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the forward interval, so that the level at which the switching transistor
is turned off is reached more The invention  relates to a self-oscillating
rapidly. Since the flyback interval is substantially power-supply circuit
for supplying a load with        constant, this leads to a higher
oscillating fre- input voltages of different values, comprising a    5
quency and hence to a larger average output transformer with a primary
winding and a              current. secondary winding, which primary
winding in            In addition, an increasing input voltage leads as
series with the main-current path of a switching      a result of the
positive feedback between the transistor is arranged between two terminals
to       secondary winding and the base of the switching which the input
voltage is to be applied, the    10   transistor to an increasing base
current of this switching transistor being turned off by means of
transistor. Increasing input voltages therefore a control transistor
depending on a current pro-      drive the switching transistor further
towards portional to  the input voltage, and which            saturation,
so that after the primary current has secondary winding in series with a
diode is           reached the turn-off level the switching transistor
arranged in parallel with the load, a positive    15   is turned off with
an increasing delay. As a result feedback loop comprising capacitor in
series with     of this, the primary current becomes increasingly a first
resistor being arranged between one end of    higher at increasing input
voltages, which also the secondary winding and the base of the switch-
results in an increasing average output current. ing transistor.
However, the output current of the power- Such a power-supply circuit may
be used for   20   supply circuit should remain within a specific charging
batteries and powering electronic equip-     range in order to preclude
damage to the ment. In particular, such a power-supply circuit
batteries and/or the apparatus as a result of an may be employed in an
electric shaver, in which       excessive current at high input voltages
and in the circuit supplies the charging current for the     order to
enable an adequate charging current for batteries and the current for the
d.c. motor if the    25   the batteries and/or power-supply current for the
batteries are exhausted  and the shaver is            apparatus to be
obtained at low input voltages. powered directly from the mains.
To enable the power-supply circuit to be used A power-supply circuit of the
type defined in the   with different mains voltages in various countries
opening paragraph is disclosed in European            without adaptation of
switching over, the known Patent Specification 30026. If the input voltage
is   30   circuit employs mains-voltage compensation, by applied to this
circuit a small current is fed to the  means of which it is achieved that
the values of base of the switching transistor via a starting       the
primary current for which the switching tran- resistor and drives this
transistor partly into con-  sistor is turned off are reduced as the input
duction. This results in a small primary current in   voltage increases.
This is effected for example, by the primary of the transformer. This
current   35    applying a current which is proportional to the induces a
voltage in the secondary winding, as a      input voltage to the resistor
in the emitter line of result of which a larger current is applied to the
the switching transistor, so that the control tran- base of the switching
transistor via the positive     sistor is turned on for values of the
primary feedback between the secondary winding and the        current which
decrease as the input voltage base of the switching transistor. In this way
the    40   increases. switching transistor is rapidly driven into full
The invention aims at precluding the above conduction. During the so-called
"forward" inter-     effect of the tum-off delay increasing as the input
val the primary current increases as a linear         voltages in such a
self-oscillating power supply function of time. In the known circuit a
resistor is  increase. Tests have revealed that of the two arranged in the
emitter line of the switching    45    effects of increasing input
voltages, namely an transistor, which resistor is connected in parallel
increasing switching frequency and an increasing with the base-emitter
junction of the control         turn-off delay, the latter is the principal
cause of transistor. For a specific value of the primary      the increase
in output current as the input voltage current the control transistor is
then turned on     increases. Moreover, it has been found that by and the
switching transistor is consequently   so    eliminating the increase in
turn-off delay compen- turned off. During the so-called "flyback" interval
sation for the increase in switching frequency the energy stored in the
transformer produces a       may even be dispensed with. secondary current
in the secondary winding. This        Therefore, it is the object of the
invention to current constitutes the charging current for the      provide
a self-oscillating power-supply circuit batteries  or  directly  powers
the  relevant   55    which in a simple manner provides compensation
apparatus. The secondary current decreases as a       for increases in
turn-off delay as a result of input- linear function of time until the
switching tran-     voltage increases to enable the circuit to be used
sistor is turned on again.                            over a larger range
of input voltages. In this way the power-supply circuit forms a          In
accordance with the invention a self-oscillat- self-oscillating power
supply which supplies a   60   ing power supply circuit of the type defined
in the constant average output current at a specific input   opening
paragraph is characterized in that the voltage and a constant output
voltage. However,       positive feedback loop further comprises a this
output current depends on the input voltage.     second resistor in series
with the capacitor and For example, if the input voltage is higher, the
the first resistor, a zener diode is arranged primary current increases at
a faster rate during    65    between a point on the connection between the
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and the second resistor and that end  fourth resistor. With respect to the
compensation of the main current path of the switching tran-     means yet
another embodiment may be charac- sistor which is remote from the primary
winding,   terized in that the junction point between the which capacitor
provides d.c. isolation between     secondary winding and the diode is
connected to the said point and the secondary winding. At a    5    the
negative input-voltage terminal by the series specific input voltage the
zener diode is turned    arrangement of a third resistor and a second on,
so that for higher input voltages the what      capacitor, the junction
point of said third resistor would otherwise be increase in base current is
and said second capacitor being coupled to the drained to the emitter of
the switching transistor  control electrode of the control transistor. via
the zener diode. As a result of this, the   10    Embodiments of the
invention will now be switching transistor is always saturated to sub-
described in more detail, by way of example, with stantially the same
extent. Thus, the turn-off delay  reference to the accompanying drawings,
in does not increase when the input voltage            which: increases, so
that the output current becomes less    Fig. 1 shows a power-supply circuit
in accord- dependent on the input voltage.               15   ance with a
first embodiment of the invention, It is remarked that DE-A 33 00 285
discloses a      Fig. 2 shows a power-supply circuit in accord-
self-oscillating power-supply in which a zener      ance with a second
embodiment of the invention, diode is used for improved stabilisation of
the       Fig. 3 shows a power-supply circuit in accord- switching
frequency. In contrast to the power-      ance with a third embodiment of
the invention, supply according to the present invention the   20    Fig. 4
shows some characteristic curves relative zener diode in the known circuit
is employed to    to the circuits shown in Fig. 1 and Fig. 3, charge the
capacitor in the positive feedback loop    Fig. 5 shows a power-supply
circuit in accord- from a constant voltage supply during the flyback   ance
with a fourth embodiment of the invention, interval. Thereby the dependence
of the duration      Fig. 6 shows a power-supply circuit in accord- of the
flyback interval from the input voltage is   25   ance with a fifth
embodiment of the invention, removed. However, the known circuit does not
and reduce the dependency of the turn-off delay from      Fig. 7 shows some
characteristic curves to the input voltage.
illustrate the operation of the circuit shown in Fig. The base-current
compensation in the power-       6. supply circuit in accordance with the
invention    30  Fig. 1 shows a self-oscillating power-supply may be
combined in a suitable manner with           circuit in accordance with a
first embodiment of compensation for increases in switching fre-       the
invention. Only those parts of the circuit are quency of the switching
transistor as a result of   shown which are relevant to the operation of
the input voltage increases. The power-supply circuit   circuit in
accordance with the invention. The is then characterized further in that
the circuit   35   control circuit for turning off the power-supply
comprises compensation means coupled to a           circuit when the
batteries are full is not shown. control electrode of the control
transistor for     The circuit comprises two input terminals 1 and 2,
supplying therefore a signal for turning off the    to which the mains
voltage, which may be an switching transistor at decreasing values of the
alternating voltage or a direct voltage, is applied. current through the
primary winding at increasing    40   This voltage is supplied to a
rectifier bridge 3. The values of the input voltage.
rectified voltage is smoothed by means of a filter In accordance with a
further embodiment said      4, which in the present example comprises two
compensation means may comprise a third resis-      capacitors [err] and a
coil [err]. The smoothed tor which is in series with the main current path
of  voltage is applied to the primary winding [err] of a the switching
transistor and is connected to the   45   transformer having a core 6. A
zener diode Z2 in negative input-voltage terminal, which third resis-
series with diode D2 is arranged in parallel with tor is coupled to the
control electrode of the      the primary winding [err] to preclude voltage
tran- control transistor via the collector-emitter path of  sients when the
current through the primary is a transistor whose base is connected to the
switched off. The collector-emitter path of a collector, the emitter, and
the positive input-   so   switching transistor [err] is connected in
series with voltage terminal by a fourth resistor, a fifth     the primary
winding [err], which switching tran- resistor, and a sixth resistor,
respectively, which  sistor has its base connected to the positive input-
control electrode is connected to the negative      voltage terminal by
means of a resistor [err] having input-voltage terminal by a seventh
resistor.       a high resistance. The resistor [err] is a starting Another
embodiment may be characterized in   55   resistor for starting the circuit
when the mains that the compensation means comprise a third        voltage
is applied. It is to be noted that the circuit resistor which is, in series
with the main current  can also be started in ways other than by means path
of the switching transistor and is connected   of the resistor R1. The
series arrangement of a to the negative input-voltage terminal, which
load 10 and a resistor R2 connects the emitter of third resistor is coupled
to the control electrode of   60   the switching transistor [err] to the
negative input- the control transistor via the collector-emitter    voltage
terminal. In the present example the load 



path of a transistor whose base is connected to     10 comprises two
nickel-cadmium batteries 11 the collector and the emitter by a fourth
resistor  and 12, with which a d.c. motor M can be and a fifth resistor,
respectively, a second        connected in parallel by means of a switch
[err]. In capacitor being arranged in parallel with the   65   that case
the switch S2 simultaneously connects a 3    5                EP 0188 839
B1                        6 resistor [err] in parallel with the resistor
R2. The     base current of t ie switching transistor [err] is then
base-emitter junction of a control transistor T2 is   determined by the
voltage difference between the arranged in parallel with the resistor
[err], which      positive end of the winding n2 and the base of the
control transistor has its collector connected to     switching transistor
[err] and by the resistance of the base of the switching transistor [err].
The    5    the resistors R4 and Rs. When the input voltage secondary
winding n2 in series with a diode [err] is     increases the voltage on the
junction point arranged in parallel with the load 10. A series
between the capacitor C, and the resistor Rs arrangement of a resistor R4,
a capacitor [err] and a     increases as a result of the increasing base
cur- resistor [err] is connected between the junction          rent, so
that the zener diode [err] is turned on at a point of the secondary winding
n2 and the diode    to   specific input voltage. The base current is then
0,, and the base of the switching transistor [err].       determined by the
difference between the zener The cathode of a zener diode [err] is
connected to        voltage and the base-emitter voltage of the tran- the
junction point of the resistor [err] and the          sistor [err] and by
the resistance value of the capacitor C, and the anode of this zener diode
is     resistor [err]. As the input voltage increases further, connected to
the emitter of the switching tran-    15   the what would otherwise be
further increase in sistor [err]. It is to be noted that the resistor [err]
and  base current is drained to the emitter of transistor the capacitor C,
may be inter-changed.                 [err] via the zener diode [err]. The
base current of the The circuit operates as follows. It is assumed
transistor [err] therefore remains constant, so that that the switches
[err] and [err] are open and the           the switching transistor T, is
not further saturated circuit consequently supplies the charging current
20    at increasing input voltages. This ensures that the for the batteries
11 and 12. When the mains           turn-off delay cannot increase at
increasing input voltage is applied to the input terminals 1 and 2 a
voltages. Thus, the output current of the circuit very small current will
follow into the base of the    remains within the range in which it cannot
transistor T, via the large starting resistor R . This  damagethe batteries
11 and 12 and the electronic produces a small collector current, which also
25    circuitry. flows through the primary winding [err] of the
Apart from the base-current compensation the transformer 6. In the
secondary winding [err] this        zener diode [err] has another
advantage. During the results in an increase of the voltage on the end
forward interval that end of the capacitor C, which which is connected to
the diode D,. By means of       is connected to the secondary winding n2 is
the positive feedback loop, which comprises the    30    positive relative
to the end which is connected to resistor [err] and Rs and the capacitor
[err], and which     the base of the transistor [err]. At the beginning of
is arranged between that end of the secondary         the flyback interval
the polarity of the voltage winding [err] which is positive during the
forward        across the secondary winding n2 is reversed and interval and
the base of the transistor [err], a larger  the voltage on that end of the
winding n2 which is base current is applied to the transistor [err], which
35    connected to the diode D, becomes negative. The current drives this
transistor further into conduc-   voltage on the base of the transistor
[err] would tion. The positive feedback then ensures that the     then also
become negative via the capacitor [err], as transistor [err] is rapidly
saturated. During the for-   a result of which starting would take more
time ward interval the primary current increases as a      during the next
forward interval. This is avoided linear function of time. At a level of
the primary   40   in that during the flyback interval the zener diode
current which is determined by the resistance of      [err] clamps the
junction  point between the the resistor R2 the control transistor [err] is
turned   capacitor [err], and [err] at a voltage which is one on, so that
the switching transistor [err] is turned     diode voltage lower than the
battery voltage. off. It is to be noted that the control transistor T2   If
the switches [err] and [err] are closed, the circuit can also be turned on
depending on the value of   45    directly supplies the direct current for
the d.c. the primary current in a manner other than by         motor M. As
the resistor R3 is arranged in parallel means of a resistor Ra. As the
primary current        with the resistor R2, the control transistor [err]
is becomes zero because the transistor [err] is turned      turned on and
the switching transistor [err] is con- off, the polarity of the voltage
across the           sequently turned off at larger primary currents. In
secondary winding n2 is reversed. The end of the    so   this situation the
circuit supplies a larger output winding [err] which is connected to the
diode D,         current. Otherwise, the circuit operates in the then
becomes negative, so that the diode [err] is        same way. turned on.
The energy stored in the transformer 6       Fig. 2 shows a power-supply
circuit in accord- during the forward interval is then delivered to
ance with a second embodiment of the invention. the batteries 11 and 12 in
the form of a charging    55   Identical parts bear the same reference
numerals current via the diode [err] in the flyback interval.     as in
Fig. 1. The present embodiment differs from This current decreases to zero
as a linear function   that shown in Fig. 1 in that the load 10 is not 



of time, after which the switching transistor [err] is   arranged in the
emitter line of the switching turned on again.
transistor [err] but is arranged separately from this During the forward
interval the maximum volt-   60   line. The emitter of the transistor [err]
is connected age on that end of the secondary winding n2           to the
negative input-voltage terminal via the which is connected to the diode D,
is dictated by     resistor R2. By means of a switch S2 a resistor R3 the
input voltage and the transformation ratio of     can be arranged in
parallel with the resistor [err]. the transformer 6. For comparatively low
input        The batteries 11 and 12 are connected in parallel voltages the
zener diode Z, does not conduct. The    65    with the series arrangement
of the secondary    7               EP 0 188 839 B1                      8
winding n2 and the diode [err]. By means of a switch   voltages. Otherwise,
the circuit operates in the [err], which is actuated simultaneously with
the        same way as that shown in Fig. 1. switch S2, a d.c. motor M can
be connected in         In Fig. 4 the output current 10 is plotted as a
parallel with the batteries 11 and 12. Again a      function of the mains
voltage for equally dimen- positive-feedback loop comprising the resistors
5    sioned circuit, as shown in Fig. 1 and Fig. 3. The [err] and [err] and
the capacitor [err] is arranged          characteristics I and 11
respectively represent the between that end of the winding n2 which is
load current and the motor current for the circuit positive during the
forward interval and the base   of Fig. 1 and the characteristics III and
IV respec- of the transistor [err]. The zener diode [err] is arranged
tively represent the load current and the motor between the junction point
of the resistor [err] and    10   current for the circuit shown in Fig. 3.
From the the capacitor [err] and the emitter of the transistor
characteristics I and 11 it is evident that when the [err] and thus
provides base-current compensation.      base-current compensation becomes
operative, The circuit operates in a similar way to that shown  in the
present case at an input voltage of approxi- in Fig. 1, except that during
the flyback interval   mately 120 to 130 V, the output current varies less
the zener diode [err] does not clamp the base of the   15   strongly in the
range of input voltages above this transistor [err] at a voltage which is
one diode        voltage than in the range of input voltages below voltage
lower than the battery voltage.             this voltage. The
characteristics III and IV show It has been found that the dependence of
the       that the base-current compensation in conjunc- output current on
the input voltage can be          tion  with  switching-frequency
compensation reduced by means of the base-current compensa-   20   leads to
an even smaller variation of the output tion to such an extent that the
output current      current as a function of the input voltage. remains
within the desired range for correct          Fig. 5 shows a circuit in
accordance with an operation of the circuit. In addition to the base-
embodiment of the invention, derived from the current compensation, a
power-supply circuit in     circuit shown in Fig. 3. Identical parts bear
the accordance with the invention may provide com-   25   same reference
numerals as in Fig. 3. The circuit pensation for an increase in the
switching fre-     differs from that shown in Fig. 3 in that the base of
quency of the switching transistor [err] when the      the transistor T3 is
no longer connected to the input voltage increases. Fig. 3 shows a power-
positive-input voltage terminal via a resistor [err] supply circuit with
such compensation, which        and in that the resistor [err] is no longer
arranged yields an output current with very good overall   30   across the
base-emitter junction of the transistor mains - voltage compensation.
Identical parts       T2. However, now a capacitor [err] is arranged bear
the same reference numerals as in Fig. 1. A    across resistor [err]. As
explained already, the base-emitter-voltage multiplier is arranged in the
voltage across the resistor R2 increases less base line of the control
transistor T2 and corm-    rapidly at comparatively low input voltages that
at prises a transistor T3, which has a resistor R,   35   comparatively
high input voltages. This means arranged between its base and its emitter
and a     that the frequency of the voltage across this resistor R7 between
its base and its collector. The  resistor increases as the input voltage
increases. base of the transistor [err] is connected to the       The
capacitor [err] across the resistor R, constitutes positive input-voltage
terminal by means of a       a high impedance for comparatively low
frequen- resistor [err] having a high resistance. Further, a   40   cies
and it constitutes a short-circuit for compara- resistor [err] is arranged
between the emitter of the  tively high frequencies. As a result of this,
the transistor [err] and the negative input-voltage ter-   voltage across
the multiplier [err] decreases minal. The voltage division by means of the
as the input voltage increases, so that the control resistors [err] and
[err] results in an input-voltage-  transistor T2 is turned on at a
decreasing level of dependent voltage across the resistor Rs and    45
the primary current and, consequently, the hence across the base-emitter
junction of the       switching transistor T1 is turned off at a decreas-
transistor [err]                                      ing level. This
results in compensation for the The voltage across the entire multiplier is
a      increasing switching frequency in addition to the fraction higher
than the voltage across the base    base current compensation. emitter
junction of the transistor T3, which frac-   50  Fig. 6 shows a
power-supply circuit in an tion is defined by the ratio between the
resistance  embodiment in which switching-frequency com- values of the
resistors R7 and [err]. The voltage      pensation in conjunction with the
base-current across the resistor R2 at which the control tran-
compensation provides satisfactory mains-volt- sistor T2 is driven into
conduction is equal to the  age compensation. Identical parts bear the same



sum of the voltages which appear across the   55   reference numerals as in
Fig. 1. The present base-emitter junction of the transistor T2 and the
embodiment does not comprise the resistor R2 for multiplier [err] and [err]
when the transistors T2    measuring the primary current in the emitter
line and T3 are conductive, minus the input-voltage-     of the switching
transistor [err]. A series arrange- dependent bias of the multiplier [err]
and R7. The  ment of a resistor [err] and a capacitor [err], is level at
which the primary current is switched off   so   arranged between the
junction point of the therefore  decreases  as the  input voltage
secondary winding n2 and the diode [err] and the increases. This
compensates for the effect of the   negative input-voltage terminal. A
voltage divider increasing output current resulting from  the
comprising resistors [err], and [err] is. arranged increase in the
switching frequency of the switch-  across the capacitor C7 and has a
tapping con- ing transistor [err] in response to increasing input   65
nected to the base of the control transistor T2. A    9              EP
0188839 B1                       10 capacitor Cs can be connected in
parallel with the    transistor, characterized in that the positive feed-
capacitor C7 by means of a switch [err] which is        back loop further
comprises a second resistor [err] actuated simultaneously with the switch
[err]. The       in series with the capacitor [err] and the first operation
of the circuit is explained with reference  resistor, a zener diode [err]
is arranged between a to Fig. 7, which shows the variation of the primary
5    point on the connection between the first resistor current and the
voltage across the capacitor C7, as   (Rs) and the second resistor [err]
and that end of a function of time during the forward interval for    the
main current path of the switching transistor two different mains voltages.
For the first mains     which is remote from the primary winding and
voltage [err] the primary current during the forward     the capacitor
provides d.c. isolation between the interval increases in accordance with
the charac-   10   said point and the secondary winding. teristic I in the
Figure. As the primary current         2. A self-oscillating power-supply
circuit as increases, the voltage across the secondary,           claimed
in Claim 1, characterized in that the circuit causes the capacitor C, to be
charged. The volt-       comprises compensation means coupled to a age
across the capacitor C7 varies in conformity       control electrode of the
control transistor for with the characteristic 11. The primary current is
15   supplying thereto a signal for turning-off the switched off at the
instant [err] at which the voltage    switching transistor at decreasing
values of the across the capacitor [err] has reached the level at
current through the primary winding at increasing which the control
transistor T2 is turned on via the   values of the input voltage. voltage
divider [err] and consequently the            3. A self-oscillating
power-supply circuit as transistor [err] is turned off. For the second
mains    20    claimed in Claim  2, characterized in that the voltage [err]
which is approximately twice as high       means comprise a third resistor
[err] which is in as the voltage [err], the primary current during the
series with the main-current path of the switching forward interval
increases twice as fast, as indi-     transistor and is connected to the
one input- cated by the characteristic III. Therefore, the        voltage
terminal, which third resistor is coupled secondary  voltage  is doubled,
so  that the    25   to the control electrode of the control transistor
capacitor [err] is also charged at a faster rate, as is  [err] via the
collector-emitter path of a transistor apparent from  the characteristic
IV. However,        [err] whose base is connected to the collector, the
since the charging of the capacitor [err] is a non-       emitter, and the
other input-voltage terminal by a linear process, the voltage across the
capacitor [err]   fourth resistor [err], a fifth resistor (R6), and a sixth
will reach the level at which the primary current is   30   resistor [err],
respectively, which control electrode turned off in less than half the time
required in the  is connected to the one input-voltage terminal by case of
the input voltage [err]. In the present           a seventh resistor [err].
example, this time t2 = 0.4 [err]. The maximum             4. A
self-oscillating power-supply circuit as value of the primary current at
the input voltage      claimed in Claim  2, characterized in that the V2 is
therefore smaller than in the case of the    as    means comprise a third
resistor [err] which is in input voltage [err]. As the time during which
the        series with the main current path of the switching switching
transistor T2 is conductive decreases       transistor and is connected to
the one input- more than linearly at increasing input voltage, the
voltage terminal, which third resistor is coupled maximum value of the
primary current decreases        to the control electrode of the control
transistor as the input voltage increases. This compensates    40    via
the collector-emitter path of a transistor [err] for the effect of the
increasing switching fre-        whose base is connected to the collector
and the quency on the output current. It is to be noted that   emitter by a
fourth resistor (R7) and a fifth resistor the voltage level across the
capacitor C7 at which     (Re), respectively, a second capacitor [err]
being the primary current is turned off can be adjusted      arranged in
parallel with the fourth resistor. by means of a resistor arranged in the
emitter line    45  5. A self-oscillating power-supply circuit as of the
control transistor [err]                         claimed in Claim 2,
characterized in that the said one end of the secondary winding is
connected to Claims                                                the one
input-voltage terminal by the series arrangement of a eighth resistor (R10)
and a third 1. A self-oscillating power-supply circuit for   50
capacitor [err], the junction point of said eighth supplying a load with.
input voltages with differ-    resistor and said third capacitor being
coupled to 



ent values, comprising a transformer with a prim-     the control electrode
of the control transistor (Fig. ary winding and a secondary winding, which
6). primary winding in series with the main-current         6. A
self-oscillating power-supply circuit as path of a switching transistor
(T1) is arranged    55    claimed in Claim  5, characterized in that the
between two terminals to which the input voltage      control electrode of
the control transistor is con- is to be applied, the switching transistor
being      nected to the tapping of a voltage divider turned off by means
of a control transistor [err]       arranged in parallel with the second
capacitor. depending on a current proportional to the input        7. A
self-oscillating power-supply circuit as voltage, and which secondary
winding in series   60    claimed in any one of the preceding Claims, with
a diode (D,) is arranged in parallel with the     characterized in that the
load is arranged in series load, a positive feedback loop comprising a
with the main current path of the switching capacitor [err] in series with
a first resistor (Rs)   transistor. being arranged between one end of the
secondary winding and the base of the switching    65    9
EP 0188839 B1                        10 capacitor [err] can be connected in
parallel with the    transistor, characterized in that the positive feed-
capacitor C, by means of a switch [err] which is        back loop further
comprises a second resistor (R4) actuated simultaneously with the switch
[err]. The       in series with the capacitor (C1) and the first operation
of the circuit is explained with reference  resistor, a zener diode [err]
is arranged between a to Fig. 7, which shows the variation of the primary
5    point on the connection between the first resistor current and the
voltage across the capacitor C7 as    (Rs) and the second resistor [err]
and that end of a function of time during the forward interval for    the
main current path of the switching transistor two different mains voltages.
For the first mains     which is remote from the primary winding and
voltage [err] the primary current during the forward     the capacitor
provides d.c. isolation between the interval increases in accordance with
the charac-   10   said point and the secondary winding. teristic I in the
Figure. As the primary current         2. A self-oscillating power-supply
circuit as increases, the voltage across the secondary,           claimed
in Claim 1, characterized in that the circuit causes the capacitor [err] to
be charged. The volt-       comprises compensation means coupled to a age
across the capacitor C7 varies in conformity       control electrode of the
control transistor for with the characteristic 11. The primary current is
15   supplying thereto a signal for turning-off the switched off at the
instant [err] at which the voltage    switching transistor at decreasing
values of the across the capacitor [err] has reached the level at
current through the primary winding at increasing which the control
transistor T2 is turned on via the   values of the input voltage. voltage
divider [err] and consequently the            3. A self-oscillating
power-supply circuit as transistor [err] is turned off. For the second
mains    20    claimed in Claim  2, characterized in that the voltage V2,
which is approximately twice as high       means comprise a third resistor
(R2) which Is in as the voltage [err], the primary current during the
series with the main-current path of the switching forward interval
increases twice as fast, as indi-     transistor and is connected to the
one input- cated by the characteristic Ill. Therefore, the        voltage
terminal, which third resistor is coupled secondary voltage is doubled, so
that the    25   to the control electrode of the control transistor
capacitor [err] is also charged at a faster rate, as is  [err] via the
collector-emitter path of a transistor apparent from  the characteristic
IV. However,        [err] whose base is connected to the collector, the
since the charging of the capacitor C7 is a non-       emitter, and the
other input-voltage terminal by a linear process, the voltage across the
capacitor C7   fourth resistor [err], a fifth resistor [err], and a sixth
will reach the level at which the primary current is   30   resistor [err],
respectively, which control electrode turned off in less than half the time
required in the  is connected to the one input-voltage terminal by case of
the input voltage [err]. In the present           a seventh resistor [err].
example, this time [err] = 0.4 [err]. The maximum             4. A
self-oscillating power-supply circuit as value of the primary current at
the input voltage      claimed in Claim  2, characterized in that the V2 is
therefore smaller than in the case of the    ss    means comprise a third
resistor [err] which is in input voltage [err]. As the time during which
the        series with the main current path of the switching switching
transistor T2 is conductive decreases       transistor and is connected to
the one input- more than linearly at increasing input voltage, the
voltage terminal, which third resistor is coupled maximum value of the
primary current decreases        to the control electrode of the control
transistor as the input voltage increases. This compensates    40    via
the collector-emitter path of a transistor [err] for the effect of the
increasing switching fre-       whose base is connected to the collector
and the quency on the output current. It is to be noted that  emitter by a
fourth resistor [err] and a fifth resistor the voltage level across the
capacitor C7 at which    [err], respectively, a second capacitor [err]
being the primary current is turned off can be adjusted     arranged in
parallel with the fourth resistor. by means of a resistor arranged in the
emitter line    45  5. A self-oscillating power-supply circuit as of the
control transistor [err].                         claimed in Claim 2,
characterized in that the said one end of the secondary winding is
connected to Claims                                                the one
input-voltage terminal by the series 



arrangement of a eighth resistor [err] and a third 1. A self-oscillating
power-supply circuit for   50    capacitor [err], the junction point of
said eighth supplying a load with input voltages with differ-     resistor
and said third capacitor being coupled to ent values, comprising a
transformer with a prim-     the control electrode of the control
transistor (Fig. ary winding and a secondary winding, which            6).
primary winding in series with the main-current         6. A
self-oscillating power-supply circuit as path of a switching transistor
[err] is arranged    55    claimed in Claim  5, characterized in that the
between two terminals to which the input voltage      control electrode of
the control transistor is con- is to be applied, the switching transistor
being      nected to the tapping of a voltage divider turned off by means
of a control transistor [err]      arranged in parallel with the second
capacitor. depending on a current proportional to the input        7. A
self-oscillating power-supply circuit as voltage, and which secondary
winding in series   60   claimed in any one of the preceding Claims, with a
diode [err] is arranged in parallel with the    characterized in that the
load is arranged in series load, a positive feedback loop comprising a
with the main current path of the switching capacitor [err] in series with
a first resistor [err]   transistor. being arranged between one end of the
secondary winding and the base of the switching    65    11              EP
0188839  B1                     12 Patentanspruche
vierten Widerstand (R,) bzw. einen funften Wider- stand (Re) angeschlossen
ist, wobei ein zweiter 1. Selbstschwingende Versorgungsschaltung
Kondensator (Ca) parallel zum vierten Widerstand zum Speisen einer
Belastung aus Eingangsspan-       angeordnet ist. nungen mit verschiedenen
Werten, die einen    5       5. Selbstschwingende Versorgungsschaltung
Transformator mit einer Primir- und einer Sekun-    nach Anspruch 2,
dadurch gekennzeichnet, daB darwicklung enthalt, dessen Primirwicklung mit
das eine Ende der SekundArwicklung an die sine dem Hauptstromweg eines
Schalttransistors (T.)      Klemme der Eingangsspannung durch die Rei-
zwischen zwei Klemmen zum Zufuhren der Ein-         henschaltung eines
achten Widerstandes (RIO) gangsspannung in Reihe geschaltet ist, wobei der
10   und sines dritten Kondensators (C7) angeschlos- Schalttransistor
abhangig  von  einem   der        sen ist, wobei der Verbindungspunkt des
achten Eingangsspannung proportionalen Strom  mit          Widerstands und
des dritten Kondensators mit Hilfe sines Steuertransistors (Tz)
abgeschaltet     der Steuerelektrode des Steuertransistors ver- wird, und
die Sekundarwicklung mit einer Diode      bunden ist (Fig. 6). (D,)
parallel zur Belastung in Reihe geschaltet ist,  t5  5. Selbstschwingende
Versorgungsichaltung wobei zwischen einem Ende der SekOndirwick-
nach Anspruch 5, dadurch gekennzeichnet, daB lung und der Basis der
Schalttransistors eine       die Steuerelektrode des Steuertransistors mit
positive ROckkopplung angeordnet ist, die die       dem Abzweig sines
Spannungsteilers verbunden Reihenschaltung sines Kondensators (C1) und
ist, der parallel zum zweiten Kondensator ange- sines ersten Widerstandes
(R5) enthilt, dadurch   20   ordnet ist. gekennzeichnet, daB in Reihe mit
dem Kondensa-        7. Selbstschwingende Versorgungsschaltung tor (C1) und
dem ersten Widerstand die positive     nach einem  der vorangehenden
Anspruche, Ruckkopplung weiter mit einem zweiten Wider-        dadurch
gekennzeichnet, dag die Belastung in stand (R4) versehen und zwischen dem
Verbin-        Reihe mit dem Hauptstromweg des Schaittransi- dungspunkt des
ersten (Rs) und des zweiten   25   stors angeordnet ist. Widerstandes (R4)
und dem von der Primirwick- lung abgewandten Ends des Hauptstromwegs
Revendications des Schalttransistors sine Zenerdiode (Z1) ange- ordnet ist,
wobei der Verbindungspunkt durch          1. Circuit d'alimentation
auto-oscillant pour ali- den Kondensator gleichstrommiBig von der   30
menter une charge de tensions d'entree de Sekundirwicklung entkoppelt ist.
valeurs differentes, comportant un transforma- 2. Selbstschwingende
Versorgungsschaltung         teur muni d'un enroulement primaire et d'un
nach Anspruch 1, dadurch gekennzeichnet, daS        enroulement secondaire,
enroulement primaire die Schaltung ein an eine Steuerelektrode des
qui, en serie avec le trajet de courant principal Steuertransistors
angeschlossenes    Aus-   35   d'un transistor de commutation (T.), est
dispose gleichmittel enthilt, urn bei abfallenden Werten    entre deux
bornes servant A recevoir la tension des Stroms durch die Primirwicklung
bei anstei-     d'entree, le transistor de commutation etant blo- genden
Werten der Eingangsspannung ein Signal       que par un transistor de
commande (T2) en zum Abschalten des Schalttransistors zu liefern.
fonction d'un courant proportionnel A la tension 3. Selbstschwingende
Versorgungsschaltung    40   d'entr6e, et enroulement secondaire qui, en
serie nach Anspruch 2, dadurch gekennzeichnet, daB        avec une diode
(D,), est dispose en parallele avec das Mittel einen dritten Widerstand
(R2) enthilt,  la charge, une boucle de reaction positive com- der in Reihe
mit dem Hauptstromweg des Schalt-      portant un condensateur (CC) en
serie avec une transistors mit der einen Klemme der Eingangs-      premiere
resistance (Rs) etant disposee entre spannung verbunden ist, wobei der
drifte Wider-   45   l'une des extremites de 1'enroulement secondaire 



stand Ober den Kollektor-Emitterweg eines Tran-     et la base du
transistor de commutation, caracte- sistors (T3), dessen Basis durch einen
vierten (R,),  rise en ce que la boucle de reaction positive einen funften
(Re) bzw. einen sechsten Wider-       comporte en outre une deuxieme
resistance mon- stand (R.) an den Kollektor, den Emitter und die   tWe en
serie avec le condensateur (CC) et la andere Klemme der Eingangsspannung
ange-   50   premiere resistance, et en ce qu'une diode Zener schlossen
ist, mit der Steuerelektrode des Steuer-  VZI) disposee entre, d'une part,
un point dans la transistors (T2) verbunden ist, wobei die Steuer-  liaison
entre la premiere (R5) et la deuxieme (R4) elektrode mittels eines siebten
Widerstandes (Rs)  resistance et, d'autre part, I'extremite du trajet de an
die sine Klemme der Eingangsspannung ange-       courant principal du
transistor de commutation schlossen ist.                                55
situee A l'oppose de l'enroulement primaire, ledit 4. Selbstschwingende
Versorgungsschaltung         condensateur assurant la separation en courant
nach Anspruch 2, dadurch gekennzeichnet, daB        continu  entre  ledit
point et 1'enroulement das Mittel einen dritten Widerstand (R2) enthalt,
secondaire. der in Reihe mit dem Hauptstromweg des Schalt-       2. Circuit
d'alimentation auto-oscillant selon la transistors geschaltet und an die
sine Klemme der   60   revendication 1, caracterise en ce qu'il comporte
Eingangsspannung angeschlossen ist, wobei die-      des moyens de
compensation couples a une ser dritte Widerstand mit der Steuerelektrode
des   electrode de commando du transistor de corn- Steuertransistors Ober
den Kollektor-Emitterweg     mande pour appliquer a celui-ci un signal pour
sines Transistors (T3) verbunden ist, dessen Basis  bloquer le transistor
de commutation a des an den Kollektor und den Emitter Ober einen   65
valeurs decroissantes du courant a travers l'en- 7    13               EP
0188839 B1                      14 roulement primaire, dues A des valeurs
crois-       collecteur-emetteur d'un transistor (T3) dont la santes de la
tension d'entree.                      base est reoiee au collecteur et A
I'emetteur 3. Circuit d'alimentation auto-oscillant selon la
respectivement par une quatrieme (R.) et une revendication 2, caracttris6
en ce que les moyens   cinquieme (Re) resistance, un deuxieme conden-
comportent une troisibme rbsistance (R2) dispo-    5    sateur (Cs) etant
dispose en parallele avec la she en serie avec Is trajet de courant
principal du  quatribme resistance. transistor de commutation et reliee A
une pro-        5. Circuit d'alimentation auto-oscillant sclon la nibre
borne de tension d'entres, troisibme resis-   revendication 2, caracttris6
en ce quo ladite extre- tance qui est couplee A I'electrode de commando
mitt de I'enroulement secondaire est reliie A la du transistor de commando
IT2) A travers le trajet   to   premibre borne de tension d'entree par le
mon- de collecteur-emetteur d'un transistor (T3) dont la  tage serie d'une
huitibme resistance (RIO) et d'un base est relioe au collecteur, A
l'emetteur et A    troisibme condensateur (C7), le point commun A I'autre
borne de tension d'entree respectivement     ladite huitiAme rnsistance et
audit troisieme par des quatribme (R7), cinquiime (R.) et sixibme
condensateur etant couple A I'electrode de corn- (R,) resistances,
electrode de commando qui, par   1s    mande du transistor de commands
(Figure 6). une septieme resistance (R.) est relioe A  la prm-    6.
Circuit d'alimentation auto-oscflant selon Ia miure borne de tension
d'entree.                     revendication 5, caracterise en ce que
l'tlectrode 4. Circuit d'alimentation auto-oscillant solon la  de commando
du transistor de commando est revendication 2, caracterise en ce que les
moyens    relieo a la prise d'un diviseur de tension dispose component une
troisibme resistance (R2) dispo-   20   en parallble avec le deuxibme
condensateur. ate an serie avec le trajet de courant principal du   7.
Circuit d'alimentation auto-oscillant sclon transistor de commutation et
relioe A la premibre    l'une quelconque des revendication precedentes,
borne de tension d'entree, troisibme resistance      caracterisa en ce quo
la charge est disposee en qui est couples A I'electrode de commands du
sbrie avec Is trajet ds courant principal du transis- transistor de
commands A travers le trajet de    25   tor de commutation. 30 35 40 45 50
55 60 65    


