from the character generator. To display a complete 
character, these subsets of data appear sequentially in the 
appropriate locations of the display matrix. Repeating this 
process a minimum of 100 times per second insures that 

each of the appropriate matrix locations is re-energized, 
the eye will perceive a continuous image of the entire 
character. The apparent intensity of each of the display 
elements will be equal to the intensity of that element 
during the "ON" period multiplied by the ratio of the "ON" 
time to refresh period. This ratio is referred to as the 
display duty factor and the technique, "strobing." 

Each character of SANs is made up of five subsets of 
seven bits. For a four character display, 28 bits represent­
ing the first subset of each of the four characters are 
loaded serially into the on-board SIPO shift register. The 
first column is energized for a period of time, T. This 
process is repeated for columns two through five. If the 
time required to load the 28 bits into the SIPO shift register 
is t, the duty factor is: OF = t/5 (t+ T), and the term 5(t+ T), 
the refresh period. For a satisfactory display, the refresh 
frequency should be <::100Hz, which means: 

5(t+ T) = 10ms 

(t+T) = 2ms 

Therefore, two milliseconds is the maximum time period 
which should be allowed for loading and displaying of 
each column. 

APPNOTE44 
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Interfacing 
A display system using the SAN display requires inter­
facing with a character generator and refresh memory 
electronics. The system in Figure 2 is a single four digit 
display, therefore the 1/N counter becomes a 1/4 counter 
where N equals the number of characters in the string. The 
refresh memory stores the information to be displayed. 
Information can be coded in anyone of several different 
standard data codes, such as ASCII or EBDIC; or a 
customized code and display font using a custom coded 
ROM. The only requirement being that the output data be 
generated as five subsets of seven bits each. 

The character generator receives data from the refresh 
memory and outputs seven displaying data bits that 
correspond to the character and the column select data 
input. This data is converted to serial format in the parallel 
to serial shift register. In a typical system the right most 
character to be displayed is selected first, and the data 
corresponding to the ON and OFF display elements in the 
first column is clocked into the first seven shift register 
locations of the SAN. 

In a similar manner, column one data for characters three, 
two and one is selected by the 1/N counter, decoded and 
shifted into the display shift register. After 28 clock counts, 
data for each character is located in the SAN shift register 
locations which are associated with the seven rows of the 
appropriate LED matrix. The 1/N counter overflows, trig­
gering the display time counter enabling the output of the 
1/5 column select decoder, and disabling the clock input to 
the display. The information now in the shift registers will 
be displayed for a period, T. The divide by five counter 
which provides column select data for both the SAN and 
the character generator is incremented one count and 
column data is loaded and displayed in the same manner 
as column one. 

This process is repeated for each of the five columns which 
comprise the five subsets of data necessary to display the 
desired characters. After the fifth count, the 1/5 decoder 
automatically resets to one and the sequence is repeated. 
The only changes required to extend this interface to 
character strings of more than four digits are to increase 
the size of the refresh memory and to change the· divide 
one by four counter to a module equal to the number of 
digits in the desired string. 

Since data is loaded for all of the like columns in the 
display string and these columns are enabled simultane­
ously, only five columns are enabled simultaneously. Only 
five column transistors are required regardless of the 
number of characters in the string. The column switch 
transistors should be selected to handle approximately 
110 mA per character in the display string. The collector 
voltage saturation voltage characteristics and column 
voltage supply should be chosen to provide a 2.6V. SVcol 
>Vcc. To save power supply costs and improve efficiency, 
this supply may be a full rectified unregulated DC voltage 
as long as the PEAK value doesn't exceed the Vcc and the 
minimum value doesn't drop below 2.6 volts. Since large 
current transients can occur if a column line is enabled 
during data shifting operations, the most satisfactory 
operations will be achieved if the columns current is 
switched off before clocking begins. 

Interface Design 
A logical "1" in the display shift register turns a correspond­
ing LED "ON." Clocking occurs on the high to low transi­
tion of the clock input. A character generator which 
produces seven bit "column" data can be used. The 
internal shift register is 28 bits in length. The right hand 
digit is loaded first. Each column should be refreshed at a 
minimum rate of 100 Hz. 

The following program uses a single chip microprocessor 
to control a SAN display (i.e., the 8051 microprocessor and 
a Sprague UCN5890A driver). See Figure 3. 

The processing speed of a microprocessor is so high that 
the refresh rate of 1/5 can't be comprehended, therefore 
this program repeats itself 255 times before continuing to 
another line of data (similar to the scanning technique of a 
television screen). 

APPNOTE44 
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Figure 2. Block Diagram 
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Program to Drive One SAN Display with the 8051 
and the UCN5890A as the Column Driver 

This program assumes that the data memory address is 
loaded into DPTR prior to entering this subroutine: 

;RO = # REPEATS 
;R1 = DISPLAY ADDRESS 
;R2=WAIT 
;R3=#COL 
;R4 = ROW COUNTER 
;R5 = BmCOL 
;R6 = DIGITCOUNTER 
;R7=UNUSED 

REG 30H EaU DPTRL 
REG 31H EaU DPTRH 

HDSP: MOV RO, #OFFH 
BEGIN: MOV DPTRL, DPL 

MOV DPTRH, DPH 
SETB P3.2 
SETB P2.0 
MOV R3,#5H 

START: CLR P3.7 
SETB P3.7 
MOV R4,#7H 

NXCOL: MOV R6, #4H 
NWBYT: MOV R5, #7H 

CLR A 
MOVC A, @A+DPTR 
INC DPTR 

NXBT: MOVX @R1, A 
RR A 
DJNZ R5, NXBT 
DJNZ R6, NWBYT 
CLR P3.2 
MOV R2,#nH 
DJNZ R2,$ 
MOV R2,#nH' 
DJNZ R2, $ 
SETB P3.2 
MOV 1>2, #OOH 
DJNZ R3, START 
MOV DPH, DPTRH 
MOV DPL, DPTRL 
DJNZ RO, BEGIN 
RET 

;DPTR MEM LOW REGISTER 
;DPTR MEM HIGH REGISTER 

;# OF REPEAT CYCLES 
;SAVE DPTRLOW 
;SAVE DPTR HIGH 
;TURN OFF COLUMN 
;DATA 1st COLUMN 
;# OF COL 
;COLCLK 
;COLCLK 
;#ROWS 
;4 DIGITS 
;7BIT/COL 

;GETDATA 
;INC DATA ADDRESS 
;OUTPUT DO & CLK 
;SHIFT TO NEXT BIT 
;D07TIMES 
;DO 4 CHARS 
;TURN ON COL 
;WAITTIME 
;WAIT 

;WAIT 
;TURN OFF COL 
;SET COL DRVR DATA 
;NEXTCOL 
;RESTORE DPTR HIGH 
;RESTORE DPTR LOW 
;REPEATS? 
;RETURN FOR ANOTHER LINE 
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Table 2. SAN Display Opt/cal Characterlcs 

LEDPK 
Part No. Iv 

I1cd 

HDSP2000LP 200 
HDSP2001LP 750 
HDSP2002LP 1430 
HDSP2003LP 1550 

ISD/MSD2010 200 
ISD/MSD2011 750 
ISD/MSD2012 1430 
ISD/MSD2013 1550 

ISD/MSD2310 300 
ISD/MSD2311 1140 
ISD/MSD2312 1632 
ISD/MSD2313 2410 

ISD/MSD2351 3400 
ISD/MSD2352 2850 
ISD/MSD2353 3000 

• 15 LEOs ON per character, OF=20%. 

Optical Considerations 

Luminous Intensity Control 

Average LED 
Iv 

I1cd 

40 
150 
286 
310 

40 
150 
286 
310 

60 
228 
326 
482 

680 
570 
600 

Character' 
Iv 

mcd 

0.60 
2.25 
4.30 
4.65 

0.60 
2.25 
4.30 
4.65 

0.90 
3.42 
4.89 
7.23 

10.20 
8.55 
9.00 

The luminous intensity of the Small Alphanumeric display 
can be easily adjusted from sunlight viewability through 
night vision requiremimts (lSD/MSD 235X only). 

The light output of the SAN display depends on a number 
of variables. These include the absolute efficiency of the 
LED material, the average current through the LED, and the 
LED's junction temperature. The readability of the display's 
light output depends upon the luminous and chrominous 
contrast of the LED diode to the package and ambient 
lighting environment. 

Table 2 lists the luminous intensity per LED for the SAN 
family. The average character brightness is based on 15 
LEDs per character with a 20% duty factor. The time 
averaged LED current for the SAN is in the range of 2.4 -
3.2 mMED (DF = 20%). The Blanking Control (VB) can be 
used to change the duty factor ON time, resulting in a 
lower LED intensity. Figure 4 shows a 74LS122 timer 
whose pulse width can be manually adjusted for a 1000:1 
intensity control. 

Optical FIHerlng 

Having a bright display does not guarantee readability in a 
given lighting ambient. The readability of the SAN depends 
on the contrast of the LED to the ambient light. The human 
eye measures contrast in both brightness (luminance) and 
color (chrominance) perception. 

There are three contrast ratios that describe the optimum 
readability for the display. The first is ratio between the ON 
LED to an OFF LED and should be much greater than one. 
The second ratio deals with the ON LED to the color and 
brightness of the surrounding package and also is much 
greater than one. The third ratio is equal to OFF LED to the 
brightness and color qf the surrounding package. This 
ratio should be equal to one, meaning no color or bright· 
ness difference between the OFF LED and the package. 

Peak Average l1v Average Sterance 
IF IF Lv LED 

mA mA I1cd/mA cd/m2 ft candle 

12.0 2.4 17 717 67 
12.0 2.4 63 1923 179 
12.0 2.4 119 3667 340 
12.0 2.4 129 3974 369 

12.0 2.4 17 717 67 
12.0 2.4 63 1923 179 
12.0 2.4 119 3667 341 
12.0 2.4 129 3974 369 

13.6 2.7 22 1075 100 
13.6 2.7 84 2923 271 
13.6 2.7 120 4179 388 
13.6 2.7 177 6179 573 

16.0 3.2 212 8718 810 
16.0 3.2 178 7308 679 
16.0 3.2 187 7692 714 

Figure 4. Brightness Control Using a One Shot 
Multlvibrator 
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74LS122 

o OUTPUT 
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Using proper package design and optical filter selection 
insures high constrast ratios. In dim ambients high optical 
transmission long wave and bandpass filterS are the best 
choice. However, in high light ambients low transmission 
neutral density (grey) filters give the best contrast ratios of 
the OFF LED and ON LED to the package background, 
improving the true readability of the display. For sunlight 
readability, the SAN's glass window permits the use of 
glass or plastic circularly polarized filters. These filters 
greatly minimize the incident light that falls on the surface 
of the OFF LEDs and the package background. Table 3 is 
a guide for filter selection. 
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11.-157 

III .!" 



Table 3. Contrast Enhancement Filters 

Display Color(2) Ambient Light 
Part No. Dim Moderate 

Red Panelgraphic Dark Red 63 
HDSP2000LP Panelgraphic Ruby Red 60 

Chequers Red 118 
Plexiglass 2423 

Polaroid HNCP37 
Yellow Panelgraphic Yellow 27 3M Light Control Film 
HDSP2001LP Panelgraphic Gray 10 

HER Panelgraphic Ruby Red 60 
Chequers Gray 105 

HDSP2002LP Chequers Red 112 

Bright Green Panelgraphic Green 48 
HDSP2003LP Chequers Green 107 

Display Color 
Filter Color 

Marks Polarized Corp. 
Part No. Filter Series 

Red, HER 
MSD 2010, 2012, Red MPC 20-15C 
2310,2312,2352 

Yellow 
MSD2011,2311, Amber MPC 30-25C 
2351 

Green 
MSD 2013.2313, Yellow/Green MPC50-22C 
2353 

Multiple Colors 
High Ambient Neutral Gray MPC 80-10C 
Light 

Multiple Colors Neutral Gray MPC 80-37C 

Nola: 
I. Optically coaled circular polarized filters, such as Polaroid HNCPIO. 
2. For multiple colors use Marks Polarized Corporation fillers, MPC SO-lOG or MPC 8().37C. 

Polaroid Corporation 
1 Upland Road, Bldg. #2 
Norwood,· MA 02062 
'Ir (800) 225-2770 

Marks Polarized Corporation 
25-B Jefryn Blvd. W. 
Deer Park, NY 11729 
'Ir (516) 242-1300 
FAX (516) 242-1347 

Marks Polarized Corp. manufactures to MII ... I·45208 inspection system. 

11-158 

Bright 

~ 
Polaroid HNCP10-Glass 
Marks Polarized MPC 30-25C 

Note 1 
Polaroid HNCP10-Glass 
Marks Polarized MPC 20-15C 

Polaroid HNCp10-Glass 
Marks Polarized MPC 50-12C 

Optical Characteristics of Filter 

25%@635nm 

25%@583nm ~ 
N 
.~ 

~ 
22%@568nm ~ 

:> 
~ 
U 

10% Neutral 

37% Neutral 
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Figure 5. Normalized Luminous Intensity 
vs. Junction Temperature 
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TJ· LED Junction Temperature ··C 

The light output of the LEOs is inversely related to the LED 
diodes junction temperature as shown in Figure 5. For 
optimum light output. keep thermal resistance of the socket 
of PC board as low as possible. 

For example. when the HDSP200XLP is mounted in a 
10·C/W socket and operated at Absolute Maximum Electri· 
cal conditions, the LED junction will rise 17"C above 
ambient. If TA = 4Q·C. then the LEO's TJ will be 57·C. 
Under these conditions Figure 5 shows that the Iv will be 
75% of its 25·C value. 

Figure 6. Maximum LED Junction Temperature 
VS. Socket Thermal Resistance 
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Thermal Consideration 

Optimum reliability and optical performance will result 
when the junction temperature of the LEOs and CMOS ICs 
are kept as low as possible. The plastic HDSP200XLP 
should operate to a maximum ambient temperature of 
85·C. while maintaining a maximum junction temperature of 
S100·C. The ceramic and glass SANs (ISO/MS02XXX) 
may operate up to 100·C as long as the junction tempera· 
ture of the IC is maintained at less then 125·C. 

Table 4. 

Model Number 
VF 

Min • Typ. Max. 

HDSP2000LP 1.6 1.7 2.0 

HOSP2001/2/3LP 1.9 2.2 3.0 

Figure 7. Thermal Model 

Thermal Modeling 

For a thermal model of the display. see Figure 7 which 
shows junction self heating + the cas,e temperature rise + 
ambient temperature = junction temperature of the semf· 
conductor. Equation 1 shows this relationship. 
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Equation 1. 

TJ(lED) = PlED~C + P CASE (R ... C + I\CA) + TA 

TJ(lED) = [(IcOl/28) VF(lED) Z ... cl + [(n/35) Icol OF (5 VcoJ + Vcc Iccl· [R ... c + R.cAl + TA 

The junction rise within the LED equals the thermal imped­
ance of an individual LED (37°CNI, OF = 20%, F = 200 Hz) 
times the forward voltage, VF(lED)' and forward current, 
IF(lED)' of 13-14.5 mA. This rise averages TJtlED) =.1°C. 
Table 4 shows the VF(lED) for respective displays. 

The junction rise within the LED driver IC is the combination 
of the power dissipated by the IC quiescent current and the 
28 row driver current sinks. The IC junction rise is given in 
Equation i A thermal resistance of 28°CNI results in a 
typical junction rise of 6°C. 

Equation 2. 

TJ(I~') = P COL (R ... c + R.CA) + TA 

TJ(IC) = [5 (V COL - VF(lED)· (lcol/2) • (n/35) OF + Vcc • Iccl • [ROJC + R.cAl + TA 

For easier calculations, the maximum allowable electrical 
operating condition is dependant on the the aggregate 
thermal resistance of the LED matrixes and the two driver 
ICs. The parallel combination of these two networks is 
15°CNI. All of the thermal management calculations are 
based on this number. The maximum allowable power 
dissipation is given in Equation 3. 

Equation 3. 

P DISPLAY = 5 V COL ICOl (n/35) OF + V cc Icc 

KEY TO EQUATION SYMBOLS 

PeOl 
PDISPLAY 
PLED 
ROCA 
R ... c 
TA 
TJ(lC) 
TJ(lED) 
TJ(MAX) 
Vcc 
VCOl 
VF(lED) 
Z ... c 

Duty factor 
Quiescent IC current 
Column current 
Number of LEOs on in a 5 x 7 array 
Package power dissipation excluding LED 
under consideration 
Power dissipation of a column 
Power dissipation of the display 
Power dissipation of a LED 
Thermal resistance case to ambient 
Thermal resistance junction to case 
Ambient temperature 
Junction temperature of an IC 
Junction temperature of a LED 
Maximum junction temperature 
IC voltage 
Column voltage 
Forward voltage of LED 
Thermal impedance junction to case 
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SIEMENS 

How to Use Optocoupler 
Normalized Curves 
Appnote 45 
by Bob Krause 

An optocoupler provides insulation safety, electrical noise 
isolation, and signal transfer between its input and output. 
The insulation and noise rejection characteristics of the 
optocoupler are provided by the mechanical package 
design and insulating materials. 

A phototransistor optocoupler provides signal transfer 
between an isolated input and output via an infrared LED 
and a silicon NPN phototransistor. 

When current is forced through the LED diode, infrared 
light is generated that irradiates the photosensistive base­
collector junction of the phototransistor. The base-collector 
junction converts the optical energy into a photocurrent 
which is amplified by the current gain (HFE) of the 
transistor. 

The gain of the optocoupler is expressed as a Current 
Transfer Ratio (CTR), which is the ratio of the photoransistor 
collector current to the LED forward current. The current 
gain (HFE) of the transistor is dependent upon the voltage 
between its collector and emitter. Two separate CTRs are 
often needed to complete the interface design. The first 
CTR, the non-saturated or linear operation of the transistor, 
is the most common specification of a phototransistor 
optocoupler and has a Vce of 10 volts. The second is the 
saturated or switching CTR of the coupler with a Vce of 
0.4 volts. Figure 1 and 2 illustrate the Normalized CTRcE 
for the linear and switching operation of the phototransistor. 
Figure 1 shows the Normalized Non-Saturated CTRcE 
operation of the coupler as a function of LED current and 
ambient temperature when the transistor is operated in 
the linear mode. Normalized CTRCE(SAT) is illustrated in 
Figure 2. The saturated gain is lower with LED drive greater 
than 10 mA. 
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Figure 1. Normalized eTR versus 'F and Tamb 
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Figure 2. Normalized Saturated eTR 
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The following design example illustrates how normalized 
curves can be used to calculate the appropriate load 
resistors. 

Problem 1. 

Using an IL 1 optocoupler in a common emitter amplifier 
(Rgure 3) determine the worst case load resistor under the 
following operation conditions: 

Figure 3. IL 1 to 74HC041nterface 

Vee 

T.mb=70·C, IF =2 mA, VOL=O.4 V, Logic load=74HC04 

IL 1 Characteristics: 
CTRCElNONSAT)=20% Min. @(T.mb=25·C, IF=10 mA, 
VcE=10 V) 

Solution 

Step 1. Determine CTAcE(sAT) using the normalization factor 
(NFCE(SAT») found in Figure 2. . 

Figure 4. Normalized Saturated CTR 

'.0 r--~--r----.....,r----'----, 
+ Ta = 2500 vce(JaI) = 0.4V 

., ... Ta=5Ooo' i 
0.8 "'+"~'ta;;;'7ijOC" ......................................................... .. 

0.6 

0.4 ... ____ ~~ 

0.0.,'--...... ...0-............... ,'-;;-. -'= ':;:2m-=A ............. uJ, 0'--...0-................... 1 ... 00 
IF· LED Current· rnA 

(1) CTRCE(SAT)=CTRCE(NON SAT) NFcE(SAT) 

CTRCE(SAT)=20% ·0.36 

CTRCE(SAT)=7.2% 

Step 2. Select the minimum'ioad resistor using the 
following equation 

(2) Vee - VOL 
CTRCE(SA1) IF I 

100% - IL 

.. 5V - 0.4V 
RL(MlN) • ·7.2%2mA 

100% - 5011A 

RL(MIN)=48.94 Kn, select 51Kn±5% 

The switching speed of the optocoupler can be greatly 
improved through the use of a resistor between the base 
and emitter of the output transistor. This is shown in 
Figure 5. This resistor assists in discharging the charge 
stored in the base to emitter and collector to base junction 
capacitances. When such a speed-up technique is used 
the selection of the collector load resistor and the base­
emitter resistor requires the determination of the photo­
current and the HFE of the optocoupler. 

The photocurrent generated by the LED is decribed by 
the CTRcB of the coupler. This relationship is shown in 
equations 3 and 4. Equation 5 shows that CTRcE is the, ' 
product of the CTRcB and the HFE. The HFE of the transis­
tor is easily determined by evaluating equation 4, once. 
the CTRCE(SAT) and CTRCB are known. The Normalized 
CTRcB is shown in Figure 6. Equations 5, 6, and.7 
describe the solution for determing the RaE that will permit 
reliable operation. 

Figure 5. Optocoupler/Loglc Interface with 
RaE Resistor 
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Figure 6. Normalized CTRca versus LED Current 
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Problem 2· 

Using an IL2 optocoupler in the circuit shown in Figure 6, 
determine the value of the collector load and base-emitter 
resistor, given the following operational conditions: 

T.mb=70°C, IF=5 mA, VOl=O.4 V, Logic load =74HC04 

IL2 Characteristics: 
CTAcE=100% @T.mb=25°C, VcE=10 V, IF=10 rnA 

CTRca= 0.24% @T.mb=25°C, Vca=9.3 V, IF=10 mA 

Solution 

Step 1. Determine CTACE(SAT)' and CTAca. 

From Figure 2 the CTACE(SAT)=55%, [NFCE(SAT)=0.55] 

From Figure 6 the CTAca=0.132%, [NFcB=0.55] 

Step 2. Determine Rl 

From Equation 2 Al = 1.7 Kn 

Select Al = 3.3 Kn 

Step 3. Determine AaE' using Equation 9 

(10) 100% 0.55 
0.65V 0.24% 0.55 3.3Kn 

ABe = SmA 100% 0.55 3.3Kn -[5V _ 0.4V] 
100% 

RBE= 199Kn. select 220Kn 

Using a 3.3 kQ collector and a 220 Kn base-emitter 
resistor greatly minimize the turn-off propagation delay time 
and pulse distortion. The following table illustrates the 
effect the AaE has on the circuit performance. 

IF = 5 rnA, Vcc=5 V 

RL=3.3Kn RL=3.3 Kn 
Rae=oon RBe=220 kn 

tdetay 1 116 2 116 

trise 4 116 5 116 

tstorage 17 116 10 116 

~.II 5 116 12 116 

\PHl 3.5116 7 116 

tplH 22116 12 116 

Pulse 
Distortion 37% 10% 
50!!s pulse 

Not only does this circuit offer less pulse distortion, but it 
also improves high temperature switching and lower static 
DC power dissipation and improved common mode 
transient rejection. 
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