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(¢7) Claim

1. A circuit arrangement comprisingt
a preamp1if hr having a lignat input connected to an opto-eisctrtc 

transducer, the preamptlfHi* having a gain adapted to be controlled with 
the aid of an actuator formed by a field effect transistor having two 
controlling terminalst and

a controllable amplifier arrangement, containing at least one 
amplifier adapted to be controlled with respect to Its gain, said 
controllable amplifier arrangement being arranged in series with the
preamplifier and being controlled by meant of a regulator having a first 
input connected to a sampled output of said clreutf arrangement and a 
second input connected via a differentiating section to the output circuit 
of the preamplifier! wherein

Mid preamplifier contains a series circuit of two resistors in a 
feedback branch in which said field effect transistor has its draln*source
path connected in parallel with one of the resistors of the series ctrcuit,
the gate of said field effect transistor being controlled by means of a

* *»/2
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on/off control circuit exhibiting hysteresis such that the field effect 
transistor Is cut off In a first switching state of the control circuit and 
Is rendered conductive 1n a second switching state of the control circuit 
wherein the on/off control circuit 1s controlled by said regulator In such 
a manner that It changes from the first Into the second switching state 
when the controllable amplifier arrangement at least approximately reaches 
the state of minimum gain with a rising Input level of the circuit 
arrangement»
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The following statement i§ a full description of this Invention» Including the 
best method of performing it known to me/us
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Circuit arrangement with a preamplifier connected 
to an opto-electric transducer.
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Circuit arrangement with a preamplifier (2),
5 which is connected with its input (E) to an opto-electric 

transducer (1), the gain of which can be controlled with 
the aid of an actuator formed by a field effect transis­
tor (23). To achieve a particularly wide dynamic range, 
the preamplifier (2) contains, in parallel with a resistor

10 (22) arranged in a feedback branch, the drain*source path 
of a field effect transistor (23) which is controlled to 
conduct or is cut off by a regulator (3>, The control 
range of a controllable amplifier arrangement (6, 7) 
following the preamplifier (2) is utilised twice in this

15 manner. The circuit arrangement can be advantageously 
used in optical traficmission devices of the PCM techno*
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Siemens Aktiengesetlschaft

Circuit arrangement with a preamplifier connected 
to an opto-electric transducer.

5 The invention relates to a circuit arrangement
with a preamplifier connected to an opto-eIectric trans­
ducer, as specified in the precharacterizing clause of 
CI a i m 1,

Such a circuit arrangement is already known from
10 German Patent Specification 32 04 839.

The known circuit arrangement has a photodiode at
the input and contains a chain circuit of a common emitter 
stage and a common collector stage. Between the output 
of the common collector stage and the input of the common

15 emitter stage, a resistor is arranged in a feedback 
branch. This circuit arrangement consisting of two 
stages forms a so-called trans impedance amplifier which 
has a comparatively small input impedance and a compara- 
lively Very low output impedance. In parallel with the

20 collector resistor of the common emitter stage, the drain- 
source path of a field effect transistor is connected, the 
impedance of which is continuously controllable with the 
aid of a control voltage. This makes it possible to 
Change the effective collector impedance within wide

25 limits. This provides a possibility of externally set­
ting .the gain of the first amplifier stage within a rela­
tively large dynamic range.

In addition, the known circuit arrangement should 
exhibit the usual requirements with regard to optimum

30 coupling out of the electric signals emitted by the Photo­
receiver with respect to noise, high gain and low current 
consumption together with the lowest possible inherent 
noise.

The Invention has the object of developing a cir-
35 cult arrangement of the type initially mentioned. In such 

a manner that a particularly wide dynamic range of the 
gain is obtained and that at the same time the change In 
the frequency response of the circuit arrangement remains 
as small as possible* In particular, proper operation
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should be ensured even With jumps In the light level which lead to the 
preamplifier being overdriven,

In accordance with the present Invention there Is disclosed a circuit 
arrangement comprising:

5 a preamplifier having a signal Input connected to an opto-electrlc
transducer, the preamplifier having a gain adapted to be controlled with 
the aid of an actuator formed by a field effect transistor having two 
controlling terminals; and

a controllable amplifier arrangement, contaln'ng at least one 
io amplifier adapted to be controlled with respect to its gain, said

,·, controllable amplifier arrangement being arranged In series with the
'·,*■ preamplifier and being controlled by means of a regulator having a first

input connected to a sampled output of said circuit arrangement and a 
··/', second Input connected via a differentiating section to the output circuit 
° *15 of the preamplifier; wherein

0 ■ ■

said preamplifier contains a series circuit of two resistors In a 
0 % | feedback branch in which said field effect transistor has its drain-source
e° path connected In parallel with one of the resistors of the series circuit»

the gate of said field effect transistor being controlled by means of a 

20 on/off control circuit exhibiting hysteresis such that the field effect

transistor Is cut off in a first switching state of the control circuit and 

s Is rendered conductive In a second switching state of the control circuit
» wherein the on/off control circuit Is controlled by said regulator in such 

<“ ! a manner that It changes from the first Into the second switching state 

T when the controllable amplifier arrangement at least approximately reaches

- the state of minimum gain with a rising input level of the circuit

’’z1'; arrangement»

» «ί in this arrangement, the gain of the preamplifier is automatically

switched over, unnecessary switching processes being avoided. This switch*

30 over, in conjunction with the control of the controllable amplifier

arrangement by the regulator, has the advantage that the full dynamic range 

of the circuit arrangement is achieved by dual utilization of the control 

range of the controllable amplifier arrangement, in this arrangement, both 

slow level changes and jumps in level are compensated with the aid of the

35 regulator contained in the circuit arrangement, The increased dynamic 

range can be advantageously easily dimensioned in such a manner that short* 

circuit operation by means of a laser transmitter is also possible,
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The preamplifier, the feedback branch of which can be switched over 

with the aid of the field effect transistor used as actuator, can be 

constructed in the manner specified in Claim 2, This construction as 

transimpedance amplifier is already known as such from German Patent

5 specification 3,204,839. In conjunction with the measures specified in 

Claim 1, the particular advantage Is obtained that the field effect 

transistor used as actuator is operated as a switch and thus ensures 

particularly reliable switching states for the switch-over,

A particularly advantageous development with respect to the trans- 

io impedance amplifier is obtained from Claim 3, A field effect transistor is

/," . preferably used as a further transistor, The small Input capacitance of 

' y* the field effect transistor allows the feedback branch to be advantageously

% ’»« constructed to have a particularly high impedance, In addition, the field

/ e\, effect transistor provides the possibility of low noise with high gain,

° is The measures according to Claim 4 have the advantage that the direct 

t /“ current operating point can be adjusted: Independently of the alternating 

/%» voltage, . .
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characteristics of the amplifier with the aid of a voltage 
divider and that the differentiating section is here fed 
fro· a low-impedance voltage source.

In the further development according to Claim 5,
5 the high-pass filter suitably cancels the low-pass-shaped

frequency response of the preamplifier. The required 
frequency response of the circuit arrangement is deter­
mined with the aid of the low-pass filter following the 
controllable amplifier arrangement.

10 The further development of the invention accor­
ding to Claim 6 advantageously allows particularly great 
tolerances to be allowed for the two potentials to which 
the controlled section of the field effect transistor 
forming the actuator is connected.

15 The further development of the invention according
to Claim 7 allows inherent oscillations of the preampli’-

„ Sffl fier to be reliably suppressed in advantageous mannerο o
0 00 and at the same time to ensure that the frequency res-
« ponse of the preamplifier is virtually the same in both

20 switching states of the field effect transistor used as 
/7° actuator»

g The measures according to Claim 8' have the adyan**
tage that the insertion of the diode does not have any 
influence on the stability of the preemptifier»

</’ 25 In the embodiment of the amplifier arrangement
specified in Claim 9,. the opto-electric transducer, the 
preamplifier and the controllable amplifier arrangementli i? £
are advantageous Iy included in the dynamic control system*

| The measures according to Claim 10 result in the

30 advantage that a differential amplifier provided for
" driving a controllable amplifier is at the same time used

5 for driving the hysteresis-affected enfoff control circuit 
in an accelerated manner. The resultant fast switch-over 
has the advantage of limiting hit errors in the trans·

3$ mttted signals*
The invention will be explained in greater detail 

with reference to the illustrative embodiment shown in 
the figure.

The figure shows a circuit arrangement with a #



preamplifier connected to an op to-eI ec t r i c transducer and 

with a controllable amplifier arrangement chain-connected 
to the preampli f ier.

The circuit arrangement shown in the Figure eon- 
5 tains a preamplifier 2 which is connected to the photo­

diode 1 and in particular an avalanche diode. The pre­
amplifier 2, in turn, contains the first bipolar tran­
sistor 11, the second bipolar transistor 12 and the field 
effect transistor 14. In the first transistor 11, the

10 base is connected via the capacitor 13 to reference
potential, the collector is connected via resistor 10 to 
the supply voltage +Ub and the emitter is connected to 
the drain electrode of the field effect transistor 14.
In the case of the field effect transistor 14, the source

15 electrode is connected to earth via the capacitor 15, 
that is to say with respect to alternating voltage. The

c control electrode of the field effect transistor 14 is0 8 P
6 00 connected to the anode of the photodiode 1.ft 6 e

The second transistor 12 is connected with itsV C i o
o " 0B 20 base to the collector of the first transistor 11 and with 
eo°»oe its collector to the supply voltage +Ug< The transis-

ί tor 12, which is connected as an emitter follower, isP 06
connected with its emitter via t„e RC parallel circuit 
consisting of the resistor 17 and the capacitor 16 and viaο o a

V 25 the resistor 25, which is connected in series with it, to
V °° , the supply voltage -ΙΙβ. The junction between the reels-

tors 17 and 25 forms the output of the preamplifier 2 whichurn a
0 is connected with the input of the high-pass filter 5 and

? is connected via the feedback branch consisting of the
30 resistors 21 and 22 to the control electrode of the field 

’ a 1,0 effect transistor 14.

% ’ o The source-drain path of the field effect trans­
istor 23 used as actuator is connected In parallel with 
the resistor 22. The drain electrode of the field effect

35 transistor 23 is here connected to the control electrode
of the field effect transistor 14. Between the control
electrode and the source electrode of the field effect
transistor 23, the seriel circuit consisting of the diode
26 and the resistor 24 is located. This series circuit
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is thus located in parallel with the controlled section 
of the field effect transistor 23. The diode 26 is pola­
rised in such a manner that it is operated in the direc­
tion of conduction for control voltages which control the

5 field effect transistor 23 to conduct, The junction of 
diode 26 and resistor 24 is connected to earth via the 
capacitor 27. The capacitor 20 is located in parallel 
with the resistor 21.

The high-pass filter 5 connected to the output of 
10 the preamplifier 2 is followed by a chain circuit con­

sisting of the controlled amplifier i, the controlled 
amplifier 7, the low-pass filter 8 and the output ampli­
fier 9,

The control input of the controllable amplifier 6 
15 is preceded by the differential amplifier 35, the control

input of the controllable amplifier 7 is preceded by 
the differential amplifier 36« The differential ampli­
fiers 35 and 36 are connected with their reference vol­
tage inputs to taps of the voltage divider consisting of

20 resistors 32, 33 and 34. in this voltage divider, the 
resistor 32 is connected to the supply voltage +Ug and 
the resistor 3^ is connected to reference potential*
The reference voltage input of the differential amplifier 
35 is connected to the junction of resistor 32 and 33, the

25 reference voltage input of the differential amplifier 36 
is'connected to the junction of resistors 33 and 34, The 
reference voltage of the differential amplifier 35 is 
therefore greater than that of the differential amplifier 
36.

30 The actual value input of the differential ampti*
fier 35 is connected to the output of the regulator 4 via 
the resistor ·37 and the actual value input of the dif­
ferential amplifier 36 is connected to the output of the 
regulator 4 via the resistor 33» In addition, the input

35 of the direct current static. converter 3, the output of 
which is connected to the cathode of the photodiode 1, is 
else connected to the output of regulator 4, Finally, 
the control input of the on/off control circuit 43 is 
connected to the output of the regulator 4 via the rests·
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In addition, the output of the differential, amp- 
* lifter 36 is connected to the control input of the on/off

control circuit 43 via the series circuit consisting of 
i 5 the resistor 41 and the diode 42. The diode 42 is pola-
f rised in such a manner that it is cut off at output vol-
: tages of the differential amplifier 36 such as are provi­

ded for the control, range of the controllable amplifier 7,

The on/off control circuit 43 is formed by a dif- 
10 ferential amplifier with feedback. In the case of this 

differential amplifier, another input is connected via 
the resistor 48 to reference potential or earth. The 
output of the on/off control circuit 43 is connected to 
the ·*1ίβ supply voltage via the series circuit consis- 

15 ting of resistors 45, 46 and 47. The Junction of the 
resistors 45 and 46 is connected via resistor 44 to the 
further input of the differential amplifier 43, the func* 
tion of the resistors 46 and 47 is connected via the 
resistor 28 to the control electrode of the field effect 

20 transistor 23 used as actuator,
The reference voltage- input of the regulator 4 is 

connected to «'reference voltage The actual-
value input of the regulator 4 is connec*ed via the diode 
31 to the cutout of the circuit arrangement and via the 

25 capacitor 30 to reference potential and via the resistor 
27 to- the supply vottage.

The optical signal arriving at input £ is conver­
ted into another electric signal in the avalanche photo­
diode 1 and supplied to the lew»noise trans impedance amp» 

3> I if- ier 2»
The direct current static converter 3,- which is 

controlled by the- regulator 4 used for automatic gain 
control, supplies the supply voltage for the photodiode 1,

The gafn*dete-rmining feedback, of the trans imps·
35 dance amplifier essentially consists of the two resistors 

21 and 22, the- resistot 22 of which can be ahert*c<reuft«d 
by the control system via the source*drain path of the 
field effect transistor 23 with appropriate gate- control, 
« a result of Which the gain it lowered by, for eomplt,

L



* 7 *
approximately 40 dB.

The subsequent high-pass equalising filter 5 can­
cels the frequency response of the preamplifier 2, It is 
followed by the two controllable amplifiers 6 and 7, the

5 frequency-independent gain control range of which is in 
each case, for example, about 20 dB. The controllable 
amplifiers 6 and 7 are in each case constructed, partic­
ularly, as two-stage wideband amplifiers.

Before the signal is amplified again in the out* 
10 put stage or in the output amplifier 9, it is band limi-

ted in the to/w-pass filter&. This low-pass filter is 

preferably a gayssian low-pass filter free of phase dis­
tortion.

The signal amplitude at the output A of the amp* 
15 tifier arrangement or of the optical receiver, respec*

lively, is kept constant via the gain control system»
Starting with the maximum total gain with a cor*

responding lew input signal, initially only the gain fat* 
tor M of the photodiode 1 is controlled down by reducing

20 the bias voltage when the input level rises, At the end 
of the control range of the photodiode 1, in particular 
as soon as the gain factor H of the photodiode i ipproxt· 
mately reaches the val--e 1, the first controllable ampli* 
fier 6 begins with the gain reduction, . This is doner in

25 particular, by reducing the PIN diode current to which 
PIN diode used as actuator is controlled by the differen­
tial amplifier 31·»' At the lover end of the control range 
the gain of the second amplifier 7 is reduced, At its 
end, the preamplifier 2 is switched over by short circuit

30 of the feedback resistor 22 via the switching field ef* 
fact transistor'21 if the· level continues to rise» The 
resultant drop in gain is compensated again by Increasing 
the gain of the tec controlled amplifiers o and 2» A 
further increase in level up to the maximum permissible

35 input level leads to the same gain reduction process as 
described above.

in the circuit arrangement in the figure* the
feedback resistor of the preamplifier 2, which Is cons­
tructed as a trans Impedance amplifier, Is divided Into
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the two resistors 21 and 22. One of these resistors, the 
resistor 22, can be short-circuited via the source-drain 
path of the field effect transistor 23, The field effect 
transistor is controlled to have a high impedance or low

5 impedance via the on/off control circuit 43· The gain of 
the amplifier 2 can thus be lowered by, for example,
40 dB,

This switch-over advantageously leads to a con­
siderable widening of the control range of the circuit

10 arrangement without needing additional control circuits, 
This is the result of the fact that the existing control 
circuits of the two subsequent amplifiers 0 and 7 are 
utilised twice, if the widening of the dynamic range by, 
for example, 20 dB referred to the lightlevel were imple-

15 mented by means of a continuous control in the preampli* 
fter 2, an increase in the control range of the gain by 
40 dB would be required because of the proportionality 
between light power and photoelectric current,. Two- addt» 
tlortll control circuits would be required fw this, for

M example,
in a preferred application of the circuit arrange­

ment/ the optical signals received by the photodiode are 
light pulses of PCM signals which are transmitted, for 
example, at a transmission rate of 34 Mbit/S. In this

25 case, a decision circuit is located at the Output A, Ift 
this arrangement, approxImately the same eye pattern 
should be available at the decision circuit in both 
switching states of the field effect tranststoo 23,·. this 
means that the frequency responses, which the preamplifier

30 2 has in both switching states of the field effect trans­
istor 21 should be identical,

If the cut-off frequencies of the high*impedance 
and lowMmpedante fwo*fer«.fntt ftedbiek network were to 
be equally dimensioned without capacitor 27, the cut-off

35 frequency of the high-impedance two-terminal feedback
netwerit only being formed by the parasitic capacitance,
the (requew responses of both switching states would be
theoretically identical. However, natural oscillations
could' occur betiute of the comparatively high gain in the »
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feedback loop, The cut-off frequency of the low- 

impedance two-terminal network is therefore suitably 
selected to be higher and the capacitor 27 is connected 
transversely for adapting the frequency response wh?r On

5 high-impedance two-terminal network is switched in.
This capacitor 27 has no influence on the frequency res­
ponse of the preamplifier 2 when the feedback resistor 22 
is short-circuited because it is in parallel with a very 
low-impedance circuit point, The series-connected low-

10 impedance resistor 24 damps out the excessive gain in the 
case of series resonance,

The ’’conducting" and "non-conducting" operating 
slates of the field effect transistor 23 are set by appro­
priate gate*source voltages, The relatively narrow avail-

15 able gate-source voltage range for the- "conducting" state 
could not be easily set with the rewired reliability by 
means of a fixed gate voltage·. since· the source voltage is 
subject to fluctuations as a function of light level, 
these problems are avoided by the fact that the required

20 gate-source voltage/ which is within a range from *4,5 V 
to -0.8 V, is generated by the forward voltage of the 
Schottky diode 26. The diode 26 is controlled to conduct 
current by the high*tolerance switching. voltage os the 
qn/off control circuit 43 via the series resistor 28, The

25 gate-source voltage of the field effect transistor 23 is 
thereby always adjusted to approximately 0.3 V independent­
ly of the fluctuations in the source voltage of the field 
effect transistor or of the voltage of the on/off control 
circuit .41»· The "nonconducting" switching .state is t«*

30 pUmentsd by weans of a fixed gate voltage which Is de­
rived from the ~U0 supply voltage by means of the voltage 
divider which consists of the transistors 45, 46 and 47, 
This· is- possible· since the available gate*seufce voltage 
range is sufficiently wide# The diode 26 is here cut off»

35 Special demands are made on the circuit arrange­
ment when Urge tight levels are rapidly Switched on 
after the preamplifier has been previously set to a high 
gain due to tow or tacking tight power» in this case,, 
the priMptlfier Is overdriven so- that the control would
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not obtain the correct information for reducing the gain 
of the subsequent amplifiers 6 and 7 and for the subse­
quent switch-over of the preamplifier 2 to low gain with­
out special measures. This would result in a failure of

5 the data signal transmission,
This problem does not occur when the input level

changes slowly in comparison with the control time con­
stant since the preamplifier 2 is switched over by the on/ 
off control circuit before overdriving starts,

10 Since the emitter voltage of the transistor 12 is
changed by approximetety 1... 3V in the direction of the 
supply voltage -uB, depending on the overdriving of the 
preamplifier this criterion is supplied as. a second 
controlling variable to the input of the regulator 4* If

15 the emitter voltage of the transistor 12 were to be con­
nected to the Input of the regulator 4 only via the de­
coupling resistor U, manufacturing tolerances of the 
operating point of the transistor 12 would have effects on 
the signal amplitude/ which should be kept constant at the

20 decision circuit if this is not prevented by means of a 
special calibration, in contrast/ changes in the signal 
amplitude due id small displacements of. the operating 
point of the transistor 12 In the entire light level range 
could noz be compensated.

25 However, the capacitor 19 interrupts the direct
current link between the emitter of the transistor 12 and 
the input of the regulator 4. Thus, only abrupt increa­
ses in light level,?.. which overdrive the preamplifier 2, 
lead to the control circuit being Influenced. The capaci*

30 tance of the capacitor 19 of, for example, 6.8 pf Is 
suitably selected to be such that the time constant of 
the 22 series circuit t?, 29 is greater than the control 
time constant of the control circuit.

in general,, the preamplifier 2 is only switched
35 over in the exceptional case during operation, neverthe­

less/ it is desirable to keep bit errors as tow as pos­
sible during the switch-over. time. If the light levelt 
at which the second controlled amplifier 7 has just 
reached :ts tower end of the control range/ is slowly
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increased further, the output voltage at the operational 
Ol if ter 36 rapidly drops towards negative potential or

thv direction of -Ug supply voltage, The diode 42 
becomes conductive and controls the on/off control cir-

5 cult for a positive output voltage, The field effect 
transistor 23 is controlled into the "conducting" state 
via the voltage divider, consisting of the resistors 46 
and 47, and the series resistor 28 and the Schottky diode 
102, The switch-over is also ensured without resistor 4i

10 or without the diode 42« However/ the switchover pro­
cess is advantageously rapidly accelerated with the aid 
of the resistor 41 and the diode 42 by utilisation of the 
gain of the operational amplifier 36«

if the optical receiver or the amplifier arrange*
15 ment is operated with a light level which lit in the range 

of a switchover of the preamplifier, the usual level 
fluctuations. do not cause any switchover operations*
This is achieved by virtue of the fact that the on/off 
control circuit is provided with a hysteresis* in the

20 two switching states of the on/off control circuit 43/ a 
correspondingly different reference voltage is set with 
the aid of resistors 40, 44 and 45« the hysteresis is 
set to the design value by a suitable choice of resistors 
4Q and 44,

25 10 Patent Claims.
1 Figure
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The claims defining the invention are as follows: 
b A circuit arrangement comprising:
a preamplifier having a signal Input connected to an opto-electrlc 

transducer, the preamplifier having a gain adapted to be controlled with 

the aid of an actuator formed by a field effect transistor having two 

controlling terminals; and

a controllable amplifier arrangement, containing at least one 

amplifier adapted to be controlled with respect to Its gain, said 

controllable amplifier arrangement being arranged In series with the 

preamplifier and being controlled by means of a regulator having a first 

Input connected to a sampled output of said circuit arrangement and a 

second Input connected via a differentiating section to the output circuit

ζ J of the preamplifier; wherein

« , \ said preamplifier contains a series circuit of two resistors in a

■■ feedback branch In which said field effect transistor has Its drain-source

path connected In parallel with one of the resistors of the series circuit, 

, - the gate of said field effect transistor being controlled by means of a

on/off control circuit exhibiting hysteresis such that the field effect 

transistor is cut off In a first switching state of the control circuit and 

is rendered conductive in a second switching state of the control circuit 

wherein the on/off control circuit Is controlled by said regulator In such 
a manner that it changes from the first into the second switching state 

when the controllable amplifier arrangement at least approximately reaches 

the state of minimum gain with a rising input level of the circuit 

arrangement»

2, A circuit arrangement according to claim b wherein said 

preamplifier comprises a first transistor, the collector of which being

, connected via a resistor to a first supply voltage, and a second transistor 

in an emitter follower circuit, wherein the base of the second transistor 

is connected to the collector of the first transistor and that the feedback 

branch is connected to the emitter circuit of the second transistor,

3« A circuit arrangement according to claim a, wherein said 

preamplifier comprises a further transistor operatively coupled between the 

emitter of the first transistor and a reference potential, wherein the 
feedback branch and the opto-eleetric transducer are connected to a control
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4, A circuit arrangement according to claim 2 or 3, wherein the 
second Input of the regulator is connected to the emitter of the second 
transistor via a (first) RC series circuit, the output of said preamplifier 
being formed by the series junction of two resistors, the series circuit of 
which forms the emitter circuit, and wherein a capacitor 1s arranged In 
parallel with the resistor of the series circuit located between the 
emitter of the second transistor and the output of the preamplifier.

5, A circuit arrangement according to any one of claims 1 to 4, 
further comprising:

a high-pass filter arranged between the preamplifier and the 
t> controllable amplifier arrangement: and
° e*’u a low-pass filter arranged between the control table amplifier

s ’.| arrangement and the output of the circuit arrangement. 
rA 8* A circuit arrangement according to any one of claims I to 5,
s ίδ further comprising, a diode located in parallel with the controlling

‘Γ terminals of the field effect transistor forming the actuator, said diode 

, g being polarised for conduction of control voltages which enable conduction 

s of said field effect transistor,

7, A circuit arrangement according to any one of claims I to 6, 
wherein the Junction of the resistors of said feedback branch Is connected 
via a (second) RC-series circuit to a reference potential and that a 

capacitor is arranged in parallel with the resistor of the feedback branch

o which remains effective when the actuator field effect transistor conducts. 

% 1 8, A circuit arrangement according to ci a im 7 when dependent upon

> claim 8, wherein the diode is arranged between the control electrode of the

actuator field effect transistor and the junction between the resistor and

"" „ the capacitor of the (second) RO series circuit,

9. A circuit arrangement according to any one of claims 1 to 8, 

wherein the opto-electric transducer Is connected to a direct voltage 

static converter, said converter being connected to the output of the 

regulator,

10, a circuit arrangement according to any one of the preceding 

claims, wherein said controllable amplifier arrangement further Including a 
control1able amplifier controlled by means of a differential amplifier 

connected to the regulator, the control input of the en/off control circuit

/C.<RA/Xbelft8 connected both to the output of the regulator via a resistor and to 

.·,> bft r:

TAD/1 ¢)18o
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the output of the differential amplifier via a current branch containing a 
second diode and a resistor which 1s connected in series therewith, wherein 
said second diode is polarised 1n such a manner that It Is cut off at 
output voltages of the differential amplifier which are within the control 
range of the controllable amplifier.

11, A circuit arrangement as claimed in any one of the preceding 
claims wherein said opto-electrlc transducer 1s a photodiode,

12, A circuit arrangement as claimed In any one of the preceding 
claims where said reference potential 1s an earth potential,

13, A circuit arrangement as claimed in any one of the preceding 
claims wherein the sampled output of said circuit arrangement that supplies 
said regulator is derived from a rectifier including a diode and aO ' ·

«ί capacitor,
0 14, A circuit arrangement substantially as described herein with

° reference to the drawings,
& ' 
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