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semiconductor switch becomes conductive and con- sequently the first
semiconductor switch is rendered The invention relates to a power supply
circuit for  non-conducting is not accurately defined, so that also
supplying a load from input voltages of different mag-  the turn-off value
of the primary current is not accu- nitude, comprising a first series
arrangement formed   5   rately defined. by a primary winding of a
transformer and a main cur-   The invention has for its object to provide a
power rent path of a first semiconductor switch; a second  supply circuit
in which the second semiconductor seriesarrangementformed
byasecondarywinding of      switch is turned-on rapidly. the transformer
and a rectifier diode, this second ser-  Therefore, according to the
invention, the power les arrangement having terminals for connecting the
10  supply circuit is characterized in that an output of said load; a
second transistorswitch for switching the first  means for generating a
signal which is a measure of serniconductor switch; and means for
generating a   the current through the primary winding is connected signal
which is a measure of the current through the  to a first non-inverting
input of a comparator, a second primary winding.
inverting Input of which is connected to an output of Such a circuit can,
for example, be used for   15  means for fixing a reference voltage and an
output of charging a rechargeable battery or for supplying an  which is
connected to a control Input of the second electronic apparatus, it being
possible to connect the  transistor switch, and that the inverting input of
the apparatus without switching to voltage sources of dif-  comparator is
coupled via a capacitor to an output of ferent magnitude, for example to
the electric power  the second transistor switch. mains in different
countries. Such a power supply cir-  20  Not until the signal which Is a
measure of the pri- cult can more specifically be used in a rechargeable
mary current has reached a level determined by the electric shaver in which
the circuit produces the cur-  reference voltage the comparator supplies a
control rent for charging the battery or for supplying the mo-  signal by
means of which the semiconductor switch is tor.
turned-on and consequently the first semiconductor A power supply circuit
of the type referred to the   25  switch is rendered conductive.
Consequently, no sig- opening paragraph is disclosed in EP-B1-0030026.
nal is applied to the control input before the primary Said European Patent
describes a power supply cir-  current has reached said level. Because a
positive cuit in which, during the, so called, forward phase a  feedback
circuit is established between the output of current which flows through
the primary winding, in-  the second semiconductor switch and its control
in- creases linearly with time and which current causes   30  put, via the
capacitor and the comparator, the second energy to be stored in the
transformer. in the emitter  semiconductor switch becomes rapidly
conductive line of a first transistor which constitutes the first  and
consequently the first semiconductor switch is semiconductor switch, a
resistor is included across  rapidly rendered non-conducting. The turn-off
value which a voltage Is produced which is proportional to  of the primary
current is accurately determined there- the primary current. The
base-emitter junction of a   35  by. second transistor is arranged in
parallel with this re-  A fast turn-off of the first semiconductor switch
sistor. This transistor constitutes the second semi-  has the advantage
that this reduces the dissipation of conductorswitch. The resistor
constitutes said means  energy in this switch to a considerable extent.
Partic- for generating thesignal which is a measure of the pri-  ularly
fora compact apparatus, such as, for example, mary current. At a given
value of the primary current  40   a shaver this is a considerable
advantage as it reduc- the second transistor becomes conductive and con-
es the necessity of cooling means. sequently the first transistor is
rendered non-con-     An embodiment of the power supply circuit ac-
ducting. This terminates the forward phase and the,  cording to the
invention in which the firstsemiconduc- so called, flyback phase starts.
Because of the ener-  tor and second transistor switches are constituted by
gy stored In the transformer a secondary current  45  first and second
transistors, is characterized in that flows in the secondary winding during
the flyback-  the comparator is formed by a third transistorof a con-
phase. This current forms the charging current for the  ductivity type
opposite to that of the first and second batteries ordirectly the supply
current for the relevant  transistors and whose base constitutes the
Inverting apparatus. The secondary current decreases linearly  and the
emitterthe non-inverting input and the collec- with time. At the end of the
flyback phase the first  50  torconstitutes theoutput. Such
atransistorissuitable transistor Is turned-on again, and another forward
for use as a comparator and is cheap. phase begins.
Preferably, the power supply circuit according to In the prior-art supply
circuit a signal which line-  the invention is characterized in that the
means for arly increases with time is applied during the forward  fixing a
reference voltage have a control input for re- phase to the control input
of the second semiconduc-  55  ceiving a signal which Is a measure of the
input vol- tor switch. Due to this signal, the second semiconduc-  tage and
that these means are arranged for supplying tor switch is driven relatively
slowly in the conducting  a reference voltage which is loweraccording as
the in- state. This implies that the instant at which the second  put
voltage is higher. Since the reference voltage sup- 2 



3                   EP 0 383 382 B1                  4 plied depends in the
manner described on the input  primary winding are arranged between the
first sem- voltage of the powersupply circuit, the average inten-
iconductor switch and the second series arrange- sity of the output current
is kept constantwithin given  ment. In this situation the termination of
the forward tolerances at an appropriate choice of this voltage de-  phase
also depends on the storage battery voltage, pendence.
5   so that the charging current of the storage battery de- A further
embodiment of the power supply circuit  creases at higher battery voltage
levels. according to the invention, is characterized in that the  A power
supply circuit according to the invention means for fixing a reference
voltage are constituted  is eminently suitable for integration, at least
partly, in by a circuit formed by a fourth transistor whose base-  an
integrated circuit. An integrated circuit for use In a emitterjunction is
arranged in parallel with a first re-  10  powersupply circuit according to
the invention prefer- sistor, whose base-collector junction is arranged in
ably comprises the second semiconductor switch, the parallel with a second
resistor, the junction point of  comparator and the reference voltage
source. the collector of the fourth transistor with the second  The
invention will now be described byway of ex- resistor constituting an
output of the means for fixing  ample, in greater detail with reference to
the accom- a reference voltage, and the junction point . between   15
panying drawing, in which the base of the fourth transistor and the first
and sec-  Fig. I is a first circuit diagram of the power supply ond
resistors constituting a control inputforreceiving  circuit according to
the invention, a control signal. The magnitude of the reference vol-   Fig.
2 is a second circuit diagram, In which the tage thus generated is provided
by the magnitude of     load is arranged in series with the main current
the control voltage applied to the base of the fourth  20  path of the
first semiconductor switch, transistor. It should be noted that In
EP-A-0188839 a   Fig. 3 shows a first embodiment of a power sup- power
supply circuit is disclosed of this type in which  ply circuit according to
the invention, and the control input of the second semiconductor switch
Fig. 4 shows a second embodiment of a power is coupled to means for
generating a signal which is   supply circuit according to the invention. a
measure of the current through the primary winding   25  Fig. 1 shows the
circuit diagram of a self- via what is commonly denoted to as a
[err]-multiplier.  oscillating power supply circuit according to the in-
However, also in this known circuit the second semi-  vention. conductor
switch is driven only slowly in the conduc-   The primary winding [err] of
a transformer TR, the tive state, so that also in this circuit the turn-off
value  main current path of a transistor [err] and a current of the primary
current is not accurately determined.   30   measuring resistor[err] are
arranged in series between Another further embodiment of the power supply
the positive input terminal 1 and the negative input circuit according to
the invention is characterized in  terminal 2. This first transistor [err]
constitutes the first that the means forfixing a reference voltage comprise
semiconductor switch. The base of the first transistor a current mirror
circuit having a primary and second-  is coupled to the negative input
terminal 2 via the ary branch, the current-mirror circuit being arranged
35   main current path of the second transistor T2 which such that the
current flowing through each of the two  constitutes the second
semiconductor switch. The branches is substantially proportional to the
input vol-  base of the second transistor T2 is connected to the tage. By
feeding the secondary branch from a con-   output of a comparator CP an
inverting input 5 of stant supply voltage and by incorporating in the sec-
which is connected to the output of means for fixing ondary branch a
resistor across which a voltage is  40   a reference voltage, for example a
reference voltage generated which is proportional to the input voltage,
source RS and a second, non-inverting, input 6 is the reference voltage
source produces a reference   connected to that terminal of the current
measuring voltage which decreases linearly with an increasing  resistor
[err] that faces the first transistor. The base of input voltage.
the first transistor [err] is further coupled to the positive The power
supply circuit according to the inven-  45  input terminal 1 via a starter
resistor R2. The second- tion, is preferably characterized In that the
second  ary winding N2 of the transformer TR is arranged in series
arrangement of the secondary winding and the  series with a rectifier diode
[err] between two terminals rectifier diode provided with terminals for
connection  3 and 4. A load L which, for example, is formed by a of the
load is arranged in series with the main current  series arrangement of two
rechargeable batteries [err] path of the first semiconductor switch. In
this prefer-  50  and A2 with which a motor M can be arranged in par- red
embodiment the load, which is arranged In paral-  allel via a switch S is
connected to the two terminals lel with the secondary winding, is not only
supplied  3and4. The junction point7 of the secondary winding from the
transformer during the flyback phase, but  N2 and the rectifier diode [err]
is coupled to the base of also directly during the forward phase by the
primary  the first transistor [err] via a positive feedback circuit current
from the applied input voltage. The power  55  formed by a series
arrangement of a resistor [err] and supply circuit according to the
invention may be fur-  a capacitor [err]. The collector of the second
transistor 



ther characterized In that the means for generating a  [err], and
consequently the base of the first transistor signal which is a measure of
the current through the  [err], Is coupled via the capacitor C2 to the
inverting in- 3    5                   EP 0 383 382 B1                  6
put 5 of the comparator CP Finally, an input 8 of the  diode becomes
conductive. The energy stored in the reference voltage source is connected
to the positive  transformer is thereafter transferred in the form of a
input terminal 1 via the resistor R4.               currentto the load L,
forexample for charging the bat- At a constant value of the input voltage
the circuit  teries [err]. During this phase, denoted the fly- operates as
follows. After the application of an input   5   back phase, the current
decreases linearly to zero, voltage, ad.c. voltage or a rectified a.c.
voltage to the  whereafter the transistor [err] is switched on again via
input terminals 1 and 2 a small current starts flowing  the
positivefeedback circuit formed by  [err] and through the starter resistor
R2 into the base of the first  a subsequent forward phase starts.
transistor [err]. This transistor is partly rendered con-  At a different
higher value of the input voltage ductive thereby, so that a small primary
currentstarts  10  the primary current increases during the forward flowing
through the primary winding [err] of the trans-  phase to a different,
faster, extent. Since the average former TR. This primary current Induces a
voltage   outputcurrentatafixed load is determined bythe per- across the
secondary winding [err] which induced vol-  iod of the cycle and the energy
level of the transfor- tage generates a current in the positive feedback
cir-  mer, the average output current through the load in- cuit formed by
the resistor R3 and the capacitor [err],  15  creases, at a high input
voltage, because of the in- which current Is fedto the base of the
transistor [err]  creasing frequency. This effect, an input voltage-de-
causing this transistor to become conductive to an in-  pendent output
current, Is not wanted. To suppress creased extent. Via the positive
feedback circuit the  this voltage dependence a voltage which is propor-
first transistor is thus driven rapidly to the fully con-  tional to the
input voltage is applied to an input 8 of ductive state, whereafter a
primary currentwhich lin-  20  the referencevoltage sourcevia a resistor
R4. The ref- early increases with time flows through the primary  erence
voltage source RS is arranged such that the winding [err]. Together with
the primary current a vol-  reference voltage supplied is lower according
as the tage, which also increases linearly with time, Is pro-  voltage
atthe input 8 is higher. In response to the low- duced across the current
measuring resitor [err]. This  er reference voltage the primary current
reaches the voltage is applied to the non-inverting input 6 of the   25
level at which the first transistor [err] is turned-off via comparator CP.
A reference voltage which is obtained  the second transistor T2 at an
earlier instant. Conse- from the reference voltage source RS is applied to
the  quently, the forward phase is shortened, so that the inverting input 5
of the comparator.As soon as the vol-  average output current remains the
same in spite of tage across the current measuring resistor [err] has   the
higher input voltage across the terminals 1 and 2. reached a level
determined by the reference voltage,  30  It should be noted that the
signal applied to the the comparator changes state and a signal becomes
reference voltage source, which is a measure of the available at the output
of the comparator CP in re-  magnitude of the input voltage can be obtained
in a spoase to which the second transistor T2 is rendered  different
manner, for example from the junction point conductive. This causes the
voltage at the base of the  7 of the secondary winding N2 and the rectifier
diode first transistor [err] to be decreased, so that this tran-   35
[err], or can be generated with the aid of additional ele- sistoris cut-off
and the primary current stops flowing.  ments, for example an auxiliary
coil. During the for- This phase of a cycle is called the forward phase.
ward phase the voltage across the point 7 is propor- Since the collector of
the second transistor T2 is  tional to the input voltage via the turns
ratio. coupled via the capacitor C2 to the Inverting input of  Fig. 2 is a
second circuit diagram of the power the comparator the voltage drop across
this collector  40  supply circuit according to the invention, in which is
conveyed to the input of the comparator. This caus-  however the load Lis
arranged in series with the main es the voltage difference between the two
inputs of  current path of the first semiconductor switch [err]. This the
comparator to increase and consequently the     circuit diagram comprises
the same elements as the control current for the base of the second
transistor  circuit diagram of Fig. 1. These elements are given T2 supplied
by the comparator. As a result thereof the   45  the same reference
numerals. second transistor becomes increasingly conductive       The mode
of operation of this circuit is substan- which causes the voltage at its
collector to decrease  tially equal to the mode of operation of the circuit
de- still further. Consequently, because of the positive  scribed in the
foregoing. After the first transistor [err] feedback due to the capacitor
C2, the second transis-  has been rendered conductive via the starter
resistor tor [err] is very rapidly rendered conductive, as a result  50
[err] and the positive feedback circuit formed by the re- of which the
first transistor [err] is also driven very rap-  sistor R3 and the
capacitor [err], the primary current idly out of its conducting state. The
value of the pri-  whose intensity increases linearly does not only flow
mary current at which the forward phase Is terminat-  through the primary
winding [err] ofthe transformer TR, 



ed Is consequently determined very accurately.      the main current path
of the transistor T1 and the cur- During the forward phase the rectifier
diode [err] is  55  rent measuring resistor [err], but also through the
load in the non-conducting state. After the primary current  L. The load is
consequently also fed during the for- has ended, the polarity of the
voltage across the sec-  ward phase. In all further aspects the operation
of the ondary winding N2 changes state, so that the rectifier  circuit
described In the foregoing is identical to that of 4    7
EP 0 383 382 B1                  8 the circuit and will therefore not be
described in great-  transistor, increases linearly until the difference
be- er detail.                                            tween this
voltage and the voltage, determined by the Fig. 3 shows an embodiment of a
circuit accord-   reference voltage source, at the inverting input 5, the
ing to the invention. In this circuit the elements corre-  base of the
transistor, has become that large that the sponding to the preceding
circuit diagrams are given    5   PNP-transistor [err] starts conducting a
signal which is the same reference numerals.
applied to the base of the second transistor T2, then The power supply
circuit is connected to the      becomes available a the collectorof the
PNP-transis- mains voltage via the rectifier bridge G and the      tor, the
output of the comparator. Because of the non- smoothing filter comprising
the coil [err] and the capac-  linear characteristic of the PNP-transistor
[err] the sig- itors [err]. One of the input lines of the rectifier   10
nal applied to the base of the transistor [err] increases bridge G
incorporates the resistor F which acts as a  rapidly. This causes this
transistorto become conduc- fuse and limits the interrupts the switch-on
and tran-  tive as a result of which the first transistor [err] is cut-
sient currents in the case of excessive mains cur-   off and the forward
phase is terminated. rents.
A second capacitor C2 is provided between the Similar to what has been
described in the forego-   15   base of the PNP-transistorT4 and the base
of the first ing, this embodiment is based on a first series ar-
transistor [err]. rangement of the primary winding [err] of the transfor-
When, after the PNP-transistor T4 has become merTR, the
firstsemiconductorswitch [err] and the cur-  slightly conductive also the
second transistor T2 is rent measuring resistor [err] and a second series
ar-   rendered conductive to some extent, the voltage at rangement of the
secondary winding N2 of the trans-  20  the collector of the second
transistor decreases. This former and the rectifier diode [err] which is
arranged in  decrease in voltage is conveyed to the base of the parallel
with the load L. The load L is arranged in ser-  PNP-transistor [err] via
the capacitor [err]. As a result ies with the first series arrangement
between the cur-  thereof the base-emitter voltage of [err] increases, so
rent measuring resistor and the negative input termi-  that this
PNP-transistor is rendered conductive to a nal 2 of the power supply
circuit. A snubber circuit  25   greater extent In its turn the transistor
[err] now ren- formed by the Zener diode [err] and diode [err] is ar-
ders the second transistor T2 more conductive. Thus ranged parallel to the
primary winding [err] to suppress  the second transistor T2 is rapidly
rendered conduc- voltage peaks on switch-off of the current through the
tive, causing the first transistor [err] to be rapidly cut- primary winding
of the transformer. The starter resis-  off. tor R2 is not directly
connected to the positive input  30  The means [err] for fixing a reference
voltage are terminal but is arranged in parallel with the collector-  based
on a transistor [err]. Afirst resistor [err] is arranged base junction of
the first transistor[err] used as the first  parallel to the base-emitter
junction of this transistor semiconductor switch.
and a second resistor [err] is arranged parallel to the In
contradistinction to the preceding circuit dia-  base-collector junction.
The emitter of the transistor grams, the positivefeedback circuit between
the junc-  35   [err] is connected to that end of the first transistor
[err] tion point 7 of the secondary winding N2 with the rec-  that is
remote from the current measuring resistor [err]. tified diode [err] and
the base of the transistor [err] is as-  The output of [err] is constituted
by the junction point sembled from a series arrangement of two resistors
of the collector of the transistor [err] and the second re- [err]with
interposed capacitor C1. AZener diode  sitor [err]. This junction point is
connected to the base D4 whose anode faces the emitter of the transistor is
40   of the PNP-transistor T4. provided between the junction point of the
resistor [err]   The means [err] operate as follows. During the be- with
the capacitor [err] and the emitter of the first tran-  ginning of the
forward phase the transistor [err] is non- sistor[err]. The Zener diode
[err] limits the maximum vol-  conducting. The output is connected to a
voltage tage which can be applied to the base of the firsttran-  which is
equal to the voltage across that end of the sistor [err]. As a result
thereof the transistor [err] cannot   45   current measuring resistor [err]
that faces the first tran- be saturated too much so that the delay which
occurs  sistor, which voltage has been transferred via the at the turn-off
of the first transistor [err] after the sec-  comparator. Consequently, a
voltage equal to the vol- ond transistor T2 has been rendered conductive is
tage across the resistor [err] is present across the limited. The effect of
the Zener diode D4 is indepen-  means [err]. When the primary current
increases, the dent of the input voltage.                      50   voltage
across the first resistor [err] will increase pro- 



The second semiconductor switch transistor T2,    portionally thereto and
consequently also the base- for switching the first transistor [err], is
driven from the  emitter voltage of the transistor [err] until the
transistor comparator CP. This comparator is constituted by the  [err]
starts conducting. Afurther increase of the voltage PNP-transistor T4 whose
emitter is the non-inverting  across the resistor [err] Is then accompanied
by an in- input 6 and whose base is the inverting input 5. At the   55
creasing current through the transistor[err], the voltage beginning of the
forward phase the PNP-transistorT4  remaining the same. The voltage at the
input of the is non-conducting. During the forward phase the vol-
comparator consequently does not increase any fur- tage at the
non-inverting input 6, the emitter of the  ther, so that a constant
reference voltage has been 5    9                   EP 0 383 382 B1
10 obtained during the remaining portion of the forward  transistor [err].
phase. The forward phase is ended as soon as the        When a voltage is
applied across the input termi- voltage difference between the inputs 5 and
6 of the  nals 1 and 2 a current starts flowing through the pri- comparator
has increased to such a high value that  mary branch, formed by the
resistor [err] and the tran- the PNP-transistorT4 starts conducting. The
primary   5   sistor[err]. Abase-emitter voltage [err] will then be pro-
current then stops. The voltage across the resistor [err]  duced across the
base-emitter junction of the fifth disappears, in responses to which also
the voltage  transistor [err] in correspondence with the current in- across
the means [err] and across the resistor [err] de-  tensity. Consequently
the same base-emitter voltage creases to zero. The transistor[err] then
changes again  [err] is present across the base-emitterjunction of the to
the cut-off state.                          10  sixth transistor [err] so
that In this, secondary, branch The above description is based on the
situation  of the current minor a current will flow of the same in- in
which there is a connection between the junction  tensity as that in the
primary branch. Because of the point of the base of the transistor [err]
and the first and  Zener diode [err] the junction point of the two
resistors second resistors [err] and an external voltage  [err] carried a
constant voltage equal to the source. However, In the presence of an
external vol-  15  break-down voltage of the Zener diode. The voltage tage
source applying voltage to this junction point, a  at the junction point of
the resistor R12with the collec- bias voltage will be applied across a
first resistor [err],  tor of the sixth transistor [err] Is consequently
equal to and consequently across the base-emitterjunction of  the
difference between the Zenervoltage and the vol- [err], which causes the
transistor [err] to start conducting  tage across the resistor [err]. In
view of the action of at a lower voltage across the current measuring
resis-  20  the current mirror this voltage is equal to the product tor
[err]. The maximum voltage at the output of the    of the resistance value
of [err] and the current through means R is consequently also lower and the
forward  the primary branch of the current mirror. Since the phase is
terminated at a lower value of the primary   currentthrough the primary
branche is proportional to current
the inputvoltage across the terminals 1 and 2 the vol- In the embodiment
shown in Fig. 3 the external  25  tage at the collector of the sixth
transistor [err] Is lower voltage is supplied bythesecondary winding [err]
of the   according as the value of input voltage is higher. The
transformer. Via the turns ratio this secondary vol-  voltage at the
collector of the transistor [err] is applied tage which is proportional to
the input voltage con-  as a reference voltage to the Inverting input 5 of
the nected to the power supply circuit so that the external  comparator CP
voltage applied to the reference voltage source is  30  Finally it should
be noted thatthe means forfixing higher according as the input voltage
increases. The  a reference voltage as described In the foregoing and bias
voltage across the resistor [err] Is influenced by  shown in the Figures
have an outputvoltage which lin- the voltage divider formed by the first
resistor [err] and  early depends on the input voltage of the power sup-
the current-limiting resistor [err].                    ply circuit. It is
of course possible to use means which Fig. 4 shows a second embodiment of a
power  35   have a non-linear dependence. In that situation it is supply
circuit according to the invention. In this circuit  possible to adapt the
input voltage-output current the reference voltage source is constituted by
a cur-  characteristic to a desired behaviour. Moreover, the rent mirror
circuit. In all further respects the circuit is  invention is not limited
to a specific comparator. In ad- equal to the circuit described in the
foregoing, the ele-  dition to the comparator described a different com-
ments are given the same reference numerals and   40   parator known to a
person skilled in the art can alter- are not described in greater detail
here.           natively be used, for example a push-pull amplifier. In
this embodiment the means for fixing a refer- ence voltage are constituted
by a reference voltage source RS which is assembled from two series ar-
Claims rangements between the two input terminals 1 and 2   45 of the power
supply circuit. One series arrangement  1. A power supply circuit for
supplying a load (L) is formed by a resistor [err] in series with the
collector-  from input voltages of different magnitude, com- 



emitter path of a fifth transistor [err]. The base and the  prising a first
series arrangement formed by a pri- collector of the transistor [err] are
interconnected so    mary winding ([err]) of a transformer (TR) and a that
the transistor is arranged as a diode. The second   50  main current path
of a first semiconductor switch series arrangement comprises two resistors
[err] and      ([err]); a second series arrangement formed by a [err]
arranged In series with the collector-emitter path  secondary winding
([err]) of the transformer and a of asixthtransistor[err].AZenerdiode
[err]whose anode         rectifier diode ([err]), this second series
arrange- is connected to the junction point of the two resistors  ment
having terminals (3, 4) for connecting the [err] and whose cathode is
connected to the   55  load (L); a second transistor switch ([err]) for
emitterof transistor[err] Is arranged in parallel with the  switching the
first semiconductor switch; and resistor[err]2 and the main current path of
transistor[err].  means ([err]) for generating a signal which is a The base
of transistor [err] is connected to the base of   measure of the current
flowing through the pri-    9                   EP 0 383 382 B1
10        *  C  L  M  S  * obtained during the remaining portion of the
forward  transistor [err]. phase. The forward phase is ended as soon as the
When a voltage is applied across the inputtermi- voltage difference between
the Inputs 5 and 6 of the  nals 1 and 2 a current starts flowing through
the pri- comparator has increased to such a high value that  mary branch,
formed by the resistor [err] and the tran- the PNP-transistor [err] starts
conducting. The primary   5   sistor [err]. A base-emitter voltage VBE will
then be pro- current then stops. The voltage across the resistor [err]
duced across the base-emitter junction of the fifth disappears, in
responses to which also the voltage  transistor [err], in correspondence
with the current in- across the means [err] and across the resistor [err]
de-  tensity. Consequently the same base-emitter voltage creases to zero.
The transistorT3 then changes again  [err] is present across the
base-emitter junction of the to the cut-off state.
10  sixth transistor [err] so that in this, secondary, branch The above
description is based on the situation  of the current minor a current will
flow of the same in- in which there is a connection between the junction
tensity as that in the primary branch. Because of the point of the base of
the transistor T4 and the first and  Zener diode [err] the junction point
of the two resistors second resistors [err] and an external voltage   [err]
carried a constant voltage equal to the source. However, in the presence of
an external vol-  15  break-down voltage of the Zener diode. The voltage
tage source applying voltage to this junction point, a  at the junction
point of the resistor [err] with the collec- bias voltage will be applied
across a first resistor [err],  tor of the sixth transistor [err] is
consequently equal to and consequently across the base-emitterjunction of
the difference between the Zenervoltage and the vol- T3, which causes the
transistorT3 to start conducting    tage across the resistor [err]. In view
of the action of at a lowervoltage across the current measuring resis-  20
the current mirror this voltage is equal to the product tor [err]. The
maximum voltage at the output of the    of the resistance value of [err]
and the current through means [err]is consequently also lower and the
forward  the primary branch of the current mirror. Since the phase is
terminated at a lower value of the primary  current through the primary
branche is proportional to current.
theinput voltage across the terminals 1 and 2 the vol- In the embodiment
shown in Fig. 3 the external  25  tage at the collector of the sixth
transistor [err] is lower voltage is supplied by the secondary winding
[err] of the  adcording as the value of inputvoltage is higher. The
transformer. Via the turns ratio this secondary vol-  voltage at the
collector of the transistor [err] is applied tage which is proportional to
the input voltage con-  as a reference voltage to the inverting Input 5 of
the nected to the power supply circuit so that the external  comparator CP
voltage applied to the reference voltage source is  30  Finally it should
be noted that the means forfixing higher according as the input voltage
increases. The  a reference voltage as described in the foregoing and bias
voltage across the resistor [err] is influenced by  shown in the Figures
have an output voltage which lin- the voltage divider formed by the first
resistor [err] and  early depends on the input voltage of the power sup-
the current-limiting resistor R4.                   ply circuit. It is of
course possible to use means which Fig. 4 shows a second embodiment of a
power  35   have a non-linear dependence. In that situation it is supply
circuit according to the invention. In this circuit  possible to adapt the
input voltage-output current the reference voltage source is constituted by
a cur-  characteristic to a desired behaviour. Moreover, the rent mirror
circuit. In all further respects the circuit is  invention is notlimited to
a specific comparator. In ad- equal to the circuit described in the
foregoing, the ele-  dition to the comparator described a different com-
ments are given the same reference numerals and   40   parator known to a
person skilled in the art can alter- are not described in greater detail
here.           natively be used, for example a push-pull amplifier. In
this embodiment the means for fixing a refer- ence voltage are constituted
by a reference voltage source RS which is assembled from two series ar-
Claims rangements between the two input terminals 1 and 2   45 



of the power supply circuit. One series arrangement  1. A power supply
circuit for supplying a load (L) is formed by a resistor [err] in series
with the collector-  from input voltages of different magnitude, com-
emitter path of a fifth transistor [err]. The base and the  prising a first
series arrangement formed by a pri- collector of the transistor [err] are
interconnected so    mary winding ([err]) of a transformer (TR) and a that
the transistor is arranged as a diode. The second   50  main current path
of a first semiconductor switch series arrangement comprises two resistors
[err] and      ([err]); a second series arrangement formed by a R12
arranged in series with the collector-emitter path  secondary winding (N2)
of the transformer and a of asixthtransistor[err]. AZenerdiode [err]whose
anode        rectifier diode ([err]), this second series arrange- is
connected to the junction point of the two resistors  ment having terminals
(3, 4) for connecting the [err] and whose cathode is connected to the   55
load (L); a second transistor switch (T2) for emitter of transistor Teis
arranged in parallel with the  switching the first semiconductor switch;
and resistor [err] and the main current path of transistor[err].  means
([err]) for generating a signal which is a The base of transistor [err] is
connected to the base of   measure of the current flowing through the pri-
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*  C L M  S  * mary winding, characterized in that the output of   is
arranged in series with the main current path of said means ([err]) is
connected to a first non-invert-  the first semiconductor switch ([err]).
ing input (6) of a comparator (CP) a second in- verting input (5) of which
is connected to an out-  7. A power supply circuit as claimed in Claim 6,
put of means for fixing a reference voltage (RS)   5  characterized in that
the means ([err]) for generat- and an output of which is connected to a
control    ing a signal which is a measure of the current
inputofthesecondtransistor switch([err]),andthat       through the primary
winding are arranged be- the inverting input of the comparator (CP) is cou-
tween the firstsemiconductorswitch ([err]) and the pled via a capacitor to
an output of the second     second series arrangement ([err]). transistor
switch ([err]).                     10 8. A shaver provided with a power
supply circuit as 2. A power supply circuit as claimed in Claim 1, the
claimed in any one of the Claims 1 to 7. first semiconductor and second
transistor switches being constituted by first and second transistors,
characterized in that the comparator  15   PatentansprOehe (CP) is
constituted by a third transistor ([err]) of a conductivity type opposite
to that of the first and  1. Speiseschaltung zum Spelsen elner Last (L) aus
second transistors ([err]) and whose base con-     Eingangsspannungen
unterachiedlicher GroBe stitutes the inverting input (5) and the emitter
mit elner ersten Reihenschaitung aus elner Pri- constitutes the
non-inverting input (6) and the   20  marwicilung (N,) eines Transformators
(Tr) und collector forms the output                          einer
Hauptstromstrecke ednes ersten Haibleiter- schalters (T), mit einerzweiten
Reihenschaltung 3. A power supply circuit as claimed in Claim 1 or 2,   aus
elner Sekundirwicidung (N2) des Transfor- characterized in that the means
for fixing a refer-  mators und einer Gleichdchterdlode (DI), wobei ence
voltage ([err]) have a control input for receiv-  25  diesezweite
Relhenschaltung mktAnschluBbdem- ing a signal which is a meausre of the
input vol-   men (3,4) versehen ist zum AnschlieBen der Last tage and that
these means ([err]) are arranged for     (L); mit sinem zweiten
Transistorschalter (T2) supplying a reference voltage which is lower ac-
zum Schalten des ersten Halbleiterschalters; und cording as the input
voltage is higher.             mit Mittein (RI) zum Erzeugen eines Signals,
das 30      sin MaB fOr den Strom durch die PrimArwicklung 4. Apowersupply
circuit as claimed in Claim 1, 2 or     ist, dadurch gekennzeichnet, daB
der Ausgang 3, characterized in that the means for fixing a ref-  der
genannten Mittel (RI) mit einem ersten nicht- erence voltage (RS) are
constituted by a circuit of  invertierenden Eingang (6) einer Vergleichs- a
fourth transistor (T3) whose base-emitter junc-   schaltung (CP) verbunden
ist, von der sin zweiter tion is arranged in parallel with a first resistor
35  invertlerender Eingang (5) mit sinem Ausgang ([err]), whose
base-collector junction is arranged in   von Mitteln verbunden ist zum
Festlegen siner parallel with a second resistor ([err]), the junction
Bezugsspannung (RS) und von der sin Ausgang point of the collector of the
fourth transistor with  mit elnem Steuereingang des zweiten Transistor- the
second resistor constituting an output of the   schalters (T2) verbunden
ist, und daB der inver- means ([err]) for fixing a reference voltage, and
the   40  tierende Eingang der Vergleichsschaltung (CP) junction point of
the base of the fourth transistor  Ober einen Kondensator mit einem Ausgang
des and the first and second resistors constitute a     zweiten
Transistorschalters (T2) gekoppelt ist; 



control input for receiving a control signal. 2. Speiseschaltung nach
Anspruch 1, wobei der sr- 5. A power supply circuit as claimed in Claim 1,
2,  45  ste Halbleiter- und der zweite Transistorschalter or 3,
characterized in that the means for fixing a  durch einen ersten und einen
zweiten Transistor reference voltage (RS) include a current mirror
gebildet werden, dadurch gekennzeichnet, daB circuit having a primary and a
secondary branch,    die Vergleichsschaltung (CP) durch einen dritten the
current mirrr circuit being arranged such that  Transistor (T4) gebildet
wird, dessen Leitungstyp the current flowing through each of the two   50
dem des ersten und zweiten Transistors (Ti, T2) branches ( [err]) is
substantially propor-  entgegengesetzt ist, und dessen Basis den inver-
tional to the input voltage.                        tierenden Eingang (5)
und dessen Emitter den nbcht-invertierenden Eingang (8) und dessen Kol- 6.
A power supply circuit as claimed in any one of     lektor den Ausgang
bildet. the preceding Claims, characterized in that the   55 second series
arrangement of the secondary      3. Speiseschaltung nach Anspruch I oder
2, da- winding ([err]) and the rectifier diode ([err]) provided  durch
gekennzelchnet, daB die Mittei zum Fest- with terminals (3,4) for
connecting the load (L),   legen einer Bezugsspannung (Rj) einen Steuer- 7
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eingang aufweisen zum Empfangen eines Si-         mler commutateur
semiconducteur (TI); un se- gnals, das ein Ma1 der Eingangsspannung lot
cond montage serie forme par un enroulement und dail diese Mittel (R.)
vorgesehen sind zum    secondaire (N2) du transformateur et une diode
Liefern einer Bezugsspannung, die niedriger let,  redresseuse (D1), ce
second montage serie ayant je nachdem die Eingangsspannung h8her ist.  s
des bornes (3, 4) pour raccorder la charge (L); un second commutateur A
transistor (T2) pour 4. Speiseschaltung nach Anspruch 1, 2 oder 3, da-
commuter l premier commutateur semiconduc- durch gekennzeichnet, dall die
Mittel zum Feet-   teur; etdes moyens (RI) pourengendrerun signal leoen
einer Bezugsspannung (RS) durch eine        qui est une mesure du
couranttraversantl'enrou- Schaltungsanordnung aus einem vierten Transi-  to
lement primaire, caracterisi en co que la sortie stor (T3) bestehen, dessen
Basis-Emitter-Ober-    desdits moyens (RI) pourengendrerun signal qui gang
parallel zu einem ersten Widerstand (Rs)     est une mesure du courant
traversant l'enroule- liegt, dessen Basis-Kollektor-Obergang parallel
ment primaire est reliee A une premlire entrie zu einem zweiten Widerstand
(R9) liegt, wobei der  non inverseuse (6) d'un comparateur (CP) dont
Verbindungspunkt. des Koilektors des vierten   15  une seconde entree
inverseuse (5) est reliee A Transistors mit dim zweiten Widerstand einen
une sortie de moyens pour fixer une tension de Ausgang der Mittel (Rj) zum
Festlegen einer Be-   reference (RS) et dont une sortie est rliee A une
zugespannung bildet, und wobel der Verbin-        entree de commando du
second commutateur A dungspunkt derBasis desvierten Transistors und
transistor (T2), it en ce que l'entrie inverseuse dim ersten und zweiten
Widerstand einen Stbu-  20  du comparateur (CP) est couplee A travers un
ereingang zum Erhalten eines Steuerslgnals bil-   condensateur A une sortie
du second commuta- det.                                              teur A
transistor (T2). 5. Spilseschaltung nach Anspruch 1, 2 oder 3, da-  2.
Circuit d'alimentation selon la reivendicatlon 1, le durch gekennzeichnet,
dalB die Mittel zum Fist-  25  premier commutateur semiconducteur it le so-
legen einer Bezugsspannung (RS) eine Strom-       cond commutateur A
transistor etant constitues spigelaschaltung mit elnem primaren und einem
par des premier et second transistors, caracteri- sekundaren Zweig
aufweisen, wobel der Strom       se en ce que le comparateur (CP) est
constitue durch jeden der belden Zweige (Ri0, T5; R12, To)  par un
trolsieme transistor (T4) d'un second type zu der Elngangsspannung nahezu
proportional  30   de conductivite, oppose A celul des premieretse- ist.
cond transistors (T1, T2), troisleme transistor dont Ia base constitue
l'entree inverseuse (5) et dont 6. Spoiseschaltung nach einem der
vorstehenden       l'emetteur constitue l'entree non inverseuse (6)
Ansprfchi, dadurch gekennzeichnet, dal in Rel-    et le collecteur forms la
sortie. he mitder Hauptstromstrecke des ersten Halblei-  35 terschaltbrs
(TI) die zweite Reihenschaltung aus  3. Circuit d'alimentation selon la
revendication 1 ou der SekundArwicklung (N2) und der Glelchrichter-  2,
caracterise en ci que les moyens (RS) pour diode (DI) mit Anschlflssen (3,
4) zum Anschlle-  fixerune tension de riference presententune en- Ben der
Last (L) vorgesshen ist.                  trio de commande pour recevoir un
signal qui est 



40      une mesure de la tension d'entree et en co que 7. Speiseschaltung
nach Anspruch 6, dadurch ge-      ces moyens (RS) sont agences pour fournir
une kennzeichnet, daBl die Mittel (RI) zum Erzeugen   tension de refirence
qui est plus basse A mesure eines Signals, das ein MaD fOr den Strom durch
que la tension d'entree est plus 6levee. die Primarwicklung !et, sich
zwlschen dim ersetn Halbleiterschalter (TI) und der zweiten Reihen-  45  4.
Circuit d'alimentation selon la revendication 1, 2 schaltung (N2) befinden.
ou 3, caracterisi en ci que les moyens (RS) pour fixeruns tension de
reference sont constitues par 8. Rasiergerat mit einer Spelseschaltung nach
ei-     un circuit formi d'un quatrieme transistor (T3), nem der AnsprOche
I bis 7.                        dont la jonction de base-emetteur est
montee en s0      parallele avec une premiere resletance (Rs) dont la
jonction de base-collecteur est montee en pa- Revendicatlons
rallele avec une seconds resistance (RN), Is point commun au collecteur du
quatribme transistor et 1. Circuit d'alimentation dune charge (L) A
partirde  A la seconds resistance constituant une sortie tensions d'entree
de  valeurs differentes,  55   des moyens (R.) pour fixer une tension de
refi- comportant un premier montage serib formi par     rence et le point
commun A la base du quatrieme un enroulement primaire (NI) d'un transforme-
transistor et aux premiere itsecondesresistances tour (TR) etun trajet de
courant principal d'un pre-  constituant une entree de commands pour rece-
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signal de commande. 5. Circuit d'allmentatlon selon la revendication 1, 2
ou 3, caract6ris6 en co que los moyens (RS) pour fixer une tension de
r6f6renco comporent un cir-   c cult de miroirde courant pr6sentantdes
branches primairo et secondalre, le circuit de miroirdo cou- rant 6tant
dispos6 de facon quo le courant traver- sent chacune des deux branches
(Rio, Ts; R12- T) soit sonsiblement proportlonnel A la tension d'en-  10
tr6e. 6. Circuit d'allmentation selon l'uno quelconque des revendications
pr6c6dentes, caracteris6 en ce quo le second montage serie de l'enroulement
15 secondaire (N2) et de la diode redresseuse (DI), muni de bornes (3, 4)
pour raccorder la charge (11) est monte en serie avec le trajet de courant
principal du premier commutateur semiconduc- tour (TI).
20 7. Circuit d'alimentation selon la revendication 6, caracteris6 en ce
quo les moyens (RI) pour en- gendrer un signal qui est une mesure du
courant traversant l'enroulement primalre sont dispos6s   25 entre le
premier commutatbur somiconducteur (T1) et Is second montage en s6iie (N2).
8. Rasoirelectrique muni d'un circuit d'alimentation selon l'une quelconque
des revendicatbons I a 7.  3o 35 40 45 S0 55 0    


